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Malignant perivascular epithelioid cell tumors (PEComas) are rare tumors in which the PI3K/AKT/mTOR pathway is critical for pathogenesis and is often associated with mutations in the TSC1/TSC2 genes. First-line mTOR inhibitors are an effective treatment, but metastatic PEComas eventually develop drug resistance and disease progression. A 76-year-old woman presenting with a painful soft tissue mass in the buttocks was diagnosed with malignant PEComa with local invasion and multiple distant metastases, and the tumor cells harbored a TSC2 gene mutation. After disease progression by mTOR inhibitor treatment, immunotherapy combined with anti-angiogenic therapy was enabled, which enabled the patient to achieve a 3-year survival benefit and provided a reference for the treatment of patients with refractory malignant PEComa.
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1 Introduction

Perivascular epithelioid cell tumor (PEComa) is a rare tumor of mesenchymal origin that expresses differentiation features of melanocytes and smooth muscle cells (1). Folpe et al. (2) classified PEComas as benign, potentially malignant, and malignant based on tumor diameter, nuclear grading, cytoarchitecture, mitotic rate, degree of necrosis, vascular invasion, and infiltrative growth. No clear diagnostic criteria have been established for malignant PEComas. According to statistics, the global incidence of malignant PEComa is 0.12-0.24 per million people (1), it can occur at any age, with a median age of 39–54 years, and is more common in women, with a male-to-female ratio of about 1:2.5. Distant metastases are found in approximately 10-30% of PEComa patients at the time of initial diagnosis, and the lung is the most common site of metastasis with an incidence of 90%, followed by the kidney and liver. Malignant PEComa is insensitive to standard chemotherapy and radiotherapy, and radical surgical resection is the key to cure. In recent years, molecular detection studies have revealed that malignant PEComa is often accompanied by mutational inactivation of TSC1 and/or TSC2 genes, leading to activation of the mammalian target of rapamycin (mTOR) pathway (3) and partially carries TFE3 gene fusion. Positive efficacy has been achieved by applying mTOR inhibitors for the treatment of PEComa (4–8). mTOR inhibitor-resistant backline therapy currently has no recommended standard regimen. In our report, we present a case of a metastatic PEComa patient who progressed on mTOR inhibitor therapy with clinical benefit after treatment with VEGFR-TKI in combination with a PD-1 inhibitor, with a disease control time of 13 months.




2 Case report

A 76-year-old woman presented with six-month history of gradually increasing right buttock mass with pain radiating to the right lower limb. She denied any anomalies in the past and in the family history. She had a past history of coronary artery disease, hypertension and post coronary stenting. Physical examination revealed a hard and fixed mass measuring 5.0 cm×4.0 cm on the right buttock and a 1.5cm×1.0cm enlarged lymph node in the right groin. The Eastern Cooperative Oncology Group (ECOG) score was 2 points. The Numerical Rating Scale (NRS) score was 8 points. The 11th November of 2020 the Positron Emission Tomography/Computer Tomography (PET-CT) scan showed bone destruction of the right ilium and sacrum and soft tissue mass in the right gluteus maximus, iliacus and erector spinae with a maximal cross-section of 11.8cmsectio, exhibiting increased radioactive uptake with a maximum standardized uptake value (SUVmax) of 10.3. Multiple nodules on the right psoas major, psoas rectus and right gluteus measuring largest 2.9cm×1.6cm exhibit increased radioactive uptake with a SUVmax of 13.5. Lumbar 3 and 5 vertebral spinous processes exhibit increased radioactive uptake with a SUVmax of 9.9. Multiple enlarged lymph nodes in retroperitoneum, right iliac paravascular and inguinal area exhibit increased radioactive uptake with a SUVmax of 12.2, with the largest lymph node size of 4.0cm×3.1cm. Multiple nodules in both lungs exhibit mild increased radioactive uptake with the SUV values of 1.3 and 1.8 before and after delayed scanning (Figure 1).
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Figure 1 | PET-CT scan.

