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ARTICLE INFO ABSTRACT

Keywords: Making gender bias visible allows to fill the gaps in knowledge and understand health records and risks of women
Gender pharmacology and men. The coronavirus disease 2019 (COVID-19) pandemic has shown a clear gender difference in health
Sex

outcomes. The more severe symptoms and higher mortality in men as compared to women are likely due to sex

]groli/gngell"g“posmg and age differences in immune responses. Age-associated decline in sex steroid hormone levels may mediate
Pregnancy proinflammatory reactions in older adults, thereby increasing their risk of adverse outcomes, whereas sex hor-

mones and/or sex hormone receptor modulators may attenuate the inflammatory response and provide benefit to
COVID-19 patients. While multiple pharmacological options including anticoagulants, glucocorticoids, antivi-
rals, anti-inflammatory agents and traditional Chinese medicine preparations have been tested to treat COVID-19
patients with varied levels of evidence in terms of efficacy and safety, information on sex-targeted treatment
strategies is currently limited. Women may have more benefit from COVID-19 vaccines than men, despite the
occurrence of more frequent adverse effects, and long-term safety data with newly developed vectors are eagerly
awaited. The prevalent inclusion of men in randomized clinical trials (RCTs) with subsequent extrapolation of
results to women needs to be addressed, as reinforcing sex-neutral claims into COVID-19 research may insidi-
ously lead to increased inequities in health care. The huge worldwide effort with over 3000 ongoing RCTs of

Health equity
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pharmacological agents should focus on improving knowledge on sex, gender and age as pillars of individual
variation in drug responses and enforce appropriateness.

1. Introduction

The influence of sex and gender on human health and diseases
continues nowadays to be underestimated and underinvestigated in
medical intervention. In particular, the lack of accurate sex and gender
consideration to evaluate disparities in drug safety and efficacy hurts
both women and men. This is particularly evident in clinical trials,
where sex and gender inequality in subjects’ enrollment remains a
substantial challenge.

The current global health emergency, COVID-19, whose etiological
agent has been identified to be SARS-CoV-2, has changed the world in an
unprecedented way. While the society is facing this extraordinary ca-
tastrophe, scientist and clinicians need to recognize the phenotypical
differences between men, women, and people with non-binary identities
as a fundamental key to deeply understand the effects of this health crisis
on different individuals, as well as to identify unbiased clinical
protocols.

Global Health 50/50, an independent, evidence-driven initiative to
advance action and accountability for gender equality in global health,
provided an overview of open-access sex-disaggregated data from offi-
cial national sources through the COVID-19 Data Tracker. This is the
world’s largest database of sex-disaggregated data on COVID-19 health
outcomes. The tracker currently collects sex-disaggregated data on
vaccinations, testing, confirmed cases, hospitalizations, intensive care
unit (ICU) admissions and deaths. Data are constantly collected from the
ministry of health websites, national statistics sites, death registers and
government social media accounts. As the disease has spread worldwide,
the May 2021 Update Report tracked the availability of data for 198
countries — which together accounted for 99.9% of COVID-19 confirmed
cases and reported deaths globally. As of May 2021, 51% (101) of the
198 countries being tracked reported sex-disaggregated case data and
37% (73) reported sex-disaggregated death data, which was consistent
with the proportion reporting in April. Across all available global data,
slightly more women than men got vaccinated for COVID-19 and more
women were tested for COVID-19. Men and women account for similar

numbers of confirmed cases, but the gender gap grows further along the
pathway, with men accounting for a higher proportion of hospitaliza-
tions (53%), ICU admissions (64%) and deaths (57%) [1].

Furthermore, sex-disaggregated COVID-19 data did not account for
gender identity. Therefore, data on the impact of COVID-19 on trans-
gender and non-binary people are lacking, although some efforts are in
place to address this issue.

Despite clear gender differences in COVID-19 health outcomes, no
information on gender-targeted treatment strategies is currently avail-
able. Without this evidence, gender-specific health care needs can
neither be identified nor adequately addressed, and treatment appro-
priateness is not warranted. Thus, in current and future clinical trials for
COVID-19, variables of paramount importance such as sex and gender
should be taken into serious consideration, not only in relation to disease
features, but to tailor the appropriate therapies in order to eliminate
gender blindness in medical research. Thus, as prophylactic and thera-
peutic treatment studies begin, sex and gender analyses should be
included in the protocols.

At the time of writing, the analysis of the clinicaltrials.gov database
reported 3517 items when searched for “COVID-19 and therapy”. The
analysis also included synonyms, as “treatment (3181 studies), thera-
peutic (460 studies), therapeutics (158 studies), disease management (5
studies), COVID (3449 studies), SARS-CoV-2 (1132 studies), Coronavi-
rus disease 2019 (191 studies), severe acute respiratory syndrome
coronavirus 2 (128 studies), Novel Coronavirus (101 studies), 2019-
nCoV (35 studies), Coronavirus Disease 19 (22 studies), SARS Corona-
virus 2 (14 studies), Wuhan coronavirus (1 study)”.

Despite the huge amount of clinical protocols, and although both
male and female individuals were considered eligible for the studies, no
specific gender-analysis were foreseen in terms of differences in drug
safety or efficacy. In this light, the present review will try to shed light on
available treatments currently tested for COVID-19. The study focused
on literature reports and ongoing clinical trials in the time frame March
2020-June 2021.
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Fig. 1. Androgens and estrogens actions, effects and mechanisms: a possible role in contrasting severe COVID-19 outcomes. (T, Testosterone; E2, estradiol; PG,
progesterone; GC, glucocorticoid; H5S, hydrogen sulfide; LXA4, lipoxin A4; 15-epi-LXA4, epi-lipoxin A4 or aspirin-triggered lipoxin; FPR2, formyl peptide receptor 2).
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2. Sex hormones and COVID-19
2.1. Estrogen and progesterone

Estrogens, in particular the main female sex hormone 17f-estradiol
(E2), have been suggested to play a protective role in COVID-19. This
seems to occur through different pathways including suppression of
inflammatory storm, induction of anti-viral immune responses and
enhancement of virus degradation within endolysosomes, resulting in
endosomes and lysosomes fusion [2]. E2 affects the activity or expres-
sion of different components of the renin-angiotensin-aldosterone sys-
tem by upregulating the expression of ACE2, which appears to be higher
in females than in males [3]. Binding of the SARS-CoV-2 spike protein to
ACE2 induces its down-regulation, leading to reduced angiotensin (1-7)
production in the lung and igniting acute respiratory failure [4,5].
Hence, E2-mediated ACE2 over-expression in female patients could
contribute to the better outcome and lower death rate observed in fe-
male COVID-19 patients in comparison to males [6].

The active role of estrogens in accelerating resolution of inflamma-
tion suggests that estrogens and/or selective estrogen receptor modu-
lators (SERMs) attenuates the inflammatory response and its
exacerbation [7-9]. The Annexin Al/formyl-peptide receptor 2 (Anx-
A1/FPR2) axis is one of the pathways involved in this interplay, which is
also shared by glucocorticoids (GC), and could represent a mechani-
stic/pharmacological base for the potential protective action by estro-
gens in COVID-19 outcomes (Fig. 1). Besides estrogens, progesterone
(PG) also confers protection from severe lung injury by dampening the
exaggerated inflammatory immune cascade, or “cytokine storm”. In a
mouse model of influenza A, PG administration has been shown to
decrease pulmonary inflammation, reduce protein leakage into airways,
and promote faster recovery by enhancing repair of pulmonary epithe-
lial cells [10].

In accordance with the protective role of female sex hormones, data
from the Italian Surveillance System [11] highlight how the lethality
rate for COVID-19 is reduced in women of reproductive age (20-39
years of age) and sensibly lower than in men. Afterwards, it steadily
increases from 0.2% within the age range 40-49 to over 20% at 80-89,
but an imbalance between women and men still remains. Supporting
these hypotheses, a positive association between COVID-19 and meno-
pausal status and a negative association with combined oral contra-
ceptive pill use have been observed in large-scale self-reported data
analysis in UK [12]. Moreover, a retrospective study of hormone therapy
in female COVID-19 patients showed that the fatality risk for women
> 50 years receiving E2 therapy was reduced by over 50%. For younger,
pre-menopausal women (15-49 years), the risk of COVID-19 fatality is
the same irrespectively of E2 treatment, probably because of higher
endogenous E2 levels [13]. Intriguingly, when women with COVID-19
were stratified by menstrual status, pre-menopausal women had lower
rates and short duration of hospitalization together with less require-
ment for respiratory support compared to post-menopausal women (see
relevant Summary Box) [14].

2.1.1. Clinical trials on estrogen and progesterone in COVID-19 patients

Based on the aforementioned evidence, gender-based clinical trials
studying effects of estrogen therapy to attenuate severe complications of
COVID-19 are required and could represent a successful approach
(Fig. 1). Administration of exogenous hormones could therefore repre-
sent a therapeutic/prophylactic approach or a treatment adjunct to
reduce COVID-19 disease severity. Several clinical trials testing the ef-
fect of E2 and PG on clinical response and mortality of COVID-19 are
underway at the time of writing (June 2021) and are listed below.

In Mexico, a recruiting trial will investigate the effect of a combined
E2 and PG patch (NCT04539626) in male > 18 years and female > 55
years’ patients with non-severe COVID-19. The study will evaluate the
progression of clinical signs and symptoms (fever, dyspnea, cough, fa-
tigue daily score) and any adverse outcome in comparison to placebo for
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30 days.

In the USA, a phase 2 clinical trial (recruiting) is investigating
whether symptom severity can be reduced with E2 administered by
transdermal patch (NCT04359329), in adult men > 18 years and older
women with COVID-19 > 55 years. A further USA phase 2 trial (active,
not recruiting) is assessing whether E4 is safe and effective at protecting
participants from the more severe symptoms of COVID-19
(NCT04801836). The study will monitor the progression to more se-
vere disease in men and post-menopausal women hospitalized with
COVID-19 not yet needing breathing help.

In Qatar, a phase 2 clinical trial (not yet recruiting) will investigate
whether a transdermal E2 gel will protect adult men and post-
menopausal women with confirmed COVID-19 against progression to
more severe disease (NCT04853069).

In the USA, a pilot trial testing whether symptoms severity can be
reduced with oral PG in men (NCT04365127) has been completed and
showed very encouraging data. Indeed, results suggested that adminis-
tration of PG at a dose of 100 mg twice daily by subcutaneous injection
represents a safe and effective approach to treat COVID-19 by improving
clinical status among men with moderate to severe illness [15].

Another phase 2 (not yet recruiting) clinical trial in the USA
(NCT04865029) will analyze whether a short systemic steroid therapy
with E2 and PG, administered early to hospitalized and confirmed
COVID-19 positive patients of both sexes in addition to standard of care,
can reduce the severity of symptoms and improve outcomes.

Other clinical trials are ongoing regarding the efficacy of SERMs.
Tamoxifen is a nonsteroidal triphenylethylene derivative that binds to
the estrogen receptor (ER) and acts as an antagonist in breast tissue
while acting as an agonist or a partial agonist in the uterus, bone and
heart. Therefore, tamoxifen is an effective treatment for ER+ breast
cancer and postmenopausal osteoporosis, but it increases risk of endo-
metrial cancer and cardiovascular disease [16]. Tamoxifen has shown
potential for drug repurposing in COVID-19 [17]. This agent decreases
the rate of vesicular transport through the recycling and secretory
pathways and inhibits phagocytosis [18].

In Egypt, two distinct clinical trials (not yet recruiting) will analyze
the effects of a combined therapy with isotretinoin (down-regulator of
ACE2) and tamoxifen in the protection against SARS-CoV2 in adult fe-
male and male patients (Phase 2, NCT04389580) and of the combination
of all-trans retinoic acid (for its anti-inflammatory, anti-platelet and
fibrinolytic activities) with tamoxifen as potential treatment for the lung
complication of COVID-19 (Phase 2, NCT04568096). Estrogens and
tamoxifen are not the only drugs showing a potential utility in COVID-19
management. Raloxifene, a benzothiophene-derived SERM [16], has
been recently demonstrated to be effective in treating viral infections for
its action on ER, suggesting its potential for drug repurposing [19].
Raloxifene acts as an agonist in the bone, cardiovascular system and
liver, but shows antagonistic effects in human breast and uterus. Of note,
a specific mechanism of inhibition of Ebola virus infection by raloxifene
has been suggested [20]. This agent interferes with viral replication
within host cells by reducing the expression of sphingosine and the
related accumulation of calcium ions within endolysosomes preventing
viral escape. Raloxifene decreases the influenza A virus titer in nasal
epithelial cells isolated from female but not male patients [21], and
inhibits RNA replication of HCV [22]. Of note, raloxifene has also been
demonstrated to antagonize interleukin (IL)-6 signaling in severe
COVID-19 patients protecting against acute respiratory distress syn-
drome [23]. These findings strongly recommend raloxifene as a poten-
tial therapeutic strategy for COVID-19, and its sexually dimorphic
antiviral efficacy warrants further investigation.

