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Abstract 

Introduction: Recently, several meta-analyses have investigated the association between sex and the efficacy of 
immune checkpoint inhibitors (ICIs) in non-small-cell lung cancer (NSCLC). However, this issue remains controversial, 
because the results have been inconsistent. Moreover, the effect of sex on outcomes in patients with NSCLC receiving 
combination chemoimmunotherapy as a first-line therapy is poorly understood. The aim of this study was to examine 
the association between sex and outcomes in patients with NSCLC receiving combination chemoimmunotherapy as 
a first-line therapy.

Methods: We searched PubMed and Scopus from database inception to Feb 18, 2022 and performed a systematic 
review and meta-analysis of randomized and controlled clinical trials investigating ICI+non-ICI vs non-ICI as a first-line 
therapy in NSCLC. The pooled hazard ratios (HRs) and 95% confidence intervals (CIs) for overall survival (OS) and pro-
gression-free survival (PFS) in male and female patients were calculated using common and random-effects models.

Results: We analyzed 5,830 patients, comprising 4,137 (71.0%) males and 1,693 (29.0%) females, from nine rand-
omized clinical trials. The pooled HR (95%CI) for OS comparing ICI+non-ICI vs non-ICI was 0.80 (0.72–0.87) for males 
and 0.69 (0.54–0.89) for females. The pooled HR (95%CI) for PFS comparing ICI+non-ICI vs non-ICI was 0.60 (0.55–0.66) 
for males and 0.56 (0.44–0.70) for females.

Conclusions: In patients with NSCLC receiving combination chemoimmunotherapy as a first-line therapy, a greater 
improvement in OS and PFS was observed in female patients than in male patients.
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Introduction
Immune checkpoint inhibitors (ICIs), including anti-pro-
grammed cell death-1 (PD-1)/programmed death-ligand 
1 (PD-L1) drugs (such as nivolumab, pembrolizumab, 
and atezolizumab) and anti-cytotoxic T-lymphocyte 
antigen-4 (CTLA-4) agents (ipilimumab), have become 
key treatments for patients with advanced or recurrent 
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non-small-cell lung cancer (NSCLC) [25]. In addition, 
most patients with advanced NSCLC receive ICIs as a 
first-line combination chemoimmunotherapy in clinical 
settings worldwide [17].

Many recent studies, including meta-analyses, have 
reported the association between sex and the efficacy of 
ICIs in NSCLC based on the following observations [2–4, 
12, 19, 23, 24, 26, 29–31] (1) Faster clearance of patho-
gens and greater vaccine effectiveness are observed in 
females compared with males [11, 28] (2) Females have 
higher rates of autoimmune disorders compared with 
males [11, 28]. These findings indicate that females might 
exhibit greater immunologic responses to antigens than 
males, and there might be a difference in the efficacy of 
ICIs between females and males. However, this issue 
remains controversial, because the results of previous 
meta-analyses have been inconsistent. For example, Con-
forti et al. conducted a meta-analysis of randomized and 
controlled clinical trials evaluating sex-based differences 
in response to first-line ICI monotherapy in patients with 
NSCLC expressing high PD-L1 levels and showed that 
the pooled hazard ratio (HR) and 95% confidence interval 
(CI) for overall survival (OS) reported in males vs females 
was 0.71 (0.64–0.98), indicating a significantly greater 
effect for males [4]. However, Xue et  al. reported that 
there was no statistical difference in OS and progression-
free survival (PFS) between males and females in a meta-
analysis [30]. The meta-analysis by Xue et  al. included 
patients treated with ICI monotherapy and ICI combi-
nation therapy as a first-line, second-line, or higher line 
therapy, and the heterogeneity may have contributed to 
the controversial results.

From these findings, the effect of sex on outcomes in 
patients with NSCLC receiving combination chemoim-
munotherapy as a first-line therapy is poorly understood. 
Because this might be an important matter for clinicians 
involved in treating patients with advanced NSCLC, we 
conducted this updated meta-analysis to investigate the 
association between sex and outcomes in patients with 
NSCLC receiving combination chemoimmunotherapy as 
a first-line therapy.

