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Abstract

Background: Although asthma is more prevalent in women and the prevalence of COPD is increasing in women,
the current international recommendations for the management and prevention of asthma and COPD provide no
sex-related indication for the treatment of these diseases. Therefore, we systematically reviewed the evidence across
literature on the sex-related effectiveness of asthma and COPD therapy.

Methods: This systematic review has been registered in PROSPERO and performed according to PRISMA-P. The PICO
framework was applied for the literature search strategy: "patient problem”included adult patients suffering from
asthma or COPD, “Intervention”regarded the pharmacological treatments for asthma or COPD, “Comparison” was vs.
baseline, active controls, or placebo, “Outcome” was any difference sex-related in the effectiveness of interventions.

Results: In asthma 44% of the evidence reported that men responded better than women to the therapy, whereas
this percentage was 28% in COPD. ICS was generally less effective in women than in men to treat asthma, and con-

sistent evidence suggests that in asthmatic patients ICS/LABA/LAMA combination may be equally effective in both

men and women. Due to the inconsistent available evidence, it is not possible to identify specific treatments whose
effectiveness is related to sex difference in COPD patients.

Conclusions: There is a strong need of investigating the sex-related impact of asthma and COPD treatments. Pre-
specified analyses in men and women should be planned in future trial protocols, a necessary condition that should
be requested also by the regulatory agencies to overcome the anachronistic “one-size-fits-all” approach to therapeu-

tics associated with suboptimal outcomes for patients.
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Background

Current data indicate that asthma and chronic obstruc-
tive pulmonary disease (COPD) affect together more
than 600 million people worldwide and caused more than
3.5 million deaths per year [1-4]. The absolute number of
patients suffering from asthma and COPD is increasing
as the global population grows, and a relevant percentage
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of patients has been found to have suboptimal control of
symptom burden [5].

Despite asthma is more prevalent in women and the
prevalence of COPD is increasing in women [6, 7], and
considering that cumulating evidence has highlighted
the key pivotal role of sex differences in non-communi-
cable diseases (NCDs) [8], the current international rec-
ommendations for the management and prevention of
asthma and COPD [1, 2] do not provide any sex-related
indication for the treatment of these diseases. Certainly,
it may be also assumed that the lack of sex-specific rec-
ommendations for the treatment of asthma and COPD
could be because no real difference in effectiveness exists
but, unfortunately, to date it is not known whether this
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hypothesis is true [9]. In any case, it seems that both sex,
assessed as male or female according to biological attrib-
utes, and gender, referred to social roles, behaviours, and
expressions of identity, may significantly modulate the
pharmacological response to asthma and COPD treat-
ments [7, 10].

In this uncertain context, the aim of this article was to
systematically review the evidence across literature on
the sex-related effectiveness of pharmacotherapy in the
treatment of asthma and COPD.

Indeed, a large body of evidence suggests that inte-
grating data from randomized controlled trials (RCTs)
and observational studies in systematic reviews and/or
meta-analyses regarding complex interventions, such
as the management of chronic obstructive pulmonary
disorders according to the sex, may improve the predic-
tion of patient responses to pharmacological therapies,
resulting of high value and interest to patients, clinicians,
policymakers, and other healthcare stakeholders [11, 12].
Moreover, including information also from observational
studies may improve the inference based on RCTs [13].
Interestingly, these advantages of adding observational
studies to RCTs to bring complementary healthcare
information seems to be independent from the quality of
the studies included [12]. Effectively, considering that it is
unusual to find sufficient evidence from RCTs to answer
all key questions in a systematic review, there is no a pri-
ori reason to exclude observational studies from a quali-
tative synthesis [13, 14]. After all, the greatest level in the
new hierarchy of evidence is reached when both RCTs
and observational studies exist with consistent findings
[15].

Therefore, moving from this solid background and con-
sidering that the impact of sex differences in adult asthma
and COPD therapy is a relevant but usually neglected
topic, we carried out a systematic review by including
both RCTs and observational studies.

Methods

Review question

The question of this systematic review was to assess sex-
related differences in the effectiveness of pharmacologi-
cal treatments for asthma and COPD.

Search strategy

This systematic review has been registered to the inter-
national prospective register of systematic reviews
(PROSPERO, submission ID: 307060), and performed
in agreement with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Protocols
(PRISMA-P) [16]. The PRISMA 2020 flow diagram is
shown in Fig. 1. This study satisfied all the recommended
items reported by the PRISMA-P checklist [16]. A

Page 2 of 27

comprehensive literature search was performed for clini-
cal trials assessing potential sex differences regarding the
effectiveness of pharmacological treatments for asthma
or COPD.

In this regard, the PICO (Patient problem, Interven-
tion, Comparison, and Outcome) framework was applied
to develop the literature search strategy, as previously
reported [17]. Namely, the "patient problem” included
adult patients suffering from asthma or COPD; the
“intervention” regarded the administration of different
pharmacological treatments for asthma or COPD; the
“comparison” was performed with respect to baseline,
active controls, or placebo (PCB); the assessed “outcome”
was any difference related to sex in the effectiveness of
pharmacological treatments for asthma and COPD.

