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Summary
Background Inflammation can modulate tumour growth and progression, and influence clinical response to treat-
ment. We investigated the potential of circulating inflammatory proteins for response stratification of immune
checkpoint inhibitor (ICI) therapy for advanced melanoma.

Methods Study subjects were 87 patients with unresectable stage III or IV cutaneous melanoma from the multiple
centres across the United Kingdom (UK) and the Netherlands (NL) who received ipilimumab, nivolumab, or pem-
brolizumab, or a combination of ipilimumab and nivolumab. Serum samples were collected before and during ICI
therapy at follow-up visits scheduled every third week over a 12-week period. We performed targeted quantification
of 92 proteins involved in inflammation and tested for association of their pre-treatment and on-treatment levels, as
well as longitudinal changes, with overall response rate, progression-free survival, and overall survival.

Findings We observed consistently higher pre-treatment levels of interleukin-6 (IL-6), hepatocyte growth factor
(HGF), and monocyte chemotactic protein 2 (MCP-2), in non-responders compared to responders (meta-analysis
p=3.31 £ 10�4, 2.29 £ 10�4, and 1.02 £ 10�3, respectively). Patients' stratification according to the median value of
IL-6, HGF, and MCP-2 highlighted a cumulative negative effect of pre-treatment levels of the three proteins on
response (p=1.13 £ 10�2), with overall response rate among patients presenting with combined elevated IL-6, HGF,
and MCP-2 levels being three-fold lower (26.7%) compared to patients with none of the three proteins elevated
(80.0%, p=9.22 £ 10�3). Longitudinal data analysis showed that on-treatment changes in circulating inflammatory
proteins are not correlated with response.

Interpretation Our findings are in line with an increasing body of evidence that the pro-inflammatory cytokine IL-6
can influence response to ICI in advanced melanoma, and further support a role of circulating HGF and MCP-2 lev-
els as prognostic biomarkers as suggested by previous smaller studies. Inflammatory proteins may serve as predic-
tive biomarkers of ICI response and valuable targets for combination therapy.
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Research in context

Evidence before this study

Immune checkpoint inhibitor (ICI) therapy has revolu-
tionised cancer care, with significant survival advan-
tages observed in multiple tumour types, including
melanoma. However, more than 50% of patients still do
not achieve sustained clinical long-term benefit from
this treatment. Inflammation is a hallmark of cancer and
may affect ICI efficacy by steering the anti-tumour
response. Growing evidence suggests that inflamma-
tory proteins, and particularly interleukins, can affect
tumour response to ICI and could thus be targeted in
combination therapy with ICI to maximize the therapeu-
tic effect. However, inflammatory proteins’ contribution
to response to ICI in advanced melanoma remains
unclear. Additionally, there is a stark paucity of exten-
sive studies of inflammatory proteins in patients under-
going immunotherapy for advanced melanoma.

Added value of this study

To our knowledge, this is the most extensive longitudi-
nal study of circulating inflammatory in patients with
advanced melanoma treated with single or combination
ICI. Our data show that elevated pre-treatment serum
levels of IL-6, HGF and MCP-2 are associated with sub-
stantially (up to three-fold) lower ICI response rates.

Implications of all the available evidence

This study highlights the potential utility of circulating
inflammatory proteins to identify patients with
advanced melanoma who may benefit most from ICI
combined with cytokines antagonists. While large pro-
spective studies are needed to confirm and refine our
findings, the results presented here could serve to sup-
port clinical decision-making to optimise treatment
response.
Introduction
Therapeutic targeting of immune checkpoints such as
programmed death-ligand 1 (PD-L1), programmed cell
death protein 1 (PD-1), and cytotoxic T-lymphocyte-asso-
ciated protein 4 (CTLA-4) with immune checkpoint
inhibitors (ICIs) has revolutionised the treatment of
advanced cutaneous melanoma as well as other tumour
types over the past decade. Several landmark rando-
mised trials have shown durable survival benefits, par-
ticularly for patients who received combination ICI,1

resulting in changes to the standard of care.2 Despite
these advances, clinical outcomes remain highly vari-
able, and over 50% of treated patients show no benefi-
cial clinical response (i.e., non-responders) or develop
resistance to treatment.3 Predictive biomarkers for
response to ICI are needed to advance future personal-
ised immunotherapies for melanoma. Candidate bio-
markers were first reported for tumour cells and in the
surrounding immune-micro-environment, and include
PD-L1 expression,4tumour mutational burden,5,6 pres-
ence of lymphoid infiltrates,7�9and expression levels of
interferon (IFN)-g-inducible genes,10among others.
However, the clinical applicability of these biomarkers
is still debated due to the inconsistency of findings and
current limitations associated with the use of tumour
biopsies. For this reason, significant effort has been ded-
icated to the quest for blood-based biomarkers, as
peripheral blood sampling is minimally invasive and
repeatable, and thus offers a unique opportunity to
explore the systemic anti-cancer immunity of the
patient throughout the treatment course. At present,
proposed host peripheral biomarkers of response to ICI
in melanoma include pre-treatment and early on-treat-
ment changes in circulating immune cells
composition,11�13 pre-treatment serum levels of lactate
dehydrogenase (LDH),14soluble forms of CTLA-4,15 PD-
1, and PD-L1,16 as well as inflammatory proteins17,18

