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            Abstract
The development of human cancer is a multistep process characterized by the accumulation of genetic and epigenetic alterations that drive or reflect tumour progression. These changes distinguish cancer cells from their normal counterparts, allowing tumours to be recognized as foreign by the immune system1,2,3,4. However, tumours are rarely rejected spontaneously, reflecting their ability to maintain an immunosuppressive microenvironment5. Programmed death-ligand 1 (PD-L1; also called B7-H1 or CD274), which is expressed on many cancer and immune cells, plays an important part in blocking the â€˜cancer immunity cycleâ€™ by binding programmed death-1 (PD-1) and B7.1 (CD80), both of which are negative regulators of T-lymphocyte activation. Binding of PD-L1 to its receptors suppresses T-cell migration, proliferation and secretion of cytotoxic mediators, and restricts tumour cell killing6,7,8,9,10. The PD-L1â€“PD-1 axis protects the host from overactive T-effector cells not only in cancer but also during microbial infections11. Blocking PD-L1 should therefore enhance anticancer immunity, but little is known about predictive factors of efficacy. This study was designed to evaluate the safety, activity and biomarkers of PD-L1 inhibition using the engineered humanized antibody MPDL3280A. Here we show that across multiple cancer types, responses (as evaluated by Response Evaluation Criteria in Solid Tumours, version 1.1) were observed in patients with tumours expressing high levels of PD-L1, especially when PD-L1 was expressed by tumour-infiltrating immune cells. Furthermore, responses were associated with T-helper type 1 (TH1) gene expression, CTLA4 expression and the absence of fractalkine (CX3CL1) in baseline tumour specimens. Together, these data suggest that MPDL3280A is most effective in patients in which pre-existing immunity is suppressed by PD-L1, and is re-invigorated on antibody treatment.
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                    Figure 1: Programmed death-ligand 1 (PD-L1) prevalence and expression.[image: ]


Figure 2: Antitumour activity of MPDL3280A.[image: ]


Figure 3: Antitumour activity of MPDL3280A by immunohistochemistry (IHC) tumour-infiltrating immune cell (IC) and biomarker status.[image: ]


Figure 4: Biomarker status and response to MPDL3280A.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Study design and pharmacokinetics.
a, Summary of PCD4989g design, including screening, treatment period and follow-up. b, Summary of the dose-escalation (patient numbers are given in the lower right corners) and dose-expansion cohorts. c, Pharmacokinetics for MPDL3280A. Error bars indicate standard deviation. C, cycle; CR, complete response; CT, computed tomography; DLT, dose-limiting toxicity; IV, intravenous; NSCLC, non-small cell lung cancer; PD, progressive disease; PR, partial response; RCC, renal cell carcinoma; RECIST, Response Evaluation Criteria in Solid Tumours; SD, stable disease.


Extended Data Figure 2 Pyrexia and biomarkers over time.
a, The graph on the left shows patients who developed pyrexia during the first cycle of MPDL3280A treatment by day. The graph on the right shows patients who developed pyrexia during all cycles of treatment with MPDL3280A. The percentage of patients with pyrexia and the number of patients available for analysis at each time point is indicated below the graph. b, Changes in CD8+HLA-DR+Ki-67+ cells over the first 5 cycles of treatment with MPDL3280A. The y axis represents the log2 fold-change versus C1D1 pre-dose level. Error bars are standard error of the mean. Samples from 164 patients were examined at cycle (C) 1 day (D) 1 (C1D1) and 145 patients at C2D1. The P value for the difference in fold change between C2D1 versus C1D1 was <0.00001. c, Changes in IFN-Î³, ITAC, IL-18 and IL-6 levels shown over the first seven 21-day cycles of treatment with MPDL3280A. To measure fold changes in IFN-Î³ and IL-6 levels, 112 and 109 patient samples were examined for C1D1 and C2D1, respectively. To measure fold changes in IL-18, 260 and 253 patient samples were examined for C1D1 and C2D1, respectively; to measure ITAC, 262 and 256 patient samples were examined for C1D1 and C2D1, respectively. The adjusted P values comparing C2D1 versus C1D1 were 0.94 for IFN-Î³, 1 for IL-6, <0.00001 for IL-18 and <0.00001 for ITAC. Error bars are standard error of the mean.