The search was performed in ClinicalTrials.gov,
Cochrane Central Register of Controlled Trials (CEN-
TRAL), Embase, EU Clinical Trials Register, MED-
LINE, Scopus, and Web of Science, in order to provide
for relevant studies written in English and published
up to January 3%, 2022. The research string was as fol-
lows: (sex[Title] OR gender[Title]) AND (asthma
OR COPD), “(("sex"[Title] OR "gender"[Title]) AND
("asthma"[MeSH Terms] OR "asthma"[All Fields] OR
"asthmas"[All Fields] OR "asthma s"[All Fields] OR ("pul-
monary disease, chronic obstructive"[MeSH Terms] OR
("pulmonary"[All Fields] AND "disease"[All Fields] AND
"chronic"[All Fields] AND "obstructive"[All Fields]) OR
"chronic obstructive pulmonary disease"[All Fields]
OR "copd"[All Fields]))) AND (clinicaltrial[Filter] OR
observationalstudy([Filter] OR randomizedcontrolledtri
al[Filter])” Citations of previous published reviews and
commentaries were checked to select further pertinent
studies, if any [6, 7, 18—22]. Literature search results were
uploaded to Eppi-Reviewer 4 (EPPI-Centre Software.
London, UK), a web-based software program for manag-
ing and analysing data in literature reviews that facilitates
collaboration among reviewers during the study selection
process.

Study selection

Clinical trials that enrolled adult asthmatic or COPD
patients and assessing sex-related differences in the
effectiveness of pharmacological treatments for asthma
or COPD were included in the systematic review. Two
reviewers independently examined the studies, and any
difference in opinion concerning the selection of rele-
vant studies from literature searches and databases was
resolved by consensus.

Data extraction
Data from included clinical trials were extracted from
published papers and/or supplementary files. Data
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Fig. 1 PRISMA 2020 flow diagram for the identification of the studies included in the systematic review. AHR airway hyperresponsiveness, PRISMA

v
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patient management (n=6)
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Study on inhaler technique (n=1)
Study on diagnosis (n=1)

were checked for study references and characteristics,
number of analysed patients, treatments and compara-
tors with doses of medications, regimen of administra-
tion, and type of inhaler, main inclusion criteria, age,
sex, smoking habit, forced expiratory volume in the 1%

second (FEV,), exacerbation rate, any efficacy outcome
measurements to detect potential differences between
men and women, and study quality assessment via the
Jadad Score [23], Cochrane Risk of Bias 2 (RoB 2) [24],
Newcastle-Ottawa Scale (NOS) score [25], and Joanna
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Briggs Institute (JBI) Critical Appraisal Checklist Tool
[26].

Data were extracted in agreement with Data Extraction
for Complex Meta-anALysis (DECiMAL) recommenda-
tions [27].

Endpoint

The endpoint of this systematic review was to assess sex-
related differences in the effectiveness of pharmacologi-
cal treatments used for asthma and COPD.

Strategy for data synthesis

Data from original papers were extracted and reported
via qualitative synthesis. Parts of Whole analysis via
10 x 10 dot plot graph was used to report the amount of
evidence concerning the impact of sex on the response to
the overall treatments in asthma and COPD. Bar Charts
were used to show the response to pharmacological
treatments in asthma and COPD according to specific
outcomes and number of evidences.

Quality of studies and risk bias

The summary of the risk of bias for each included rand-
omized trial was analyzed via the Cochrane RoB 2 [24]
and Jadad score [23]. The weighted assessment of the
overall risk of bias was analyzed via the Cochrane RoB 2
[24] by using the robvis visualization software [28, 29].

The Jadad score, with a scale of 1-5 (score of 5 being
the best quality), used to assess the quality of the clini-
cal trials concerning the likelihood of bias related with
randomization, double blinding, withdrawals, and drop-
outs. The quality of studies was assessed as follows: total
score <2, low quality; total score=3, medium quality;
total score >4 high quality.

The NOS was used to assess the quality of observa-
tional cohort studies [25]. According to NOS, a study can
be awarded with a maximum of one star for each item
within the “Selection” and “Outcome” and a maximum
of two stars can be given for “Comparability” [25]. In the
present systematic review, the NOS quality assessment
score was established to be in the range between zero
and a maximum of nine stars. Studies reporting a NOS
score>7 were considered of high quality, whereas those
reporting a NOS score <6 were considered of low qual-
ity. For the NOS category “Outcome’, a follow-up period
of at least ~6 months was considered adequate to obtain
the outcomes of interest from the included studies [30].

The methodological quality of observational cross-
sectional studies was evaluated by using the JBI Critical
Appraisal Checklist Tool for analytical cross-sectional
studies [26]. The checklist consisted of eight question
items assessing the inclusion criteria for the definition
and detailed description of the sample, use of valid and
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reliable way to measure the exposure, use of objective
and standard criteria to measure the condition, identifi-
cation, and strategies to deal with confounding factors,
use of a valid and reliable way to measure outcomes, and
suitability of statistical analysis. In the present systematic
review, each item of the JBI checklist was rated as “yes”
and given 1 point and “no’, “unclear” or “not applicable”
and given 0 points. The quality assessment score was cal-
culated on the proportion of “yes” responses for the pos-
sible maximum score and judges at high risk, moderate
risk or low risk of bias in agreement with the percentage
of the achieved score, that was <49%, 50-69%, or > 70%,
respectively. Two reviewers independently assessed the
quality of individual studies, and any difference in opin-
ion about the quality score was resolved by consensus.