2.2. Androgens and anti-androgens
The higher death rate observed in men compared with women put

androgens (i.e. testosterone, T) under the spotlight as possible players in
the exacerbation of COVID-19 symptoms. Plasma T levels decrease in
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elderly men and in the presence of highly prevalent comorbidities in
COVID-19 such as obesity and diabetes [24]. Recent data report that the
gradual decline in total and free testosterone levels correlates with
serious pulmonary complications requiring advanced care [25]. T has
been linked to thromboembolic events following its exogenous admin-
istration to treat a number of diseases, including hypogonadism
[26-28]. The majority of cases described are not linked to hypogonad-
ism, where T therapy displays beneficial actions well beyond adverse
effects [29,30]. Unregulated testosterone activity or excessive levels
may conceivably trigger detrimental pathways, leading to an unbal-
anced coagulative physiology, thus facilitating thrombi formation as
observed in men affected by COVID-19. A number of reports suggest
monitoring homocysteine levels before and during therapy, as throm-
boembolic events have been consistently described after 6-12 months of
treatment, despite anticoagulation therapy [26,31]. Homocysteine is a
widely accepted risk factor for cardiovascular disease, and has been
linked to hyperactive platelet aggregation mediated by HoS (Fig. 1) [32].
Testosterone has also been associated with the generation of H,S, whose
plasma levels are higher in males than in females [33]. Therefore, T (and
male gender) per se might be a risk factor for vascular thrombosis (see
relevant Summary Box).

Studies in animal models and humans documented that hypo-
gonadism is associated with increased pro-inflammatory cytokines,
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[39]. A randomized interventional comparative phase 4 clinical trial in
Egypt (NCT04623385, not yet recruiting) in adult male and female pa-
tients will test the effect of 13-cis-retinoic acid (isotretinoin, a potent
inhibitor of DHT) plus testosterone, which could up-regulate pulmonary
protective pathways and at the same time protect against thrombosis.
Other Egyptian trials in both female and male adult patients will test
isotretinoin alone (NCT04577378, Phase 2, not yet recruiting) or in
combination with the ACE inhibitor captopril (NCT04578236, Phase 2,
not yet recruiting).

Trials exploring anti-androgen therapies aiming to reduce disease
severity by inhibiting TMPRSS2 are also underway in different countries
including Sweden (enzalutamide, in both sex adult patients, Phase 2,
recruiting, NCT04475601 [40]), USA (bicalutamide in male patients,
NCT04509999, Phase 3, recruiting, and camostat + bicalutamide in all
sex elderly patients, NCT04652765, phase 1 recruiting) and Brazil
(proxalutamide in male patients, NCT04446429, completed and now
extended to female patients, phase 3, NCT04853134 active not
recruiting; proxalutamide in hospitalized COVID-19 male and female
patients, not yet recruiting phase 3 NCT04728802; proxalutamide in
male and female patients in Intensive Care Unit, recruiting phase 3
NCT04853927; dutasteride in adult male patients, NCT04729491,
completed).

Gnmary Box

* Highlights

* Strength

* Limitations
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17B-estradiol (E2) and progesterone (PG) have been suggested to play a protective role in COVID-19
A negative association has been highlighted between COVID19 and hormonal contraceptive or replacement therapy
Testosterone (T) has a direct correlation with serious pulmonary complications and thromboembolic events

Several clinical trial underway testing the effect of E2, SERMs, PG, T or anti-androgen on clinical response and mortality of COVID-19

It is far to be understood whether molecular mechanisms physiologically operating in females could still be effective in male
individuals (and viceversa) when triggered with exogenous molecule
Similarly, it is unclear whether young or elderly women and young or elderly men could display different responses to sex steroids

\

/

while increased testosterone levels following exogenous treatment
suppress the release of IL-1p, IL-6, IL-1, tumor necrosis factor (TNF)-a
and leukotrienes [29,30,34]. In elderly men, the decline of testosterone
correlated with the onset of a proinflammatory condition [35]. The
increased death rate in aged male patients with COVID-19 suggests that
testosterone plays a protective role in the progression of COVID-19
infection due to the cytokine storm [36]. However, T has been re-
ported to enhance neutrophil recruitment in a bacterial model of pros-
tate inflammation, generating an inefficient inflammatory response
associated with a neutrophil N2-like phenotype [37]. Neutrophils play a
key role in innate immunity and in inflammation as they also drive the
resolution pathway by triggering mechanisms based on different cell
mediators/receptors [38].

2.2.1. Clinical trials on androgens or anti-androgens
As for estrogens, several clinical trials testing the effect of T on the
clinical response and mortality of COVID-19 patients are underway at
the time of preparation of this review and are discussed below.
Interestingly, T increases ACE-2 expression, whereas dihy-
drotestosterone (DHT) significantly induces the expression of trans-
membrane protease serine 2 (TMPRSS2), thereby increasing viral entry

Summary of highlights, strength and limitations of sex hormones in
COVID-19 patients.

3. Coagulative disorders therapy and COVID-19

A systematic review estimated that 17.3% of critically ill patients
with COVID-19 had venous thromboembolism (VTE) [41]. SARS-CoV2
induces a thrombo-inflammatory phenotype, characterized by endo-
theliopathy, hypercoagulability and coagulation activation resulting in
increased risk of thromboembolic events [42]. Endothelial dysfunction
as measured by markers of endothelial cell and platelet activation such
as von Willebrand factor and soluble P-selectin is a key feature of
COVID-19-associated coagulation disorder, and may be associated with
critical illness and death. In a cross-sectional study of 68 adult patients
hospitalized with a confirmed diagnosis of COVID-19, among all patient
characteristics analyzed, only sex showed a significant difference in
distribution between intensive care unit (ICU) and non-ICU subgroups,
with fewer females requiring ICU admission [43]. Regrettably, no sex
stratification was performed for treatment outcomes (see relevant
Summary Box).
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3.1. Clinical trials on anticoagulants

A meta-analysis from direct oral anticoagulant (DOAC) trials found a
sexual dimorphism in outcomes, with male patients being more pro-
tected from stroke/systemic embolic events and female patients more
protected from major bleeding events [44]. It has been suggested that
underestimation of kidney function via standard equations in women
possibly leads to suboptimal dosing and low efficacy of DOACs, which
are excreted by the kidneys to a variable extent [45,46].

While evidence largely comes from real-world studies, large inter-
national prospective clinical trials are ongoing to confirm benefit of
antithrombotic therapy in COVID-19 patients. Regrettably, focus on sex
differences is limited despite clearly distinct clinical presentation and
response to treatment in males vs. females [47]. For instance, landmark
clinical trials in the ‘90s showed remarkable sexual dimorphism in the
response to low-dose aspirin in primary prevention [48,49].

A retrospective observational study carried out in 24 centers in
France reported a beneficial effect of oral anticoagulant prior to hospi-
talization for COVID-19 on disease outcomes. Out of nearly 3000 study
subjects, about 60% patients were males. Among other factors, male sex
was significantly associated with ICU admission and in-hospital mor-
tality. Of note, in patients not on anticoagulants prior to hospitalization,
parenteral heparin or LMWH treatment started during hospitalization
was not associated with a better prognosis (Fig. 1). A smaller retro-
spective, single-institution study from the U.S. including patients who
received therapeutic anticoagulation for at least 1 month before COVID
diagnosis yielded consistent findings. While the majority of patients
were females with a median age of 78, 69% of patients who died were
male [50].

In contrast, a register-based cohort study in Sweden including over
400,000 subjects with a recorded diagnosis of heart disease showed that
ongoing DOAC use in patients with AF was not associated with lower
risk of severe COVID-19 compared with patients with AF or those with
major cardiovascular disease not on DOACs [51]. While male patients
comprised over 60% in each group, DOAC users were older and, more
often, female compared with AF patients with no DOAC use. Regret-
tably, study outcomes were not stratified by sex (see relative Summary
Box).

Recently, retrospective [52] and cohort studies [53] from Italian
research groups reported that prophylactic doses of low-molecular-weight
heparin (LMWH: enoxaparin 4000 IU, once daily) efficaciously reduced
the mortality in hospitalized COVID-19 patients with mild/moderate
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disease. Conversely, a recent systematic review and meta-analysis of eight
retrospective observational studies of nearly 3000 patients did not high-
light any significant variations in mortality rate in patients receiving
prophylactic doses of heparin [54]; however, the analysis was reported
regardless of age and sex.

While outpatients with mild COVID-19 are encouraged to increase
mobility, hospitalized patients with COVID-19 should undergo risk strati-
fication for venous thromboembolic event prophylaxis [55]. Three inter-
national trials spanning four continents (NCT02735707; NCT04372589;
NCTO04505774) are assessing the benefit of full doses of anticoagulants to
treat moderately ill or critically ill adults hospitalized for COVID-19,
compared to a lower dose often used to prevent blood clots in hospital-
ized patients. Enrollment, however, was paused among critically ill
COVID-19 patients requiring ICU support, as therapeutic anticoagulation
drugs did not reduce the need for organ support and potentially induced
harm. In the multicenter, randomized INSPIRATION trial [56],
intermediate-dose compared with standard-dose prophylactic anti-
coagulation did not improve the primary composite efficacy outcome or its
major components, including all-cause mortality and VTE. Similarly, in an
open-label, multicenter, randomized, controlled trial including 615 pa-
tients hospitalized with confirmed COVID-19 and elevated D-dimer con-
centration, a 30-day course of therapeutic anticoagulation with
rivaroxaban 20 mg daily (and enoxaparin 1 mg/kg twice daily for clini-
cally unstable patients) did not result in better clinical outcomes when
compared with in-hospital prophylactic anticoagulation with heparin.
However, therapeutic anticoagulation for 30 days with rivaroxaban or
enoxaparin led to a higher incidence of major or clinically relevant
non-major bleeding than did in-hospital prophylactic anticoagulation
[571.

A prospective multihospital registry of nearly 5000 adult hospital-
ized COVID-19 patients (53% males) with a mean follow-up of 3 months
found that VTE, arterial thromboembolism and all-cause mortality
occurred with a higher frequency (7.3%) during the post-discharge
period than previously reported [58]. Age > 75 years was among key
predictors of post-discharge thromboembolic events and death.
Post-discharge thromboprophylaxis consisting of prophylactic dose
rivaroxaban, apixaban or enoxaparin was prescribed in 12.7% of the
population. The use of post-discharge anticoagulants, mostly at pro-
phylactic doses, was associated with a striking 46% reduction of major
thromboembolic events and death risk.

ﬁmmary Box

* Highlights

TE or all-cause mortality
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Uncertainty in optimal prophylactic anticoagulant regimen
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COVID-19 predisposes patients to arterial and venous thrombosis
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Standard-dose thromboprophylaxis rather than dose escalation appears to be beneficial in critically ill patients with COVID-19
Real-world evidence of benefit from oral anticoagulants prior to hospitalization for COVID-19 on disease outcomes

Unclear benefit of routine empirical use of intermediate-dose prophylactic anticoagulation in unselected patients with COVID-19

No evidence for sex-tailored antithrombotic treatment and prophylaxis
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Table 1
RAAS system.
Drugs  Approval (EMA) Mechanism of action Potential mechanism Advice (EMA) Sex perspective
of action on COVID-19
ACEIs  First-line treatment for patients Inhibition of the activity of angiotensin- Increasing of ACE2 Increasing risk of contracting No information
under 55 years with hypertension converting enzyme, component of the RAAS expression, SARS-CoV-2 is still to be in relation to
and second-line treatment for system, which converts angiotensin I to facilitating SARS-CoV-  demonstrated. sex
patients over 55 years with angiotensin II, a vasoconstrictor, and 2 entry into cells. EMA confirms that hypertensive
hypertension. hydrolyzes bradykinin, a vasodilator. patients COVID-19 positive must
continue to use ACE inhibitors as
advised by their doctors.
ARBs Treatment of patients with Binding and inhibition the AT, and thereby Increasing of ACE2 Increasing risk of contracting No information

hypertension and heart or kidney
diseases.
activation.

blocking the arteriolar contraction and
sodium retention secondary to RAAS system

SARS-CoV-2 is still to be in relation to
demonstrated. sex

EMA confirms that hypertensive

patients COVID-19 positive must

continue to use ARBs as advised

by their doctors.

expression,
facilitating SARS-CoV-
2 entry into cells.