Extended Data Figure 3 Antitumour activity of MPDL3280A in patients with all tumour types.
a, Time to response and the duration of study treatment by tumour type and IHC (tumour-infiltrating immune cell) status. b, Representative images (10Ã— magnification) of PD-L1 and CD8 immunohistochemistry (IHC) staining from a pre-treatment tumour biopsy sample from a patient with NSCLC. The patientâ€™s best response to MPDL3280A was a partial response. CRC, colorectal cancer; IC, tumour-infiltrating immune cells; ND, not determined; NSCLC, non-small cell lung cancer; PD, progressive disease; RCC, renal cell carcinoma; TC, tumour cells.


Extended Data Figure 4 Antitumour activity of MPDL3280A by PD-L1 immunohistochemistry (IHC) status.
a, The overall objective response rate (ORR; best response of complete response (CR) and partial response (PR)), stable disease (SD) as the best response rate and progressive disease (PD) as the best response rate for patients with non-small cell lung cancer (NSCLC) who received MPDL3280A by PD-L1 IHC (tumour-infiltrating immune cell (IC)) status. Overall, 53 patients with NSCLC were evaluated: 6 patients had an IHC (IC) score of 3; 7 patients had a score of 2; 13 patients had a score of 1; and 20 patients had a score of 0. Seven patients had an unknown IHC status (data not shown). Patients with no post-first dose assessment were not estimable and not plotted (1 in IHC 1 and 1 in IHC 2), but were included in the denominator for purposes of calculating ORR. Using a logistic regression model, PD-L1 by IHC (IC) was significantly associated with response to MPDL3280A (P = 0.015). b, The ORR, SD as best response rate, and PD as best response rate for patients with all tumour types who received MPDL3280A by PD-L1 IHC (IC) status. Patients with no post-first dose assessment were not estimable (NE) and not plotted (1 in IHC 0, 2 in IHC 1, 1 in IHC 2 and 1 in IHC 3), but were included in the denominator for purposes of calculating ORR. Using a logistic regression model, PD-L1 by IHC (IC) was significantly associated with response to MPDL3280A (P = 0.007). c, The ORR, SD as best response rate, and PD as best response rate for patients with NSCLC who received MPDL3280A by PD-L1 IHC (TC) status. Overall, 53 patients with NSCLC were evaluated: 8 patients had an IHC score of 3; 1 patient had a score of 2; 3 patients had a score of 1; and 34 patients had a score of 0. Seven patients had an unknown IHC status (data not shown). Patients with no post-first dose assessment were not estimable and not plotted (2 in IHC 0), but were included in the denominator for purposes of calculating ORR. All responses were confirmed except for in 1 patient. Using a logistic regression model, PD-L1 by IHC (TC) did not meet statistical significance for association with response (P = 0.920). d, The ORR and SD and PD best response rates for patients with all tumour types who received MPDL3280A by PD-L1 IHC (TC) status. Overall, 175 patients with all tumour types were evaluated: 15 patients had an IHC score of 3; 3 patients had a score of 2; 11 patients had a score of 1; and 121 patients had a score of 0; 25 patients had an unknown IHC status (data not shown). Patients with no post-first dose assessment were not estimable and not plotted (3 in IHC 0, 1 in IHC 1 and 1 in IHC 3), but were included in the denominator for purposes of calculating ORR. All responses were confirmed except for in 1 patient with NSCLC, 1 patient with RCC and 2 patients with melanoma. Using a logistic regression model, PD-L1 by IHC (TC) did not meet statistical significance for the association with response (P = 0.079).


