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Abstract 

Background Immune Checkpoint Inhibitors (ICIs) lead to durable response and a significant increase in long‑term 
survival in patients with advanced malignant melanoma (MM) and Non‑Small Cell Lung Cancer (NSCLC). The identifi‑
cation of serum cytokines that can predict their activity and efficacy, and their sex interaction, could improve treat‑
ment personalization.

Methods In this prospective study, we enrolled immunotherapy‑naïve patients affected by advanced MM 
and NSCLC treated with ICIs. The primary endpoint was to dissect the potential sex correlations between serum 
cytokines (IL‑1β, IL‑2, IL‑4, IL‑5, IL‑6, IL‑8, IL‑10, GM‑CSF, MCP‑1, TNF‑ɑ, IP‑10, VEGF, sPD‑L1) and the objective response 
rate (ORR). Secondly, we analyzed biomarker changes during treatment related to ORR, disease control rate (DCR), 
progression free survival (PFS) and overall survival (OS). Blood samples, collected at baseline and during treatment 
until disease progression (PD) or up to 2 years, were analyzed using Luminex xMAP or ELLA technologies.

Results Serum samples from 161 patients (98 males/63 females; 92 MM/69 NSCLC) were analyzed for treatment 
response. At baseline, IL‑6 was significantly lower in females (F) versus males (M); lower levels of IL‑4 in F and of IL‑6 
in both sexes significantly correlated with a better ORR, while higher IL‑4 and TNF‑ɑ values were predictive of a lower 
ORR in F versus M. One hundred and sixty‑five patients were evaluable for survival analysis: at multiple Cox regres‑
sion, an increased risk of PD was observed in F with higher baseline values of IL‑4, sPD‑L1 and IL‑10, while higher 
IL‑6 was a negative predictor in males. In males, higher levels of GM‑CSF predict a longer survival, whereas higher 

†G. Pasello and Aline S. C. Fabricio co‑first authors.

*Correspondence:
Giulia Pasello
giulia.pasello@iov.veneto.it
Valentina Salizzato
valentina.salizzato@iov.veneto.it
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12967-024-04920-6&domain=pdf
http://orcid.org/0000-0002-8741-6038


Page 2 of 16Pasello et al. Journal of Translational Medicine          (2024) 22:242 

IL‑1β predicts a shorter survival. Regardless of sex, high baseline IL‑8 values were associated with an increased risk 
of both PD and death, and high IL‑6 levels only with shorter OS.

Conclusions Serum IL‑1β, IL‑4, IL‑6, IL‑10, GM‑CSF, TNF‑ɑ, and sPD‑L1 had a significant sex‑related predictive impact 
on ORR, PFS and OS in melanoma and NSCLC patients treated with ICIs. These results will potentially pave the way 
for new ICI combinations, designed according to baseline and early changes of these cytokines and stratified by sex.

Keywords ICIs, Predictive biomarkers, Cytokines, Melanoma, NSCLC, Precision medicine

Background
Anti-PD-1/PD-L1 and anti CTLA-4 immune check-
point inhibitors (ICIs) have led to a paradigm shift in the 
treatment of many solid tumors. Malignant Melanoma 
(MM) and Non-Small Cell Lung Cancer (NSCLC) are 
considered as forerunners in the clinical application of 
these innovative drugs, with remarkable improvement in 
patient survival [1–13].

The huge revolution and the greatest difference of ICIs 
with respect to other anticancer agents was that it pro-
vided durable responses and a significant increase in 
long-term survival [14]. Response to ICIs is difficult to 
predict, since it could occur late or after a pseudopro-
gression (an increase ≥ 20% in the size of target tumor 
lesions or appearance of new lesions not confirmed 
as progressive disease on subsequent imaging assess-
ments) [15]; in other cases, despite the fact that the best 
response observed is only a disease stabilization, it could 
be long lasting and translate into a survival benefit [16]. 
Other patients could face hyperprogression, character-
ized by a rapid progression of the tumor after the initia-
tion of ICIs [17], with higher risk of early death within 
the first 12  weeks of treatment. Indeed, the early iden-
tification of patients who could benefit most from ICI 
treatment is still an unmet medical need in oncology. 
Currently, the only biomarker driving treatment selec-
tion is PD-L1 expression, approved in Italy by the Ital-
ian Medicines Agency (Agenzia Italiana del Farmaco, 
AIFA) for patients with NSCLC and melanoma. How-
ever, immunohistochemistry levels of PD-L1 expression 
on tumor cells are insufficient to predict response to and  
survival outcome of ICI therapy [18, 19]. Other biomarkers  
predictive for response, survival and toxicity of ICI  
treatment have been investigated, including tumor tissue 
biomarkers (i.e. tumor mutational burden and MHC mol-
ecule expression), circulating immune cell biomarkers 
(i.e. CD4 + T-cells, myeloid-derived suppressor cells) and 
soluble systemic immune/inflammatory biomarkers (i.e. 
lactate dehydrogenase, C-reactive protein and cytokines).

Acquired resistance to ICIs is a dynamic process and 
the longitudinal biomarker changes in monitoring dur-
ing the first cycles of treatment seem to be promising for 
early identification of refractory patients, thus deserving 
further investigation [20].

Well-recognized sex differences in immune response, 
autoimmune diseases, tumor incidence and outcome [21] 
have led to the analysis of the impact of sex in the effi-
cacy of ICIs with respect to standard therapies, reveal-
ing a significantly greater efficacy in men with melanoma 
and NSCLC [22], even though controversial evidence 
emerged from recent meta-analyses [23–28]. Numerous 
studies investigating efficacy and safety biomarkers in 
patients treated with ICIs have been undertaken, how-
ever, definite conclusions and reliable predictive tools are 
lacking. Starting from this caveat and from the evidence 
on sex differences in ICI efficacy [29], we planned the 
present study in order to identify and monitor sex-related 
predictive circulating biomarkers of activity and efficacy 
during ICI therapy in melanoma and NSCLC patients.

Patients and methods
Study design and participants
This is a prospective observational translational multi-
center study enrolling MM and NSCLC patients eligible 
for treatment with ICIs in real-world clinical practice 
(Fig. 1), according to Italian regulatory approvals (Addi-
tional file 2: Table S1).

The primary endpoint of the study was to investigate 
the predictive role in terms of the objective response 
rate (ORR) to ICIs of 13 baseline inflammatory/immune-
related circulating biomarkers and their potential sex 
interactions. Secondarily, we aimed to correlate serum 
cytokine behavior during treatment with ORR, disease 
control rate (DCR), progression free survival (PFS) and 
overall survival (OS).

The detection of adverse events and immune-related 
adverse events, differences between males and females 
and potential correlation with cytokine levels as early 
predictive markers of toxicity were secondary endpoints, 
and will be the object of a future publication.

The main eligibility criteria were: histologically con-
firmed diagnosis of unresectable stage III or IV MM or 
NSCLC (according to the VIII edition of the American 
Joint Committee on Cancer Staging Systems), receiving 
ICIs as first (or further) line treatment for advanced/met-
astatic disease, without symptomatic brain metastases or 
meningeal carcinomatosis, with an Eastern Cooperative 
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Oncology Group (ECOG) Performance Status (PS) of 
0–2. NSCLC patients with EGFR mutant or ALK rear-
ranged tumors were not eligible.

All eligible patients, referred to four participating cent-
ers between April 2020 and July 2022, were evaluated for 
the study, and provided a signed informed consent form 
approved by the ethical committees prior to enrollment.

The patients received treatment with ICIs according to 
the clinical practice and regulatory approval criteria in 
Italy: nivolumab (Opdivo®) 240 or 480 mg flat dose every 
2 or 4  weeks, respectively; pembrolizumab (Keytruda®) 
200 mg flat dose every 3 weeks or atezolizumab (Tecen-
triq®) 1200  mg flat dose every 3  weeks. Treatment was 
administered until disease progression  (PD), unaccepta-
ble toxicity or, in chemo-naïve NSCLC patients, for 35 
cycles or 2  years of treatment. Details on the eligibility 
criteria, according to AIFA, are reported in Additional 
file 2: Table S1.

Radiological assessment with CT-scan was planned 
every 3  months according to the timeline defined by 
AIFA using the Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1 for response evaluation.

Collection, processing and storage of serum samples
All patients underwent blood sample collection at base-
line, before each cycle of ICI therapy for the first 6 cycles 
and at every radiological assessment until confirmed PD 

or for a maximum of 2 years. Whole blood samples were 
collected using standard venipuncture techniques. In 
brief, using a Vacutainer adapter and double ended nee-
dle, blood was collected into one BD Vacutainer® Serum 
Separator Tube   (SSTTM II Advance) (Becton, Dickinson 
and Company, Franklin Lakes, NJ, USA; 8.5  ml, yellow 
cap, with micronized silica as clot activator and gel sepa-
rator). The serum tube was left to sit upright in a rack at 
room temperature for 30–45  min for clot formation to 
occur. Samples were then centrifuged at + 4 °C for 15 min 
at 2500  g and the supernatant (serum) immediately 
removed. Aliquots (500  μl) were immediately frozen, 
stored at − 80 °C at each site and sent to the IOV Biobank 
within 2 months of collection for storage until biomarker 
measurement (or long-term storage of residual material). 
Additional details about blood sample collection and 
processing are given in the Additional file 1: Supplemen-
tary Methods and elsewhere [30].

Biomarker selection and measurement
The conceptual-methodological framework followed 
to select the immune-related biomarkers measured in 
the present study is reported in the Additional file  1: 
Supplementary  Methods and elsewhere [30]. In brief, 
28 immune-related biomarkers (interleukin (IL)-1⍺, 
IL-1β, IL-1 receptor antagonist (IL-1ra), IL-2, IL-4, IL-5, 
IL-6, IL-8, IL-10, IL-12 (p70), IL-13, IL-17A, epidermal 

Fig. 1 Study design. ICI immune checkpoint inhibitor, CT chemotherapy, AIFA Italian Medicines Agency, TA tumor assessment, PD progression 
disease, C therapy cycle, CTAD sodium citrate, theophylline, adenosine and dipyridamole, EDTA ethylenediamine tetraacetic acid. Created 
with BioRender.com
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growth factor (EGF), fibroblast growth factor (FGF)-2, 
granulocyte-colony stimulating factor (G-CSF), granu-
locyte macrophage colony stimulating factor (GM-CSF), 
growth-regulated protein (GRO)-⍺, interferon (IFN)-⍺, 
IFN-γ, interferon-inducible protein (IP-10), monocyte 
chemotactic protein (MCP-1), macrophage inflamma-
tory protein (MIP)-1⍺, MIP-1β, soluble programmed 
death ligand-1 (sPD-L1), tumor necrosis factor (TNF)-
⍺, vascular endothelial growth factor (VEGF), eotaxin 
and fractalkine were subjected to screening in 38 sam-
ples  collected at baseline and during immunotherapy 
from 10 advanced melanoma or NSCLC patients, at dif-
ferent time points. Patient and sample characteristics are 
described elsewhere [30]. Twenty-five of the screened 
markers were found to be measurable in at least 30% of 
the  tested  serum samples, including IL-1β, IL-1ra, IL-2, 
IL-4, IL-5, IL-6, IL-8, IL-10, IL-12(p70), IL-13, IL-17A, 
EGF, G-CSF, GRO-α factor, GM-CSF, IFN-α, IFN-γ, 
IP-10, MCP-1, MIP-1β, sPD-L1, TNF-α, VEGF, eotaxin, 
fractalkine.

In a next step, taking into consideration the scientific 
evidence available and the availability of the molecules in 
customizable panels with adequate sensitivity, 13 mark-
ers were selected to be assayed in the samples of the 
entire series, including IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, 
IL-10, GM-CSF, TNF-⍺, MCP-1, IP-10, VEGF, sPD-L1.