Summary of highlights, strength and limitations of coagulative dis-
orders therapy in COVID-19 patients.

4. The RAAS and COVID-19

ACEIs and ARBs are recommended as first-line treatments for pa-
tients under 55 years with hypertension and second-line treatment for
those over 55. ACEIs are also widely used to treat congestive cardiac
failure. There are several controversial hypotheses on the potentially
harmful or beneficial effects of antihypertensive drugs acting on the
renin-angiotensin-aldosterone system (RAAS) in COVID-19 [59,60].
SARS-CoV-2 interfaces with the RAAS through ACE2. It is now under-
stood that SARS-CoV-2 utilizes the ACE2 receptor as its main entry
portal in the target cell and possibly as a route of secondary “metastatic”
end-organ disease [61]. The interaction between the virus and ACE2
may be one determinant of its infectivity, and there are concerns that
RAAS inhibitors may change ACE2 expression and hence COVID-19
virulence. In vitro and in vivo studies have demonstrated that ACEIs as
well as ARBs can significantly increase ACE2 expression, thereby facil-
itating SARS-CoV-2 entry into cells [62,63]. Mechanistically, it is
possible that ACE2 tissue level changes in response to ACEIs/ARBs in
humans, but large clinical studies have not yet confirmed this. However,
it has also been described that viral binding to ACE2 decreases its surface
expression and prevents angiotensin-II cleavage by ACE to generate
angiotensin;_y, which counterbalances the effect of angiotensin-II
signaling through AT;R. Hence, binding of angiotensin-II to AT;R

leads to increased pulmonary vascular permeability, resulting in lung
injury [64,65]. By blocking AT1R-mediated angiotensin-II adverse ef-
fects and increasing ACE2-mediated production of angiotensin;_; pro-
duction, ARBs may counteract this effect and reduce lung damage [4].

4.1. ACE inhibitors and angiotensin-II receptor blockers use in COVID-19
patients

A literature search for ACE2 updated to June 2021 returned more
than 30,000 articles, largely classified as reviews. A big push to publish
data on ACE2 comes from the current pandemic event, marking a gender
difference in disease evolution. Indeed, women seem to be more pro-
tected than men from disease progression, and this evidence has been
linked to higher ACE2 levels in female subjects. However, ACE2 iden-
tification goes back to more than 20 years ago, and research continued
for years in this field because ACE2 is strongly engaged in blood pressure
regulation and cleaves a range of substrates involved in different phys-
iological processes. Estrogens are believed to inhibit the activity or
expression of different components of the RAAS system. E2 upregulates
ACE2 expression [3], which is accordingly higher in females than in
males. Binding of SARS-CoV-2 spike protein to ACE2 induces ACE2
down-regulation, which in turn leads to decreased angiotensin;_; pro-
duction in the lung, resulting in acute respiratory injury. Therefore,
higher estrogen levels leading to ACE2 over-expression could account
for better outcomes and improved survival in female patients [66]. The
X-linked nature of the ACE2 gene, with females showing a wide range of
phenotypes, may have a greater role than that defined so far in the

Table 2
Antiviral therapies overview.
Drugs Approval (EMA) Mechanism of action Efficacy Safety
Remdesivir Yes Inhibit RNA polymerase  Still to be demonstrated Safe
Patients with pneumonia under oxygen therapy activity No difference in recovery Reported different AE in relation to sex
who do not require high-flow oxygen or rate ratio between male and (One pharmacovigilance study)
mechanical ventilation or ECMO and with onset of female (One clinical trial)
symptoms for less than 10 days
Lopinavir/ No Lopinavir: protease Not effective Higher than umifenovir [84]
ritonavir inhibitor.
Ritonavir: enhances No information in relation to  No information in relation to sex
pharmacological sex
exposure
Umifenovir No Inhibit several stages of Under investigation Safe [85]
the viral life cycle No information in relation to  No information in relation to sex
sex
Favipiravir No Inhibit RNA polymerase Under investigation Favipiravir vs control groups: less odds for

activity

No information in relation to
sex

adverse effects in the Favipiravir arm but of
no statistical significance [86]
No information in relation to sex

ECMO: Extracorporeal Membrane oxygenation.
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gender differences observed in COVID-19 pathogenesis.

Estrogens influence the vascular system by inducing vasodilatation,
inhibiting vascular remodeling processes, and modulating both the
RAAS and the sympathetic system. This leads to a protective effect on
arterial stiffness during reproductive age that is dramatically reversed
after menopause. Having established that it is essential not to suspend
antihypertensive therapies even in case of coronavirus infection, it is
important to underline this also in terms of sex differences. Men and
women differ in prevalence, awareness, and control rate of hypertension
in an age-dependent manner. Studies suggest that sex hormones changes
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problematic because they included an observational study that has since
been retracted [76]. This highlights the need for large-scale studies using
appropriate methods to investigate whether prior ACEIs and ARBs use
among COVID-19 patients improves or worsens outcomes. Analysis of
ongoing trials from clinical trials.gov reports encouragingly studies
testing the effect of angiotensin modulators on clinical outcomes in
COVID-19 patients at high-risk for cardiovascular disease recruiting all
sexes (NCT04591210, NCT04364893, NCT04364984, NCT04331574).

Summary Box

* Highlights

increase ACE2 expression

e Strengths

that RAAS drugs are unsafe

¢ Limitations
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SARS-CoV-2 interfaces with the RAAS through ACE2: in vitro and in vivo studies demonstrated that ACEls and ARBs can significantly

Cardiovascular Societies published position statements strongly advising continued use of ACEls and ARBs given a lack of evidence

Uncertainty around possible associations of ACEls and ARBs with COVID-19
Very few evidence on gender and sex differences for ACEls and ARBs in COVID-19 management
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play a pivotal role in the pathophysiology of hypertension in post-
menopausal women. Data on the efficacy of antihypertensive therapy
between genders are conflicting, and the underrepresentation of aged
women in large clinical trials could influence the results. An interesting
review by Ramirez and Sullivan, entitled Sex Differences in Hypertension:
Where We Have Been and Where We Are Going [67], highlights that while
men have long been known to display greater increases in blood pressure
compared with women, only recently intense efforts have been made to
enhance the awareness that women show similar risks to develop hy-
pertension. Due to a) the uncertainty around harmful or beneficial ef-
fects of ACEIs and ARBs in COVID-19 patients, b) the need not to
suspend antihypertensive therapies even in case of COVID-19 infection,
and c) the evidence that antihypertensive therapy has been profiled
mainly in men, it seems appropriate to stress the importance of sex
differences also in this context (Table 1).

4.2. Clinical trials of ACE inhibitors and angiotensin-II receptor blockers
in COVID-19 patients

Based on several observational studies, there is accumulating evidence
that ACEIs and ARBs do not increase the risk of contracting SARS-CoV-2
infection. Specifically, there is no evidence of harm due to anti-RAAS
medications in COVID-19 [68-70]. On the other hand, conflicting find-
ings regarding the role of ACEIs and ARBs as prognosis modifiers in
COVID-19 hospitalized patients have been reported [66,71-73]. Pub-
lished studies on this research question generally suffer from small sample
size, which prevents extensive analyses. Furthermore, the identification of
all covariates related to prior use of chronic medications may not be
accurately evaluated in the setting of a healthcare emergency, when data
are collected prospectively. The mixed quality of studies investigating
whether ACEIs and ARBs use can modify the prognosis of COVID-19 is due
to the fact that two meta-analyses of observational studies reported
contrasting results. One meta-analysis suggested a protective effect of
RAAS inhibitors regarding all-cause mortality and critical illness [74],
while the other one found no significant association with all-cause mor-
tality [75]. In addition to contradictory results, these meta-analyses are

Summary of highlights, strength and limitations of RAAS in COVID-
19 patients.

5. Antiviral therapy

Antiviral drugs (i.e. remdesivir, lopinavir/ritonavir, favipiravir,
umifenovir) developed for viruses other than SARS-CoV-2 have been
among the first drugs proposed for the treatment of COVID-19 (Table 2).
These drugs can inhibit either viral entry (via the ACE2 receptor and
TMRSS2), viral membrane fusion and endocytosis, or the activity of the
SARS-CoV-2 3-chymotrypsin-like protease and the RNA-dependent RNA
polymerase [77]. Remdesivir is an antiviral drug of the nucleotide
analog class developed for the treatment of Ebola virus disease and also
used for the treatment of SARS-CoV-2 infections [78]. The association of
two antiviral drugs such as lopinavir and ritonavir, used for the treat-
ment of HIV, were also proposed for SARS-CoV-2 infection in the first
phase of the pandemic. Lopinavir is a protease inhibitor, while ritonavir
enhances its pharmacological exposure by inhibiting the cytochrome
P450 (CYP) isoenzyme 3A4. [79] In a recent published meta-analysis,
remdesivir did not demonstrate efficacy for hospitalized COVID-19 pa-
tients [80]. Although its efficacy has still to be demonstrated [81,82],
remdesivir is approved in clinical practice for treatment of hospitalized
patients with pneumonia under oxygen therapy not requiring high-flow
oxygen or mechanical ventilation or extracorporeal oxygenation and
with onset of symptoms for less than 10 days. Another systematic review
and meta-analysis assessing the efficacy and safety of lopinavir/ritona-
vir in COVID-19 patients reported no significant advantage and more
adverse events in the use of these drugs over standard of care (supple-
mental oxygen, ventilation, antibiotic agents, vasopressor support, renal
replacement therapy, and extracorporeal membrane oxygenation), or
over other antiviral agents [83]. Thus, the lopinavir/ritonavir associa-
tion is not used for the treatment of COVID-19 in clinical practice and its
off-label use has been suspended by EMA.

Two broad-spectrum antiviral agents, favipiravir and umifenovir, are
being tested for the treatment of SARS-CoV-2 infection. Umifenovir is
approved in Russia and China for prophylaxis and treatment of
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influenza, and it exerts its antiviral effects via a direct-acting viricidal
activity and by inhibiting several stages of the viral life cycle [87].
Favipiravir is used to manage influenza and has the potential to treat
RNA virus infections by inhibiting RNA polymerase activity [88]. Both
favipiravir and umifenovir are now under investigation in many clinical
trials but are not approved in Europe and USA due to limited clinical
evidence. Preliminary results suggest a potential activity of favipiravir in
the treatment of the patients in mild-to-moderate COVID-19, in partic-
ular with regard to the time of clinical cure [89].

As for viruses other than SARS-CoV-2-19, published evidence shows
that the efficacy and safety of antiviral drugs differs between sexes [90]
and the adverse reactions to antiviral drugs are typically more serious in
females than males. The beneficial effects of antiviral treatments for
viral disease might differ by gender likely due to two main reasons: the
first one involves the pharmacokinetics profile of men and women, and
the second one refers to sex hormone status that could influence the
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are at increased risk for hypoxia, hypotension and renal impairment,
remdesivir treatment in male patients is associated with respiratory
failure [95].