Results

Study characteristics

Of the 90 potentially relevant records identified in the
initial search, 32 studies were deemed eligible for a quali-
tative synthesis (Table 1). This systematic review included
data obtained from studies performed on patients with
asthma [31-39], COPD [40-61], and populations in
which both asthmatic and COPD patients were included
[62].

Overall, 6 studies [31, 34, 46, 55, 57, 60] RCTs, 4 studies
[32, 33, 58, 62] were retrospective observational, 3 studies
[36, 38, 40] were prospective observational, and 1 study
[35] was focused on pharmacodynamics (PD). Eight [41,
44, 48, 49, 52, 59] studies were post-hoc analyses of RCTs
and another one [37] of an observational study, 6 stud-
ies [39, 42, 45, 50, 51, 54] were pooled analyses of RCTs,
2 studies [43, 56] were subgroup analyses of RCTs, 1
study [61] was an extended analysis of a RCT, and 1 study
[47] was a sensitivity analysis of a RCT. One study [53]
reported an analysis of trial data released by the US Food
and Drug Administration (FDA).

Tables 2 and 3 summarize the results of the studies
in which a sex-related difference in the effectiveness of
asthma and COPD therapies has been assessed.

Sex differences in asthma therapy
ICS
Intermittent pulsed therapy at 2 week-intervals with flu-
ticasone propionate (FP) 2000 pg once daily (QD) for
6 weeks induced a short-term benefit on airway respon-
siveness that was lower in treatment-naive women than
in men with mild asthma, by producing respectively 1.2
vs. 3.2 doublings in the provocative dose of methacholine
causing a 20% fall in FEV, (PD,) (P <0.05) [31].

In a cross-sectional French study on asthmatic patients
[32], women treated with inhaled corticosteroids (ICS)
in the past year were at significant (P <0.05) greater risk
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for uncontrolled asthma than men. Men treated with ICS
showed a borderline significant reduction in the risk for
severe exacerbation (P=0.05) and had a lower frequency
of symptoms than women (odds ratio [OR] 0.30, 95%
confidence interval [95%CI] 0.15-0.59; P <0.001) [32].

In moderate to severe asthmatic men, treatment
with ICS over a period of 23 years reduced the annual
decline in FEV, of 20.6 mL/year compared to the time
before starting with ICS (P <0.05), but this effect was not
observed in women [33]. ICS use induced an improve-
ment of 36.8 mL/year in the annual decline of FEV, only
in men smoking<5 pack/years (P<0.01) and the dif-
ference between sexes was significant (P<0.05) [33]. In
patients smoking > 5 pack/years, no change in the decline
of FEV, was observed in both men and women [33]. A
greater daily ICS dose was associated with a minor
decline in FEV; in men (P<0.01), an effect not observed
in women [33].

SABA

In a study focusing on the PD response to a single-dose
of salbutamol (SALB) 8 mg administered to moderate
asthmatic patients [35], salbutamol increased FEV; from
baseline in men (+620 mL, range 110-3300; P <0.05)
and women (+ 310 mL, range 100-770; P <0.05), as well
as FEV,% predicted in men (13.5%, range 1-76; P <0.05)
and women (12%, range 4-24; P<0.05) [35]. The mean
plasma concentration of SALB at which maximal bron-
chodilation was evoked was numerically greater in men
than women.

ICS/LABA/LAMA

In two RCTs [34] conducted in parallel in patients with
severe symptomatic asthma and treated with the add-on
long-acting muscarinic antagonist (LAMA) tiotropium
(TIO) 5 ug QD to ICS plus a long-acting 3,-adrenoceptor
(B,-AR) agonist (LABA), sex did not exert an influence on
the improvement in peak FEV;, in the time to first severe
asthma exacerbation, and in the time to first episode of
asthma worsening vs. ICS/LABA.

Bronchoreversibility to short acting bronchodilators

In a recent analysis of data from the third European
Community Respiratory Health Survey (ECRHS III)
[36], the bronchodilator (BD) response to SALB 200 pg
with regards to FEV,/forced vital capacity (FVC) was
superior in asthmatic women than in men (4.1, 95%CI
3.6—4.6 vs. 3.0, 95%CI 2.5-3.6; P<0.01 vs. pre-BD). The
BD response with respect to FEV; was improved in both
men (4.9, 95%CI 4.1-5.8; P <0.05 vs. pre-BD) and women
(5.0, 95%CI 4.2-5.7; P<0.05 vs. pre-BD). The increase in
FEV, was positively associated with the fraction exhaled

Page 13 of 27

of nitric oxide levels after BD use in women (P <0.05),
whereas men showed no difference [36].

Monoclonal antibodies

Mepolizumab is an anti-interleukin-5 monoclonal
antibody (mAb) approved for the treatment of severe
eosinophilic asthma [63]. A recent real-world obser-
vational study of the post-marketing surveillance Aus-
tralian Mepolizumab (MEPO) Registry [38] found that
after treatment with mepolizumab, a greater number
of women than men with severe eosinophilic asthma
were classified as Asthma Control Questionnaire (ACQ)
super-responders (67.0 vs. 43.0%; P <0.01), meaning that
women were more likely to achieve the best control over
asthma symptoms with mepolizumab.

