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AbstrACt
background Inflammatory mediators, including acute 
phase reactants and cytokines, have been reported to be 
associated with clinical efficacy in patients with melanoma 
and other cancers receiving immune checkpoint inhibitors 
(ICI). Analyses of patient sera from three large phase 
II/III randomized ICI trials, one of which included a 
chemotherapy arm, were performed to assess whether 
baseline levels of C- reactive protein (CRP), interleukin-6 
(IL-6) or neutrophil/lymphocyte (N/L) ratios were 
prognostic or predictive.
Patients and methods Baseline and on- treatment 
sera were analyzed by multiplex protein assays from 
immunotherapy- naïve patients with metastatic melanoma 
randomized 1:1 on the Checkmate-064 phase II trial 
of sequential administration of nivolumab followed by 
ipilimumab or the reverse sequence. Baseline sera, and 
peripheral blood mononuclear cells using automated cell 
counting, were analyzed from treatment- naïve patients who 
were BRAF wild- type and randomly allocated 1:1 to receive 
nivolumab or dacarbazine on the phase III Checkmate-066 
trial, and from treatment- naïve patients allocated 1:1:1 
to receive nivolumab, ipilimumab or both ipilimumab and 
nivolumab on the phase III Checkmate-067 trial.
results Higher baseline levels of IL-6 and the N/L 
ratio, and to a lesser degree, CRP were associated with 
shorter survival in patients receiving ICI or chemotherapy. 
Increased on- treatment levels of IL-6 in patients on the 
Checkmate-064 study were also associated with shorter 
survival. IL-6 levels from patients on Checkmate-064, 
Checkmate-066 and Checkmate-067 were highly 
correlated with levels of CRP and the N/L ratio.
Conclusion IL-6, CRP and the N/L ratio are prognostic 
factors with higher levels associated with shorter 
overall survival in patients with metastatic melanoma 
receiving ICI or chemotherapy in large randomized trials. 
In a multi- variable analysis of the randomized phase III 
Checkmate-067 study, IL-6 was a significant prognostic 
factor for survival.

bACkground
Interleukin-6 (IL-6) is a cytokine involved 
in immune regulation that induces acute- 
phase protein synthesis from the liver and 
plays an important role in the maintenance 

of hepatocytes, hematopoietic progenitor 
cells, elements of the skeleton, placenta, 
cardiovascular system and endocrine as well 
as nervous systems.1 IL-6 signaling requires 
membrane- bound glycoprotein 130 (gp130) 
IL- 6Rß and occurs in hepatocytes, epithelial 
cells and leukocytes.1 Elevated levels of IL‐6 
have been observed in patients with various 
types of cancer such as melanoma,2 ovarian,3 
and colorectal cancer.4 IL‐6 signals directly 
to tumor cells through at least three major 
signaling pathways, including janus- activated 
kinase 1/2 (JAK1/2)/signal transactivator 
of transcription 3 (STAT3), rat sarcoma 
(RAS)/mitogen- activated protein kinase 
(MAPK), and phosphoinositide-3 kinase 
(PI3K)/AKR Thymoma (AKT), contrib-
uting to tumor promotion by expansion and 
survival of malignant cells, neo‐angiogen-
esis, and inflammation.5–11 IL‐6 can also be 
secreted from infiltrating myeloid cells such 
as tumor- associated macrophages, dendritic 
cells (DC) and myeloid- derived suppressor 
cells (MDSC),8 12 and tumor‐associated 
stroma such as cancer‐associated fibroblasts, 
endothelial, or senescent cells, contributing 
to a dynamic tumor- fibroblast cross- talk in the 
tumor microenvironment.13

