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ABSTRACT
Nivolumab plus ipilimumab (aCTLA-4/aPD-1) combination therapy has significantly improved clinical 
outcomes in patients with metastatic melanoma, with 50%-60% of patients responding to treatment, 
but predictors of response are poorly characterized. We hypothesized that circulating cytokines and 
peripheral white blood cells may predict response to therapy and evaluated 15 cytokines and complete 
blood counts (CBC with differentials) from 89 patients with advanced melanoma treated with combina
tion therapy from three points in time: pre-treatment, one month and approximately three months after 
starting therapy. Clinical endpoints evaluated included durable clinical benefit (DCB), progression-free 
survival (PFS), and overall survival (OS). A parsimonious predictive model was developed to identify 
cytokines predictors of response to combination therapy. In this study, we found that pre-treatment, 
patients with DCB had higher IL-23, lower CXCL6, and lower IL-10 levels. Lower NLR one month after 
starting therapy predicted better PFS and OS, primarily driven by an increase in absolute lymphocytes. 
A multivariate model demonstrated that baseline CXCL6, IL-10, IL-23 were independent predictors of 
therapy response, and the combined model has reached an area under the curve (AUC) of 0.79 in 
prediction of response to combination therapy. Our study identified baseline CXCL6, IL-23, and IL-10 as 
predictors of response to aCTLA4/aPD1 combination therapy among patients with metastatic melanoma. 
This study also provides a framework for identifying patients who are likely to respond to combination ICB, 
as well as a subset of patients with high risk of developing resistance and are thus in need of alternative 
therapeutic options, such as clinical trials.
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Introduction

Immunotherapy has led to significant improvement in clinical 
outcomes for patients with advanced melanoma. 
Approximately 50% of patients receive long term benefit to 
nivolumab (anti-PD1) plus ipilimumab (anti-CTLA4),1 but 
biomarkers predicting response to combination therapy are 
not well characterized. Improved understanding of the 
mechanisms involved with improved outcomes help predict 
which patients will likely benefit from combination immune 
checkpoint therapy as well as gain insight into novel therapeu
tic strategies.

To date, several soluble biomarkers have been studied, 
including microRNAs, cfDNA, exosomes, circulating tumor 
cells and proteins.2,3 Given their critical roles in host immune 
responses, pro- and anti-inflammatory cytokines and chemo
kines have been examined as potential biomarkers in multiple 

disease settings including ovarian cancer, gliomas, genitourin
ary, and head and neck cancers.4–7 In the clinical context of 
metastatic melanoma, multiple cytokines in circulation, such as 
IL-10, IFN-γ, IL-6, IL-8, were found to be associated with 
response to anti-PD1 treatment,8,9 but whether they are pre
dictors for ipilimumab/nivolumab combination therapy out
come is unknown.

Immune-based biomarkers from peripheral blood, such as 
absolute lymphocyte counts, absolute neutrophils count, and 
the neutrophil to lymphocyte ratio (NLR), are considered to 
reflect systemic inflammation and found to be predictive of 
survival of immunotherapy-treated patients in multiple cancer 
settings including melanoma.10–14 However, most patients 
from these examined cohorts received immune checkpoint 
blockade (ICB) monotherapy, and whether NLR or the change 
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in NLR with treatment15 is a predictive marker for combina
tion therapy has not been clearly demonstrated.

Overall, only a few studies to date have investigated 
circulating cytokines as predictive markers specifically for 
combination ICB16 with a limited panel while most were 
done in single or mixed ICB settings.8,17,18 One of the 
largest cytokines studies investigated response and 
immune related toxicity in a mixed cohort of patients 
treated with anti-PD1 or combination therapy and found 
different predictors between single and combination ICB, 
highlighting the need for specific predictors for combina
tion therapy.19

In our study, cytokines and clinical laboratory values 
from pre and on treatment peripheral blood samples col
lected from patients with metastatic melanoma treated with 
anti-PD1 and anti-CTLA4 combination therapy were eval
uated. A panel was designed to include circulating cyto
kines and chemokines with neutrophil biology relevance or 
with pro-/anti-inflammatory properties, which we hypothe
sized to be associated with immunotherapy effectiveness, 
including some markers previously associated with 
response to single-agent immunotherapy regimens. Using 
statistical and machine learning approaches, the potential 
role of inflammatory mediators as predictors of clinical 
response to combination checkpoint inhibition was 
explored.

