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Background

Preclinical studies showed that cytotoxic agents and antiangiogenic agents had regulatory effects in the tumor immune microenvironment of soft tissue sarcoma (STS), and then enhance the antitumor effect of immunotherapy. This study was to investigate the efficacy and safety of immunotherapy-based therapy in metastatic STS.





Methods

We conducted a retrospective analysis in three centers where some patients received immunotherapy-based therapy consisting of immunotherapy alone or in combination with systemic agents (cytotoxic agents and/or antiangiogenic agents). The primary endpoints were median progression-free survival (mPFS) and median overall survival (mOS), and Kaplan-Meier method was used to compare survival.





Results

A total of 79 patients were included in this study. With the median follow-up of 14.2 months, the mPFS and mOS was 7.5 months and 19.5 months, respectively. The PFS (P < 0.01) and OS (P < 0.01) were significantly better in the alveolar soft part sarcoma (ASPS) group compared to the non-ASPS group. Patients who treated in ≤2 lines had longer PFS (P < 0.01) and OS (P < 0.01) compared to those in subsequent lines. Further analysis was performed according to histopathological types, in patients with ASPS, the combination of immunotherapy-based therapy resulted in a longer PFS (P < 0.01) compared to immunotherapy in monotherapy. Similarly, the patients treated in ≤2 lines had longer PFS (P=0.03) and OS (P < 0.01) compared to in subsequent lines. In patients with non-ASPS, patients with potentially sensitive sarcomas (undifferentiated pleomorphic sarcoma, dedifferentiated liposarcoma, myxofibrosarcoma, and angiosarcoma) had a longer PFS (P = 0.02) and OS (P = 0.03) compared to other subtypes. The OS (P = 0.03) for patients with potentially sensitive sarcomas treated in ≤2 lines showed a long trend compared to subsequent lines. Most adverse events reported were mild and tolerable.





Conclusions

The immunotherapy-based therapy showed promising activity in survival, especially in certain histological subtypes (undifferentiated pleomorphic sarcoma, dedifferentiated liposarcoma, myxofibrosarcoma, and angiosarcoma), as well as in combination treatment and in early lines. Prospective researches are needed to confirm the potential benefits.
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Background

Soft tissue sarcoma (STS) is a group of malignancy tumor of mesenchymal origin characterized by heterogeneities, accounting for approximately 1% of all adult malignancies, with approximately 39,900 new cases in China (1). STS has more than 70 different pathological subtypes with diverse clinical manifestations. The prognosis for advanced STS remains poor, with median progressive-free survival (mPFS) of about 4.2 months and median overall survival (mOS) of 15 to 18 months (2). Generally, chemotherapy with anthracyclines is considered the standard treatment for most advanced STS. Cytotoxic agents such as gemcitabine, eribulin, and ifosfamide can be selected for certain pathological subtypes in subsequent lines for more than three decades. New agents and treatment strategies have been introduced in China in recent years, antiangiogenic agents including pazopanib, anlotinib, and apatinib provide a new treatment option for advanced STS, especially in alveolar soft part sarcoma (ASPS) (3). However, those agents rarely lead to substantial survival benefits in metastatic or unresectable disease, with disease progression usually occurring after a modest mPFS of 2.5 months to 19 months. Therefore, novel agents and approaches are urgently needed to improve the prognosis.