High levels of IL-6 exist in many pathologic 
conditions including cancer and rheuma-
tologic diseases. In a small study of patients 
that received ipilimumab, IL-6 and CRP were 
associated with poor survival. High levels of 
IL-6 have also been associated with toxicity 
from chimeric antigen receptor- T (CAR- T) 
cell therapy. The humanized IL-6 receptor 
blocking antibody tocilizumab is Food and 
Drug Administration (FDA)- approved for 
several rheumatologic conditions and has 
been used extensively in patients receiving 
CAR- T cells to treat the cytokine release 
syndrome.14 In one report, T- cell efficacy 
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and function did not appear to be impaired in patients 
treated with tocilizumab.15 Tocilizumab has been shown 
to reduce the intensity and duration of immune- related 
colitis in patients receiving programmed death-1 (PD-1) 
antibodies alone or in combination with ipilimumab.16 
Tocilizumab has also been used with rapid resolution of 
symptoms in patients treated with immune- checkpoint 
inhibitors (ICI) who experienced steroid- refractory 
immune- related adverse events.17 These clinical data 
suggest that IL-6 may also be associated with the etiology 
of immune- related side effects of immunotherapy drugs.

C- reactive protein (CRP), a prototypical acute phase 
reactant, is a pentameric serum protein (pentraxin) 
whose levels rise in inflammatory states. It is synthesized 
by the liver, and also to a lesser degree by smooth muscle 
cells, macrophages, endothelial cells, lymphocytes, and 
adipocytes in response to IL-6, TNF and IL-1β.18 Chronic 
inflammation and high CRP levels are associated with 
poor survival in renal cell, lung, pancreatic and breast 
cancers, in patients with head and neck cancer treated 
with radiotherapy, and the presence of CRP is associated 
with bony destruction in multiple myeloma.19–22 Recent 
studies showed a significant association of pretreatment 
CRP levels with progression- free and overall survival (OS) 
in patients with lung cancer treated with PD-1 ICI.23 24 This 
is consistent with published data in melanoma demon-
strating that high levels of serum acute phase reactants 
including CRP, serum amyloid A and P, and complement 
components were associated with a poor clinical outcome 
in patients with melanoma receiving PD-1 antibodies.25

The neutrophil/lymphocyte (N/L) ratio, which may 
reflect systemic inflammation, has also been shown to 
be a significant negative prognostic factor for a variety of 
cancers independent of treatment.26 Its baseline value has 
also been shown to be associated with survival in patients 
treated with PD-1 blockade,27 and in patients with mela-
noma treated with ipilimumab28 or the combination of 
ipilimumab and nivolumab.29

Herein, we analyzed serum and peripheral blood 
mononuclear cell specimens obtained prior to therapy at 
baseline in patients from three randomized clinical trials 
of ICI in metastatic melanoma to determine whether 
serum IL-6, CRP and the N/L ratio were associated with 
OS, and to establish whether elevated levels of IL-6, 
CRP and/or N/L ratio were prognostic or predictive for 
outcome in patients receiving ICI. On- treatment levels 
of the two proteins were evaluated in patients receiving 
nivolumab or ipilimumab. We also evaluated the N/L 
ratio in patients on two of the randomized trials to assess 
its relationship to IL-6.

Methods
Patient samples
Serum samples were obtained from three indepen-
dent clinical trials (Checkmate-064 (NCT01783938), 
Checkmate-066 (NCT01721772) and Checkmate-067 
(NCT01844505)), and all protocols were approved by 

the Ethics Committees/Institutional Review Boards 
(IRBs) at the institutions where they were conducted. 
Serum samples from Checkmate-064 were assayed and 
analyzed at New York University Langone Health under 
an IRB- approved protocol. Samples were obtained 
under a Materials Transfer Agreement and coded with 
an anonymized five- digit number. The Checkmate-064 
study was a randomized phase II study that accrued 140 
patients previously untreated with immunotherapy to 
receive either sequential nivolumab then ipilimumab or 
the converse.30 The Checkmate-066 study was a random-
ized phase III study that accrued 418 previously untreated 
BRAF wild- type patients who received either nivolumab 
or dacarbazine.31 32 The Checkmate-067 study was a 
randomized phase III study that accrued 945 previously 
untreated patients with unresectable stage III or IV mela-
noma to nivolumab alone, nivolumab plus ipilimumab, 
or ipilimumab alone.33 34 Patient characteristics, toxicities 
and clinical outcomes have been described for all three 
studies, with long term follow- up data also published 
for Checkmate-066 and Checkmate-067.31 34 In all 
studies, responders were those with a partial or complete 
response defined by Response Criteria in Solid Tumors 
(RECIST) 1.0 at week 13 that were confirmed by subse-
quent imaging. The consort diagrams for all three trials 
have been previously published.30–32

