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Abstract 

 

Evidence has recently emerged on the influence of gender on the immune system. In this 

systematic review and meta-analysis of phase III randomized clinical trials (RCTs), we explored the 

impact of gender on survival in patients with advanced cancer treated with immune checkpoint 

inhibitors (ICIs). We performed a comprehensive search of the literature updated to April 2018, 

including the Cochrane Central Register of Controlled Trials, PubMed, and EMBASE. We 

extracted data on study characteristics and risk of bias in duplicate. Of 423 unique citations, 21 

RCTs were included, inherently to 12,635 patients. Both males and females showed reduced risk of 

death associated with ICIs use (HR 0.73, p<0.001 and HR 0.77, p<0.001, respectively). Subgroup 

analyses by specific ICI showed similar OS in both genders for anti-PD-1/PDL-1. Anti-CTLA-4 use 

was associated with longer OS in men only (HR 0.77, p<0.012), with the exception of melanoma 

(in women, HR 0.80, p=0.006). PFS was longer in men than in women (HR 0.67, p<0.001 and HR 

0.77, p=0.100, respectively). Conclusively, ICIs use was associated with more favorable outcomes 

in men, particularly for anti-CTLA-4 agents. In melanoma, not gender-related factors may influence 

the anti-tumor immune response evoked by ICIs. 
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1.0 Introduction 

It is increasingly recognized that gender-related differences affect health status and impact on 

relevant outcomes in chronic pathologic conditions spanning from cardiovascular diseases to 

cancers [1]. Indeed, compared to men, women experience more frequently heart failure or strokes as 

complications of hypertension and atrial fibrillation, respectively [2]. In addition, mortality for 

acute myocardial infarction is higher in women than in men, while men have a higher risk of 

ischemic sudden death [3]. 

Similarly, when excluding sex-specific tumors such as ovarian and prostate cancers, several 

cancer types occur differently in men and women, displaying different behavior in terms of disease 

progression, response to treatment and prognosis [4, 5]. The incidence and mortality of colorectal 

cancer are higher in women than in men, presumably for a higher percentage of right-sided colon 

cancer and more aggressive molecular features such as BRAF mutation and microsatellite 

instability [6]. Similar examples include bladder cancer, which is more common in men but has a 

worse prognosis in women; urothelial carcinoma and renal cell carcinoma, which are more frequent 

and associated with unfavorable prognosis in men; and melanoma, which is associated with better 

survival in women [7, 8]. 

Although molecular differences in cancer cells have been described between men and women 

[9], the existence of a gender-dependent disparity in immune response may play a major role in 

influencing tumor outcome [10]. Compared to men, women tend to trigger and sustain a stronger 

immune response against infections [11] and show an increased propensity to develop autoimmune 

diseases [12]. Both innate and adaptive immune responses are higher in women than in men. In 

more detail, women exhibit higher efficiency of the antigen presenting cells (APCs) and 

macrophage activation, and higher levels of  B cells, antibody production, CD4+ T cells, CD4/CD8 

ratio, and T helper (Th) 2 cell response, while men have higher levels of CD8+ T cells, regulatory T 

(Treg) cells, and Th1 cell response [13]. Sexual immune dimorphism has been related to differences 

in terms of (i) expression of chromosome X-linked immune-related genes such as TLR7, TLR8, IL-

2, IL-4, IL-15, FOXP3 [14, 15]; (ii) hormonal modulation of immune response by estrogen, 

progesterone and testosterone [16, 17]; (iii) influence of gut microbiome on immune competency 

[18, 19].  

In recent years, the inhibition of critical pathways involved in T cell suppression, achieved by 

treatment with monoclonal antibodies against CTLA-4, PD-1 or PDL-1, the so called immune 

checkpoint inhibitors (ICIs), demonstrated a long-lasting response in several types of cancer and has 

become a standard of treatment for melanoma, non small-cell lung cancer (NSCLC), and Renal Cell 

Carcinoma (RCC) [20]. Given the considerable gender-related differences in immune response, it is 
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conceivable that a diverse anti-tumor effect of ICIs in men and women may be observed. This has 

recently fostered the conduct of two systematic reviews and meta-analyses and one meta-analysis 

on treatment outcomes in cancer patients treated with ICIs in randomized clinical trials (RCTs). 

Overall, the evidence observed supports more favorable outcomes in men than in women [21-23]. 

We now add to the previously mentioned works by proposing a systematic review and meta-

analysis which includes more recently published studies. Most importantly, as pointed out in the 

methods section and discussion, we exclusively focused on phase III RCTs of ICIs efficacy in 

advanced cancer patients, whereas both phase II and III RCTs were included in the previously cited 

works.  

 

2.0 Results 

2.1 Study description 

 The flow diagram of the study selection process is shown in Figure 1. We identified 423 articles 

reporting on the use of ICIs for solid cancer treatment. Among them, 343 were excluded based on 

the title or abstract screening (88 irrelevant topics, 18 duplicates, 199 

reviews/commentaries/abstracts, 18 observational studies, 12 proposals) or as a result of full text 

screening (8 observational studies). Of the remaining 80 studies, 22 were excluded because phase I 

or phase II studies, 18 because representing an update of previously published studies, 3 were 

studies on prostate cancer, 8 for the lack of appropriate control arms, and 8 for the lack of gender 

stratification.  

 Twenty-one studies met the selection criteria and were included in the analysis (Table 1) [24-44]. 

One of them had two experimental arms, one with Ipilimumab (A) and one with Ipilimumab plus 

Gp100 (B) [24]. Both arms were separately included in the analysis. Another study was planned 

with two experimental arms using Pembrolizumab at 2 different doses (2 mg and 10 mg) [30]. In 

this case, a pooled analysis was considered. 

 Patients were mostly affected by metastatic melanoma (5 studies) [24-26, 30, 40] or non-small 

cell lung cancer (NSCLC) (10 studies) [27, 28, 31, 33, 35, 37, 39, 41, 43, 44]. Other studies 

included renal cell carcinoma (RCC) [29, 42], small-cell lung carcinoma (SCLC) [32], urothelial 

carcinoma [36], and gastric cancer [38]. Overall, 12,635 patients were included in our meta-

analysis, 8,410 males and 4,225 females. Of them, 11,318 (7,519 men and 3,799 women) provided 

data for OS and 3,746 (2,384 men and 1,362 women) for PFS. 

 
2.2 Risk of bias assessment 

Results from the assessment of risk of bias are summarized in table 1S (supplementary material). 

Overall, the methodological quality of the RCTs included was judged as acceptable. 
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 2.3 Effect of sex on overall survival 

 Overall Survival (OS) data stratified by gender were available in 18 studies, including the one 

with 2 experimental arms [24-32, 34-40, 42, 44]. Considering the random-effects model, both males 

and females showed a significant reduced risk of death when treated with ICIs compared to control. 

The HR was 0.73 for men (95% CI 0.66-0.80, p<0.001, I2 66%) and 0.77 for women (95% CI 0.67-

0.89, p<0.001, I2 62%) (Figure 2, A and B). In order to explore substantial heterogeneity and 

identify gender-related differences in OS according to the mechanism of action of the specific ICIs 

tested in the trials, we separately analyzed studies investigating anti-PD-1 or anti-PDL-1 agents and 

those investigating anti-CTLA-4 agents. The combination of anti-CTLA-4 plus anti-PD-1/PD-L1 

was investigated in only 2 trials [42, 43] and data were not adequate to perform meta-analysis. The 

use of anti-PD-1/PDL-1 resulted in better outcome both in men and women (HR 0.69, 95% CI 0.62-

0.78, p < 0.001 and HR 0.73, 95% CI 0.60-0.89, p=0.002, respectively), even when the NSCLC 

subgroup (including 6 studies) was separately considered (HR 0.73, 95% CI 0.63-0.84, p < 0.001 

for men and HR 0.66, 95% CI 0.48-0.91, p=0.011 for women) (Figure 3, A and B). In contrast, the 

anti-CTLA-4 treatment was effective in men (HR 0.77, 95% CI 0.63-0.94, p=0.012) (Figure 4 A), 

but did not reach significance in women (HR 0.89, 95% CI 0.76-1.05, p=0.162) (Figure 4 B). 

