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Abstract

Background: We previously showed that therapy with anti–checkpoints T-lymphocyte-associated protein 4 (anti–CTLA-4) or
antiprogrammed cell death protein 1 (anti–PD-1) agents was more effective for men as compared with women. However, be-
cause the sex-dimorphism of the immune system is complex, involving multiple elements of immune responses, it is possi-
ble that women could derive larger benefit than men from strategies other than therapy with immune checkpoint inhibitors
(ICIs) alone. Here we investigated whether women could derive larger benefit than men from the combination of chemother-
apy and anti-PD-1 or anti-PD-L1.
Methods: We performed two meta-analyses. The first included all randomized controlled trials (RCTs) testing anti-PD1 and
anti–PD-L1 plus chemotherapy vs chemotherapy to assess different efficacy between men and women. The second included
all RCTs of first-line systemic treatment in advanced non-small cell lung cancer testing anti–PD-1/PD-L1 given either alone or
combined with chemotherapy to assess the different efficacy of these two immunotherapeutic strategies according to
patients’ sex. For each RCT included in the two meta-analyses, first, a trial-specific ratio of hazard ratios (HRs) was calculated
from the ratio of the reported hazard ratios in men and in women; second, these trial-specific ratios of hazard ratios were
combined across trials using a random-effects model to obtain a pooled hazard ratios ratio. A pooled HRs ratio estimate lower
than 1 indicates a greater treatment effect in men, and higher than 1 a greater effect in women.
Results: Eight RCTs were included in the first meta-analysis. The pooled overall survival hazard ratios (OS-HRs) comparing
anti–PD-1/PD-L1 plus chemotherapy vs chemotherapy was 0.76 (95% confidence interval [CI] ¼ 0.66 to 0.87) for men and 0.48
(95% CI¼ 0.35 to 0.67) for women. The pooled ratio of the overall survival hazard ratios reported in men vs women was 1.56
(95% CI¼ 1.21 to 2.01), indicating a statistically significant greater effect for women. Six RCTs were included in the second meta-
analysis: three tested an anti-PD-1 alone, whereas three RCTs tested anti-PD-1/PD-L1 plus chemotherapy. The pooled overall
survival hazard ratios were 0.78 (95% CI¼ 0.60 to 1.00) in men and 0.97 (95% CI¼ 0.79 to 1.19) in women for anti–PD-1 alone,
compared with 0.76 (95% CI ¼ 0.64 to 0.91) in men and 0.44 (95% CI¼ 0.25 to 0.76) in women for anti–PD-1/PD-L1 plus chemother-
apy. The pooled ratio of overall survival hazard ratios was 0.83 (95% CI¼ 0.65 to 1.06) for anti–PD-1 alone, indicating a greater ef-
fect in men, and 1.70 (95% CI ¼ 1.16 to 2.49) for anti–PD-1/PD-L1 plus chemotherapy, indicating a greater effect in women.
Conclusion: Women with advanced lung cancer derived a statistically significantly larger benefit from the addition of
chemotherapy to anti–PD-1/PD-L1 as compared with men.

Relevant differences of immune system function and immune
responses in men and women are well known. They rely on

complex interactions among genetic, hormonal, behavioral fea-
tures, and commensal microbiome composition (1–3).
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We recently demonstrated that such differences include
the modality through which women and men with cancer re-
spond to immunotherapies (4). In a meta-analysis including
20 randomized controlled trials (RCTs), we showed that ther-
apy with anti–checkpoints T-lymphocyte-associated protein 4
(anti–CTLA-4) or antiprogrammed cell death protein 1 (anti–
PD-1) agents when compared with standard treatments was
more effective for men compared with women for several tu-
mor types (4). However, because the sex dimorphism of the
immune system is complex, involving multiple elements of
immune responses, it is possible that women could derive a
larger benefit than men from strategies other than therapy
with immune checkpoint inhibitors (ICIs) alone (1,2). In this
paper, we provide evidence that supports this hypothesis.

Methods

We followed Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines for the systematic review and
meta-analyses in this study.

Systematic Review and Meta-Analysis of All
RCTs Testing the Combination of PD-1 or PD-L1
Inhibitors Plus Chemotherapy

Data Sources and Searches

We searched PubMed, MEDLINE, Embase, and Scopus for phase 2
and 3 RCTs testing the combination of anti-PD-1 or anti-PD-L1
plus chemotherapy in patients with advanced solid tumors,
published from the inception of each database to October 22,
2018. We also reviewed abstracts and presentations from all
major conference proceedings, including the American Society
of Clinical Oncology, the International Association for the Study
of Lung Cancer, and the European Society for Medical Oncology,
from January 1, 2010, to October 22, 2018.

Two investigators (FC and LP) independently searched the
databases. The search terms were “PD-1”, “programmed death
receptor 1”, “PD-L1”, “programmed death ligand 1”, “nivolumab”,
“pembrolizumab”, “avelumab”, “durvalumab”, “atezolizumab.”
We also reviewed the references of articles included in the final
selection. The following inclusion criteria were used: 1) RCT test-
ing of the combination of an anti–PD-1 or anti–PD-L1 with che-
motherapy against chemotherapy, and 2) data available on
hazard ratio (HR) for progression-free survival (PFS) and/or over-
all survival (OS), according to patients’ sex subgroup. We ex-
cluded single-arm phase 1 and 2 trials (ie, nonrandomized trials).