5.1. Clinical trials on antiviral drugs and COVID-19 in relation to gender

Two studies in clinicaltrials.gov, assessing the use of antiviral agents
for COVID-19, reported in the summary schedule a stratification of re-
sults by sex: NCT0468443 (completed) and NCT04569851 (enrolling).
Unfortunately, none of the studies has reported outcomes yet. Moreover,
although antiviral agents were reported as intervention in these studies,
no information about the reporting of the results by specific treatment
and gender/age was shown in the summary schedule, nor was found
information about a possible stratification of pre- and post-menopausal

~

Summary Box

* Highlights

* Strengths

* Limitations

As for viral infection other than SARS-CoV-2, females suffer greater adverse effects then men following antiviral agents
administration, while men undergoing the same therapy display beneficial effects

Antiviral agents are used more in men than in women with COVID-19

No difference in recovery rate ratio between male and female with COVID-19 (results form one RCT)

Remdesivir can be safely administered in COVID-1 hospitalized patients

Poor evidence on the efficacy of antiviral drugs from recently published meta-analysis
Qo information on efficacy and safety of antiviral agents with respect to age and very limited informations in relation to sex

women (see relevant Summary Box).
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outcomes of the antiviral therapy [90]. Treatment of the infection
caused by Herpes simplex or influenza A viruses seems to induce better
clinical and virologic outcomes in males [90]. As for COVID-19, two
observational studies on drug utilization by gender of antiviral drugs
reported higher use of antiviral drugs among men (see relevant Sum-
mary Box). The first study by Rivera et al. performed in the United States
on 2186 adults with invasive cancer and confirmed diagnosis of
COVID-19 analyzed a subcohort of patients receiving remdesivir [91].
The study shows that the probability to receive remdesivir tended to be
higher in males (1.24 - CI: 0.84-1.85). The second study by Vernaz et al.
was conducted in Switzerland and analyzed a cohort of patients
receiving lopinavir/ritonavir (83 patients) versus standard of care [92].
The authors reported that the probability of receiving lopinavir/rito-
navir was also higher in men (p = 0.05). As discussed by Rivera et al., a
possible explanation of this higher use among men might be that male
patients, who are more vulnerable to COVID-19 such as obese patients
and patients with hypertension, are more likely to receive any
anti-COVID-19 therapy. A randomized, double-blinded, placebo-con-
trolled, clinical trial by Beigel et al. analyzed 541 patients (352 males;
189 females) in treatment with remdesivir and 521 in treatment with
placebo (332 male, 189 female) [93]. While reporting a benefit in the
use of remdesivir for both sexes, the authors showed no difference be-
tween male and female in the recovery rate ratio (males: 1.30
(1.09-1.56); females: 1.31 (1.03-1.66)). Anyway, no specific outcome
for mortality and safety was shown in relation to sex. As for safety, a
recent meta-analysis reported that remdesivir could be safely adminis-
tered to hospitalized patients [94]. A pharmacovigilance study pub-
lished in preprint by Zhang and colleagues analyzing data from the
FAERS reported a network association of remdesivir with cardiac arrest
in both males and females. The authors also reported that, while women

Summary of highlights, strength and limitations of antiviral therapy
in COVID-19 patients.

6. Monoclonal neutralizing anti-SARS-CoV-2 antibodies

Monoclonal antibodies (mAbs) represent a novel therapeutic
approach for the treatment of non-hospitalized COVID-19 patients.
These drugs have been approved by FDA and EMA, and have been
recently added to the therapeutic offer for recently diagnosed (3 days)
COVID-19 patients above age 12 who do not require supplemental ox-
ygen and are at high risk of progressing to severe COVID-19. The
neutralizing mAbs against SARS-CoV2 are bamlanivimab, bamlanivi-
mab associated with etesevimab, and the combination casirivimab and
imdevimab.

With regard to bamlanivimab and etesevimab, these drugs are potent
antispike neutralizing mAbs originating from two different patients
recovered from COVID-19 in North America and China, respectively.
The rationale of combining these two compounds comes from preclinical
data indicating that etesevimab can interact with a different epitope
with respect to bamlanivimab. Thus, the association should neutralize
resistant variants with mutations in the epitope normally bound by
bamlanivimab. These drugs have been approved in confirmed COVID-19
patients according to the BLAZE-1 study. This study is a still recruiting
randomized phase 2/3 multicentric trial composed by 9 arms. In-
dications that such combination may represent an effective treatment
emerged also from the reduced number of hospitalizations, emergency
room access or death within 28 days after treatment. Similar results
were found in the at-risk population also including pregnant and pedi-
atric populations (12-17 years) with one or more predisposing factors



A. Spini et al.

for severe disease progression.

Another mAb combination is REGN-COV2, i.e. the association of
casirivimab and imdevimab. Such combination is made of two recom-
binant human IgG1 against SARS-CoV-2 mAbs unmodified in their Fc
regions. Casirivimab and imdevimab bind to non-overlapping epitopes
of the spike protein RBD. This combination has been provisionally
approved in adult and pediatric (above 12 years of age) outpatients.
However, the efficacy, safety and tolerability of REGN-COV2 is still
under evaluation in a randomized, quadruple-blind, placebo-controlled
clinical trial (still recruiting, NCT04425629).

Anti-COVID-19 mAbs can be routinely used in the clinical context;
however, these drugs could be randomly assigned considering that these
EMA/FDA approved drugs can be prescribed and requested with a
therapeutic interchange approach. An observational study has just been
registered with the aim of evaluating in a pragmatic way the therapeutic
exchange policy for these drugs and will include adult and old patients,
both males and females. There will be three treatment arms (bamlani-
vimab, casirivimab + imdevimab, and bamlanivimab + etesevimab).
This study will help compare the effectiveness of different mAbs that has
not been directly tested yet.
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sub-concentrations of Ab or non-neutralizing Ab has been associated
with enhancement of viral entry, replication in target cells and cytokine
release [96].

After vaccination, complete immunization may take several weeks,
thus passive immunization post-prophylaxis, as the one proposed in the
above study, might represent an immediate long-term protection since
modifications of Fc regions would prolong their half-life for weeks or
even months [97]. The intramuscular use of this mAb is under evalua-
tion and might help to simplify their use.

Studies are still ongoing and may offer the advantage to highlight
gender differences in recruited subjects. Unfortunately, results and ad
interim analyses are not available yet. We expect that the data deriving
from the use of these drugs in mild COVID-19 patients stratified by sex or
age could represent a great advance in the knowledge of their efficacy
and safety in specific populations allowing specific tailoring of the
therapeutic strategy. Therefore, based upon the above evidence, we
expect that these sex-driven differences in mAb disposition may also
occur in COVID-19 patients, thus more gender-focused research would
help optimize mAb use in clinical settings.

Summary Box

e Highlights

patients

e Strengths

evaluation also in pregnant women

¢ Limitations

mAbs represent a novel therapeutic approach for the treatment of non-hospitalized COVID-19

These drugs can also be administered in pediatric population (from 12 years) and are under

These drugs needs to be administered in a correct timeframe in hospitalized setting. The
presence of sub-concentrations of Ab or non-neutralizing Ab has been associated with
enhancement of viral entry and replication in target cells and increased cytokine release

Regdanvimab, another mAb directed against the Spike protein, is
provisionally approved by EMA for reducing risk of hospitalization in
mild COVID-19 patients at high risk of progressing to severe form of the
disease. Regdanvimab is currently evaluated in a phase 2/3 (still
recruiting) randomized, parallel-group, placebo-controlled, double-
blind clinical trial conducted in both sexes in SARS-CoV-2 patients
over 18 years of age.

Biochemical modification in the Fc portion of the Ab, along with
other modifications such as PEGylation, are additional approaches to
improve properties of this type of treatment for severe patients.
AZD7442 is a combination of two mAbs (AZD8895 and AZD1061) for
intramuscular administration under phase III trial (still recruiting,
NCT04723394) characterized by substitutions in amino acid composi-
tion in their F, fraction with the aim of extending their half-lives. The
modification reduces F. effector function and decreases the potential
risk of antibody-dependent enhancement of disease. The presence of

Summary of highlights, strength and limitations of neutralizing an-
tibodies therapy in COVID-19 patients.

7. Immunosuppressive and immunomodulatory drugs

Physiologic gender-related differences in immune responses
contribute to the gender gap in COVID-19 outcomes, as females most
likely experience a mild disease compared to males [98]. The immune
system hyperactivation in response to SARS-CoV-2 infection justifies the
use of immunomodulatory and immunosuppressive drugs routinely used
for treatment of autoimmune diseases or after solid-organ or hemato-
poietic stem cell transplantation [99]. SARS-CoV-2 deeply alters the
immune balance in males by causing hyperactivation of kinin, comple-
ment, and coagulation cascades and enhancing macrophage-mediated
phagocytosis, massive pro-inflammatory cytokine release (cytokine
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storm), and amplification of inflammation and immune responses, ul-
timately leading to pulmonary edema, thrombotic microangiopathy and
acute respiratory distress syndrome (ARDS) [100]. Sex hormones can
deeply influence composition and functions of the immune system fa-
voring T helper 1 (Thl) and B cell-mediated responses, also in
SARS-CoV-2 infection [101,102]. For example, males show augmented
circulating levels of innate response-related pro-inflammatory cyto-
kines, such as IL-8 and IL-18, and of non-classical monocytes, while fe-
males have an enhanced T cell-mediated immune response and lower
cytokine levels [103]. Therefore, based on gender differences in
SARS-CoV-2 epidemiology and immune responses during infections,
gender-related variations in responsiveness to immunomodulatory and
immunosuppressive drugs repurposed for treatment of COVID-19 can be
foreseen.

7.1. Immunosuppressive therapies

Few prospective studies with immunosuppressive or immunomodu-
latory drugs have been conducted for Covid-19 treatment, while most of
available data come from observational studies of incidence and out-
comes of solid organ or hematological transplanted patients under
immunosuppressive treatment, or subjects with autoimmune disorders
[104]. Two large nationwide studies on liver transplant patients under
immunosuppressive therapies have been conducted in Europe; however,
both studies started with the bias that more than 70% of recruited
subjects were males. Incidence of COVID-19 in these subjects is reported
to be low probably because of self-isolation [105]. Calcineurin and
mTOR inhibitors have a protective role in liver transplant patients as
drug continuation is associated with a mild-moderate disease, while
immunosuppression discontinuation right after COVID-19 diagnosis or
mycophenolate therapy are related to worse outcomes [106]. Myco-
phenolate, a reversible non-competitive inhibitor of purine and DNA
synthesis essential in lymphocytes, might synergistically deplete T
lymphocytes during SARS-CoV-2 infection, which impair viral clearance
and contribute to poor prognosis [106,107]. In the SETH study, a similar
number of liver transplant females develop either mild/moderate or
severe disease (19% vs 13%; p = 0.189) [108]. However, gender-based
statistical analysis was not performed, and some female-related phar-
macokinetics differences in cyclosporine or tacrolimus concentrations
might have been diluted within the large number of males (71.2%)
enrolled in the study [109,110]. Based on the beneficial effects of
cyclosporine, tacrolimus, and everolimus in Covid-19 transplanted pa-
tients, the pragmatical, randomized (1:1), open-label, single-center,
phase II TACROVID clinical trial has been designed to evaluate the ef-
ficacy and safety of methylprednisolone pulses, tacrolimus, and stan-
dard of care in severe COVID-19 patients [111]. TACROVID is still
recruiting (NCT04341038), and patients are randomly assigned 1:1 to
the experimental arm receiving methylprednisolone pulses of
120 mg/day for three consecutive days and tacrolimus twice daily to
achieve a trough concentration of 8-10 ng/mL.

In a retrospective, single-center, observational study conducted on
607 Spanish patients, gender was not reported as a risk factor for death
in a multivariate analysis, while cyclosporine at accumulated dose of
300 mg significantly decreased mortality of COVID-19 patients [112].
The investigators also considered gender-based differences in cyclo-
sporine pharmacokinetics. This high efficiency of cyclosporine in
reducing 4-fold the mortality among COVID-19 patients might be
related to the ability to modulate immune responses avoiding hyper-
activation of immune cells and tissue damage, and to inhibit viral
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replication likely by interfering with cyclophilin, which is important in
the SARS-CoV-2 life cycle [113]. An Italian study confirms these data,
supporting the gender-independent protective role of calcineurin in-
hibitors from developing severe COVID-19, especially among trans-
planted patients [114].

7.2. DMARDs

Drugs for treatment of rheumatoid arthritis and other autoimmune
diseases have shown similar efficacy in reducing hospitalization and
death rates compared to the general population [115-118]. Compared
to transplanted patients, subjects with autoimmune disorders enrolled in
these studies were mostly females [119]. Results from a US study
showed similar hospitalization rates between patients with or without
rheumatic disease, and similar mortality; however, multivariate analysis
was not adjusted for type of immunosuppressive therapy, and manage-
ment of immunosuppressive medications during SARS-CoV-2 infection
was not known in over 60% of study subjects, thus making difficult a
generalization of these results [120].

Patients with rheumatic diseases under immunosuppressive agents
or DMARD:s are not at increased risk of severe COVID-19 with incidence
of positivity for SARS-CoV-2 infection ranging from 0.22% to 1.25% in
three Italian surveys [121-123]. In addition, older males with rheu-
matoid arthritis treated with methotrexate are more likely to require
hospitalization for Covid-19 compared to females with other rheuma-
tologic diseases [124]. Similarly, Gianfrancesco et al. confirmed
increased hospitalization rate of males with rheumatic disorders and
under steroid treatment (> 10 mg/day prednisone-equivalent gluco-
corticoids) [125].