Materials and methods

Sample collection and cytokine quantification

All samples were collected and processed on Dana-Farber 
/Harvard Cancer Center approved protocols. An observa
tional study of 89 melanoma patients with unresectable 
stage III or stage IV disease was conducted. Patients received 
ipi/nivolumab at the standard dosing of ipilimumab 3 mg/kg 
and nivolumab 1 mg/kg x 4 cycles (each cycle is 3 weeks), 
with maintenance nivolumab either 3 mg/kg (or flat dose 
240 mg) every 2 weeks or 480 mg flat dose every 4 weeks. 
Some patients received ipilimumab/nivolumab at a “flip 
dose” (ipilimumab 1 mg/kg, nivolumab 3 mg/kg) followed 
by maintenance nivolumab. Clinically, not all patients 
received 4 cycles of ipilimumab/nivolumab due to toxicity. 
All patients received treatment at the Dana-Farber Cancer 
Institute between March 2015 and April 2019 for cohort 1, 
and April 2019 and January 2020 for cohort 2. Median 
follow-up was 35 months in cohort 1 (range 12–47) and 13  
months in cohort 2 (range 10–14). This dataset includes 60 
patients who had cutaneous (N = 57) or acral (N = 3) mela
noma in cohort 1 and 29 patients in cohort 2 (cutaneous 
melanoma only).

For translational analyses, durable clinical benefit (hereon 
termed DCB) was defined as a best response of complete or 
partial response or stable disease lasting at least 6 months 
after starting treatment according to RECIST version 1.1 
(Eisenhauer et al., 2009). Patients who derived minimal or 
no clinical benefit (hereon termed NCB) had progressive 
disease within 6 months of starting therapy that was not 
preceded by complete or partial response. High dose steroids 

use was defined as having glucocorticoids (GCC) above 40  
mg once a day.

Blood samples were collected at three timepoints: pre- 
treatment (Pre), 3 weeks (Post 1) and 2–4 months after the 
first combination dose (Post 2). Clinical laboratory values were 
collected for 95.5% of patients (85 out of 89) for pre-treatment 
timepoint and 82% for timepoints Post 1 and Post 2 respectively.

Whole blood samples were collected at three timepoints: 
pre-treatment (Pre), 3 weeks (Post 1) and 2–4 months after 
the first combination dose (Post 2) from all patients using 10  
mL EDTA tubes and processed following Standard Operating 
Procedures. Briefly, the tubes were centrifuged at 1500 rpm 
for 10 minutes using the Sorvall Legend XTR centrifuge. 
Subsequently, 2 ml of plasma per tube was aspirated and 
aliquoted into four microcentrifuge tubes (Fisherbrand, 05- 
408-138). The plasma was then subjected to another centri
fugation step at 3000 RPM for 5 minutes using the Sorvall 
Legend Micro 21 R centrifuge. After centrifugation, the 
plasma was aspirated into Cryogenic tubes at a volume of 
2 ml per tube (Corning 430,488) and stored at −80°C, respec
tively. At the start of the experiment, plasma samples were 
retrieved from the −80°C storage and thawed on ice for 
approximately 60 minutes. Once completely thawed, plasma 
samples were centrifuged at 10,000 × g for 10 minutes using 
a Sorvall Legend XTR centrifuge. All samples were diluted 
2-fold following the manufacturer’s guidelines. Subsequently, 
50 uL of each diluted sample was distributed into a 96-well 
U-bottom plate in duplicates.The lyophilized proteins were 
reconstituted and subjected to a 4-fold serial dilution to 
generate a total of 7 standard controls with one blank. 
Duplicates of 50 uL of standards were added to the remain
ing wells of the sample plate. Furthermore, 50 uL of bead mix 
was added to all wells and incubated 2 hours at room tem
perature. After incubation, the plate was washed twice and 
a detection mix was added to each well. The sealed plate was 
incubated for 30 minutes at room temperature. Following 
incubation, the wash steps were repeated three times. After 
the final wash, 50 uL of Streptavidin-PE was added to each 
well of the plate and incubated on the for 30 minutes at room 
temperature. Following a final round of wash steps, 120 uL of 
reading buffer was added to each well. The plate was incu
bated for an additional 5 minutes at room temperature. After 
the wash, the samples were ready to run on the FLEXMAP- 
3D instrument (Luminex Inc, TX).The xPONENT software 
was used to extrapolate Median Fluorescent Intensity (MFI) 
to known standards. All markers were expressed as “pg/ml”.

Quality control of luminex data

Analytes that showed concentrations at LLOQ across all sam
ples were excluded from the analysis. Fifteen cytokines avail
able in both cohorts were included in downstream analysis 
(Supp Table S5). Values of cytokines below the lower limit of 
quantifications were substituted with the LLOQ or the mini
mum value of that cytokines across samples if the LLOQ is not 
specified. In total, 11 of 15 cytokines analyzed had at least one 
sample with a substitution. As a sensitivity analysis, we also 
tested the substitution with zeros rather than the LLOQ, which 
did not affect our conclusions.
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H&E staining and neutrophil quantification

Standard clinical histology techniques were used to formalin 
fix and embed tumor biopsies into Formalin-Fixed Paraffin- 
Embedded (FFPE) blocks. Thin (4 um) microtome sections 
were affixed to glass microscope slides and stained for hema
toxylin & eosin (H&E). Samples were de-identified and 
reviewed by a pathologist blinded to other aspects of study 
findings (e.g., patient outcome). Neutrophil abundance within 
the tumor area was visually scored by a board-certified pathol
ogist (S.J.R.) using a scale of 0–3, with a score of 0 indicating 
that no neutrophils were seen in the tumor; 1 indicating rare 
neutrophils within the tumor, 2 indicating moderate numbers 
of neutrophils, and 3 indicating the highest number of neu
trophils detected in the tumor.