Study Selection and Data Extraction

Two investigators (FC and LP) independently reviewed the list
of retrieved articles to choose potentially relevant articles, and
disagreements about particular studies were discussed and re-
solved with the consensus of all investigators.

From each study, the following data were extracted: name of
study, first author and year of publication, study design and blind-
ing, study phase, number of patients, age distribution, sex distribu-
tion, patients’ smoking status distribution, patients’ performance
status distribution, type of ICI used, hazard ratio for PFS and/or OS
in the overall population, and hazard ratios according to patients’
sex. We included only the most recent and complete report of con-
trolled trials when duplicate publications were identified.

Risk of Bias Assessment

Study methodological quality was assessed by using the five-
point Jadad ranking system, which evaluates quality of random-
ization, double-blinding, and the flow of patients (withdrawals
and dropouts), a practice in agreement with other meta-
analyses conducted in this context (5). A clinical trial could re-
ceive a Jadad score of between zero (poor methodological qual-
ity) and five (optimal methodological quality).

Data Synthesis and Analysis

The primary endpoint was the difference in efficacy of the com-
bination of an anti–PD-1 or anti–PD-L1 with chemotherapy be-
tween men and women, measured in terms of the ratio of the
hazard ratio for progression or death in the intervention arm
compared with those in the control arm reported in men, to the
same hazard ratio reported in women.

The hazard ratios for progression or death in the interven-
tion arm compared with those in the control arm, along with
their 95% confidence intervals (CIs), were derived from each in-
cluded study, separately for male and female patients. Hazard
ratios and confidence intervals were translated into log-hazard
ratios and the corresponding variances. The pooled hazard ratio
of progression or death was calculated in men and women, us-
ing a random-effects model. Each study log(HR) was weighted
by the inverse of its variance. Weights were taken equal to the
inverse of the reported within-study variance plus the between-
study variance component s(2). The moment estimator of the
between-study variance was used. The Q test was performed to
assess between-study heterogeneity, and the I2 statistics, which
express the percentage of the total observed variability due to
heterogeneity, were also calculated (6,7).

To avoid the risk of ecological bias, the null hypothesis that
the difference of treatment effect between women and men is
zero was tested using the following approach: first, a trial-
specific ratio of hazard ratios was calculated from the ratio of
the reported hazard ratios in men and in women; second, these
trial-specific ratios of hazard ratios were combined across trials
using a random-effects model (8). A pooled hazard ratio ratio es-
timate lower than 1 indicates a greater treatment effect in men,
and higher than 1 a greater effect in women.

All tests were two-sided, and statistical significance was de-
pendent on the hazard ratios 95% confidence interval not cross-
ing 1.00. For analyses in which the significance cannot be
established directly from the hazard ratios confidence intervals,
such as analyses in which two ratios of hazard ratios are com-
pared to test whether they are homogeneous, two-sided P
values were reported and a P value of less than 0.05 was consid-
ered to indicate statistical significance (9). All analyses were
performed with R software (version 3.4.0).

Meta-Analysis of RCTs Testing anti-PD-1/PD-
L1 Alone or Combined With Chemotherapy

Data Sources and Searches, Study Selections, and Data
Synthesis and Analysis

To assess whether outcome differences between the sexes dif-
fered according to the immunotherapeutic strategy used, we
considered all RCTs testing anti–PD-1 or PD-L1 given either
alone or combined with chemotherapy, as first-line systemic
treatment for patients with advanced nonsmall-cell lung cancer
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(NSCLC). The combination of chemotherapy plus anti–PD-1/PD-
L1 has not been tested in second or further lines of treatment
for advanced NSCLC, precluding extending this type of analysis
beyond the first line of treatment. We used the same search
strategy criteria and search terms as in the first meta-analysis.

The following inclusion criteria were used: 1) RCT testing an
anti–PD1 or anti–PD-L1 given either alone or combined with che-
motherapy, against chemotherapy alone, as first-line systemic
treatment for patients with advanced NSCLC; and 2) data avail-
able on hazard ratio for overall survival, according to patients’
sex subgroup. Risk of bias assessment, data synthesis, and anal-
ysis were performed using the same approach described above
for the first meta-analysis. Moreover, a z- test was used to test
the heterogeneity of the pooled ratios of hazard ratios, measur-
ing the difference in efficacy between men and women, for the
two evaluated immunotherapeutic strategies (ie, anti–PD-1/PD-
L1 given alone or combined with chemotherapy).

Results

Meta-Analysis of RCTs Testing the Combination of
Chemotherapy Plus PD-1 or PD-L1 Inhibitors

We found eight eligible RCTs reporting results of the combina-
tion of an anti–PD-1 or anti–PD-L1 plus chemotherapy vs che-
motherapy in patients with advanced solid tumors (Figure 1).
All eight trials had available data on PFS according to patients’
sex subgroups and were included in the analysis for such
endpoints (10–17) (Table 1 reports details of trials included).
Two trials, KEYNOTE 189 and 407, tested the combination of
chemotherapy with the anti–PD-1 pembrolizumab in patients
with advanced nonsquamous and squamous NSCLC, respec-
tively (13,14). Two trials, IMpower 130 and 132, tested the combi-
nation of chemotherapy plus the anti–PD-L1 atezolizumab in
advanced nonsquamous NSCLC, and one trial, IMpower 131,
tested the combination of chemotherapy plus atezolizumab in
squamous NSCLC (15–17).