Omalizumab is a humanized mAb that blocks the
interaction between IgE and high-affinity receptor FceRI
on inflammatory cells; it is approved for the treatment
of patients with persistent severe allergic asthma, high
levels of blood IgE, and at least a sensitization to a per-
ennial allergen [63]. In a post-hoc analysis of the Patient
Reported Outcomes and Xolair® In the Management
of Asthma (PROXIMA) study [37], one year of treat-
ment with omalizumab improved median ACQ scores
from baseline in men (1.1 units, 95%CI 0.4—1.7; P <0.05)
and women (1.4 units, 95%CI 1.0-2.4; P <0.05), and the
asthma control rates were similar by sex. Asthma per-
ception was worse in women than men, reaching Brief
Illness Perception Questionnaire (B-IPQ) total scores of
41.8+£9.4 and 35.6412.0 units, respectively (P<0.05)
[37]. Sex-related differences were observed for some
specific items of the B-IPQ score, with men report-
ing less asthma symptoms than women (4.8+£2.5 vs.
5.9 +2.4 units), less concern about the disease (4.9+2.7
vs. 6.1 +2.8 units), lower emotional impact by the illness
(4.6£2.6 vs. 6.21+2.7 units), and greater control by the
treatment (8.7+1.4 vs. 8.0+2.0 units) (P<0.05) [37].
Men had a better health status than women, reporting
an EuroQoL score of 0.93 vs. 0.86 units at 12 months of
therapy [37].

In a pooled analysis of data from 7 RCTs [39], treat-
ment every 2 or 4 weeks with add-on omalizumab simi-
larly reduced the annualized exacerbation rate in men
(RR 0.67, 95%CI 0.51-0.76; P<0.0001 vs. PCB) and
women (RR 0.61, 95%CI 0.52-0.72; P<0.0001 vs. PCB)
affected by severe persistent asthma.

Sex differences in COPD therapy

ICS

According to a prospective unblinded study [40] con-
ducted in primary care settings, women suffering from
COPD who discontinued treatment with an ICS were
at significantly higher risk of an adverse respiratory
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Table 2 Evidence from the studies included in the systematic review concerning the sex-related differences in the effectiveness of

asthma treatments

Outcomes Treatments and comparisons
ICS SABA ICS/LABA/LAMA Omalizumab Mepolizumab
vs. PCB or baseline vs. baseline vs. ICS/LABA vs. PCB or baseline vs. PCB
FEV, [33]: men responded [35,36): women ~ men [34]: women~ men / /
significantly better than
women
FEV,/FVC / [36]: women responded  / / /
significantly better than
men
Protection against bron-  [31]: men responded / / / /
chial provocation significantly better than
women

Exacerbation [32]: borderdline signifi- ~ /

cance only in men

Time to first episode of / /
asthma worsening

Asthma control [32]: men responded /
significantly better than
women
Asthma symptoms [32]: men responded /
significantly better than
women
Asthma perception / /
Quality of life / /
FeNO / [36]: significantly

[34]: women &~ men  [39]: women~ men /

[34]: women ~ men / /

/ [37]: women ~ men  [38]: women responded
significantly better than
men

/ / /

/ [37]: men responded /

significantly better
than women

/ [37]: men responded /

significantly better
than women

/ / /

greater in women than

men

The greater response of a gender vs. the other one was reported when a statistically significant (P < 0.05) superiority was detected in the reference study for a specific
treatment; the symbol “~" indicates a similar, not statistically different (P > 0.05) response between women and men to a specific treatment

/: data not available, FeNO fraction exhaled nitric oxide, FEV, forced expiratory volume in the 1st second, FVC forced vital capacity, ICS inhaled corticosteroid, LABA
long-acting 3,-adrenoceptor agonist, LAMA long-acting muscarinic antagonist, PCB placebo

outcome than men (hazard ratio [HR] 2.14, 95%CI 1.31—
3.50; P <0.01).

A post-hoc analysis of the European Respiratory Soci-
ety Study on Chronic Obstructive Pulmonary Disease
(EUROSCOP) [41] reported that 3 years of treatment
with budesonide (BUD) 400 pg BID reduced the preva-
lence of phlegm symptoms (OR 0.66, 95%CI 0.52—0.83;
P<0.05 vs. PCB) in men but not in women. No change
in the prevalence of wheeze, dyspnoea, and cough symp-
toms was detected after treatment, irrespective of sex
[41].

The Inhaled Steroids Effect Evaluation in COPD
(ISEEC) pooled analysis [42] of seven RCTs assessing the
effectiveness of long-term ICS use in moderate to severe
COPD, indicated that over the first 6 months of treat-
ment, ICSs improved FEV; in both men (442 mL) and
women (+29 mL) compared to PCB (P <0.01). In the ex-
smoker group, women had a larger increase in FEV, with

ICS therapy than did men [42]. From 6 to 36 months of
therapy, both men and women from the ICS group had
a similar and significant (P <0.05) decrease in FEV, from
baseline of -25 mL and -24 mL, respectively [42].