Statistical method

The Wilcoxon rank-sum test was utilized to compare protein 
levels between patients with and without DCB. For all analyses, 
two-tailed p ≤ 0.05 was considered statistically significant and 
no corrections for multiple comparisons were made unless 
stated otherwise. Changes in cytokines over time between 
patients with/without DCB were evaluated using longitudinal 
mixed models, with log2 (marker) fit as a function of DCB/no 
DCB, time, and the interaction of DCB and time. A first-order 
autoregressive covariance structure was used within patient for 
the repeated measurements. Models allow for stratification 
according to cohort. Comparisons of fixed effects are based 
on F-tests; pairwise comparisons are based on contrasts. There 
are no corrections for multiple comparisons. Spearman’s cor
relation was used to assess associations among cytokines, che
mokines, clinical labs values, and immune cells proportion. In 
the analyses where cytokines were categorized into high/low, 
they were divided at the median of the respective distribution 
values. The effect of prior IO on cytokines was evaluated using 
van Elteren test, with subgroups stratified by ranked propensity 
scores. Propensity scores were calculated using the baseline 
characteristics of age, gender, M stage, and ECOG, to predict 
the probabilities of patients with these characteristics would 
receive prior IO as estimated by a logistic regression. Outcomes 
(response to therapy, survival) were determined separately and 
prior to assessments of potential predictors. Unless specified 
otherwise, only patient samples with available data on the 
variables of interest were included in the analyses.

Survival analysis

The distributions of overall and progression-free survival are 
summarized using the method of Kaplan-Meier with compar
isons based on the log-rank test. Cox proportional hazards 
regression was used to estimate hazard ratios and 95% con
fidence intervals. To investigate the stratifying ability of differ
ent combinations of circulating cytokines and chemokines that 
are associated with DCB, pairwise comparison results were 
evaluated and generated combined features that best stratified 
patients in both overall and progression-free survival. The 
survival analysis was implemented with R package survival, 
surminer.

Prediction of response to combination ICB

To develop a predictive model, we used a logistic regression 
due to its simplicity and interpretability given our cohort size. 
The initial feature set included all analyzed cytokines and 
clinical laboratory values. To develop a parsimonious model 
and reduce overfitting, we employed a forwards stepwise 
search and a backward stepwise search as feature selection 
techniques using BIC (Bayesian Information Criteria) as our 
scoring criteria to penalize model complexity and search the 
space for the best combination of predictive features. Forward 
selection begins with a model without predictors but just 
includes the intercept. At each step, this method tests adding 
a feature to the current model and chooses the model (with the 
added feature) that results in the lowest BIC. The search stops 
when no better model is found by testing addition of another 
feature. During backward selection, this method starts out with 
all features included in the model, and then it evaluates models 
after dropping out features to find improved models (by BIC 
criteria), and uses the best model as the new model for con
sideration in the next step. We then did tenfold cross validation 
to estimate the performance of our model on unseen data, 
implemented with R package caret. We performed 
a permutation test to generate an empirical p value for the 
cross-validation AUC, where we permutated the outcome 
labels (DCB vs. nDCB) randomly for 1,000 times and generated 
cross-validation AUC for the three-feature predictive model 
(CXCL6, IL-10, IL-23) to produce a null distribution of cross- 
validation AUC, under the null hypothesis that these features 
are not associated with outcome. The proportion of simula
tions with cross-validation AUC greater than or equal to our 
initial tenfold cross-validation AUC was considered to be 
a permutation-based empirical p value.

Results

Patients and treatment characteristics

Blood samples were collected at three timepoints: pre- 
treatment (pre), 3 weeks (post 1) and 2 to 4 months after the 
first combination dose (post 2) according to Dana-Farber 
/Harvard Cancer Center approved protocols. 89 melanoma 
patients with unresectable stage III or stage IV disease treated 
with combination ipilimumab and nivolumab were identified.

Among 89 patients, 86 patients had cutaneous melanoma and 
3 had acral melanoma. 41.6% were females, 58.4% were males. 
Median age was 59 (range 27–83). 64.7% patients received prior 
treatment with ICB, vaccine, and/or Interferon. 57.3% patients 
had durable clinical benefit (DCB), defined as having a RECIST 
best response of complete or partial response or stable disease 
and at least 6 months PFS, with the reminder annotated as no 
durable clinical benefit (NCB). Additional patient demographics 
and clinical annotations are summarized in Table 1.

