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Pleomorphic liposarcoma (PLPS) is a rare and aggressive subtype of liposarcoma with limited treatment options. Despite studies on immune checkpoint inhibitors (ICIs) in sarcomas, there have been few reports involving PLPS. Furthermore, the significance of tumor mutation burden (TMB)-high, a known biomarker for ICIs in various solid tumors, remains unclear in sarcomas. Herein, we report the case of a 41-year-old man with postoperative liver metastasis of microsatellite (MS)-stable/TMB-high PLPS who achieved successful remission with pembrolizumab, an anti-programmed cell death protein 1 inhibitor. Initially, the patient underwent extensive resection for primary PLPS in the distal left thigh. The diagnosis of lung metastases 3 months after prompted five courses of doxorubicin and ifosfamide, resulting in stable disease. Subsequent thoracoscopic pulmonary metastasectomy allowed surgical removal of the lung metastases. However, multiple liver metastases developed 9 months following the primary extensive resection. Cancer genome profiling revealed a mutation in MSH6, MS-stable status, and a high TMB of 14.5/Mb. Pembrolizumab was initiated for a total of 35 courses at 10 months postoperatively, significantly reducing liver metastases. These findings suggest the potential of TMB-high as a predictor of ICI response in sarcomas.
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1 Introduction

Pleomorphic liposarcoma (PLPS) is a rare and aggressive subtype of liposarcoma, accounting for 5–10% of liposarcoma cases, with an overall 5-year survival rate of 54–57% (1, 2). Distant metastases occur in approximately 30–50% of patients, primarily to the lungs, and frequently exhibit limited response to chemotherapy and radiotherapy. Surgical resection with clear margins remains the cornerstone treatment for localized disease. In advanced settings, chemotherapy regimens involving doxorubicin and gemcitabine, along with newer agents such as eliburin and trabectedin, have been utilized (2).

The emergence of immune checkpoint inhibitors (ICIs), such as the anti-programmed cell death protein 1 inhibitor pembrolizumab, has revolutionized treatment algorithms for various malignancies. In contrast, the efficacy of pembrolizumab in sarcomas, particularly PLPS, remains limited. In the SARC028 study, only 18% (7/40 patients) of the patients with specific soft tissue sarcomas (undifferentiated pleomorphic sarcoma, dedifferentiated liposarcoma, and synovial sarcoma) responded to pembrolizumab monotherapy (3). Findings in the SARC028 expansion cohorts demonstrate a limited overall response rate of 10% (4/39 patients) in the liposarcoma cohort (4). On the contrary, a recent randomized control trial has demonstrated that the addition of pembrolizumab to the preoperative radiotherapy and surgery led to a 15% increase in disease-free survival for patients with stage III undifferentiated pleomorphic sarcoma and liposarcoma, indicating the potential of the drug as a promising adjuvant/neoadjuvant therapy (5).

Microsatellite instability (MSI)-high and tumor mutation burden (TMB)-high are established biomarkers for ICIs in various solid tumors (6). However, the utility of these biomarkers for predicting response in sarcomas remains unknown. Therefore, this report describes a case of postoperative liver metastases of MS-stable and TMB-high PLPS that was successfully treated with pembrolizumab.




2 Case description

A 41-year-old man with no significant medical or family history of malignancy presented with a soft tissue tumor in the distal medial left thigh, which was confirmed to be pleomorphic sarcoma following needle biopsy. On physical examination, a 4-cm elastic hard mass was palpable in the distal medial thigh with weight-bearing pain, although, no limitation in the range of motion of the knee joint was observed. Baseline blood tests at the initial visit showed a slightly elevated C-reactive protein (CRP) level of 0.58 mg/dL, while all other parameters, including white blood cell count (WBC), hemoglobin, platelets, renal and liver function markers, and electrolytes, were within normal limits. Subsequent extensive resection with negative surgical margins was performed. Histopathological examination established the diagnosis of PLPS, characterized by the presence of pleomorphic cells with pale to eosinophilic cytoplasm and lipoblasts (Figures 1A, B).
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Figure 1 | Histological appearance. (A, B) Hematoxylin-eosin staining (A: 200×, B 400×) shows diffuse proliferation of atypical cells with pale to eosinophilic cytoplasm. Some of the tumor cells have vacuole-filled cytoplasms, consistent with the appearance of lipoblasts. Cells show variations from multi-lobed, spindle-shaped cells to those with high N/C ratios and round shapes with malformed and large nuclei. (C) Immunostaining with anti-MSH6 (200×) reveals a loss of MSH6 expression.