The patient underwent a puncture biopsy of the right buttock mass on December 18, 2020. The pathology results suggested a malignant tumor of mesenchymal origin with large necrotic areas. The tumor tissue grew infiltratively in the transverse muscle and fibro-adipose tissue, and the tumor tissue was arranged in the form of nests and sheets, and the central cytoplasm of the tumor cells was eosinophilic red, and the cytoplasm around the periphery was hyaline, which was the so-called spider cells, and the nuclei of some of the tumor cells were distinctive; the nuclei were seen to be split into 2–3 nuclei/50 HPF and necrotic. Immunohistochemical staining results showed: AE1/AE3 (–), Desmin (–), HMB-45 (3+), INI1 (+), Ki-67 (hotspot +20%), Melan-A (1+), MyoD1 (–), S-100 (–), SMA (–), TFE3 (3+), Vimentin (2+) (Figure 2). The pathology results confirmed the diagnosis of malignant perivascular epithelioid cell tumor (PEComa) in right buttock. Meanwhile, enhanced CT scans were performed to further define the site of tumor invasion and metastasis (Figure 3). Genetic testing of tissue specimens revealed a TSC2 gene mutation (p.N398Tfs*27 Exon12) with a mutation abundance of 24.21%. Tumor Proportion Score (TPS) and Immune Proportion Score (IPS) of Programmed Cell Death 1 Ligand 1 (PD-L1) was 10% and <1%. Tumor Mutation Burden (TMB) was 0.56 Muts/Mb. And the tumor was Microsatellite Stability (MSS).
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Figure 2 | Hematoxylin and eosin (H&E) staining and immunohistochemical analyses. (A) The tumor grows infiltratively in the rhabdomyosarcoma tissue; the tumor cells are cytoplasmic and have a "spider cell" morphology, and some of them have distinct nuclei; the red arrow indicates nuclear schizophrenic image (×400). (B) Tumor necrosis (×400). (C) HMB-45 (strong and diffuse). (D) Melan-A (Focal).
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Figure 3 | (A–C)The right buttock tumor invaded the right ilium, sacrum and sacral nerve, and involved the right erector spinae, iliopsoas, gluteus and pyriformis muscles and the tumor metastasized to the right psoas major and psoas square muscles as well as the retroperitoneum, right iliac paravascular, right inguinal lymph nodes. (D) The tumor metastasized to both lungs.

Due to the patient’s extensive tumor invasion, local treatments such as surgery, radiation therapy, and interventional therapy were not appropriate. On January 1 of 2021 the patient was started on everolimus 10mg once daily for about 1 week, the patient successively experienced adverse reactions (graded according to the NCI CTCAE criteria for adverse events): elevated blood glucose, oral mucositis, urinary tract infection, neurovascular edema, grade 1 elevated liver enzymes, grade 1 interstitial pneumonitis, and the dose of everolimus was reduced to 5mg once a day, which was tolerable. The patient’s pain symptoms gradually improved, and CT scan on February 1,2021 showed 26% tumor shrinkage (Figures 4A–D), and the efficacy was assessed as stable disease(SD) according to the solid tumor efficacy evaluation criteria RECIST 1.1. And then everolimus was suspended from March 3 to March 29 because of the development of grade 2 interstitial pneumonia (Figure 4E). The patient improved with glucocorticoid and anti-infective therapy (Figure 4F) and continued to take everolimus. Repeat CT scans on June 1 of 2021 suggested 29% tumor shrinkage. In order to enhance the efficacy, start everolimus combined with anlotinib 8mg once a day, consecutive 14 days and stopping 7 days, repeated every 3 weeks. Because the patient occurred in the inferior vena cava and the right common iliac vein thrombosis in April 21, 2022, discontinued the use of anlotinib, continue to single-drug everolimus treatment. Disease stabilization with regular follow-up. The progression-free survival was 17 months.
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Figure 4 | (A–D) After 1 month of treatment on February 1, 2021. CT scan showed the tumour was smaller than before; multiple flaky ground-glass shadows in both lungs (grade 1 interstitial pneumonia). (E) CT scan on March 4th showed diffuse multiple flaky ground-glass density shadows in both lungs (grade 2 interstitial pneumonia). (F) After treatment, CT scan on March 26th. showed the diffuse multiple flaky ground-glass density shadows in both lungs were significantly better than before (grade 1 interstitial pneumonia).

On June 7, 2022, the patient’s symptoms of chest tightness and shortness of breath worsened, and chest CT scan showed new pleural metastasis, pleural effusion, and essentially the same changes of interstitial pneumonia in both lungs. Cytopathology of the pleural fluid showed malignant tumor cells, consistent with PEcoma metastasis. CT scan showed that the local involvement of the tumor increased, multiple metastases increased, multiple lymph node metastases increased, and involved the right internal iliac artery, right ureteral abdominal segment with the right pelvic calyx, ureteral dilatation, and the right kidney was hydronephrotic. The patient’s serum creatinine increased to 110umol/L (normal range 45-84umol/L) and right ureteral stenting was performed to relieve the right hydronephrosis caused by tumor compression, and then the serum creatinine returned to normal. On June 23, 2022, the second puncture biopsy pathology of the right buttock tumor was performed and malignant PEComa was considered in conjunction with immunohistochemistry, Ki-67 (hotspot +25%), TFE3 (–).Genetic testing was performed again and showed no TSC 1/2 gene mutation, MSS and TMB 1.0 Muts/Mb.

On August 17, 2022, the treatment regimen was changed to anlotinib combined with toripalimab. Denosumab 120mg subcutaneously, repeated every 28 days. This treatment regimen was effective for 11 months and the patient had improved physical status, an ECOG score of 1, a significant reduction in pain, an NRS score of 0, creatinine in the normal range, no significant discomfort and tolerable side effects. The progression-free survival was 11 months.

