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Abstract
Background There is an ongoing debate as to whether sex could be associated with immune checkpoint inhibitor (ICI) 
benefit. Existing literature data reveal contradictory results, and data on first-line immune combinations are lacking.
Method This was a real-world, multicenter, international, observational study to determine the sex effects on the clinical 
outcomes in metastatic renal cell carcinoma (mRCC) patients treated with immuno-oncology combinations as first-line 
therapy.
Results A total of 1827 mRCC patients from 71 cancer centers in 21 countries were included. The median OS was 38.7 months 
(95% CI 32.7–44.2) in the overall study population: 40.0 months (95% CI 32.7–51.6) in males and 38.7 months (95% CI 
26.4–41.0) in females (p = 0.202). The median OS was higher in males vs. females in patients aged 18-49y (36.9 months, 
95% CI 29.0–51.6, vs. 24.8 months, 95% CI 16.8–40.4, p = 0.426, with + 19% of 2y-OS rate, 72% vs. 53%, p = 0.006), in the 
clear cell histology subgroup (44.2 months, 95% CI 35.8–55.7, vs. 38.7 months, 95% CI 26.0–41.0, p = 0.047), and in patients 
with sarcomatoid differentiation (34.4 months, 95% CI 26.4–59.0, vs. 15.3 months, 95% CI 8.9–41.0, p < 0.001). Sex female 
was an independent negative prognostic factor in the sarcomatoid population (HR 1.72, 95% CI 1.15 − 2.57, p = 0.008).
Conclusions Although the female’s innate and adaptive immunity has been observed to be more active than the male’s, 
women in the subgroup of clear cell histology, sarcomatoid differentiation, and those under 50 years of age showed shorter 
OS than males.

Keywords ARON-1 study · Gender differences · Immunotherapy · Immune-based combinations · NCT05287464 · Renal 
cell carcinoma

Introduction

Immunogenicity and vascularization are the main features 
of renal cell carcinoma (RCC) [1]. Immune-based com-
binations, including two immune checkpoint inhibitors 
(ICIs), or ICI and a tyrosine kinase inhibitor (TKI) with 

anti-angiogenic activity, have emerged as the standard first-
line treatment [2–7].

Although immune-based therapies have clearly extended 
patient survival, the immunotherapy benefit and response 
rate are variable, and extensive efforts have been undertaken 
to identify robust biomarkers or clinical factors for optimal 
patient selection [8]. Biological factors, specific for certain 
individuals, have a clear effect on the variation in immuno-
therapy response.

Currently, there is an ongoing debate as to whether sex 
could be associated with ICI benefit [9]. Sex-based differences 
are involved in immune profiles [10], but it is unclear whether 
these differences play a role in immunotherapy benefit. 
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Existing literature data reveal contradictory results. Conforti 
et al. reported in a meta-analysis of randomized clinical tri-
als that male cancer patients treated with immune checkpoint 
inhibitors (ICI) derived greater efficacy than female patients 
[11]. Conversely, others following data found no difference in 
overall survival (OS) from ICIs when comparing the efficacy 
of these treatments between males and females [12, 13]. A 
retrospective analysis performed in patients with metastatic 
RCC (mRCC) revealed no difference between nivolumab and 
everolimus among the two sexes, although the small sample 
size limits clear conclusions [14]. The CheckMate-214 trial 
on nivolumab plus ipilimumab versus sunitinib in the first-line 
treatment of intermediate/poor-risk mRCC patients showed 
a wider OS advantage from ICI-combination among females 
(HR, 0.52; 95% CI, 0.34–0.78) compared to males (HR, 0.71; 
95% CI, 0.55–0.92) [2], while inconsistent conclusions derived 
in mRCC population from a following meta-analysis [15].

Nevertheless, the existence of sexual dimorphism in 
immunological responses is supported by several observations, 
from the evidence of sex-associated molecular mechanisms 
to the reports on specific immune features potentially altering 
treatment responsiveness [16, 17]. In a comprehensive analysis 
of molecular biomarkers from The Cancer Genome Atlas 
(TCGA), sex-associated divergent patterns were observed 
in RCC. The higher mutation rate for the PBRM1 gene was 
in male clear cell RCC (ccRCC) patients and higher tumor 
mutation burden (TMB) and cytolytic activity (CYT) of 
T cells in males with renal papillary cell carcinoma. In the 
same research, sex-based differences were also in multiple 
immune features, including immune checkpoints (e.g., CD28 
and CD86) and immune cell populations (e.g., active CD4 + T 
cells) [17].