For biomarker measurement, the samples were ana-
lyzed in the centralized laboratory, where they were 
freeze-thawed only once before assay. On the day of anal-
ysis, serum samples were quickly thawed in a 37 °C water 
bath and centrifuged at + 4 °C for 10 min at 16000 g. All 
serial samples, from the same patient, were measured in 
the same assay to reduce the effect of interassay variation 
on biomarker levels.

Immune-related biomarker levels were quantified in 
serum samples (upon 1:2 dilution) following the manu-
facturer’s protocol using a High Sensitivity Cytokine 
Premixed Kit A for 9 analytes (IL-1β, IL-2, IL-4, IL-5, 
IL-6, IL-8, IL-10, GM-CSF, TNF-⍺; Bio-Techne, CA, 
USA) on Bio-plex 200 system (Bio-Rad Laboratories 
Hercules, California, USA; xMAP multiplexing technol-
ogy, Luminex) or a Simple-Plex cartridge for 4 analytes 
(MCP-1, IP-10, VEGF, sPD-L1; Bio-Techne, CA, USA) 
on ELLA Automated Immunoassay System Instrument 
(Bio-Techne, California, USA). Additional details about 
biomarker assessment are given in the Additional file 1: 
Supplementary Methods.

Quality control samples were generated by pool-
ing serum, collected from multiple patients, which had 
measurable levels of the different cytokines as screened 
in the first phase of study. Two positive control samples 
with different levels of the target cytokines were analyzed 

on each run. All samples were analyzed in duplicate and 
the researcher was blinded to the outcome information.

Statistical analysis and sample size calculation
In order to estimate an odds ratio of 0.1 for the interac-
tion between sex and changes in biomarker levels with 
a study power of 80%, we established a significance 
level of 5% (2-sided), with an expected ORR of 35%, and 
an enrollment of 160 patients with a prevalence of 60% 
males.

The continuous variables were described as median 
and interquartile range (IQR) and their distributions 
according to different groups were compared using the 
Kruskal–Wallis test. Categorical variables were described 
as counts and percentages and compared between groups 
using the χ2 or Fisher exact test, as appropriate.

The clinical outcomes were analyzed in terms of ORR, 
DCR, PFS and OS.

ORR was defined as the achievement of a complete 
response (CR) or partial response (PR) according to 
RECIST 1.1 criteria. DCR was defined as the achieve-
ment of CR, PR or stable disease (SD). PFS was the time 
from the date of enrollment to the occurrence of PD or 
death from any cause. OS was the time from the date of 
enrollment to death from any cause. Patients who did not 
develop a survival event during the study period were 
censored at the date of last observation.

The nonparametric Kaplan–Meier method was used to 
estimate the survival probabilities and the median time 
from the Kaplan–Meier curve was provided along with 
the corresponding 95% confidence interval (CI) esti-
mated using the Brookmeyer-Crowley method.

Each marker was analyzed for association with clinical 
outcome as a categorical variable according to high and 
low levels. Optimal cut-points were estimated by maxi-
mizing the discriminative ability of the logistic model 
with the dependent variable being the occurrence of dis-
ease control and the Cox model for PFS and OS.

Main effects and second-order interactions of each 
marker with sex were included in a multiple logistic 
regression model for the response outcome and in a mul-
tiple Cox proportional hazards regression model for the 
survival outcome. No deviation from the proportional 
hazard assumption was found by the Grambsch and 
Therneau statistical test.

Backward elimination using the Bayesian Information 
Criterion (BIC) was applied for selecting all variables 
independently associated with the outcome. The results 
were displayed in terms of odds ratios and hazard ratios 
together with 95% CI.

All statistical tests used a two-sided 5% significance 
level. Statistical analyses were performed using RStudio 
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(RStudio: Integrated Development for R. RStudio, Inc., 
Boston, MA).

Results
Between April 2020 and July 2022, 169 patients were 
screened at four Italian cancer centers: four patients 
were screening failure, four not evaluable for treatment 
response analysis due to early death, and 161 (92 MM 
and 69 NSCLC patients) were evaluable for the ORR. 
The patient population for survival analysis consisted of 
165 patients.

Patient baseline characteristics were representative of 
an unselected population of MM and NSCLC patients, 
not previously treated with ICIs (Table 1 and Additional 
file  2: Tables S2 and S3). At the data cut-off (August 1, 
2023) the median follow-up was 23  months (IQR 17.4–
27.8). Males accounted for 60.9% of the treated popula-
tion. The median age was 71 years, 94.3% ECOG PS 0–1, 

88.7% stage IV disease, without differences in the two 
sexes. Seventy-nine (49.1%) patients received nivolumab 
while the remaining 58 patients received pembrolizumab 
(32.3%) or atezolizumab (3.7%); twenty-four (14.9%) 
NSCLC patients received chemoimmunotherapy. The 
distribution between males and females among the treat-
ment groups was equally represented (Table 1).

Activity and efficacy results in the two cohorts of patients
The ORR was 37.3% in the whole cohort, with 12 com-
plete responses (7.5%), achieved only by MM patients. 
ORR was 43.4% and 29.0% in MM and NSCLC patients, 
respectively. Moreover, 62.1% of the population obtained 
DCR with a similar percentage in the two cohorts: 61.9% 
for MM and 62.3% for NSCLC patients (Table  1, Addi-
tional file  2: Tables S2–S3). The ORR reached in males 
was better than in females (42.9% vs 28.5%, respectively), 

Table 1 Patient characteristics for the overall study population

All patients Male (N = 98) Female (N = 63) Total (N = 161) p value

Age Median (Q1, Q3) 72.0 (63.2, 77.0) 67.0 (60.0, 74.5) 71.0 (62.0, 77.0) 0.1590

Diagnosis NSCLC 45 (45.9%) 24 (38.1%) 69 (42.9%) 0.3280

Melanoma 53 (54.1%) 39 (61.9%) 92 (57.1%)

ECOG Performance Status N‑Miss 0 1 1

0 52 (53.1%) 33 (53.2%) 85 (53.1%) 0.9400

1 40 (40.8%) 26 (41.9%) 66 (41.2%)

2 6 (6.1%) 3 (4.8%) 9 (5.6%)

Prior systemic treatment N‑Miss 0 1 1

No 84 (85.7%) 51 (82.3%) 135 (84.4%) 0.5570

Yes 14 (14.3%) 11 (17.7%) 25 (15.6%)

Current stage N‑Miss 2 0 2

III 11 (11.5%) 7 (11.1%) 18 (11.3%) 0.9460

IV 85 (88.5%) 56 (88.9%) 141 (88.7%)

Treatment Nivolumab 46 (46.9%) 33 (52.4%) 79 (49.1%) 0.4670

Pembrolizumab 30 (30.6%) 22 (34.9%) 52 (32.3%)

Atezolizumab 4 (4.1%) 2 (3.2%) 6 (3.7%)

Chemo‑immuno 18 (18.4%) 6 (9.5%) 24 (14.9%)

RECIST CR 8 (8.2%) 4 (6.3%) 12 (7.5%) 0.3010

PR 34 (34.7%) 14 (22.2%) 48 (29.8%)

SD 21 (21.4%) 19 (30.2%) 40 (24.8%)

PD 35 (35.7%) 26 (41.3%) 61 (37.9%)

Progression of disease No 33 (33.7%) 18 (28.6%) 51 (31.7%) 0.4970

Yes 65 (66.3%) 45 (71.4%) 110 (68.3%)

Progression free survival (months) Median (95%CI) 7.6 (6.1,12.5) 8.1 (3.3,10.6) 8.1 (6.1,9.8) 0.9826

Status Alive 41 (41.8%) 28 (44.4%) 69 (42.9%) 0.7440

Death 57 (58.2%) 35 (55.6%) 92 (57.1%)

Overall survival (months) Median (95%CI) 13.9 (9.9,23.5) 18.9 (9.5,22.6) 16.7 (11.4,21.6) 0.6118

Follow‑up Median (Q1, Q3) 23.1 (17.4,29.4) 21.8 (16.8,27.6) 23.0 (17.4,27.8)
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however without any statistical significance (p = 0.067), 
as well for DCR (p = 0.478) (Table 1).

At the last data cut-off (August 1, 2023), 69 (42.9%) 
patients were still alive, 51 (31.7%) of them with no 
evidence of progression (Table  1). No significant dif-
ference in terms of PFS and OS was shown between 
males and females and between the two cohorts. Over-
all, the median PFS was 8.1  months (95% CI 6.1, 9.8), 
7.6 months (95% CI 6.1, 12.5) for males and 8.1 (95% CI 
3.3, 10.6) for females. The median OS was 16.7  months 
(95% CI 11.4, 21.6), 13.9  months (95% CI 9.9, 23.5) for 
males and 18.9 (95% CI 9.5, 22.6) for females (Table  1 
and Additional file  2: Figure S1). In the MM cohort, 
the median PFS was 9.8  months (95% CI 6.9, 17.1), 
13.4  months (95% CI 6.9, 26.7) for males and 9.6 (95% 
CI 3.0, not reached (NR)) for females (Additional file 2: 
Table  S2 and Additional file  2: Figure S2A); the median 
OS was 24.2  months (95% CI 18.4, NR) with no differ-
ences between males (24.2 months, 95% CI 13.4, NR) and 
females (22.6 months, 95% CI 11.8, NR) (Additional file 2: 

Table S2 and Additional file 2: Figure S3A). In the NSCLC 
cohort, the median PFS was 6.3 months (95% CI 3.8, 8.8), 
6.1  months (95% CI: 3.1, 8.8) for males and 7.1  months 
(95% CI: 2.9, 9.8) for females (Additional file 2: Table S3 
and Additional file  2: Figure S2B) while the median OS 
was 9.7  months (95% CI 6.6, 14.0), 9.7  months (95% CI 
4.5, 13.9) for males and 13.8 months (95% CI 5.6, 17.6) for 
females (Additional file 2: Table S3 and Additional file 2: 
Figure S3B).

Sex‑specific biomarker distribution according to response
The exploration of potential variation in baseline 
cytokine levels between males and females in the 
whole population revealed no sex-related differences 
(Additional file  2: Table  S4), while we observed statis-
tically significant lower values of IL-6 (p < 0.001), IL-8 
(p = 0.019) and sPD-L1 (p = 0.006) in the MM cohort 
compared with the NSCLC cohort (Additional file  2: 
Table S5).

Fig. 2 Boxplot of circulating levels of biomarkers (pg/ml) in patients achieving objective response (CR/PR) according to RECIST 1.1 criteria. Baseline 
values for the total population (A) and according to sex (B). Changes at cycle 2 from baseline values for the total population (C) and according 
to sex (D)
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At baseline, IL-6 and VEGF were significantly lower in 
responders with respect to SD/PD patients (IL-6 median 
(IQR): 2.9 (1.9, 5.6) vs 4.9 (2.8, 8.6), p = 0.002, and VEGF 
median (IQR): 318.0 (188.5, 496.8) vs 396.0 (245.0, 663.0), 
p = 0.028) (Fig. 2A), with no differences according to sex. 
Interestingly, IL-4 was significantly underexpressed only 
in female responder patients (median IQR: 25.9 (18.6, 
35.9) vs 36.7 (30.3, 47.9), p = 0.0070) (Fig.  2B). The dis-
ease control rate was associated, at baseline, with lower 
serum levels of IL-6, IL-8, and IL-10, with no differences 
between sexes (Additional file 2: Figure S4A). VEGF was 
significantly lower in male patients with DCR (median 
(IQR): 314.0 (186.0, 486.5) vs 387.0 (254.0, 970.0), 
p = 0.0300), while females achieving DCR had a lower 
expression of IL-4 (median (IQR): 28.6 (22.6, 37.9) vs 37.3 
(33.8, 50.0), p = 0.0020 (Additional file 2: Figure S4B).

