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            Abstract
Antibodies targeting PD-1 or its ligand 1 PD-L1 such as atezolizumab, have great efficacy in a proportion of metastatic urothelial cancers1,2. Biomarkers may facilitate identification of these responding tumors3. Neoadjuvant use of these agents is associated with pathological complete response in a spectrum of tumors, including urothelial cancer4,5,6,7. Sequential tissue sampling from these studies allowed for detailed on-treatment biomarker analysis. Here, we present a single-arm phase 2 study, investigating two cycles of atezolizumab before cystectomy in 95 patients with muscle-invasive urothelial cancer (ClinicalTrials.gov identifier: NCT02662309). Pathological complete response was the primary endpoint. Secondary endpoints focused on safety, relapse-free survival and biomarker analysis. The pathological complete response rate was 31% (95% confidence interval: 21â€“41%), achieving the primary efficacy endpoint. Baseline biomarkers showed that the presence of preexisting activated T cells was more prominent than expected and correlated with outcome. Other established biomarkers, such as tumor mutational burden, did not predict outcome, differentiating this from the metastatic setting. Dynamic changes to gene expression signatures and protein biomarkers occurred with therapy, whereas changes in DNA alterations with treatment were uncommon. Responding tumors showed predominant expression of genes related to tissue repair after treatment, making tumor biomarker interpretation challenging in this group. Stromal factors such as transforming growth factor-Î² and fibroblast activation protein were linked to resistance, as was high expression of cell cycle gene signatures after treatment.
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                    Fig. 1: Analysis of three response biologies at baseline.[image: ]


Fig. 2: Investigation of three response biologies in treated tissue.[image: ]


Fig. 3: Exploratory analysis of DNA alterations and RNA and protein expression.[image: ]
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Extended data

Extended Data Fig. 1 Consort diagram.
95 patients were recruited to this study and received treatment. 75 received the full treatment regime with 2 cycles of atezolizumab and 20 patients were treated with only one cycle. In total, 87 patients underwent radical cystectomy, 7 patients did not undergo surgery and one patient withdrew consent from the study. 88 patients were assessable for the primary efficacy endpoint analysis, including one patient who experienced progression of disease.


Extended Data Fig. 2 Change in T and N stage associated with therapy.
T and N stage at baseline was assessed with pathology samples from TURBT and cross-sectional imaging. T and N stage at surgery was assessed with pathology results from cystectomy and lymphadenectomy (nâ€‰=â€‰88). Direct comparisons between time points should be avoided due to differences in methodologies of assessment. Baseline nodal staging was radiological while it was pathological at surgery which may account for discrepancies.


Extended Data Fig. 3 Change in the size of bladder mass on imaging.
Imaging occurred at baseline and after completion of treatment prior to planned surgery. All patients were included irrespective if they were fit for surgery. Due to definitions of measurable disease not all bladder tumors were measurable at baseline. RECIST v1.1 was used to define response. A positive change denotes an increase in tumor size over time and conversely a negative change denotes a decrease in tumor size over time. Reference lines have been added for response (-30% reduction in tumor size) and progression (20% increase in tumor size). 58 of the 95 treated patients had sequential imaging and radiologically measurable disease at baseline. Radiological progression = 9/58 = 16% (7â€“27). Radiological response 13/58 = 22% (13â€“35). 12 patients exhibited no change in their tumor, were not evaluable at pre-cystectomy scan, handled as <10â€‰mm at baseline, and therefore not included in this plot.


Extended Data Fig. 4 Bar charts representing PD-L1 expression in tumor cells, in all samples or by outcome group.
Only patients with measurable pre / post biopsies were considered in this analysis.


Extended Data Fig. 5 Association between clinical outcome and the cell cycle signature at baseline.
The cell cycle signature is calculated as the mean Z-score of the following genes: MKI67, CCNE1, BUB1, BUB1B, CCNB2, CDC25C, CDK2, MCM4, MCM6, MCM2. Median IQRs and ranges are shown. There was no significant difference between response and relapse samples (two-sided Wilcoxon rank sum test, p=â€‰0.34). No adjustments were made for multiple comparisons. Number of samples given in parenthesis.


Extended Data Fig. 6 Correlation between biomarkers.
The expression of 4 biomarkers were correlated with one another. Correlations were measured using Pearsonâ€™s product moment correlation coefficient. Light blue on the grid shows correlation in baseline samples and orange shaded data shows correlation in treated samples. Most biomarkers correlated positively with one another except for FAP and CD8. Strongest correlation was between and PD-L1.


Extended Data Fig. 7 Association between immune phenotypes and response to treatment.
The frequency of immune phenotypes pre (left panel) and post (right panel) therapy by clinical outcome group. Immune phenotypes were assessed centrally by two pathologists using established methods11. 78 baseline and 57 cystectomy samples were assessed. A higher than expected proportion displayed inflamed phenotype compared to patients with metastatic disease3. Deserts were not present in responding patients. Analysis of pCR samples was not possible because of lack of tumor cells.
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