In addition to these elements, which highlight the 
importance of molecular profiling and immune components for 
the ICI response, sex imbalance includes predominance and 
age selectivity for women in Xp11.2 translocation RCC [18] 
as well as the known differences in environmental stressors 
and lifestyle or behavior, disparities in body mass index (BMI) 
and comorbidities, sex hormone modulation with updated data 
on hormone changes during immunotherapy, and an increased 
emphasis on epigenetic influence [19–22].

The ARON-1 study (ClinicalTrials.gov identifier 
NCT05287464) was a multicenter, international, retrospective 
study to collect real-world data on clinical outcomes of 
metastatic RCC patients treated with immuno-oncology 
combinations as first-line therapy [23, 24]. In the current 
manuscript, we present the results from the analysis focused 
on the impact of sex on immune-based combinations 
effectiveness, stratified by ICI plus ICI, or ICI plus anti-
angiogenic agent.

Patients and methods

Study design and population

The study population included patients diagnosed at 
age ≥ 18 years with RCC and radiologically confirmed 
metastatic disease, treated from January 1st, 2016, to 
October 1st, 2023, in 71 cancer centers in 21 countries 
(Table S1). All included patients had known data on age, 
sex, tumor histology, prognostic risk group according 
to the International Metastatic Renal Cell Carcinoma 
Database Consor tium (IMDC) cr iter ia, previous 
nephrectomy, sites of metastases, type of immuno-
combination, durations and response to therapy according 
to Response Evaluation Criteria In Solid Tumors 1.1 
(RECIST 1.1) measured by investigators in each center. 
Pre-treatment neutrophil-to-lymphocyte ratio (NLR) and 
body mass index (BMI) were also collected. The NLR 
was recorded from the routinely performed blood cell 
count, as the absolute count of neutrophils divided by 
the absolute count of lymphocytes from peripheral blood 
samples collected at baseline. BMI was calculated as 
weight in kilograms divided by height in meters squared. 
Normal weight (BMI = 18.5–24.9  kg/m2), overweight 
(BMI = 25–29.9 kg/m2), and obesity (BMI ≥ 30 kg/m2) 
were classified based on the World Health Organization 
(WHO) recommendations.

Clinical data were retrospectively and locally extracted, 
at each participating center, from the patients' medical 
records. The pathological information was abstracted from 
pathology reports for clinical use. First-line therapy was 
continued until the evidence of clinical and/or radiological 
tumor progression, unacceptable toxicities as per clinical 
local practice, or death. Computed tomography (CT), 
magnetic resonance imaging (MRI) scans, and laboratory 
tests were performed following standard local procedures.

Patients with lacking the above-mentioned information 
were excluded from the ARON-1 study.

The study was conducted according to Good Clinical 
Practice (GCP) and has been designed with the ethical 
principles laid down in the Declaration of Helsinki 
on human experimentation. The study protocol was 
approved by the Ethical Committee of the coordinating 
center (Marche Region-2021-492, Study Protocol “ARON 
1 Project”) and by the Institutional Review Boards of 
international participating centers.

Study objectives

Our primary objective was to assess OS of metastatic 
patients treated with first-line immune combinations 



Cancer Immunology, Immunotherapy (2024) 73:142 Page 3 of 12 142

according to the patient's sex. Secondary objectives 
were the comparison of the tumor response [progression 
disease (PD), stable disease (SD), partial response (PR), 
complete response (CR)], objective response rate (ORR), 
to first-line treatment, between female and male patients. 
OS was calculated from the start of treatment to death for 
any cause. Patients without a tumor progression to the 
following line of treatment or death or lost at follow-up at 
the time of analysis were censored at their last follow-up 
date. Adverse events, dose reductions, and treatment 
interruptions were also collected.

Statistical considerations

The comparison between subgroups was performed with the 
chi-square test. The best cut-off for the number of metastatic 
sites was calculated by ROC curve and resulted > 2. For 
BMI and NLR, the best cut-offs calculated by ROC curves 
were ≥ 25 and ≥ 4.