On 01 August 2023, the patient’s cough and wheezing worsened and CT showed bilateral diffuse pleural metastases, bilateral diffuse multiple metastases in both lungs worsened from before and progressed. The treatment regimen was changed to sorafenib in combination with toripalimab. Pneumothorax, lung infection and increased pleural effusion appeared on 15 November 2023, and CT on 30 November 2023 suggested increased and enlarged diffuse metastases in both lungs and worsening of carcinomatous lymphadenitis compared with the previous period, and the patient developed respiratory failure and died clinically on 24 December 2023. The patient’s overall survival time was 3 years.




3 Discussion



3.1 Epidemiology

The pathogenesis of PEComa is unclear, and because its cells express neurogenic and myogenic markers, it is suggested that it may be derived from pluripotent stem cells that can differentiate into multiple cell types. Bonetti first introduced the concept of perivascular epithelioid cells (PEC) in 1992 and suggested that clear cell carcinoma of the lung and vascular smooth muscle lipoma of the kidney belong to the same tumor family (9). However, PEC cells are not found in normal humans, and the tissue origin and pathogenesis of PEComas remain unclear. There is a clear female predominance in the gender of patients, especially in women of reproductive age. Expression of ER and/or PR has been found in some tumors and it is speculated that their occurrence is hormone-related.

The clinical presentation of PEComa is complex and morphologically diverse, with tumor cells consisting of large numbers of round and ovoid perivascular epithelioid cells expressing melanoma markers and pigment-specific antibodies. PEComa is common in middle-aged women and often occurs in the uterus, gastrointestinal tract, genitourinary system and retroperitoneum, and it is rare in soft tissue, bone and skin (10). The diagnosis of PEComa is based on histopathology and immunophenotype, supplemented by molecular pathology when necessary. Genetic studies suggest that it is associated with mutations in the tumor suppressor genes TSC1 or TSC2. The protein complex encoded by TSC1/TSC2 negatively regulates the mTOR signaling pathway, which is involved in the regulation of a number of biological processes including cell growth, proliferation, metabolism, transcription and autophagy (3).




3.2 Pathological feature

Most PEComa are benign tumors, and a few cases have malignant biological behavior with distant metastasis. There is no clear consensus on the criteria for diagnosis of malignancy, Folpe et al (2) summarized 26 cases of PEComa of soft tissue and genital system, and indicators suggesting malignant biological behavior. This case of perivascular epithelial tumor arising in the soft tissue reported in this paper reached a maximum diameter of 12.4 cm and showed infiltrative growth in the soft tissue of the buttocks, with visible necrosis and readily visible nuclear schizophrenic images, which meets the diagnostic criteria for malignant PEComa. In addition, multiple systemic metastases were found at the same time, which was consistent with the clinical features of malignant tumor.

The immunophenotype of the tumor in this case also supported the diagnosis of a perivascular cell tumor, along with the expression of HMB45 and MelanA and the absence of S-100 expression, which excluded the diagnosis of malignant melanoma. It is worth noting that the lesion in this case had strong positive expression of TFE3, which overlapped with the immunophenotype of adenovascular soft tissue sarcoma, and also in terms of site of occurrence and pathomorphology, which in some cases needs to be differentiated from adenovascular soft tissue sarcoma, but adenovascular soft tissue sarcoma does not express pigmented cellular markers, and therefore the diagnosis of adenovascular soft tissue sarcoma is not supported in this case. Rearrangement or amplification of the TFE3 gene has been reported in approximately 30% of PEComas in the literature (11), so immunohistochemical examination may detect positive TFE3 protein expression.

PEComa’s cellular origin remains unclear, but it exhibits both melanocytic (HMB45, MelanA, MiTF, Cathepsin K) and myogenic (SMA, desmin) differentiation markers. While HMB45 shows high sensitivity (92-100%), it can be negative in rare cases (2, 12); Cathepsin K demonstrates exceptional sensitivity (93-100%) and is often retained in HMB45-negative tumors. Heterogeneity in marker expression is observed, with approximately 9% of cases reported to be negative for Melan-A but positive for MiTF. Some studies have suggested that cases losing melanocytic markers may have a poorer prognosis, potentially reflecting tumor dedifferentiation (13), and warrant closer follow-up. However, these conclusions should be interpreted with caution due to the currently limited sample sizes.

In addition, genetic testing in this case revealed mutations in the TSC gene, which supports the diagnosis of PEComa. TSC1 and TSC2 encode hamartin and tuberin proteins, and mutations lead to tumorigenesis after inactivation of these tumor suppressor genes. Mutations in the TSC1/TSC2 genes lead to activation of the mammalian target of rapamycin (mTOR) signaling pathway, which is the molecular basis for the clinical application of mTOR pathway inhibitors for the treatment of PEComa. 1/3 to 1/2 of PEComa is clinically associated with tuberous sclerosis complex (TSC) (11) with germline mutations in TSC1 (9q3.4) and TSC2 (16p13.3) genes, this case did not detect germline mutations in the TSC gene and is consistent with a case of sporadic PEComa.