(i.e., C-reactive protein (CRP) and interleukins).
In this context, circulating inflammatory proteins,

and particularly cytokines, hold the potential to serve as
both predictive biomarkers of response to ICI and candi-
date targets for combination therapy in advanced mela-
noma. These proteins are involved in tumour
development and progression, and regulate host
immune activity, promoting the recruitment of
immune cells into the tumour microenvironment and
regulating the expression of immune checkpoint recep-
tors, including PD-1.19

Here, we investigated the relationship between pre-
treatment and on-treatment circulating inflammatory
proteins and clinical endpoints of response to therapy
in a unique dataset of 87 patients with advanced mela-
noma treated with single or combination ICI. Our data
show that pre-treatment levels of interleukin-6 (IL-6),
hepatocyte growth factor (HGF) and monocyte
www.thelancet.com Vol 83 Month , 2022
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chemotactic protein-2 (MCP-2) are additive biomarkers
of poor response, and suggest limited capability of on-
treatment changes in circulating inflammatory proteins
to capture mechanisms of response.
Methods

Study subjects
Study subjects were 48 and 39 patients of European
ancestry with advanced melanoma from the UK and the
Netherlands (NL), respectively, treated with immuno-
therapy as part of the PRIMM-UK, LEEDS, COLIPI,
POINTING, and OncoLifeS studies (Supplementary
Methods).

Patient inclusion criteria were: (i) histologically or
cytologically confirmed unresectable stage III or stage
IV cutaneous melanoma (ii) received treatment with
ICI (nivolumab, pembrolizumab, ipilimumab, or a com-
bination of ipilimumab and nivolumab) at a recom-
mended dose as first-line ICI, and (iii) 18 years of age or
older. All patients meeting inclusion criteria were
offered the opportunity to participate unless it was
deemed inappropriate due to advanced age and incapac-
ity, or language difficulties. Patients were followed up
in their respective cancer centres as per standard-of-
care, with research nurses ensuring appropriate capture
of survival data.
Ethics
The PRIMM-UK study was approved by the South Cen-
tral Berkshire committee of the Research Ethics Serv-
ices (RES) of the NHS. The LEEDS study was approved
by the North West - Greater Manchester West Research
Ethics Committee with reference number 15/NW/0933.
The COLIPI, POINTING, and OncoLifeS studies have
been approved by the Medical Ethical Committee (in
Dutch: Medisch Ethische Toetsingsingscommissie or
METc) of the University Medical Center Groningen
(UMCG) in the Netherlands. Written informed consent
was obtained from all patients.
Clinical outcomes
Response to ICI was defined based on radiological eval-
uation according to Response Evaluation Criteria in
Solid Tumours (RECIST) v1.1 criteria (Supplementary
Methods).20 Patients were classified as responders
(including complete response, partial response, or sta-
ble disease at radiological evaluation approximately six
months after ICI initiation) or non-responders (progres-
sive disease). Clinical endpoints included overall
response rate (ORR), progression-free survival (PFS, i.
e., the time from the first dose of ICI to progressive dis-
ease or death from any cause), and overall survival (OS,
i.e., the time from the first dose of ICI to death). To
include late responders in our analysis, patients with
www.thelancet.com Vol 83 Month , 2022
progressive disease on the first radiological evaluation
but a response at the second radiological evaluation
compared to baseline imaging were also labelled res-
ponders. Patients with progressive disease on the first
radiological evaluation that was confirmed on the next
follow-up scan, or patients with progressive disease on
the first radiological evaluation that were unable to com-
plete a confirmation scan due to clinical progression or
death were labelled non-responders.
Sample collection
Serum samples were collected before (i.e., baseline sam-
ples) and during ICI (i.e., follow-up samples) approxi-
mately every third week after ICI initiation
(Supplementary Figure 1). Follow-up samples were
grouped according to the time from the start of treat-
ment into i) early follow-up samples, comprising sam-
ples collected within 2�5 weeks after ICI initiation
(typically before 2nd ICI cycle) and ii) late follow-up sam-
ples, comprising samples collected within 5�12 weeks
after ICI initiation (typically after 2nd ICI cycle; Supple-
mentary Figure 1). When multiple samples were avail-
able within the same time window, the sample collected
at the follow-up visit closest to the window midpoint
(i.e., 3 and 9 weeks for early and late follow-up windows,
respectively) was used.
Inflammatory proteins measurement
We used the Proximity Extension Assay technology
(Olink Inflammation panel, Olink� Proteomics) to mea-
sure 92 inflammatory proteins in serum.21Data was pre-
processed by Olink using Olink� NPX Manager soft-
ware, and provided in an arbitrary log2-scaled unit (Nor-
malised Protein eXpression, NPX) defined by
normalising and log2-transforming the Ct (cycle thresh-
old) values obtained from the quantitative polymerase
chain reaction (qPCR). Proteins with >25% of the sam-
ples below Olink predetermined lower detection limit
(LOD) were discarded (n=15; Supplementary Figure 2).
For remaining proteins, values below the LOD were
removed. In addition, we excluded extreme values
exceeding a relaxed threshold of four standard devia-
tions (SD) from the protein sample mean to reduce the
risk of bias in the association test statistic while avoiding
overfiltering. According to Chebyshev's theorem, up to
»5% of the data may exceed four SD from the sample
mean from any arbitrary distribution, thus leaving
at least »95% of the data for subsequent analysis.
Additional details about the 92 markers and data pre-
processing are available at https://www.olink.com/
resources-support/document-download-center/. To
assess the presence of sample stratification, we per-
formed principal component analysis (PCA) on proteo-
mic data.
3
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Statistics
Data processing and analysis were done in R (v4.1.2).