Immunotherapy was first introduced in malignancies by injecting streptococcal organisms to stimulate the immune system. Modern immunological studies showed that patients with STS had the potential to benefit from immunotherapy due to a spectrum of immunogenicity, with varied levels of tumor-associated inflammation and immunogenicity (4). Immune checkpoint inhibitors (ICIs) demonstrated promising efficacy in several sarcoma subtypes. In the STS cohorts of SARC028 (5), pembrolizumab monotherapy obtained early promising effect with an overall response rate (ORR) of 20% for liposarcoma (LPS) and 40% for undifferentiated pleomorphic sarcoma (UPS). In the Alliance A091401 trial (6), ipilimumab and nivolumab yielded an ORR of 16% in patients with unselected STS, with the most tumor response occurring in myxofibrosarcoma (FBS), UPS, angiosarcoma (AS), and leiomyosarcoma (LMS). Atezolizumab monotherapy showed amazing efficacy in a phase II study including both adult and pediatric patients with advanced ASPS (7), with an ORR of 37% and mPFS of 20.8 months. However, the immunogenicity of the tumor microenvironment and the high interpatient heterogeneity contribute to sporadic therapeutic responses in STS, and preclinical studies demonstrated that cytotoxic and/or antiangiogenic agents could exhibit synergistic effects with immunotherapy by promoting tumor vascular normalization, tumor-associated macrophages, and neoantigen presentation through changes in the tumor microenvironment (8). To enhance the anti-tumor effect, the treatment strategies are shifting towards immunotherapy combined with conventional chemotherapy or anti-angiogenic therapy or other modalities. A phase II study including 37 patients with anthracycline-naive STS (9), showed that pembrolizumab and doxorubicin obtained preliminary promising benefits in unplanned subtypes, with an ORR of 36.7% and mPFS of 5.7 months. Two of 3 patients with UPS and 2 of 4 patients with DDLPS had durable partial response (PR). Another phase II study of pembrolizumab and eribulin for metastatic soft tissue sarcoma (mSTS) showed a 12-week progression-free survival rate (PFSR) of 36% for LMS (10), 69.6% for LPS, and 52.6% for UPS/others, respectively. These results suggested that immunotherapy-based therapy may provide a novel option for advanced STS.

The studies on immunotherapy for STS remains limited and the therapeutic effects are sometimes contradictory. More data is needed to fully understand the potential efficacy of immunotherapy-based therapy. Therefore, we analyzed the efficacy and toxicity of this strategy in a large cohort of patients receiving immunotherapy-based therapy at three treatment centers, and compared the efficacy of immunotherapy in monotherapy versus combination therapy, as well as the efficacy given in ≤2 lines versus subsequent lines. Additionally, we present two typical cases.





Materials and methods




Patients and treatment

This was a three-center retrospective study that included 52 patients with histologically confirmed mSTS at Henan Cancer Hospital from June 2019 to January 2024, 16 patients at the First Affiliated Hospital of Zhengzhou University from January 2022 to March 2023, and 11 patients at Henan Provincial People’s Hospital from January 2021 to March 2022. Patients who met the following criteria were included (1): aged 18 years or older; (2) had an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 3; (3) had at least one measurable lesion according to Response Evaluation Criteria in Solid Tumors, version 1.1 (RECIST 1.1), and the lesions would not be cured locally in subsequent therapies; (4) had not received previous immunotherapy, including anti-PD-1, anti-PD-L1, or anti-CTLA4. Patients who met the following criteria were excluded: (1) had only received one cycle of treatment; (2) had a history of immune disease or a second malignancy; (3) had no available follow-up data. In order to accurately assess the efficacy of immunotherapy for each subtype, only more than five patients with the same pathological subtype were included in this study.

Based on the medical records, we retrospectively analyzed the demographic characteristics, tumor characteristics, previous treatment details (surgery, systemic treatments), details of immunotherapy (therapeutic agents, number of systemic treatment lines), treatment course (start and end time of treatment, optimal response date, etc.), adverse events (AEs), and reasons for discontinuation. Due to the retrospective, anonymous, and non-interventional nature of the study, informed consent from all patients was waived and this study was approved by the Ethics Committee of each treatment center.

The formulations of treatment strategies were based on histopathological subtypes, previous treatment, available clinical trials, and patients’ willingness. The subtypes resistant to chemotherapy may be given immunotherapy in monotherapy or combination therapy as first-line treatment, for example, ASPS and clear cell sarcoma (CCS). While the subtypes sensitive to chemotherapy were rarely given immunotherapy as first-line treatment unless patients refuse or were not suitable for chemotherapy or anti-angiogenic therapy.