One trial, IMpower 150, tested the combination of atezolizu-
mab plus chemotherapy plus bevacizumab vs chemotherapy
plus bevacizumab in advanced nonsquamous NSCLC (10). One
trial, IMpower 133, tested the combination of chemotherapy
plus atezolizumab in advanced small-cell lung cancer (SCLC)
(12). Finally, in the PACIFIC trial, patients with locally advanced
NSCLC were randomly assigned to chemoradiotherapy plus the
anti–PD-L1 durvalumab vs chemoradiotherapy alone (11)
(Table 1).

Risk of bias assessment through Jadad score for each trial is
reported in Supplementary Table 1 (available online).
Randomized treatment allocation sequences were generated in
all trials. Four trials were double-blinded. The Jadad mean score
was 4 (range 3–5). No trial received a low-quality score (ie, Jadad
score of 1–2). All the included studies had a low risk of reporting
bias, attrition bias, and other biases (Supplementary Table 1,
available online).

The analysis for PFS included 4923 patients, of whom 3345
(67.9%) were men and 1578 (32.1%) were women; 2952 (60.0%)
patients had nonsquamous NSCLC, 1568 (31.9%) squamous
NSCLC, and 403 (8.2%) SCLC; 4438 (90.1%) patients were former
or current smokers, and only 485 (9.9%) were never smokers
(Table 1). All these trials enrolled only epidermal growth factor
receptor (EGFR) and anaplastic lyphoma kinase (ALK) wild-type
tumors, except for the PACIFIC trial, in which 43 EGFR mutated
NSCLC were enrolled.

Results showed that men treated with anti–PD-1 or anti–PD-
L1 plus chemotherapy had a statistically significant reduced
risk of progression or death compared with men treated in con-
trol arm (pooled PFS-HR ¼ 0.64, 95% CI ¼ 0.58 to 0.71; Figure 2A).
In women, the benefit obtained with anti–PD-1 or PD-L1 plus
chemotherapy compared with the control arm was larger
(pooled PFS-HR 0.56, 95% CI ¼ 0.49 to 0.65; Figure 2A). No sub-
stantial heterogeneity among single-study estimates was ob-
served in either male patients (Q¼ 10.9, P¼ .14, I2 ¼ 36.0%) or in
female patients (Q¼ 9.9, P¼ .19, I2 ¼ 29.6%).

The pooled ratio of PFS hazard ratios reported in women vs
those reported in men in each trial was 1.15 (95% CI ¼ 0.96 to
1.38; Figure 2B). Five of the eight RCTs (ie, KEYNOTE 407,
KEYNOTE 189, IMpower 130, IMpower 133, and PACIFIC trial)
had available data on overall survival according with patients’
sex subgroups and were included in the analysis for such end-
point (11–14,17). The analysis for OS included 2970 patients, of
whom 1979 (66.6%) were men and 991 (33.4%) were women;
1682 (56.6%) patients had nonsquamous NSCLC, 885 (29.8%)
squamous NSCLC, and 403 (13.6%) SCLC; 2715 (91.4%) patients
were former or current smokers, and 255 (8.6%) were never
smokers (Table 1).

Men treated with anti–PD-1 or anti–PD-L1 plus chemother-
apy had a statistically significant reduced risk of death
compared with men treated in the control arm (pooled OS-HR ¼
0.76, 95% CI ¼ 0.66 to 0.87; Figure 3A). In women, the OS benefit
obtained with anti–PD-1 or PD-L1 plus chemotherapy compared
with the control arm was larger (pooled OS-HR ¼ 0.48, 95% CI ¼
0.35 to 0.67; Figure 3A). Heterogeneity among single-study esti-
mates was observed in female patients (Q¼ 10.9, P¼ .03, I2 ¼
63.3%), but not in male patients (Q¼ 1.55, P¼ .81, I2 ¼ 0%). The
pooled ratio of OS-HRs reported in women vs those reported in
men in each trial was 1.56 (95% CI ¼ 1.21 to 2.01; Figure 3B), indi-
cating a statistically significant larger benefit in women
compared with men.

We performed similar analyses to assess the interaction be-
tween treatment efficacy and other relevant clinicopathological
variables, including patients’ age (<65y vs �65), smoking status
(never vs former or current smoker), performance status (PS 0 vs
PS 1), and tumor histology. No statistically significant interaction
was found for any of the variables analyzed (data not shown).

We also conducted two sensitivity analyses using as an end-
point the OS. In the first, we assessed sex-based heterogeneity
of efficacy of the combination of chemotherapy plus anti–PD-1/
PD-L1 excluding the PACIFIC trials because patients also re-
ceived radiotherapy (11). In the second analysis, we excluded
the IMpower 133 trial that enrolled patients with SCLC to assess
sex-based heterogeneity of efficacy in trials enrolling only
patients with NSCLC (12). The pooled ratio of OS-HRs reported
in women vs those reported in men was respectively 1.53 (95%
CI ¼ 1.10 to 2.13) for the first sensitivity analysis and 1.68 (95%
CI ¼ 1.28 to 2.19) for the second, confirming a statistically signif-
icant larger benefit in women compared with men (data not
shown).