Observing the changes from baseline to cycle 2, we 
found a statistically significant reduction in IL-10 (median 
(IQR): 0.3 (0.0, 0.8) vs 0.6 (0.2, 1.3), p = 0.0370), VEGF 
(median (IQR): − 2.0 (− 71.0, 36.5) vs 41.5 (− 27.5, 167.5), 
p = 0.0050), and sPD-L1 (median (IQR): 9.1 (0.3, 22.8) 
vs 15.9 (6.2, 38.7), p = 0.0320) in responders compared 
to not responder patients, regardless of sex (Fig. 2C). Of 
note, males with ORR show a significant reduction in IL-8 
levels (median (IQR): − 1.7 (− 6.8, 2.2) vs 2.7 (− 1.5, 9.3), 
p = 0.0001), whereas a statistically significant reduction 
was observed in MCP-1 (median (IQR): −  3.5 (−  43.5, 
89.2) vs 104.0 (13.5, 193.0), p = 0.0420) in responder 
females (Fig.  2D). By analyzing the changes in serum 
cytokine from baseline to cycle 2 in the whole population 

achieving DCR, lower levels of IL-8 and IL-10 were 
observed compared to PD patients. Furthermore, male 
patients showed a significant decrease in sPD-L1, while 
female patients showed a significant decrease in IL-1β and 
VEGF (Additional file 2: Figure S4C-D).

Sex‑specific biomarkers predictive of activity (ORR 
and DCR)
Each cytokine was also analyzed for its association with 
treatment response as a categorical variable based on 
high and low cut-off levels. The optimal cut-off points for 
each marker were estimated by maximizing the discrimi-
native capacity of the logistic model using the "minimax" 
criterion.

In the multiple logistic analysis of baseline data, while 
IL-6 (cut-off point = 5.29  pg/ml) was associated with 
ORR regardless of sex, TNF-α (cut-off point = 19.75  pg/
ml) was differently associated with ORR in males and 
females (p[interaction] = 0.0386) (Fig. 3). The probability 
of ORR was lower in females than in males (OR = 0.11, 
95% CI 0.02, 0.55, p = 0.0072) in the presence of high 
TNF-α values (Fig. 3, Additional file 2: Table S6A). There 
were no significant interactions with sex for the ORR 
considering changes from baseline to cycle 2. How-
ever, increases in IL-8 (cut-off point = 3.23  pg/ml) and 
VEGF (cut-off point = 45.0 pg/ml) were associated with a 
lower probability of ORR (OR = 0.36, 95% CI 0.17, 0.77, 
p = 0.0086, and OR = 0.32, 95% CI: 0.15, 0.69, p = 0.0040, 
respectively) (Additional file  2: Table  S6B). As far as 

Fig. 3 Forest plot of multiple logistic regression predicting ORR – baseline biomarker levels (pg/ml). An OR less than 1 indicates that the objective 
response is less likely to occur in the considered group compared to the "ref" group. OR: odds ratio; CI: confidence interval
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DCR is concerned, high baseline values of IL-6 (cut-off 
point = 3.04  pg/ml) and IL-8 (cut-off point = 19.86  pg/
ml) remained independently associated with a lower 
probability of DCR (Additional file  2: Table  S7A), and 
the increase in sPD-L1 levels (cut-off point = 6.4  pg/ml) 
was significantly associated with a lower probability of 
response (OR = 0.40, 95%CI: 0.19, 0.85, p = 0.018) regard-
less of sex (Additional file 2: Table S7B).

Sex‑specific biomarkers predictive of efficacy (PFS and OS)
Each marker was then analyzed for association with PFS 
and OS as a categorical variable based on high and low 
levels. The optimal cut-off points for each marker were 
estimated by maximizing the discriminative power of the 
Cox model.

In the multiple Cox model of baseline data pre-
dicting PFS, elevated MCP-1 (cut-off point = 365  pg/
ml, HR = 0.43, 95% CI: 0.28, 0.66) and IL-5 (cut-off 
point = 1.07  pg/ml, HR = 0.39, 95% CI: 0.25, 0.60) 
remained significantly associated with a longer PFS, 
while elevated IL-8 (cut-off point = 34.1 pg/ml, HR = 2.93, 
95% CI: 1.77, 4.84) was significantly associated with a 
shorter PFS (Additional file 2: Table S8A). In relation to 
sex, poorer PFS were predicted by high levels of IL-4 (cut-
off point = 28.6 pg/ml), IL-10 (cut-off point = 1.43 pg/ml) 
and sPD-L1 (cut-off point = 111 pg/ml) in females and by 
high levels of IL-6 (cut-off point = 2.97  pg/ml) in males 
(Fig. 4, Additional file 2: Table S8A).

Elevated baseline MCP-1 (cut-off point = 365  pg/ml, 
HR = 0.52, 95% CI: 0.34, 0.82) was significantly asso-
ciated with a longer OS, while elevated IL-6 (cut-off 
point = 2.9 pg/ml, HR = 4.35, 95% CI: 2.55, 7.41) and IL-8 
(cut-off point = 34.1 pg/ml, HR = 3.13, 95% CI: 1.99, 4.94) 
were significantly associated with a worse OS (Addi-
tional file  2: Table  S9A). Noteworthy in male patients, 
high levels of GM-CSF (cut-off point = 4.03  pg/ml) pre-
dicted a better OS while high levels of IL-1β (cut-off 
point = 1.22 pg/ml) predicted a worse OS in comparison 
with females (Fig. 5, Additional file 2: Table S9A).

Finally, considering the changes from baseline to cycle 
2, there were no significant interactions with sex for 
both, PFS and OS. However, increases in IL-8 (cut-off 
point = 4.63  pg/ml) and VEGF (cut-off point = 69.0  pg/
ml) were associated with a poorer PFS and the increase 
in TNF-α (cut-off point = 2.92  pg/ml) with a better PFS 
(Additional file 2: Table S8B). In parallel, increases in IL-4 
(cut-off point = 0.88 pg/ml), IL-8 (cut-off point = 4.63 pg/
ml) and VEGF (cut-off point = 69.0  pg/ml) were associ-
ated with a worse OS and the increase in IL-5 (cut-off 
point = 0.06  pg/ml) with a better OS (Additional file  2: 
Table S9B).

Discussion
ICIs currently represent the standard of care for treat-
ing metastatic MM and non-oncogene-addicted NSCLC. 
During their clinical development, physicians have 
encountered several critical issues leading to the need for 
predictive factors for a better patient selection. In par-
ticular, the dissociation between response, PFS and OS 
is not an uncommon event, as is the occurrence of pseu-
doprogression, which should be distinguished from a real 
progression, and a fibrotic tissue from a persistence of 
disease. The identification of those patients who benefit 
most or are at higher risk of PD and early death, through 
a non-invasive method, remains an unmet medical need 
for several solid tumors [31]. In Italy, NSCLC and MM 
patient selection for ICIs (as single agent and/or in com-
bination) is currently subjected to the assessment of 
PD-L1 expression on tumor cells, according to the pivotal 
trials design and to the regulatory authority indications. 
However, PD-L1 expression is considered an imperfect, 
dynamic and heterogeneous predictor, often unrelated to 
response [18, 19]. The serial analysis of multiple immune 
cytokines and of possible sex-related association could 
optimize the risk/benefit ratio of the treatment lead-
ing to a patient-centered approach in men and women. 
Moreover, the detection and monitoring of circulating 
biomarkers during therapy captures the dynamic and 
plastic relationship between disease and host immunity 
and reveals the immunological mechanisms of resistance 
and sensitivity, thus paving the way for more effective 
and fine-tuned treatments. This may overcome the criti-
cal issues encountered during the immuno-phenotyping 
and molecular analysis of the tumor samples and the dis-
section of the tumor microenvironment, not available for 
all metastatic sites, not easily repeatable and not always 
representative of the whole tumor-host relationship.

Available literature data about the differential effi-
cacy and activity of ICIs in female compared with male 
patients are heterogeneous, although several stud-
ies and meta-analyses report a greater benefit in males, 
especially in the clinical context of MM [32–36]. In our 
series, we observed that ORR was higher in males than in 
females for both tumor types, while DCR and PFS were 
quite similar, and OS was better in females for both can-
cer types. Although not statistically significant, the differ-
ences observed in the ORR and OS could be considered 
clinically relevant and worthy of further investigation.

To our knowledge, this is the first translational pro-
spective study evaluating a panel of 13 serum immune-
cytokines in a real-world population including two 
different cancer types treated with ICIs, with the aim of 
identifying predictive markers of activity and efficacy, 
and their sex interaction.
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No differences were observed in the baseline levels of 
circulating cytokines between the two sexes. A differen-
tial distribution of IL-4 levels in females achieving objec-
tive response and disease control, and of VEGF in males 
achieving disease control, was observed. Overall, higher 
levels of specific cytokines were suggestive of a worse 
antitumor immunity in a differential way between the 
two sexes.

Beyond the different distribution of IL-4 in female 
patients, where ICIs were found to be active, higher 
baseline levels were also correlated with shorter PFS in 
women, thus confirming a sex-related interaction for this 
biomarker.

IL-4 is involved in multiple immunological functions, 
both pro-tumor and anti-tumor depending on the con-
text. In melanoma, it prompts a more unfavorable clinical 
course and the induction of immunological escape [37]. 
Indeed, the effect of the monoclonal inhibitor dupilumab 
in resolving nivolumab-induced bullous pemphigus has 
been reported [38], and its potential role in combination 
with anti-PD-1 in patients with high serum IL-4 levels 
may be worth investigating.

When we looked for a predictive correlation with ORR, 
only baseline levels of TNF-α, a cancer-promoting and 
immunosuppressive cytokine, reached statistical signifi-
cance in responder females, confirming a worse antitu-
mor immunity in presence of high baseline TNF-α levels 
as already described [39]. Although TNF-α antagonists 
(infliximab, etanercept, adalimumab and certolizumab) 
have also been used as rescue therapy for ICI-induced 
colitis, arthritis and pneumonitis, controversial preclini-
cal and clinical data about the effect of TNF-α antago-
nists on patients survival are currently available [40, 41].

Furthermore, TNF-α has been reported to deter-
mine the differentiation of T cells in Th2 type through 
an increase of soluble IL-6 receptor (sIL-6r) and with 
sex-interactions [42]. IL-6 contributes to tumor pro-
motion by the expansion and survival of malignant 
cells, neo‐angiogenesis, and inflammation, and it pro-
motes expression of the T helper Th2 associated with 
IL-4. Differently from our previous report showing that 
higher baseline IL-6 levels in MM patients treated with 
anti CTLA-4 antibodies were independently related to 
a worse survival rate in females [43], in this case series 
a  sex-related interaction of IL-6 levels and activity 
or efficacy of ICIs  was not found. However, we found 

that baseline IL-6 were significantly higher in NSCLC 
than in MM patients and in men than in women and 
were significantly associated with a lower ORR, DCR, 
PFS and OS in the overall population, with a signifi-
cantly worse PFS in males. Our data seem in agree-
ment with available literature [44–46] suggesting that 
higher baseline IL-6 levels, and their increase during 
ICI treatment, are predictive of a worse outcome. The 
use of IL-6 or IL-6r inhibitors, such as sarilumab or 
tocilizumab, is  approved for the treatment of immune 
related toxicities, autoimmune diseases such as arthri-
tis rheumatoid, and of cytokine release syndrome from 
CAR-T or Tebentafusp. A synergistic effect combining 
IL-6 inhibitors and ICI has been reported [47–49] and 
deserves to be further developed.