However, anti-CTLA-4 resulted in a similar benefit in men and women when the analysis was 

restricted to the 4 studies on melanoma (HR 0.67, 95% CI 0.50-0.90, p=0.008 and HR 0.80, 95% CI 

0.68-0.94, p=0.006, respectively) (Figure 4 A and B).  

Based on the visual inspection of the funnel plots, we found no suggestion of publication bias 

(Figure 1S, supplementary material).  

 

2.4 Effect of gender on progression free survival 

 Eight RCTs reported data on PFS according to gender [27, 28, 31, 33, 37, 41, 43, 44]. All of 

them were trials conducted in patients affected by NSCLC. All, but one [43], investigated anti-PD-

1/PDL-1 agents. Meta-analysis using the random-effects model revealed a significant improvement 

in PFS in men (HR 0.67, 95% CI 0.55-0.80, p<0.001, I2 73%) (Figure 5 A), but not in women (HR 

0.77, 95% CI 0.57-1.05, p= 0.100, I2 63%) (Figure 5 B). 

 

3.0 Discussion 

 Gender-related differences of the immune response may translate into differences in the efficacy 

of ICIs in men and women. Given the lack of clinical trials that considered the potential role of 

gender in affecting the efficacy of ICIs, we performed a systematic review and meta-analysis of 
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phase III RCTs made available thus far to address this issue. We analyzed OS data from 18 studies 

including 11,318 patients, and PFS data from 8 studies including 3,746 patients. 

 We found that both genders gained OS advantage from treatment with ICIs compared to their 

counterparts, with a tendency towards more favorable outcome in men who reached lower HR. 

However, a significant improvement in PFS emerged exclusively in men. A benefit in OS was 

observed in both genders when the analysis was focused on anti-PD-1/ PDL-1. Interestingly, men 

but not women showed a significant better OS when treated with anti-CTLA-4, with the exception 

of melanoma patients, with women showing a benefit as well. Taken together, our data indicate that 

ICIs are more effective in men than in women, especially when anti-CTLA-4 agents are considered. 

 Three different meta-analyses have been recently published with the aim of assessing gender-

related differences in ICI efficacy [21-23]. 

In the meta-analysis by Botticelli et al. [21], data from 11 phase II/III trials were included and 

stratified according to the target of the studied drug. Thus, subgroup analyses were performed to 

investigate OS with anti-CTLA-4 in 2 trials (1,178 patients), OS with anti-PD-1 in 6 trials (3,792 

patients), and PFS with anti-PD-1 in 6 trials (3,274 patients). The study reported a statistical 

significant improvement of PFS, but not of OS, in men compared to women when treated with anti-

PD-1 versus control. Moreover, a more favorable OS was associated to anti-CTLA4 treatment in 

males, although at a not statistically significant extent. 

The second study by Wu et al. [22] had a similar design and included almost the same phase 

II/III trials. A meta-analysis was performed to investigate OS in 9 trials (5,251 patients) and PFS in 

4 trials (2,150 patients). Subgroup analyses by type of cancer (melanoma vs NSCLC) and type of 

ICI (CTLA-4 inhibitors vs PD-1 inhibitors) were also performed. Compared to controls, both PFS 

and OS resulted significantly improved by treatment with ICIs in both genders, but men showed 

lower HR than women, particularly when treated with anti-CTLA-4 in advanced melanoma. 

In the third study Conforti et al. [23] directly tested the difference in OS HR between men and 

women treated with ICIs. A meta-analysis was carried out by including data from 20 phase II/III 

trials, which overall enrolled 11,351 patients. Compared to the control groups, both men and 

women treated with ICIs showed a reduced risk of death, but men had a significant lower HR. In a 

subgroup analyses of 6 trials women did not obtain benefit from anti-CTLA-4 agents compared to 

control, consistent with our results. However, given that the study was aimed at comparing the 

pooled HR in men vs the pooled HR in women, the authors emphasized the increased relative 

benefit in male patients, but did not focus on the fact that anti-CTLA4 therapy was not superior to 

control in female. Herein we try to discuss this result. 
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All these three studies showed that anti-CTLA-4 treatment tends to improve survival in men, but 

not in women. In our study, as in the Conforti’s one, this evidence reached the pre-set threshold for 

statistical significance probably because of the higher number of trials included in the analysis, also 

encompassing those published over the past year. This may have helped increase the statistical 

power of our meta-analysis. From a methodological standpoint, compared with the aforementioned 

studies, we included only phase III RCTs because they are sufficiently powered to detect 

differences between two groups of treatment, in this case between ICI treatment (experimental arm) 

and standard therapy or placebo (control arm). Moreover, compared to phase II studies, phase III 

trials ensure longer follow-up and a higher number of events. Most of the trials included in the 

Conforti’s study have been considered in our meta-analysis, excluding 2 phase II studies [45, 46], 1 

study presented as abstract but never published [47], and 1 study that used ICI also in the control 

arm [48]. In our opinion the latter study is useful to compare two different ICIs, but cannot be 

informative of the effect of ICIs on survival compared to standard therapy and cannot be used to 

investigate gender differences. In addition, as mentioned in the introduction, we included 2 more 

recent phase III studies that were not available at the time of Conforti’s publication [42, 44]. 

Overall, our meta-analysis differs from Conforti’s one by 6 trials, 2 new trials added and 4 not 

included. 

The emerged evidence for the lack of efficacy of anti-CTLA-4 in women invites critical 

interpretation. The renowned gender-related differences in immune response [13] and the different 

mechanisms of action of anti-CTLA-4 and anti-PD-1/ PDL-1 [49, 50] may help provide a biologic 

rationale to this finding. 

 CTLA-4 is expressed on T lymphocytes and, by binding B7 receptors on antigen-presenting 

cells (APCs), determines inhibition of T-cell activation at the priming phase of the immune 

response, when a naïve T lymphocyte recognizes tumor antigens for the first time [49]. Therefore, 

anti-CTLA-4 antibodies can re-activate suppressed T lymphocytes, stimulating their proliferation 

and triggering humoral and cytotoxic anti-tumor response. It is widely accepted that this early phase 

of immune system activation is stronger in women than in men, given that the former have more 

effective APCs and higher number of CD4+ T cell [13]. It is conceivable that a tumor growing in a 

human female organism, in order to progress and overcome the host proficient immune response, 

must select cellular clones with low immunogenic potential, i.e. clones that do not display antigens 

able to elicit an anti-tumor response. Therefore, in this female-biased immune scenario, we may 

hypothesize that the lack of T cell activation rather than CTLA-4-mediated T cell inhibition is 

responsible for tumor escape from immune surveillance. Alternatively, it is also possible that 

female T-cell suppression is driven by distinct cellular mechanisms which do not include CTLA-4. 
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As a consequence, anti-CTLA-4 therapy fails to revert immune response in women. Moreover, it 

has been reported that CTLA-4 is expressed in Treg cells, a lymphocyte population with 

immunosuppressive effects, and that anti-CTLA-4 agents can restore immune competence partly by 

depleting Treg cells or abrogating their function [51, 52]. As women have a lower Treg count than 

men, they may receive minor benefit from anti-CTLA-4 therapy. 

Unexpectedly, this result was not duplicated in female patients affected by melanoma (4 trials). 

In this subgroup women, as well as men, received survival advantage by anti-CTLA-4 compared to 

control. However, our study had not a sufficient statistical power to conclude that the lack of benefit 

from anti-CTLA-4 in females, in the overall population, was due to the presence in the analysis of 

tumor types different from melanoma that do not respond to this therapy. In fact, only two trials 

explored this issue and were not suitable to be considered separately for meta-analysis. 

