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            Abstract
Immune checkpoint inhibitors (ICIs) show limited clinical activity in patients with advanced soft-tissue sarcomas (STSs). Retrospective analysis suggests that intratumoral tertiary lymphoid structures (TLSs) are associated with improved outcome in these patients. PEMBROSARC is a multicohort phase 2 study of pembrolizumab combined with low-dose cyclophosphamide in patients with advanced STS (NCT02406781). The primary endpoint was the 6-month non-progression rate (NPR). Secondary endpoints included objective response rate (ORR), progression-free survival (PFS), overall survival (OS) and safety. The 6-month NPR and ORRs for cohorts in this trial enrolling all comers were previously reported; here, we report the results of a cohort enrolling patients selected based on the presence of TLSs (n = 30). The 6-month NPR was 40% (95% confidence interval (CI), 22.7–59.4), so the primary endpoint was met. The ORR was 30% (95% CI, 14.7–49.4). In comparison, the 6-month NPR and ORR were 4.9% (95% CI, 0.6–16.5) and 2.4% (95% CI, 0.1–12.9), respectively, in the all-comer cohorts. The most frequent toxicities were grade 1 or 2 fatigue, nausea, dysthyroidism, diarrhea and anemia. Exploratory analyses revealed that the abundance of intratumoral plasma cells (PCs) was significantly associated with improved outcome. These results suggest that TLS presence in advanced STS is a potential predictive biomarker to improve patients’ selection for pembrolizumab treatment.
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                    Fig. 1: Flow chart of the study.[image: ]


Fig. 2: Efficacy of pembrolizumab in patients with TLS-positive advanced sarcomas.[image: ]


Fig. 3: Characterization of the determinants of response to pembrolizumab in TLS-positive sarcomas.[image: ]
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Extended data

Extended Data Fig. 1 Representative image field with CD4/CD8/CD56/Foxp3/GzmA/DAPI multiplexed immunohistofluorescence panel on a soft-tissue sarcoma section.
Each panel represent a TLS structure with the corresponding staining.


Extended Data Fig. 2 Representative image field with CD27/Col1A1/Mum1/IgG/CD20/CD3/DAPI multiplexed immunohistofluorescence panel on a soft-tissue sarcoma section.
Each panel represent a TLS structure with the corresponding staining.


Extended Data Fig. 3 Representative example of a sarcoma expressing IgG at the surface of tumor cells.
Representative example of a sarcoma expressing IgG at the surface of tumor cells. A Undifferentiated spindle cell sarcoma of high grade of malignancy (hematoxylin eosin saffron staining) that B showed strong expression of IgG on immunofluorescence. There was a hybrid membranous and cytoplasmic pattern of staining (IgG staining in orange, DAPI counterstaining of nuclei). Twenty total cases were stained.


Extended Data Fig. 4 Antigen presenting cells tumor-infiltration is associated with anti-PD-1 response in TLS-positive sarcoma patients.
(a) Representative image field of a tumor area stained with CD83/CD1c/CD11c/CD68/HLA-DRA/DAPI multiplexed immunohistofluorescence (IHF) panel on a soft-tissue sarcoma section. IHF signals were unmixed for better discrimination. (b) Kaplan–Meier curves of PFS according to CD11c + /HLA-DR + High (n = 6) versus Low (n = 14) status. (c) Kaplan-Meir curves of OS according to CD11c + /HLA-DR + High (n = 6) versus Low (n = 14) status. (d) Kaplan–Meier curves of PFS according to CD68 + /HLA-DR + High (n = 5) versus Low (n = 15) status. (e) Kaplan-Meir curves of OS according to CD68 + /HLA-DR + High (n = 5) versus Low (n = 15) status.


Extended Data Table 1 Characteristics of the patients screened for TLS status (n = 240)Full size table


Extended Data Table 2 Genes differentially expressed by TLS CD20 negative cells between responders and non-respondersFull size table


Extended Data Table 3 Two-sided Wilcoxon–Mann-Whitney analyses of the difference in TLS cell population estimates between Responders and Non-respondersFull size table


Extended Data Table 4 Two-sided Wilcoxon–Mann-Whitney analyses of the difference in stroma cell population estimates between Responders and Non-respondersFull size table
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