Three months later, as shown in the clinical course summarized in Figure 2, multiple lung metastases were detected (Figure 3A), measuring up to 0.7 cm in diameter, necessitating five courses of doxorubicin and ifosfamide. The chemotherapy regimen consisted of doxorubicin at 30 mg/m² and ifosfamide at 2 g/m², without dose reduction, and was completed in five cycles. The patient remained asymptomatic with no respiratory symptoms during the course of pulmonary metastases. After achieving stable disease (Figure 3B), thoracoscopic pulmonary metastasectomy was performed to remove the lung metastases. Approximately 9 months following the initial resection, two liver metastatic lesions were identified (Figure 3C), measuring 1.5 cm in the right lobe and 4.0 cm in the left lobe. The patient exhibited no symptoms, and liver function tests showed all parameters within the normal range.
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Figure 2 | Timeline of significant clinical events and treatment.
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Figure 3 | CT and PET scan images of lung and liver metastases during treatment. (A) Two lung metastases were found 3 months after wide resection. (B) Lung metastases were deemed stable following five courses of doxorubicin and ifosfamide. (C) Two liver metastases were identified in the left and right lobes 9 months after wide resection. (D) Following 19 courses of pembrolizumab, liver metastases were significantly reduced in the left lobe and became undetectable in the right lobe. Fluorodeoxyglucose uptake was reduced to physiological levels. PET, positron emission tomography; CT, computed tomography.



A cancer genome profiling (FoundationOne CDx) of the primary tumor (Figure 4) revealed pathogenic gene mutations in MSH6, PIK3CA, PTEN, 1and TP53 and pathogenic gene amplification of CCNE1. The tumor was MS-stable and TMB-high (14.5/Mb). The high mutant allele frequency of MSH6 (73%) suggested a potential germline mutation, considering the estimated tumor cell content of 46.4–50%. Moreover, immunostaining demonstrated a loss of MSH6 expression (Figure 1C).
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Figure 4 | Genomic findings and biomarker findings reported by FoundationOne CDx.



Given these findings, pembrolizumab 200 mg was initiated at 10 months postoperatively, which was administered every 3 weeks. Before initiation, serum amylase and thyroid function tests (TSH, FT3, FT4) were within normal limits. While the patient experienced thyrotoxicosis and hyperamylasemia during treatment, both of them were asymptomatic. TSH level decreased to 0.01 μIU/mL after two cycles but normalized the following month without intervention. Later, after the 31st cycle, TSH elevation was observed (Grade 1); pembrolizumab was continued. Subsequent to the 32nd cycle, TSH rose to 22.58 μIU/mL, with FT3 and FT4 remaining normal (Grade 2). The patient remained asymptomatic and was started on levothyroxine replacement. Amylase levels increased to 338 U/L (Grade 3) after approximately one year of treatment, and the patient remined asymptomatic. The levels normalized within three months without intervention.

A significant clinical response was observed, with the liver metastasis in the right lobe completely disappearing and the left lobe lesion reducing from 4.0 cm to 2.5 cm in diameter (Figure 3D). Furthermore, positron emission tomography-computed tomography revealed normal physiological levels of fluorodeoxyglucose uptake. Subsequently, radiofrequency ablation (RFA) was performed on the residual lesion in the left lobe. Pembrolizumab was continued as initially planned, and the patient completed 35 cycles over a 2-year period. As of the latest follow-up, the patient remains disease-free, and pembrolizumab has been discontinued. The patient is now under surveillance without active treatment.