OS was calculated from the time of the start of first-line 
therapy until death. Progression-free survival (PFS) was 
calculated as the time from the start of first-line therapy 
to documented disease progression or death from any 
cause, whichever occurred first. Patients without disease 
progression or death or lost at follow-up at the time of 
the analysis were censored at the last follow-up visit. 
The analysis of OS between groups was compared using 
the Kaplan–Meier method and log-rank test. To identify 
independent prognostic factors for OS, univariate and 
multivariate Cox proportional hazard regression models 
were performed. The list of variables included sex, age, 
BMI, nephrectomy, sarcomatoid differentiation, IMDC 
group, number and type of metastatic sites.

The chi-square test was used to compare groups for 
categorical variables. P values < 0.05 were considered 
statistically significant. Statistical analyses were conducted 
using MedCalc version 19.6.4 (MedCalc Software, 
Broekstraat 52, 9030 Mariakerke, Belgium).

Results

Patients population

We included 1827 patients treated with immune 
combinations from the ARON-1 dataset; 1352 (74%) were 
males and 475 (26%) were females, with 30% of patients 
aged ≥ 70y. Clear cell histology was predominant (1578 
patients, 86%); non-clear cell histology was in 249 patients 
(14%), including 97 papillary (5%), 36 chromophobe 
(2%), and 116 other histology subtypes (6%). In the group 
of non-clear cell histology, 11 patients presented Xp11.2 
translocation (male-to-female ratio 4:7). Among the patients 

with clear cell histology, 274 patients (15%) reported 
sarcomatoid differentiation, [180 females (65.7%) and 94 
(34.3%) males]. Lung (68%), lymph nodes (34%) and bone 
(33%) were the most frequent metastatic sites. The majority 
of patients (65%) underwent nephrectomy. Favorable, 
intermediate, and poor IMDC features were present in 14%, 
62%, and 24% of all cases, respectively. The complete list of 
patients' characteristics is reported in Table 1.

Survival analysis and response to first‑line therapy

The median OS was 38.7 months (95% CI 32.7–44.2) in 
the overall study population and was 40.0 months (95% CI 
32.7–51.6) in males and 38.7 months (95% CI 26.4–41.0) 
in females (p = 0.202, Fig. 1). The 2y-OS rate was 67% in 
males and 61% in females. On the other hand, no statisti-
cally significant differences were found in terms of median 
PFS, which was 15.7 months (95% CI 14.3–17.6) in males 
and 15.7 months (95% CI 12.0–19.2, p = 0.259) in females 
(Figure S1).

In patients aged 18-49y, the median OS was 36.9 months 
(95% CI 29.0–51.6) in males and 24.8 months (95% CI 
16.8–40.4, p = 0.426) in females, with + 19% of 2y-OS rate 
(72% vs. 53%, p = 0.006).

In patients aged 50-69y, the median OS was 44.2 months 
(95% CI 35.3–61.8) in males and NR (95% CI NR–NR, 
p = 0.533) in females, with a 2y-OS rate or 68% vs. 67%, 
respectively (p = 0.880).

In the elderly population (≥ 70y), the median OS was 
31.4 months (95% CI 26.4–49.2) in males and 26.0 (95% CI 
20.7–39.9, p = 0.525) in females, with a 2y-OS rate or 62% 
vs. 57%, respectively (p = 0.473).

The median OS was longer in males vs. females in 
the clear cell histology subgroup (44.2 months, 95% CI 
35.8–55.7, vs. 38.7 months, 95% CI 26.0–41.0, p = 0.047, 
Fig.  1), while in the 251 patients with non-clear cell 
histology the median OS was higher in females, although 
the difference was not statistically significant (males: 
24.6 months, 95% CI 20.7–31.1; females: 28.8 months, 95% 
CI 22.4–40.4; p = 0.105, Fig. 1).

In patients with sarcomatoid differentiation, the median 
OS was significantly longer in males (34.4 months, 95% 
CI 26.4–59.0 vs. 15.3 months, 95% CI 8.9–41.0, p < 0.001, 
Fig. 1), with + 20% of 1y-OS rate (71% vs. 51%) and + 24% 
of 2y-OS rate (64% vs. 40%).