In terms of molecular characterization, common gene mutations in PEComa included TP53 (47%), ATRX (32%) and MSH3 (17%), in addition to 11% and 29% mutation rates in TSC1 and TSC2 genes, respectively, and the others were fusion of transcription factor E3 (TFE3), rearrangement of RAD51 B gene (14). The incidence of TP53 mutations was lower in tumors with TSC1/2 mutations compared to TSC1 wild-type tumors (25% vs. 60%, p = 0.055). Mutations in MSH3 (25%) and ERCC2 (14%) were only reported in tumors with TSC1/2 mutations (3). TSC2 mutant tumors have a hyperactivated PIK3-Akt-mTOR pathway, and TFE3 translocation mutations activate MET signaling through transcriptional upregulation. Although TSC1/2 and TFE3 recombination are thought to be mutually exclusive, it has been reported that TSC1/2-mTOR pathway and TFE3 overexpression may be detected simultaneously (14). PEComas are also characterized by specific transcriptomic features of the overexpressed DAPL1, MLANA, SULT1C2, GPR143 and CHI3L1 genes, as well as epigenetic features of lysosomal and melanocyte proteins as biomarkers (15). In addition, the PEComa tumor microenvironment is characterized by a significant increase in the number of NK and fibroblasts, and a decrease in the number of CD8+ T cells and B cells (3). There is no significant difference in PFS or OS when TSC1 and TSC2 mutations are treated with mTOR inhibitors (16).




3.3 Treatment

Complete surgical resection with negative margins is the foundation for a cure. Since tumors are relatively resistant to chemotherapy and radiotherapy, there is no evidence that adjuvant chemotherapy or radiotherapy is beneficial. Molecularly targeted therapies, guided by the molecular characterization of tumors, are currently the mainstay of systemic therapy (17).



3.3.1 Surgery, radiotherapy and chemotherapy

Malignant PEComa is insensitive to standard chemotherapy and radiotherapy and radical surgical resection is the key to cure (18). The efficacy of adjuvant or neoadjuvant radiotherapy in PEComa has only been reported in case reports and has not been clinically proven. Due to the importance of surgical treatment for long-term survival, patients with initially diagnosed advanced or metastatic PEComa have a poor prognosis. However, due to the limited response to chemotherapy and radiotherapy, there is a lack of data on cytoreductive surgery with non-R0 resection for advanced PEComa in the presence of potentially resectable and resectable metastases, with reference to other sarcomas, the likelihood as well as the risks and benefits of surgery need to be assessed, and some patients may benefit from neoadjuvant therapy. MDT discussions should be held before treatment and clinical trials are encouraged.

Commonly used chemotherapeutic agents for malignant PEComa include gemcitabine, docetaxel, adriamycin, isocyclophosphamide. Wagner (6) et al. reported partial remission of gemcitabine in combination with docetaxel in patients with metastatic PEComa. Adriamycin and isocyclophosphamide are standard chemotherapeutic agents for soft tissue sarcoma, but have limited efficacy in malignant PEComa.




3.3.2 m-TOR inhibitors

Longer-term therapeutic responses with significantly improved efficacy over chemotherapy can be achieved with mTOR inhibitors in malignant PEcoma, especially in patients with mutations in the TSC1/TSC2 genes that result in aberrant activation of the mTOR pathway. mTOR inhibitors block cell proliferation, metabolism and angiogenesis signaling pathways by inhibiting the activity of the mTORC1 complex. mTOR inhibitors include everolimus, sirolimus, temsirolimus, and others. Albumin-bound sirolimus is a novel mTOR inhibitor that improves drug delivery efficiency and tumor targeting via an albumin carrier. The AMPECT trial (6) evaluated the significant anti-tumor activity of nab-sirolimus in patients with advanced or metastatic malignant PEComa carrying mutations in the TSC1/TSC2 genes or activation of the mTOR pathway. An objective remission rate (ORR) of 39% was achieved, with 2 patients achieving complete remission after long-term follow-up, 58% of patients sustained remission for more than 2 years, and the median progression-free survival (PFS) was 10.6 months and the median duration of response was 39.7 months. There was durable disease control and survival. Accordingly in November 2021 the US Food and Drug Administration (FDA) approved the marketing of Fyarro (Albumin-bound sirolimus) for the treatment of locally advanced unresectable or metastatic, which is the first FDA-approved drug for the treatment of advanced malignant PEComa in adults and is now considered a standard first-line treatment option. Patients with PEComa harboring TSC2 mutations who are treated with mTOR inhibitors have a better objective response rate and progression-free survival than patients with TSC1 mutations. Other mTOR inhibitors, including everolimus, temsirolimus, and sirolimus, have shown similar efficacy in retrospective studies.




