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Supplementary Figure 1. Experimental setting of the « ex vivo mLN assay ». Metastatic lymph nodes 

(mLN) containing 4-98% melanoma tumor cells were resected, freshly mechanically and enzymatically 

dissociated using the Miltenyi Gentle MACs equipment for 1 hour at 37°C under rotation (2 incubation 

steps of 30 minutes). Whole cell suspensions were incubated in duplicate (one for the 18-24 h readout and 

one for the 4-5 day readout) wells at 0.3 × 10
6
/ml with medium, versus isotype control mAb or a series of 

antagonistic or agonistic mAbs, combinations, or recombinant cytokines, as outlined. The ex vivo 

stimulation lasted 18-24 h (except in 2 cases where it lasted 48 h) before flow cytometric analyses of live 

CD45
+
 cells, within CD3

+
CD4

+
, CD3

+
CD8

+,
 or CD3

–
CD56

+
 cell gates for intracellular staining of Th1 

cytokines (IFNγ, TNFα) after a final 3-5hr activation with PMA ionomycin and GolgiStop. The 18-24 hr 

cytokine release was monitored by commercial ELISA or multiplex arrays. The day 4-5 timepoint was 

crucial for monitoring proliferation, by flow cytometric analyses of Ki67 on T, NK, and Treg populations. 
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Supplementary Figure 2. Inter-individual variations in specimen handling and data harvesting in two 

patient lesions. Exemplification of positive scoring in several immunometrics for two patients using 

different ex vivo stimulations performed in parallel, independent experiments by the two first authors of 

the paper to cross-validate the findings and data mining approach. Flow cytometry dot plots are shown for 

the experiments performed by each individual on one patient (a), and CXCL10 dosage by ELISA 

performed by both individuals on two patient lesions (b,c). 
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Supplementary Figure 3. Heatmaps segregating responding versus non-responding patient lesions in 

each stimulation axis (IL-2, IFNα2a). Heatmap depicting the immunometrics scoring in the IL-2 and 

IFNα2a stimulation axes. For improved readability of the scoring heatmap, patients are segregated 

according to their response lesions for the IL-2 and IFNα2a stimulation axes. Each column represents a 

patient and each row a parameter (an immunometric). Grey cells indicate that the marker could not be 

evaluated for the corresponding patient. The total sums of positive immunometrics (out of the number of 

evaluated immunometrics) are shown for each marker (y-axis) or patient (x-axis). The most representative 

data for each axis are plotted on a graph appearing in Fig. 1. 
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Supplementary Figure 4. Heatmaps segregating responding versus non-responding patient lesions in 

each stimulation axis (αPD-1, αCTLA-4). Heatmap depicting the immunometrics scoring in the αPD-1 

and αCTLA-4 stimulation axes. Each column represents a patient and each row a parameter (an 

immunometric). Grey cells indicate that the marker could not be evaluated for the corresponding patient. 

The total sums of positive immunometrics (out of the number of evaluated immunometrics) are shown for 

each marker (y-axis) or patient (x-axis). The most representative data for each axis are plotted on a graph 

in Fig. 1. 
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Supplementary Figure 5. Heatmaps segregating responding versus non-responding patient lesions in 

each stimulation axis (αCTLA-4+αPD-1, αCD137/CD137L, αTim-3). Heatmap depicting the 

immunometrics scoring in the αCTLA-4+αPD-1, αCD137/CD137L and αTim-3 stimulation axes. Each 

column represents a patient and each row a parameter (an immunometric). Grey cells indicate that the 

marker could not be evaluated for the corresponding patient. The total sums of positive immunometrics 

(out of the number of evaluated immunometrics) are shown for each marker (y-axis) or patient (x-axis). 

The most representative data for each axis are plotted on a graph appearing in Fig.1. 
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Supplementary Figure 6. PD-L1 expression on TILs does not predict resistance to CTLA-4 blockade 

with the “ex-vivo mLN assay”. a-b. Display of the Wilcoxon rank sum test p-values versus the 

bootstrapped AUC of the markers used to assess the sensitivity to anti-CTLA-4+anti-PD-1 Abs in the 

blood (a) and tumor (d) in the ex vivo mLN assay. Each dot represents one marker; selected biomarkers 

are shown in red while biomarkers with low level of expression are shown in grey. c-d. Expression levels 

of PD-L1 on CD4
+
 (c) and CD8

+
 (d) TILs respectively in lesions responding (R) or not (NR) to the ex 

vivo mLN assay in the anti-CTLA-4 mAb stimulatory condition. e-h. Expression levels of CD95 on CD4
+
 

(e-f) and CD8
+
 (g-h) in blood (e, g) or TILs (f, h) respectively in responding (R) or not (NR) lesions in 

the ex vivo mLN assay testing the anti-CTLA-4 mAb stimulatory condition. Each dot represents one 

patient. The absolute numbers of patients are indicated in both groups. p-values were obtained by 

Wilcoxon rank sum test. Box and whiskers plot are represented from the corresponding distribution (c-h). 
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Supplementary Figure 7. CD95
+
 T cells are effector memory cells expressing PD-1 and HLA-DR. a-b. 

Expression of CD95 on various CD4
+
 (a) and CD8

+
 (b) T cell subsets (defined using CD45RA, CCR7, 

CD127 and CD25 markers by flow cytometry analyses) in blood (B) and tumor (T) beds in 7 individuals 

diagnosed with stage III MMel. c. Expression of activation and exhaustion markers (indicated in the X 

axis) gating on CD95
+
 (+) or CD95

–
 (–) blood CD4

+
 T cells in 7 individuals. d. CD95 expression 

according to PD1 and PD-L1 expression on circulating T cells. Each dot represents the value of one 

patient with the number of patients tested indicated in parentheses. p-values from Wilcoxon matched-

pairs signed rank test are indicated. 
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Supplementary Figure 8. PFS and OS in the 8 cohorts of MMel patients treated with ipilimumab and 

described in Supplementary Table 2. 
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Supplementary Figure 9. CD137/CD137L expression on blood and tumor T cells are the best 

predictive markers for the ex vivo responses to the combination of anti-CTLA-4 + anti-PD-1 Ab. a 

and b. Display of the Wilcoxon rank sum test p-values versus the bootstrapped AUC of the markers used 

to assess the sensitivity to anti-CTLA-4+anti-PD-1 Abs in the blood (a) and tumor (d) in the ex vivo mLN 

assay. Each dot represents one marker; selected biomarkers are shown in red while biomarkers with low 

level of expression are shown in grey. 



13 

Supplementary Figure 10. PD-1 and PD-L1 expression on blood T cells and the CD8
+
 T cell/Treg ratio 

in blood predict responses to αPD-1 mAb in ex vivo mLN assays. a. Display of the Wilcoxon rank sum 

test p-values versus the log transformed ratio between responders (R) and non responders (NR) to anti-

PD-1 mAb in the blood. Each dot represents one marker; selected biomarkers are shown in red while 

biomarkers with low level of expression are shown in grey.  b-d. Expression levels of PD-1 (b) on blood 

CD4
+ 

T cells, CD8/Treg ratio (c) and PD-L1 (d) on CD4
+
 and CD8

+
 T cells in patient lesions responding 

(R) or not (NR) to the ex vivo mLN assay in αPD-1 mAb stimulatory condition. Each dot represents one 

patient. The absolute numbers of patients are indicated in both groups. p-values obtained by Wilcoxon 

rank sum test are shown. Box and whiskers plot are represented from the corresponding distribution (b-d). 
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