Moreover, through the induction of STAT3, IL-6 also 
induces the expression of angiogenic molecules, includ-
ing VEGF [50]. The interconnection between neo-angio-
genesis and an immunosuppressive microenvironment is 
already recognized [51], and the combination of antian-
giogenics with ICIs has been explored with heterogene-
ous results in different solid tumors [52, 53]. Indeed in 
melanoma patients, the association of anti-PD-1 with 
anti-VEGF has proved futile (LEAP-003 trial) [54], sug-
gesting that tumor selection and patient stratification, 
according to the immunological targets, is crucial. We 
observed that, during ICI therapy, an early decrease in 
serum VEGF levels increased the probability of ORR and 
DCR in both sexes, with a significantly better DCR in 
women; conversely, an increase translated into a poorer 
PFS and OS.

We also found that baseline IL-8 and sPD-L1 were sig-
nificantly higher in NSCLC than in MM patients and, 
at multiple Cox regression, IL-6 and IL-8 were indepen-
dently associated with PFS and OS, while sPD-L1 was 
associated with PFS. In particular, we observed an inde-
pendent shorter PFS in women with sPD-L1 baseline lev-
els > 111  pg/ml and the early decrease was significantly 
associated with an improved, sex-independent, ORR and 
DCR. sPD-L1 is produced and released by neoplastic 
cells and high baseline  levels were observed in patients 
with lower ORR, PFS and OS [55–58]. The expression of 
sPD-L1 in advanced NSCLC patients was significantly 
upregulated compared to the healthy control; it corre-
lated significantly with abdominal organ metastasis and 
with a worse prognosis [59]. In metastatic melanoma, 

Fig. 4 Kaplan–Meier curves for progression free survival (PFS) of baseline biomarker levels (pg/ml) interacting with sex in the multiple Cox 
regression model. HR: hazard ratio; CI: confidence interval

(See figure on next page.)
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Fig. 4 (See legend on previous page.)
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elevated baseline serum levels of PD-1 and/or PD-L1 are 
significantly correlated with a lower rate of best overall 
response (BOR), PFS and OS at multivariable Cox regres-
sion [60].

While there is no sex-related association between 
baseline IL-8 circulating levels and activity or efficacy 
of ICIs, a significant reduction in IL-8 and MCP-1 was 
observed at cycle 2 in responder males and females, 
respectively. A correlation between IL-8 serum levels 
and reduced clinical benefit of ICIs in patients with 
melanoma, NSCLC, hepatocellular carcinoma and 
renal cancer was first reported by Sanmamed et al., sug-
gesting its use as a prognostic biomarker in monitoring 
anticancer therapy [61]. High IL-8 serum levels mirror 
an unfavorable tumor microenvironment characterized 
by the infiltration of myeloid suppressor cells, neutro-
phils, monocyte, pro-angiogenic molecules, and an 
impaired T cell cytotoxicity and a recent meta-analysis 
concluded that IL-8 could be a therapeutic target, not 
only in melanoma and NSCLC, but also in other tumors 
[62, 63]. Many agents targeting IL-8 and IL-8 recep-
tors, and many combined strategies are under clini-
cal investigation: monoclonal antibodies, neutralizing 

antibodies, direct antagonists, antibodies anti-CXCR1 
and -CXCR2, in different tumor types, with the aim of 
increasing the anti-tumoral efficacy [64, 65].

Decreases in IL-8 and MCP-1 were related to a better 
outcome in NSCLC patients receiving anti PD-1 therapy 
[66, 67] underlining the fact that course-tracing is more 
precise than baseline evaluation.

MCP-1 binding to its receptor CCR2 activates mono-
cytes and induces leukocyte infiltration, as well as T-cell 
proliferation; it acts also as a regulator in the polariza-
tion of Th0 cells toward a Th2 phenotype and, coupled 
with IL-4 signaling, it could contribute to tumor growth 
and metastasis [68, 69]. The majority of studies reported 
MCP-1 related to tumor progression, clinical aggressive-
ness, and the promotion of metastasis, with a prevalent 
worse effect for digestive tract, urogenital, and head neck 
tumors, but no detrimental effect has been observed in 
pulmonary tumors [70], and a reduced metastatic poten-
tial has been reported in a murine model of colon can-
cer and in pancreatic cancer [71, 72]. As reported above, 
MCP-1 interacting with IL-4 could lead to an immune 
suppressive effect and we observed that higher baseline 

Fig. 5 Kaplan–Meier curves for overall survival (OS) of baseline biomarker levels (pg/ml) interacting with sex in the multiple Cox regression model. 
HR: hazard ratio; CI: confidence interval
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levels of IL-4 impair the probability of response, with a 
significantly worse effect in women.

Overall, these results could be used to set up a panel of 
the most significant cytokines (IL-8, IL-6, sPD-L1, VEGF, 
IL-4, TNF-α) to be tested prospectively, balanced by 
clinical risk factors and in different tumors, with the aim 
of selecting the best treatment choice according to the 
patient-tumor relationship. For clinical purposes, an easy, 
sensitive, and reproducible method for cytokine moni-
toring is desirable. As ELLA utization can further poten-
tially  reduce the number of steps and the time required 
to perform the biomarker analysis, an exploratory valida-
tion study investigating the agreement between Luminex 
and ELLA technologies in the measurement of relevant 
cytokines is currently ongoing.

Our findings may also be used to answer other unde-
fined issues, such as optimal treatment duration; indeed, 
the circulating values of specific cytokines may allow us 
to descale the therapy in patients with more favorable 
profiles and to increase it in those whose profiles are less 
favorable.

The significance observed by analyzing two cancers 
suggests that our data can be tested and extended to 
other neoplasms. Moreover, the cytokines of major 
interest were not subjected to baseline differences 
between melanoma and NSCLC, and the role of some 
of them were consistent with previous studies [73].

Nonetheless, further validation using larger sample 
sizes and across multiple cancer types is necessary to 
consider the identified cytokines as pan-tumor predic-
tive biomarkers for immunotherapy.

Our study included patients treated according to 
clinical practice, therefore a potential limitation of our 
observations is that no data are reported in patients 
receiving the dual checkpoint inhibition (anti-PD-1 
plus anti-CTLA-4); indeed during almost the whole 
enrolling period the combination was not reimbursed 
in our Country. Although this treatment is now availa-
ble, it is restricted to a small selected patient subgroup, 
making our data still representative of the current clini-
cal context.

On the other hand, the main strength of the present 
study is that it was conducted in a real-word setting, 
producing results with external validity.

Future perspectives include the evaluation of the 
cytokine levels and their fluctuation in relation to the 
toxicity, and the potential interaction with different 
drugs (such as steroids, immunosuppressive agents, 
antibiotics, antiviral and anti-inflammatory agents), 
infections, comorbidities and metastatic sites.

Conclusions
This is the first translational prospective study investi-
gating the predictive and prognostic values of a large 
panel of circulating cytokines and their sex-interaction 
in MM and NSCLC patients receiving ICIs, at the base-
line and at different timepoints. We identified selected 
cytokines differentially expressed before treatment start 
as well as their changes at the second cycle of treat-
ment in responder males and females, thus suggest-
ing a potential role as biomarkers to be prospectively 
validated as selection criteria in upcoming clinical trials 
and across different cancer types.

Abbreviations
AIFA  Agenzia Italiana del Farmaco (Italian Medicines Agency)
AJCC  American Joint Committee on Cancer
CD4  Clusters of differentiation 4
CI  Confidence interval
CR  Complete response
CTLA‑4  Cytotoxic T‑lymphocyte antigen 4
DCR  Disease control rate
ECOG‑PS  Eastern cooperative oncology group performance status
EGF  Epidermal growth factor
FGF  Fibroblast growth factor
G‑CSF  Granulocyte‑colony stimulating factor
GM‑CSF  Granulocyte macrophage colony stimulating factor
GRO  Growth‑regulated protein
HR  Hazard ratio
ICI  Immune checkpoint inhibitor
IFN  Interferon
IL  Interleukin
IL1‑ra  Interleukin‑1 receptor antagonist
IP‑10  Interferon‑inducible protein‑10
IQR  Interquartile range
MCP‑1  Monocyte chemotactic protein‑1
MHC  Major histocompatibility complex
MIP  Macrophage inflammatory protein
MM  Malignant melanoma
NR  Not reached
NSCLC  Non‑small cell lung cancer
ORR  Objective response rate
OS  Overall survival
PFS  Progression free survival
PD  Progression disease
PD‑1  Programmed cell death protein 1
PD‑L1  Programmed cell death ligand 1
PR  Partial response
SD  Stable disease
sPD‑L1  Soluble programmed death ligand 1
TNF  Tumor necrosis factor
VEGF  Vascular endothelial growth factor

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12967‑ 024‑ 04920‑6.

Additional file 1: Supplementary methods. 

Additional file 2: Figure S1. Kaplan‑Meier curves for progression free sur‑
vival (PFS) (A) and overall survival (OS) (B) of total population and stratified 
by sex. Figure S2. Kaplan‑Meier curves for progression free survival (PFS) 
of Melanoma patients (A) and NSCLC patients (B) of all population and 
stratified by sex. Figure S3. Kaplan‑Meier curves for overall survival (OS) 
of Melanoma patients (A) and NSCLC patients (B) of all population and 

https://doi.org/10.1186/s12967-024-04920-6
https://doi.org/10.1186/s12967-024-04920-6


Page 13 of 16Pasello et al. Journal of Translational Medicine          (2024) 22:242  

stratified by sex. Figure S4. Boxplot of circulating levels of biomarkers (pg/
ml) in patients achieving disease control (CR/PR/SD) according to RECIST 
1.1 criteria. Baseline values for the total population (A) and according 
to sex (B). Changes at cycle 2 from baseline values for the total popula‑
tion (C) and according to sex (D). Table S1. Italian Medicines Agency 
indications for Immune Checkpoint Inhibitors in Melanoma and NSCLC 
patients, at the time of study enrollment. Table S2. Patient characteristics 
for the melanoma study population. Table S3. Patient characteristics 
for the NSCLC study population. Table S4. Baseline levels of biomarkers 
(pg/ml) according to sex. Table S5. Baseline levels of biomarkers (pg/ml) 
according to diagnosis. Table S6. Multiple logistic regression predicting 
the objective response rate for biomarker baseline levels (pg/ml) (A), and 
variation between cycle 2 and baseline (B). Table S7. Multiple logistic 
regression predicting disease control rate of biomarker baseline levels 
(pg/ml) (A), and variation between cycle 2 and baseline (B). Table S8. 
Multiple Cox regression predicting the progression free survival (PFS) for 
biomarker baseline levels (pg/ml) (A), and variation between cycle 2 and 
baseline (B). Table S9. Multiple Cox regression predicting the overall sur‑
vival (OS) for biomarker baseline levels (pg/ml) (A), and variation between 
cycle 2 and baseline (B).

Acknowledgements
We thank all the patients and their families. We thank the research nurses 
and technicians of all the participating centers. The authors thank IOV‑IRCCS 
Biobank for collaboration in sample storage and management.

Author contributions
Study conceptualization and design: VCS, MG, ASCF, GP, PDB,  AF6. Clinical 
investigation: VCS, LP, GP, MDN, LB, VG,  AF4, DP, FZ, CDR, JP,  AF6. Laboratory 
analysis: MG, ASCF, EC. Interpretation of data: VCS, PDB, LP, VS, MG, ASCF, EC, GP. 
Data collection and curation: VS, LP, ASCF, EC, MDN, LB, GP, PDB, VCS. Project 
management: VS, VCS, MG, ASCF, GP. Statistical analysis: PDB, GLDS. Manuscript 
drafting: VCS, LP, VS, ASCF, LB, GP, PDB. Manuscript editing: VCS, LP, VS, ASCF, 
VG, GP, PDB. Founding acquisition: VCS, MG. All the authors approved the final 
version of the manuscript.