3.3.3 Targeted TFE3 translocation

Recently, a class of PEComa subtypes carrying TFE3 gene rearrangements has been identified (19). About 50 cases have been reported to date. These TFE3-rearranged PEComas predominantly consist of alveolar and epithelioid cells with low immunoreactivity for muscle markers and high immunoreactivity for TFE3 (3+) (20). Patients tend to be younger and have no association with tuberous sclerosis. TFE3-translocated PEComas are less responsive to mTOR inhibitors (21), and the low response rate is associated with MET pathway activation, which is one of the mechanisms of mTOR inhibitor resistance. However, there is a lack of clinical studies evaluating mTOR inhibitors in PEComas with or without TFE3 translocation. TFE3 fusion has been found to activate MET signaling through transcriptional upregulation. Therefore, c-MET inhibitors may be more effective in TFE3-altered PEComas (18). Therefore, it has been proposed that PEComas can be subdivided into two molecular subgroups: type 1, which is responsive to mTOR inhibitors, and type 2, which is responsive to c-MET inhibitors. However, there is still a lack of supporting data. While it is generally accepted that TFE3 rearrangements and TSC1/2 mutations are mutually exclusive, our PEComa patient had a TSC2 mutation and TFE3 phenotypic alteration.




3.3.4 Anti-angiogenesis inhibitors

Anti-angiogenic therapy blocks the process of tumor angiogenesis by inhibiting the activity of tumor angiogenic factors, thereby cutting off the nutrient supply to the tumor and inhibiting tumor growth and metastasis. The main targets include vascular endothelial growth factor (VEGF), platelet-derived growth factor (PDGF) and fibroblast growth factor (FGF). In the VEGF/VEGFR pathway VEGF-A is a core regulator of angiogenesis and promotes endothelial cell proliferation and angiogenesis through the VEGFR-2 signaling pathway. Small molecule tyrosinase inhibitors such as Sorafenib, Sunitinib and Pazopanib are multi-targeted inhibitors that exert anti-angiogenic effects by inhibiting VEGFR, PDGFR and other pathways, and have achieved partial remission in several PEComa patients (22, 23). The therapeutic efficacy of single-agent angiogenesis inhibitors for advanced PEcoma is often limited, and the therapeutic strategy of VEGFR inhibitors combined with mTOR inhibitors exerts a synergistic effect, blocking the survival and proliferation signals of tumor cells from different angles and reducing the possibility of tumor cells to develop drug resistance through activation of other bypass signaling pathways, thus delaying the emergence of drug resistance (24). The incidence of ILD caused by m-TOR inhibitors has been reported to be approximately 0.4% to 10%, and the mechanism may involve direct cytotoxicity, immune-mediated inflammatory response, and vascular endothelial damage (25, 26). In this case, the patient was discontinued after everolimus therapy due to intolerable interstitial pneumonitis, and the disease progressed after restarting therapy at a reduced dose. Subsequent combination of antiangiogenic therapy with VEGFR inhibitors (amlotinib) maintained disease stabilization for 10 months without further exacerbation of interstitial pneumonitis. There is no conclusive evidence that VEGFR inhibitors may have an effect on m-TOR inhibitor-induced interstitial lung disease. VEGFR inhibitors may attenuate m-TOR inhibitor-induced lung injury by inhibiting angiogenesis and inflammatory responses in an animal model of pulmonary fibrosis. Some clinical studies have also reported the effectiveness of nidanib, a VEGFR inhibitor, in slowing the progression of systemic sclerosis-associated interstitial lung disease (SSc-ILD) (27).




3.3.5 Immune checkpoint inhibitors

Malignant PEComa is a rare and aggressive subtype of soft tissue sarcoma with a low response rate to conventional chemotherapy, while immune checkpoint inhibitors (ICIs) have received attention for their potential efficacy in tumors with high tumor mutation load (TMB) or high PD-L1 expression. There are case reports of objective remission rates (ORR) of 17%-50% for ICIs alone in malignant PEComa with high TMB-H or PD-L1 expression (28, 29). In patients carrying patients carrying TSC1/2 mutations everolimus combined with pembrolizumab synergistically inhibits tumor growth and enhances immune response. Theoretically, ICIs combined with anti-angiogenic drugs can improve the tumor microenvironment and enhance the efficacy of ICIs through “vascular normalization”. In this case, the patient obtained 11-month disease control after multiple lines of therapy with amlotinib in combination with teraplizumab. Local radiotherapy or selective internal radiation therapy (SIRT) can enhance the immune-activating effect of ICIs and provide new ideas for combination therapy. Currently, there are relatively few cases of immunotherapy application in malignant PEcoma, and more clinical trials and basic research are still needed to further clarify the predictive markers of immunotherapy efficacy, explore the optimal combination therapy regimen, and thoroughly study the resistance mechanism of immunotherapy, in order to improve the therapeutic efficacy of malignant PEcoma and improve the prognosis of patients.