Overall, DMARDs have shown a protective role against severe
COVID-19 in patients with autoimmune and rheumatologic disorders in
both sexes, except for methotrexate that seems to be linked to a higher
risk of hospitalization especially in older males.

7.3. JAKi

JAKi, such as ruxolitinib and baricitinib, have been used for treat-
ment of COVID-19 patients because of their ability to modulate cellular
and humoral immune responses [126,127]. JAKi can reduce viral
replication, as described for ruxolitinib in HIV inhibition in in vitro and
mouse models, and for baricitinib in SARS-CoV-2 inhibition of host
proteins (numb associated kinases) involved in viral entry and replica-
tion [128-130]. A total of 12 studies using JAKi for Covid-19 treatment
are reported (ruxolitinib, n = 3; baricitinib, n = 8; and tofacitinib,
n = 1), showing a clinical benefit of this drug class in reducing invasive
mechanical ventilation needs in severe COVID-19 patients presumably
more likely in females, while not influencing hospitalization length
[131-133]. However, these studies have several limitations: recruited
patients were mostly males, and JAKi therapy was likely confounded by
other concomitant interventions, such as the anti-complement C5
monoclonal antibody eculizumab or the antiviral agent remdesivir [131,
132,134,135].
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/Summary Box
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Qrevalence in study enrollment (e.g. male prevalence)

Calcineurin and mTOR inhibitors and JAK inhibitors can reduce immune system hyperactivation and subsequent tissue damage, and

Methotrexate and mycophenolate increase the risk of severe Covid-19 likely by synergistically depleting T lymphocytes and

Calcineurin, mTOR, and JAK inhibitors have a protective role against severe Covid-19 in both sexes

Only retrospective observational studies with several confounding, such as use of several drugs simultaneously and gender-
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Summary of highlights, strength and limitations of immunosup-
pressive therapy in COVID-19 patients.

8. Glucocorticoids

After an initial stage of viral replication, SARS-CoV-2 infection can
be followed by a second stage characterized by a hyperinflammatory
response that dysregulates cytokine secretory patterns [136]. This con-
dition drives lung epithelial cells and vascular endothelial cells injury
leading to lung infiltration of neutrophils and macrophages. Recent
studies show that the pro-inflammatory pattern has been driven by IL-6
as well as other cytokines/chemokines [137]. Male patients are reported
to have higher plasma levels of IL-8 and IL-18, while females show T cell
activation more consistently than males during SARS-CoV-2 infection
[103]. Given the hyperinflammatory response to SARS-CoV-2 virus, the
rationale of glucocorticoid (GC) use in treating COVID-19 is to decrease
the inflammatory responses in the lungs and control the acute lung
injury and acute respiratory distress syndrome [77]. GCs are used in
clinical practice in patients with severe COVID-19 disease who require
oxygen supplementation with or without an invasive or non-invasive
mechanical ventilation. A recent systematic review and meta-analysis
shows that GCs are associated with decreased all-cause mortality in se-
vere COVID-19 patients with no increase in the incidence of serious
adverse events [138]. Given that GCs are the primary physiological
anti-inflammatory hormones, and that sex hormones may also have
immune-modulatory functions, a link between GCs and sex hormones
emerges from several studies (see relevant Summary Box) [139].

A WHO prospective meta-analysis reported the association between
systemic GC use and mortality among critically ill patients with COVID-
19. In the specific subgroup analysis, they found no evidence that the
effect of GCs on 28-days mortality varied with age (< = 60 vs 60+) or
gender [140]. With a large number of clinical trials assessing the use of
corticosteroids in patients with COVID-19, two observational studies
analyzed gender differences in relation to corticosteroid use. The first
study by Wu et al., conducted in China in 382 patients, of which 226 on
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treatment with GCs (150 males, 76 females), reported that GCs were
used significantly more frequently in men (p = 0.0135) and in younger
patients (p =0.0077) [141]. The other observational study by Mon-
edero et al. conducted in Spain and Andorra evaluated 882 patients, of
which 691 received GCs [142]. Patients were stratified into those who
received early (before or within the first 48 h in the ICU) or delayed GCs
(> 48 h after admission to the ICU) and those who did not receive GCs.
Females receiving early- and delayed GCs were 153/485 and 72/206,
respectively (no statistical difference between groups was found). No
statistical difference in patient age was observed between groups
(p = 0.06). The Authors also compared mortality for early vs non-early
GC patients: in the sensitivity analysis of the study, use of early GCs was
not as effective in women and patients with age < 60 years, while a
statistical difference was seen among male patients (hazard ratio: 0.68;
CI 0.51-0.90; p = 0.006) and patients > 60 years (hazard ratio: 0.69; CI
0.54-0.89; p = 0.004).

8.1. Clinical trials on glucocorticoids

Two studies assessing the use of GCs for COVID-19 and reporting
stratification of results by sex or outcomes for pregnant women in the
summary schedule were found in clinicaltrials.gov. Only one study
(NCT04462367: recruiting) reported gender as an outcome measure.
None of the above studies has reported outcomes yet. Moreover,
although GCs are mentioned in the intervention section, information
about neither results by specific treatment and gender nor stratification
of pre- and post-menopausal women was found in the summary
schedule.
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ﬂnmary Box

* Highlights

COVID-19 patients
COVID-19 patients as shown in one observational study
* Strengths

serious adverse events

* Limitations
Poor evidence with respect to gender and age

Potential link between corticosteroids and sex hormones in the regulation of immune response that can differentiate the response to
corticosteroids based on gender and/or age (pre- or post-menopausal)
Results from meta-analysis report no evidence that the effects of corticosteroid on 28-days mortality may vary with age or gender in

Early use of corticosteroids (before or within 48 hours from admission in ICU) was not consistently effective in female and younger

Use of corticosteroids is associated wit a decreased all-cause mortality in COVID-19 patients and did not enhance the incidence of
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Summary of highlights, strength and limitations of antiviral corti-
costeroid therapy in COVID-19 patients.

9. Monoclonal antibodies directed towards the cytokine storm

Multiple viral pathogens are known to induce a hyperinflammatory
state, the so-called "cytokine storm". This has been considered as a
prognostic factor for more severe clinical course of COVID-19. Based
upon this evidence, the use of mAbs against ILs or IL receptors has been
proposed as a useful therapeutic strategy to prevent clinical worsening
and death. In this regard, drugs able to block inflammatory pathway
such as TCZ, a humanized IgG1 mAb directed against IL-6R, have been
commonly used for most severe cases. TCZ binds IL-6 receptors and
blocks intracellular signal transduction. This action has effects on both
the immune system, considering that it inhibits the action of inflam-
matory mediators involving B and T lymphocytes and inflammation,
because it inhibits the production of acute phase proteins [143]. Several
clinical trials investigated the beneficial role of TCZ in severe COVID-19
patients. Clinical improvement has been evidenced in open-label studies
in COVID-19 patients [144-146]. However, the usefulness of this
treatment has been questioned by negative results [147,148], and some
Authors remained critical [145].

Sarilumab, a fully IgG1 mAb against IL-6R, was reported not to be
effective in a recent publication (highlighting the need for adequately
powered trials involving biological immunomodulatory therapies for
severe COVID-19) [149]. During the cytokine storm CD4" T lympho-
cytes rapidly convert into pathogenic Thl cells with production of
GM-CSF also in the lungs. Therefore, strategies to reduce GM-CSF levels
have been proposed as possible mechanisms for reversing such patho-
logic conditions. In this light, drugs acting in synergism with antiviral
agents that block GM-CSF, such as the mAb gimsilumab, have been
tested for lung injury or Acute Respiratory Distress Syndrome (ARDS)
due to COVID-19 in a phase 2 clinical trial (NCT04351243). This trial
enrolled severe COVID-19 patients who were either male or
non-pregnant females 18 or older. Another experimental strategy that is
being pursued is blocking of IL-1 cascade. However, the anti-IL-1 mAb
canakinumab, under investigation in phase 3 randomized double-blind
trials in hospitalized COVID-19 with pneumonia and cytokine release
syndrome in patients of both sexes, failed to meet primary and sec-
ondary endpoints according to a statement from Novartis
(NCT04362813-CANCOVID). On the other hand, intramuscular ana-
kinra was shown to prevent respiratory failure in a subclass of COVID-19
patients [150] and an observational retrospective study, part of the
COVID-19 Biobank study (NCT04318366), comparing anakinra at low
or high dose in severe COVID-19 patients, evidenced a possible efficacy
and safety of the higher dose when given in the right time frame [151].
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9.1. Sexual dimorphism of mAb disposition and efficacy

Fluctuations in hormonal status due to pharmacological intervention
(hormone replacement/contraception) or life conditions (pregnancy,
lactation, or menopause) may affect disposition of drugs, including
biological agents [152]. mAbs are metabolized by several mechanisms,
one of which is the interaction with macrophage FcR or Fcy receptor that
bind the tail of antibodies, while the FcRn protects IgG from intracellular
catabolism. Thus, the clinical outcome of mAb therapy may be improved
by increasing FcR avidity. This could be a future perspective for
improving mAb-based COVID-19 therapy, considering that lung dispo-
sition may represent a limitation for these treatments. Interestingly,
mAD can cross the placental barrier through FcRn-mediated transport
ending up with passing maternal Ab in the fetal circulation [153,154].
Therefore, mAbs holding the Fc portion can cross the placenta during the
third trimester since such portion is recognized by FcRn. However,
limited data are available in regard to mAb in pregnancy and even less so
in females affected by COVID-19, thus it is very difficult to gain
sex-driven information in the efficacy and safety profile of mAbs used in
this context.

Interestingly, FcR expression and function are under control of
several hormones, including sexual hormones. Indeed, it has been re-
ported that estrogens augment IgG clearance by enhancing macrophage
action mediated through Fc receptor interaction [155], while PG may
reduce Fcy expression leading to higher macrophage-mediated Ab
clearance [156]. Furthermore, other conditions that are more prevalent
in women, such as alteration in thyroid function or increased immune
response to infectious disease, might modulate mAb disposition and
efficacy.

Although evidence comes mainly from preclinical data, human
studies have indicated sex differences in mAb pharmacology [157]. In
this regard, TCZ displayed a lower clearance rate in females compared to
males in patients with rheumatoid arthritis [158]. Sex differences
clearly exist in antibody-mediated effector functions across women and
men, tuned by sex-dependent differences in response to antibody
effector function. However, it should be noted that different reactions to
the same biological agent might depend not only on sex differences but
also on pathogenic conditions. Indeed, the anti-CD20 antibody ritux-
imab is more effective in females when used as an anticancer agent
[159], while it is more effective in males when used as an immuno-
suppressant in autoimmune disease [160].

10. Sex differences in response to COVID-19 vaccines

Clinical data [161,162] have shown that male and female individuals
have different immune responses to infections and vaccines: women



Remdesivir
* No advantage in Covid-19 treatment
compared to other therapies.
* No differences in recovery rate
between males and females.
« Safely administered in both sexes.

Lopinavir/ritonavir
* No advantage in Covid-19 treatment

*  More frequently prescribed in males

Antl-SARS CoV-2 mAbs
Might be effective in Covid-19
treatment

* No gender-disaggregated data
reported yet

Viral life cycle

T-cell immunity

Calcineurin and
mTOR inhibitors
* Protective role in both sexes
for transplanted recipients and
patients with autoimmune disorders
« Sex-differences in PK/PD effectively
minimized by monitoring trough
concentrations (e.g., for cyclosporine
300 mg)

¢ Older males with RA and under
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prednisone-equivalent
glucocorticoids are at increased risk
of hospitalization
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patients with RA
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Corticosteroids

Decrease in all-cause mortality in
Covid-19 patients.

No increase in incidence of serious
adverse events.

No evidence on 28-day mortality
reduction variations based on age or
gender.