Immunotherapy, including sintilimab, camrelizumab, toripalimab, and geptanolimab, and anti-angiogenesis agents, such as apatinib, anlotnib, lenvatinib, and pazopanib, were included in the treatment regimens. Only cytotoxic agents recommended by National Comprehensive Cancer Network (NCCN) and Chinese Society of Clinical Oncology (CSCO) guidelines for advanced STS were given to patients, such as anthracyclines, ifosfamide, gemcitabine, and eribulin. These cytotoxic agents and anti-angiogenic agents were usually administered unless serious AEs, patient rejection, or disease progression occurred, or more than 6 cycles were completed. PD-1 inhibitors were given for a minimum of 2 and a maximum of 35 cycles. Combination therapy was defined as the PD-1 inhibitors combined with other systemic therapies, including chemotherapy and/or anti-angiogenic therapy. Patients who had to discontinue one drug due to serious toxicity were allowed to continue the other drug as monotherapy.





Efficacy and safety evaluation

Imaging evaluations were usually performed every 2-3 months, and best responses at any point during the treatment are classified as complete response (CR) or PR, stable disease (SD), and progressive disease (PD) according to RECIST criteria. ORR referred to the proportion of patients with CR and PR, and disease control rate (DCR) referred to the proportion of patients with CR, PR, and SD. PFS was defined as the time from start of immunotherapy-based therapy to disease progression or death, and OS was defined as the time from start of immunotherapy-based therapy to death from any cause.

All patients were evaluated for safety, and AEs were collected and graded according to the Common Terminology Criteria for Adverse Events, version 5.0 (CTCAE 5.0). Usually, immunotherapy was continued until grade ≥ 3 AEs occurred, patients or clinicians refused the therapy, or disease progression was observed.





Statistical analysis

For the descriptive analysis, the continuous variables were summarized with median, range, and numbers, and the categorical variables were summarized by frequency and percentage. The mPFS and mOS were the primary endpoints of this study. Survival was estimated and compared by the Kaplan–Meier method and the log-rank test for each group. The statistical significance was set at 0.05. Statistical analysis was carried out with Graphpad prism 8.0 (Graphpad Software, USA).






Results




Patient demography

In this study, 79 patients with mSTS were included. They were aged between 18 and 71, with the median age of 46.5. There were 42 males and 37 females. The most common primary sites were the trunk and extremities (89.9%), with the lung being the most common site of metastasis (72.2%). The most common pathological subtype was ASPS (n=20), followed by UPS (n=13), LMS (n=7), angiosarcoma (AS) (n=6), synovial sarcoma (SS) (n=6), FBS (n=6), CCS (n=6), dedifferentiated liposarcoma (DDLPS) (n=5), epithelioid sarcoma (ES) (n=5), and malignant peripheral nerve sheath tumor (MPNST) (n=5). The majority of patients had an ECOG performance status of ≤2. Treatment varied depending on the histopathological types. Out of the 79 patients, 72 (91.1%) had previously received systemic therapy, with the median of two lines (range 0-5). The majority (91.1%) of patients received combination therapy. Demographic characteristics was showed in Table 1.


Table 1 | Patient Characteristics.



Of 20 cases with ASPS, 6 received PD-1 inhibitor monotherapy, the others received a combination of PD-1 inhibitors and antiangiogenic agents. These combinations included anlotinib + sintilimab (n=6), apatinib + sintilimab (n=5), and anlotinib + camrelizumab (n=3). Out of these cases, 4 patients received local treatment for metastatic lesions during the therapy, with 2 undergoing radiotherapy and 2 undergoing radiofrequency ablation. While out of 59 non-ASPS cases, only one patient received PD-1 inhibitor monotherapy, 30 received a combination of PD-1 inhibitors and antiangiogenic agents, including anlotinib+ camrelizumab (n = 8), anlotinib+ sintilimab (n = 7), apatinib+ camrelizumab (n = 6), apatinib+ sintilimab (n = 5), and anlotinib+ triprolizumab (n = 4). 19 received a combination of PD-1 inhibitors and cytotoxic agents, with agents including doxorubicin-based (n = 4), gemcitabine-based (n = 8), ifosfamide-based (n = 4), and albumin paclitaxel-based (n = 3). 9 received a combination of PD-1 inhibitors, antiangiogenic agents, and cytotoxic agents, with agents including gemcitabine + anlotinib + sintilimab (n = 5), ifosfamide + apatinib+ camrelizumab (n = 2), and doxorubicin +anlotinib + sintilimab (n = 2). Local therapy was also given during the systemic treatment including radiotherapy (n = 3), radiofrequency ablation (n = 2), and surgery (n= 2).