We can hypothesize that tumor- and/or patient-specific factors other than gender may influence 

response to anti-CTLA-4 agents in melanoma. In particular, melanoma is known to be a tumor with 

a very high mutational burden (0.5 to >100 mutations per megabase) [53] and with a high 

propensity to generate neoantigens that are recognized by the immune system as nonself [54]. The 

genetic basis for clinical response to anti-CTLA-4 in melanoma have been recently elucidated [54]. 

We could speculate that melanoma cells are by themselves able to elicit a strong antitumor immune 

response potentially able to destroy the tumor if the immunosuppressive effect of CTLA-4 

expression on T cell does not occur. In this scenario, both men and women receive a benefit from 

CTLA-4 blockade in melanoma. 

PD-1 is also expressed in T lymphocytes and, similarly to CTLA-4, inhibits T-cell activation by 

binding PD-L1 and PD-L2 on APCs in the priming phase of the immune response [49]. Notably, 

PDL-1 and PDL-2 are also expressed in tumor cells and inhibit the cytotoxic activity of CD8+ T 

lymphocytes against tumor. Thus, the inhibition of PD-1 interaction with its ligands, using anti-PD-

1 or anti-PDL-1 antibodies, can re-activate effector CD8+ T cell to kill tumor cells. In light of our 

results, this peripheral immune mechanism seems to be resumed by anti PD-1/PD-L1 in both 

genders. Men have a higher number of CD8+ T lymphocytes, but these cells are functionally more 

active in women [13]. Recent studies have shown that tumor cells of NSCLC express significant 

higher levels of PD-L1 in male compared to female patients [55]. For this reason, anti-PD1/PDL-1 

therapies may be more effective in men. Consistently, our study showed better OS and a 

significantly improved PFS in men compared to women. 

The results of our systematic review and meta-analysis indicate that treatment with ICIs 

improves prognosis in patients affected by different types of cancer, but with a higher benefit for 

men compared to women, especially when anti-CTLA-4 agents are used. Prospective clinical trials 
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stratified by gender in the randomization process may significantly add to a deeper comprehension 

of the role of gender in the anti-tumor activity of ICIs. A better understanding of the molecular 

mechanisms involved in the tumor immune escape would also help identify predictors of 

response/resistance to ICIs, differently expressed in men and women. 

 

4.0 Materials and Methods 

 

4.1 Search Strategy 

  We performed a systematic search in PubMed EMBASE, and Cochrane Central Register of 

Controlled Trials (CENTRAL), up to April 2018, to identify phase III, RCTs comparing ICIs (anti-

CTLA-4, anti-PD1, or anti-PD-L1) versus standard treatment or placebo, and reporting clinical 

outcomes of OS and/or PFS by gender. No language restrictions were applied. The PubMed’s 

“related articles” feature was used to identify further papers. The reference lists of the studies 

included were also screened. An expert librarian was involved in the design of the search strategy 

and in the conduct of the literature search. Accordingly, we searched publications using the 

following text keywords: Nivolumab, Pembrolizumab, Atezolizumab, Durvalumab, Ipilimumab, 

Avelumab, PDR001, Lambrolizumab, Tremelimumab, Checkpoint inhib*, anti-PD1, anti-PDL1, 

randomized controlled trial, controlled clinical trial, randomized, placebo, phase 3, phase III, RCT 

clinical trials, randomly, trial. We excluded from the search the following keywords: review, meta-

analysis, phase 1, phase I, phase 1b, phase II, phase 2, phase 2b, case report, quality of life, FDA 

approval, guidelines, and real-world. 

 Exclusion criteria were the following: trials on breast, ovarian, prostate and testicular cancer, 

phase I and phase II trials, trials in which all arms received ICIs, and duplicates of already included 

studies. If multiple publications of the same trial were retrieved, only the first publication was 

included.  

 

4.2 Data extraction 

Two reviewers independently screened titles and abstracts for eligibility and subsequently 

extracted data using pilot-tested, ad hoc forms. Disagreements were solved by discussion or 

consultation with a third reviewer. The data extracted related to participants, intervention and 

outcomes of interest. 

From each single RCT, selected according to the aforementioned criteria, the following data 

were extracted: treatment setting and regimens, total number of patients randomized to each study 

arm, number of patients treated in each study arm, control arm including/not including placebo, co-
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interventions, total number of female and male patients, total number of progressions and deaths by 

gender, gender-stratified Hazard Ratios (HR) and 95% confidence intervals (CIs) for OS and/or 

PFS, and whether or not the trial noted a statistically significant difference in survival between the 

compared arms. No data were provided by the studies regarding age distribution by gender. The 

lack of comparable age groups in men and women did not allow considering gender-related age as 

variable in the meta-analysis. 

 

4.3 Statistical Analysis 

Risk of bias was assessed at the study level for each of the RCTs included in full agreement with 

the Cochrane Collaboration's 'Risk of bias' tool [56]. Two review authors independently assessed 

the methodological quality based on: Sequence generation; Allocation concealment; Blinding of 

patients and personnel; Blinding of outcome assessors; Incomplete outcome data; Selective 

outcome reporting; ITT analysis; Additional sources of bias.  

We compared treatments using Hazard Ratio and 95% confidence intervals. Heterogeneity was 

evaluated by 2 Q test and I2 statistic [57]. For the Q test, p<0.05 indicated significant 

heterogeneity; for the I2 statistics, an I2 value >50% was considered significant. The pooled Hazard 

Ratio (HR) estimate was calculated using a random-effect model [58]. Our results are graphically 

displayed as forest plots, with HR<1.0 indicating better outcome in the experimental arm. 

Substantial heterogeneity was explored in subgroup analyses by type of ICIs (anti-PD1/PDL-1 or 

anti-CTLA-4) and type of tumor (Melanoma or NSCLC). Pubblication bias was evaluated by visual 

inspection of funnel plots. Calculations were accomplished using the Comprehensive Meta-

Analysis Software, version v. 2.0 (CMA, Biostat, Englewood, NJ, USA). 
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Table 1. Characteristics of the RCTs included in the meta-analysis 
 
Clinical Trial Neoplasm  Treatment No. pts  Sex difference HR (95% CI) 
 (target)  Male      

Female 
  OS PFS 

        

Hodi FS, 2010 
[24] 

Melanoma 
(CTLA-4) 

Ipilimumab + 
Gp100 

 

247 156 Male: 0.66 (0.50-
0.87) 
Female. 0.72 
(0.52-0.99 

 

  Ipilimumab 81 56 Male: 0.54 
(0.37–0.77) 
Female: 0.81 
(0.55-1.20) 

 

  Gp100  73 63   
       

Robert C, 
2011 [25] 

Melanoma 
(CTLA-4) 

Ipilimumab + 
Dacarbazina  

152 98 Male: 0.70 (0.55-
0.89) 
Female: 0.86 
(0.63-1.17) 

 

  Placebo + 
Dacarbazina 

149 103   

       

Ribas A, 2013 
[26] 

Melanoma 
(CTLA-4) 

Tremelimumab 190 138 Male: 0.93 (0.78-
1.10) 
Female: 0.81 
(0.61-1.07) 

 

  Chemotherapy 182 145    
       

Brahmer J, 
2015 [27] 

Squamous 
NSCLC 

(PD-1/PDL-1) 

Nivolumab 111 24 Male: 0.57 (0.41-
0.78) 
Female: 0.67 
(0.36-1.25) 

Male: 0.63 
(0.63-1.04) 
Female: 0.71 
(0.40-1.26) 

  Docetaxel 97 40   
       

Borghaei H, 
2015 [28] 

Nonsquamous 
NSCLC 

(PD-1/PDL-1) 

Nivolumab 151 141 Male: 0.73 (0.56-
0.96) 
Female: 0.78 
(0.58-1.04) 

Male: 0.81 
(0.56-0.96) 
Female: 1.04 
(0.80-1.37) 