Cytokine analyses
Serum levels of IL-6 and CRP from the Check-
mate-064,Checkmate-066 and Checkmate-067 trials were 
assessed using Luminex multiplex assays, according to 
manufacturer’s instructions (R&D, Minneapolis, Minne-
sota, USA). For Checkmate-064, immediately prior to 
experiment, previously frozen samples were thawed and 
diluted at 1:1 and 1:100 ratios for IL-6 and CRP analysis, 
respectively. Experiment analyses were adjusted for dilu-
tion. For Checkmate-066 and Checkmate-067, CRP and 
IL-6 were assessed using customized Luminex multiplex 
assay panels at Myriad RBM (Austin, Texas, USA). Previ-
ously frozen samples were diluted at 1:5 and 1:5000 ratios 
for IL-6 and CRP analysis. Luminex 200 and MagPix 
instruments (Luminex Corporation, Austin, Texas, USA) 
were used for sample acquisition. Analyses from Check-
mate-066 (77 baseline specimens) and Checkmate-067 (64 
baseline specimens) were done comparing values above 
and below the lower limit of quantification (LLOQ). The 
LLOQ for Checkmate-066 was 6 pg/mL and 11 pg/mL 
for Checkmate-067. For Checkmate-064, analyses (109 
specimens at baseline) included values above and below 
the median.

n/L ratio
The N/L ratio was determined by assessing absolute 
numbers of each cell type using an automated hema-
tology cell analyzer at each participating institution and 
calculating the numeric ratio. All assays were performed 
within Clinical Laboratory Improvement Act- certified 
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Figure 1 Schemata of Checkmate-064, Checkmate-066 and Checkmate-067 clinical trials. Stage of disease, number of 
enrolled and treated patients, study endpoints, and survival database information are shown for the phase II randomized 
Checkmate-064, and phase III randomized Checkmate-066 and Checkmate-067 trials. *Switch in treatment at week 13. 
AJCC, American Joint Committee on Cancer; HRQOL, health- related quality of life; IPI, ipilimumab; M, metastases; NIVO, 
nivolumab; ORR, objective response rate; OS, overall survival; PD, pharmacodynamics; PFS, progression- free survival; PK, 
pharmacokinetics; R, randomized; TRAE, treatment- related adverse event.

clinical laboratories at each institution and positive as 
well as negative controls were run at least daily.

statistical analyses
Associations between baseline IL-6/CRP levels, OS and 
HRs were determined by Cox proportional hazards 
regression models. IL-6/CRP high or low groups were 
defined based on the median (Checkmate-064 analysis) 
or LLOQ value (Checkmate-066 and Checkmate-067) for 
the study population, depending on assay sensitivity and 
the number of patients with levels at LLOQ. Correlation 
between IL-6 and CRP levels were calculated by Spear-
man’s rank- order coefficient. Tests were performed in the 
R computing environment. Differences based on patient 
response were determined by Mann- Whitney test using 
GraphPad Prism 8 software. For all analyses, p values≤0.05 
were considered statistically significant.

resuLts
IL-6 was associated with survival in the Checkmate-064 study
Previous work from our group has shown that baseline 
levels of CRP and other acute phase reactants were asso-
ciated with progression- free and OS in phase II single 
arm studies of nivolumab and pembrolizumab.25 In order 
to further validate these studies and also determine if 
other cytokines promoting synthesis of CRP and acute 
phase reactants from the liver, such as IL-6, were associ-
ated with OS with ICI, we assessed cytokines and acute 
phase reactants in serum from patients enrolled in three 
randomized phase II and III studies from which survival 
data were available. A total of 1486 patients were treated 
on three randomized trials as shown in figure 1, and 

samples were available for analysis for 68.8% of patients 
in Checkmate-064, 94.2% in Checkmate-066 and 92.8% 
in Checkmate-067.