Efficacy

In the total population, there were 3 cases of CR, 15 cases of PR, 38 cases of SD, and 23 cases of PD. The ORR was 22.8% and the DCR was 70.9%. At the time of the current analysis, 7 patients were still on treatment, 72 discontinued. Of these patients, 66 (83.5%) discontinued due to disease progression, 3 (3.8%) due to AEs, and 3 (3.8%) for other reasons.

The cutoff date was May 25, 2024, and the median follow-up period was 14.2 months. The mPFS and mOS was 7.5 months and 19.5 months, respectively. The PFS rates at 3 months, 6 months, and 12 months were 84.8%, 62.0%, and 27.8%, respectively. The OS rates at 6 months, 12 months, and 18 months were 89.8%, 70.9%, and 45.6%, respectively. Figure 1 shows the efficacy in the total patients.




Figure 1 | Efficacy of immunotherapy-based in total patients. (A) The PFS of all patients; (B) The OS of all patients.







Efficacy on ASPS, “potentially sensitive sarcomas”, and others

Based on the sensitivity of sarcomas to immunotherapy, the subtypes were divided into ASPS and non-ASPS. In the ASPS group, 2 cases achieved CR and 8 achieved PR, resulting in an ORR of 50%. The mPFS and mOS was 17.5 months and 45 months, respectively. In the non-ASPS group, 1 case achieved CR and 7 achieved PR, resulting in an ORR of 13.6%. The mPFS and mOS was 6.3 months and 15.5 months, respectively. The efficacy in the two groups was shown in Figures 2A, B. It was observed that the PFS (P<0.01) and OS (P<0.01) in the ASPS group were longer than those in the non-ASPS group.




Figure 2 | Efficacy in different subgroups. (A, B) PFS and OS in ASPS and non-ASPS; (C, D) PFS and OS in different sarcoma subtypes; (E, F) Comparison of PFS and OS between potentially sensitive sarcomas and others in non-ASPS.



Further analysis was conducted on the efficacy in patients with different pathological subtypes, and the PFS and OS were shown in Figures 2C, D. According to previous studies and National Comprehensive Cancer Network (NCCN) guidelines (7, 11–15), we broadly divided STS into sensitive sarcomas (ASPS), potentially sensitive sarcomas (UPS, DDLPS, FBS, AS), and others (SS, ES, LMS, CCS, and MPNST). The results showed a trend of survival benefit for potentially sensitive sarcomas compared to others in terms of PFS (P=0.02) and OS (P=0.03) (Figures 2E, F).





Difference in the efficacy of combination treatment and monotherapy

Of the whole patients, 7 received PD-1 inhibitor monotherapy (6 with ASPS and 1 with non-ASPS), with the mPFS of 6 months and the mOS of 28 months, respectively. 72 (14 with ASPS and 58 with non-ASPS) received PD-1 inhibitors and other systemic agents, with the mPFS of 6 months and the mOS of 18 months, respectively. No significant differences in terms of PFS (P=0.29) and OS (P=0.47) were observed between the two treatment modalities (Figures 3A, B).




Figure 3 | Survival analyses. (A) PFS and OS according to combination of therapy ((immunotherapy(I) alone versus combination in total patients); (C, D) PFS and OS according to combination of therapy (I alone versus combination in ASPS patients); (E, F) PFS and OS according to combination of therapy (I + anti-angiogenic agents (A) + cytotoxic agents (C) versus I+A versus I+C in non-ASPS patients.