Antl-cytokme mAbs

JAKi

Tocilizumab no advantage in Covid-
19 treatment

Others under investigation

No gender-disaggregated data
reported yet

»  Effective in Covid-19 especially in
association

* No gender-disaggregated data
reported yet

Inflammation

B-cell immunity

Vaccines
Viral vector vaccines equal efficacy
in both sexes

mRNA vaccines likely more effective
in males in phase Ill clinical trials

ADRs more frequent in females,
especially thrombosis with
autoimmune thrombocytopenia

Fig. 2. Classes of drugs and vaccines used to treat or prevent SARS-CoV-2 infection and development of COVID-19. Blue color highlights prevalence in male vs.
female sex. Pink color highlights prevalence in female vs. male sex. Black color indicates no significant differences between male and female sex.

usually mount a more intense immune response with antibody titers
even twice as high as those reached in men (see relevant Summary Box).
The biological mechanisms underpinning the sex bias in vaccine

immune response are mainly based on sex hormones and genet-
ic/epigenetic mechanisms that can modulate immune responses. How-
ever, these differences are not considered in dosage and schedule of
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vaccination. In this context, Engler et al. [163] showed that seasonal TIV
with half dose of vaccine in women induced protective HI antibody titers
at levels similar to those induced in men with the full dose. With regard
to COVID-19 vaccines, these have only recently been distributed and
become available for widespread use. Therefore, data from sex com-
parison of anti-S antibody titers following vaccination are just starting to
be available [164]. The phase 2/3 clinical trials of all the new COVID-19
vaccine platforms (Pfizer/Biontech, Moderna, Astra Zeneca, John-
son&Johnson and Sputnik vaccines) included men and women.
Sex-disaggregated data published so far suggest an inverse trend of the
response between men and women compared to conventional vaccines
[165-168]. In fact, higher efficacy has been observed in men for the two
genomic vaccines (Pfizer, 96.4% in males vs. 93.7% in females; and
Moderna, 95.4% in males vs. 93.1% in females, respectively) [165,166]
as well as for the adenoviral vector-based vaccine (Sputnik, 94.2% in
males vs. 87.5% in females, respectively) [168]. In the case of Astra-
Zeneca adenoviral-based vaccine, similar humoral and cell mediated
immune responses were shown in men and women [167]. These results
are only preliminary and derived from trials on limited number of
selected volunteers, thus they await to be confirmed after follow-up of
widespread mass vaccination campaign.

Generally, the greater women immune responsiveness to vaccines is
associated with more frequent and severe adverse effects of vaccination,
duly reported in the AIFA annual report of vaccine post-marketing
surveillance [169]. With regard to currently administered COVID-19
vaccines, distribution by gender of the reporting rates entered in the
Italian National Surveillance Network, published in the AIFA report
updated to March 26 [170], shows that the adverse effects were
significantly more frequent in females (76%) than in males (23%),
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Fig. 3. COVID-19-related effects attributable to sex
steroid action/sexual differentiation/gender. Differ-
ences have been depicted following comparison be-
tween male and female individuals according to age,
and with respect to pregnancy, premenopausal or
post-menopausal condition. Disease outcomes (e.g.
infection and symptoms severity, inflammatory state,
risk of thrombosis) are shown in green for young and
pregnant females, indicating a protective condition.
Detrimental conditions exacerbating COVID-19
(young and elderly males, post-menopausal females)
are shown in red.
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D
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although the number of vaccinated females at the time of data analysis
outnumbered that of men. Similarly, the data released in February by
the US CDC on adverse effects during the first month of the COVID-19
vaccine showed that, while women received 61% of vaccine doses,
78.7% of side effects reported to the agency were from women [171].
Considering the rare and severe adverse effects to vaccines, such as
allergic reactions, a 2019 study looking at vaccine adverse events re-
ported to the CDC from 1990 to 2016 found that 80% of the reports of
anaphylaxis in vaccinated adults came from women [172]. Following
the 2009-10 HIN1 (swine flu) pandemic vaccination, four times as
many women as men reported an allergic reaction to the HIN1 vaccine
in the 20-59 age group [173]. In the case of COVID-19 vaccines, a severe
adverse event seems to be plausibly related to AstraZeneca and Janssen
vaccine administrations, namely the rare occurrence of thrombosis and
thrombocytopenia mainly in women under 60 years [174]. EMA and
AIFA recommended attention to prodromic symptoms of thrombosis in
vaccinated individuals, and suggested to limit the use of these two
vaccines to those over 60. The potential mechanism involved is the
production of autoantibodies to platelet factor-4 (PF4), which is more
common in young female subjects [175]. Various factors may contribute
to these differences in adverse reaction occurrence, gender-related as
well as related to biological sex differences [176] including the attitude
of women to report more frequently to their doctors.

The new genomic and virus vector based COVID-19 vaccines await
surveillance studies and follow-up of mass vaccination to unveil sex
disparities in immune response in the same or the opposite directions as
conventional vaccines.

/Summary Box

* Highlights

male and female volunteers in phase II/1ll clinical trials

Strengths

Limitations

\

Immune response to virus and vaccine is stronger in females than males
Antibody levels upon vaccination in women can be two-fold higher than in men
The mRNA vaccines licensed in EU countries as well as viral vector based (Sputnik, Astra Zeneca) included almost equal number of

All vaccines administered so far have shown high efficacy in inhibiting COVID-19 disease development

Sex disaggregated age-related efficacy of the COVID-19 vaccines in use are not available

\

4

14



A. Spini et al.

Summary of highlights, strength and limitations of vaccines for
COVID-19.

11. Pregnancy and COVID-19

So far, over 2000 scientific reports related to COVID-19 and preg-
nancy have been published. However, at present, disease severity in
pregnant women is not apparent, and COVID-19 does not seem to in-
crease the rate of miscarriage, stillbirth, preterm labor or teratogenicity.
Pregnant women are not expected to be diagnosed with COVID-19 more
than other healthy adults. Approximately two-thirds of pregnant women
with COVID-19 have no symptoms at all, and most pregnant women who
do have symptoms only have mild cold, breathlessness or flu-like
symptoms, with only a small number of them developing severe dis-
ease [177]. Therefore, women may be more protected than men under
physiological conditions including pregnancy or across the menstrual
cycle, when fluctuation of reproductive steroids confers stronger im-
mune protection. However, a small number of pregnant women did
develop severe COVID-19. In particular, pregnant women with
COVID-19 in the third trimester may have an increased risk of severe
symptoms compared to non-pregnant women. In fact, physiological
changes during pregnancy have an impact on the entire organism
leading to a potential higher risk of COVID-19 progression. [178,179].
Increased rates of ICU admission, need for supplemental oxygen,
ventilation and mortality have been observed in pregnant women with
COVID-19, compared to non-pregnant women [179].

Two observational studies (NCT04582266: not yet recruiting and
NCT04569851: recruiting) reported in the “measure outcome section”
that they will investigate pregnancy outcomes. Although data are
limited, pregnant women admitted to hospital with COVID-19 infection
are likely to be at an increased risk of venous thromboembolic events.

Pregnancy or breastfeeding are contraindications to DOAC therapy
[180], thus heparin would be the drug of choice in this case.

Interestingly, an observational study showed that COVID-19 symp-
toms severity escalated immediately postpartum in some SARS-CoV-2-
positive pregnant women, even with mild or no symptoms. These ob-
servations have been correlated to the hormonal decrease that normally
follows childbirth [181]. However, further studies are necessary to
clarify whether the stress associated with the partum and post-partum
could affect COVID-19 severity. In fact, stress-associated neuro-
endocrine-immune mechanisms may contribute to an increase in
SARS-CoV-2 infection and influence the course of COVID-19 disease.

To date, most SARS-CoV-2-related clinical trials have excluded
pregnant women and lactating women. This makes it difficult to provide
evidence-based recommendations on SARS-CoV-2 therapies in these
vulnerable patients and potentially limits their COVID-19 treatment
options. The neutralizing monoclonal antibodies tested in the BLAZE-1
study (NCT04427501) included pregnant women along with pediatric
population, but results have not been published yet. Another neutral-
izing antibody cocktail tested in REGN-COV2 study (NCT04425629)
included pregnant women upon randomization. Outcomes from these
studies are not available yet, but they might represent a valid alternative
to the use of drugs contraindicated in pregnancy.

12. Traditional Chinese medicine and COVID-19

Reportedly, since the outbreak start, traditional Chinese medicine
(TCM) has been applied to control COVID-19 spread along with gov-
ernment measures, public surveillance and utilization of conventional
Western medicine. The therapeutic role of TCM has been included in
guidelines on diagnosis and treatment of COVID-19 [182]. Use of
traditional medicine to fight COVID-19 may be an option in low-income
countries as well as in China.

A systematic review and meta-analysis based on 18 randomized
controlled trials involving 2275 patients evaluated the clinical evidence
on TCM for COVID-19 treatment. Compared with the conventional
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Western medicine-treated group, patients in the TCM-treated group
showed significant improvements in lung computed tomography, clin-
ical cure rate, ranging from mild to critical cases, length of hospital stay,
total score of clinical symptoms and inflammatory biomarkers, with no
evidence of severe adverse effects, discomfort or abnormal liver and
kidney function [183]. Furthermore, a recent review of clinical studies
suggested that TCM in combination with conventional Western treat-
ment may be superior than conventional Western therapy alone in
shortening the duration of main symptoms, reducing the aggravation
rate and increasing the recovery rate [184]. Consistently, the combi-
nation of Chinese and Western medicines appears to be the mainstream
for treatment of COVID-19 in China [185]. A retrospective study based
on areal-world database suggested benefit in terms of lower mortality in
patients receiving Qingfei Paidu Tang, a formula of TCM [186]. This
appears to be one of the very few studies where the association was
consistently found across sex and age subgroups. Findings from natural
product and TCM databases may provide useful hints for mechanistic
investigations [187] but tend to overestimate clinical benefit [185].

With regard to potential mechanisms, several TCM preparations
activate ERs and flavonoids have estrogen-like effects. For instance,
Salvia miltiorrhiza (Danshen) significantly upregulates ERa and ERf
mRNA and protein expression, increases serum Ej levels and decreases
follicle stimulating hormone and luteinizing hormone levels, whereas
daidzein and genistein produce estrogen-like effects [188]. Overall,
available data of TCM protection against CoVID-19 do not adequately
take into account the gender variable. Thus, it would be highly
enlightening if an ongoing pilot study of a combination of 13 TCM
compounds testing the mixture safety for COVID-19 patients [189]
performed sex-disaggregated analyses.

Generally speaking, quality and safety standards of TCM formulas
appear to be variable, thus limiting widespread acceptance outside
China [190]. Finally, specific TCM formulas such as Qingfei Paidu
decoction could significantly modulate the pharmacokinetics of CYP3A
substrate-drugs via inhibition of CYP3A, which on one hand may be
exploited to boost immunomodulating agents but raises the issue of
potential clinically relevant drug interactions when using traditional
preparations with uncertain potential to interfere with drugs used in
COVID-19 treatment [191].

13. Discussion and conclusion

COVID-19 is currently triggering enormous global demands on
health systems and presents unprecedented challenges to identify
effective drugs for prevention and treatment. At present, no specific
drugs for SARS-CoV2 have been developed yet and all patients have
been treated with off-label or repurposed drugs (Fig. 2). In the mean-
while, antibodies against the spike protein of SARS-CoV-2 and several
vaccines are now becoming available. Unthinkable efforts have been
made by the scientific community throughout a large number of clinical
trials launched worldwide to fight and treat COVID-19 using bio-
pharmaceuticals, small molecules and even traditional medicine ap-
proaches including TCM. However, it is now well established that
COVID-19 exhibits gender disparities (Fig. 3). The false assumption
that men and women are the same is evidenced by the inclusion of men
in clinical trials with direct results extrapolation to women, while it is
imperative to incorporate sex- and gender-related data into trials and
analyse treatment outcomes disaggregated by sex and gender. Even
though it is necessary to consider fetal risk during pregnancy, the hor-
monal interaction due to menstrual cycle or concomitant use of exoge-
nous hormones, the complications in recruiting and the higher dropout
rate of women, women'’s recruitment into clinical trials is indispensable.

Physiological differences in immune response are a Darwinian way
to preserve females when infected by pathogens because of their
importance in survival of the fittest. Moreover, females experience three
different hormonal phases in their lives (pre-puberty, adulthood, and old
age), in which the immune status changes because of physiological
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variations in sex hormones before, during and after childbearing age,
and because of a natural decline in immune responses due to ageing
[101]. Therefore, sexual dimorphism in immunity is determined by a
combination of several factors including sex hormones and age, but also
epigenetic changes, environmental factors and genetic background
[102], and results in greater protection of females against infectious
diseases compared to males, who are more susceptible to develop tu-
mors and severe symptoms during infectious diseases, such as MERS,
tuberculosis or hepatitis [101].

All the above consideration are in line with differences encountered
in COVID-19, where females display faster disease resolution and lower
risk of thrombosis than males. Indeed, consistent with their highly
reactive immune system, females experience vaccine-related ADRs to a
larger extent than males. These facts are summarized in Fig. 3.