Baseline serum samples from the randomized phase II 
Checkmate-064 study were analyzed and an assessment 
of association with response and OS was performed. 
Low levels of IL-6 at baseline for cohort A, and at week 
13 for both cohorts were associated with complete and 
partial response (online supplementary figure 1). IL-6 
below the median value (15.1 pg/mL) was associated with 
better OS in Checkmate-064 for patients who received 
sequential nivolumab for 12 weeks then ipilimumab for 
12 weeks (cohort A) with an adjusted HR for IL-6 of 5.46 
(95% CI 1.52 to 19.7, figure 2A). IL-6 below the median 
value (12.7 pg/mL) was also associated with better OS for 
patients treated with ipilimumab then nivolumab (cohort 
B), with an adjusted HR for IL-6 of 3.07 (95% CI 1.65 to 
5.72, figure 2A). We also analyzed both cohorts combined, 
for which IL-6 below the median value (13.3 pg/mL) 
was associated with better OS compared with above the 
median, with a HR of 3.029 (95% CI 1.765 to 5.200) 
(online supplementary figure 1C).

IL-6 was associated with survival in the Checkmate-066 and 
Checkmate-067 studies
Baseline serum samples were obtained from 196 patients 
who received nivolumab and 191 who received dacarba-
zine in Checkmate-066. Sera at baseline were obtained 
from 287 patients who received nivolumab, 293 patients 
who received ipilimumab and 290 patients who received 
ipilimumab combined with nivolumab in Checkmate-067. 
Analysis of baseline Checkmate-066 specimens showed 
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Figure 2 Baseline serum IL-6 levels are associated with overall survival (OS). Kaplan- Meier survival curves were determined 
for three independent clinical trials for patients stratified according to the median baseline serum levels or the lower limit of 
quantification (LLOQ). Patients below the median or LLOQ are represented by blue lines and those above by red lines. (A) 
Patients in Checkmate-064 received sequential nivolumab then ipilimumab (cohort A) or sequential ipilimumab then nivolumab 
(cohort B); median IL-6, 13.3 pg/mL. (B) Patients in Checkmate-066 were treated with nivolumab or dacarbazine; LLOQ IL-6, 
6 pg/mL. (C) Patients in Checkmate-067 received nivolumab or ipilimumab alone, or concurrent nivolumab and ipilimumab; 
LLOQ IL-6, 11 pg/mL. HR adjusted for ECOG, BRAF, M stage, baseline LDH, and melanoma subtype. IL, interleukin; M, 
metastases; ECOG, Eastern Cooperative Oncology Group; LDH, Lactate Dehydrogenase.
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that for nivolumab- treated patients, relatively high IL-6 
was associated with poor OS with an adjusted HR of 1.63 
(95% CI 1.04 to 2.55) (univariate HR of 2.43, 95% CI 
1.60 to 3.70) and for dacarbazine- treated patients, IL-6 
was associated with poor OS with an adjusted HR of 1.87 
(95% CI 1.21 to 2.89) (univariate HR of 2.91, 95% CI 1.99 
to 4.27) (figure 2B).

Analysis of the baseline Checkmate-067 specimens 
demonstrated that for nivolumab- treated patients, IL-6 
was associated with poor OS with an adjusted HR of 3.00 
(95% CI 1.80 to 4.99) (univariate HR of 4.34, 95% CI 2.65 
to 7.10). For ipilimumab- treated patients, IL-6 was asso-
ciated with poor OS with an adjusted HR of 3.23 (95% 
CI 2.01 to 5.17) (univariate HR of 4.93, 95% CI 3.12 to 
7.79). For patients treated with ipilimumab combined 
with nivolumab, IL-6 was associated with poor OS with an 
adjusted HR of 3.08 (95% CI 1.84 to 5.16) (univariate HR 
of 3.68, 95% CI 2.21 to 6.12) (figure 2C).