Among the 20 patients with ASPS, 14 received PD-1 inhibitors and antiangiogenic agents, with the mPFS of 24.4 months and the mOS of not reached (NR), respectively. While the others received PD-1 inhibitors monotherapy, with the mPFS of 7.5 months and mOS of 29 months, respectively. A significant difference in PFS (P<0.01) was observed between the two treatment modalities, but no significant difference in OS (P=0.09) (Figures 3C, D). Among the non-ASPS patients, 19 patients received a combination of PD-1 inhibitors and cytotoxic agents, with the mPFS of 6.2 months and the mOS of 15.0 months, respectively, while 30 received a combination of PD-1 inhibitors and antiangiogenic agents, with the mPFS of 5.4 months and the mOS of 14 months, respectively. 9 received a combination of PD-1 inhibitors, cytotoxic agents, and antiangiogenic agents, with the mPFS of 11 months and the mOS of 17.5 months, respectively. These results suggested that the combination of PD-1 inhibitors, cytotoxic agents, and antiangiogenic agents may lead to a great prognosis in terms of PFS and OS (Figures 3E, F). Additionally, 8 patients received local treatment, including radiotherapy and ablation.





Difference in efficacy between ≤2 lines and sequent lines

Totally, there were 37 patients (14 patients with ASPS and 23 patients with non-ASPS) who were treated in ≤2 lines, with the mPFS of 11 months and the mOS of 45 months, respectively. In subsequent lines, there were 6 patients with ASPS and 36 with non-ASPS patients, with the mPFS of 6.4 months and the mOS of 15 months, respectively. Both the PFS (P < 0.01) and OS (P<0.01) of the patients treated in ≤2 lines were longer compared to those treated in subsequent lines (Figures 4A, B).




Figure 4 | Survival analyses. (A, B) PFS and OS according to line of therapy (treatment in ≤2 lines versus subsequent lines in total patients); (C, D) PFS and OS according to line of therapy (treatment in ≤2 lines versus subsequent lines in ASPS patients); (E, F) PFS and OS according to line of therapy (treatment in ≤2 lines versus subsequent lines in non-ASPS patients); (G, H) PFS and OS according to line of therapy (treatment in ≤2 lines versus subsequent lines in potential sensitive sarcomas); (I, J) PFS according to line of therapy (treatment in ≤2 lines versus subsequent lines in other sarcomas).



Subgroup analysis, among 20 patients with ASPS, 14 were treated in ≤2 lines with the mPFS of 22.3 months and the mOS of NR, respectively. While 6 ASPS patients were treated in subsequent lines with the mPFS of 8.1 months and the mOS of 21 months, respectively. The results showed a trend of survival benefit for patients treated in ≤2 lines compared to in subsequent lines in terms of PFS (P=0.03) and OS (P < 0.01). (Figures 4C, D). An analysis of the efficacy in ≤2 lines and subsequent lines in non-ASPS patients was also conducted. 25 non-ASPS patients were treated in ≤2 lines with the mPFS of 6.9 months and the mOS of 23 months, respectively. While 33 non-ASPS patients were treated in subsequent lines with the mPFS of 6.3 months and the mOS of 15 months, respectively. A trend of survival benefit for non-ASPS patients treated in ≤2 lines compared to in subsequent lines in terms of OS (P=0.01), and no statistical significance were observed in PFS (P=0.06) (Figures 4E, F). Additionally, it was found that patients with potentially sensitive sarcomas had a trend of benefit in OS in ≤2 lines (P=0.03) compared to in subsequent lines, but no significant benefit was observed in PFS (P=0.13) (Figures 4G, H). No significant difference in either PFS (P=0.18) or OS (P=0.17) between patients with other types treated in ≤2 lines and subsequent lines (Figures 4I, J).





AEs

In the entire population, the majority of AEs related to treatment were well-tolerated and manageable, consistent with previous reports. Out of the 51 patients included in this study, 63 (79.7%) experienced one or more AEs. The most commonly AEs of any grade were fatigue (n = 46, 58.2%), gastrointestinal reactions (n = 44, 55.7%), myelosuppression (n = 29, 36.7%), renal inadequacy (n = 22, 27.8%). Due to the retrospective nature of the study, grade 1-2 AEs may not be accurately recorded. The most common grade 3-5 AEs were myelosuppression (n = 14, 17.7%), gastrointestinal reactions (n = 5, 6.3%), hypertension (n = 2, 2.5%). Grade 3-4 AEs related to immunotherapy included cytokine release syndrome (n=1), hyperglycemia (n=1). No grade 5 AEs related to the treatment were observed, and 6 (8.6%) patients discontinued treatment permanently due to the toxicities of PD-1 inhibitors or patient rejection. More details of toxicity are depicted in Table 2.