Meta-Analysis of RCTs Testing Anti–PD-1/PD-L1 Alone
or Combined With Chemotherapy

Subsequently, we performed a second meta-analysis including
all RCTs testing an anti-PD-1/PD-L1 given either alone
(KEYNOTE 24 and 42 and CheckMate 026 trials) or combined
with chemotherapy (KEYNOTE 189 and 407 and IMpower 130 tri-
als) as first-line systemic treatment for patients with advanced
NSCLC, with available OS data according with patients’ sex
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(Table 2) (13,14,17–20). The aim was to assess the interaction be-
tween the efficacy of anti–PD-1/PD-L1 given alone or combined
with chemotherapy and patients’ sex. These six trials had simi-
lar designs and enrolled comparable patient populations, in the
same setting of disease. All trials enrolled only EGFR and ALK
wild-type tumors and had a standard first-line, platinum-based
chemotherapy as a control arm (13,14,17–20).

Risk of bias assessment through Jadad score for each trial is
reported in Supplementary Table 1 (available online). The mean
Jadad score was 4 (range 3–5). No trial received a low-quality
score (ie, Jadad score of 1–2). All the included studies had a low
risk of reporting bias, attrition bias, and other bias
(Supplementary Table 1, available online).

Analysis included 3974 patients, of whom 2639 (66.4%) were
men and 1335 (33.6%) were women; 2737 (68.9%) patients had
nonsquamous tumors, and 1237 (31.1%) squamous tumors;
2120 patients were treated with anti–PD-1 alone (1579 with
pembrolizumab and 541 with nivolumab), and 1854 with anti–
PD-1/PD-L1 plus chemotherapy (1175 with pembrolizumab plus

chemotherapy and 679 with atezolizumab plus chemotherapy);
3423 (86.1%) patients were former or current smokers, and 544
(13.7%) were never smokers, and for 7 patients, data were un-
known (Table 2).

Male patients treated with anti–PD-1 alone had a statistically
significantly reduced risk of death as compared with men
treated with standard chemotherapy (pooled OS-HR ¼ 0.78, 95%
CI ¼ 0.60 to 1.00; Figure 4A). In women, anti–PD-1 alone was not
better than standard chemotherapy (pooled OS-HR ¼ 0.97, 95%
CI ¼ 0.79 to 1.19). By contrast, anti–PD-1/PD-L1 administered in
combination with chemotherapy was associated with a very
large OS advantage compared with chemotherapy alone in
women, but a statistically significantly smaller benefit was seen
in men (female-pooled OS-HR ¼ 0.44, 95% CI ¼ 0.25 to 0.76;
male-pooled OS-HR ¼ 0.76, 95% CI ¼ 0.64 to 0.91).

The pooled ratio of OS-HRs reported in women vs those
reported in men in each trial was 0.83 (95% CI ¼ 0.65 to 1.06) for
anti-PD-1 alone, indicating a greater effect of anti–PD-1 alone in
men (Figure 4B), and 1.70 (95% CI ¼ 1.16 to 2.49) for anti–PD-1/
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PD-L1 plus chemotherapy, indicating a greater effect for such a
therapeutic strategy in women. Thus, the difference in efficacy
for men vs women was statistically significantly different for
the two immunotherapeutic strategies (ie, anti–PD-1/PD-L1
alone or combined with chemotherapy; P¼ .002).

In a previous meta-analysis, we demonstrated a statistically
significantly larger OS benefit in men treated with anti–PD-1 or
anti–CTLA4 drugs compared with women across a large spec-
trum of advanced solid tumors (4).

To confirm that men derive a statistically significantly larger
OS benefit than women when treated with immunotherapeutic
approaches other than the combination of chemotherapy plus
anti–PD-1/PD-L1, we updated our previous meta-analysis, in-
cluding all RCTs with anti–PD1, anti–PD-L1, or anti–CTLA-4 pub-
lished after its publication, but excluding RCTs testing the
combination of anti–PD1/PD-L1 plus chemotherapy.

We included in this analysis 25 RCTs: Six RCTs tested CTLA-
4 inhibitors, 14 tested PD-1 inhibitors, three PD-L1 inhibitors,
and two the combination of anti–CTLA-4 plus anti–PD-1
(Supplementary Figure 1, available online). Seven RCTs were
performed in patients with melanoma, nine in NSCLC, two head
and neck cancer, two renal cell carcinoma, two gastric cancer,
and one each in SCLC, urothelial tumors, and mesothelioma. All
RCTs were conducted in advanced or metastatic settings.

The pooled OS-HR was 0.86 (95% CI ¼ 0.78 to 0.94) in women
vs 0.74 (95% CI ¼ 0.68 to 0.80) in men. The pooled ratio of OS-
HRs reported in men vs those reported in women in each trial
was 0.88 (95% CI ¼ 0.80 to 0.96), confirming a statistically signifi-
cant larger OS benefit in men compared with women, when
treated with immunotherapies other than the combination of
chemotherapy plus anti–PD-1/PD-L1.