Materials and methods
Study design
We searched PubMed and Scopus databases in accord-
ance with the PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis) guideline [13] 
from inception to Feb 18, 2022, and this meta-analysis 
was based on the data from published phase II or III ran-
domized clinical trials (RCTs) investigating ICI+non-ICI 
vs non-ICI as a first-line therapy in advanced or recur-
rent NSCLC. The main search keywords used in the 
search strategy were (1) non-small-cell lung cancer or 

NSCLC, (2) immune checkpoint inhibitor or nivolumab 
or pembrolizumab or atezolizumab or avelumab or dur-
valumab or ipilimumab or tremelimumab or cemiplimab, 
and (3) study or trial. The inclusion criteria were defined 
according to the Population, Intervention, Comparison, 
Outcome, and Study design (PICOS) framework: (1) 
population: patients with NSCLC receiving treatment 
as a first-line therapy, (2) intervention: ICI + non-ICI, 
(3) comparison: non-ICI, (4) outcome: data available on 
HRs for OS or PFS in the overall population and sex sub-
groups, and (5) study design: RCTs. All duplicated clini-
cal trials and single-arm phase I or II trials were excluded.

Data extraction
Two authors (K.T. and F.M.) independently reviewed and 
extracted the following data from published papers: first 
author, journal name, year of publication, study ID and 
name, sample size according to sex and histology, drugs 
in the experimental and control arms, median follow-up 
time, and HRs for OS or PFS in the overall population 
and sex subgroups. Any disagreements were resolved 
through discussion and consensus between the two 
authors (K.T. and F.M.). The primary and secondary out-
comes in this study were the pooled HRs and 95%CIs for 
OS and PFS in male and female patients calculated using 
common and random-effects models. The quality assess-
ment of clinical trials included in this study was con-
ducted using the Jadad scale [9].

Statistical analysis
We conducted statistical analyses, generated forest plots, 
and detected publication bias in this meta-analysis using 
R software (version 3.4.0). The pooled HRs and 95%CIs 
for OS and PFS were calculated in male and female 
patients using common and random-effects models. All 
P values were two-sided, and P < 0.05 was considered 
statistically significant. Heterogeneity among studies 
was examined using I2 statistics, and it was considered 
low, moderate, and high for I2 values < 25%, 25–50%, 
and > 50%, respectively [6]. Publication bias was assessed 
using the funnel plot and Egger’s regression line.

Results
Published literature search and patients’ characteristics
First, we identified a total of 5,923 potentially relevant 
articles from PubMed and Scopus online databases using 
an initial search strategy. After screening and reviewing 
the titles, abstracts, and full texts, we finally included 
nine RCTs involving 5,830 patients in this study. Figure 1 
shows the flow diagram of the search process.

The patients’ characteristics in the nine RCTs are listed 
in Table  1 [7, 10, 14–16, 18, 21, 22, 27]. Regarding the 
trials IMpower130 and IMpower150, we used the data 
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in the intention-to-treat wild-type population, because 
these studies included patients with non-squamous 
NSCLC harboring epidermal growth factor receptor or 
anaplastic lymphoma kinase alterations [21, 27]. Among 
the 5,830 patients, 4,137 (71.0%) were male and 1,693 
(29.0%) were female. There were five trials with data 
on both OS and PFS, three with only OS data, and one 
with only PFS data. The regimens of the experimental 
arm were as follows: PD-1 inhibitor (nivolumab or pem-
brolizumab) plus chemotherapy (N = 3), PD-L1 inhibi-
tor (atezolizumab) plus chemotherapy (N = 4), CTLA-4 
inhibitor (ipilimumab) plus chemotherapy (N = 1), and 
PD-1 inhibitor plus CTLA-4 inhibitor (nivolumab plus 
ipilimumab) plus chemotherapy (N = 1). All included 
RCTs were of high quality, with a score of 3 to 5 using the 
Jadad scale (Table 2).

Effect of sex on OS
Eight RCTs compared OS data on the basis of the 
patients’ sex. The pooled HR (95%CI) for OS compar-
ing ICI + non-ICI vs non-ICI was 0.69 (0.54–0.89) for 
females and 0.80 (0.72–0.87) for males (Fig. 2a, b). There 

was between-study heterogeneity in females (I2 = 72%, 
P < 0.01) but not in males (I2 = 21%, P = 0.26) (Fig. 2a, b).