Table 2 | Adverse events.







Some typical cases of immunotherapy-based therapy

A patient with high-grade UPS of the right thigh experienced recurrence 1 year after surgery, accompanied by multiple lung metastatic lesions. To control the lung lesions, the patients received a sequence of doxorubicin and ifosfamide, anlotinib, and gemcitabine, however the lung lesions continued to progress (Figures 5A-C). To activate the immune response, the patient received apatinib and carrilizumab. After 15 months of the combination treatment, the metastatic lesions shrinked (Figures 5D-F) and the patient stopped the combination treatment due to anorexia. Until data analysis, the lesions have remained stable for 19 months after stopping all drug therapy (Figures 5G-I).




Figure 5 | Treatment of a patient with high-grade UPS of the right thigh with lung metastases using PD-1 inhibitor + chemotherapy. (A-C) Pretreatment CT scan shows multiple lung metastatic lesions. (D-F) After receiving PD-1 inhibitor-based combination therapy, the tumor continuously shrinks. (G-I) Seventeen months after stopping PD-1 inhibitor-based combination therapy, the tumors continued to shrink.



A patient with a malignant peripheral nerve sheath tumor of cervical spinal with a maximum diameter of 9.4 cm accompanied by multifocal lung metastasis (Figures 6A, B). Doxorubicin, ifosfamide, and toripalimab was given in the first-line treatment. MRI examination showed a significant reduction in lung metastasis after 1 cycle of toripalimab combined with chemotherapy (Figures 6C, D). Despite stopping chemotherapy after six cycles, the tumors continued to shrink during maintenance therapy with toripalimab (Figures 6E, F).




Figure 6 | Treatment of a patient with high-grade malignant peripheral nerve sheath tumor of cervical spinal with PD-1 inhibitor. (A, B) Pretreatment MRI scan shows a large tumor in the cervical spinal. (C-H) After receiving PD-1 inhibitor-based combination therapy, the tumor continuously shrinks.








Discussion

The main treatment options for advanced STS are chemotherapy and anti-angiogenic therapy. However, due to the heterogeneous subtypes and limited treatments, the survival of patients with advanced STS remains a bottleneck period. Therefore, new strategies are urgently needed to improve the survival. With the promising effects of immunotherapy in some subtypes, the efficacy and safety of immunotherapy-based therapy in advanced STS have been explored by a growing number of studies. We believe that our study was one of the largest studies to evaluate the efficacy and safety of immunotherapy-based therapy in advanced setting in the Eastern population. The immunotherapy-based therapy showed clinically meaningful activity and good tolerance, with the mPFS of 7.5 months and the mOS of 19.5 months, respectively. Further analysis revealed that immunotherapy-based therapy may benefit patients with certain histological subtypes (ASPS, UPS, DDLPS, FBS, AS), those who received combination therapy, and those who were treated in earlier treatment lines. However, the potential benefits need to be confirmed by further prospective studies.

In this study, 59 (74.7%) patients were diagnosed with non-ASPS, and 70(88.6%) received previously systemic therapy. 72(91.1%) received combination therapy, and 50(63.3%) received immunotherapy in second or subsequent lines. Similar characteristics at baseline were observed in several phase II studies, suggesting that immunotherapy may be a viable option, especially given in combination and in later lines, and in potentially sensitive sarcomas (UPS, DDLPS, FBS, and AS). These subtypes are characterized by a high level of genomic instability, as indicated by their complex karyotype with high copy number alterations, and these features could lead to a high potential for immunogenicity through increased neoantigen formation, and then play a role in determining the response to immunotherapy. Historical data of immunotherapy-based therapy showed that the mPFS for advanced ASPS was 6.2 months to 23.06 months, which was significantly higher than the mPFS of 4.2 to 8 months for other subtypes (16). Similarly, our study showed patients with potentially sensitive sarcomas had a trend of survival advantage over others in non-ASPS. The advantages of immunotherapy may be the enduring benefits, even after the treatment is discontinued, similar to those in squamous cell cancer and melanoma. Although this benefit has rarely been reported, we observed a UPS patient with multiple lung metastases which remained stable for 19 months after discontinuing all medications, as illustrated by the typical case above. Unfortunately, we didn’t have a molecular explanation for this observation. Additionally, our findings suggested that immunotherapy given in ≤ 2 lines resulted in better PFS and OS compared to subsequent lines. Similar results were observed in a meta-analysis, which demonstrated the importance of early initiation of immunotherapy to improve OS in patients with advanced non-small cell lung cancer (17). Regarding the treatment strategies, our studies showed that the combination treatment obtained the greater PFS and/or OS compared to the immunotherapy in monotherapy in advanced setting, especially in ASPS. which could be interpreted as the change of the tumor microenvironment, resulting in a synergistic effect.