No significant differences were found between males and 
females in patients with favorable (51.6 months, 95% CI 
36.5–51.6 vs. NR, 95% CI NR–NR, p = 0.423), intermediate 
(40.3 months, 95% CI 31.7–55.7 vs. 35.2 months, 95% CI 
26.0–44.4, p = 0.226) or poor-risk features (22.1 months, 
95% CI 13.6–29.7, vs. 15.5 months, 95% CI 11.7–29.3, 
p = 0.730).
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Furthermore, no significant differences in terms of 
median OS were found between males and females stratified 
by site of metastasis (lung: 38.9 months, 95% CI 31.7–52.2 
vs. 31.6 months, 95% CI 22.4–41.0, p = 0.098; lymph nodes: 
33.1 months, 95% CI 27.5–40.0 vs. 26.4 months, 95% CI 
20.9–41.0, p = 0.565; bone: 26.8 months, 95% CI 22.2–30.4 
vs. 26.0  months, 95% CI 17.7–29.3, p = 0.591; liver: 
24.5 months, 95% CI 19.5–32.7 vs. 25.9 months, 95% CI 
16.8–39.9, p = 0.746; brain: 23.6 months, 95% CI 15.4–28.2 
vs. 16.8 months, 95% CI 11.7–41.0, p = 0.853).

Overall, 1295 patients (71%) presented 1 or 2 metastatic 
sites, while 532 patients (29%) reported > 2 metastatic 
sites. The difference between males and females was 
not statistically significant for both patients with 1–2 
(44.2 months, 95% CI 35.3–59.0 vs. 40.2 months, 95% 
CI 25.9–41.0, p = 0.163) or with > 2 metastatic sites 
(29.0 months, 95% CI 25.0–40.0 vs. 28.4 months, 95% CI 
24.0–39.9, p = 0.780).

No statistically significant differences were observed 
between males and females in both patients with 
BMI ≥ 25  kg/m2 (44.2  months, 95% CI 34.3–55.7 vs. 
NR, 95% CI NR–NR, p = 0.171) and BMI < 25  kg/m2 

(31.4 months, 95% CI 27.3–40.8 vs. 31.6 months, 95% CI 
25.9–40.2, p = 0.917) as well as in patients with NLR ≥ 4 
(26.4 months, 95% CI 19.7–29.6, vs. 22.1 months, 95% 
CI 16.1–25.9, p = 0.649) or < 4 (49.2  months, 95% CI 
36.9–59.6, vs. NR, 95% CI NR–NR, p = 0.688). The dif-
ference was slightly different when we considered patients 
with BMI > 30  kg/m2 (males: NR, 95% CI NR–NR vs. 
28.8 months, 21.6–28.8, p = 0.081).

Male patients showed 6% CR, 44% PR, 31% SD and 19% 
PD, while females reported 8% CR, 39% PR, 31% SD and 
22% PD (Fig. 2). By chi-square test, no differences in terms 
of ORR were found in patients with clear cell (males: 52% 
vs. females: 49%, p = 0.672) or non-clear cell histology 
(males: 40% vs. females: 41%, p = 0.886).

IO + IO vs. IO + TKI

IO + IO combination was the first-line therapy chosen by 
clinicians in 40% of males and 39% of females. Among the 
IO + TKI combinations, pembrolizumab plus axitinib was 
the most frequent, representing 45% and 44% of first-line 
therapies in males and females, respectively (Table 2).

Table 1  Patient characteristics

BMI, Body Mass Index; IQR, interquartile range; NLR, Neutrophil-to-Lymphocyte Ratio

Characteristics Overall No. (%) Males No. (%) Females No. (%) p value

Total patients 1827 (100) 1352 (100) 475 (100) –
Age (years)
 18–49 240 (13) 180 (13) 60 (13) 0.999
 50–69 1046 (57) 780 (58) 266 (56)
 ≥ 70 541 (30) 392 (29) 149 (31)

Clear cell histology 1578 (86) 1170 (87) 408 (86) 0.837
Non-clear cell histology 249 (14) 182 (13) 67 (14) 0.837
Papillary 97 (5) 73 (5) 24 (5) 1.000
Chromophobe 36 (2) 25 (2) 11 (2) 1.000
Other 116 (6) 84 (6) 32 (7) 0.775
Sarcomatoid differentiation 274 (15) 180 (13) 94 (20) 0.184
Metastatic at diagnosis 1034 (57) 758 (56) 276 (58) 0.776
Previous nephrectomy 1179 (65) 881 (65) 298 (63) 0.769
No. of metastatic sites > 2 532 (29) 396 (29) 136 (29) 1.000
Site of metastasis, individual
 Lung 1251 (68) 947 (70) 304 (64) 0.368
 Lymph node 614 (34) 445 (33) 169 (36) 0.656
 Liver 323 (18) 225 (17) 98 (21) 0.472
 Bone 603 (33) 451 (34) 152 (32) 0.764
 Brain 129 (7) 88 (7) 41 (9) 0.603

