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            Abstract
We report on molecular analyses of baseline tumor samples from the phase 3 JAVELIN Renal 101 trial (nâ€‰=â€‰886; NCT02684006), which demonstrated significantly prolonged progression-free survival (PFS) with first-line avelumabâ€‰+â€‰axitinib versus sunitinib in advanced renal cell carcinoma (aRCC). We found that neither expression of the commonly assessed biomarker programmed cell death ligand 1 (PD-L1) nor tumor mutational burden differentiated PFS in either study arm. Similarly, the presence of FcÉ£R single nucleotide polymorphisms was unimpactful. We identified important biological features associated with differential PFS between the treatment arms, including new immunomodulatory and angiogenesis gene expression signatures (GESs), previously undescribed mutational profiles and their corresponding GESs, and several HLA types. These findings provide insight into the determinants of response to combined PD-1/PD-L1 and angiogenic pathway inhibition and may aid in the development of strategies for improved patient care in aRCC.
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                    Fig. 1: PFS in JAVELIN Renal 101 patients according to PD-L1 expression or the area of the IM as assessed by IHC.


Fig. 2: PFS according to the JAVELIN Renal 101 Immuno and JAVELIN Renal 101 Angio GES.


Fig. 3: PFS according to GES3.


Fig. 4: Impact of protein-altering mutations on clinical outcomes.


Fig. 5: Distribution and biological and clinical significance of select mutations.



                


                
                    
                
            

            
                Data availability

              
              All relevant data are available: clinical response data (Supplementary Table 11), CD8+ summary IHC data (Supplementary Table 12), normalized RNA-seq data (Supplementary Table 13), RNA-seq deconvolution data (ImmuneNet; Supplementary Table 14), gene sets analyzed in this study (Supplementary Table 15), pathway scores (Supplementary Table 16), HLA subtypes in JAVELIN Renal 101 patients (Supplementary Table 17), WES data summary statistics (Supplementary Table 18), MATH scores (Supplementary Table 19), FCGR2A and FCGR3A mutation data (Supplementary Table 20) and gene mutation status data (Supplementary Table 21). Databases used in this analysis included TCGA (https://doi.org/10.1038/nature12222) and MSigDB (https://doi.org/10.1093/bioinformatics/btr260). In addition, subject to certain criteria, conditions and exceptions, Pfizer will also provide access to related individual anonymized participant data. See https://www.pfizer.com/science/clinical-trials/trial-data-and-results/ for more information.
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Extended data

Extended Data Fig. 1 Progression-free survival (PFS) according to (a) CD8+ T cells in the invasive margin, (b) total tumor area and (c) at the tumor center.
Kaplan-Meier analysis was done to evaluate the association of PFS and the presence of CD8+ cells within regions of the tumor (Cox proportional hazards model with one-sided log-rank test). NE, not estimable.


Extended Data Fig. 2 Representative images of CD8 expression by immunohistochemistry in (a, b) CD8+ samples and (c, d) CD8âˆ’ samples.
a, c, Black boxes denote magnified regions of interest displayed in b and d; scale bars = 2 mm. b, d, Scale bars = 100 Î¼m.


Extended Data Fig. 3 Progression-free survival according to CD8+ T cells following ImmuneNet deconvolution.
Cox proportional hazards model was used and <median group was the reference group. Two-sided Wald test was used for P values.


Extended Data Fig. 4 Heatmap of correlation of WGCNA clusters vs consensus WGCNA clusters.
The heatmap depicts Pearson correlation of signature scores between the 25 original WGCNA clusters and the 23 consensus WGCNA clusters. It demonstrates that 20 of the clusters can be robustly found by both methods. These 20 clusters have been annotated by hypergeometric tests for the top enriched pathways, respectively, and they indeed have the highest correlation to the cluster with a matching annotation by the other method. Three clusters by the consensus method and five clusters by WGCNA (at the bottom right of the heatmap) do not have a matching cluster using the other method, representing contributions from multiple other clusters/biological processes. Importantly, the 26-gene JAVELIN Renal 101 Immuno signature identified by the WGCNA method is highly correlated with the immune response cluster by the consensus method (correlation=0.95, P value <2.2e-16), confirming the robustness of the WGCNA findings.


Extended Data Fig. 5 Volcano plot of association of coexpression signatures with PFS in the combination arm.
Cox proportional hazards model was used and <median (low) group is the reference group. Two-sided Wald test was used for P values. Q values were derived from multiple hypothesis adjustment using FDR.


Extended Data Fig. 6 Progression-free survival according to metabolic pathways: (a) oxygen transport, (b) lipid metabolism, (c) organic acid metabolism and (d) glucocorticoid metabolism.
Cox proportional hazards model was used and <median group was the reference group. Two-sided Wald test was used for P values. No multiple hypothesis adjustment was made.


Extended Data Fig. 7 Correlation between DUX4 signature and expression of HLA-A, -B, and -C.
The triangle symbol in the box represents the mean value. The horizontal line in the box represents the median. Upper and lower box lines represent the third and first quartiles, respectively. Two-sided P value is from Wilcoxon rank-sum test. Analysis value is converted to log2.


Extended Data Fig. 8 HLA types associated with differential progression-free survival.
Cox proportional hazards model was used, and the Other alleles group was the reference group. Two-sided Wald test was used for P values. No multiple hypothesis adjustment was made.


Extended Data Fig. 9 Effect of FcÎ³ receptor gene polymorphisms on progression-free survival.
*Cox proportional hazards model with wild type as the reference group was used to calculate HR and 95% CI. An HR < 1 indicates better survival in the mutant group, while an HR > 1 indicates better survival in the wild type group. â€ Two-sided log-rank test was performed to compare between wild type and mutant groups.


Extended Data Fig. 10 Impact of PTEN mutation in combination with other mutations of interest on progression-free survival (PFS) in the (left) avelumab + axitinib and (right) sunitinib arm.
Kaplan-Meier analysis was done to evaluate the association of PFS and the presence of PTEN mutations in combination with other mutations of interest (Cox proportional hazards model).
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