  Docetaxel 168 122   
       

Motzer RJ, 
2015 [29] 

Renal-Cell 
Carcinoma 

(PD-1/PDL-1) 

Nivolumab 315 95 Male: 0.73 (0.58-
0.92) 
Female: 0.84 
(0.57-1.24) 

 

  Everolimus 304 107   
       

Robert C, 
2015 [30] 

Melanoma 
(PD-1/PDL-1) 

Nivolumab 121 89 Male: 0.34 (0.22-
0.54) 
Female: 0.56 
(0.33-0.95) 

 

  Dacarbazina 125 83   
       

Herbst RS, 
2016 [31] 

NSCLC 
(PD-1/PDL-1) 

Pembrolizumab 
 

425 266 Male: 0.65 (0.52-
0.81) 
Female: 0.69 
(0.51-0.94) 

Male: 0.78 
(0.64-0.94) 
Female: 1.02 
(0.78-1.32) 

  Docetaxel 209 134   
       

Reck M, 
2016a [32] 

Small-Cell Lung 
Cancer 

(CTLA-4) 

Ipilimumab + 
Chemotherapy 

317 161 Male: 1.07 (0.89-
1.28) 
Female: 1.06 
(0.81-1.37) 
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  Placebo + 
Chemotherapy 

326 150   

       

Reck M, 
2016b [33] 

PD-L1-positive 
NSCLC 

(PD-1/PDL-1) 

Pembrolizumab 92 62  Male: 0.39 
(0.26-0.58) 
Female: 0.75 
(0.46-1.21) 

  Chemotherapy 95 56   
       

Ferris RL, 
2016 [34] 

Head and Neck 
cancer 

(PD-1/PDL-1) 

Nivolumb 197 43 Male: 0·65 (0.48-
0.88) 
Female: 0.93 
(0.47-1.85) 

 

  Chemotherapy 103 18   
       

Rittmeyer A, 
2017 [35] 

NSCLC 
(PD-1/PDL-1) 

Atezolizumab 261 164 Male: 0.79 (0.64-
0.97) 
Female: 0.64 
(0.49-0.85) 

 

  Docetaxel  259 166   
       

Bellmunt J, 
2017 [36] 

Urothelial 
Carcinoma 

(PD-1/PDL-1) 

Pembrolizumab 200 70 Male: 0.73 (0.56-
0.94) 
Female: 0.78 
(0.49-1.24) 

 

  Chemotherapy 202 70   
       

Carbone DP, 
2017 [37] 

NSCLC 
(PD-1/PDL-1) 

Nivolumb 184 87 Male: 0·97 (0·74-
1·26) 
Female: 1·15 
(0·79-1·66) 

Male: 1·05 
(0·81-1·37) 
Female: 1·36 
(0·98-1·90) 

  Chemotherapy 148 122   
       

Kang YK, 
2017 [38] 

Gastric cancer 
(PD-1/PDL-1) 

Nivolumab 229 101 Male: 0·59 (0·46-
0·75) 
Female: 0·83 
(0·56-1·23) 

 

  Placebo 119 44   
       

Govindan R, 
2017 [39] 

Squamous 
NSCLC 

(CTLA-4) 

Ipilimumab + 
Chemotherapy 

326 62 Male: 0·85 (0·71-
1·02) 
Female: 1·33 
(0·84-2·15) 

 

  Placebo + 
Chemotherapy 

309 52   

       

Larkin J, 2017 
[40] 

Melanoma 
(PD-1/PDL-1) 

Nivolumab 176 96 Male: 0·85 (0·62-
1·17) 
Female:1·07 
(0·69-1·65) 

 

  Investigator’s 
choice 

85 48   

       
       

Antonia SJ, 
2017 [41] 

NSCLC 
(PD-1/PDL-1) 

Durvalumab 334 142  Male: 0.54 
(0.41-0.71) 
Female: 0.54 
(0.37-0.79) 

  Placebo 166 71   
       

Motzer RJ, 
2018 [42] 

Renal-Cell 
Carcinoma 

(CTLA-4 + PD-
1/PDL-1) 

Ipilimumab + 
Nivolumab 

314 111 Male: 0.71 (0.55-
0.92) 
Female: 0.52 
(0.34-0.78) 

 

  Sunitinib 301 121   
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Hellmann 
MD, 2018[43] 

NSCLC 
(CTLA-4 + PD-

1/PDL-1) 

Ipilimumab + 
Nivolumab 

98 41  Male: 0.42 
(0.36-0.74) 
Female: 0.70 
(0.41-1.20) 

  Chemotherapy 106 54   
       

Gandi L, 2018 
[44] 

Nonsquamous 
NSCLC 

(PD-1/PDL-1) 

Pembrolizumab 254 156 Male: 0.70 (0.50–
0.99) 
Female: 0.29 
(0.19–0.44) 

Male: 0.66 
(0.50-0.87) 
Female: 0.40 
(0.29-0.54) 

  Chemotherapy 109 97   
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Figure  

 

Figure 1. Flow diagram of study selection. 
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Figure 2. Meta-analysis results for OS with immune checkpoint inhibitors (ICIs). A, male; B, 

female 
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Figure 3.  Meta-analysis results for OS with anti-PD-1/PDL-1. Studies on NSCLC were separately 

analyzed. (All) refers to the results of the analysis performed on the entire population. NSCLC, non 

small-cell lung cancer; A, male; B, female 
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Figure 4.  Meta-analysis results for OS with anti-CTLA-4. Studies on melanoma were separately 

analyzed. (All) refers to the results of the analysis performed on the entire population. A, male; B, 

female 
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Figure 5.  Meta-analysis results for PFS with immune checkpoint inhibitors (ICIs). A, male; B, 

female 
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Supplementary Material 

 

Tale 1S. Risk of Bias (Low/unclear/High) for the selected studies. 

 

Figure 1S.  Funnel plot of Standard Error by Log Hazard Ratio of selected studies included in OS 

analysis. A, male; B, female 

 

 

Acknowledgments 

This work was supported by the Consorzio Interuniversitario Nazionale per la Bio-Oncologia 

(CINBO). 

 

 

 

Author Contributions  

Conceptualization, Supervision: Nicola Tinari, Clara Natoli, Paolo Marchetti; Software, Validation, 

and Formal Analysis: Isabella Sperduti; Methodology, Supervision: Maddalena Barba, Michele De 

Tursi, Gaetana Cognetti; Investigation: Laura Iezzi, Davide Brocco; Writing – Original Draft 

Preparation, Supervision: Patrizia Vici, Teresa Gamucci; Visualization, Supervision: Laura Pizzuti, 

Marcello Maugeri-Saccà; Writing – Review & Editing: Antonino Grassadonia,  

 

Conflicts of Interest 

The authors declare no conflict of interest. 

 

 

References 

 

1. Regitz-Zagrosek, V. Sex and gender differences in health. Science & Society Series on 

Sex and Science. EMBO Rep. 2012, 13, 596-603. doi: 10.1038/embor.2012.87. 

2. Regitz-Zagrosek, V. Therapeutic implications of the gender-specific aspects of 

cardiovascular disease. Nat. Rev. Drug. Discov. 2006, 5, 425-438. 

3. WRITING GROUP MEMBERS, Lloyd-Jones, D.; Adams, R.J.; Brown, T.M.; 

Carnethon, M.; Dai, S.; De Simone, G.; Ferguson,T.B.; Ford, E.; Furie, K.; Gillespie, 

C.; Go, A.; Greenlund, K.; Haase, N.; Hailpern, S.; Ho, P.M.; Howard,V.; Kissela, B.; 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 November 2018                   doi:10.20944/preprints201808.0307.v3

Peer-reviewed version available at J. Clin. Med. 2018, 7, 542; doi:10.3390/jcm7120542

http://dx.doi.org/10.20944/preprints201808.0307.v3
http://dx.doi.org/10.3390/jcm7120542


Kittner, S.; Lackland, D.; Lisabeth, L.; Marelli, A.; McDermott, M.M.; Meigs, J.; 

Mozaffarian, D.; Mussolino, M.; Nichol, G.; Roger, V.L.; Rosamond, W.; Sacco, R.; 

Sorlie, P.; Roger, V.L.; Thom, T.; Wasserthiel-Smoller, S.; Wong, N.D.; Wylie-Rosett, J. 

