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            Abstract
Early clinical data indicate that some patients with castration-resistant prostate cancer may benefit from program death ligand-1 (PD-L1) inhibition, especially with enzalutamide. The IMbassador250 trial (no. NCT03016312) enrolled 759 men with metastatic castration-resistant prostate cancer whose disease progressed on abiraterone. The addition of atezolizumab to enzalutamide in an open-label randomized trial did not meet the primary endpoint of improved overall survival in unselected patients (stratified hazard ratio 1.12, 95% confidence interval (0.91, 1.37), P = 0.28), despite an acceptable safety profile. In archival tumor samples, prostate tumors showed comparatively low expression of key immune biomarkers. DNA damage-response alterations, phosphatase and tensin homolog status and PD-L1 expression levels were similar between hormone-sensitive and castration-resistant prostate cancers. In planned biomarker analysis, longer progression-free survival was seen with atezolizumab in patients with high PD-L1 IC2/3, CD8 expression and established immune gene signatures. Exploratory analysis linked progression-free survival in the atezolizumab arm with immune genes such as CXCL9 and TAP1, together with other potentially relevant biomarkers including phosphatase and tensin homolog alterations. Together these data indicate that the expected biology associated with response to immune checkpoint inhibitors is present in prostate cancer, albeit in fewer patients. Careful patient selection may be required for immune checkpoint inhibitors to identify subgroups of patients who may benefit from this treatment approach.
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                    Fig. 1: IMbassador250 CONSORT diagram.[image: ]


Fig. 2: Clinical efficacy in the atezolizumab + enzalutamide versus enzalutamide treatment arms.[image: ]


Fig. 3: Ad hoc analysis: comparison of DDR alterations, PTEN status and Teff.[image: ]


Fig. 4: Ad hoc analysis: immune biomarker expression in kidney, bladder and prostate cancer.[image: ]


Fig. 5: Preplanned biomarker analysis: PFS in the atezolizumab + enzalutamide versus enzalutamide treatment arms.[image: ]
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              Qualified researchers may request access to individual patient-level data through the clinical study data request platform (https://vivli.org/). Further details on Roche’s criteria for eligible studies are available at https://vivli.org/members/ourmembers/. For further details on Roche’s Global Policy on the Sharing of Clinical Information and how to request access to related clinical study documents, see https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm. IMbassador250 raw data analyzed in this study have been submitted to the European Genome-Phenome Archive (EGA) with accession no. EGAS00001004852. Raw RNA-seq data from IMmotion150 and IMvigor210 have been submitted to EGA with accession no. EGAS00001004386.
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Extended data

Extended Data Fig. 1 Forest plot of subgroup analysis.
(a) PFS and (b) rPFS in the intention-to-treat (ITT) population. P value and HR are from the unstratified Cox regression model. Prior local therapy included prior radical prostatectomy or radiotherapy. PD-L1–positive immune cells (IC) defined as: IC0, <1%; IC1/2/3, ≥1%; IC2/3, ≥5%.


Extended Data Fig. 2 Forest plot of known biomarkers in urothelial carcinoma, renal cell carcinoma and prostate cancer.
Biomarkers shown among urothelial carcinoma (IMvigor210), renal cell carcinoma (IMmotion150), and prostate cancer (IMbassador250) for PFS. DDR, DNA damage response; PD-L1, programmed death- ligand 1; PFS, progression-free survival; Teff, effector T cell, TMB, tumor mutational burden. Med refers to median PFS in months. HRs and CIs were calculated using Cox proportional hazards regression model, and P values were calculated using unstratified log-rank test without adjustment for multiplicity.


Extended Data Fig. 3 Exploratory analysis of DNA alterations in progression free survival.
PFS in the atezolizumab + enzalutamide vs enzalutamide treatment arms. 325 samples were included for analysis. DNA alteration biomarkers included Androgen Receptor (AR) amplification status, v-ets erythroblastosis virus E26 oncogene homolog (ERG) fusions, alterations of TP53, BRCA2, SPOP, CDK12 (at least a frameshift, nonsense or splice-site alteration) and ATM. In addition, frameshift mutation burden (FSB) was included. FSB was calculated by the number of frameshift mutations divided by length of genome examined. It was reported as the number of frameshift mutations per megabase (mut/Mb). The cutoff of FSB (8.7 mut/Mb) was previously established in prostate cancer. HRs and CIs were calculated using Cox proportional hazards regression model, and P values were calculated using log-rank test. MST refers to median survival time (PFS) in months.


Extended Data Fig. 4 Distribution of biomarkers and PD-L1 IC status.
Analysis of PTEN loss, Teff signature, DNA Damage Response (DDR) alterations and Androgen Receptor (AR) amplification status and PD-L1 IC status. IC0/1 were considered low IC whereas IC2/3 were considered high IC. Numbers on the bars indicate the number of patients being analysed.
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