3.3.6 Combination therapy

Although the current standard first-line drug, albumin-conjugated sirolimus, improves the efficacy of PEComa significantly, it is not satisfactory. Combination therapy may save more patients.Anti-PD-1 immunotherapy combined with radiotherapy benefits patients who are not eligible for radical resection, providing relief from cancer-related pain and bleeding. Sanfilippo et al. (30) evaluated the efficacy of adding anti-estrogen therapy to the treatment of female patients who were resistant to mTOR inhibitors. The study found an ORR of 43% and a DCR of 86%. Combination anti-angiogenic agents, such as pazopanib and sunitinib, are also under study (31). A targeted or immune combination with gemcitabine and/or albumin nanopaclitaxel-based chemotherapy could also be a second-line option (18). Known mechanisms of resistance to mTOR inhibitors from studies of other tumors include mutations in the structural domains of TSC1/TSC2 kinases; activation of PI3K/AKT or MAPK/ERK pathways; overexpression of ABC transporter proteins; activation of METs; and changes in the microenvironment. Future strategies to overcome resistance, such as using dual PI3K/AKT inhibitors or C-MET inhibitors in combination with anti-vascular therapies, deserve further investigation (32).






3.4 Strengths and limitations

This case represents a rare instance of refractory malignant PEComa, a condition that required the administration of multiple lines of combination therapy, resulting in a survival benefit. This case offers a valuable reference point for similar cases encountered in clinical practice. However, given the inherent variability among individual cases, further validation through clinical trials is necessary to ascertain the efficacy and safety of combination therapy involving anti-angiogenic therapy and immune checkpoint inhibitors as a backline treatment. Furthermore, the case was negative for TSC mutation subsequent to conventional treatment for disease progression, which may be attributable to tumor heterogeneity or the sensitivity of the genetic testing technology on the one hand, and the genetic alteration of the tumor after treatment on the other hand.

Malignant PEComa is a relatively rare tumor type that is insensitive to conventional chemotherapy and radiotherapy, and there is a lack of standard treatment options. In clinical practice, treatment is mostly individualized according to the patient’s specific situation. Therefore, finding new therapeutic strategies is particularly important. With the in-depth study of the molecular biology of PEComa, molecular targeted therapy has gradually become a new direction in the treatment of PEComa, and the combination of two important molecularly targeted drugs, VEGFR inhibitors and immune checkpoint inhibitors, has a potential application in the treatment of PEComa. Targeted therapy occupies an important position in the treatment of advanced PEComa, but still faces the risk of post-treatment resistance or disease progression, so the combination therapy model needs to be explored.






Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

GW: Formal analysis, Writing – original draft, Writing – review & editing, Data curation. LS: Formal analysis, Data curation, Writing – review & editing. JG: Formal analysis, Data curation, Writing – review & editing. BY: Supervision, Project administration, Writing – review & editing, Formal analysis.





Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





References

	 Czarnecka AM, Skoczylas J, Bartnik E, Świtaj T, Rutkowski P. Management strategies for adults with locally advanced, unresectable or metastatic Malignant perivascular epithelioid cell tumor (PEComa): challenges and solutions. Cancer Manag Res. (2023) 15:615–23. doi: 10.2147/CMAR.S351284, PMID: 37440783


	 Folpe AL, Mentzel T, Lehr HA, Fisher C, Balzer BL, Weiss SW. Perivascular epithelioid cell neoplasms of soft tissue and gynecologic origin: A clinicopathologic study of 26 cases and review of the literature. Am J Surg Pathol. (2005) 29:1558–75. doi: 10.1097/01.pas.0000173232.22117.37, PMID: 16327428


	 Seeber A, Holzer L, Elliott A, Dammerer D, Florou V, Groisberg R, et al. Deciphering the molecular landscape and the tumor microenvironment of perivascular epitheloid cell neoplasma (PEComa). J Clin Oncol. (2021) 39:11539–9. doi: 10.1200/JCO.2021.39.15_suppl.11539


	 Tsuda M, Davis IJ, Argani P, Shukla N, McGill GG, Nagai M, et al. TFE3 fusions activate MET signaling by transcriptional up-regulation, defining another class of tumors as candidates for therapeutic MET inhibition. Cancer Res. (2007) 67:919–29. doi: 10.1158/0008-5472.CAN-06-2855, PMID: 17283122


	 Szumera-Cieækiewicz A, Kuczkiewicz-Siemion O, Seliga K, Grabowska-Kierył M, Tysarowski A, Wągrodzki M, et al. Pigmented/melanocytic Malignant perivascular epithelioid cell tumor with TFE3-SFPQ(PSF) rearrangement – a challenging diagnosis of PEComa family of tumors. Pol J Pathol. (2019) 70:317–22. doi: 10.5114/pjp.2019.93136, PMID: 32146802