Clinical trials should indeed be powered to address sex-specific
endpoints in pharmacological evaluation. This approach would help to
avoid missing opportunities for identifying appropriate personalized
sex- and gender-specific treatments and to achieve equality. Contrari-
wise, reinforcing sex-neutral claims into COVID-19 research may
dangerously lead to exacerbating health inequities in care.

It has been too often overlooked by the scientific community, regu-
latory agencies and pharmaceutical companies that the initial phases of
clinical trials are particularly and crucially important for detecting sex-
related differences regarding pharmacokinetics and pharmacodynamics
and providing data required to proceed to the following phases. In this
regard, cost and economics should not be reasons for not conducting
analyses by sex or of possible interactions of both endogenous and
exogenous hormones with drugs. This is particular true for both basic
and applied research.

In conclusion, the authors believe that, based on the relevant dif-
ferences coming from the studies in the current literature, a sex- and
gender-related approach is crucial and cannot be ignored anymore.
Indeed, a call on scientists and medical Institutions to acknowledge the
critical role of sex- and gender-specific investigation to develop a fair
approach to prevention and treatment addressing the acute and long-
term effects of this pandemic focusing on appropriateness and health
equity towards the entire population.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

This work was partially funded by the CARIPARO Foundation,
Immuno-infiammazione e coinvolgimento multiorgano in COVID-19-
COVIDIMED grant to A.C. (2020), Bando ricerca COVID-19 Toscana —
Progetto SPRINT to A.S., Italian Ministry of Health (COVID-2020-
12371817) to E.O. and the BRIC-INAIL (ID27)-2019 grant to A.R.

References

[1] The Sex, Gender and COVID-19 Project, Global Health 50/50, (n.d.). (https://glo
balhealth5050.0rg/the-sex-gender-and-covid-19-project/). (Accessed 28 June
2021).

N. Khan, Possible protective role of 17p-estradiol against COVID-19, J. Allergy
Infect. Dis. 1 (2020) 38-48, https://doi.org/10.46439/allergy.1.010.

A. Bukowska, L. Spiller, C. Wolke, U. Lendeckel, S. Weinert, J. Hoffmann,

P. Bornfleth, I. Kutschka, A. Gardemann, B. Isermann, A. Goette, Protective
regulation of the ACE2/ACE gene expression by estrogen in human atrial tissue
from elderly men, Exp. Biol. Med. 242 (2017) 1412-1423, https://doi.org/
10.1177/1535370217718808 (Maywood).

D. Gurwitz, Angiotensin receptor blockers as tentative SARS-CoV-2 therapeutics,
Drug Dev. Res. 81 (2020) 537-540, https://doi.org/10.1002/ddr.21656.

T.C. Hanff, M.O. Harhay, T.S. Brown, J.B. Cohen, A.M. Mohareb, Is there an
association between COVID-19 mortality and the renin-angiotensin system? A

[2]

[3]

[4]

[5

—

16

[6

[7]

[8

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Pharmacological Research 173 (2021) 105848

call for epidemiologic investigations, Clin. Infect. Dis. 71 (2020) 870-874,
https://doi.org/10.1093/cid/ciaa329.

M.C. Gagliardi, P. Tieri, E. Ortona, A. Ruggieri, ACE2 expression and sex disparity
in COVID-19, Cell Death Discov. 6 (2020), https://doi.org/10.1038/s41420-020-
0276-1.

R.A. Loiola, E.S. Wickstead, E. Solito, S. McArthur, Estrogen promotes pro-
resolving microglial behavior and phagocytic cell clearance through the actions
of annexin Al, Front. Endocrinol. 10 (2019) 420, https://doi.org/10.3389/
fendo.2019.00420 (Lausanne).

L. Polari, A. Wiklund, S. Sousa, L. Kangas, T. Linnanen, P. Harkonen, J. Maatta,
SERMs promote anti-inflammatory signaling and phenotype of CD14+ cells,
Inflammation 41 (2018) 1157-1171, https://doi.org/10.1007/s10753-018-0763-
1.

A. Villa, N. Rizzi, E. Vegeto, P. Ciana, A. Maggi, Estrogen accelerates the
resolution of inflammation in macrophagic cells, Sci. Rep. 5 (2015) 15224,
https://doi.org/10.1038/srep15224.

0.J. Hall, N. Limjunyawong, M.S. Vermillion, D.P. Robinson, N. Wohlgemuth,
A. Pekosz, W. Mitzner, S.L. Klein, Progesterone-based therapy protects against
influenza by promoting lung repair and recovery in females, PLOS Pathog. 12
(2016), 1005840, https://doi.org/10.1371/journal.ppat.1005840.
Bollettino-sorveglianza-integrata-COVID-19_16-giugno-2021.pdf, (n.d.). (https
://Www.epicentro.iss.it/coronavirus/bollettino/Bollettino-sorveglianza-integrat
a-COVID-19_16-giugno-2021.pdf). (Accessed 28 June 2021).

R. Costeira, K.A. Lee, B. Murray, C. Christiansen, J. Castillo-Fernandez, M.

N. Lochlainn, J.C. Pujol, H. Macfarlane, L.C. Kenny, 1. Buchan, J. Wolf, J. Rymer,
S. Ourselin, C.J. Steves, T.D. Spector, L.R. Newson, J.T. Bell, Estrogen and COVID-
19 symptoms: associations in women from the COVID symptom study, medRxiv
(2020), https://doi.org/10.1101/2020.07.30.20164921, 2020.07.30.20164921.
U. Seeland, F. Coluzzi, M. Simmaco, C. Mura, P.E. Bourne, M. Heiland,

R. Preissner, S. Preissner, Evidence for treatment with estradiol for women with
SARS-CoV-2 infection, BMC Med. 18 (2020) 369, https://doi.org/10.1186/
$12916-020-01851-z.

T. Ding, J. Zhang, T. Wang, P. Cui, Z. Chen, J. Jiang, S. Zhou, J. Dai, B. Wang,
S. Yuan, W. Ma, L. Ma, Y. Rong, J. Chang, X. Miao, X. Ma, S. Wang, Potential
influence of menstrual status and sex hormones on female severe acute
respiratory syndrome coronavirus 2 infection: a cross-sectional multicenter study
in Wuhan, China, Clin. Infect. Dis. 72 (2021) e240-e248, https://doi.org/
10.1093/cid/ciaal022.

S. Ghandehari, Y. Matusov, S. Pepkowitz, D. Stein, T. Kaderi, D. Narayanan,

J. Hwang, S. Chang, R. Goodman, H. Ghandehari, J. Mirocha, C. Bresee,

V. Tapson, M. Lewis, Progesterone in addition to standard of care vs standard of
care alone in the treatment of men hospitalized with moderate to severe COVID-
19, Chest (2021), https://doi.org/10.1016/j.chest.2021.02.024.

S. Martinkovich, D. Shah, S.L. Planey, J.A. Arnott, Selective estrogen receptor
modulators: tissue specificity and clinical utility, Clin. Interv. Aging 9 (2014)
1437-1452, https://doi.org/10.2147/CIA.S66690.

P.N. Batalha, L.S.M. Forezi, C.G.S. Lima, F.P. Pauli, F.C.S. Boechat, M.C.B.V. de
Souza, A.C. Cunha, V.F. Ferreira, F. de C. da Silva, Drug repurposing for the
treatment of COVID-19: pharmacological aspects and synthetic approaches,
Bioorg. Chem. 106 (2021), 104488, https://doi.org/10.1016/].
bioorg.2020.104488.

N. Altan, Y. Chen, M. Schindler, S.M. Simon, Tamoxifen inhibits acidification in
cells independent of the estrogen receptor, Proc. Natl. Acad. Sci. USA 96 (1999)
4432-4437, https://doi.org/10.1073/pnas.96.8.4432.

S. Hong, J. Chang, K. Jeong, W. Lee, Raloxifene as a treatment option for viral
infections, J. Microbiol. 59 (2021) 124-131, https://doi.org/10.1007 /512275~
021-0617-7.

H. Fan, X. Du, J. Zhang, H. Zheng, X. Lu, Q. Wu, H. Li, H. Wang, Y. Shi, G. Gao,
Z. Zhou, D.-X. Tan, X. Li, Selective inhibition of Ebola entry with selective
estrogen receptor modulators by disrupting the endolysosomal calcium, Sci. Rep.
7 (2017) 41226, https://doi.org/10.1038/srep41226.

J. Peretz, A. Pekosz, A.P. Lane, S.L. Klein, Estrogenic compounds reduce influenza
A virus replication in primary human nasal epithelial cells derived from female,
but not male, donors, Am. J. Physiol. Lung Cell. Mol. Physiol. 310 (2016)
L415-L425, https://doi.org/10.1152/ajplung.00398.2015.

M. Takeda, M. Ikeda, K. Mori, M. Yano, Y. Ariumi, H. Dansako, T. Wakita,

N. Kato, Raloxifene inhibits hepatitis C virus infection and replication, FEBS Open
Bio 2 (2012) 279-283, https://doi.org/10.1016/j.f0b.2012.08.003.

K. Smetana, D. Rosel, J. BrAbek, Raloxifene and bazedoxifene could be promising
candidates for preventing the COVID-19 related cytokine storm, ARDS and
mortality, In Vivo 34 (2020) 3027-3028, https://doi.org/10.21873/
invivo.12135.

S. Bhasin, J.P. Brito, G.R. Cunningham, F.J. Hayes, H.N. Hodis, A.M. Matsumoto,
P.J. Snyder, R.S. Swerdloff, F.C. Wu, M.A. Yialamas, Testosterone therapy in men
with hypogonadism: an endocrine society* clinical practice guideline, J. Clin.
Endocrinol. Metab. 103 (2018) 1715-1744, https://doi.org/10.1210/jc.2018-
00229.

A.N. Hussain, F. Hussain, S.K. Hashmi, Role of testosterone in COVID-19 patients
— a double-edged sword? Med. Hypotheses 144 (2020), 110287 https://doi.org/
10.1016/j.mehy.2020.110287.

C.J. Glueck, P. Wang, Testosterone therapy, thrombosis, thrombophilia,
cardiovascular events, Metabolism 63 (2014) 989-994, https://doi.org/10.1016/
j-metabol.2014.05.005.

C.J. Glueck, N. Goldenberg, S. Budhani, D. Lotner, C. Abuchaibe, M. Gowda,

T. Nayar, N. Khan, P. Wang, Thrombotic events after starting exogenous


https://globalhealth5050.org/the-sex-gender-and-covid-19-project/
https://globalhealth5050.org/the-sex-gender-and-covid-19-project/
https://doi.org/10.46439/allergy.1.010
https://doi.org/10.1177/1535370217718808
https://doi.org/10.1177/1535370217718808
https://doi.org/10.1002/ddr.21656
https://doi.org/10.1093/cid/ciaa329
https://doi.org/10.1038/s41420-020-0276-1
https://doi.org/10.1038/s41420-020-0276-1
https://doi.org/10.3389/fendo.2019.00420
https://doi.org/10.3389/fendo.2019.00420
https://doi.org/10.1007/s10753-018-0763-1
https://doi.org/10.1007/s10753-018-0763-1
https://doi.org/10.1038/srep15224
https://doi.org/10.1371/journal.ppat.1005840
https://www.epicentro.iss.it/coronavirus/bollettino/Bollettino-sorveglianza-integrata-COVID-19_16-giugno-2021.pdf
https://www.epicentro.iss.it/coronavirus/bollettino/Bollettino-sorveglianza-integrata-COVID-19_16-giugno-2021.pdf
https://www.epicentro.iss.it/coronavirus/bollettino/Bollettino-sorveglianza-integrata-COVID-19_16-giugno-2021.pdf
https://doi.org/10.1101/2020.07.30.20164921
https://doi.org/10.1186/s12916-020-01851-z
https://doi.org/10.1186/s12916-020-01851-z
https://doi.org/10.1093/cid/ciaa1022
https://doi.org/10.1093/cid/ciaa1022
https://doi.org/10.1016/j.chest.2021.02.024
https://doi.org/10.2147/CIA.S66690
https://doi.org/10.1016/j.bioorg.2020.104488
https://doi.org/10.1016/j.bioorg.2020.104488
https://doi.org/10.1073/pnas.96.8.4432
https://doi.org/10.1007/s12275-021-0617-7
https://doi.org/10.1007/s12275-021-0617-7
https://doi.org/10.1038/srep41226
https://doi.org/10.1152/ajplung.00398.2015
https://doi.org/10.1016/j.fob.2012.08.003
https://doi.org/10.21873/invivo.12135
https://doi.org/10.21873/invivo.12135
https://doi.org/10.1210/jc.2018-00229
https://doi.org/10.1210/jc.2018-00229
https://doi.org/10.1016/j.mehy.2020.110287
https://doi.org/10.1016/j.mehy.2020.110287
https://doi.org/10.1016/j.metabol.2014.05.005
https://doi.org/10.1016/j.metabol.2014.05.005

A. Spini et al.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

testosterone in men with previously undiagnosed familial thrombophilia, Transl.
Res. 158 (2011) 225-234, https://doi.org/10.1016/j.trsl.2011.06.003.