Primary patients’ characteristics were summarised
using frequencies and proportions for categorical varia-
bles, and using median, interquartile range (IQR), and
range for continuous variables. We used Fisher’s exact
test and Kruskal-Wallis’ test to compare categorical and
continuous variables, respectively, between study
centres and between responders and non-responders.
P-values <0.05 were considered significant.
Association between pre-treatment inflammatory
proteins and response rate
To identify predictive biomarkers of response to ICI,
mean baseline differences of the 77 inflammatory
proteins (mean log2-FC) between responders and
non-responders were estimated in patients from the
UK and the NL, along with their respective standard
deviations, and supplied to a random-effects meta-
analysis model using the restricted maximum-likeli-
hood estimator (rma function, metafor R package,
v3.4-0). Due to the correlation between inflammatory
proteins (Supplementary Figure 3), we used Li’s
method22 to estimate the effective number of inde-
pendent tests, in order to correct for multiple
hypothesis testing. The derived random-effects
p-value threshold for statistical significance was
0.05/42 = 1.19 £ 10�3.
Response rate prediction and ROC
We used the least absolute shrinkage and selection oper-
ator (LASSO) to estimate the ability of pre-treatment lev-
els IL-6, HGF, and MCP-2 to discriminate between
responders and non-responders. Two nested models
were trained in the UK sample, namely (i) a full model,
where pre-treatment IL-6, HGF, and MCP-2 levels, as
well as clinical/demographic variables associated with
ORR (namely sex, age, BMI, and metastatic stage), were
included as predictors, and (ii) a null model, including
only the clinical/demographic variables. For each
model, the λ parameter was selected to minimise the
cross-validation prediction error using a leave-one-out
cross-validation (LOOCV) setting (glmnet R package
v4.1-4). Model performance was evaluated by means of
the AUC-ROC (area under the receiver operating char-
acteristic curve) obtained in the NL sample. We used
permutation testing to evaluate the contribution of IL-6,
HGF, and MCP-2 to the full model performance over
the null model. More in detail, we generated 1000 ran-
dom permutations of the test set (i.e., NL sample) where
labels indicating protein levels were randomly per-
muted as a single set, thus preserving their natural cor-
relation structure. Conversely, age, sex, BMI, and
metastatic stage, were not permuted. Next, we estimated
the AUC-ROC of the original full model for each
random reshuffling of the test set, thus providing a null
distribution for the performance of the model based on
pre-treatment IL-6, HGF, and MCP-2 levels to predict
ORR. An empirical p-value was estimated as the proba-
bility of observing an AUC-ROC larger than the one
observed in the original test set. An empirical p-value
<0.05 was considered significant.
Longitudinal analyses of pre- and on-treatment
inflammatory proteins
We exploited the longitudinal measurements of cir-
culating inflammatory proteins to investigate: (i) the
overall effect of ICI on inflammatory protein levels
independently from response to treatment (i.e.,
paired pre-post ICI initiation in combined respond-
ers and non-responders), (ii) the association between
longitudinal changes of inflammatory protein levels
(i.e., change scores) and ORR, and (iii) the behaviour
throughout the treatment course of the pre-treatment
inflammatory proteins showing association with ORR
at the baseline. Statistical differences were deter-
mined using two-sided Wilcoxon tests. For each fol-
low-up time window (i.e., 2�5 and 5�12 weeks post-
ICI initiation), protein change scores were obtained
by subtracting measurements taken at follow-up
from those taken at baseline. We implemented a
multivariate permutation test (MPT) to compute sta-
tistical significance while controlling for family-wise
error rate resulting from multiple comparisons (Sup-
plementary Methods).23 For each follow-up time win-
dow, empirical p-values were obtained using MPT
based on 5,000 permutations of the dataset. Empiri-
cal p-values <0.05 were considered significant. Cor-
relation of longitudinal changes of serum proteins
following ICI initiation between responders and non-
responders was assessed by means of the Pearson
correlation between the change scores of the 77
inflammatory proteins at 2�5 (early follow-up) and
5�12 weeks (late follow-up) post-ICI initiation.
Association between inflammatory proteins, and PFS
and OS
We examined the correlation between pre-treatment
inflammatory proteins associated with ORR at base-
line and PFS and OS using the log-rank test (log-
rank.test function, nph R package, v2.0) on
dichotomised protein levels (i.e., low vs high) at the
median expression value. Survival curves were esti-
mated using the Kaplan�Meier method (survfit func-
tion, survival R package, v3.2-13). To assess the
significance of the log-rank statistics empirical p-val-
ues were estimated using MPT based on 5000 per-
mutations, separately for OS and PFS. Empirical
p-values <0.05 were considered significant.
www.thelancet.com Vol 83 Month , 2022
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Quantitative estimation of serum biomarkers using
Luminex
To provide clinically-interpretable estimates of the mag-
nitude of the effect of inflammatory proteins on clinical
endpoints of response to ICI, we quantified the absolute
pre-treatment serum concentration of inflammatory
proteins associated with ORR at baseline using a cus-
tom Luminex-based assay (Luminex, Austin, TX, USA;
Supplementary Methods). Spearman correlation was
used as a measure of concordance between Olink and
Luminex data.