3 Discussion

We report a case of postoperative liver metastasis from an MS-stable and TMB-high PLPS that was successfully treated with pembrolizumab, implying the utility of TMB-high as a biomarker for ICI response in sarcomas. To the best of our knowledge, this is the first report on the efficacy of pembrolizumab in PLPS with TMB-high.

TMB-high, a well-established biomarker for predicting response to ICIs in solid tumors, may demonstrate similar value in sarcomas, as suggested in our present case. The KEYNOTE-158 study reported the potential benefit of ICIs in TMB-high (≥10 mutations/Mb) solid tumors, regardless of MSI. While their findings expanded the number of candidates eligible for ICIs, patients with sarcoma were excluded from the cohort (7). Another study involving 60 cases, including three cases of sarcoma, showed that MS-stable and TMB-high (≥20 mutations/Mb) tumors could benefit from immunotherapy (8). Additional case reports of undifferentiated pleomorphic sarcoma, alveolar soft part sarcoma, intimal sarcoma, and osteosarcoma also support the association between TMB-high status and ICI response in sarcomas (9, 10). However, none of them included PLPS. Given the significantly higher prevalence of TMB-high (≥20 mutations/Mb) sarcomas (11) (8.1%) than MSI-high sarcomas (0.26–0.29%) (12, 13), further investigation into the utility of TMB-high status as a predictive biomarker in sarcomas is warranted to identify parients who can benefit from ICIs.

Similarly, the significance of mutations in the DNA mismatch repair (MMR) genes on the therapeutic effect of pembrolizumab in MS-stable/TMB-high malignancies remains unknown. Although other prognostic biomarkers for ICIs in sarcoma are less established, recent reports have focused on the tumor microenvironment. The SARC028 sub-analysis demonstrated that B cell infiltration and tertiary lymphoid structures (TLSs) were key predictors of improved survival, proposing the sarcoma immune class classification as a biomarker of pembrolizumab efficacy (14). The PEMBROSARC trial further explored the role of TLSs, correlating TLS positivity with improved outcomes and increased responsiveness to combined pembrolizumab and low-dose cyclophosphamide (15). Additionally, the efficacy of pembrolizumab has been reported in alveolar soft part sarcoma (16), characterized by low TMB, a specific fusion gene, and an inactive immune microenvironment. This suggests that a comprehensive understanding of sarcomas as a whole, including microenvironment, gene alterations, and histologic type, is crucial in identifying patients who may benefit from ICIs.

The development of this MS-stable and TMB-high tumor in this patient may be attributed to a germline mutation in MSH6. In Lynch syndrome (LS), germline mutations in MMR genes (MLH1, MSH2, MSH6, PMS2, and EPCAM) predispose individuals to various malignancies, including colorectal and endometrial cancers. Although sarcomas are not traditionally considered LS-associated cancers, individuals with LS exhibit a higher incidence and an earlier age of onset of sarcomas than the general population (17–19). The distribution of soft tissue sarcomas in patients with LS differs from that of the general population, particularly with regard to the high proportion (10%) of pleomorphic rhabdomyosarcoma, which is rare (<1%) in sporadic soft tissue sarcomas (20). MMR gene deficiency primarily leads to high MS instability owing to impaired gene repair capacity. However, MSH6 mutations generally involve base-base mismatches rather than larger insertion/deletion mismatches (21). Therefore, tumors with MSH6 mutations can be MS-stable and TMB-high. Indeed, pan-cancer analyses of LS have revealed a significant prevalence of MSH6 mutations in MS-stable tumors (22).




4 Conclusion

We presented a case of MS-stable and TMB-high PLPS that was successfully treated with pembrolizumab. Our findings suggest that TMB-high is a potential predictor of the therapeutic response to ICIs in sarcoma. Further investigations involving more cases are necessary to validate this association.
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