IL-6 was a prognostic factor in multivariable analyses for the 
Checkmate-066 and Checkmate-067 studies
A multivariable analysis was performed for known 
prognostic factors for metastatic melanoma, including 
substage M1a versus M1b versus M1c, performance status 
0 versus 1, N/L ratio or LDH above or below the upper 
limit of institutional normal (table 1). In all three arms 
of the Checkmate-067 study, IL-6 was a significant inde-
pendent variate for OS, with HR 2.54 and p=0.0058 for 
nivolumab, HR=3.9 and p=7.71E−08 for ipilimumab, and 
HR=2.07 and p=0.015 for the combination- treated arm. 
In the Checkmate-066 study, IL-6 did not reach signifi-
cance as an independent variate for OS (p=0.061), while 
LDH and N/L ratio were significant in the dacarbazine 
and nivolumab arms. CRP was not included in this anal-
ysis as it is highly correlated with IL-6 and resulted in 
multicollinearity.

CrP was associated with survival in the Checkmate-066 and 
Checkmate-067 studies
For patients treated with nivolumab in Checkmate-066, 
CRP was not significantly associated with OS with an 
adjusted HR of 1.09 (95% CI 0.738 to 1.6) (univariate 
HR of 1.34, 95% CI 0.927 to 1.95) as shown in figure 3A. 
However, for patients treated with dacarbazine chemo-
therapy, high CRP was associated with poor OS with an 
adjusted HR of 1.80 (95% CI 1.27 to 2.55) (univariate 
HR of 2.46, 95% CI 1.78 to 3.40) also shown in figure 3A. 
Analysis of baseline Checkmate-067 specimens showed 
that CRP was also associated with poor OS for nivolumab, 
with an adjusted HR of 1.45 (95% CI 1.05 to 2.02) 
(univariate HR of 1.98, 95% CI 1.44 to 2.72), for ipilim-
umab with an adjusted HR of 1.49 (95% CI 1.12 to 1.98) 
(univariate HR of 1.72, 95% CI 1.30 to 2.26), and for ipili-
mumab combined with nivolumab, with an adjusted HR 
of 1.41 (95% CI 0.985 to 2.02) (univariate HR of 1.71, 
95% CI 1.21 to 2.44) as shown in figure 3B. Baseline 
CRP was also associated with poor OS in both cohorts of 
Checkmate-064.35
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Figure 3 Baseline serum CRP levels are associated with overall survival (OS). Kaplan- Meier survival curves were determined in 
two independent clinical trials for patients stratified according to the median baseline serum levels. Patients below the median 
or LLOQ are represented by blue lines and those above by red lines. (A) Patients in Checkmate-066 were treated with nivolumab 
or dacarbazine; median CRP, 5.3 ug/mL. (B) Patients in Checkmate-067 received nivolumab or ipilimumab alone, or concurrent 
nivolumab and ipilimumab; median CRP, 5.75 ug/mL. HR adjusted for ECOG, BRAF, M stage, baseline LDH, and melanoma 
subtype. CRP, C- reactive protein; LLOQ, lower limit of quantification; M, metastases.

Baseline N/L ratio was associated with survival in the 
Checkmate-066 and Checkmate-067 studies in a multivari-
able analysis and was highly correlated with IL-6 and CRP.

Analysis of Checkmate-066 specimens showed that the 
N/L ratio was significantly but modestly associated with 
OS for nivolumab (HR=1.11, 95% CI 1.05 to 1.16) with 
p=1.27E−4 and for dacarbazine (HR=1.13 (95% CI 1.08 
to 1.19) with p=149E−6 (table 1). For patients treated 
in Checkmate-067, the N/L ratio was only significantly 
associated with OS for the NIVO+IPI combination arm 
(HR=1.06, 95% CI 1.01 to 1.11) with p=0.017 (table 1). 
The N/L ratio was significantly associated with IL-6 for 
patients treated in Checkmate-066 and Checkmate-067 
with p values of 1.5e−10 and 4.19e−18 respectively (online 
supplementary figure 2A). N/L ratio was also correlated 
with CRP for patients treated in Checkmate-066 and 
Checkmate-067 with p values of 1.6e−10 and 1.95e−23 
respectively (online supplementary figure 2B).