Association between Luminex-derived protein levels
and ORR was assessed using logistic regression (glm
function, stats R package, v4.1.1). Sex, age, body mass
index (BMI), and metastatic stage were included as cova-
riates in the analysis. Confidence intervals for regres-
sion coefficients were obtained by fitting the same
model on 1000 simulated datasets of equal size
obtained by randomly sampling the original dataset
with replacement. P-values <0.05 were considered sig-
nificant.

Survival analysis was performed using multivariate
Cox proportional hazards regression on Luminex data
(coxph function, survival R package, v3.2-13). Age, sex,
BMI, metastatic stage, and LDH levels were included as
covariates. To assess violation of the proportional haz-
ards assumption, we used the cox.zph function (survival
R package, v3.2-13) to obtain the global x2 statistic for
each model. We considered the assumption as met if
the global x2 p-value was >0.05.
Role of funders
The funders had no role in the study design, data collec-
tion, data analysis, data interpretation, or writing of this
report.
Results
Study subjects were 87 previously ICI-naive patients
with unresectable stage III or IV melanoma undergoing
ICI treatment from the UK (n=48) and the NL (n=39;
Table 1; Supplementary Figure 1). The average age was
62 years, and 66% of the patients (n=57) were males
(Table 1). Forty-six patients were classified as responders
and 41 as non-responders, corresponding to an ORR of
52.9%. Patients’ sex, age, BMI, LDH levels, ECOG-PS,
BRAF mutational status, and ORR were similar across
the UK and the NL sample (p>0.05). While patients’
age did not associate with ORR, patients’ sex was associ-
ated with ORR and OS, with males having lower odds of
positive response to ICI compared to females (odds
ratio, (OR)[95% CI]=0.27[0.09�0.76]; Fisher
p=6.90 £ 10�3), as well as shorter survival (HR[95% CI]
=2.18[1.11�4.30]; log-rank p=0.046). Additionally, BMI
showed a weak negative association with response to
www.thelancet.com Vol 83 Month , 2022
ICI, after accounting for age and sex (OR[95% CI]=0.91
[0.82�0.99], p=4.66 £ 10�2).

We observed differences across the UK and NL sam-
ple with respect to: (i) the proportion of patients receiv-
ing single or combination therapy (Fisher
p=1.66 £ 10�3), with patients from UK receiving mainly
a combination of ipilimumab and nivolumab (56.2%),
while a large fraction (48.7%) of patients from NL
receiving nivolumab alone, and (ii) tumour stage, with
patients from UK showing overall a lower prevalence of
M1d disease (8.3%) compared to patients from NL
(48.7%, Fisher p=9.70 £ 10�5).

In the combined sample, BRAF mutation status and
ECOG-PS (ECOG-PS=0 vs ECOG-PS�1) were not asso-
ciated with either ORR or OS (p>0.05), while higher
cancer stage was associated with both poorer ORR (OR
[95% CI]=0.62[0.39�0.94]; p=0.030) and OS (HR[95%
CI]=1.52 [1.05�2.19]; p=0.026), after accounting for age,
sex and BMI. Elevated LDH levels were negatively asso-
ciated with OS (HR[95% CI] = 2.38[1.14�4.97]; log-rank
p=7.82 £ 10�3), but not with ORR (p>0.05). Combina-
tion therapy did not associate with improved ORR or
OS over monotherapy, likely due to the small sample
size.

Baseline serum samples were collected from the 87
patients on average 7 days before starting ICI (median
[IQR]=2[0-6] days before ICI initiation). Follow-up
serum samples were available for 56 patients. These
included 46 patients (19 non-responders and 27 res-
ponders) with a follow-up sample taken 2�5 weeks after
starting the treatment (i.e., early follow-up window,
mainly comprising samples collected before starting the
2nd ICI cycle) and 35 patients (11 non-responders and 24
responders) with a follow-up sample available within
5�12 weeks from ICI start (i.e., late follow-up window,
mainly comprising samples collected after starting the
2nd ICI cycle). Serum samples were used to measure
the expression levels of 92 inflammatory proteins
(Olink Inflammation panel). Of the 92 proteins, 15 were
below the assay limit of detection in >25% of the sam-
ples and were therefore discarded, leaving 77 proteins
for subsequent analyses (Supplementary Figure 2). We
did not find evident sample stratification based on prote-
omic data due to study centres or plate effects (Supple-
mentary Figure 4).