American Heart Association Statistics Committee and Stroke Statistics 

Subcommittee.Heart disease and stroke statistics--2010 update: a report from the 

American Heart Association. Circulation 2010, 121, e-46-e215. doi: 

10.1161/CIRCULATIONAHA.109.192667. 

4. Dorak, M.T.; Karpuzoglu, E. Gender differences in cancer susceptibility: an 

inadequately addressed issue.  Font. Genet. 2012, 3, 268. doi: 

10.3389/fgene.2012.00268. eCollection 2012. 

5. Gabriele, L.; Buoncervello, M.; Ascione, B.; Bellenghi, M.; Matarrese, P.; Carè, A. The 

gender perspective in cancer research and therapy: novel insights and on-going 

hypotheses. Ann. Ist. Super. Sanita. 2016, 52, 213-222. doi: 10.4415/ANN_16_02_13. 

6. Kim, S.E.; Paik, H.Y.; Yoon, H.; Lee, J.E.; Kim, N.; Sung, M.K. Sex- and gender-

specific disparities in colorectal cancer risk. World J. Gastroenterol. 2015, 21, 5167-

5175. doi: 10.3748/wjg.v21.i17.5167. 

7. Lucca, I.; Klatte, T.; Fajkovic, H.; de Martino, M.; Shariat, S.F. Gender differences in 

incidence and outcomes of urothelial and kidney cancer. Nat. Rev. Urol. 2015, 12, 653. 

doi: 10.1038/nrurol.2015.257. 

8. Crocetti, E.; Mallone, S.; Robsahm, T.E.; Gavin, A.; Agius, D.; Ardanaz, E.; Lopez,  

M.C.; Innos, K.; Minicozzi, P.; Borgognoni, L.; Pierannunzio, D.; Eisemann, N. 

EUROCARE-5 Working Group. Survival of patients with skin melanoma in Europe 

increases further: Results of the EUROCARE-5 study. Eur. J. Cancer 2015, 51, 2179-

2190. doi: 10.1016/j.ejca.2015.07.039. 

9. Yuan, Y.; Liu, L.; Chen, H.; Wang, Y.; Xu, Y.; Mao, H.; Li, J.; Mills, G.B.; Shu, Y.; Li, 

L.; Liang, H. Comprehensive Characterization of Molecular Differences in Cancer 

between Male and Female Patients. Cancer Cell. 2016, 29, 711-722. doi: 

10.1016/j.ccell.2016.04.001. 

10. Markle, J.G.; Fish, E.N. SeXX matters in immunity. Trends Immunol. 2014, 35, 97-104. 

doi: 10.1016/j.it.2013.10.006. 

11. van Lunzen, J.; Altfeld, M. Sex differences in infectious diseases-common but 

neglected. J. Infect. Dis. 2014, 209, S79-80. doi: 10.1093/infdis/jiu159. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 November 2018                   doi:10.20944/preprints201808.0307.v3

Peer-reviewed version available at J. Clin. Med. 2018, 7, 542; doi:10.3390/jcm7120542

http://dx.doi.org/10.20944/preprints201808.0307.v3
http://dx.doi.org/10.3390/jcm7120542


12. Quintero, O.L.; Amador-Patarroyo, M.J.; Montoya-Ortiz, G.; Rojas-Villarraga, A.; 

Anaya, J.M. Autoimmune disease and gender: plausible mechanisms for the female 

predominance of autoimmunity. J. Autoimmun. 2012, 38, J109-J119. 

13. Klein, S.L.; Flanagan, K.L. Sex differences in immune responses. Nat. Rev. Immunol. 

2016, 16, 626-638. doi: 10.1038/nri.2016.90. 

14. Fish, E.N. The X-files in immunity: sex-based differences predispose immune 

responses. Nat. Rev. Immunol. 2008, 8, 737-744. doi: 10.1038/nri2394. 

15. Kim, C.H. FOXP3 and its role in the immune system. Adv. Exp. Med. Biol. 2009, 665, 

17-29. 

16. Kovats, S. Estrogen receptors regulate innate immune cells and signaling pathways. 

Cell. Immunol. 2015, 294, 63–69. doi:10.1016/j.cellimm.2015.01.018. 

17. Mackern-ObertI, J.P.; Jara, E.L.; Riedel, C.A.; Kalergis, A.M. Hormonal modulation of 

dendritic cells differentiation, maturation and function: implications for the initiation 

and progress of systemic autoimmunity. Arch. Immunol. Ther. Exp. 2017, 65, 123–136.  

doi:10.1007/s00005-016-0418-6. 

18. Markle, J.G.; Frank,  D.N.;  Mortin-Toth, S.; Robertson, C.E.; Feazel, L.M.; Rolle-

Kampczyk, U.; von Bergen, M.; McCoy, K.D.; Macpherson, A.J.; Danska, J.S. Sex 

differences in the gut microbiome drive hormone-dependent regulation of 

autoimmunity. Science 2013, 339, 1084-1088. doi: 10.1126/science.1233521. 

19. Botticelli, A.; Zizzari, I.; Mazzuca, F.; Ascierto, P.A.; Putignani, L.; Marchetti, L. et al. 

Cross-talk between microbiota and immune fitness to steer and control response to anti 

PD-1/PDL-1 treatment. Oncotarget 2017, 8, 8890–8899. 

doi:10.18632/oncotarget.12985. 

20. Khalil, D.N.; Smith, E.L.; Brentjens, R.J.; Wolchok, J.D. The future of cancer treatment: 

immunomodulation, CARs and combination immunotherapy. Nat. Rev. Clin. Oncol. 

2016, 13, 273–290. 

21. Botticelli, A.; Onesti, C.E.; Zizzari, I.; Cerbelli, B.; Sciattella, P.; Occhipinti, M.; 

Roberto, M.; Di Pietro, F.; Bonifacino A.; Ghidini, M.; Vici, P.; Pizzuti, L.; Napoletano, 

C.; Strigari, L.; D'Amati, G.; Mazzuca, F.; Nuti, M.; Marchetti, P. The sexist behaviour 

of immune checkpoint inhibitors in cancer therapy?. Oncotarget 2017, 8, 99336-99346. 

doi: 10.18632/oncotarget.22242. 

22. Wu, Y.; Ju, Q.; Jia, K.; Yu, J.; Shi, H.; Wu, H.; Jiang, M. Correlation between sex and 

efficacy of immune checkpoint inhibitors (PD-1 and CTLA-4 inhibitors). Int. J. Cancer.  

2018. doi: 10.1002/ijc.31301. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 November 2018                   doi:10.20944/preprints201808.0307.v3

Peer-reviewed version available at J. Clin. Med. 2018, 7, 542; doi:10.3390/jcm7120542

http://dx.doi.org/10.20944/preprints201808.0307.v3
http://dx.doi.org/10.3390/jcm7120542


23. Conforti F.; Pala L.; Bagnardi V.; De Pas T.; Martinetti M.; Viale G.; Gelber R.D.; 

Goldhirsch A. Cancer immunotherapy efficacy and patients' sex: a systematic review 

and meta-analysis. Lancet Oncol. 2018, 19, 737-746. doi: 10.1016/S1470-

2045(18)30261-4 

24. Hodi, F.S.; O'Day, S.J.; McDermott, D.F.; Weber, R.W.; Sosman, J.A.; Haanen, J.B.; 

Gonzalez, R.; Robert, C.; Schadendorf, D.; Hassel, J.C.; Akerley, W.; van den Eertwegh, 

A.J.; Lutzky, J.; Lorigan, P.; Vaubel, J.M.; Linette, G.P.; Hogg, D.; Ottensmeier, C.H.; 

Lebbé, C.; Peschel, C.; Quirt, I.; Clark, J.I.; Wolchok, J.D.; Weber, J.S.; Tian, J.;Yellin, 

M.J.; Nichol, G.M.; Hoos, A.; Urba, W.J. Improved survival with ipilimumab in patients 

with metastatic melanoma. N. Engl. J. Med. 2010, 363, 711-723. doi: 

10.1056/NEJMoa1003466. 

