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            Abstract
Serum interleukin-8 (IL-8) levels and tumor neutrophil infiltration are associated with worse prognosis in advanced cancers. Here, using a large-scale retrospective analysis, we show that elevated baseline serum IL-8 levels are associated with poor outcome in patients (nâ€‰=â€‰1,344) with advanced cancers treated with nivolumab and/or ipilimumab, everolimus or docetaxel in phase 3 clinical trials, revealing the importance of assessing serum IL-8 levels in identifying unfavorable tumor immunobiology and as an independent biomarker in patients receiving immune-checkpoint inhibitors.
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                    Fig. 1: Association between baseline serum IL-8 level and survival and baseline PD-L1 level in patients treated with immune-checkpoint inhibitors.[image: ]


Fig. 2: Association between IL-8 levels and monocytes and neutrophils in human malignancies.[image: ]
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Extended data

Extended Data Fig. 1 Statistical identification of a baseline serum IL-8 cutoff below which patients were more likely to benefit from Nivo-based therapy.
ROC curve analyses were used to assess ORR, 6-month PFS, and 12-month OS. OS AUC (12-month) is indicated and identifies â‰¥23â€‰pg/ml as a cutoff. All cases with nivolumab-containing therapies were analyzed. AUC, area under the curve; Nivo, nivolumab; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; ROC, receiver operator characteristic.


Extended Data Fig. 2 Association between elevated IL-8 and survival across treatments and tumor types.
Percentage of patients with baseline serum IL-8 levels â‰¥23â€‰pg/ml across Mel (CheckMate 067: nivolumab, nâ€‰=â€‰292; ipilimumab, nâ€‰=â€‰298; nivolumab plus ipilimumab, nâ€‰=â€‰297), RCC (CheckMate 025, nâ€‰=â€‰392), sqNSCLC (CheckMate 017, nâ€‰=â€‰108), and nsqNSCLC (CheckMate 057, nâ€‰=â€‰255) with nivolumab monotherapy, ipilimumab monotherapy, or nivolumab plus ipilimumab combination therapy, as indicated. PFS and OS hazard ratios (IL-8â€‰â‰¥â€‰23â€‰pg/ml versus IL-8â€‰<â€‰23â€‰pg/mL) are also presented (95% CI). HR, hazard ratio; IL, interleukin; Mel, melanoma; nsqNSCLC, nonsquamous non-small cell lung cancer; OS, overall survival; PFS, progression-free survival; RCC, renal cell carcinoma; sqNSCLC, squamous NSCLC.


Extended Data Fig. 3 Association between elevated IL-8 level and reduced survival was also seen in the non-immunotherapy trial arms.
The specific study, 2-sided log-rank test P values for the survival analysis, the number of independent patients with available IL-8 and OS data (n), and the OS HR (based on Cox proportional hazard model) between IL-8 subgroups (â‰¥23â€‰pg/ml versus <23â€‰pg/ml) are indicated within each chart. a, Probability of OS with <23â€‰pg/ml or â‰¥23â€‰pg/ml IL-8 levels in patients with RCC treated with everolimus from CheckMate 025 (nâ€‰=â€‰348). b, Probability of OS with <23â€‰pg/ml or â‰¥23â€‰pg/ml IL-8 levels in patients with nsqNSCLC treated with docetaxel from CheckMate 057 (nâ€‰=â€‰253). HR, hazard ratio; IL, interleukin; nsqNSCLC, nonsquamous non-small cell lung cancer; OS, overall survival; RCC, renal cell carcinoma.


Extended Data Fig. 4 ORR by IL-8 subgroup across trials and treatment arms.
ORR vs baseline serum IL-8 levels <23â€‰pg/ml or â‰¥23â€‰pg/ml across treatment arms in CheckMate 067 (Mel), CheckMate 025 (RCC), CheckMate 017 (sqNSCLC), and CheckMate 057 (nsqNSCLC). IL, interleukin; Mel, melanoma; nsqNSCLC, nonsquamous non-small cell lung cancer; ORR, objective response rate; RCC, renal cell carcinoma; sqNSCLC, squamous NSCLC. aPatients with complete response or partial response per RECIST v1.1.