Funding
This research was funded by Veneto Institute of Oncology IOV‑IRCCS “5 × 1000 
anno di riferimento 2015—Genomica dei tumori e immunoterapia nell’era dei 
big data, fase 2” (5 × 1000 BIGID219SILE) to V. Chiarion Sileni and by Ricerca 
Finalizzata Ministero della Salute, Grant n. RF‑2018‑12367604 to V. Chiarion 
Sileni.

Availability of data and materials
The datasets for this study are available at https:// doi. org/ 10. 5281/ zenodo. 
10219 235.

Declarations

Ethics approval and consent to participation
This study was conducted with the approval of the Ethics Committees of each 
institution involved, and carried out in accordance with the Declaration of 
Helsinki and the Good Clinical Practice. All participants signed the informed 
consent before entering the study.

Consent for publication
All patients consented to the publication of aggregated and anonymized data.

Competing interests
VCS has advisory roles for Pierre‑Fabre, Immuncore and Merck Sharp & Dohme 
and she received support for attending meetings and travel from Pierre Fabre 
and Sanofi. GP has advisory board membership, honoraria, speaker’s fees, 
consultant roles for Amgen, AstraZeneca, BMS, Eli Lilly, Jansenn, MSD, Novartis, 
Roche and she received unconditioned research support from AstraZeneca, 
Roche, MSD. LP received speaker’s fees from Novartis, MSD, BMS.  AF6 received 
speaker’s fees from BMS, MSD, Novartis, SUN Pharma. JP has advisory roles for 
MSD and received speaker’s fees from BMS. LB received personal fees as an 
invited speaker and for advisory board membership from AstraZeneca, MSD, 

BMS, Roche, Novartis and Lilly; she is a member of the AstraZeneca Steering 
Committee, she received unconditioned research support from AstraZeneca. 
VG reports personal fees for advisory board membership for AstraZeneca, Dai‑
ichi Sankyo, Eisai, Eli Lilly, Exact Sciences, Gilead, Merck Serono, MSD, Novartis, 
Pfizer, Olema Oncology, Pierre Fabre; personal fees as an invited speaker for 
AstraZeneca, Daiichi Sankyo, Eli Lilly, Exact Sciences, Gilead, GSK, Novartis, 
Roche and Zentiva; personal fees for expert testimony for Eli Lilly. All the other 
authors (ASCF, PDB, VS,  AF4, FZ, CDR, MDN, EC, DP, GLDS, MG) declare that they 
have no competing interests.

Author details
1 Medical Oncology 2, Veneto Institute of Oncology IOV‑IRCCS, Padua, 
Italy. 2 Department of Surgery, Oncology and Gastroenterology, University 
of Padova, Padua, Italy. 3 Clinical Research Unit, Veneto Institute of Oncology 
IOV‑IRCCS, Padua, Italy. 4 Medical Oncology Unit, Ca’ Foncello Hospital, AULSS 
2, Treviso, Italy. 5 Medical Oncology Unit, AULSS 1 Dolomiti, Belluno, Italy. 
6 Medical Oncology 3, Veneto Institute of Oncology IOV‑IRCCS, Padua, Italy. 
7 Medical Oncology Unit, AULSS 3 Serenissima, Mestre‑Venice, Italy. 8 Regional 
Center for Biomarkers, Department of Clinical Pathology, AULSS3 Serenissima, 
Venice, Italy. 

Received: 30 November 2023   Accepted: 20 January 2024

References
 1. Hendriks LE, Kerr KM, Menis J, Mok TS, Nestle U, Passaro A, Peters S, 

Planchard D, Smit EF, Solomon BJ, Veronesi G, Reck M, ESMO Guidelines 
Committee. Oncogene‑addicted metastatic non‑small‑cell lung cancer: 
ESMO clinical practice guideline for diagnosis, treatment and follow‑up. 
Ann Oncol. 2023;34(4):339–57. https:// doi. org/ 10. 1016/j. annonc. 2022. 12. 
009.

 2. Michielin O, van Akkooi ACJ, Ascierto PA, Dummer R, Keilholz U, ESMO 
guidelines committee. Electronic address: clinicalguidelines@esmo.org. 
Cutaneous melanoma: ESMO clinical practice guidelines for diagnosis, 
treatment and follow‑up†. Ann Oncol. 2019;30(12):1884–901. https:// doi. 
org/ 10. 1093/ annonc/ mdz411.

 3. Hodi FS, O’Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen JB, 
Gonzalez R, Robert C, Schadendorf D, Hassel JC, Akerley W, van den Eert‑
wegh AJ, Lutzky J, Lorigan P, Vaubel JM, Linette GP, Hogg D, Ottensmeier 
CH, Lebbé C, Peschel C, Quirt I, Clark JI, Wolchok JD, Weber JS, Tian J, Yellin 
MJ, Nichol GM, Hoos A, Urba WJ. Improved survival with ipilimumab in 
patients with metastatic melanoma. N Engl J Med. 2010;363(8):711–23. 
https:// doi. org/ 10. 1056/ NEJMo a1003 466.

 4. Robert C, Long GV, Brady B, Dutriaux C, Maio M, Mortier L, Hassel JC, 
Rutkowski P, McNeil C, Kalinka‑Warzocha E, Savage KJ, Hernberg MM, 
Lebbé C, Charles J, Mihalcioiu C, Chiarion‑Sileni V, Mauch C, Cognetti 
F, Arance A, Schmidt H, Schadendorf D, Gogas H, Lundgren‑Eriksson L, 
Horak C, Sharkey B, Waxman IM, Atkinson V, Ascierto PA. Nivolumab in 
previously untreated melanoma without BRAF mutation. N Engl J Med. 
2015;372(4):320–30. https:// doi. org/ 10. 1056/ NEJMo a1412 082.

 5. Larkin J, Chiarion‑Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, Scha‑
dendorf D, Dummer R, Smylie M, Rutkowski P, Ferrucci PF, Hill A, Wagstaff 
J, Carlino MS, Haanen JB, Maio M, Marquez‑Rodas I, McArthur GA, Ascierto 
PA, Long GV, Callahan MK, Postow MA, Grossmann K, Sznol M, Dreno B, 
Bastholt L, Yang A, Rollin LM, Horak C, Hodi FS, Wolchok JD. Combined 
Nivolumab and Ipilimumab or Monotherapy in Untreated Melanoma. N 
Engl J Med. 2015;373(1):23–34. https:// doi. org/ 10. 1056/ NEJMo a1504 030.

 6. Robert C, Schachter J, Long GV, Arance A, Grob JJ, Mortier L, Daud A, Car‑
lino MS, McNeil C, Lotem M, Larkin J, Lorigan P, Neyns B, Blank CU, Hamid 
O, Mateus C, Shapira‑Frommer R, Kosh M, Zhou H, Ibrahim N, Ebbinghaus 
S, Ribas A, KEYNOTE‑006 investigators. Pembrolizumab versus ipilimumab 
in advanced melanoma. N Engl J Med. 2015;372(26):2521–32. https:// doi. 
org/ 10. 1056/ NEJMo a1503 093.

 7. Brahmer J, Reckamp KL, Baas P, Crinò L, Eberhardt WE, Poddubskaya 
E, Antonia S, Pluzanski A, Vokes EE, Holgado E, Waterhouse D, Ready 
N, Gainor J, Arén Frontera O, Havel L, Steins M, Garassino MC, Aerts 
JG, Domine M, Paz‑Ares L, Reck M, Baudelet C, Harbison CT, Lestini B, 
Spigel DR. Nivolumab versus docetaxel in advanced squamous‑cell 

https://doi.org/10.5281/zenodo.10219235
https://doi.org/10.5281/zenodo.10219235
https://doi.org/10.1016/j.annonc.2022.12.009
https://doi.org/10.1016/j.annonc.2022.12.009
https://doi.org/10.1093/annonc/mdz411
https://doi.org/10.1093/annonc/mdz411
https://doi.org/10.1056/NEJMoa1003466
https://doi.org/10.1056/NEJMoa1412082
https://doi.org/10.1056/NEJMoa1504030
https://doi.org/10.1056/NEJMoa1503093
https://doi.org/10.1056/NEJMoa1503093


Page 14 of 16Pasello et al. Journal of Translational Medicine          (2024) 22:242 

non‑small‑cell lung cancer. N Engl J Med. 2015;373(2):123–35. https:// doi. 
org/ 10. 1056/ NEJMo a1504 627.

 8. Borghaei H, Paz‑Ares L, Horn L, Spigel DR, Steins M, Ready NE, Chow LQ, 
Vokes EE, Felip E, Holgado E, Barlesi F, Kohlhäufl M, Arrieta O, Burgio MA, 
Fayette J, Lena H, Poddubskaya E, Gerber DE, Gettinger SN, Rudin CM, 
Rizvi N, Crinò L, Blumenschein GR Jr, Antonia SJ, Dorange C, Harbison 
CT, Graf Finckenstein F, Brahmer JR. Nivolumab versus Docetaxel in 
advanced nonsquamous non‑small‑cell lung cancer. N Engl J Med. 
2015;373(17):1627–39. https:// doi. org/ 10. 1056/ NEJMo a1507 643.0.

 9. Rittmeyer A, Barlesi F, Waterkamp D, Park K, Ciardiello F, von Pawel J, 
Gadgeel SM, Hida T, Kowalski DM, Dols MC, Cortinovis DL, Leach J, 
Polikoff J, Barrios C, Kabbinavar F, Frontera OA, De Marinis F, Turna H, Lee 
JS, Ballinger M, Kowanetz M, He P, Chen DS, Sandler A, Gandara DR, OAK 
Study Group. Atezolizumab versus docetaxel in patients with previ‑
ously treated non‑small‑cell lung cancer (OAK): a phase 3, open‑label, 
multicentre randomised controlled trial. Lancet. 2017;389(10066):255–65. 
https:// doi. org/ 10. 1016/ S0140‑ 6736(16) 32517‑X.

 10. Herbst RS, Baas P, Kim DW, Felip E, Pérez‑Gracia JL, Han JY, Molina J, 
Kim JH, Arvis CD, Ahn MJ, Majem M, Fidler MJ, de Castro G, Lubiniecki 
GM, Shentu Y, Im E, Dolled‑Filhart M, Garon EB. Pembrolizumab versus 
docetaxel for previously treated, PD‑L1‑positive, advanced non‑small‑
cell lung cancer (KEYNOTE‑010): a randomised controlled trial. Lancet. 
2016;387(10027):1540–50. https:// doi. org/ 10. 1016/ S0140‑ 6736(15) 
01281‑7.

 11. Reck M, Rodríguez‑Abreu D, Robinson AG, Hui R, Csőszi T, Fülöp A, 
Gottfried M, Peled N, Tafreshi A, Cuffe S, O’Brien M, Rao S, Hotta K, Leiby 
MA, Lubiniecki GM, Shentu Y, Rangwala R, Brahmer JR, KEYNOTE‑024 
Investigators. Pembrolizumab versus chemotherapy for PD‑L1‑positive 
non‑small‑cell lung cancer. N Engl J Med. 2016;375(19):1823–33. https:// 
doi. org/ 10. 1056/ NEJMo a1606 774.

 12. Paz‑Ares L, Luft A, Vicente D, Tafreshi A, Gümüş M, Mazières J, Hermes 
B, Çay Şenler F, Csőszi T, Fülöp A, Rodríguez‑Cid J, Wilson J, Sugawara 
S, Kato T, Lee KH, Cheng Y, Novello S, Halmos B, Li X, Lubiniecki GM, 
Piperdi B, Kowalski DM, KEYNOTE‑407 Investigators. Pembrolizumab plus 
chemotherapy for squamous non‑small‑cell lung cancer. N Engl J Med. 
2018;379(21):2040–51. https:// doi. org/ 10. 1056/ NEJMo a1810 865.