The chemotherapy-resistant ASPS cohort showed notable improvements in survival with the introduction of antiangiogenic therapy. Antiangiogenic agents such as pazopanib, cediranib, sunitinib, and anlotinib have demonstrated significantly improved PFS and OS in patients with metastatic ASPS, reaffirming the potential of antiangiogenic agents in treating this malignancy. Historical data showed that the rate of 5-year OS was about 22% in 1989, which increased to about 61% in 2018 in the metastatic setting (18). Currently, antiangiogenic agents are considered the preferred and most effective treatment for advanced ASPS. Importantly, there is no evidence of complete cross-resistance between different antiangiogenic agents. Despite ASPS having a low tumor mutation load and microsatellite stability, it could still benefit from immunotherapy in monotherapy. A notable study of 52 patients with advanced ASPS showed that atezolizumab achieved an ORR of 37% and the mPFS of 20.8 months (7), with the median duration of response of about 25 months. In our present study, we included 20 cases of metastatic ASPS treated with immunotherapy-based therapy, with the mPFS of 17.5 months and the mOS of 45 months, respectively, which were comparable to or slightly better than previous studies. Further analysis showed that the immunotherapy combination treatment resulted in a significantly better PFS than monotherapy. However, the benefit did not translate into the advantage of OS. Additionally, patients receiving immunotherapy-based therapy in ≤2 lines had a longer PFS compared to those in subsequent lines. A retrospective worldwide registry of 76 patients with metastatic ASPS reported an ORR of 54.4% and mPFS of 16.3 months (16), patients who received immunotherapy as a first-line treatment achieved greater PFS than subsequent lines (NR vs 12.1 months). One possible mechanism for the acquired resistance to immunotherapy was the activation of immune evasion by macrophages, which may be caused by changes in the immune microenvironment due to antiangiogenic agents (19). This observation was also found in patients with advanced melanoma who experienced only limited benefit after treatment failure with BRAF/MEK inhibitors.