Extended Data Fig. 5 Percentage of patients in each IL-8 subgroup by PD-L1 status (negative or positive) across cohorts.
Percentage of patients with baseline serum IL-8 levels <23â€‰pg/ml or â‰¥23â€‰pg/ml by PD-L1 status (negative [<1%] or positive [â‰¥1%]) in Mel (CheckMate 067 [PD-L1â€‰<â€‰1%, nâ€‰=â€‰183; PD-L1â€‰â‰¥â€‰1%, nâ€‰=â€‰673; Pâ€‰=â€‰0.296]) (a), RCC (CheckMate 025 [PD-L1â€‰<â€‰1%, nâ€‰=â€‰514; PD-L1â€‰â‰¥â€‰1%, nâ€‰=â€‰168; Pâ€‰=â€‰0.884]) (b), sqNSCLC (CheckMate 017 [PD-L1â€‰<â€‰1%, nâ€‰=â€‰85; PD-L1â€‰â‰¥â€‰1%, nâ€‰=â€‰99; Pâ€‰=â€‰0.263]) (c), and nsqNSCLC (CheckMate 057 [PD-L1â€‰<â€‰1%, nâ€‰=â€‰181; PD-L1â€‰â‰¥â€‰1%, nâ€‰=â€‰224; Pâ€‰=â€‰0.171]) (d). IL, interleukin; Mel, melanoma; nsqNSCLC, nonsquamous non-small cell lung cancer; PD-L1, programmed death-ligand 1; RCC, renal cell carcinoma; sqNSCLC, squamous NSCLC; P, p-value for chi-squared test of independence between IL-8 subgroup (â‰¥23â€‰pg/ml vs < 23â€‰pg/ml) and PD-L1 status (â‰¥1% vs < 1%).


Extended Data Fig. 6 Association between IL-8 expression and TMB in human malignancies.
Association between IL-8 mRNA expression and TMB in human Mel (a, nâ€‰=â€‰324), RCC (b, nâ€‰=â€‰291), nsqNSCLC (c, nâ€‰=â€‰427), and sqNSCLC (d, nâ€‰=â€‰382) from TCGA cohort. The levels of IL-8 transcripts are presented as log10 transformed FPKM units. TMB level was determined as previously reported, including both nonsynonymous and synonymous variants. Dots represent individual samples. Linear regression lines are indicated by purple lines within each chart. IL, interleukin; FPKM, kilobase per million mapped reads; Mel, melanoma; nsqNSCLC, nonsquamous non-small cell lung cancer; RCC, renal cell carcinoma; sqNSCLC, squamous NSCLC; TMB, tumor mutational burden.


Extended Data Fig. 7 Youdenâ€™s index by baseline IL-8 cutoff (in pg/ml) from OS ROC curve analyses.
Determination of optimal IL-8 cutoff value for the Nivo-containing arm of CheckMate 067 (nâ€‰=â€‰589) (a), nivolumab arm of CheckMate 025 (nâ€‰=â€‰392) (b), nivolumab arm of CheckMate 017 (nâ€‰=â€‰108) (c), nivolumab arm of CheckMate 057 (nâ€‰=â€‰255) (d), and all studies pooled (Nâ€‰=â€‰1,344) (e). Red dotted lines indicate 23â€‰pg/ml. IL, interleukin; Nivo, nivolumab; OS, overall survival; ROC, receiver operating characteristic.


Extended Data Fig. 8 Peripheral blood and tumor samples from 1,344 patients treated with nivolumab or nivolumab plus ipilimumab in 4 phase 3 clinical trials included in the analyses.
Summary of 4 phase 3 clinical trials (CheckMate 067, CheckMate 017, CheckMate 057, CheckMate 025, Nâ€‰=â€‰1,344 patients). IL, interleukin; Mel, melanoma; nsqNSCLC, nonsquamous non-small cell lung cancer; RCC, renal cell carcinoma; sqNSCLC, squamous NSCLC. aIncludes patients who were treated with nivolumab or nivolumab + ipilimumab and had nonmissing serum IL-8 levels.


Extended Data Fig. 9 Kaplan-Meier analyses to assess overall survival stratified by baseline serum IL-8 levels.
Analysis of pooled data from 1,344 patients receiving nivolumab-based therapy in 4 phase 3 trialsâ€”including patients with melanoma, renal cell carcinoma, squamous non-small cell lung cancer, and nonsquamous non-small cell lung cancerâ€”confirmed that elevated baseline serum IL-8 levels were associated with overall survival. This association was significant after adjustment for baseline tumor burden and tumor programmed death-ligand 1 expression (Pâ€‰<â€‰0.001). aOS data from patients in CheckMate trials âˆ’017, âˆ’057, âˆ’067, âˆ’025. IL, interleukin.
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