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            Abstract
Immune-checkpoint blockade has revolutionized cancer therapy. In particular, inhibition of programmed cell death protein 1 (PD-1) has been found to be effective for the treatment of metastatic melanoma and other cancers. Despite a dramatic increase in progression-free survival, a large proportion of patients do not show durable responses. Therefore, predictive biomarkers of a clinical response are urgently needed. Here we used high-dimensional single-cell mass cytometry and a bioinformatics pipeline for the in-depth characterization of the immune cell subsets in the peripheral blood of patients with stage IV melanoma before and after 12 weeks of anti-PD-1 immunotherapy. During therapy, we observed a clear response to immunotherapy in the T cell compartment. However, before commencing therapy, a strong predictor of progression-free and overall survival in response to anti-PD-1 immunotherapy was the frequency of CD14+CD16âˆ’HLA-DRhi monocytes. We confirmed this by conventional flow cytometry in an independent, blinded validation cohort, and we propose that the frequency of monocytes in PBMCs may serve in clinical decision support.
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                    Figure 1: Stratification of responders and nonresponders, and identification of differences in immune cell populations using mass cytometry.[image: ]


Figure 2: Differences in T cell activation status and in the frequency of the T cell subpopulations before and after 12 weeks of anti-PD-1 therapy in responders and nonresponders.[image: ]


Figure 3: Increased activation in CD4+ T cells after the initiation of immunotherapy in responders.[image: ]


Figure 4: Increased activation in CD8+ T cells after the initiation of immunotherapy in responders.[image: ]


Figure 5: Patient stratification based on myeloid cell markers and expansion of classical monocytes in responders.[image: ]


Figure 6: Enhanced activation of classical monocytes in responders and validation by conventional flow cytometry.[image: ]
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Change history
	02 July 2018
In the version of this article initially published, Figs. 5a,c and 6a were incorrect because of an error in a metadata spreadsheet that led to the healthy donor patient 2 (HD2) samples being used twice in the analysis of baseline samples and in the analysis at 12 weeks of anti-PD-1 therapy, while HD3 samples had not been used. Data from sets of both samples should have been used in the analyses. The influence of this error on population proportions, marker expression, P values and tSNE visualization (in Figs. 5a,c and 6a) was minimal (e.g., via clustering and variance calculations). Complete reanalysis of the dataset, now including data from both HD2 and HD3, resulted in minor changes to Figs. 5a,c and 6a as well as Supplementary Figs. 7, 9, 11 and 17. This error did not affect other analyses or any of the conclusions in the paper.  Also, there was an error in the description of the n values in the original Fig. 6b legend. The legend originally read: "(R and NR, n = 4 for each group)". It should be: "(HD, n = 4; R and NR, n = 3 for each group)". In addition, the Fig. 6 legend originally read: "All patients in this study were analyzed (n = 51)". It should read: "All patients from the validation cohort were analyzed (n = 31), with any patient not making the 12-month endpoint (i.e., OS or follow-up) included in the 'No' column".  Additionally, there were errors in the Supplementary Information. In the â€˜Validation by flow cytometryâ€™ section of the Supplementary Methods, the antibody list was missing some antibodies. It originally read: â€œCD11b-BrilliantViolett (BV) 421 (ICRF44), CD14-PE (HCD14), HLA-DR-FITC (L243), CD4-BV711 (OKT4), CD33-BV605 (WM53), and Live/dead-stain-NearInfraRed." This list should include CD19-BV605 (1D3) and CD3-BV785 (OKT3). In the "Correlation of PFS with monocyte frequency" section of the Supplementary Methods, there was an error in the sentence, "To compute the cumulative hazard function we used the previously calculated cutoff of 19.39% to create the 2 groups". The percentage was incorrect. It should be 19.38%.  The errors have been corrected in the HTML and PDF versions of the article.
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