	 Wagner AJ, Malinowska-Kolodziej I, Morgan JA, Qin W, Fletcher CDM, Vena N, et al. Clinical Activity of mTOR Inhibition With Sirolimus in Malignant Perivascular Epithelioid Cell Tumors: Targeting the Pathogenic Activation of mTORC1 in Tumors. J Clin Oncol. (2010) 28:835–40. doi: 10.1200/JCO.2009.25.2981, PMID: 20048174


	 Bissler JJ, McCormack FX, Young LR, Elwing JM, Chuck G, Leonard JM, et al. Sirolimus for angiomyolipoma in tuberous sclerosis complex or lymphangioleiomyomatosis. N Engl J Med. (2008) 358:140–51. doi: 10.1056/NEJMoa063564, PMID: 18184959


	 Bissler JJ, Kingswood JC, Radzikowska E, Zonnenberg BA, Frost M, Belousova E, et al. Everolimus for angiomyolipoma associated with tuberous sclerosis complex or sporadic lymphangioleiomyomatosis (EXIST-2): a multicentre, randomised, double-blind, placebo-controlled trial. Lancet. (2013) 381:817–24. doi: 10.1016/S0140-6736(12)61767-X, PMID: 23312829


	 Bonetti F, Pea M, Martignoni G, Zamboni G, Capelli P, Doglioni C, et al. Clear cell (“sugar”) tumor of the lung is a lesion strictly related to angiomyolipoma— The concept of a family of lesions characterized by the presence of the perivascular epithelioid cells (PEC). Pathol (Phila). (1994) 26:230–6. doi: 10.1080/00313029400169561, PMID: 7991275


	 Schechter SA, Udager AM, Skala SL. Uterine PEComatosis with TSC1 mutation in a patient with tuberous sclerosis: case report and literature review. Int J Gynecol Pathol. (2022) 41:514–9. doi: 10.1097/PGP.0000000000000827, PMID: 34593703


	 Northrup H, Krueger DA, Northrup H, Krueger DA, Roberds S, Smith K, et al. Tuberous sclerosis complex diagnostic criteria update: recommendations of the 2012 international tuberous sclerosis complex consensus conference. Pediatr Neurol. (2013) 49:243–54. doi: 10.1016/j.pediatrneurol.2013.08.001, PMID: 24053982


	 Pecorino B, Scibilia G, Galia A, Scollo P. A very rare case of uterine PEComa HMB45 negative: primitive orrelapse? J Gynaecol Obstetrics. (2015) 27(3):111. doi: 10.14660/2385-0868-024


	 Bennett JA, Braga AC, Pinto A, Van De Vijver K, Cornejo K, Pesci A, et al. Uterine PEComas: A morphologic, immunohistochemical, and molecular analysis of 32 tumors. Am J Surg Pathol. (2018) 42:1370–83. doi: 10.1097/PAS.0000000000001119, PMID: 30001237


	 Schmiester M, Dolnik A, Kornak U, Pfitzner B, Hummel M, Treue D, et al. TFE3 activation in a TSC1 -altered Malignant PEComa : challenging the dichotomy of the underlying pathogenic mechanisms. J Pathol Clin Res. (2021) 7:3–9. doi: 10.1002/cjp2.187, PMID: 33180365


	 Giannikou K, Azim AA, Adib E, Schaefer IM, Kesten N, Taing L, et al. Distinct oncogenic signatures in Malignant PEComa and leiomyosarcoma identified by integrative RNA-seq and H3K27ac ChIP-seq analysis. J Clin Oncol. (2022) 40:11552–2. doi: 10.1200/JCO.2022.40.16_suppl.11552


	 Liu L, Dehner C, Grandhi N, Lyu Y, Borcherding DC, Chrisinger JSA, et al. The impact of TSC-1 and -2 mutations on response to therapy in Malignant PEComa: A multicenter retrospective analysis. Genes. (2022) 13:1932. doi: 10.3390/genes13111932, PMID: 36360169


	 Bourgmayer A, Nannini S, Bonjean P, Kurtz JE, Malouf GG, Gantzer J. Natural history and treatment strategies of advanced PEComas: A systematic review. Cancers. (2021) 13:5227. doi: 10.3390/cancers13205227, PMID: 34680376


	 Bleeker JS, Quevedo JF, Folpe AL. Malignant” Perivascular epithelioid cell neoplasm: risk stratification and treatment strategies. Sarcoma. (2012) 2012:1–12. doi: 10.1155/2012/541626, PMID: 22619565


	 Izubuchi Y, Tanaka T. PEComa—its clinical features, histopathology, and current therapy. Jpn J Clin Oncol. (2025) 55:691–8. doi: 10.1093/jjco/hyaf056, PMID: 40336169