Muscarinic antagonists

In a subgroup analysis of the 4-year Understanding the
Potential Long-term Impact of Tiotropium (UPLIFT)
RCT [43], TIO 18 pg QD improved trough FEV; in
both men and women (92 mL and 77 mL, respectively;
P<0.001 vs. PCB), although the annualized rates of
decline in predicted FEV, were similar to PCB and by
sex. TIO reduced the risk for a first exacerbation in men
(HR 0.87, 95%CI 0.81-0.93; P<0.05) and women (HR
0.83, 95%CI 0.74-0.94; P<0.05) compared to PCB, as
well as the number of exacerbations per patient-year in
men (from 0.82+0.02 to 0.714+0.02; P<0.005) and in
women (from 0.92+0.04 to 0.77£0.03; P<0.005) [43].
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TIO lowered the risk of all-cause mortality irrespec-
tive of sex, although the effect was significant (P <0.05)
only in men (HR 0.85, 95%CI 0.72-0.99) [43]. Total St
George’s Respiratory Questionnaire (SGRQ) scores were
improved with TIO in both men (between -2.3 and -3.6
units; P<0.05 vs. PCB) and women (between -2.1 and
-2.7 units; P <0.05 vs. PCB) [43].

Li et al. [44] used data from the Lung Health Study
(LHS) to investigate sex-related differences in BD
response following treatment with ipratropium bromide
(IB) administered at 72 pg three times a day, in mild to
moderate COPD patients. After 4 months, IB improved
FEV, from baseline by 2.944+7.53% in men and by
6.0+£7.51% in women, a sex-related difference that per-
sisted for 2 years (P<0.05), but beyond this time point,
the greater beneficial impact on FEV; in women was lost
[44]. The BD effect of IB was found to be inversely related
with body mass index (BMI), therefore women in the
lowest BMI categories experienced greater benefits from
therapy (P<0.05), whereas BMI had no impact on the
pharmacological response in men [44].

A pooled analysis [45] of data from moderate to severe
COPD patients who participated in the GOLDEN 3 and
GOLDEN 4 replicate studies found that 12 weeks of
treatment with glycopyrronium bromide (GLY) 25 pg
BID improved trough FEV; in both men (+86 mL) and
women (+ 102 mL) (P <0.001 vs. PCB). GLY was superior
to PCB in reducing SGRQ scores in men (-3.19 units) and
women (-3.58 units) (P <0.01), with no difference by sex
[45]. Although the Exacerbation of Chronic Pulmonary
Disease Tool (EXACT)-respiratory symptoms (EXACT-
RS) total score was reduced regardless of sex with GLY,
only women achieved a significant (P<0.01) improve-
ment compared to PCB (-1.48 units) and to men (-2.33
units) [45]. Changes in rescue medication use were not
different across treatment groups and by sex [45].

ICS/LABA and LABA/LAMA

In the Toward a Revolution in COPD Health (TORCH)
study [46], a RCT primarily designed to determine the
mortality risk from any cause over 3 years of treatment
with FP/salmeterol (FP/SAL) 500/50 pg BID and its
monocomponents, sex-related differences did not affect
any treatment response vs. PCB. An extended analy-
sis of the TORCH RCT [61] found that over 3 years of
study, women had a numerically lower risk of mortality
than men. The rate of exacerbations was higher by 25.0%
(95% CI 16-34; P<0.001) in women than in men but no
difference by sex was observed in the change of SGRQ
[61]. According to a post-hoc analysis of the TORCH
RCT [48], the treatment effect of FP/SAL 500/50 pug BID
combination or its monocomponents on the rate of FEV,
decline was similar irrespective of sex.
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In a sensitivity analysis of The TRial of Inhaled STer-
oids ANd long-acting [, agonists (TRISTAN) RCT
[47], 1 year of treatment with FP/SAL 500/50 pg BID
improved pre-treatment FEV; in both men (4127 mL,
95%CI 94—-159; P <0.05 vs. PCB) and women with COPD
(+152 mL, 95%CI 95-208; P<0.05; vs. PCB). FP/SAL
reduced the rate of COPD exacerbations in men by
23.0% (95%CI 8.0-35.0; P<0.01) and in women by 31.0%
(95%CI 9.0-48.0; P<0.01) compared to PCB; the rate of
severe COPD exacerbations was decreased respectively
in men by 41.0% (95%CI 25.0-53.0; P<0.001) and in
women by 36.0% (95%CI 9.0-55.0; P <0.05) [47]. Combi-
nation therapy induced a significant (P <0.05) improve-
ment in SGRQ scores in men (-2.1 units, 95%CI -3.5
— -0.8) and a numerical decrease in women [47].

In a post-hoc analysis [49] of a 12-week RCT performed
in moderate and severe/very severe COPD patients, com-
bining formoterol (FOR) 12 pug BID with TIO 18 pg QD
was more effective at improving the area under the curve
(AUC) for FEV; measured 0—4 h post morning dose
(FEV, AUC,, ) in both men (4410 mL) and women
(4320 mL) than administering TIO alone (+190 mL
and + 180 mL, respectively in men and women; P <0.01).
In women, the mean percentage change in FEV, AUC, ,
was in the range of 31.7-34.7% with FOR/TIO vs. 18.5—
20.9% with TIO [49]. Men showed comparable ranges to
those in women with FOR/TIO (32.9-35.7%) and TIO
(15.7-19.7%) [49].

In a pooled analysis [50] of six parallel-group stud-
ies included in the IGNITE program, 26 weeks of treat-
ment with indacaterol/GLY (IND/GLY) 100/50 pg QD
improved trough FEV, in both men and women with
moderate to very severe and severe to very severe COPD
vs. FP/SAL 500/50 pg, GLY 50 pg, TIO 18 ug, and PCB
(P<0.01). Men treated with IND/GLY vs. FP/SAL or PCB
experienced greater improvements in trough FEV, than
women, while women administered IND/GLY vs. TIO
had similarly higher improvements than men [50]. IND/
GLY was superior to all comparators in terms of reduc-
tion in SGRQ and Transition Dyspnea Index (TDI) total
scores, however it resulted more effective in women than
men [50]. The use of rescue medications and symptoms
total score were numerically lower in women than men
after treatment with IND/GLY vs. all comparators [50].