We first looked for inflammatory proteins consis-
tently associated with response to ICIs across patients
from the UK and the NL in relation to ORR (Figure 1).
Pre-treatment levels of IL-6, HGF, and MCP-2 were
higher in non-responders compared to responders in
the meta-analysis (Figure 2-a), with the pooled esti-
mated mean log2-FCs [95% CIs] being 0.90[0.41�1.39]
(p=3.31 £ 10�4), 0.41[0.19�0.63] (p=2.29 £ 10�4), and
0.48[0.19�0.76] (p=1.02£ 10�3), respectively (Figure 2-
a; Supplementary Table 1). We didn’t observe evidence
of heterogeneity between UK and NL in terms of IL-6,
HGF, and MCP-2 effects on ORR (Cochran’s Q p>0.05;
5



All UK NL p pORR pOS

Clinical details

N 87 48 39

Sex (males) 57 (65.5%) 35 (72.9%) 22 (56.4%) 0.119 <0.01 <0.05

Age 62 [53�73] 63 [52�80] 59 [54�67] 0.235 0.459 0.134

BMI (kg/m2) 27.1 [24.4� 32.0] 28.2 [24.5� 32.1] 26.4 [24.1�30.6] 0.234 <0.05 0.389

Tumour BRAF mutant 40 (46.5%) 17 (36.2%) 23 (59.0%) 0.050 0.387 0.844

Elevated LDH 30 (34.5%) 20 (41.7%) 10 (25.6%) 0.173 0.259 <0.01

Metastatic stage

III unresectable 5 (5.7%) 4 (8.3%) 1 (2.6%) <0.001 <0.05 <0.05

IV M1a 12 (13.8%) 10 (20.8%) 2 (5.1%)

IV M1b 15 (17.2%) 12 (25.0%) 3 (7.7%)

IV M1c 32 (36.8%) 18 (37.5%) 14 (35.9%)

IV M1d 23 (26.4%) 4 (8.3%) 19 (48.7%)

ECOG performance status

0 46 (52.9%) 21 (43.8%) 25 (64.1%) 0.190 0.287 0.114

1 32 (36¢8%) 22 (45.8%) 10 (25.6%)

2 7 (8.0%) 4 (8.3%) 3 (7.7%)

3 2 (2.3%) 1 (2.1%) 1 (2.6%)

Treatment

Nivolumab & ipilimumab 39 (44.8%) 27 (56.2%) 12 (30.8%) <0.01 0.831 0.089

Pembrolizumab 21 (24.1%) 14 (14.6%) 7 (17.9%)

Nivolumab 26 (29.9%) 7 (29.2%) 19 (48.7%)

Ipilimumab 1 (1.1%) 0 (0.0%) 1 (2.6%)

Outcome

Responders 46 (52.9%) 23 (47.9%) 23 (59.0%) 0.389 n.a. <0.001

Responders classification

Complete response 6 (13.0%) 5 (21.7%) 1 (4.3%) 0.068 n.a. n.a.

Partial response 25 (54.3%) 14 (60.9%) 11 (47.8%)

Late response 3 (6.5%) 0 (0.0%) 3 (13.0%)

Stable disease 12 (26.1%) 4 (17.4%) 8 (34.8%)

Table 1: Demographic characteristics, treatment details, and response by RECIST v1.1 of 87 patients with advanced melanoma from the
UK and the NL.
For continuous variables, median and IQR range (within brackets) are shown, whereas absolute count and percentage (within parentheses) are shown for cate-

gorical variables. P-values of the association between clinical variables and study centre (p), ORR (pORR), and OS (pOS) are shown. Differences between study

centres were tested using Kruskal-Wallis’ test (for continuous variables) and Fisher's exact test (for categorical variables). Association between age and ORR

and OS was evaluated using Kruskal-Wallis’ test and log-rank test, respectively. For the log-rank test, age was dichotomized at the median value. Associations

between sex, LDH levels, BRAF mutation status, ECOG-PS (ECOG-PS=0 vs ECOG-PS�1), and treatment type (single vs combined) were assessed using Fish-

er's exact test and log-rank test for ORR and OS, respectively. Association between BMI and ORR and OS was assessed using logistic regression and Cox regres-

sion, respectively, while accounting for patients’ age and sex. Association between metastatic stage and ORR and OS was assessed using logistic regression and

Cox regression, respectively, while accounting for patients’ age, sex, and BMI.
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Figure 2-a; Supplementary Table 1). Elevated pre-treat-
ment IL-6 levels were also associated with shorter OS
(log-rank p=9.95 £ 10�3; Figure 2-b).

To explore underlying effects of different ICI regi-
mens on proteins’ association with ORR, we assessed
the association between pre-treatment serum levels of
IL-6, HGF, or MCP-2 and ICI agent (single vs com-
bined) but found no evidence of association at an alpha
threshold of 0.05.

LASSO regression was performed to estimate the
prediction ability of IL-6, HGF, MCP-2 to segregate res-
ponders and non-responders (Methods). We achieved
an AUC-ROC of 0.80 in test set when IL-6, HGF, and
MCP-2 were included as predictors, together with age,
sex, BMI, and metastatic stage (Figure 2-d). The AUC-
ROC in the test set dropped to 0.69 when the three
cytokines were excluded from the set of predictors. Per-
mutation analysis confirmed that IL-6, HGF, MCP-2
have a relevant contribution over clinical/demographic
variables to discriminate between responders and non-
responders (pemp=4.00 £ 10�3).