25. Robert, C.; Thomas, L.; Bondarenko, I.; O'Day, S.; Weber, J.; Garbe, C.; Lebbe, C.; 

Baurain, J.F.; Testori, A.; Grob, J.J.; Davidson, N.; Richards, J.; Maio, M.; Hauschild, 

A.; Miller, W.H. Jr; Gascon, P.; Lotem, M.; Harmankaya, K.; Ibrahim, R.; Francis, S.; 

Chen, T.T.; Humphrey, R.; Hoos, A.; Wolchok, J.D. Ipilimumab plus dacarbazine for 

previously untreated metastatic melanoma. N. Engl. J. Med. 2011, 364, 2517-2526. 

doi:10.1056/NEJMoa1104621.  

26. Ribas, A.; Kefford, R.; Marshall, M.A.; Punt, C.J.; Haanen, J.B.; Marmol, M.; Garbe, 

C.; Gogas,H.; Schachter, J.; Linette, G.; Lorigan, P.; Kendra, K.L.; Maio, M.; Trefzer, 

U.; Smylie, M.; McArthur, G.A.; Dreno, B.; Nathan, P.D.; Mackiewicz, J.; Kirkwood, 

J.M.; Gomez-Navarro, J.; Huang, B.; Pavlov, D.; Hauschild, A.  Phase III randomized 

clinical trial comparing tremelimumab with standard-of-care chemotherapy in patients 

with advanced melanoma. J. Clin. Oncol. 2013, 31, 612-622. doi: 

10.1200/JCO.2012.44.6112. 

27. Brahmer, J.; Reckamp, K.L.; Baas, P.; Crinò, L.; Eberhardt, W.E.; Poddubskaya, E.; 

Antonia, S.; Pluzanski, A.; Vokes, E.E.; Holgado, E.; Waterhouse, D.; Ready, N.; 

Gainor, J.; Arén Frontera, O.; Havel, L.; Steins, M.; Garassino, M.C. ; Aerts, J.G.; 

Domine, M.; Paz-Ares, L.; Reck, M.; Baudelet, C.; Harbison, C.T.; Lestini, B.; Spigel, 

D.R. Nivolumab versus Docetaxel in Advanced Squamous-Cell Non-Small-Cell Lung 

Cancer. N. Engl. J. Med. 2015, 373, 123-135. doi: 10.1056/NEJMoa1504627.  

28. Borghaei, H.; Paz- Ares, L.; Horn, L.; Spigel, D.R.; Steins, M.; Ready, N.E.; Chow, 

L.Q.; Vokes, E.E.; Felip, E.; Holgado, E.; Barlesi, F.; Kohlhäufl, M.; Arrieta, O.; Burgio, 

M.A.; Fayette, J.; Lena, H.; Poddubskaya, E.; Gerber, D.E.; Gettinger, S.N.; Rudin, 

C.M.; Rizvi, N.; Crinò, L.; Blumenschein, G.R. Jr; Antonia, S.J.; Dorange, C.; 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 November 2018                   doi:10.20944/preprints201808.0307.v3

Peer-reviewed version available at J. Clin. Med. 2018, 7, 542; doi:10.3390/jcm7120542

http://dx.doi.org/10.20944/preprints201808.0307.v3
http://dx.doi.org/10.3390/jcm7120542


Harbison, C.T.; Graf Finckenstein, F.; Brahmer, J.R. Nivolumab versus Docetaxel in 

Advanced Nonsquamous Non-Small-Cell Lung Cancer. N. Engl. J Med. 2015, 373, 

1627-1639. doi: 10.1056/NEJMoa1507643.  

29. Motzer, R.J.; Escudier, B.; McDermott, D.F.; George, S.; Hammers, H.J.; Srinivas, S.; 

Tykodi, S.S.; Sosman, J.A.; Procopio, G.; Plimack, E.R.; Castellano, D.; Choueiri, T.K.; 

Gurney, H.; Donskov, F.; Bono, P.; Wagstaff, J.; Gauler, T.C.; Ueda, T.; Tomita,Y.; 

Schutz, F.A.; Kollmannsberger, C.; Larkin, J.; Ravaud, A.; Simon, J.S.; Xu, L.A.; 

Waxman, I.M.; Sharma, P.; CheckMate 025 Investigators. Nivolumab versus 

Everolimus in Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2015, 373, 1803-

1813. doi: 10.1056/NEJMoa1510665.  

30. Robert C.; Long G.V.; Brady B.; Dutriaux C.; Maio M.; Mortier L.; Hassel J.C.; 

Rutkowski P.; McNeil C.; Kalinka-Warzocha E.; Savage K.J.; Hernberg M.M.; 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 I.M.; Atkinson V.; Ascierto P.A. Nivolumab in previously untreated melanoma 

without BRAF mutation. N. Engl. J. Med. 2015, 372, 320-330. doi: 

10.1056/NEJMoa1412082. 

31. Herbst, R.S.; Baas, P.; Kim, D.W. ;Felip, E.; Pérez-Gracia, J.L.; Han, J.Y.; Molina, J.; 

Kim, J.H.; Arvis, C.D.; Ahn, M.J.; Majem, M.; Fidler, M.J.; de Castro, G. Jr; Garrido, 

M.; Lubiniecki, G.M.; Shentu, Y.; Im, E.; Dolled-Filhart, M.; Garon, E.B. 

Pembrolizumab versus docetaxel for previously treated, PD-L1-positive, advanced non-

small-cell lung cancer (KEYNOTE-010): a randomised controlled trial. Lancet 2016, 

387, 1540-1550. doi: 10.1016/S0140-6736(15)01281-7. 

32. Reck, M.; Luft, A.; Szczesna, A.; Havel, L.; Kim, S.W.; Akerley, W.; Pietanza, M.C.; 

Wu, Y.L.; Zielinski, C.; Thomas, M.; Felip, E.; Gold, K.; Horn, L.; Aerts, J.; Nakagawa, 

K.; Lorigan, P.;Pieters, A.; Kong Sanchez, T.; Fairchild, J.; Spigel, D.  Phase III 

Randomized Trial ofIpilimumab Plus Etoposide and Platinum Versus Placebo Plus 

Etoposide and Platinum in Extensive-Stage Small-Cell Lung Cancer. J. Clin. Oncol. 

2016, 34, 3740-3748. doi: 10.1200/JCO.2016.67.6601.  

33. Reck, M.; Rodríguez-Abreu, D.; Robinson, A.G.; Hui, R.; Csőszi, T.; Fülöp, A.; 

Gottfried, M.; Peled, N.; Tafreshi, A; Cuffe, S.; O'Brien, M.; Rao, S.; Hotta, K.; Leiby, 

M.A.; Lubiniecki, G.M.; Shentu, Y.; Rangwala, R.; Brahmer, J.R.; KEYNOTE-024 

Investigators. Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-

Cell Lung Cancer. N. Engl. J. Med. 2016, 375, 1823-1833.  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 November 2018                   doi:10.20944/preprints201808.0307.v3

Peer-reviewed version available at J. Clin. Med. 2018, 7, 542; doi:10.3390/jcm7120542

http://dx.doi.org/10.20944/preprints201808.0307.v3
http://dx.doi.org/10.3390/jcm7120542


34. Ferris R.L.; Blumenschein G. Jr.; Fayette J.; Guigay J.; Colevas A.D.; Licitra L.; 

Harrington K.; Kasper S.; Vokes E.E.; Even C.; Worden F.; Saba N.F.; Iglesias 

Docampo L.C.; Haddad R.; Rordorf T.; Kiyota N.; Tahara M.; Monga M.; Lynch M.; 

Geese W.J.; Kopit J.; Shaw J.W.; Gillison M.L. Nivolumab for Recurrent Squamous-

Cell Carcinoma of the Head and Neck. N. Engl. J. Med. 2016, 375, 1856-1867. 

