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            Abstract
In a recent phase 3 randomized trial of 700 patients with advanced urothelial cancer (JAVELIN Bladder 100; NCT02603432), avelumab/best supportive care (BSC) significantly prolonged overall survival relative to BSC alone as maintenance therapy after first-line chemotherapy. Exploratory biomarker analyses were performed to identify biological pathways that might affect survival benefit. Tumor molecular profiling by immunohistochemistry, whole-exome sequencing and whole-transcriptome sequencing revealed that avelumab survival benefit was positively associated with PD-L1 expression by tumor cells, tumor mutational burden, APOBEC mutation signatures, expression of genes underlying innate and adaptive immune activity and the number of alleles encoding high-affinity variants of activating FcÎ³ receptors. Pathways connected to tissue growth and angiogenesis might have been associated with reduced survival benefit. Individual biomarkers did not comprehensively identify patients who could benefit from therapy; however, multi-parameter models incorporating genomic alteration, immune responses and tumor growth showed promising predictive utility. These results characterize the complex biologic pathways underlying survival benefit from immune checkpoint inhibition in advanced urothelial cancer and suggest that multiple biomarkers might be needed to identify patients who would benefit from treatment.
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                    Fig. 1: Association between OS and PD-L1 and/or TMB.[image: ]


Fig. 2: Association between OS and mutations.[image: ]


Fig. 3: Association between OS and gene expression.[image: ]


Fig. 4: Elastic net regression analysis to develop a predictive multi-parameter model.[image: ]


Fig. 5: Cellular dynamics in the tumor.[image: ]


Fig. 6: Use of elastic net to develop a predictive model using clinical, molecular and derived cellular features.[image: ]
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              The analyses in this paper were based on a data cutoff of 21 October 2019. The supplementary figures and tables cited in the manuscript are publicly available (10.25454/pfizer.figshare.14866920).

              Upon reasonable request, and subject to certain criteria, conditions and exceptions (see https://www.pfizer.com/science/clinical-trials/trial-data-and-results for more information), Pfizer will provide access to individual de-identified participant data (including the input data tables used for elastic net model building) from Pfizer-sponsored global interventional clinical studies conducted for medicines, vaccines and medical devices (1) for indications that have been approved in the United States and/or European Union or (2) in programs that have been terminated (that is, development for all indications has been discontinued). Pfizer will also consider requests for the protocol, data dictionary and statistical analysis plan. Data may be requested from Pfizer trials 24 months after study completion. The de-identified participant data will be made available to researchers whose proposals meet the research criteria and other conditions, and for which an exception does not apply, via a secure portal. To gain access, data requestors must enter into a data access agreement with Pfizer.

            

Code availability
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Extended data

Extended Data Fig. 1 COSMIC v3 mutational signatures.
(a) Scatter plot of the number of somatic mutations per tumor sample according to the Catalogue of Somatic Mutations in Cancer version 3 (COSMIC v3) DNA single-base substitution (SBS) signatures. Only samples with mutation counts > 0 are shown. (b) Co-occurrence of SBS signatures in individual patients with the highest overall tumor mutational burden.


Extended Data Fig. 2 Weighted Gene Correlation Network Analysis clustering.
Cluster plot of identified modules. Rows and columns correspond to individual genes.


Extended Data Fig. 3 Association of overall survival (OS) benefit with immune gene signatures.
Forest plot showing hazard ratio (HR) and 95% CI for OS by treatment and immune gene signatures. HRs per 1-unit increase of signature score were calculated within each signatures treatment arm; P values are shown for the interaction term. Cox proportional hazards models with no adjustment of baseline covariates were used. A two-sided Wald test was used for P values. TAM, tumor-associated macrophage.


Extended Data Fig. 4 Generation of the gene-mutation/expression model.
(a) Selection of alpha to minimize mean cross-validation error (cross-validation mean [cvm]). (b) Local maximum concordance index (C-index) used to select 22 features.


Extended Data Fig. 5 Validation of the gene-expression/mutation elastic net model on immune checkpoint inhibitor cohorts.
(a) Holdout from avelumab/best supportive care (BSC) arm of JAVELIN Bladder 100. (b) IMvigor 210. (a-b) Cox proportional hazards models were used. Two-sided Wald test was used for P values.


Extended Data Fig. 6 Additional analyses of OS based on CD8+ cell infiltration.
Kaplan-Meier plot of overall survival (OS) by treatment arm in subgroups defined by (a) CD8+ cells in the total area of tumor; interaction term P = 0.0185. (b) CD8+ cells in the tumor center; P = 0.00185. (c) CD8+ cells in the invasive margin; P = 0.0881. (a-c) Cox proportional hazards models with no adjustment of baseline covariates were used. A two-sided Wald test was used to determine P values.


Extended Data Fig. 7 Generation and validation of the CMC model.
(a) Selection of alpha to minimize mean cross-validation error (cross-validation mean [cvm]). (b) Local maximum concordance index (C-index) used to select 19 features.


Extended Data Fig. 8 Performance of CMC model in independent sets.
(a) Holdout from avelumab/best supportive care (BSC) arm of JAVELIN Bladder 100. (b) IMvigor210. (a-b) Cox proportional hazards models were used. A two-sided Wald test was used to determine P values.


Extended Data Table 1 FcÎ³ receptor allele classification schemeFull size table


Extended Data Table 2 Comparison of GEM and CMC elastic net modelsFull size table
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