Discussion

An individual’s sex is one of the most important factors that
influence risk of a number of diseases and can modulate phar-
macokinetics, pharmacodynamics, and toxicities of drugs (3).
Relevant differences both of innate and adaptive immune
responses between men and women explain different preva-
lence and mortality from autoimmune and infectious diseases
and from several types of cancers (1,2). These sex-based differ-
ences of immune responses reflect complex interactions among
genes, hormones, and the environment (1–3). The X chromo-
some contains a large number of immune-related genes (1,2,21).
These genes code for proteins involved in the regulation of the
innate immunity, like pattern recognition receptors (eg, Toll-
like receptor 7 and Toll-like receptor 8), as well as in the regula-
tion of adaptive immunity, including cytokine receptors (eg,
IL2RG and IL13RA2) and key transcriptional factors (eg, FOXP3)
(1,2,21). Immune-related genes encoded on the X chromosome
may escape X inactivation, resulting in higher expression levels
in women than men (1,2,21).

Sex hormones constitute another major determinant of sex
differences in immunity (1,2,22). They modulate the develop-
ment and function of multiple immune cell populations
(1,2,22). Putative androgen response elements (AREs) and estro-
gen response elements (EREs) are present in the promoters of
several innate and adaptive immune genes, suggesting that sex
steroids may directly regulate their expression (1,2,22).
Preclinical studies suggest that sex hormones regulate the ex-
pression and function of PD-1 and that the hormone-mediated
effects on PD-1 pathway is important in mediating autoimmu-
nity (23). The expression of PD-L1 has also been shown to

0.25 0.5 1.0 2.0

vs chemotherapy Paz−Ares et al., 2018 (14) 58 46 0.49 (0.30 to 0.81)
Pembrolizumab plus chemotherapy KEYNOTE 407, 220 235 0.58 (0.46 to 0.73)

Gandhi et al., 2018 (13) 156 97 0.40 (0.29 to 0.54)
KEYNOTE 189, 254 109 0.66 (0.50 to 0.87)

vs chemotherapy Jotte et al., 2018 (15) 62 56 0.66 (0.45 to 0.97)
Atezolizumab plus chemotherapy IMpower 131, 92 95 0.71 (0.59 to 0.85)

Papadimitrakopoulou et al., 2018 (16) 187 185 0.51 (0.36 to 0.71)
IMpower 132, 450 452 0.64 (0.51 to 0.79)

Cappuzzo et al., 2018 (17) 185 94 0.59 (0.45 to 0.78)
IMpower 130, 266 134 0.67 (0.54 to 0.85)

vs chemoradiotherapy Antonia et al., 2018 (11) 142 71 0.54 (0.37 to 0.79)
Durvalumab plus chemoradiotherapy PACIFIC, 334 166 0.56 (0.44 to 0.71)

vs Bev plus CT Socinski et al., 2018 (10) 160 161 0.73 (0.54 to 0.96)
Atezolizumab plus Bev plus CT IMpower 150, 240 239 0.55 (0.44 to 0.67)

vs chemotherapy Horn et al., 2018 (12) 72 70 0.59 (0.41 − 0.85)
Atezolizumab plus chemotherapy IMpower 133, 129 132 0.87 (0.67 − 1.13)

Comparison Study Intervention (No. pts) Control (No. pts) HR (95% CI)

Intervention better Control better

Hazard ratio

0.56 (0.49 − 0.65)Pooled estimates in women
0.64 (0.58 − 0.71)Pooled estimates in men

Men
Women

A

1.18 (0.68 to 2.06)

1.65 (1.10 to 2.48)

1.08 (0.70 to 1.65)

1.25 (0.85 to 1.86)

1.14 (0.79 to 1.64)

1.04 (0.66 to 1.62)

0.75 (0.54 to 1.06)

1.47 (0.94 to 2.31)

0.25 0.5 1.0 2.0 4.0

1.15 (0.96 to 1.38)

HR in men / HR in women
(95% CI)

Favors greater effect
of intervention in men

Favors greater effect
of intervention in women

HR in men / HR in women

B

Figure 2. Hazard ratios of progression or death according to patients’ sex. A) The hazard ratios (HRs) of progression or death for patients assigned to intervention treat-

ment (ie, chemotherapy plus anti–PD-1 or anti–PD-L1) compared with those assigned to control treatment (ie, chemotherapy), according to sex. Squares indicate study-

specific hazard ratios. Values less than 1 indicate intervention is better than control. Size of the square is proportional to the precision of the estimate (ie, the inverse of

the variance). Horizontal lines indicate the 95% confidence interval (CI). Diamonds indicate the meta-analytic pooled hazard ratios, calculated separately in women and

men, with their corresponding 95% confidence intervals. The dashed vertical lines indicate the sex-specific pooled hazard ratios, and the solid vertical line indicates a

hazard ratio of 1, which is the null-hypothesis value (ie, no association between type of treatment and risk of progression or death). B) The interaction between treat-

ment efficacy and sex. Each filled circle indicates the study-specific ratio of hazard ratios, that is, the ratio of the reported hazard ratios in men and in women. Values

greater than 1 indicate that the effect of the intervention compared with control is greater for women than for men. Size of the circle is proportional to the precision of

the estimate (ie, the inverse of the variance). Horizontal lines indicate the 95% confidence interval. The diamond indicates the meta-analytic pooled ratio of hazard ra-

tios, with its corresponding 95% CI. The dashed vertical line indicates the pooled ratio of hazard ratios, and the solid vertical line indicates a pooled hazard ratio of 1,

which is the null-hypothesis value (ie, no difference between men and women regarding the efficacy of the combination of chemotherapy plus anti–PD-1/PD-L1).
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be modulated in an estrogen-dependent and sex-dependent
manner (1,2,23).