35. Rittmeyer, A.; Barlesi, F.; Waterkamp, D.; Park, K.; Ciardiello, F.; von Pawel, J.; 

Gadgeel, S.M.; Hida, T.; Kowalski, D.M.; Dols, M.C.; Cortinovis, D.L.; Leach, J.; 

Polikoff, J.; Barrios, C.; Kabbinavar, F.; Frontera, O.A.; De Marinis, F.; Turna, H.; Lee, 

J.S.; Ballinger, M.; Kowanetz, M.; He, P.; Chen, D.S.; Sandler, A.; Gandara, D.R.; OAK 

Study Group. Atezolizumab versus docetaxel in patients with previously treated non-

small-cell lung cancer (OAK): a phase 3, open-label, multicentre randomised controlled 

trial. Lancet 2017, 389, 255-265. doi: 10.1016/S0140-6736(16)32517-X.  

36. Bellmunt, J.; de Wit, R.; Vaughn, D.J.; Fradet, Y.; Lee, J.L.; Fong, L.; Vogelzang, N.J.; 

Climent, M.A.; Petrylak, D.P.; Choueiri, T.K.; Necchi, A.; Gerritsen, W.; Gurney, H.; 

Quinn, D.I.; Culine, S.; Sternberg, C.N.; Mai, Y.; Poehlein, C.H.; Perini, R.F.; Bajorin,  

D.F.; KEYNOTE-045 Investigators. Pembrolizumab as Second-Line Therapy for 

Advanced Urothelial Carcinoma. N. Engl. J. Med. 2017, 376, 1015-1026. doi: 

10.1056/NEJMoa1613683.  

37. Carbone, D.P.; Reck, M.; Paz-Ares, L.; Creelan, B.; Horn, L.; Steins, M.; Felip, E.; van 

den Heuvel, M.M.; Ciuleanu, T.E.; Badin, F.; Ready, N.; Hiltermann, T.J.N.; Nair, S.; 

Juergens, R.; Peters, S.; Minenza, E.; Wrangle, J.M.; Rodriguez-Abreu, D.; Borghaei, 

H.; Blumenschein, G.R.Jr; Villaruz, L.C.; Havel, L.; Krejci, J.; Corral Jaime, J.; Chang, 

H.; Geese, W.J.; Bhagavatheeswaran, P.; Chen, A.C.; Socinski, M.A.;  CheckMate 026 

Investigators. First-Line Nivolumab in Stage IV or Recurrent Non-Small-Cell Lung 

Cancer. N. Engl. J. Med. 2017, 376, 2415-2426. doi: 10.1056/NEJMoa1613493. 

PubMed PMID: 28636851. 

38. Kang, Y.K.; Boku, N.; Satoh, T.; Ryu, M.H.; Chao, Y.; Kato, K.; Chung, H.C.; Chen, 

J.S.; Muro, K.; Kang, W.K.; Yeh, K.H.; Yoshikawa, T.; Oh, S.C.; Bai, L.Y.; Tamura,T.; 

Lee, K.W. ; Hamamoto,Y.; Kim, J.G.; Chin, K.; Oh, D.Y.; Minashi, K.; Cho, J.Y.; Tsuda, 

M.; Chen, L.T.  Nivolumab in patients with advanced gastric or gastro-oesophageal 

junction cancer refractory to, or intolerant of, at least two previous chemotherapy 

regimens (ONO-4538-12, ATTRACTION-2): a randomised, double-blind, placebo-

controlled, phase 3 trial. Lancet 2017, 390, 2461-2471. doi: 10.1016/S0140-

6736(17)31827-5.  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 November 2018                   doi:10.20944/preprints201808.0307.v3

Peer-reviewed version available at J. Clin. Med. 2018, 7, 542; doi:10.3390/jcm7120542

http://dx.doi.org/10.20944/preprints201808.0307.v3
http://dx.doi.org/10.3390/jcm7120542


39. Govindan, R.; Szczesna, A.; Ahn, M.J.; Schneider, C.P.; Gonzalez Mella, P.F.; Barlesi, 

F.; Han, B.; Ganea, D.E.; Von Pawel, J.; Vladimirov, V.; Fadeeva, N.; Lee, K.H.; Kurata, 

T.; Zhang, L.; Tamura, T.; Postmus, P.E.; Jassem, J.; O'Byrne, K.; Kopit, J.; Li, M.; 

Tschaika, M.; Reck, M. Phase III Trial of Ipilimumab Combined With Paclitaxel and 

Carboplatin in Advanced Squamous Non-Small-Cell Lung Cancer. J. Clin. Oncol. 2017, 

35, 3449-3457. doi: 10.1200/JCO.2016.71.7629.  

40. Larkin, J.; Minor, D.; D'Angelo, S.; Neyns, B.; Smylie, M.; Miller, W.H. Jr; Gutzmer, 

R.; Linette, G.; Chmielowski, B.; Lao, C.D.; Lorigan, P.; Grossmann, K.; Hassel, J.C.; 

Sznol, M.; Daud, A.; Sosman, J.; Khushalani, N.; Schadendorf, D.; Hoeller, C.; Walker, 

D.; Kong, G.; Horak, C.; Weber, J. Overall Survival in Patients With Advanced 

Melanoma Who Received Nivolumab Versus Investigator's Choice Chemotherapy in 

CheckMate 037: A Randomized, Controlled, Open-Label Phase III Trial. J. Clin. Oncol. 

2017, JCO2016718023. doi: 10.1200/JCO.2016.71.8023. (Epub ahead of print). 

41. Antonia, S.J.; Villegas, A.; Daniel, D.; Vicente, D.; Murakami, S.; Hui, R.; Yokoi, T.; 

Chiappori, A.; Lee, K.H.; de Wit, M.; Cho,B.C.; Bourhaba, M.; Quantin, X.; Tokito, T.; 

Mekhail, T.; Planchard, D.; Kim, Y.C.; Karapetis, C.S.; Hiret, S; Ostoros, G.; Kubota, K; 

Gray, J.E.; Paz-Ares, L.; de Castro Carpeño, J.; Wadsworth, C.; Melillo, G.; Jiang, H.; 

Huang, Y.; Dennis, P.A.; Özgüroğlu, M.;  PACIFIC Investigators. Durvalumab after 

Chemoradiotherapy in Stage III Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2017, 

377, 1919-1929. doi: 10.1056/NEJMoa1709937. 

42. Motzer R.J.; Tannir N.M.; McDermott D.F.; Arén Frontera O.; Melichar B.; Choueiri 

T.K.; Plimack E.R.; Barthélémy P.; Porta C.; George S.; Powles T.; Donskov F.; Neiman 

V.; Kollmannsberger C.K.; Salman P.; Gurney H.; Hawkins R.; Ravaud A.; Grimm 

M.O.; Bracarda S.; Barrios C.H.; Tomita Y.; Castellano D.; Rini B.I.; Chen A.C.; Mekan 

S.; McHenry M.B.; Wind-Rotolo M.; Doan J.; Sharma P.; Hammers H.J.; Escudier B.; 

CheckMate 214 Investigators. Nivolumab plus Ipilimumab versus Sunitinib in 

Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2018, 378, 1277-1290. doi: 

10.1056/NEJMoa1712126 

43. Hellmann M.D.; Ciuleanu T.E.; Pluzanski A.; Lee J.S.; Otterson G.A.; Audigier-Valette 

C.; Minenza E.; Linardou H.; Burgers S.; Salman P.; Borghaei H.; Ramalingam S.S.; 

Brahmer J.; Reck M.; O'Byrne K.J.; Geese W.J.; Green G.; Chang H.; Szustakowski J.; 

Bhagavatheeswaran P.; Healey D.; Fu Y.; Nathan F.; Paz-Ares L. Nivolumab plus 

Ipilimumab in Lung Cancer with a High Tumor Mutational Burden. N. Engl. J. Med. 