In the characteristic of “cold tumors” in non-ASPS, ICIs monotherapy showed disappointing antitumor activity, except for pembrolizumab in SARC028. Combination strategies involving cytotoxic agents and/or antiangiogenic agents have been commonly used to convert these tumors into “hot tumors” and increase their sensitivity to ICIs (2). A recent data analysis from nine clinical trials showed that PD-1/PD-L1 monoclonal antibodies only achieved an ORR of 9.8% in non-ASPS (20). Therefore, current clinical trials focused on immunotherapy as a combination therapy or for specific subtypes. For example, a phase II trial involving patients with advanced anthracycline-naive sarcoma treated with pembrolizumab plus doxorubicin showed promising effects (21), with the mPFS of 8.1 months and the mOS of 27 months in unplanned subtypes. Pembrolizumab plus olaratumab demonstrated an ORR of 21.4% in patients with advanced STS in a Phase I a/b study (22). The SAINT study showed that ipilimumab, nivolumab, and trabectedin as first-line treatment for advanced STS obtained the mPFS of 6.7 months and the mOS of 24.6 months (23), with an ORR of 25.3% and a DCR of 87.3%. Our study also showed modest efficacy, with the mPFS of 6.3 months and the mOS of 15.5 months, respectively. Although cross-trial comparisons should be interpreted with caution, the efficacy of our study was still notable, which may be attributed to the high proportion of multimodal combination therapy and patients with potentially sensitive sarcoma. A randomized phase II study compared the efficacy between cabozantinib alone with a combination of nivolumab, ipilimumab and cabozantinib in mSTS (24). The results showed that the PFS for the combination therapy was significantly longer than that for the monotherapy (5.3 months vs 3.5 months). It is generally known that certain subtypes, such as UPS, AS, DDLPS, and FBS, may be sensitive to immunotherapy in monotherapy. The present study showed that these potentially sensitive subtypes had a trend toward improved PFS and OS. A phase II study of 38 patients with advanced STS treated with sintilimab and doxorubicin showed that UPS and DDLPS had significantly longer PFS than other subtypes (25). Therefore, it is reasonable to consider immunotherapy-based therapy as a potential option for potentially sensitive sarcomas, especially for patients with limited options. Our study also explored rational combination strategies and found that multimodal therapy, especially the combination of PD-1 inhibitors, cytotoxic agents, and antiangiogenic agents, had promising activity, which was consistent with a previous study published by Zhou et al, whose report showed the combination of penpulimab, anlotinib, and eribulin as first-line treatment for 32 patients with advanced STS achieved impressive PFS of 10.55 months and an ORR of 12.50% (26). Additionally, no significant differences in efficacy were observed between immunotherapy combined with cytotoxic agents and immunotherapy combined with antiangiogenic agents, which suggested that the combination of antiangiogenic agents and immunotherapy may be a preferred option for patients who were unable to tolerate the toxicities of chemotherapy. In terms of treatment lines, PFS and OS for patients treated in ≤ 2 lines had long trend compared to those given in subsequent lines in non-ASPS patients, and patients were treated in ≤ 2 lines showed a benefit of OS compared to treated in subsequent lines in potentially sensitive sarcoma, which similar to in advanced head and neck squamous cell carcinoma (27), pembrolizumab combined with platinum and 5-fluorouracil improved OS, but not PFS, compared with cetuximab combined with chemotherapy. However, similar results were not observed in other subtypes in non-ASPS.

The toxicity profile in this study was similar to previous observations. Most of the AEs were mild and manageable. The majority of Grade ≥3 AEs were myelosuppression. It was worth noting that some of the toxicities related to immunotherapy observed in this study were emergencies, such as cytokine storms and diabetic ketoacidosis caused by hyperglycemia. While there is a lack of consensus on detections of AEs related to immunotherapy, it is important to regularly monitor indicators of toxicity and promptly address any toxicities.

This study has several limitations. Firstly, although a big number of patients were included in the study, there were still some highly heterogeneous indicators, such as previous treatment, combination treatment strategies, and patient and tumor characteristics. Therefore, future prospective studies with larger sample sizes and more homogeneous cohorts are warranted to obtain a comprehensive understanding of immunotherapy-based therapy. Secondly, it was important to note that in the respective study, patient treatment strategies and agents employed could vary due to many factors. Although our study identified an important role of immunotherapy in the treatment of STS, further clinical researches are needed to determine the optimal treatment strategy and agents. Thirdly, the generalizability of our study may be limited as the patients in our centers were mainly from central China. However, by 2024, the population of the central region is expected to exceed 100 million. As departments of three large university-affiliated tertiary general hospitals, the included centers had extensive experience in the management of advanced STS in the region. This could potentially enhance the applicability of our findings to a larger population. Fourthly, this study only analyzed the main factors that may affect the prognosis, including pathological subtypes, treatment regimens and the number of treatment lines. Other factors that may influence prognosis, including age and sex, were not analyzed.





Conclusion

In conclusion, our study showed immunotherapy-based therapy showed promising efficacy in patients with mSTS, especially with ASPS, UPS, DDLPS, FBS, and AS, as well as in combination treatment and given in early lines. The majority of AEs were mild and manageable. Further research is needed, including recruiting more patients and conducting well-designed prospective studies, to confirm the efficacy of these treatment strategies in advanced STS.
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