Baseline cytokines CXCL6, CXCL5, IL-10 and IL-23 
associate with durable clinical benefit

We evaluated the association of expression levels of 15 cyto
kines at the 3 time points with response (Figure 1(a), 
Supplemental Figure S1). At baseline, CXCL6, IL-10, and 
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CXCL5 were significantly higher in patients with NCB (MWW, 
p < 0.05) while IL-23 was more abundant in patients with DCB 
(MWW, p < 0.05)(Figure 1(b)). When characterizing patients 
by RECIST criteria (42 patients with CR/PR, 9 patients with 
SD, and 37 patients with PD as best response), we found that 
there was no statistically significant difference in CXCL6, IL23, 
or IL10 levels between CR/PR and SD, but substantial differ
ences in patients with PD (Supplemental Figure S1). Patients 
with NCB had higher IL-10 at all three time points (MWW, p  
< 0.05, Figure 1(a)). Patients with NCB also showed higher IL- 
1RA on treatment (Figure 1(a)).

There were clear patterns of longitudinal cytokine change 
with treatment, with increases in CXCL10, IL-18, IL-10, 
IL1RA, 4-1BB (Wald p < 0.001, Figure 1(c), Supplemental 
Figure S1) from pre to post 1 time points, which persisted at 
post 2. High dose steroids use (GCC >40 mg/day) between pre 
and post 1 was associated with decreased log fold changes of 
CXCL5, CXCL6, CXCL10, and 4-1BB (MWW, p < 0.05) at the 
post 1 time point (Supplemental Figure S2), but the effects of 
immunotherapy remained consistent after adjusting for high 
dose steroid administration. Interestingly, patients with DCB 
and NCB displayed different longitudinal changes in CXCL5, 
IL8, and MICB (Supplemental Figure S3). More specifically, 

CXCL5 (associated with neutrophil trafficking) and MICB 
(associated with natural killer cells activation), were decreased 
and increased, respectively, uniquely in patients with NCB 
(Supplemental Figure S3). Among patients with NCB, the 
plasma concentration of CXCL5 significantly decreased from 
pre treatment timepoint to post 1 while MICB displayed an 
increase from pre-treatment to post 2 (Supplemental Figure 
S3). The fold change of IL-8 from pre to post 2 time point was 
higher in patients with NCB (Supplemental Figure S3).

Neutrophils to lymphocytes ratio (NLR), absolute 
lymphocytes count, and fold change of lymphocytes are 
associated with durable clinical benefit

Neutrophil-to-lymphocyte ratio (NLR) has been posited to 
represent systemic inflammation and the balance between 
pro- and anti-tumor factors.14,20,21 Higher NLR prior to treat
ment has previously been shown to be associated with resis
tance to single-agent immune checkpoint blockade.10,22

In our cohort, baseline NLR was not predictive or prognos
tic of clinical outcome, but NLR specifically at post 1 timepoint 
was associated with response to treatment, with lower NLR 
favoring durable clinical outcome (Figure 2(a)). Patients with 

Table 1. Patients, treatment, and clinical characteristics.
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lower NLR (stratified by median = 2.76) also exhibited reduced 
rate of disease progression or death (Figure 2(b)).

Further evaluation reveals that the prognostic value of NLR at 
post 1 timepoint was primarily driven by an elevation of absolute 
lymphocytes counts from pre to post 1 (Figure 2(b), Supplemental 
Figure S4a). Patients with DCB had overall larger increases of 
lymphocytes compared with NCB (Figure 2(b)), and increased 
log-fold change of absolute lymphocytes counts (ALC) was asso
ciated with longer progression free survival (Figure 2(c,d)). 
However, stronger associations with survival were found with 
NLR, suggesting that neutrophils contribute additional prognostic 
value (Figure 2(e,f)). Interestingly, logfold changes in NLR were 
associated with response but not PFS or OS (Supplemental Figure 
S4). Adjusting for the effects of high dose steroids (Supplemental 
Figure S2) did not impact these associations.

An integrative analysis revealed the association between 
CXCL6 and a neutrophils-related coordinated program; 
IL-10 and IL-23 correlate with other circulating cytokines

To identify coordinated programs of cytokine expression, we 
performed a hierarchical clustering of correlation between all 
baseline cytokines and chemokines (Figure 3(a), Supplemental 
Figure S5). Among the identified features associated with clinical 

outcome, CXCL5 and CXCL6 were strongly correlated 
(Spearman <rho ≥0.77, p < 2.2e-16), but IL-10 and IL-23 were 
uncorrelated. CXCL6, CXCL5, IL-8 and CCL4 formed a strong 
cluster (minimum pairwise Spearman correlation rho = 0.52, 
p < 2.1e-07)(Figure 3(a)), suggesting coordinated activities of 
these neutrophil-related cytokines.

In a subset of samples (n = 44), we characterized the level of 
neutrophils in the pre-treatment tumor microenvironment as 
high or low (n = 11 high, 33 low, Methods). In this size cohort, 
the level of neutrophils in the tumor microenvironment was 
not significantly associated with response (OR = 0.39, p = 0.30 
Fisher’s Exact, Supplemental Figure S6), and further was not 
associated with circulating absolute neutrophils counts (ANC) 
or CXCL6 levels (Supplemental Figure S6).