2018, 378, 2093-2104. doi: 10.1056/NEJMoa1801946 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 November 2018                   doi:10.20944/preprints201808.0307.v3

Peer-reviewed version available at J. Clin. Med. 2018, 7, 542; doi:10.3390/jcm7120542

http://dx.doi.org/10.20944/preprints201808.0307.v3
http://dx.doi.org/10.3390/jcm7120542


44. Gandhi L.; Rodríguez-Abreu D.; Gadgeel S.; Esteban E.; Felip E.; De Angelis F.; 

Domine M.; Clingan P.; Hochmair M.J.; Powell S.F.; Cheng S.Y.; Bischoff H.G.; Peled 

N.; Grossi F.; Jennens R.R.; Reck M.; Hui R.; Garon E.B.; Boyer M.; Rubio-Viqueira 

B.; Novello S.; Kurata T.; Gray J.E.; Vida J.; Wei Z.; Yang J.; Raftopoulos H.; Pietanza 

M.C.; Garassino M.C.; KEYNOTE-189 Investigators. Pembrolizumab plus 

Chemotherapy in Metastatic Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2018, 378, 

2078-2092. doi: 10.1056/NEJMoa1801005 

45. Hodi F.S.; Chesney J.; Pavlick A.C.; Robert C.; Grossmann K.F.; McDermott D.F.; 

Linette G.P.; Meyer N.; Giguere J.K.; Agarwala S.S.; Shaheen M.; Ernstoff M.S.; Minor 

D.R.; Salama A.K.; Taylor M.H.; Ott P.A.; Horak C.; Gagnier P.; Jiang J.; Wolchok J.D.; 

Postow M.A. Combined nivolumab and ipilimumab versus ipilimumab alone in patients 

with advanced melanoma: 2-year overall survival outcomes in a multicentre, 

randomised, controlled, phase 2 trial. Lancet Oncol. 2016, 17, 1558-1568. doi: 

10.1016/S1470-2045(16)30366-7 

46. Maio M.; Scherpereel A.; Calabrò L.; Aerts J.; Cedres Perez S.; Bearz A.; Nackaerts K.; 

Fennell D.A.; Kowalski D.; Tsao A.S.; Taylor P.; Grosso F.; Antonia S.J.; Nowak A.K.; 

Taboada M.; Puglisi M.; Stockman P.K.; Kindler H.L. Tremelimumab as second-line or 

third-line treatment in relapsed malignant mesothelioma (DETERMINE): a multicentre, 

international, randomised, double-blind, placebo-controlled phase 2b trial. Lancet 

Oncol. 2017, 18, 1261-1273. doi: 10.1016/S1470-2045(17)30446-1. 

47. Cohen E.E.; Harrington K.J.; Le Tourneau C.; et al. Pembrolizumab (pembro) vs 

standard of care (SOC) for recurrent or metastatic head and neck squamous cell 

carcinoma (R/M HNSCC): Phase 3 KEYNOTE-040 trial. J. Clin. Oncol. 2015; 33 

(suppl). DOI:10.1200/jco.2015.33.15_suppl.tps6084 

48. Robert C.; Schachter J.; Long G.V.; Arance A.; Grob J.J.; Mortier L.; Daud A.; Carlino 

M.S.; McNeil C.; Lotem M.; Larkin J.; Lorigan P.; Neyns B.; Blank C,U.; 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, 2521-2532. doi: 10.1056/NEJMoa1503093 

49. Messerschmidt, J.L.; Prendergast, G.C.; Messerschmidt, G.L. How Cancers Escape 

Immune Destruction and Mechanisms of Action for the New Significantly Active 

Immune Therapies: Helping Nonimmunologists Decipher Recent Advances. Oncologist 

2016, 21, 233-243. doi: 10.1634/theoncologist.2015-0282. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 November 2018                   doi:10.20944/preprints201808.0307.v3

Peer-reviewed version available at J. Clin. Med. 2018, 7, 542; doi:10.3390/jcm7120542

http://dx.doi.org/10.20944/preprints201808.0307.v3
http://dx.doi.org/10.3390/jcm7120542


50. Capone,I.; Marchetti, P.; Ascierto, P.A.; Malorni, W.; Gabriele, L. Sexual Dimorphism 

of Immune Responses: A New Perspective in Cancer Immunotherapy. Front. Immunol. 

2018, 9, 552. doi: 10.3389/fimmu.2018.00552.  

51. Read, S.; Greenwald, R.; Izcue, A.; Robinson, N.; Mandelbrot, D.; Francisco, L.; 

Sharpe, A.H.; Powrie, F. Blockade of CTLA-4 on CD4+CD25+ regulatory T cells 

abrogates their function in vivo. J. Immunol. 2006, 177, 4376–4383. 

52. Riella, L.V.; Liu, T.; Yang, J.; Chock, S.; Shimizu, T.; Mfarrej, B.; Batal, I.; Xiao, X.; 

Sayegh, M.H.; Chandraker, A. Deleterious effect of CTLA4-Ig on a Treg-dependent 

transplant model. Am. J. Transpl. 2012, 12, 846-855. 

53. Alexandrov, L.B.; Nik-Zainal, S.; Wedge, D.C.; et al. Signatures of mutational 

processes in human cancer. Nature 2013, 500, 415-21. 

54. Snyder, A.; Makarov, V.; Merghoub, T.; Yuan, J.; Zaretsky, J.M.; Desrichard, A.; Walsh, 

L.A.; Postow, M.A.; Wong, P.; Ho, T.S.; Hollmann, T.J.; Bruggeman, C.; Kannan, K.; 

Li, Y.; Elipenahli, C.; Liu, C.; Harbison, C.T.; Wang, L.; Ribas, A.; Wolchok, J.D.; 

Chan, T.A. Genetic basis for clinical response to CTLA-4 blockade in melanoma. N. 

Engl. J. Med. 2014, 371, 2189-2199. doi: 10.1056/NEJMoa1406498. 

55. Petrelli, F.; Maltese, M.; Tomasello, G.; Conti, B.; Borgonovo, K.; Cabiddu, M.; 

Ghilardi, M.; Ghidini, M.; Passalacqua, R.; Barni, S.; Brighenti, M. Clinical and 

Molecular Predictors of PD-L1 Expression in Non-Small-Cell Lung Cancer: Systematic 

Review and Meta-analysis. Clin. Lung. Cancer. 2018. doi: 10.1016/j.cllc.2018.02.006. 

56. Higgins JPT, Green S (editors). Cochrane Handbook for Systematic Reviews of 

Interventions Version 5.1.0 [updated March 2011]. The Cochrane Collaboration, 2011. 

Available from www.handbook.cochrane.org. 

57. Higgins, J.P.; Thompson, S.G.; Deeks, J.J.; Altman, D.G. Measuring inconsistency in 

meta-analyses. Brit. Med. J. 2003, 327, 557–560. doi: 10.1136/bmj.327.7414.557. 

58. Houwelingen, H.C.; Arends, L.R.; Stijnen, T. Advanced methods in meta-analysis: 

multivariate approach and meta-regression. Stat. Med. 2002, 21, 589–624. doi: 

10.1002/sim.1040.  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 November 2018                   doi:10.20944/preprints201808.0307.v3

Peer-reviewed version available at J. Clin. Med. 2018, 7, 542; doi:10.3390/jcm7120542

http://dx.doi.org/10.20944/preprints201808.0307.v3
http://dx.doi.org/10.3390/jcm7120542