IMDC Prognostic Risk Group
 Favorable 259 (14) 194 (14) 65 (14) 1.000
 Intermediate 1139 (62) 852 (63) 287 (60) 0.664
 Poor 429 (24) 306 (23) 123 (26) 0.623

NLR ≥ 4 533 (29) 390 (29) 143 (30) 0.877
BMI ≥ 25 1154 (63) 899 (66) 255 (54) 0.084
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Fig. 1  Overall Survival by gender in the ARON-1 study population and stratified by tumor histology and presence of sarcomatoid differentiation

Fig. 2  Response to therapy 
stratified by gender in the 
ARON-1 study population
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In the IO + IO subgroup, the median OS was 
30.1 months in males (95% CI 26.7–59.0) and 26.0 months 
in females (95% CI 20.1–40.2, p = 0.325). Males showed 
7% of CR, 36% PR, 35% SD, and 26% PD, while females 
reported 11% CR, 35% PR, 26% SD, and 28% PD.

In the IO + TKI subgroup, the median OS was 
40.5  months in males (95% CI 34.3–59.6) and 
40.4 months in females (95% CI 29.3–40.4, p = 0.402). 
Males showed 6% of CR, 49% PR, 32% SD, and 13% PD, 
while females reported 7% CR, 42% PR, 34% SD, and 
17% PD.

Six hundred and two patients (33%) received sec-
ond-line therapies, 32% of males and 35% of females, 

respectively. The complete list of second-line treatments 
is reported in Table 2.

Severe adverse events, dose reductions, 
and treatment interruptions

Data on severe adverse events (SAEs) (Grade 3–4) were 
available for 1493 patients from the ARON-1 dataset and 
are illustrated in Table S6; SAEs were reported in 32% of 
males and 35% of females (Table S6).

The proportion of adverse events was higher in females 
than in males with BMI < 25 kg/m2 (female-to-male ratio, 
FMR: 1.6). The FMR was 3.0 for hypothyroidism and 1.5 
for diarrhea.

Table 2  Overall Study 
Population stratified by type of 
first-line immune combination 
and gender. The percentages 
refer to the total number of 
males (1352) and females (475) 
included in this study

BMI, Body Mass Index; NLR, Neutrophil-to-Lymphocyte Ratio

Characteristics IO + IO p value IO + TKI p value

Males
No. (%)

Females
No. (%)

Males
No. (%)

Females
No. (%)

Total patients 538 (40) 184 (39) 0.885 814 (60) 291 (61) 0.885
Age < 50y 65 (5) 26 (5) 1.000 115 (9) 34 (7) 0.603
Age > 70y 156 (12) 64 (13) 0.831 236 (17) 85 (18) 0.853
Clear cell histology 480 (36) 161 (34) 0.767 690 (51) 247 (52) 0.888
Sarcomatoid differentiation 101 (7) 45 (9) 0.969 79 (6) 49 (10) 0.298
Metastatic at diagnosis 333 (25) 118 (25) 1.000 425 (31) 158 (33) 0.762
Previous nephrectomy 345 (26) 114 (24) 0.744 536 (40) 184 (39) 0.885
No. of metastatic sites
 > 2

154 (11) 48 (10) 0.818 242 (18) 88 (19) 0.856

Site of metastasis, individual
Lung 403 (30) 120 (25) 0.430 544 (40) 184 (39) 0.885
Lymph node 181 (13) 65 (14) 0.837 264 (20) 104 (22) 0.729
Liver 95 (7) 35 (7) 1.000 130 (10) 63 (13) 0.507
Bone 177 (13) 52 (11) 0.664 274 (20) 100 (21) 0.861
Brain 39 (3) 17 (4) 0.701 49 (4) 24 (5) 0.734
IMDC Prognostic Risk Group
Favorable 0 (0) 0 (0) 1.000 194 (14) 65 (14) 1.000
Intermediate 390 (29) 126 (27) 0.732 462 (34) 161 (34) 1.000
Poor 148 (11) 58 (12) 0.825 158 (12) 65 (13) 0.831
NLR ≥ 4 176 (13) 55 (12) 0.831 214 (16) 88 (19) 0.578
BMI ≥ 25 374 (28) 102 (21) 0.251 525 (39) 153 (32) 0.302
First-line therapy
Nivolumab plus ipilimumab
Pembrolizumab plus axitinib
Nivolumab plus Cabozantinib
Pembrolizumab plus lenvatinib