Sex-related differences in anticancer immune response has
been described in the amount and composition of intratumoral
immune infiltrates as well as in tumor expression levels of PD-
L1 across a large spectrum of tumors including NSCLC (24–26).
An intratumoral immune infiltrate enriched with partially
exhausted cytotoxic T lymphocytes (ie, tumor-infiltrating CD8þ
T cells expressing high levels of CTLA-4 and PD-1) strongly cor-
relate with higher response to anti–PD-1 monotherapy (25). It
has been shown that intratumoral infiltrates of male patients
with melanoma had a statistically significantly larger propor-
tion of these cells compared with those of women (25). PD-L1
expression levels have been found to be statistically signifi-
cantly higher in a number of solid tumors of female patients
compared with those of men, including NSCLC (24).

In a previous work, we demonstrated that male patients
with several solid tumors, treated with anti–CTLA-4 or anti–PD-
1 drugs, obtain statistically significantly larger benefit than
women (4). We anticipated in the discussion of that previous
work that, given the complexity of the sex–dimorphism of the
immune system function and responses, it would be possible
that women derive larger benefit than men from different im-
munotherapeutic strategies (4).

Here, we showed that women with advanced lung cancer ex-
perience a statistically significantly larger benefit from the addi-
tion of chemotherapy to an anti–PD-1 or PD-L1 than men. It
could be hypothesized that such heterogeneity of response is
due to the ability of chemotherapy to increase the mutational
burden and neoantigenic load of female lung cancer tumors
that are statistically significantly lower than those of male

tumors, with this being also a potential biological rationale to
explain the lower efficacy of anti–PD-1 alone in women (26–29).
Furthermore, different efficacy of chemotherapy in modulating
the anticancer immune responses of men and women could be
speculated, given the sex-related differences in the amount and
composition of intratumoral immune infiltrates reported
(24,25,30).

We also provided data suggesting that the interaction be-
tween patients’ sex and the efficacy of different immunothera-
peutic strategies could be important when choosing therapeutic
options for female and male patients with NSCLC. We meta-
analyzed six RCTs testing two different immunotherapeutic
approaches (ie, anti–PD-1/PD-L1 alone or in combination with
chemotherapy) in comparable populations, and we found a sta-
tistically significant interaction between patients’ sex and the
efficacy of both these therapeutic strategies, with opposite-
direction interaction in men and women.

Historically, results from immunotherapy trials for advanced
breast cancer have been disappointing (31,32). However, these prior
studies have primarily tested immunotherapy alone. Recently, the
results of the IMpassion 130 study were reported showing that the
combination of atezolizumab plus chemotherapy improved results
compared with chemotherapy alone for women with advanced
triple-negative breast cancer, especially if their tumors expressed
PD-L1 (33). This provides additional support for the need to use
combination of immunotherapy plus chemotherapy to improve
outcomes for female patients (32).

The results reported here highlight a relevant methodologi-
cal issue: Given the complexity of the sex-based dimorphism of
the immune system, involving multiple elements of innate and
adaptive immune responses, the proper way to assess the

0.25 0.5 1.0 2.0

vs chemotherapy Paz−Ares, et al., 2018 (14) 58 46 0.42 (0.22 to 0.81)

Pembrolizumab plus chemotherapy KEYNOTE 407, 220 235 0.69 (0.51 to 0.94)

Gandhi et al., 2018 (13) 156 97 0.29 (0.19 to 0.44)

KEYNOTE 189, 254 109 0.70 (0.50 to 0.99)

vs chemotherapy Cappuzzo et al., 2018 (17) 185 94 0.66 (0.46 to 0.93)

Atezolizumab plus chemotherapy IMpower 130, 266 134 0.87 (0.66 to 1.15)

vs chemoradiotherapy Antonia et al., 2018 (11) 142 71 0.46 (0.30 to 0.73)

Durvalumab plus chemoradiotherapy PACIFIC, 334 166 0.78 (0.59 to 1.03)

vs chemotherapy Horn et al., 2018 (12) 72 70 0.65 (0.42 to 1.00)

Atezolizumab plus chemotherapy IMpower 133, 129 132 0.74 (0.54 to 1.02)

Comparison Study Intervention (No. pts) Control (No. pts) HR (95% CI)

Intervention better Control better

Hazard ratio

0.48 (0.35 to 0.67)Pooled estimates in women

0.76 (0.66 to 0.87)Pooled estimates in men

Men
Women

A

●

●

●

●

●

1.64 (0.79 to 3.40)

2.41 (1.40 to 4.15)

1.32 (0.85 to 2.05)

1.70 (0.99 to 2.91)

1.14 (0.67 to 1.95)

0.25 0.5 1.0 2.0 4.0

1.56 (1.21 to 2.01)

HR in men / HR in women

(95% CI)