Baseline IL-23 formed a cluster of positive correlates with 
G-CSF, MICA, 4-1BB, and pretreatment IL-10 positively corre
lated with 4-1BB, CCL4, IL1RA, CXCL10, respectively 
(Figure 3(a)).

Evaluating joint predictive performance of CXCL6, IL-10, 
and IL-23

We hypothesized that a multivariate model using features derived 
from peripheral blood may improve our ability to predict response 

a.

b.

c.

Figure 1. Association between cytokines levels and response to combination immune checkpoint blockade.  
A. Differential cytokines and chemokines abundance in responders (DCB, patients with durable clinical benefit) versus non-responders (NCB, patients without durable 
clinical benefit) at three different time points (pre, post1, post2). The comparisons were done using Wilcoxon rank-sum test. Cytokines concentration higher in 
responders are shown in blue while those higher in non-responders are shown in sand. Significance test results are marked with asterisks in heatmap (*p <0.05, **: 
p<0.01, ***:p <0.001). (Pre: DCB =51 NCB = 38 ntotal= 89; post1: DCB =43 NCB = 34 total= 77; post2: DCB =47 NCB = 29 total= 76). B. Baseline CXCL5, CXCL6, IL-23, IL- 
10 in responders versus non-responders. (DCB Y: Patients with durable clinical benefit. DCB N: Patients without durable clinical benefits). Responders had higher CXCL5 
(MWW, p < 0.05), CXCL6 (MWW, p <0.01), higher IL-10 (MWW, p <0.05), and lower IL-23 (MWW, P<0.05) (DCB =51, NCB = 38). C. Longitudinal changes of cytokines and 
chemokines following treatment. Cytokines changes were evaluated with a longitudinal mixed model combining both DCB and NCB (see methods), with yellow for 
increasing concentration and green for decreasing concentration (*:p <0.05, **:p<0.01, ***:p <0.001).
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and outcomes to combination immune checkpoint blockade using 
less invasive and readily accessible assays. Considering all cyto
kines and clinical lab values as potential features (Supp Table S1), 
we developed a multivariate logistic regression model to predict 
DCB vs NCB and performed feature selection using Bayesian 
Information Criteria (BIC) as criteria to develop parsimonious 
models (details in Methods). Forward and backwards selection 
converged on the same model (Figure 4(b)) with three indepen
dent features: CXCL6, IL-10, and IL-23 (Figure 4(a,b), 
Supplemental Figure S7). The multivariate logistic regression 
model with CXCL6, IL-10, and IL-23 as binary high and low 
(split by median value) had an AUC of 0.79 (tenfold cross- 
validation mean AUC = 0.77, empirical 
p < 0.001), and patients predicted to be DCB by this model had 
an OR of 8.97 [95% CI 3.36–23.99] (Figure 4(b)). High CXCL6 
(OR = 0.14 [95% CI 0.05–0.40], p = 2.39e-4) and high IL10 (OR =  
0.27 [95% CI 0.10–0.74], p = 0.011) predicted NCB, while high 

IL23 (OR = 3.47 [95% CI 1.22–9.85], p = 0.019) predicted DCB to 
therapy.

Using a multivariate cox regression model, we found that 
high CXCL6 and high IL-10 was associated with worse PFS and 
OS, while high IL-23 was related to improved PFS and OS 
(Supplemental Figure S8a, b). After correcting for clinical 
features including age, Mstage, previous IO treatment, 
ECOG, and high dose steroids use, higher CXCL6, IL10, and 
lower IL-23 still robustly associated with increased risk of 
progression and death (Supplemental Figure S8c,d).

We then calculated a composite score for each patient based 
on the number of favorable CXCL6, IL-10, and IL-23 features 
(i.e., a score from 0–3 positive features of low CXCL6, low IL-10, 
and high IL-23), and found improved survival as the score 
increased (Figure 4(c), Supplemental Figure S9c). Each addi
tional positive feature in the samples was associated with 51% 
improvement of progression free survival and 42% 

a.

b. c.

f.d. e.