on-treatment levels of IL-6 and CrP were associated with 
survival in the checkmate-064 study
Checkmate-064 serum samples from patients receiving 
treatment with sequential nivolumab then ipilimumab 
(cohort A) or ipilimumab then nivolumab (cohort B) 
were analyzed for IL-6 and CRP at week 13, after the last 
dose of the first agent and prior to the second cycle of 
treatment. For IL-6 below the median (11.4 pg/mL) in 

cohort A, no patients had died, and therefore a HR was 
not calculated (figure 4A). In cohort B, for IL-6 below the 
median (13.9 pg/mL) there was an adjusted HR of 1.98 
(95% CI 0.722 to 5.42) for OS (figure 4B). The combined 
cohorts of Checkmate-064 were also assessed, for which 
IL-6 below the median value (13.6 pg/mL) was associ-
ated with better OS, with a HR of 4.097 (95% CI 1.974 to 
8.500) (online supplementary figure 1D).

For CRP below the median, there was an HR of 3.89 
(95% CI 0.725 to 20.8) for cohort A, and an HR of 1.95 
(95% CI 0.681 to 5.6) for OS in cohort B (figure 4C,D).

IL-6 and CrP serum levels were correlated
Serum IL-6 and CRP levels were highly correlated with 
one another in Checkmate-064 at baseline (figure 5A, 
p=2.152E−13, r2=0.529) and after nivolumab or ipili-
mumab treatment (figure 5B, p=1.487E−08, r2=0.47). 
Changes in IL-6 and CRP from baseline to week 13 
(after nivolumab or ipilimumab) were also correlated 
(figure 5C, p=2.325E−06, r2=0.381). For evaluable 
patients in Checkmate-066 with IL-6 levels>LLOQ, base-
line IL-6 and CRP were highly correlated (figure 5D, 
p<0.001, r2=0.54), and for Checkmate-067, baseline IL-6 
and CRP were also highly correlated (figure 5E, p<0.001, 
r2=0.47). For patients from both Checkmate-066 and 
Checkmate-067 with IL-6 levels<LLOQ, CRP levels were 
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Figure 4 Increased serum IL-6 and CRP levels are 
associated with reduced survival after nivolumab or 
ipilimumab treatment in Checkmate-064. Kaplan- Meier 
survival curves were calculated for patients stratified 
according to the median serum levels at week 13 (after 
first treatment) of (A) IL-6 in patients receiving sequential 
nivolumab then ipilimumab (cohort A); (B) IL-6 in patients 
receiving sequential ipilimumab then nivolumab (cohort 
B); (C) CRP in cohort A; and (D) CRP in cohort B. Median 
IL-6, 13.6 pg/mL. Median CRP, 15.8 ug/mL. HR adjusted 
for ECOG, BRAF, M stage, baseline LDH, and melanoma 
subtype. Patients below the median or LLOQ are represented 
by blue lines and those above by red lines. CRP, C- reactive 
protein; IL, interleukin; LLOQ, lower limit of quantification; M, 
metastases; OS, overall survival.

Figure 5 IL-6 and CRP serum levels are correlated at 
baseline and week 13 in Checkmate-064 and at baseline in 
Checkmate-066 and Checkmate-067 patients. Correlation 
of serum IL-6 and CRP levels collected from all evaluable 
patient samples. (A) Checkmate-064 at baseline (p<0.001; 
r2=0.529) or (B) after nivolumab or ipilimumab treatment 
(week 13) (p<0.001; r2=0.47). (C) Correlation of changes 
in IL-6 and CRP levels from baseline to week 13 in 
Checkmate-064 were graphed (p=2.325E−06; r2=0.381). (D) 
Checkmate-066 at baseline (p<0.001; r2=0.54; n=77). (E) 
Checkmate-067 at baseline (p<0.001; r2=0.47; n=64). Patients 
with partial response (PR) or complete response (CR) are 
represented in blue and those with progressive disease (PD), 
stable disease (SD) or not evaluable (NE) are shown in red. 
CRP, C- reactive protein; DTIC, dacarbazine; IL, interleukin.

significantly lower compared with patients with IL-6 
levels>LLOQ (online supplementary figure 2C).