Effect of sex on PFS
Six RCTs compared PFS data on the basis of the 
patients’ sex. The pooled HR (95%CI) for PFS compar-
ing ICI + non-ICI vs non-ICI was 0.56 (0.44–0.70) for 
females and 0.60 (0.55–0.66) for males (Fig. 2c, d). There 
was between-study heterogeneity in females (I2 = 63%, 
P = 0.02) but not in males (I2 = 0%, P = 0.82) (Fig. 2c, d).

Assessment of publication bias
We did not detect a high level of publication bias for OS 
and PFS in RCTs included in this study by the funnel plot 
and Egger’s regression line, as shown in Fig. 3.

Discussion
This meta-analysis showed that the pooled HR (95%CI) 
for OS comparing ICI + non-ICI vs non-ICI was 
0.69 (0.54–0.89) for females and 0.80 (0.72–0.87) for 
males, and the pooled HR (95%CI) for PFS compar-
ing ICI + non-ICI vs non-ICI was 0.56 (0.44–0.70) for 
females and 0.60 (0.55–0.66) for males. These data 

Fig. 1 Flow diagram of the search process in this meta-analysis
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indicate a greater improvement in OS and PFS in females 
than in males with NSCLC receiving combination chem-
oimmunotherapy as a first-line therapy. The results of 
our meta-analysis were similar to those of the previ-
ous meta-analysis by Conforti and colleagues. In their 
study, the pooled HR (95%CI) for OS comparing anti-
PD-1/PD-L1 + chemotherapy vs chemotherapy was 0.48 
(0.35–0.67) for females and 0.76 (0.66–0.87) for males, 
and the pooled HR (95%CI) for PFS comparing anti-
PD-1/PD-L1 + chemotherapy vs chemotherapy was 0.56 
(0.49–0.65) for females and 0.64 (0.58–0.71) for males 
[3]. Our meta-analysis included RCTs investigating the 
anti-CTLA-4 drug ipilimumab and used the most recent 
data. However, a recent study using individual-level data 
to examine the efficacy of chemoimmunotherapy com-
pared with chemotherapy alone in advanced NSCLC 
patients revealed that the HR (95%CI) for OS was 0.83 
(0.76–0.90) for females and 0.80 (0.74–0.87) for males, 
and these values were consistent in the propensity-score 
matched analysis with 0.88 (0.79–0.99) for females and 
0.80 (0.72–0.88) for males [23]. The results of the above 
study by Tuminello et  al. were inconsistent with those 
of the meta-analyses by Conforti and colleagues and our 
group. The meta-analyses were based on the results of 
RCTs, and patients included in RCTs have different clini-
cal characteristics than patients in real-world settings. 
However, even the propensity-score matched analysis 

in the study by Tuminello et al. showed different results 
compared with those reported by Conforti et al. and our 
study.

Considering this issue, understanding the differences in 
the tumor microenvironment between females and males 
is important. Recently, Han et  al. performed a compre-
hensive analysis to examine sex-based differences in 
tumor microenvironment-related characteristics in vari-
ous cancers, including NSCLC [8]. Their study focused 
on the differences in tumor mutation burden, tumor 
microenvironment parameters (immune scores, stro-
mal scores, tumor purity, and immune cells), immune 
checkpoint-related genes, and functional pathways [8]. 
For example, males had higher tumor mutation burdens 
than females among patients with lung adenocarcinoma, 
whereas females had higher immune scores than males 
among patients with both lung adenocarcinoma and lung 
squamous cell carcinoma. Furthermore, stromal scores 
were higher in female patients than in male patients 
with lung adenocarcinoma [8]. The immune and stromal 
scores of tumor tissues reflected the level of infiltrating 
immune and stromal cells. In addition, the above data 
indicated that female patients with lung adenocarcinoma 
and lung squamous cell carcinoma showed more infil-
trating immune cells than male patients and that female 
patients with lung adenocarcinoma showed more infil-
trating stromal cells than male patients. Overall, they 