 13. Gandhi L, Rodríguez‑Abreu D, Gadgeel S, Esteban E, Felip E, De Angelis 
F, Domine M, Clingan P, Hochmair MJ, Powell SF, Cheng SY, Bischoff HG, 
Peled N, Grossi F, Jennens RR, Reck M, Hui R, Garon EB, Boyer M, Rubio‑
Viqueira B, Novello S, Kurata T, Gray JE, Vida J, Wei Z, Yang J, Raftopoulos H, 
Pietanza MC, Garassino MC, KEYNOTE‑189 Investigators. Pembrolizumab 
plus chemotherapy in metastatic non‑small‑cell lung cancer. N Engl J 
Med. 2018;378(22):2078–92. https:// doi. org/ 10. 1056/ NEJMo a1801 005.

 14. Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott DF, 
Powderly JD, Sosman JA, Atkins MB, Leming PD, Spigel DR, Antonia SJ, 
Drilon A, Wolchok JD, Carvajal RD, McHenry MB, Hosein F, Harbison CT, 
Grosso JF, Sznol M. Five‑year survival and correlates among patients with 
advanced melanoma, renal cell carcinoma, or non‑small cell lung cancer 
treated with nivolumab. JAMA Oncol. 2019;5(10):1411–20. https:// doi. 
org/ 10. 1001/ jamao ncol. 2019. 2187.

 15. Hodi FS, Hwu WJ, Kefford R, Weber JS, Daud A, Hamid O, Patnaik A, Ribas 
A, Robert C, Gangadhar TC, Joshua AM, Hersey P, Dronca R, Joseph R, Hille 
D, Xue D, Li XN, Kang SP, Ebbinghaus S, Perrone A, Wolchok JD. Evalu‑
ation of immune‑related response criteria and RECIST v1.1 in patients 
with advanced melanoma treated with Pembrolizumab. J Clin Oncol. 
2016;34(13):1510–7. https:// doi. org/ 10. 1200/ JCO. 2015. 64. 0391.

 16. Borcoman E, Kanjanapan Y, Champiat S, Kato S, Servois V, Kurzrock R, Goel 
S, Bedard P, Le Tourneau C. Novel patterns of response under immuno‑
therapy. Ann Oncol. 2019;30(3):385–96. https:// doi. org/ 10. 1093/ annonc/ 
mdz003.

 17. Kim JY, Lee KH, Kang J, Borcoman E, Saada‑Bouzid E, Kronbichler A, 
Hong SH, de Rezende LFM, Ogino S, Keum N, Song M, Luchini C, van der 
Vliet HJ, Shin JI, Gamerith G. Hyperprogressive disease during anti‑PD‑1 
(PDCD1)/PD‑L1 (CD274) therapy: a systematic review and meta‑analysis. 
Cancers (Basel). 2019;11(11):1699. https:// doi. org/ 10. 3390/ cance rs111 
11699.

 18. Carbone DP, Reck M, Paz‑Ares L, Creelan B, Horn L, Steins M, Felip E, van 
den Heuvel MM, Ciuleanu TE, Badin F, Ready N, Hiltermann TJN, Nair 
S, Juergens R, Peters S, Minenza E, Wrangle JM, Rodriguez‑Abreu D, 
Borghaei H, Blumenschein GR Jr, Villaruz LC, Havel L, Krejci J, Corral Jaime 
J, Chang H, Geese WJ, Bhagavatheeswaran P, Chen AC, Socinski MA, 

CheckMate 026 Investigators. First‑line nivolumab in stage IV or recurrent 
non‑small‑cell lung cancer. N Engl J Med. 2017;376(25):2415–26. https:// 
doi. org/ 10. 1056/ NEJMo a1613 493.

 19. Morrison C, Pabla S, Conroy JM, Nesline MK, Glenn ST, Dressman D, 
Papanicolau‑Sengos A, Burgher B, Andreas J, Giamo V, Qin M, Wang Y, 
Lenzo FL, Omilian A, Bshara W, Zibelman M, Ghatalia P, Dragnev K, Shirai 
K, Madden KG, Tafe LJ, Shah N, Kasuganti D, de la Cruz‑Merino L, Araujo 
I, Saenger Y, Bogardus M, Villalona‑Calero M, Diaz Z, Day R, Eisenberg M, 
Anderson SM, Puzanov I, Galluzzi L, Gardner M, Ernstoff MS. Predicting 
response to checkpoint inhibitors in melanoma beyond PD‑L1 and 
mutational burden. J Immunother Cancer. 2018;6(1):32. https:// doi. org/ 
10. 1186/ s40425‑ 018‑ 0344‑8. PMID: 29743 104; PMCID: PMC59 44039.

 20. Topalian SL, Sznol M, McDermott DF, Kluger HM, Carvajal RD, Sharfman 
WH, Brahmer JR, Lawrence DP, Atkins MB, Powderly JD, Leming PD, 
Lipson EJ, Puzanov I, Smith DC, Taube JM, Wigginton JM, Kollia GD, Gupta 
A, Pardoll DM, Sosman JA, Hodi FS. Survival, durable tumor remission, 
and long‑term safety in patients with advanced melanoma receiving 
nivolumab. J Clin Oncol. 2014;32(10):1020–30. https:// doi. org/ 10. 1200/ 
JCO. 2013. 53. 0105.

 21. Klein SL, Flanagan KL. Sex differences in immune responses. Nat Rev 
Immunol. 2016;16(10):626–38. https:// doi. org/ 10. 1038/ nri. 2016. 90.

 22. Conforti F, Pala L, Bagnardi V, De Pas T, Martinetti M, Viale G, Gelber 
RD, Goldhirsch A. Cancer immunotherapy efficacy and patients’ sex: a 
systematic review and meta‑analysis. Lancet Oncol. 2018;19(6):737–46. 
https:// doi. org/ 10. 1016/ S1470‑ 2045(18) 30261‑4.

 23. Suay G, Garcia‑Cañaveras JC, Aparisi F, Lahoz A, Juan‑Vidal O. Sex differ‑
ences in the efficacy of immune checkpoint inhibitors in Neoadjuvant 
therapy of non‑small cell lung cancer: a meta‑analysis. Cancers (Basel). 
2023;15(18):4433. https:// doi. org/ 10. 3390/ cance rs151 84433.

 24. Schneidewind L, Kiss B, Zengerling F, Borkowetz A, Graf S, Kranz J, Dräger 
DL, Graser A, Bellut L, Uhlig A. Gender‑specific outcomes in immune 
checkpoint inhibitor therapy for advanced or metastatic urothelial 
cancer: a systematic review and meta‑analysis. J Cancer Res Clin Oncol. 
2023;149(11):9399–408. https:// doi. org/ 10. 1007/ s00432‑ 023‑ 04788‑x.

 25. Xue C, Zheng S, Dong H, Lu X, Zhang X, Zhang J, Li J, Cui H. Association 
between efficacy of immune checkpoint inhibitors and sex: an updated 
meta‑analysis on 21 trials and 12,675 non‑small cell lung cancer patients. 
Front Oncol. 2021;26(11):627016. https:// doi. org/ 10. 3389/ fonc. 2021. 
627016.

 26. Lai LT, Gu WG, Hu MB, Wang WJ, Wang SS, Huai YJ, Mei JH, Wang 
CL. Sex‑related differences in the efficacy of immune checkpoint 
inhibitors in malignancy: a systematic review and meta‑analysis. Aging. 
2021;13(11):15413–32. https:// doi. org/ 10. 18632/ aging. 203100.

 27. Wallis CJD, Butaney M, Satkunasivam R, Freedland SJ, Patel SP, Hamid O, 
Pal SK, Klaassen Z. Association of patient sex with efficacy of immune 
checkpoint inhibitors and overall survival in advanced cancers: a system‑
atic review and meta‑analysis. JAMA Oncol. 2019;5(4):529–36. https:// doi. 
org/ 10. 1001/ jamao ncol. 2018. 5904.

 28. Grassadonia A, Sperduti I, Vici P, Iezzi L, Brocco D, Gamucci T, Pizzuti L, 
Maugeri‑Saccà M, Marchetti P, Cognetti G, De Tursi M, Natoli C, Barba 
M, Tinari N. Effect of gender on the outcome of patients receiving 
immune checkpoint inhibitors for advanced cancer: a systematic review 
and meta‑analysis of phase III randomized clinical trials. J Clin Med. 
2018;7(12):542. https:// doi. org/ 10. 3390/ jcm71 20542.

 29. Pala L, Conforti F. The effect of patient sex on the efficacy and safety of 
anticancer immunotherapy. Expert Opin Drug Saf. 2021;20(12):1535–44. 
https:// doi. org/ 10. 1080/ 14740 338. 2021. 19396 72.

 30. Cappelletto E, Tiozzo Fasiolo L, Salizzato V, Piccin L, Fabozzi A, Contato A, 
Del Bianco P, Pasello G, Chiarion‑Sileni V, Gion M, Fabricio ASC. Cytokine 
and soluble programmed death‑ligand 1 levels in serum and plasma of 
cancer patients treated with immunotherapy: Preanalytical and analytical 
considerations. Int J Biol Makers. 2024

 31. Merino M, Kasamon Y, Theoret M, Pazdur R, Kluetz P, Gormley N. Irrecon‑
cilable differences: the divorce between response rates, progression‑free 
survival, and overall survival. J Clin Oncol. 2023;41(15):2706–12. https:// 
doi. org/ 10. 1200/ JCO. 23. 00225.

 32. Conforti F, Pala L, Bagnardi V, Viale G, De Pas T, Pagan E, Pennacchioli E, 
Cocorocchio E, Ferrucci PF, De Marinis F, Gelber RD, Goldhirsch A. Sex‑
based heterogeneity in response to lung cancer immunotherapy: a sys‑
tematic review and meta‑analysis. J Natl Cancer Inst. 2019;111(8):772–81. 
https:// doi. org/ 10. 1093/ jnci/ djz094.

https://doi.org/10.1056/NEJMoa1504627
https://doi.org/10.1056/NEJMoa1504627
https://doi.org/10.1056/NEJMoa1507643.0
https://doi.org/10.1016/S0140-6736(16)32517-X
https://doi.org/10.1016/S0140-6736(15)01281-7
https://doi.org/10.1016/S0140-6736(15)01281-7
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1056/NEJMoa1810865
https://doi.org/10.1056/NEJMoa1801005
https://doi.org/10.1001/jamaoncol.2019.2187
https://doi.org/10.1001/jamaoncol.2019.2187
https://doi.org/10.1200/JCO.2015.64.0391
https://doi.org/10.1093/annonc/mdz003
https://doi.org/10.1093/annonc/mdz003
https://doi.org/10.3390/cancers11111699
https://doi.org/10.3390/cancers11111699
https://doi.org/10.1056/NEJMoa1613493
https://doi.org/10.1056/NEJMoa1613493
https://doi.org/10.1186/s40425-018-0344-8.PMID:29743104;PMCID:PMC5944039
https://doi.org/10.1186/s40425-018-0344-8.PMID:29743104;PMCID:PMC5944039
https://doi.org/10.1200/JCO.2013.53.0105
https://doi.org/10.1200/JCO.2013.53.0105
https://doi.org/10.1038/nri.2016.90
https://doi.org/10.1016/S1470-2045(18)30261-4
https://doi.org/10.3390/cancers15184433
https://doi.org/10.1007/s00432-023-04788-x
https://doi.org/10.3389/fonc.2021.627016
https://doi.org/10.3389/fonc.2021.627016
https://doi.org/10.18632/aging.203100
https://doi.org/10.1001/jamaoncol.2018.5904
https://doi.org/10.1001/jamaoncol.2018.5904
https://doi.org/10.3390/jcm7120542
https://doi.org/10.1080/14740338.2021.1939672
https://doi.org/10.1200/JCO.23.00225
https://doi.org/10.1200/JCO.23.00225
https://doi.org/10.1093/jnci/djz094


Page 15 of 16Pasello et al. Journal of Translational Medicine          (2024) 22:242  

 33. Kudura K, Basler L, Nussbaumer L, Foerster R. Sex‑related differences in 
metastatic melanoma patients treated with immune checkpoint inhibi‑
tion. Cancers (Basel). 2022;14(20):5145. https:// doi. org/ 10. 3390/ cance 
rs142 05145.