In a pooled analysis of the Phase III ACLIFORM and
AUGMENT RCTs performed in moderate to severe
COPD patients [51], 24 weeks of treatment with acli-
dinjum (ACL)/FOR 400/12 pg BID improved trough
FEV; in both men and women (+163 mL and + 101 mL,
respectively; P<0.001 vs. PCB) and post-dose FEV; in
men and women (+ 334 mL and+ 231 mL, respectively;
P<0.001 vs. PCB). In men, ACL/FOR was superior to
ACL and FOR monotherapies on trough FEV, (444 mL
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and+ 86 mlL, respectively; P<0.01) and post-dose FEV,
(+148 mL and+ 125 mlL, respectively; P<0.001) [51].
Women treated with ACL/FOR experienced an improve-
ment in trough FEV, vs. FOR (+41 mL; P<0.05) but not
vs. ACL, whereas post-dose FEV; was increased vs. FOR
(+93 mL; P<0.001) and ACL (+ 67 mL; P<0.01) [51]. The
effect of ACL/FOR on TDI focal score was greater than
PCB in both men and women (+1.36 and + 1.54 units,
respectively; P<0.001) and in men the improvement of
0.54 units was significant (P <0.05) vs. FOR [51]. A trend
towards lower rates of moderate/severe exacerbations
based on healthcare resource utilization were observed
for ACL/FOR vs. PCB and vs. monotherapies in both men
and women [51]. The reduction in the EXACT exacer-
bation rate per patient/year was significant (P<0.01) for
men treated with ACL/FOR vs. PCB (RR 0.71) [51].

A post-hoc analysis of the EFfect of Indacaterol Gly-
copyrronium Vs Fluticasone Salmeterol on COPD Exac-
erbations (FLAME) RCT [52] found that in men with
moderate to severe COPD, 1-year treatment with IND/
GLY 110/50 pg QD was superior to FP/SAL 500/50 pg
BID in reducing the annualized rates of moderate/severe
exacerbations and all exacerbations (RR 0.81, 95%CI
0.73-0.91 and RR 0.88, 95%CI 0.81-0.96, respectively;
P<0.01), whereas women experienced numerically
higher improvements. Compared to FP/SAL, IND/GLY
increased the time to first moderate/severe exacerba-
tion in men (HR 0.79, 95%CI 0.70-0.89; P <0.001) and
women (HR 0.76, 95%CI 0.63-0.91; P<0.01) and the
time to first all exacerbations in men (HR 0.86, 95%CI
0.79-0.94; P<0.01) and women (HR 0.80, 95%CI 0.69—
0.93; P<0.01) [52]. The improvement in trough FEV, was
greater with IND/GLY treatment vs. FP/SAL in both men
and women (+ 67 mL, 95%CI 51-84 and + 42 mL, 95%CI
12-71, respectively; P<0.01 [52]. IND/GLY reduced the
SGRQ total score in men by -1.3 units (95%CI -2.3 — -0.4;
P<0.01 vs. FP/SAL) and a numerical improvement was
seen in women [52]. The use of rescue medications was
reduced more with IND/GLY than with FP/SAL in men
(-0.27 puffs/day, 95%CI -0.43 — -0.12; P<0.001), but only
numerically in women [52].

PDE4 inhibitor

A pooled analysis of the Roflumilast in the Prevention of
COPD Exacerbations While Taking Appropriate Combi-
nation Treatment (REACT) and the Roflumilast Effect on
Exacerbations in Patients on Dual Therapy (RE’SPOND)
RCTs [54] documented that the phosphodiesterase
(PDE4) inhibitor roflumilast 500 pg QD reduced the rate
of moderate to severe exacerbations in men with COPD
(RR 0.82, 95%CI 0.73-0.93; P<0.01 vs. PCB), while
women showed only a numerical decrease after 1 year of
therapy.
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An analysis of data from trial reports and systematic
reviews released by the US FDA [53] showed no sex-
related differences in the net benefit-harm index esti-
mated for the treatment with roflumilast 500 ug QD in
moderate to severe COPD patients with a history of
exacerbations.

Bronchoreversibility to short acting bronchodilators

The LHS of smoking patients with mild COPD [57] found
that women were numerically more likely to have a 10.0%
increase in post-bronchodilator FEV, than men undergo-
ing methacholine bronchoprovocation test.

An analysis of data from a selected cohort of the LHS
characterizing long-term changes in acute broncho-
dilator response to isoproterenol 200 pg over 11 years
[59] found that relative and FEV,% predicted responses
were not affected by sex differences, although absolute
response was greater in men than women (127.3 mL and
86.6 mL, respectively; P <0.001).

The population-based Proyecto Latinoamericano de
Investigaciéon en Obstrucciéon Pulmonar (PLATINO)
study [58] documented that acute bronchodilator revers-
ibility to SALB was more common in women affected
by COPD than in men (32.9% and 23.9%, respectively;
P<0.01).