Next, we explored the contribution of ICI on
dynamic inflammatory protein changes irrespective of
response status. In combined responders and non-res-
ponders, we observed a significant increase from base-
line in follow-up levels of TNF receptor superfamily
member 9 (TNFRSF9; mean FC=1.43, paired Wilcoxon
p=1.57 £ 10�10) and CXC motif chemokine ligand 9
www.thelancet.com Vol 83 Month , 2022



Figure 1. Flow diagram of the progress through phases of the analysis.
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(CXCL9; mean FC=2.41, p=5.81 £ 10�8) at the early fol-
low-up window (Supplementary Table 3; Supplemen-
tary Figure 6). CXCL9 levels also increased from
baseline at the late follow-up window (mean FC=2.51,
p=5.26 £ 10�8; Supplementary Table 3, Supplementary
Figure 6). Subsequently, we investigated if dynamic
changes in circulating inflammatory proteins follow-
ing ICI initiation reflect immunological mechanisms
of response to ICI, and thus tested the association
between longitudinal variations of the 77 inflamma-
tory proteins and ORR. There was no difference
between responders and non-responders in terms of
protein change from baseline at either early or late
follow-up windows (pemp>0.05, Supplementary Table
4), with protein change scores being correlated
between responders and non-responders at both time
windows (Pearsonearly r=0.71, p=6.54 £ 10�13; Pear-
sonlate r=0.64, p=4.88 £ 10�10; Supplementary
Figure 7). In line with these observations,
www.thelancet.com Vol 83 Month , 2022
inflammatory proteins associated with ORR at base-
line remained consistently higher in non-responders
compared to responders also at follow-up (Supple-
mentary Figure 8). IL-6, HGF, and MCP-2 levels
were higher in non-responders compared to respond-
ers at the early follow-up window (mean FC = 1.24,
1.27, and 1.35, Wilcoxon p = 2.32 £ 10�2,
2.75 £ 10�3, and 3.31 £ 10�2, respectively; Supple-
mentary Table 5), and IL-6 levels were elevated at
the late follow-up window (mean FC=1.60,
p=1.33 £ 10�2; Supplementary Table 5; Supplemen-
tary Figure 8).

To validate our findings and improve their clinical
interpretability, we used a custom Luminex-based assay
to quantify the absolute pre-treatment serum concentra-
tion of IL-6, HGF, and MCP-2, and calculate estimates
of their effect on ORR per picograms/millilitre (pg/mL)
increase. Additional serum samples were available at
baseline for 81 out of 87 patients, including 41
7



Figure 2. (a) Forest plots of the meta-analysis showing the mean difference between responders and non-responders of the three
pre-treatment inflammatory proteins (Olink data) that associate with ORR. For each of the two datasets (i.e., UK and NL), we report
the number of responders (R) and non-responders (NR), the dataset weight in the random-effects meta-analysis, the mean protein
difference (log2-FC), along with its 95% CIs. Pooled mean effect sizes, with 95% CIs and p-values are also shown, as well as the statis-
tics of Cochran tests for heterogeneity. (b) Survival curves in the 87 patients with advanced melanoma presenting with high (black
line) and low (grey line) pre-treatment IL-6 levels, as measured using the Olink assay. Vertical lines indicate censored data points.
Log-rank test hazard ratio (HR), along with the 95% CI and p-value, is shown. (c) Bar plot showing response rates in the 87 patients
with advanced melanoma, stratified according to the number of inflammatory markers of response (i.e., IL-6, HGF, and MCP-2, as
measured using the Luminex assay) being elevated (i.e., above the median) at baseline. (d) AUC-ROC curve showing ORR prediction
accuracy, as estimated by training a LASSO logistic regression model using LOOCV in the UK sample and using the NL sample as val-
idation set. Variables included in the LASSO model were age, sex, BMI, metastatic stage, IL-6, HGF, and MCP-2 (Olink data). AUC, area
under the curve; LOOCV, leave one out cross-validation.
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responders and 40 non-responders, corresponding to
93% of the subjects included in the Olink assay analysis.
Protein measures were highly concordant between the
Olink and Luminex assays (Spearman’s r=0.69�0.89,
p<2.10 £ 10�12; Supplementary Figure 5). Serum level
ranges of IL-6, HGF, and MCP-2 were 0.20�19.21,
32.44�536.72, and 14.83�117.89 pg/mL, respectively,
and the estimated ORs for ORR per pg/mL increase in
www.thelancet.com Vol 83 Month , 2022
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serum protein level were 0.76 (95% CI=0.32�0.90,
p=7.70 £ 10�3), 0.99 (95% CI=0.97�0.99,
p=2.78 £ 10�3), and 0.97 (95% CI=0.93�1.00,
p=3.85 £ 10�2), respectively (Supplementary Table 2),
after accounting for age, sex, BMI, and metastatic stage.
As pre-treatment IL-6 also showed an association with
OS, we performed multivariate Cox regression analysis
on the Luminex data to estimate the contribution of cir-
culating IL-6 levels on patients' survival. The resulting
hazard ratio for the rate of death per pg/mL increase in
IL-6 was 1.90 (95% CI=1.32�2.73, p=5.46 £ 10�4) after
accounting for age, sex, BMI, metastatic stage, and
LDH levels.