 34. El‑Osta H, Jafri S. Predictors for clinical benefit of immune checkpoint 
inhibitors in advanced non‑small‑cell lung cancer: a meta‑analysis. Immu‑
notherapy. 2019;11(3):189–99. https:// doi. org/ 10. 2217/ imt‑ 2018‑ 0086.

 35. Ferrara R, Imbimbo M, Malouf R, Paget‑Bailly S, Calais F, Marchal C, Westeel 
V. Single or combined immune checkpoint inhibitors compared to first‑
line platinum‑based chemotherapy with or without bevacizumab for 
people with advanced non‑small cell lung cancer. Cochrane Database 
Syst Rev. 2020;12(12):CD013257. https:// doi. org/ 10. 1002/ 14651 858. 
CD013 257. pub2.

 36. Pinto JA, Vallejos CS, Raez LE, Mas LA, Ruiz R, Torres‑Roman JS, Morante 
Z, Araujo JM, Gómez HL, Aguilar A, Bretel D, Flores CJ, Rolfo C. Gender 
and outcomes in non‑small cell lung cancer: an old prognostic variable 
comes back for targeted therapy and immunotherapy? ESMO Open. 
2018;3(3):e000344. https:// doi. org/ 10. 1136/ esmoo pen‑ 2018‑ 000344.

 37. Ramspott JP, Bekkat F, Bod L, Favier M, Terris B, Salomon A, Djerroudi 
L, Zaenker KS, Richard Y, Molinier‑Frenkel V, Castellano F, Avril MF, 
Prévost‑Blondel A. Emerging role of IL‑4‑induced gene 1 as a prognostic 
biomarker affecting the local T‑Cell response in human cutaneous mela‑
noma. J Invest Dermatol. 2018;138(12):2625–34. https:// doi. org/ 10. 1016/j. 
jid. 2018. 06. 178.

 38. Klepper EM, Robinson HN. Dupilumab for the treatment of nivolumab‑
induced bullous pemphigoid: a case report and review of the literature. 
Dermatol Online J. 2021. https:// doi. org/ 10. 5070/ D3279 55136.

 39. Tanaka R, Okiyama N, Okune M, Ishitsuka Y, Watanabe R, Furuta J, Ohtsuka 
M, Otsuka A, Maruyama H, Fujisawa Y, Fujimoto M. Serum level of inter‑
leukin‑6 is increased in nivolumab‑associated psoriasiform dermatitis and 
tumor necrosis factor‑α is a biomarker of nivolumab recativity. J Dermatol 
Sci. 2017;86(1):71–3. https:// doi. org/ 10. 1016/j. jderm sci. 2016. 12. 019.

 40. Verheijden RJ, May AM, Blank CU, Aarts MJB, van den Berkmortel FWPJ, 
van den Eertwegh AJM, de Groot JWB, Boers‑Sonderen MJ, van der 
Hoeven JJM, Hospers GA, Piersma D, van Rijn RS, Ten Tije AJ, van der 
Veldt AAM, Vreugdenhil G, van Zeijl MCT, Wouters MWJM, Haanen JBAG, 
Kapiteijn E, Suijkerbuijk KPM. Association of anti‑TNF with decreased sur‑
vival in steroid refractory ipilimumab and anti‑PD1‑treated patients in the 
dutch melanoma treatment registry. Clin Cancer Res. 2020;26(9):2268–74. 
https:// doi. org/ 10. 1158/ 1078‑ 0432. CCR‑ 19‑ 3322.

 41. Perez‑Ruiz E, Minute L, Otano I, Alvarez M, Ochoa MC, Belsue V, de Andrea 
C, Rodriguez‑Ruiz ME, Perez‑Gracia JL, Marquez‑Rodas I, Llacer C, Alvarez 
M, de Luque V, Molina C, Teijeira A, Berraondo P, Melero I. Prophylactic 
TNF blockade uncouples efficacy and toxicity in dual CTLA‑4 and PD‑1 
immunotherapy. Nature. 2019;569(7756):428–32. https:// doi. org/ 10. 1038/ 
s41586‑ 019‑ 1162‑y.

 42. Pellegrini P, Contasta I, Del Beato T, Ciccone F, Berghella AM. Gender‑
specific cytokine pathways, targets, and biomarkers for the switch 
from health to adenoma and colorectal cancer. Clin Dev Immunol. 
2011;2011:819724. https:// doi. org/ 10. 1155/ 2011/ 819724.

 43. Valpione S, Pasquali S, Campana LG, Piccin L, Mocellin S, Pigozzo J, 
Chiarion‑Sileni V. Sex and interleukin‑6 are prognostic factors for autoim‑
mune toxicity following treatment with anti‑CTLA4 blockade. J Transl 
Med. 2018;16(1):94. https:// doi. org/ 10. 1186/ s12967‑ 018‑ 1467‑x. PMID: 
29642 948; PMCID: PMC58 96157.

 44. Hardy‑Werbin M, Rocha P, Arpi O, Taus Á, Nonell L, Durán X, Villanueva X, 
Joseph‑Pietras D, Nolan L, Danson S, Griffiths R, Lopez‑Botet M, Rovira A, 
Albanell J, Ottensmeier C, Arriola E. Serum cytokine levels as predictive 
biomarkers of benefit from ipilimumab in small cell lung cancer. Oncoim‑
munology. 2019;8(6):e1593810. https:// doi. org/ 10. 1080/ 21624 02X. 2019. 
15938 10.

 45. Laino AS, Woods D, Vassallo M, Qian X, Tang H, Wind‑Rotolo M, Weber 
J. Serum interleukin‑6 and C‑reactive protein are associated with 
survival in melanoma patients receiving immune checkpoint inhibi‑
tion. J Immunother Cancer. 2020;8(1):e000842. https:// doi. org/ 10. 1136/ 
jitc‑ 2020‑ 000842.

 46. Tsukamoto H, Fujieda K, Senju S, Ikeda T, Oshiumi H, Nishimura Y. 
Immune‑suppressive effects of interleukin‑6 on T‑cell‑mediated anti‑
tumor immunity. Cancer Sci. 2018;109(3):523–30. https:// doi. org/ 10. 1111/ 
cas. 13433.

 47. Liu C, Yang L, Xu H, Zheng S, Wang Z, Wang S, Yang Y, Zhang S, Feng X, 
Sun N, Wang Y, He J. Systematic analysis of IL‑6 as a predictive biomarker 
and desensitizer of immunotherapy responses in patients with non‑small 
cell lung cancer. BMC Med. 2022;20(1):187. https:// doi. org/ 10. 1186/ 
s12916‑ 022‑ 02356‑7.

 48. Weber JS, Muramatsu T, Hamid O, Mehnert J, Hodi FS, Krishnarajapet S, 
Malatyali S, Buchbinder E, Goldberg J, Sullivan R, Faries M, Mehmi I. Phase 
II trial of ipilimumab, nivolumab and tocilizumab for unresectable meta‑
static melanoma. Ann Oncol. 2021;32(suppl_5):S867–905. https:// doi. org/ 
10. 1016/ annonc/ annon c706.

 49. Delyon J, Lebbe C. IL‑6 blockade in cancer patients treated with immune 
checkpoint blockade: a win‑win strategy. Cancer Cell. 2022;40(5):450–1. 
https:// doi. org/ 10. 1016/j. ccell. 2022. 04. 010.

 50. Yu H, Pardoll D, Jove R. STATs in cancer inflammation and immunity: a 
leading role for STAT3. Nat Rev Cancer. 2009;9(11):798–809. https:// doi. 
org/ 10. 1038/ nrc27 34.

 51. Rahma OE, Hodi FS. The Intersection between tumor angiogenesis and 
immune suppression. Clin Cancer Res. 2019;25(18):5449–57. https:// doi. 
org/ 10. 1158/ 1078‑ 0432. CCR‑ 18‑ 1543.

 52. Choueiri TK, Eto M, Motzer R, De Giorgi U, Buchler T, Basappa NS, 
Méndez‑Vidal MJ, Tjulandin S, Hoon Park S, Melichar B, Hutson T, Alemany 
C, McGregor B, Powles T, Grünwald V, Alekseev B, Rha SY, Kopyltsov E, 
Kapoor A, Alonso Gordoa T, Goh JC, Staehler M, Merchan JR, Xie R, Perini 
RF, Mody K, McKenzie J, Porta CG. Lenvatinib plus pembrolizumab versus 
sunitinib as first‑line treatment of patients with advanced renal cell 
carcinoma (CLEAR): extended follow‑up from the phase 3, randomised, 
open‑label study. Lancet Oncol. 2023;24(3):228–38. https:// doi. org/ 10. 
1016/ S1470‑ 2045(23) 00049‑9.

 53. Makker V, Colombo N, Casado Herráez A, Santin AD, Colomba E, Miller 
DS, Fujiwara K, Pignata S, Baron‑Hay S, Ray‑Coquard I, Shapira‑Frommer 
R, Ushijima K, Sakata J, Yonemori K, Kim YM, Guerra EM, Sanli UA, McCor‑
mack MM, Smith AD, Keefe S, Bird S, Dutta L, Orlowski RJ, Lorusso D, Study 
309–KEYNOTE‑775 Investigators. Lenvatinib plus pembrolizumab for 
advanced endometrial cancer. N Engl J Med. 2022;386(5):437–48. https:// 
doi. org/ 10. 1056/ NEJMo a2108 330.

 54. Merck and Eisai provide update on phase 3 trials of KEYTRUDA® 
(pembrolizumab) plus LENVIMA® (lenvatinib) in certain patients with 
advanced melanoma (LEAP‑003) and metastatic colorectal cancer (LEAP‑
017). News release. 2023. https:// bwnews. pr/ 3nRVV Tk. Accessed 7 Apr 
2023.

 55. Mahoney KM, Ross‑Macdonald P, Yuan L, Song L, Veras E, Wind‑Rotolo M, 
McDermott DF, Stephen Hodi F, Choueiri TK, Freeman GJ. Soluble PD‑L1 
as an early marker of progressive disease on nivolumab. J Immunother 
Cancer. 2022;10(2):e003527. https:// doi. org/ 10. 1136/ jitc‑ 2021‑ 003527.

 56. Romero Y, Wise R, Zolkiewska A. Proteolytic processing of PD‑L1 by 
ADAM proteases in breast cancer cells. Cancer Immunol Immunother. 
2020;69(1):43–55. https:// doi. org/ 10. 1007/ s00262‑ 019‑ 02437‑2.

 57. Shigemori T, Toiyama Y, Okugawa Y, Yamamoto A, Yin C, Narumi A, 
Ichikawa T, Ide S, Shimura T, Fujikawa H, Yasuda H, Hiro J, Yoshiyama S, 
Ohi M, Araki T, Kusunoki M. Soluble PD‑L1 expression in circulation as a 
predictive marker for recurrence and prognosis in gastric cancer: direct 
comparison of the clinical burden between tissue and serum PD‑L1 
expression. Ann Surg Oncol. 2019;26(3):876–83. https:// doi. org/ 10. 1245/ 
s10434‑ 018‑ 07112‑x.