538 (40)
–
–
–

183 (39)
–
–
–

0.885
–
–
–

–
601 (45)
153 (11)
60 (4)

–
208 (44)
53 (11)
31 (7)

–
0.887
1.000
0.353

Second-line therapy
Cabozantinib
Sunitinib
Lenvatinib plus Everolimus
Nivolumab
Everolimus
Clinical trials

123 (9)
57 (4)
5 (< 1)
3 (< 1)
0 (0)
18 (1)

39 (9)
22 (5)
1 (< 1)
2 (< 1)
2 (< 1)
5 (1)

- 148 (11)
39 (3)
10 (< 1)
3 (< 1)
4 (< 1)
28 (2)

67 (14)
11 (2)
0 (0)
2 (< 1)
1 (< 1)
12 (3)

–
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In patients treated with the IO + IO combination, the 
FMR was 1.1, being 1.9 in the BMI < 25 kg/m2 subgroup 
and 1.6 for ICI interruptions. On the other hand, patients 
treated with IO + TKI combinations showed a FMR of 1.2. 
The proportion of hypothyroidism (FMR = 2.5), diarrhea 
(FMR = 2.0), and hypertension (FMR = 1.5) were higher in 
females, who were also characterized by a higher proportion 
of TKI interruptions (FMR = 1.2).

Univariate and multivariate analyses

In patients with sarcomatoid differentiation, at univariate 
analysis, sex, age, nephrectomy status, IMDC group, bone 
and liver metastases were significantly associated with OS. 
In multivariate analysis, only the nephrectomy status did not 
confirm their prognostic role (Table 3).

In the clear cell histology subgroup, at univariate 
analysis, sex, age, BMI, nephrectomy status, sarcomatoid 
differentiation, IMDC group, number of metastatic 
sites, lymph node, bone, liver and brain metastases were 
significantly associated with OS. In multivariate analysis, 
age, nephrectomy status, sarcomatoid differentiation, 
IMDC group, bone, liver and brain metastases confirm their 
prognostic role (Table S2).

In the non-clear cell histology subgroup, at univariate 
analysis, sex, age, BMI, nephrectomy status, sarcomatoid 
differentiation, IMDC group, number of metastatic 
sites, lymph node, bone, liver and brain metastases were 
significantly associated with OS. In multivariate analysis, 
age, nephrectomy status, sarcomatoid differentiation, 
IMDC group, bone, liver and brain metastases confirm their 
prognostic role (Table S3).

Univariate and multivariate analyses in the overall popu-
lation and patients under 50 years of age are presented in 
Tables S4 and S5, respectively.

Discussion

Sex is a known factor that influences cancer occurrence, 
progression, and prognosis [25, 26]. Sex differences 
are observed in the innate and adaptive immune escape 
mechanisms. Female seems to have a more efficient and 
stronger immune response than males, representing most 
cases of autoimmune disease, just as women infected 
with HIV have a lower viral load than men [27, 28]. The 
underlying biological, hormonal, and metabolic mechanisms 
explaining these findings might be also involved in sex-
specific differences in immunotherapy response.

Previous research showed that mRCC female patients 
treated with ICI in the US in 2015–2016, i.e., before 
approval of immune-based combinations, had an increased 
risk of death than male patients (HR: 1.12, p = 0.004) [29]. 
Otherwise, a meta-analysis that included three trials with 
immune checkpoint inhibitor combination therapies in the 
first-line setting and one trial with ICI in the second-line did 
not demonstrate any difference in survival between males 
and females [30]. To date, real-world data on the possible 
association between sex and oncological outcomes in 
patients treated with first-line immune-based combinations 
are lacking. With this goal, we performed a sub-analysis of 
the international, real-world, ARON-1 study, which included 
1827 patients treated with IO + IO vs. IO + TKI in 71 cancer 
centers in 21 countries.