Antibiotics
One year of treatment with azithromycin 250 mg QD in
addition to usual inhaled therapy reduced the frequency
of exacerbations in COPD patients at increased risk of
exacerbations, regardless of sex (P <0.05 vs. PCB) [55].
Han et al. [56] documented that when adjusted for rel-
evant confounders, adding azithromycin 250 mg QD to
usual care for one year improved the time to first exacer-
bation in both men (HR 0.72, 95%CI 0.59-0.89; P <0.01
vs. PCB) and women (HR 0.69, 95%CI 0.55-0.87; P <0.01
vs. PCB).

Nicotinic acetylcholine receptor partial agonist

In a multicentre RCT [60], mild to moderate COPD
patients receiving varenicline for 12 weeks achieved a
superior abstinence rate from smoking compared to PCB
regardeless of sex (OR 8.57, 95%CI 4.55-16.2 and OR
6.27, 95%CI 2.71-14.5, respectively in men and women;
P<0.05).

Studies including a mixed asthma and COPD population

A study conducted in primary care settings on a mixed
population including asthmatic (10.6%) and COPD
patients (3.5%) [62] found that bronchoreversibility
response to SALB was numerically greater in men than
women with mild obstruction, but no sex-related
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differences were detected when the obstruction was
moderate or severe.

Evidence synthesis

In asthma 44% of the evidence reported that men
responded better than women to the treatments included
in this systematic review, whereas this percentage
was 28% in COPD. Less evidence supported a greater
response of women than men to the therapy of asthma
and COPD, namely in 17% and 26% respectively. Detailed
information on the impact of sex on the response to the
overall pharmacological treatments resulting from this
systematic review in asthma and COPD is shown in
Fig. 2.

Less evidence is currently available for asthma than in
COPD concerning the role of sex on the efficacy of ther-
apy, with detailed information on specific treatments and
outcomes reported in Fig. 3A, B.

Risk of bias and quality of evidence

Of the 22 trials assessable via the Cochrane RoB 2 [31, 34,
39, 41-52, 54-57, 59-61], a low risk of bias was reported
in 13 studies (59.1%) for randomization process, in 14
studies (63.6%) for deviations from intended interven-
tions, in 19 studies (86.4%) for missing outcome data.
Some studies did not report information for the risk of
bias in the randomization process (9, 40.9%), deviations
from intended interventions (8, 36.4%), and missing out-
come data (3, 13.6%). Most the studies (20, 90.9%) had
some concerns on the risk of bias for the measurement
of the outcomes and a high risk of bias for the selection
of the reported results. The overall risk of bias was high
for most studies (20, 90.9%). Detailed information con-
cerning the risk of bias assessment is reported in Fig. 4.
Almost all the included randomized studies were ranked
as being of medium- to high-quality according to Jadad
score (Table 1).

The overall quality of evidence from the observational
cohort and cross-sectional studies, assessed respectively
via the NOS score and JBI Checklist tool, is presented in
Table 1. Two cohort studies [38, 40] were given a NOS
score>7 and were considered of high quality, whereas
four studies [33, 36, 37] were assigned a score of<6.
Quality assessment of cross-sectional studies indicated
that one study [58] was at high risk of bias for the evalu-
ated outcomes, another one [62] was at medium risk, and
the study performed by Siroux et al. [32] was at low risk
of bias.

Discussion

The findings resulting from this systematic review indi-
cate that the effectiveness of therapy for asthma and
COPD may be modulated by sex. When considering
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relevant outcomes such as lung function, exacerbation,
symptoms and disease control, the current evidence
is generally conflicting, although some consistent data
could be found especially in asthma.

For instance, in asthmatic patients ICS was more effec-
tive in men than women in improving lung function,
symptoms and disease control, and in preventing exacer-
bation; conversely, ICS/LABA/LAMA combination was
equally effective in both men and women in improving
lung function and disease control, and in reducing exac-
erbation. Unexpectedly, no studies are currently avail-
able on the impact of sex on ICS/LABA combination in
asthma. Conflicting data are available for the effect of sex
on the effectiveness of mAbs in asthmatic patients.

Regarding COPD, the current evidence is much more
heterogeneous. ICS and ICS/LABA combination resulted
equally effective in men and women on lung function;
concerning exacerbation, PDE4 inhibitor was more effec-
tive in men than women, whereas azithromycin was
equally effective in both sexes; no sex-related difference
was detected for muscarinic antagonists on disease con-
trol. Considering the dual bronchodilation therapy, men
responded better than women when LABA/LAMA was
compared to ICS/LABA against the risk of exacerbation,
whereas no sex-related influence was detected vs. LAMA
and LABA. Dyspnea improved more in women than in
men when comparing LABA/LAMA vs. ICS/LABA and
LAMA, but not vs. LABA. Inconsistent data are available
for the impact of sex on the effect of LABA/LAMA vs.
ICS/LABA and LAMA on lung function. Surprisingly,
no studies have been performed to assess the sex-related
response to ICS/LABA/LAMA in COPD.

Several studies have investigated the role of sex on
receptor expression in human airways and murine
models of chronic obstructive respiratory disorders. As
expected, the main evidence was raised from research
on sex-steroids that activate estrogen receptors (ER) or
androgen receptors (AR).