Favors greater effect
of intervention in men

Favors greater effect
of intervention in women

HR in men / HR in women

B

Figure 3. Hazard ratios of death according to patients’ sex. A) The hazard ratios (HRs) of death for patients assigned to intervention treatment (ie, chemotherapy plus

anti–PD-1 or anti–PD-L1) compared with those assigned to control treatment (ie, chemotherapy), according to sex. Squares indicate study-specific hazard ratios. Values

less than 1 indicate intervention is better than control. Size of the square is proportional to the precision of the estimate (ie, the inverse of the variance). Horizontal

lines indicate the 95% confidence interval (CI). Diamonds indicate the meta-analytic pooled hazard ratios, calculated separately in women and men, with their corre-

sponding 95% confidence intervals. The dashed vertical lines indicate the sex-specific pooled hazard ratios, and the solid vertical line indicates a hazard ratio of 1,

which is the null-hypothesis value (ie, no association between type of treatment and risk of death). B) The interaction between treatment efficacy and sex. Each filled

circle indicates the study-specific ratio of hazard ratios, that is, the ratio of the reported hazard ratios in men and in women. Values greater than 1 indicate that the ef-

fect of the intervention compared with control is greater for women than for men. Size of the circle is proportional to the precision of the estimate (ie, the inverse of

the variance). Horizontal lines indicate the 95% confidence interval. The diamond indicates the meta-analytic pooled ratio of hazard ratios, with its corresponding 95%

confidence interval. The dashed vertical line indicates the pooled ratio of hazard ratios, and the solid vertical line indicates a pooled hazard ratios ratio of 1, which is

the null-hypothesis value (ie, no difference between men and women regarding the efficacy of the combination of chemotherapy plus anti–PD-1/PD-L1).
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interaction between patients’ sex and the efficacy of different
anticancer immunotherapies is to assess such interaction sepa-
rately for each type of immunotherapeutic strategy (1,2).
Indeed, the direction of the interaction could be the opposite for
different types of treatments, as we showed for anti–PD-1/PD-L1
given alone or combined with chemotherapy. Analyzing to-
gether different immunotherapeutic approaches, with statisti-
cally significant interaction between their efficacy and patients’
sex, but with the opposite direction of such interaction, would
lead to diluting results and to misleading conclusions.

Recently, Wallis et al. published a meta-analysis that reported
absence of statistically significant sex-based heterogeneity of effi-
cacy of anticancer immunotherapies, apparently in contrast with
the results of our previous meta-analysis, which reported a statisti-
cally significantly larger OS benefit in men treated with anti–PD-1
or anti–CTLA-4 drugs as compared with women (4,34). Wallis et al.,
however, added seven recently published RCTs to the 16 RCTs al-
ready included in our previous meta-analysis (34). Notably, four of
the seven RCTs included in Wallis’ work tested the combination of
anti-PD1/PDL1 plus chemotherapy (ie, PACIFIC, IMpower 133,
KEYNOTE 189, and 407 trials), and all four trials showed a large
sex-based heterogeneity of efficacy in favor of women (11–14). To
demonstrate that the inconsistent results between our and Wallis’
meta-analyses were mainly due to the addition of these four trials,
we updated our previous meta-analysis, including all RCTs with
anti–PD-1, anti–PD-L1, or anti–CTLA-4 published in our meta-analy-
sis (4), but excluding RCTs testing the combination of anti-PD1/PD-
L1 plus chemotherapy. Results were strongly consistent with those
that we previously reported, confirming a statistically significant

interaction between patient sex and treatment efficacy, with men
deriving a larger survival benefit than women from immunothera-
pies other than the combination of chemotherapy plus anti–PD-1/
PD-L1.

A limitation shared both by Wallis’ and our meta-analyses is
that they rely on published results rather than on individual
patients’ data. This precludes the possibility of exploring rele-
vant issues, such as the menopausal status of female patients
on the efficacy of immunotherapeutic treatments, which
deserves to be investigated given the key role exerted by sex
hormones in the regulation of the immune system and for the
potential therapeutic implications (1,2).

Our findings are hypothesis generating because they are
based on a meta-analysis of aggregate published results derived
from RCTs and, as such, require further validation in prospec-
tive future trials before being considered sufficient to support
any change in clinical practice. However, data reported here
and in our previous work (4) support the need for different ther-
apeutic strategies to be tested in male and female populations
to further improve the use of immunotherapy. For example, ac-
crual and design of trials of immunotherapy might best be per-
formed separately for men and women, with proper sample
size planning for both. We recommend that future research
with anticancer immunotherapy take into account sex-related
heterogeneity of responsiveness to treatments.
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vs placebo plus chemotherapy Paz−Ares et al., 2018 (14) 58 46 0.42 (0.22 to 0.81)
Anti–PD-1/PD-L1 plus chemotherapy KEYNOTE 407, 220 235 0.69 (0.51 to 0.94)

Gandhi et al., 2018 (13) 156 97 0.29 (0.19 to 0.44)
KEYNOTE 189, 254 109 0.70 (0.50 to 0.99)

Cappuzzo et al., 2018 (17) 185 94 0.66 (0.46 to 0.93)
IMpower 130, 266 134 0.87 (0.66 to 1.15)

vs chemotherapy Reck et al., 2016 (18) 62 56 0.96 (0.56 to 1.64)
Anti–PD-1 KEYNOTE 24, 92 95 0.54 (0.36 to 0.80)

Lopes et al., 2018 (19) 187 185 0.89 (0.68 to 1.17)
KEYNOTE 42, 450 452 0.80 (0.68 to 0.94)

Carbone et al., 2017 (20) 87 122 1.15 (0.79 to 1.66)
CheckMate 026, 184 148 0.97 (0.74 to 1.26)

Comparison Study Intervention (No. pts) Control (No. pts) HR (95% CI)
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0.78 (0.60 to 1.01)Pooled estimates in men
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B

Figure 4. Hazard ratios of death according to sex and type of immunotherapeutic strategy. A) The hazard ratios (HRs) of death for patients assigned to intervention

treatment compared with those assigned to control treatment, according to sex and type of immunotherapeutic strategy (ie, anti–programmed death-ligand 1 [anti–

PD-1/PD-L1] given alone or combined with chemotherapy). Squares indicate study-specific hazard ratios. Values less than 1 indicate intervention is better than control.