For the entire cohort, we did not demonstrate the dif-
ference in OS and ORR between the sexes. Interestingly, 

Table 3  Univariate and 
multivariate analysis in the 
population of patients with 
sarcomatoid differentiation

BMI = Body Mass Index; ccRCC = clear cell Renal Cell Carcinoma; IMDC = International Metastatic RCC 
Database Consortium; nccRCC = non-clear cell Renal Cell Carcinoma

Overall survival (Overall population) Univariate Cox Regression Multivariate Cox Regression

HR (95% CI ) p value HR (95% CI ) p value

Sex (females vs. males) 1.95 (1.31 − 2.90) 0.001 1.72 (1.15 − 2.57) 0.008
Age (≥ 70y vs. < 70y) 1.52 (1.01 − 2.28) 0.045 1.64 (1.07 − 2.51) 0.022
BMI (> 25 vs. ≤ 25) 0.93 (0.63 − 1.38) 0.732
Nephrectomy (yes vs. no) 0.48 (0.31 − 0.75) 0.001 0.74 (0.47 − 1.17) 0.199
Histology (nccRCC vs. ccRCC) 1.04 (0.81 − 1.32) 0.773
IMDC group (poor vs. intermediate) 2.13 (1.46 − 3.10)  < 0.001 2.13 (1.42 − 3.19)  < 0.001
Number of metastatic sites (> 2 vs ≤ 2) 1.19 (0.80 − 1.78) 0.382
Lung metastases (yes vs. no) 0.87 (0.57 − 1.33) 0.519
Lymph node metastases (yes vs. no) 1.09 (0.84 − 1.41) 0.505
Bone metastases (yes vs. no) 1.75 (1.18–2.60) 0.005 1.62 (1.08–2.43) 0.021
Liver metastases (yes vs. no) 1.82 (1.18 − 2.80) 0.006 1.78 (1.15–2.75) 0.010
Brain metastases (yes vs. no) 1.61 (0.91 − 2.83) 0.101
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we observed that among patients with clear cell histology, 
sarcomatoid differentiation, or < 50 years of age, the females 
showed lower OS than males. Specifically, the 2y-OS rate 
was 19% higher for male patients aged 18-49y (males vs. 
females, 72% vs. 53%, p = 0.006). Our results do not con-
firm previous data on localized disease showing a reduced 
risk of death in female RCC patients with < 59 years [31]. 
Recent OS results from the third prespecified interim analy-
sis of Phase 3 KEYNOTE-564 study showed OS benefit for 
the adjuvant pembrolizumab vs. placebo for the treatment 
of clear cell RCC. Interestingly, greater OS benefit was for 
males [HR (95% CI), female vs. male: HR 1.08 (0.57–2.04) 
vs. 0.50 (0.33–0.75), respectively] and patients under 
65 years of age [32].

At multivariate analyses, the negative impact of female 
sex on OS was maintained only in patients with sarcomatoid 
histology. These data are consistent with our previous work 
including patients with sarcomatoid histology treated with 
cabozantinib in advanced treatment lines [33] and suggest 
sex female as a prognostic negative factor irrespective to 
treatment administered.

One reason for these findings could be the sex hormone-
associated immunomodulation of the RCC tumor 
microenvironment (TME) [34, 35]. Recent research using 
single-cell RNA sequencing data showed that RCC TME 
of males had a higher level of CD8 + T-cell infiltration 
than females, but were mostly exhausted CD8 + T-cells, 
where the exhausted state was induced by androgen [36]. 
This androgen-mediated immune dysfunction in male 
RCC patients could play a key role in the ICI response; the 
PD-1/PD-L1 inhibitors, through the hormonal effects on 
the PD-1/PD-L1 pathway and the reinvigoration of T-cell 
activities, could make the tumors markedly more responsive 
to immunotherapy [36].

Sex hormones can also shape the interaction between the 
immune system and genes, extending their influence at the 
epigenetic level [37]. In RCC, sex-specific mutation spectra 
emerged and involved mutations of X chromosome encoded 
genes, such as KDM5C, and chromatin remodeling genes 
with epigenetic effects, such as BAP1. A mutation sequencing 
study on clear cell RCC identified a significantly increased 
mutation rate of KDM5C in male and BAP1 in female patients 
[38]. Interestingly, mutations of BAP1 gene were previously 
associated with poorer prognosis in RCC, highlighting 
potential implications of genetic and epigenetic events in the 
sex-related disparities of the clinical outcome [30].