on-treatment decreases in serum IL-6 were associated with 
better os in the Checkmate-064 study
Changes in serum IL-6 and CRP levels from baseline to 
post- nivolumab or ipilimumab were assessed in Check-
mate-064. Decreases in IL-6 were associated with longer 
OS compared with those with increasing levels, with a HR 
of 2.531 (95% CI 1.165 to 5.500) (online supplementary 
figure 1E). No significant difference was found in OS or 
changes in CRP levels (HR 1.341, 95% CI 0.6204 to 2.897) 
(online supplementary figure 1F).

dIsCussIon
In this study, we demonstrated that baseline serum cyto-
kine IL-6 and acute phase reactant CRP as well as the 
peripheral blood N/L ratio were associated with OS in 

three randomized trials. All three markers were prog-
nostic factors for outcome since an association with OS 
was observed for IL-6, CRP and N/L ratio in patients 
treated with ICI as well as the chemotherapy agent dacar-
bazine. In a multivariable analysis of the Checkmate-067 
study, IL-6 was an independent prognostic factor, along 
with substage, LDH and performance status. On- treat-
ment levels of IL-6 and CRP at week 13 were also associ-
ated with OS with sequential nivolumab or ipilimumab in 
one randomized phase II study (Checkmate-064).

There is a significant body of evidence from small 
phase II trials suggesting that high levels of both IL-6 and 
CRP are associated with a poor outcome with ICI, particu-
larly ipilimumab,36–38 but also nivolumab.24 25 These data 
support our more extensive experience in the current 
work derived from three randomized trials in patients 
with immunotherapy- naïve metastatic melanoma. There 
are also indirect data suggesting that IL-6, and by exten-
sion CRP, are associated with the immunotherapy- related 
cytokine release syndrome that can occur with ICI, and 
similar conclusions can be inferred from increasing 
evidence on the use of the IL-6 receptor blocking antibody 
tocilizumab to reverse steroid- refractory immune- related 
adverse events in ICI- treated patients.16 17 39 40 A high N/L 
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ratio has also been shown in small numbers of selected 
patients treated with ipilimumab and PD-1 blocking anti-
bodies to be associated with poor survival.41 42

Blockade of IL-6 has been associated with control 
of immune- related adverse events with ipilimumab, 
nivolumab or the combination of both agents,16 17 39 40 
strongly suggesting an immune role for IL-6, especially 
in patients receiving ICI. Further substantiation for 
the immune role for IL-6 is shown by its impact on 
CD4+T cells, promoting expression of the T helper (Th)2 
associated cytokine IL-443 while suppressing IFNγ expres-
sion.44 IL-6, in the presence of transforming growth factor 
beta (TGFβ), is also critical for the polarization of Th17 
T- cells.45 In myeloid cells, IL-6 signaling promotes the 
expression of vascular endothelial growth factor (VEGF) 
and arginase, while down regulating expression of CD80, 
CD86 and IL-12.46 IL-6 also promotes the polarization 
of M2 macrophages, an anti- inflammatory subset of 
macrophages associated with poor survival in a variety of 
cancers.47 48

While the results of this study demonstrate that serum 
levels of IL-6 are associated with poor patient outcomes, 
the cellular source(s) contributing to this remain to 
be elucidated. IL-6 is known to be produced by a wide 
variety of cells including T- cells, neutrophils, various 
other immune cells, fibroblasts, and tumor cells.49 While 
beyond the scope of the present study, preliminary data 
from our lab have suggested a contribution of T- cells in 
the differential levels of IL-6 between responding and 
non- responding patients (data not shown).