Figure 2. Association of peripheral neutrophil and lymphocyte counts with response to therapy and survival.  
A. Association of peripheral neutrophil and lymphocyte counts at three time points with response to therapy. Wilcoxon rank-sum test was performed, with asterisks 
indicating significance level: p- value<=0.05*, p-value<=0.01**. Counts in DCB are shown in blue and in NCB in sand. NLR: Neutrophils to Lymphocytes ratio. (Pre: n = 85 
samples, post1: n = 73 samples, post2: n = 73 samples) B. Change in peripheral lymphocyte counts by response to therapy. Left, change in mean lymphocyte count at 
three time points in DCB and NCB patients. Whiskers indicate mean standard error. Right, fold change of lymphocyte counts from pre to post1 between responders and 
non-responders (Wilcoxon rank-sum, p <0.05). (Pre: n = 85 samples, post1: n = 73 samples, post2: n = 73 samples; patients with matched pre and post1: n = 72 samples, 
DCB = 39, NCB = 33) C.D. Survival in patients stratified by fold changes of ALC from pre to post1 time point. PFS and OS stratified patients by the median of ALC. E.F. 
Survival in patients stratified by high and low NLR at the post1 time point. PFS and OS, stratifying by median level of NLR at post1 time point (2.67).
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improvement in overall survival (Cox PFS HRR (hazard ratio for 
progression): 0.51, CI: 0.36–0.71, p < 0.001; Cox OS HRR 
(hazard ratio for death): 0.42, CI: 0.25–0.69, p < 0.001) 
(Supplemental Figure S9c). Specifically, a score of 3 identified 
an excellent prognosis group with 89% PFS (95% CI: 
0.706–1.000) and 100% OS (95% CI: 1–1) at 1 year, while 
a score of 2 favorable features was associated with 57.2% PFS 
and 85.6% OS at 1 year, with a 66% decreased rate of progression 
(HRR: 0.34, CI: 0.138–0.84, p = 0.019) and 78% decreased rate of 
death (HRR: 0.22, CI: 0.067–0.74, p = 0.014)(Figure 4(d)) com
pared to patients with no favorable features.

Prior immunotherapy affects cytokine levels and 
association of cytokines with DCB

As a subset of our patients had immunotherapy (IO) prior to 
combination ICB (n = 24), and past studies have shown 
differential predictors of response to IO based on prior 
treatment,23,24 we wanted to perform exploratory analyses 
of the effect of prior IO therapy on prediction of response to 
combination ICB. First, patients with prior IO in our cohort 
had a numerically lower response rate to combination ther
apy (50% vs 60%, Fisher’s exact test, p = 0.4, OR = 0.67) 
(Figure 5(a)). Adjusting for propensity to have had prior 
IO (Methods), baseline pre-combination therapy GCSF, 
4-1BB, MICA, and MICB levels were higher in prior IO 
treated patients (Figure 5(b)). The predictive model with 
CXCL6, IL-23, and IL-10 developed in the entire cohort 
had similar performance when applied to patients with and 
without prior IO separately (AUC = 0.73 and 0.8, 

respectively, Figure 5(c)). Higher levels of CXCL6 and IL- 
10 levels in NCB vs DCB were similarly found in both 
subgroups though only statistically significant in one 
(CXCL6: IO-naive subgroup; IL10: prior IO subgroup, 
Figure 5(d,e))) potentially due to differences in sample and 
effect size. Interestingly, the finding that IL23 was higher in 
patients with DCB appears to be driven primarily by the IO- 
naive subgroup (Figure 5(f), p = 0.0006 for the IO-naive 
subgroup). Formally, there was no statistical evidence of 
interaction with prior IO for the relationship of CXCL6 
and IL-10 levels with DCB status (Supplemental Figure 
S10, Supp Table S2), but strong evidence of interaction 
with IL-23 (Supplemental Figure S10, Supp Table S2, p =  
0.009 for the interaction of prior IO and IL-23)). When we 
looked at the significant baseline features in IO treated and 
untreated patients separately, we observed that among IO 
treated patients, higher IL23, lower CXCL5, and lower 
CXCL6 associated with durable clinical benefit (MWW, 
IL23 p = 0.000562, CXCL5 p = 0.0411, CXCL6 p = 0.0216, 
patients n = 65)(Supplemental Figure S10c), while for 
patients without prior IO, lower IL10 associated with 
response (MWW, p = 0.00352, patients 
n = 24) (Supplemental Figure S10d).

Discussion

In this study, a cohort of 89 patients with metastatic melanoma 
treated with nivolumab and ipilimumab (aCTLA4/aPD1) com
bination therapy was analyzed. Pre-treatment circulating che
mokines and cytokines, specifically lower CXCL6, IL-10, and 

a.

Figure 3. An integrative analysis of the association between baseline chemokine CXCL6 and neutrophils related chemokines and cytokines; IL-10 and IL-23 correlated 
with other circulating cytokines.  
A. Correlation matrix among all baseline cytokines and chemokines. (Spearman correlation, only statistically significant coefficient values displayed; n = 89 samples).
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higher IL-23, predicted response to combination ICB treat
ment. Coordinated immune programs suggest the roles of 
these cytokines in regulation of response. In addition, lower 
NLR measured approximately one month after combination 
treatment started was associated with better survival outcome, 
mainly driven by an increase in absolute lymphocytes in 
responders.

IL-23 can exhibit both pro- and anti-tumor effects.25 

Despite its importance in host immunity regulation and 
tumor immunity, IL-23 has not previously been reported 
as associated with durable clinical benefits in ICB in meta
static melanoma. To our knowledge, only one study of 
combo aPD-1/aCTLA-4 treated previously IO naive meta
static melanoma patients evaluated peripheral IL23 and 

found it was not statistically associated with response, but 
in a limited cohort with only 11 non-responders.19 In our 
cohort, higher baseline IL-23 was associated with response 
to treatment. When acting as a pro-inflammatory cytokine, 
IL-23 can prime T cell-mediated tumor control, but 
whether the fulfillment of an inflammatory function can 
explain the enhanced response with higher IL-23 in our 
cohort requires future study.