Of note, while we observed higher pre-treatment
levels of IL-6 among patients with elevated LDH lev-
els or ECOG-PS�1 compared to patients with normal
LDH levels or ECOG-PS=0 (Wilcoxon p=2.11 £ 10�4

and 1.44 £ 10�4, respectively; Supplementary Figure
9), IL-6 showed consistent association with ORR
when LDH and ECOG-PS were added as covariates
to multivariate logistic regression model (p<0.05).
Similarly higher pre-treatment IL-6 levels were asso-
ciated with shorter survival when ECOG-PS was
added as covariates to the multivariate Cox regres-
sion models (p<0.01).

Lastly, to further evaluate the capability of pre-treat-
ment IL-6, HGF, and MCP-2 levels to discriminate
between responders and non-responders, we stratified
patients according to the median value of the distribu-
tions of these proteins (Luminex data) in our sample.
Median[IQR] pre-treatment levels of IL-6, HGF, and
MCP-2 in the lower half were 0.90[0.67�1.19], 147.17
[120.21�169.92], and 40.85[33.45�48.15] pg/mL,
respectively, while in the upper half were 2.29
[1.82�4.92], 247.22[218.89�300.47], and 68.11
[60.14�85.68] pg/mL, respectively. Prevalence of ele-
vated (i.e., above the median) pre-treatment levels of IL-
6, HGF, and MCP-2 among responders was 36.6%,
36.6%, and 35.9%, respectively, while among non-res-
ponders was 64.1% (Fisher p=2.47 £ 10�2), 64.9%
(p=2.27 £ 10�2), and 64.1% (p=2.29 £ 10�2), respec-
tively (Supplementary Figure 10). ORR exhibited a lin-
ear decrease with increasing number of these
inflammatory proteins being elevated: ORR in patients
in the upper half of all the three proteins (26.7%) was
three-fold lower compared to patients with below-median
levels of all three proteins (80.0%, Fisher p=9.22£ 10�3,
Figure 2-c), while patients with above-median levels of
two or only one protein(s) showed intermediate response
rates of 42.1% and 60.0%, respectively (Figure 2-c). Nota-
bly, we found evidence for an additive effect of elevated
pre-treatment levels of IL-6, HGF, and MCP-2
on decreased ORR (OR[95% CI]=0.45[0.23�0.81];
p=1.13 £ 10�2), as estimated by regressing ORR on the
total number of elevated proteins, and accounting for
age, sex, BMI, and metastatic stage.
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Discussion
We have conducted, to the best of our knowledge, the
largest longitudinal study to date exploring the relation-
ship between multiple circulating markers of inflamma-
tion and response to therapy in patients with advanced
melanoma undergoing both single-agent (55%) and
combination (45%) ICI.

Higher pre-treatment levels of either IL-6, HGF, or
MCP-2 were consistently associated with lower ICI
response rates, with the estimated OR[CI] per pg/mL
increase being 0.76[0.32�0.90], 0¢99[0.97�0.99], and
0.97[0.93�1.00], respectively. Pre-treatment IL-6 levels
were also negatively associated with patients’ OS, with a
resulting hazard ratio[CI] per pg/mL increase of 1.90
[1.32�2.73].

IL-6 is a key pleiotropic immunomodulatory cyto-
kine secreted by both normal and tumour cells, and its
role in inflammatory-associated carcinogenesis, tumour
growth, and angiogenesis has been extensively
described.24 Elevated pre-treatment IL-6 levels have
been associated with reduced ICI response rates by two
independent studies on unresectable stage III or IV
melanoma, including a study of 35 patients treated with
nivolumab,25and a larger study of 140 patients treated
with sequential administration of nivolumab followed
by ipilimumab (or vice versa).17

HGF is a multi-functional factor involved in cell
growth, cell motility, and morphogenesis, and has
been reported to be involved in cancer by promoting
angiogenesis, tissue regeneration, tumourigenesis
and metastasis.26 In transgenic mice overexpressing
HGF, ultraviolet-B exposure promoted the early
appearance of rapidly enlarging primary melanomas,
showing enhanced invasive and metastatic behav-
iour.27 Negative association between serum HGF
and ORR has been previously observed in 29 Japa-
nese patients with metastatic melanoma receiving
either nivolumab or pembrolizumab,28 and the pres-
ent study confirms the validity of this association in
a larger sample of European ancestry.

MCP-2 functions in a wide variety of inflammatory
cells as a chemotactic factor,29 and previous work has
indicated an oncogenic role for MCP-2 by fostering a
prometastatic environment.30,31 A study in 28 patients
with metastatic melanoma previously reported that
baseline melanoma biopsies from ICI-resistant patients
display a higher expression of the MCP-2 coding gene
(i.e., CCL8) compared to responding baseline
tumours.32 The present study reports that also circulat-
ing MCP-2 levels are higher in non-responders com-
pared to responders, thus further supporting its
potential role in response to ICI.

In our sample, patients with combined elevated (i.e.,
above the median) levels of IL-6, HGF, and MCP-2 at
baseline were three times less likely to respond to ther-
apy than patients with combined low (i.e., below the
9
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median) levels. Overall, our data provide further support
for a role of HGF and MCP-2 as candidate biomarkers
of response to ICI in advanced melanoma, while pro-
posing an additive negative effect of these two cytokines,
together with IL-6, on response rates.