 58. Zhou J, Mahoney KM, Giobbie‑Hurder A, Zhao F, Lee S, Liao X, Rodig S, 
Li J, Wu X, Butterfield LH, Piesche M, Manos MP, Eastman LM, Dranoff 
G, Freeman GJ, Hodi FS. Soluble PD‑L1 as a biomarker in malignant 
melanoma treated with checkpoint blockade. Cancer Immunol Res. 
2017;5(6):480–92. https:// doi. org/ 10. 1158/ 2326‑ 6066. CIR‑ 16‑ 0329.

 59. Zhang J, Gao J, Li Y, Nie J, Dai L, Hu W, Chen X, Han J, Ma X, Tian G, Wu D, 
Shen L, Fang J. Circulating PD‑L1 in NSCLC patients and the correlation 
between the level of PD‑L1 expression and the clinical characteristics. 
Thorac Cancer. 2015;6(4):534–8. https:// doi. org/ 10. 1111/ 1759‑ 7714. 
12247.

 60. Ugurel S, Schadendorf D, Horny K, Sucker A, Schramm S, Utikal J, Pföhler 
C, Herbst R, Schilling B, Blank C, Becker JC, Paschen A, Zimmer L, Living‑
stone E, Horn PA, Rebmann V. Elevated baseline serum PD‑1 or PD‑L1 pre‑
dicts poor outcome of PD‑1 inhibition therapy in metastatic melanoma. 
Ann Oncol. 2020;31(1):144–52. https:// doi. org/ 10. 1016/j. annonc. 2019. 09. 
005.

https://doi.org/10.3390/cancers14205145
https://doi.org/10.3390/cancers14205145
https://doi.org/10.2217/imt-2018-0086
https://doi.org/10.1002/14651858.CD013257.pub2
https://doi.org/10.1002/14651858.CD013257.pub2
https://doi.org/10.1136/esmoopen-2018-000344
https://doi.org/10.1016/j.jid.2018.06.178
https://doi.org/10.1016/j.jid.2018.06.178
https://doi.org/10.5070/D327955136
https://doi.org/10.1016/j.jdermsci.2016.12.019
https://doi.org/10.1158/1078-0432.CCR-19-3322
https://doi.org/10.1038/s41586-019-1162-y
https://doi.org/10.1038/s41586-019-1162-y
https://doi.org/10.1155/2011/819724
https://doi.org/10.1186/s12967-018-1467-x.PMID:29642948;PMCID:PMC5896157
https://doi.org/10.1186/s12967-018-1467-x.PMID:29642948;PMCID:PMC5896157
https://doi.org/10.1080/2162402X.2019.1593810
https://doi.org/10.1080/2162402X.2019.1593810
https://doi.org/10.1136/jitc-2020-000842
https://doi.org/10.1136/jitc-2020-000842
https://doi.org/10.1111/cas.13433
https://doi.org/10.1111/cas.13433
https://doi.org/10.1186/s12916-022-02356-7
https://doi.org/10.1186/s12916-022-02356-7
https://doi.org/10.1016/annonc/annonc706
https://doi.org/10.1016/annonc/annonc706
https://doi.org/10.1016/j.ccell.2022.04.010
https://doi.org/10.1038/nrc2734
https://doi.org/10.1038/nrc2734
https://doi.org/10.1158/1078-0432.CCR-18-1543
https://doi.org/10.1158/1078-0432.CCR-18-1543
https://doi.org/10.1016/S1470-2045(23)00049-9
https://doi.org/10.1016/S1470-2045(23)00049-9
https://doi.org/10.1056/NEJMoa2108330
https://doi.org/10.1056/NEJMoa2108330
https://bwnews.pr/3nRVVTk
https://doi.org/10.1136/jitc-2021-003527
https://doi.org/10.1007/s00262-019-02437-2
https://doi.org/10.1245/s10434-018-07112-x
https://doi.org/10.1245/s10434-018-07112-x
https://doi.org/10.1158/2326-6066.CIR-16-0329
https://doi.org/10.1111/1759-7714.12247
https://doi.org/10.1111/1759-7714.12247
https://doi.org/10.1016/j.annonc.2019.09.005
https://doi.org/10.1016/j.annonc.2019.09.005


Page 16 of 16Pasello et al. Journal of Translational Medicine          (2024) 22:242 

 61. Sanmamed MF, Carranza‑Rua O, Alfaro C, Oñate C, Martín‑Algarra S, 
Perez G, Landazuri SF, Gonzalez A, Gross S, Rodriguez I, Muñoz‑Calleja C, 
Rodríguez‑Ruiz M, Sangro B, López‑Picazo JM, Rizzo M, Mazzolini G, Pas‑
cual JI, Andueza MP, Perez‑Gracia JL, Melero I. Serum interleukin‑8 reflects 
tumor burden and treatment response across malignancies of multiple 
tissue origins. Clin Cancer Res. 2014;20(22):5697–707. https:// doi. org/ 10. 
1158/ 1078‑ 0432. CCR‑ 13‑ 3203.

 62. Zou D, Song A, Yong W. Prognostic role of IL‑8 in cancer patients treated 
with immune checkpoint inhibitors: a system review and meta‑analysis. 
Front Oncol. 2023;9(13):1176574. https:// doi. org/ 10. 3389/ fonc. 2023. 
11765 74.

 63. Filimon A, Preda IA, Boloca AF, Negroiu G. Interleukin‑8 in melanoma 
pathogenesis, prognosis and therapy‑an integrated view into other 
neoplasms and chemokine networks. Cells. 2021;11(1):120. https:// doi. 
org/ 10. 3390/ cells 11010 120.

 64. Piemonti L, Keymeulen B, Gillard P, Linn T, Bosi E, Rose L, Pozzilli P, 
Giorgino F, Cossu E, Daffonchio L, Goisis G, Ruffini PA, Maurizi AR, Mantelli 
F, Allegretti M. Ladarixin, an inhibitor of the interleukin‑8 receptors 
CXCR1 and CXCR2, in new‑onset type 1 diabetes: a multicentre, rand‑
omized, double‑blind, placebo‑controlled trial. Diabetes Obes Metab. 
2022;24(9):1840–9. https:// doi. org/ 10. 1111/ dom. 14770.

 65. Sitaru S, Budke A, Bertini R, Sperandio M. Therapeutic inhibition of 
CXCR1/2: where do we stand? Intern Emerg Med. 2023;18(6):1647–64. 
https:// doi. org/ 10. 1007/ s11739‑ 023‑ 03309‑5.

 66. Leung EL, Li RZ, Fan XX, Wang LY, Wang Y, Jiang Z, Huang J, Pan HD, 
Fan Y, Xu H, Wang F, Rui H, Wong P, Sumatoh H, Fehlings M, Nardin A, 
Gavine P, Zhou L, Cao Y, Liu L. Longitudinal high‑dimensional analysis 
identifies immune features associating with response to anti‑PD‑1 
immunotherapy. Nat Commun. 2023;14(1):5115. https:// doi. org/ 10. 1038/ 
s41467‑ 023‑ 40631‑0.

 67. Oyanagi J, Koh Y, Sato K, Teraoka S, Tokudome N, Hayata A, Akamatsu 
H, Ozawa Y, Nakanishi M, Ueda H, Yamamoto N. Bloodborne cytokines 
for predicting clinical benefits and immune‑related adverse events in 
advanced non‑small cell lung cancer treated with anti‑programmed cell 
death 1 inhibitors. Clin Lung Cancer. 2021;22(6):e833–41. https:// doi. org/ 
10. 1016/j. cllc. 2021. 04. 007.

 68. Deshmane SL, Kremlev S, Amini S, Sawaya BE. Monocyte chemoattractant 
protein‑1 (MCP‑1): an overview. J Interferon Cytokine Res. 2009;29(6):313–
26. https:// doi. org/ 10. 1089/ jir. 2008. 0027.

 69. Fu C, Jiang L, Hao S, Liu Z, Ding S, Zhang W, Yang X, Li S. Activation of 
the IL‑4/STAT6 signaling pathway promotes lung cancer progression by 
increasing M2 myeloid cells. Front Immunol. 2019;13(10):2638. https:// 
doi. org/ 10. 3389/ fimmu. 2019. 02638.

 70. Wang H, Zhang Q, Kong H, Zeng Y, Hao M, Yu T, Peng J, Xu Z, Chen J, 
Shi H. Monocyte chemotactic protein‑1 expression as a prognostic bio‑
marker in patients with solid tumor: a meta analysis. Int J Clin Exp Pathol. 
2014;7(7):3876–86.

 71. Huang S, Singh RK, Xie K, Gutman M, Berry KK, Bucana CD, Fidler IJ, 
Bar‑Eli M. Expression of the JE/MCP‑1 gene suppresses metastatic 
potential in murine colon carcinoma cells. Cancer Immunol Immunother. 
1994;39(4):231–8. https:// doi. org/ 10. 1007/ BF015 25986.

 72. Sullivan J, Gong Q, Hyslop T, Lavu H, Chipitsyna G, Yeo CJ, Arafat HA. 
Serum monocyte chemoattractant protein‑1 in pancreatic cancer. J 
Oncol. 2011;2011:518394. https:// doi. org/ 10. 1155/ 2011/ 518394.

 73. Sanmamed MF, Perez‑Gracia JL, Schalper KA, Fusco JP, Gonzalez A, 
Rodriguez‑Ruiz ME, Oñate C, Perez G, Alfaro C, Martín‑Algarra S, Andueza 
MP, Gurpide A, Morgado M, Wang J, Bacchiocchi A, Halaban R, Kluger H, 
Chen L, Sznol M, Melero I. Changes in serum interleukin‑8 (IL‑8) levels 
reflect and predict response to anti‑PD‑1 treatment in melanoma and 
non‑small‑cell lung cancer patients. Ann Oncol. 2017;28(8):1988–95. 
https:// doi. org/ 10. 1093/ annonc/ mdx190.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1158/1078-0432.CCR-13-3203
https://doi.org/10.1158/1078-0432.CCR-13-3203
https://doi.org/10.3389/fonc.2023.1176574
https://doi.org/10.3389/fonc.2023.1176574
https://doi.org/10.3390/cells11010120
https://doi.org/10.3390/cells11010120
https://doi.org/10.1111/dom.14770
https://doi.org/10.1007/s11739-023-03309-5
https://doi.org/10.1038/s41467-023-40631-0
https://doi.org/10.1038/s41467-023-40631-0
https://doi.org/10.1016/j.cllc.2021.04.007
https://doi.org/10.1016/j.cllc.2021.04.007
https://doi.org/10.1089/jir.2008.0027
https://doi.org/10.3389/fimmu.2019.02638
https://doi.org/10.3389/fimmu.2019.02638
https://doi.org/10.1007/BF01525986
https://doi.org/10.1155/2011/518394
https://doi.org/10.1093/annonc/mdx190

	Sex-related differences in serum biomarker levels predict the activity and efficacy of immune checkpoint inhibitors in advanced melanoma and non-small cell lung cancer patients
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Patients and methods
	Study design and participants
	Collection, processing and storage of serum samples
	Biomarker selection and measurement
	Statistical analysis and sample size calculation

	Results
	Activity and efficacy results in the two cohorts of patients
	Sex-specific biomarker distribution according to response
	Sex-specific biomarkers predictive of activity (ORR and DCR)
	Sex-specific biomarkers predictive of efficacy (PFS and OS)

	Discussion
	Conclusions
	Acknowledgements
	References