Sex hormones, in particular androgens, seem to have a 
critical influence also on the gut microbiota composition 
[16]. In mouse model, the sex differences in gut microbiota 
started with puberty, and upon castration, the gut 
microbiota of the male was similar to the female [39]. Early 
life microbial exposures determined sex hormone levels and 
the transfer of gut microbiota from male to female resulted 

in increased female testosterone, reduced autoimmunity, 
and metabolic variations [40]. Although hormones and 
genes are the most well-characterized factors mediating 
the sex differences in immune responses, lifestyle and other 
environmental variables can also contribute to differential 
modulation of the immune system between the sexes. A sex 
dimorphism is reported in many health-related behaviors, 
such as diet, physical activities, or alcohol consumption. 
These factors, which further affect the patient’s immune 
status and immune surveillance, are extremely difficult 
to measure and reflect the complex interactions among 
environmental, biological and immunological elements, 
that require a deeper understanding and future efforts to 
explain sex and gender disparities in anti-cancer immune 
response and cancer immunotherapy efficacy [41]. The 
type of systemic treatment in our study cohort follows the 
available standard of care for mRCC, with the majority 
of patients having received IO + TKI equally between the 
genders. There was no difference in OS according to the 
type of immune-based combination; however, numerically, 
the ORR was higher in female patients treated with IO + IO 
and in male patients treated with IO + TKI.

According to previous data on different cancer types treated 
with ICI, showing that female patients have an increased 
risk of severe adverse events than male patients [42], the 
proportion of severe adverse events such as hypothyroidism, 
diarrhea, and hypertension, as well as treatment interruptions, 
were higher in women treated with IO + TKI. The greater risk 
for autoimmunity and severe side effects appear paradoxically 
conflicting with the less favorable immunotherapeutic 
response. The highest incidence in females of autoimmune 
diseases and SAEs may be partly explained by the localization 
of specific genes and micro-RNAs to the X-chromosome and 
by escape from physiological X-chromosome inactivation in 
immune cells in women [43]. At the same time, sex hormone-
dependent differences affect the immune cell numbers, 
composition and ratio. Thus, younger females, compared 
to older females and males, tend to have cold and immune-
infiltrated tumors, but with higher expression of inhibitory 
immune checkpoints, higher density of immune-suppressive 
cells including regulatory T cells (T-Reg), and tumor 
neoantigens less visible to the immune system, ultimately less 
responsive when stimulated by ICI [16, 44, 45].

It is important to underline that, in our study, 
only 26% of patients were female. This imbalance in 
gender representation is similar to that reported by the 
Checkmate-214 trial and it is in line with less than 30% of 
female patients included in the Keynote-426, Checkmate-
9ER, and CLEAR trials [5–7]. Despite the incidence ratio 
of RCC in males to females of 2:1 [46] and the implemented 
cancer clinical trials in the last 20 years, the issue of under-
representation of female patients remains to be addressed 
[47]. Considering the gender differences in the immune 



Cancer Immunology, Immunotherapy (2024) 73:142 Page 9 of 12 142

system, behaviors, and lifestyle, as well as the heterogeneity 
of efficacy and outcomes with ICI treatment [48], specific 
measures such as stratifying patients by gender should be 
promptly applied in clinical trials [49].

The current study has several strengths, including the large 
sample size. To our knowledge, it is the first real-world study 
that investigates the influence of sex on first-line immune 
combinations and that showed the female sex as a negative 
prognostic factor in patients with sarcomatoid histology.

We acknowledge some limitations of our study. First, 
the retrospective data analysis and, consequently, the lack 
of a central radiological review to confirm response and/
or progression, and to assess the ORR. Second, data on 
other environmental factors or molecular and epigenetic 
events, still not fully understood, could act as modifiers on 
TME, further influencing the response to immune-based 
combinations. A further understanding of sex differences in 
epidemiology, biology, and treatment outcomes will help to 
personalize the therapeutic choices for the mRCC patients.

Conclusion

Although the female’s innate and adaptive immunity has 
been observed to be more active than the male’s, our real-
world evidence on mRCC patients treated with immune-
based combinations in first-line setting did not demonstrate 
a difference in OS and ORR in the overall population. 
However, women in the subgroup of clear cell histology, 
sarcomatoid differentiation, and those under 50 years of 
age showed shorter OS than males. Female sex was an 
independent negative prognostic factor in the sarcomatoid 
histology population. A further understanding is required to 
better clinically address these differences.
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