Interestingly, median IL-6 levels in patients in the
upper half of pre-treatment IL-6 distribution (IL-
6>1.57, median=2.29 pg/mL) roughly corresponds to
the cutoff value for high serum IL-6 (IL-6>2 pg/mL)
proposed by a large (n=3044) population-based study
and associated with higher risk of unhealthy ageing and
death from non-cardiovascular causes.33 Response rate
in the whole sample was 53% which increased to 65%
in subjects with low IL-6 levels (i.e., below the median;
median=0.90 pg/mL). Similar to IL-6, subjects with
low pre-treatment HGF or MCP-2 levels (i.e., below the
median; HGF<188.98 pg/mL, median=147.17 pg/mL;
MCP-2<50.99 pg/mL, median=40.85 pg/mL) showed
response rates of 67% and 64%, respectively. Interest-
ingly, preliminary results presented at the ESMO Con-
gress 2021 from an ongoing Phase II clinical trial in 41
patients with unresectable melanoma treated with a
combination of ipilimumab, nivolumab and anti-IL-6
antibodies reported an encouraging 60% response
rate.34

We provide evidence for an additive negative effect of
IL-6, HGF, and MCP-2 on response rate in patients
with advanced melanoma receiving either single or
combination ICI therapy, with patients with combined
elevated (i.e., above the median) levels of the three
inflammatory proteins at baseline being three times
less likely to respond to therapy than patients with com-
bined low (i.e., below the median) levels.

Furthermore, we showed that on-treatment
changes in circulating inflammatory proteins occur
within three months following ICI initiation in all
patients (responders and non-responders), with
TNFRSF9 and CXCL9 undergoing pronounced
increases. However, response to ICI was not associ-
ated with a distinctive longitudinal profile for any of
the 77 inflammatory proteins, and on-treatment IL-6,
HGF, and MCP-2 levels were consistently higher in
non-responders compared to responders.

In contrast with our findings, association between
on-treatment variation of serum CXCL9 and response
to ICI has been observed in a study of 28 patients with
advanced melanoma.35 While this discrepancy may be
imputable to heterogeneity between studies, on-treat-
ment changes involving soluble immune mediators
(including CXCL9 transcriptional changes) associated
with response to ICI in patients with advanced mela-
noma have been mainly reported within the tumour
microenvironment by previous studies.36 While future
work leveraging larger sample sizes or more compre-
hensive inflammatory biomarkers panels may elucidate
mechanisms of response to ICI involving dynamic
changes in circulating inflammatory proteins, poor
correlation between local (i.e., within the tumour micro-
environment) and peripheral levels of soluble immune
mediators may explain the lack of association between
on-treatment changes in circulating inflammatory pro-
teins and response to ICI reported by the present study.
In addition, as response to ICI in patients with advanced
melanoma has been associated with on-treatment
changes in peripheral immune cell composition by mul-
tiple studies,12,13 circulating cytokine levels may not
accurately reflect the antitumour activity of the specific
immune cell subpopulations mediating response to
ICI, as the same cytokine can be secreted by different
immune cell types.

The present study has some limitations. First, the
sample size and the lack of an external validation sam-
ple which both limit the conclusions about the clinical
applicability of our findings. Randomised prospective
studies assessing differences in clinical outcome in
patients with advanced melanoma according to high/
low cytokines levels (i.e., biomarker-stratified study
design) are needed to confirm the role of IL-6, HGF,
and MCP-2 as potential predictive biomarkers of ICI
efficacy for clinical use. Second, study participants were
mainly aged individuals (median age at primary mela-
noma diagnosis = 57), and predominantly males (66%,
proportion test p<0.01). While this dataset may be con-
sidered representative of the general melanoma patient
population based on previous reports on average age at
melanoma diagnosis,37�39 as well as the higher inci-
dence rate of melanoma observed in aged males com-
pared to females,40 larger studies with more balanced
sex ratio, as well as younger patients, are needed to
examine sex- and age-differences on IL-6, HGF, and
MCP-2 contribution to clinical response to ICI. Third,
while we observed comparable pre-treatment IL-6,
HGF, and MCP-2 levels between patients treated with
either single or combined ICI, further studies are
needed to explore possible interactions between differ-
ent ICI regimens and inflammatory proteins on
response. While our data suggest that IL-6, HGF, and
MCP-2 retain independent association with ORR, the
nature of the relationship between these three inflam-
matory proteins in the context of advanced melanoma
remains to be elucidated. For example, previous work
on macrophages isolated from mice showed that IL-6
and HGF may be linked by a negative feedback loop,41

suggesting possible causal influences between IL-6 and
HGF underlying their mutual association with ORR.

In conclusion, we provide evidence of an additive
negative effect of IL-6, HGF, and MCP-2 on clinical
response to single or combination ICI in advanced mel-
anoma. These findings may help select patients who
would benefit from combination therapy with ICI and
cytokines antagonists, and represent a further step
towards a better understanding of drug response for
future individualized antitumour immunotherapy of
advanced melanoma.
www.thelancet.com Vol 83 Month , 2022
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