CXCL6 can function as an angiogenic cytokine that promotes 
angiogenesis,26 and is also known for its ability to recruit neu
trophils to target sites.27 However, CXCL6 has not been reported 
to associate with clinical outcome in melanoma patients pre
viously. In the current study, higher CXCL6 predicts a worse 
response, and is additionally part of a coordinated immune 

a.

c.

d.

b.

Figure 4. Predicting response and survival with CXCL6, IL-10, andIL-23.  
A. Joint association of DCB with CXCL6, IL-10, and IL-23. x and y axes correspond with the levels of IL-10 and CXCL6, and the size of the dots represent the IL-23 level. 
Responders are colored with blue and non-responders with sand. The dotted lines represent the median value of CXCL6 and IL-10. B. ROC of the multivariate logistic 
regression models implemented with different features. Odds ratio of patients predicted to be DCB by the three-feature model = 8.97 (95% CI: 3.36-24.00, p = 
0.0002827). C. Effect of feature scores on patients’ survival outcome. Patients were stratified into four groups using a feature score defined by the number of positive 
features (high IL23, low CXCL6, low IL10). D. Cox model on feature scores. (left) OS model showing hazard ratios of feature score 1 and 2, with 0 as reference. Feature 
score 3 was excluded from the model as the patient group with score 3 did not have any deaths. (right) PFS model showing hazard ratios of feature scores 1, 2, and 3, 
with 0 as reference.
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program consisting of CXCL5, IL-8, and CCL4. The function 
and sources of cytokines present in this program are all known to 
connect with neutrophils. CXCL5 and IL-8 are important med
iators of neutrophils trafficking28 and CCL4 is mainly produced 
by neutrophils, monocytes, and macrophages and attracts other 
immune cells.29 This cytokine program suggests a potential link 
between CXCL6 and neutrophil activities in regulation of 
response to therapy. Interestingly, a correlation between 
CXCL6 and absolute neutrophil counts in peripheral blood or 
tumor microenvironment was not detected in our data, suggest
ing that neutrophils interaction is a complex process. Whether 
peripheral CXCL6 level is associated with cytokine levels and 
neutrophil activity in the tumor microenvironment is an inter
esting future direction of investigation.

IL-10 may exert both pro and anti-tumor effects.30 Previous 
studies have shown that melanoma cells can secrete IL-10 to 
reduce immune surveillance in advanced melanoma patients.31 

Higher IL-10 levels may therefore be an indicator of an immu
nosuppressive state orchestrated by both tumor cells and 
tumor-associated inflammatory cells that can be reflected in 
circulating peripheral blood. However, some studies also 
report that IL-10 is closely correlated with other immune 
factors, suggesting that the elevation of IL-10 can represent 

a state of initiation of immune responses and subsequent 
suppression of those responses.8 Reflecting these different 
potential roles, IL-10 in clinical studies have been associated 
with conflicting phenotypes with treatment of ICB. Consistent 
with our current study, IL-10 has been implicated as prognostic 
of worse survival in stage IV melanoma patients.31 Conversely, 
one recent study on ipilimumab plus nivolumab treated mela
noma patients did not find pre treatment IL-10 associated with 
response to treatment,16 different from our cohort which finds 
a significant association with durable clinical benefit with 
lower IL-10 levels at baseline with a larger sample size. 
Instead, they found that IL-10 fold change was enriched in 
a subgroup of patients with better progression free survival, 
and in our cohort, although we did not see statistical signifi
cance between IL-10 increment and PFS, our data suggested 
a separation of patients survival outcomes (Supplemental 
Figure S11a). Further in that study, all the patients were treat
ment naive, whereas a subset of the patients in our cohort were 
IO-experienced. Indeed, when we stratified by prior IO- 
therapy, we found a stronger association in IO-experienced 
patients (Figure 5(e)), though the trends in both groups were 
similar and the same three-feature model predicted well in 
both subgroups (Figure 5(c)).

a. b.

d.

f.e.

c.