Size of the square is proportional to the precision of the estimate (ie, the inverse of the variance). Horizontal lines indicate the 95% confidence interval (CI). Diamonds

indicate the meta-analytic pooled hazard ratios, calculated separately in women and men within each treatment comparison, with their corresponding 95% confidence

intervals. The dashed vertical lines indicate the sex-specific pooled hazard ratios, and the solid vertical line indicates a hazard ratio of 1, which is the null-hypothesis

value (ie, no association between type of treatment and risk of death). B) The interaction between treatment efficacy and sex, according to the type of immunothera-

peutic strategy (ie, anti–PD-1/PD-L1 given alone or combined with chemotherapy). Each filled circle indicates the study-specific ratio of hazard ratios, that is, the ratio

of the reported hazard ratios of death in men and in women. Values greater than 1 indicate that the effect of the intervention compared with control is greater for

women than for men. Size of the circle is proportional to the precision of the estimate (ie, the inverse of the variance). Horizontal lines indicate the 95% confidence in-

terval. Diamonds indicate the meta-analytic pooled ratio of hazard ratios, calculated separately within each type of immunotherapeutic strategy, with its correspond-

ing 95% confidence interval. The dashed vertical lines indicate the pooled ratios of hazard ratios, and the solid vertical line indicates a pooled hazard ratios ratio of 1,

which is the null-hypothesis value (ie, no difference between men and women of the immune-therapy effect).

R
EV

IEW

780 | JNCI J Natl Cancer Inst, 2019, Vol. 111, No. 8

Deleted Text: very 
Deleted Text: 4 
Deleted Text:  by us
Deleted Text: ,
Deleted Text: impact 
Deleted Text: -
Deleted Text: ,
Deleted Text:  
Deleted Text:  
Deleted Text: since 
Deleted Text: ,
Deleted Text: to be 
Deleted Text: ed
Deleted Text: to be
Deleted Text:  
Deleted Text: ,


Notes

Affiliations of authors: Division of Medical Oncology for
Melanoma, Sarcoma, and Rare Tumors (FC, LP, TDP, EC, PFF,
AG), Division of Melanoma, Sarcoma, and Rare Tumors (EliP),
Division of Thoracic Oncology (FDM), Department of Pathology
(GV), and Scientific Directorate (AG), IEO, European Institute of
Oncology IRCCS, Milan, Italy; Department of Statistics and
Quantitative Methods, University of Milan-Bicocca, Milan, Italy
(VB, EleP); State University of Milan, Milan, Italy (GV);
Department of Data Sciences, Division of Biostatistics, Dana-
Farber Cancer Institute, Harvard Medical School, Harvard T.H.
Chan School of Public Health, and Frontier Science &
Technology Research Foundation, Boston, MA (RDG);
MultiMedica San Giuseppe Hospital, Milan, Italy (AG).

All authors contributed equally. The corresponding author
(FC) had full access to all the data and the final responsibility for
submission for publication.

RDG declares that his institution has received partial support
for his salary from the following pharmaceutical companies
during the past 3 years: Roche, Pfizer, Novartis, Merck,
AstraZeneca, Ferring, Ipsen, Celgene, and GlaxoSmithKline. The
other authors declare no conflicts of interest directly related to
this work. We thank Shari Gelber for editorial assistance.

References
1. Klein S, Flanagan KL. Sex differences in immune responses. Nat Rev Immunol.

2016;16(10):626–638.
2. Markle JG, Fish EN. SeXX matters in immunity. Trends Immunol. 2014;35(3):

97–104.
3. €Ozdemir BC, Csajka C, Dotto GP, et al. Sex differences in efficacy and toxicity

of systemic treatments: an undervalued issue in the era of precision oncol-
ogy. J Clin Oncol. 2018;36(26):2680–2683.

4. Conforti F, Pala L, Bagnardi V, et al. Cancer immunotherapy efficacy and
patients’ sex: a systematic review and meta-analysis. Lancet Oncol. 2018;19(6):
737–746.

5. Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of reports of ran-
domized clinical trials: is blinding necessary?. Controlled Clin Trials. 1996;17(1):
1–12.

6. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7(3):177–188.

7. Higgins J, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med. 2002;21(11):1539–1558.

8. Fisher DJ, Carpenter JR, Morris TP, Freeman SC, Tierney JF. Meta-analytical
methods to identify who benefits most from treatments: daft, deluded, or
deft approach? BMJ. 2017;356:j573.

9. Schenker N, Gentleman JF. On judging the significance of differences by ex-
amining the overlap between confidence intervals. Am Statistic. 2001;55(3):
182–186.

10. Socinski MA, Jotte RM, Cappuzzo F, et al. Atezolizumab for first-line treat-
ment of metastatic nonsquamous NSCLC. N Engl J Med. 2018;378(24):
2288–2301.

11. Antonia SJ, Villegas A, Daniel D, et al. Overall survival with durvalumab after
chemoradiotherapy in stage III NSCLC. N Engl J Med. 2018;379(24):2342–2350.
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