AR signalling induced by androgens stabilizes
CD47" regulatory T cells (Tregs) suppressive function,
providing a mechanism for higher prevalence of asthma
in women compared with men [64]. This evidence is
supported by the fact that the higher airway expression
of AR and higher androgen levels in men are associated
with better lung function, fewer symptoms, and a lower
fraction exhaled nitric oxide (FeNO) in asthma [65]. Fur-
thermore, the activation of AR may exert beneficial effect
in asthma by ameliorating airway hyperresponsiveness
(AHR) and type 2 inflammation via reducing intracellu-
lar calcium influx and modulating complex mechanisms
such as the interleukin (IL) 17A pathway [66—68].

Concerning estrogens, they mainly act by activating
both the ER forms, with ER-a having detrimental effect
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in the airways and ER-B being characterized by protec-
tive activity against AHR and remodelling. These benefi-
cial effects are mediated by the reduction of intracellular
calcium, suppression of nuclear factor kappa B (NF-«kB)
pathway, and modulation of platelet-derived growth
factor (PDGF) inducing airway smooth muscle (ASM)
proliferation [69-73]. The variations in ERa and ERp
expression profile on ASM during inflammation may
contribute to estrogen signaling in asthma [74]. In addi-
tion, estrogens may enhance the IL-4—induced M2 gene
expression in alveolar macrophages and those derived
from bone marrow [75]. Thus, an imbalance in the
expression or activity of ERa and ERP may be linked to
the severity of disease in women.

Also other sex hormones, such as progesterone (P4),
may have a role in asthma by altering the function of a
key component of the mucociliary apparatus [76]. Fur-
thermore, while normal women have cyclical changes in
the function and density of B,-AR in the luteal phase dur-
ing the premenstrual period, in asthmatic patients a loss
of the normal cyclical pattern in B,-AR regulation has
been detected, a condition related to AHR during bron-
choprovocation test [77].
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Sex hormones may modulate also the expression of
muscarinic acetylcholine receptors (mAChR). The acti-
vation of ER-a is related to altered expression of M,
mAChR, leading to increased AHR [78]. Moreover, in
women with COPD the lungs have a greater gene expres-
sion for the M; mAChR relative to M, mAChR than
in male [44]. Of note, the extent of bronchorelaxant
response is related with BMI, such that a larger improve-
ment in lung function elicited by muscarinic antagonists
has been reported in thin women [44].

Indeed, COPD is characterized by high sex-depend-
ent T-cell profile. In this regard, a greater expression of
chemokine receptor CCR5 on CD8" T cells and higher
amount of CXCR3TCD8" T cells was detected in bron-
choalveolar lavage (BAL) or blood in women smokers
with COPD compared to those without COPD. Moreo-
ver, across these patients the Th1/Tcl immune response
was related to macrophage count in BAL and goblet cell
density, and the extent of emphysema was associated to
the Th2/Tc2 response [44]. Conversely, the expression of
CCR5 on CD4" and CD8™ T cells was lower in BAL from
male smokers with COPD compared to subjects with-
out COPD [79]. Overall, this evidence supports different
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links between cellular events, inflammation, and clinical
manifestations of COPD in women compared to men.

Most of the pre-clinical evidence regarding the influ-
ence of sex on the expression of receptors in the airways
originate from murine models of AHR that, unfortu-
nately, may have just a relative translational impact on
the pharmacotherapy in asthma and COPD. Moreover,
across the records included in this systematic review,
only 2 RCTs were specifically designed to assess the influ-
ence of sex on the effectiveness of treatment in asthma
[31] and COPD [57]. The remaining papers reported
data from trials or post-hoc analyses of previous studies
for which the assessment of sex on asthma and COPD
therapy was not even a pre-specified endpoint, lead-
ing to high risk of Type I error, or observational trials
that were characterized by major intrinsic limitations.
Another limitation of this systematic review is related to
the unbalanced number of males and females enrolled in
the studies, especially in COPD: almost all the trials had
a higher number of males than females. Thus, the high
risk of bias resulting from the Cochrane RoB 2 tool was
extensively expected, suggesting that the provided evi-
dence should be interpreted with caution.

Conclusions

Indeed, the findings of this systematic review highlight
that the number of studies in asthma and COPD look-
ing at the same drug and outcome is currently small,
making difficult to draw solid conclusions. However it
seems that, as supported also by pre-clinical findings,
ICS may be generally less effective in women than in
men to treat asthma. Consistent evidence also suggests
that in asthmatic patients ICS/LABA/LAMA combina-
tion may be equally effective in both men and women.
Overall, excluding the effort of independent research, Big
Pharma has demonstrated scarce interest in assessing the
potential different impact of sex on the pharmacological
response to asthma and COPD therapy. In this regard,
this systematic review highlights the strong pharmaco-
logical and clinical need of adequately investigating this
issue that to date remains very controversial. A first step
to manage this important and discriminatory scientific
lack could be to make the data from large investigational
clinical trials in asthma and COPD available specifically
for each sex rather than as overall results. Moreover, con-
sidering that clinical trials in asthma and COPD are char-
acterized by imbalanced enrollment ratio between men
and women leading to possible sex bias in measured out-
comes [9, 80], it is expected that the randomization pro-
cedures of future RCTs will be set to equally enroll both
sexes. Finally, but not less important, pre-specified analy-
ses in men and women should be planned in the trial
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protocols, a necessary condition that should be requested
also by the regulatory agencies.
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