Figure 5. The effect of prior IO treatment on cytokines and their associations with response.  
A. Association between prior IO and DCB (Fisher’s exact test, p = 0.4, OR = 0.67). B. Systemic effect of prior IO on circulating cytokines from pre treatment time point. Van 
elteren tests were performed to evaluate baseline cytokines association with priorIO, adjusted by propensity scores for receiving priorIO. Significance test results are 
marked with asterisks in heatmap (*:p <0.05, **:p<0.01, ***:p <0.001) (patients with priorIO n = 24; patients without priorIO n= 65). C. AUC of applying three- feature 
model on IO treated and untreated patients subsets. (patients without priorIO: AUC = 0.8, patients with priorIO: AUC = 0.73). D. Association between response to 
therapy and CXCL6 levels stratified by prior IO. MWW tests were performed, with asterisks showing statistical significance (*:p <0.05, **:p<0.01, ***:p <0.001). E. 
Association between response to therapy and IL10 levels stratified by prior IO. MWW tests were performed, with asterisks showing statistical significance (*:p <0.05, **: 
p<0.01, ***:p <0.001). F. Association between response to therapy and IL23 levels stratified by prior IO. MWW tests were performed, with asterisks showing statistical 
significance (*:p <0.05, **:p<0.01, ***:p <0.001).
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As patients with earlier stage disease increasingly receive IO 
as adjuvant therapy, predicting response to combination IO in 
the Stage IV setting in this IO-experienced subgroup will 
become increasingly important.32 In addition, several studies 
have shown evidence for differential predictors of response 
based on exposure to IO treatment.23,24 Some cytokines are 
sensitive to prior IO9 and we showed in our study that prior IO 
can exert different impacts on the association between specific, 
individual cytokines and response – e.g. association between 
IL23 and response is stronger in prior IO naïve patients, while 
prior IO did not affect IL10 or CXCL6 with response. This 
emphasizes the need to take prior IO into account to more 
accurately identify predictors and interpret their roles in clin
ical outcome.

As a peripheral blood marker accessible from routine 
clinical testing, NLR has been widely investigated for its 
predictive and prognostic utilities, although a definitive 
conclusion about the mechanistic basis for NLR’s prognos
tic importance is still unclear. Neutrophils may facilitate the 
implantation of circulating tumor cells in the bloodstream33 

by NETosis, the process of neutrophils releasing NETs 
(neutrophil extracellular traps, web-like structures com
posed of DNA-histone complexes and proteins), and con
tribute to tumor angiogenesis by producing vascular 
endothelial growth factor.34 Neutrophils may also exhibit 
anti-tumor activities possibly due to their functional 
plasticity.34 Lymphocytes are considered the major effector 
cells involved in anti-tumor responses.35 NLR, the ratio of 
neutrophils and lymphocytes counts, was therefore consid
ered as a potential indicator of the balance between tumor 
promoting inflammation and anti-tumor activities, with 
elevated NLR reflecting a dysfunctional state of host 
immune response.10,36

NLR has been shown to associate with higher risk of death 
broadly as a general disease marker in ICB-treated metastatic 
melanoma. Most studies have looked at single agent ICI, and 
found that higher NLR associated with resistance. Among stage 
III-IV melanoma patients treated with aCTLA-4, higher NLR 
at baseline has been shown to associate with higher risk of 
progression and death.12,22,37,38 Among metastatic melanoma 
patients treated with aPD-1, similarly, higher NLR has been 
reported consistently to associate with increased risk of overall 
survival.39,40 Contrary to the extensive studies in single-agent 
ICB settings, NLR’s prognostic value in ipi+nivo combination 
therapy is less well-known. In a prior study that evaluated NLR 
in ipi+nivo, pre treatment higher NLR (defined as ≥ 4.73) is 
reported to associate with higher risk of death.13 Differently 
from our cohort, after applying the reported thresholds of NLR 
(≥4.73), we did not find higher pre-treatment NLR signifi
cantly associated with survival (log rank test, p > 0.05), 
although the trends are similar (higher NLR trended toward 
worse outcome) (Supplemental Figure S11d). We reasoned 
that NLR was observed as predictive of response in monother
apy but not in our combination treatment setting potentially 
due to different response rates of these treatment regimens. 
NLR may be associated with resistance to aPD1, however, since 
response rates are much higher in combination therapy, com
bination treatment may overcome the resistance associated 
with aPD1 and therefore NLR is no longer a predictive 

biomarker in combination therapy setting. Different from 
prior investigations that only assessed pretreatment NLR, our 
study additionally profiled NLR dynamics during treatment. 
We found that early on-treatment (post 1 timepoint), higher 
NLR not only associated with increased risk of progression and 
death, but also associated with lack of durable clinical benefit. 
We further revealed that the elevation of NLR was primarily 
driven by lack of increase of lymphocytes among non- 
responders. Overall, our observation augments existing prog
nostic NLR findings while highlighting the value of early on 
treatment NLR assessment. Our results underscore the poten
tial of longitudinally monitoring clinical labs values including 
NLR, particularly in the context of nivolumab plus ipilimumab 
combination ICB treatment.

Our data provides strong candidates and a potential biolo
gical explanation for response and resistance to combination 
checkpoint blockade, but further studies are necessary to func
tionally validate the biological mechanisms behind these cyto
kines. Our samples were collected from a single institution, 
which limits the variation in patient geography and history. 
Additional studies from independent cohorts will provide 
a broader scope.

Overall, our study, using immune features from peripheral 
blood, provides an approach for identifying patients who are 
likely to respond to nivolumab plus ipilimumab combination 
ICB, as well as a subset of patients with high risk of developing 
resistance and are thus in need of alternative therapeutic 
options, such as clinical trials.
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