	 Argani P, Gross JM, Baraban E, Rooper LM, Chen S, Lin MT, et al. TFE3-rearranged PEComa/PEComa-like neoplasms: report of 25 new cases expanding the clinicopathologic spectrum and highlighting its association with prior exposure to chemotherapy. Am J Surg Pathol. (2024) 48:777–89. doi: 10.1097/PAS.0000000000002218, PMID: 38597260


	 Oliver-Perez R, Ortega M, Manzano A, Estrada-Lorenzo JM, Martinez-Lopez M, Zabia E, et al. Malignant perivascular epithelioid cell tumor (PEComa) of the uterus: A rare type of mesenchymal tumors and a management challenge. Cancers. (2025) 17:2185. doi: 10.3390/cancers17132185, PMID: 40647483


	 Sanfilippo R, Jones RL, Blay JY, Le Cesne A, Provenzano S, Antoniou G, et al. Role of chemotherapy, VEGFR inhibitors, and mTOR inhibitors in advanced perivascular epithelioid cell tumors (PEComas). Clin Cancer Res. (2019) 25:5295–300. doi: 10.1158/1078-0432.CCR-19-0288, PMID: 31217199


	 Xu J, Gong XL, Wu H, Zhao L. Case report: gastrointestinal PEComa with TFE3 rearrangement treated with anti-VEGFR TKI apatinib. Front Oncol. (2020) 10:582087. doi: 10.3389/fonc.2020.582087, PMID: 33330059


	 Gao F, Huang C, Zhang Y, Sun R, Zhang Y, Wang H, et al. Combination targeted therapy of VEGFR inhibitor, sorafenib, with an mTOR inhibitor, sirolimus induced a remakable response of rapid progressive Uterine PEComa. Cancer Biol Ther. (2016) 17:595–8. doi: 10.1080/15384047.2016.1167290, PMID: 27030639


	 Lopez P, Kohler S, Dimri S. Interstitial lung disease associated with mTOR inhibitors in solid organ transplant recipients: results from a large phase III clinical trial program of everolimus and review of the literature. J Transplant. (2014) 2014:1–13. doi: 10.1155/2014/305931, PMID: 25580277


	 Willemsen AECAB, Grutters JC, Gerritsen WR, Van Erp NP, Van Herpen CML, Tol J. mTOR inhibitor-induced interstitial lung disease in cancer patients: Comprehensive review and a practical management algorithm. Int J Cancer. (2016) 138:2312–21. doi: 10.1002/ijc.29887, PMID: 26452336


	 Maher TM, Mayes MD, Kreuter M, Volkmann ER, Aringer M, Castellvi I, et al. Effect of nintedanib on lung function in patients with systemic sclerosis–associated interstitial lung disease: further analyses of a randomized, double-blind, placebo-controlled trial. Arthritis Rheumatol. (2021) 73:671–6. doi: 10.1002/art.41576, PMID: 33142016


	 Goodman AM, Kato S, Bazhenova L, Patel SP, Frampton GM, Miller V, et al. Tumor mutational burden as an independent predictor of response to immunotherapy in diverse cancers. Mol Cancer Ther. (2017) 16:2598–608. doi: 10.1158/1535-7163.MCT-17-0386, PMID: 28835386


	 Rémond M, Pachev A, Battistella M, Gandon C, Mourah S, Madelaine I, et al. Metastatic perirectal PEComa treated by checkpoint inhibitor immunotherapy and multimodal treatment: case report and review of the literature. Ther Adv Med Oncol. (2024) 16:17588359241280541. doi: 10.1177/17588359241280541, PMID: 39314916


	 Sanfilippo R, Fabbroni C, Fucà G, Fumagalli E, Morosi C, Sbaraglia M, et al. Addition of antiestrogen treatment in patients with Malignant PEComa progressing to mTOR inhibitors. Clin Cancer Res. (2020) 26:5534–8. doi: 10.1158/1078-0432.CCR-20-1191, PMID: 32605908


	 Liapi A, Mathevet P, Herrera FG, Hastir D, Sarivalasis A. Inhibitors for uterine metastatic perivascular epithelioid tumors (PEComa) resistant to mTOR inhibitors. A case report and review of literature. Front Oncol. (2021) 11:641376/full. doi: 10.3389/fonc.2021.641376/full, PMID: 33842348


	 Formisano L, Napolitano F, Rosa R, D’Amato V, Servetto A, Marciano R, et al. Mechanisms of resistance to mTOR inhibitors. Crit Rev Oncol Hematol. (2020) 147:102886. doi: 10.1016/j.critrevonc.2020.102886, PMID: 32014673







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Wang, Sun, Guan and Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc.2025.1628650_cover.jpg
& frontiers | Frontiers in Oncology

PEComa progressed by mTOR inhibitor
therapy with anti-VEGFR TKI combined with
PD-1 inhibitor: a case report





OEBPS/Images/fonc-15-1628650-g001.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-15-1628650-g004.jpg





OEBPS/Images/fonc-15-1628650-g002.jpg





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-15-1628650-g003.jpg