A therapeutically important immune modulatory role 
for IL-6 is supported by data showing that IL-6 blockade, 
in combination with suppression of CD40 signaling, 
TGFβ blockade or PD-1 signaling, has been associated 
with increased antitumor activity in mouse models of 
cancer.42 50–52 Combined blockade of IL-6 and PD- L1 
induced tumor regression in mice bearing subcutaneous 
pancreatic tumors that was associated with increased intra-
tumoral T- cells. CD8- depleting but not CD4- depleting 
antibodies eliminated the antitumor activity of combined 
IL-6 and PD- L1 blockade in mice. This combination also 
promoted significant antitumor activity in mice bearing 
spontaneously arising pancreatic tumors, prolonging 
survival associated with increased T- cell infiltration.42 
These data support the immune suppressive function 
of IL-6 and its downstream mediators such as CRP and 
serum amyloid.53 54 IL-6 has also been suggested as the 
cause of an elevated N/L ratio.55

The mechanism of action by which elevated IL-6, which 
promotes synthesis of acute phase reactants by the liver, 
is associated with worse survival in melanoma and other 
cancers, and possibly associated with toxicity in patients 
receiving ICI is unclear. IL-6 and CRP levels are highly asso-
ciated in a variety of studies,41 were also highly correlated 
in the Checkmate-064 samples, and may play an indirect 
and a direct immune suppressive role, respectively. In 
addition to a potential immune suppressive function, IL-6 
has pleiotropic activities that are tumor promoting.6–12 

High levels of IL-6 are also associated with the formation 
of desmoplastic tumor stroma and can also stimulate the 
generation of MDSC cells in coordination with TGF-β. 
IL-6 induces tumor cell expression of STAT3 and its down-
stream target genes, which encode proteins that can drive 
tumor proliferation like cyclin D1 and/or survival like the 
BCL2- like protein 1 (BCL- xL). STAT3 promotes IL6 gene 
expression which can then result in a positive feedback 
autocrine loop.6 IL-6 clearly has important immune regu-
latory activities through induction of STAT3, which also 
induces expression of angiogenic molecules, including 
VEGF, factors that control invasiveness and/or metastasis 
such as matrix metalloproteinases, and immune suppres-
sive cytokines such as TGF-β.56 Induction of STAT3 by high 
levels of IL-6 can drive immune suppression via negative 
regulation of neutrophil and NK cell function, induction 
of PD-1 expression on T- cells, inhibition of effector T- cell 
function, inhibition of DC maturation and function, and 
expansion of regulatory T- cells and MDSC in the tumor 
microenvironment.57–60 IL-6 may also suppress ketogen-
esis through its transcriptional master regulator, peroxi-
some proliferator- activated receptor alpha (PPAR- alpha). 
This tumor- associated alteration in hepatic metabolism 
magnifies the host stress response which leads to gluco-
corticoid levels that suppress tumor immunity.61

CRP was also associated with a poor outcome in patients 
treated with ICI and chemotherapy in this study. Its role 
in adaptive immunity has not been well documented, 
but it has been shown to have an immunosuppressive 
role in experimental murine encephalomyelitis62 and 
can diminish antigen presentation in vitro.63 Recent data 
have also shown that CRP binds to T- cells of patients with 
melanoma and suppresses their function in a dose depen-
dent manner at the earliest stages of T- cell activation.64 
Therefore, both IL-6 and its downstream molecule CRP 
may have direct immune suppressive roles accounting for 
the poor outcome in patients that have high levels of both 
molecules.

Based on the work described herein, and the published 
body of work described above, blockade of IL-6 and CRP 
synthesis and/or activity in combination with immune 
checkpoint therapies may enhance response and survival 
rates in patients with cancers, including melanoma, and 
may be associated with a lower rate of immune- related 
adverse events. This rationale will be tested in an ongoing 
phase II trial of ICI in which the IL-6 receptor blocking 
antibody tocilizumab will be added to the combination of 
nivolumab and ipilimumab (NCT03999749). Endpoints 
of that trial are immune- related toxicity as well as response 
rate and progression- free survival.

ConCLusIons
In patients with metastatic melanoma receiving ICI or 
chemotherapy in large randomized trials, IL-6, CRP and 
the N/R ratio are interdependent prognostic factors with 
higher levels associated with shorter OS. In a multi- variable 
analysis of the randomized phase III Checkmate-067 
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study, IL-6 remained a significant independent variate for 
survival. These data suggest that IL-6 may be an immune 
target in patients with melanoma receiving checkpoint 
inhibition.
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