Extended Data Figure 5 Biomarkers and antitumour activity of MPDL3280A.
a, Objective response rates (ORRs) were plotted by the biomarker status of tumour samples from patients who had tumour available for both immunohistochemistry (IHC) staining and immunochip (n = 37). Left: ORRs for patient sub-populations defined by positivity in a single biomarker as indicated. Right: ORRs for patients positive for PD-L1 and one other marker as indicated. PD-L1 positivity was defined asÂ â‰¥5% of tumour-infiltrating immune cells (ICs) staining for PD-L1 by IHC. For PD-L2, IDO1, LAG3, TIM3, CTLA4, B7-H3 and B7-H4 positivity was determined by gene expressionÂ â‰¥Â the median. b, Baseline CX3CL1 and CTLA4 gene expression levels are binned according to patient response to treatment with MPDL3280A. Includes patients with all tumour types. P values were determined by t-test. c, Changes in PD-L1 (IHC) versus interferon (IFN)-Î³ (qPCR) expression after treatment with MPDL3280A in patients with paired serial biopsies. Pearson correlation coefficient = 0.70. CR, complete response; PD, progressive disease; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumours.


Extended Data Figure 6 Gene expression levels according to patient response and tumour type.
Baseline IFNÎ³, IDO1 and CXCL9 gene expression levels are binned according to patient response to treatment with MPDL3280A. Patients are grouped according to tumour type. P values were determined by t-test. CR, complete response; NSCLC, non-small cell lung cancer; PD, progressive disease; PR, partial response; RCC, renal cell carcinoma.


Extended Data Figure 7 Biomarker analyses for a responding patient receiving MPDL3280A.
A patient with PD-L1-positive (IHC (IC) 3) renal cell carcinoma who responded to treatment with MPDL3280A. a, Representative computed tomography scans taken at pre-treatment and at post-cycle. Red arrows indicate the location of tumours or where tumours used to be. b, Top panel: representative image of CD8 IHC staining from a pre-treatment tumour biopsy (40Ã— magnification). Bottom panel: representative image of CD8 IHC staining from a tumour biopsy of a shrinking lesion during week 4 of treatment with MPDL3280A that demonstrates an increase in CD8+ T-cell infiltration (20Ã— magnification). c, Gene-expression analysis of T-cell markers pre-treatment (set to 1) and on treatment at week 4. Data were normalized to the baseline. Twofold was the cutoff for a gene to be considered induced (indicated by the dashed line).


Extended Data Figure 8 Biomarker analyses of patients with immunological ignorance and a non-functional immune response.
a, A patient with PD-L1-negative (IHC (IC) 0) breast cancer whose best response to MPDL3280A was progressive disease with immunological ignorance. Top: representative image of PD-L1 IHC staining from a pre-treatment tumour biopsy. Bottom: representative image of PD-L1 IHC staining from a tumour biopsy during week 9 of treatment with MPDL3280A. Both images are at 10Ã— magnification. b, A patient with PD-L1 IHC 1 melanoma whose best response to MPDL3280A was progressive disease with a non-functional immune response. Gene-expression analysis of T-cell markers at pre-treatment (set to 1) and on treatment at week 6. Data were normalized to baseline. Twofold was the cutoff for a gene to be considered induced (indicated by the dashed line).


Extended Data Figure 9 Biomarker analyses of a patient with an excluded infiltrate.
A patient with PD-L1-negative (IHC (IC) 1) melanoma whose best response to MPDL3280A was progressive disease with an â€˜excluded infiltrateâ€™. Gene expression analysis of T-cell markers at pre-treatment (set to 1) and on treatment at weekÂ 6. Data were normalized to baseline. Twofold was the cutoff for a gene to be considered induced (indicated by the dashed line).


Extended Data Figure 10 Characterization of MPDL3280A.
a, Affinity measurements conducted by surface plasmon resonance and binding to PD-L1-expressing human cells using MPDL3280A and trastuzumab. Data from a representative experiment (1 of 4) is shown here. b, In vitro assays for antibody-dependent cellular cytotoxicity. The wild-type antibody is unmodified and the Fc modified MPDL3280A antibody has an engineered Fc domain. GPE, glycophorin E; MFI, mean of fluorescence intensity.
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