Table 2 Jadad Score of randomized clinical trials included in the meta-analysis

NR not reported

Trial Study ID Randomization Randomization 
appropriate

Double-
blind

Blinding 
appropriate

Description of 
withdrawals and 
dropouts

Total score

NR NCT01285609 1 1 1 1 1 5

Govindan et al. J Clin Oncol 2017

IMpower130 NCT02367781 1 1 0 0 1 3

West et al. Lancet Oncol 2019

IMpower131 NCT02367794 1 1 0 0 1 3

Jotte et al. J Thorac Oncol 2020

IMpower132 NCT02657434 1 1 0 0 1 3

Nishio et al. J Thorac Oncol 2021

IMpower150 NCT02366143 1 1 0 0 1 3

Socinski et al. J Thorac Oncol 2021

KEYNOTE-189 NCT02578680 1 1 1 1 1 5

Rodríguez-Abreu et al. Ann Oncol 2021

KEYNOTE-407 NCT02775435 1 1 1 1 1 5

Paz-Ares et al. N Engl J Med 2018
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Fig. 2 Forest plots of hazard ratios according to the patients’ sex. (a) OS in female patients. (b) OS in male patients. (c) PFS in female patients. (d) PFS 
in male patients. CI, confidence interval; Con., control arm; Exp., experimental arm; HR, hazard ratio; OS, overall survival; PFS, progression-free survival
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concluded that both lung adenocarcinoma and squa-
mous cell carcinoma showed the most significant sex 
biases (female-biased) in immune cells, immune check-
point gene expression, and functional pathways, and 
they were classified into the ‘strong sex-biased’ immune 
group [8]. On the basis of these findings, we think that 
female patients experience improved survival with cancer 
immunotherapy compared with male patients, although 
the cancer immune system is extremely complex. Further 
investigations with a larger sample size on the association 
between sex and the efficacy of chemoimmunotherapy as 
a first-line treatment in advanced NSCLC are warranted.

There were several limitations associated with this 
study. First, this meta-analysis was based on the results 
of published RCTs and did not use patient-level data. 
Therefore, we could not directly compare benefits from 
cancer immunotherapy in addition to chemotherapy in 
female patients vs male patients. However, as mentioned 
above, this meta-analysis used the updated data in RCTs, 
including trials with not only PD-1/PL-L1 inhibitors but 
also CTLA-4 inhibitors (such as the CheckMate 9LA 
trial). To the best of our knowledge, this is the first meta-
analysis of RCTs, including the CheckMate 9LA trial, to 
investigate the effect of sex on outcomes only in patients 

Fig. 3 Funnel plot and Egger’s regression line. (a) OS in female patients. (b) OS in male patients. (c) PFS in female patients. (d) PFS in male patients. 
OS, overall survival; PFS, progression-free survival
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with NSCLC receiving combination chemoimmuno-
therapy as a first-line therapy. Moreover, the data used in 
this study (the results of the subgroup analyses in RCTs) 
were from pre-planned analyses, not ad-hoc analyses, 
and they were reliable. Second, the sample size was rela-
tively small, especially for female patients. This may have 
prevented us from obtaining statistically accurate results. 
Third, some clinical trials included in this meta-analy-
sis did not have adequate data, such as the event num-
ber in the experimental arm and control arm. Further 
validation in prospective future clinical trials might be 
required. Fourth, the protocol of this systematic review 
and meta-analysis was not registered in the Proportion 
of Systematic Review Protocols Registered Outside of the 
International Prospective Register of Systematic Reviews 
(PROSPERO) database. It is recommended that the pro-
tocol of systematic reviews and meta-analyses is regis-
tered in the PROSPERO database to avoid duplication 
and reduce reporting bias [1]. Therefore, the existence of 
reporting bias cannot be completely denied.

In addition to predicting the therapeutic response, sex 
and sexual activity can be risk factors for cancers [5, 20]. 
For example, Crocetto et al. concluded that sexual behav-
iors appeared to play a significant role in prostate can-
cer pathogenesis, whereas a correlation between sexual 
activity and testicular cancer had not yet been demon-
strated, although the association between NSCLC and 
sexual activity remains unclear [5]. Therefore, sex is an 
important factor in cancer treatment.

In conclusion, patients with advanced NSCLC showed 
better OS and PFS with combination chemoimmuno-
therapy than chemotherapy alone as a first-line therapy 
regardless of sex, and a greater improvement in OS 
and PFS was observed in female patients than in male 
patients. Sex-related differences in response to combina-
tion chemoimmunotherapy should be taken into account 
when treating patients with advanced NSCLC.
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