C. Martinez, S. Suissa, S. Rietbrock, A. Katholing, B. Freedman, A.T. Cohen, D.
J. Handelsman, Testosterone treatment and risk of venous thromboembolism:
population based case-control study, BMJ 355 (2016) i5968, https://doi.org/
10.1136/bm;j.i5968.

S. Pace, O. Werz, Impact of androgens on inflammation-related lipid mediator
biosynthesis in innate immune cells, Front. Immunol. 11 (2020), https://doi.org/
10.3389/fimmu.2020.01356.

A. Traish, J. Bolanos, S. Nair, F. Saad, A. Morgentaler, Do androgens modulate the
pathophysiological pathways of inflammation? Appraising the contemporary
evidence, J. Clin. Med. 7 (2018), E549, https://doi.org/10.3390/jcm7120549.
J. Freedman, C.J. Glueck, M. Prince, R. Riaz, P. Wang, Testosterone,
thrombophilia, thrombosis, Transl. Res. 165 (2015) 537-548, https://doi.org/
10.1016/j.trs1.2014.12.003.

R. d’Emmanuele di Villa Bianca, E. Mitidieri, M.N.D. Di Minno, N.S. Kirkby, T.
D. Warner, G. Di Minno, G. Cirino, R. Sorrentino, Hydrogen sulphide pathway
contributes to the enhanced human platelet aggregation in
hyperhomocysteinemia, Proc. Natl. Acad. Sci. USA 110 (2013) 15812-15817,
https://doi.org/10.1073/pnas.1309049110.

V. Brancaleone, V. Vellecco, D.S. Matassa, R. d’Emmanuele di Villa Bianca,

R. Sorrentino, A. Ianaro, M. Bucci, F. Esposito, G. Cirino, Crucial role of androgen
receptor in vascular H2S biosynthesis induced by testosterone, Br. J. Pharmacol.
172 (2015) 1505-1515, https://doi.org/10.1111/bph.12740.

S. Vodo, N. Bechi, A. Petroni, C. Muscoli, A.M. Aloisi, Testosterone-induced
effects on lipids and inflammation, Mediat. Inflamm. 2013 (2013), 183041,
https://doi.org/10.1155/2013/183041.

M. Maggio, S. Basaria, G.P. Ceda, A. Ble, S.M. Ling, S. Bandinelli, G. Valenti,

L. Ferrucci, The relationship between testosterone and molecular markers of
inflammation in older men, J. Endocrinol. Investig. 28 (2005) 116-119.

P. Pozzilli, A. Lenzi, Commentary: testosterone, a key hormone in the context of
COVID-19 pandemic, Metabolism 108 (2020), 154252, https://doi.org/10.1016/

j.metabol.2020.154252,

M.V. Scalerandi, N. Peinetti, C. Leimgruber, M.M. Cuello Rubio, J.P. Nicola, G.
B. Menezes, C.A. Maldonado, A.A. Quintar, Inefficient N2-like neutrophils are
promoted by androgens during infection, Front. Immunol. 9 (2018) 1980,
https://doi.org/10.3389/fimmu.2018.01980.

M. Perretti, F. D’Acquisto, Annexin Al and glucocorticoids as effectors of the
resolution of inflammation, Nat. Rev. Immunol. 9 (2009) 62-70, https://doi.org/
10.1038/nri2470.

I. Ambrosino, E. Barbagelata, E. Ortona, A. Ruggieri, G. Massiah, O.V. Giannico,
C. Politi, A.M. Moretti, Gender differences in patients with COVID-19: a narrative
review, Monaldi Arch. Chest Dis. 90 (2020), https://doi.org/10.4081/
monaldi.2020.1389.

K. Welén, A.K. Overby, C. Ahlm, E. Freyhult, D. Robinsson, A.J. Henningsson,
J. Stranne, D. Bremell, M. Angelin, E. Lindquist, R. Buckland, C.T. Carlsson,

K. Pauksens, A. Bill-Axelsson, O. Akre, C. Ryden, M. Wagenius, A. Bjartell, A.
C. Nilsson, J. Styrke, J. Repo, A.0. Balkhed, K. Niward, M. Gisslén, A. Josefsson,
COVIDENZA - a prospective, multicenter, randomized PHASE II clinical trial of
enzalutamide treatment to decrease the morbidity in patients with corona virus
disease 2019 (COVID-19): a structured summary of a study protocol for a
randomised controlled trial, Trials 22 (2021) 209, https://doi.org/10.1186/
$13063-021-05137-4.

D. Jiménez, A. Garcia-Sanchez, P. Rali, A. Muriel, B. Bikdeli, P. Ruiz-Artacho,
R. Le Mao, C. Rodriguez, B.J. Hunt, M. Monreal, Incidence of VTE and bleeding
among hospitalized patients with coronavirus disease 2019, Chest 159 (2021)
1182-1196, https://doi.org/10.1016/j.chest.2020.11.005.

H. Al-Samkari, R.S. Karp Leaf, W.H. Dzik, J.C.T. Carlson, A.E. Fogerty,

A. Waheed, K. Goodarzi, P.K. Bendapudi, L. Bornikova, S. Gupta, D.E. Leaf, D.
J. Kuter, R.P. Rosovsky, COVID-19 and coagulation: bleeding and thrombotic
manifestations of SARS-CoV-2 infection, Blood 136 (2020) 489-500, https://doi.
org/10.1182/blood.2020006520.

G. Goshua, A.B. Pine, M.L. Meizlish, C.-H. Chang, H. Zhang, P. Bahel, A. Baluha,
N. Bar, R.D. Bona, A.J. Burns, C.S. Dela Cruz, A. Dumont, S. Halene, J. Hwa,

J. Koff, H. Menninger, N. Neparidze, C. Price, J.M. Siner, C. Tormey, H.M. Rinder,
H.J. Chun, A.L. Lee, Endotheliopathy in COVID-19-associated coagulopathy:
evidence from a single-centre, cross-sectional study, Lancet Haematol. 7 (2020)
e575-e582, https://doi.org/10.1016/52352-3026(20)30216-7.

M. Proietti, P. Cheli, S. Basili, M. Mazurek, G.Y.H. Lip, Balancing thromboembolic
and bleeding risk with non-vitamin K antagonist oral anticoagulants (NOACs): a
systematic review and meta-analysis on gender differences, Pharmacol. Res. 117
(2017) 274-282, https://doi.org/10.1016/]j.phrs.2017.01.004.

J.G. Andrade, N.M. Hawkins, C.B. Fordyce, M.W. Deyell, L. Er, O. Djurdjev,

L. Macle, S.A. Virani, A. Levin, Variability in non-vitamin K antagonist oral
anticoagulants dose adjustment in atrial fibrillation patients with renal
dysfunction: the influence of renal function estimation formulae, Can. J. Cardiol.
34 (2018) 1010-1018, https://doi.org/10.1016/j.cjca.2018.04.019.

F. Mauvais-Jarvis, H.K. Berthold, I. Campesi, J.J. Carrero, S. Dakal, F. Franconi,
1. Gouni-Berthold, M.L. Heiman, A. Kautzky-Willer, S.L. Klein, A. Murphy,

V. Regitz-Zagrosek, K. Reue, J.B. Rubin, Sex-and gender-based pharmacological
response to drugs, Pharmacol. Rev. 73 (2021) 730-762, https://doi.org/10.1124/
pharmrev.120.000206.

A.H.E.M. Maas, COVID-19, the wake-up call for implementing sex and gender in
cardiovascular disease, Cardiovasc. Res. 117 (2021) e39-e40, https://doi.org/
10.1093/cvr/cvab023.

17

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Pharmacological Research 173 (2021) 105848

Steering Committee of the Physicians’ Health Study Research Group, Final report
on the aspirin component of the ongoing physicians’ health study, N. Engl. J.
Med. 321 (1989) 129-135, https://doi.org/10.1056/NEJM198907203210301.
P.M. Ridker, N.R. Cook, I.-M. Lee, D. Gordon, J.M. Gaziano, J.E. Manson, C.

H. Hennekens, J.E. Buring, A randomized trial of low-dose aspirin in the primary
prevention of cardiovascular disease in women, N. Engl. J. Med. 352 (2005)
1293-1304, https://doi.org/10.1056/NEJMo0a050613.

D.J. Lachant, N.A. Lachant, P. Kouides, S. Rappaport, P. Prasad, R.J. White,
Chronic therapeutic anticoagulation is associated with decreased thrombotic
complications in SARS-CoV-2 infection, J. Thromb. Haemost. 18 (2020)
2640-2645, hitps://doi.org/10.1111/jth.15032.

B. Flam, V. Wintzell, J.F. Ludvigsson, J. Martensson, B. Pasternak, Direct oral
anticoagulant use and risk of severe COVID-19, J. Intern. Med. 289 (2021)
411-419, https://doi.org/10.1111/joim.13205.

A.D. Castelnuovo, S. Costanzo, A. Antinori, N. Berselli, L. Blandi, M. Bonaccio,
R. Cauda, G. Guaraldi, L. Menicanti, M. Mennuni, G. Parruti, G. Patti, F. Santilli,
C. Signorelli, A. Vergori, P. Abete, W. Ageno, A. Agodi, P. Agostoni, L. Aiello, S.
A. Moghazi, R. Arboretti, M. Astuto, F. Aucella, G. Barbieri, A. Bartoloni,

P. Bonfanti, F. Cacciatore, L. Caiano, L. Carrozzi, A. Cascio, A. Ciccullo,

A. Cingolani, F. Cipollone, C. Colomba, C. Colombo, F. Crosta, G.B. Danzi,

D. D’Ardes, K.D.G. Donati, F.D. Gennaro, G.D. Tano, G. D’Offizi, M. Fantoni, F.
M. Fusco, L. Gentile, F. Gianfagna, E. Grandone, E. Graziani, L. Grisafi,

G. Guarnieri, G. Larizza, A. Leone, G. Maccagni, F. Madaro, S. Maitan,

S. Mancarella, M. Mapelli, R. Maragna, R. Marcucci, G. Maresca, S. Marongiu,
C. Marotta, L. Marra, F. Mastroianni, M. Mazzitelli, A. Mengozzi, F. Menichetti,
M. Meschiari, J. Milic, F. Minutolo, B. Molena, A. Montineri, C. Mussini,

M. Musso, D. Niola, A. Odone, M. Olivieri, A. Palimodde, R. Parisi, E. Pasi,

R. Pesavento, F. Petri, B. Pinchera, V. Poletti, C. Ravaglia, A. Rognoni, M. Rossato,
M. Rossi, V. Sangiovanni, C. Sanrocco, L. Scorzolini, R. Sgariglia, P.G. Simeone,
E. Taddei, C. Torti, R. Vettor, A. Vianello, M. Vinceti, A. Virano, L. Vocciante, R.
D. Caterina, L. Iacoviello, Heparin in COVID-19 patients is associated with
reduced in-hospital mortality: the multicenter Italian CORIST study, Thromb.
Haemost. (2021) 1-10, https://doi.org/10.1055/a-1347-6070.

E. Grandone, G. Tiscia, R. Pesavento, A. De Laurenzo, D. Ceccato, M.T. Sartori,
L. Mirabella, G. Cinnella, M. Mastroianno, L. Dalfino, D. Colaizzo, R. Vettor,

M. Intrieri, A. Ostuni, M. Margaglione, Use of low-molecular weight heparin,
transfusion and mortality in COVID-19 patients not requiring ventilation,

J. Thromb. Thrombolysis (2021) 1-7, https://doi.org/10.1007/s11239-021-
02429-z.

M. Abdel-Maboud, A. Menshawy, A. Elgebaly, E.I. Bahbah, G. El Ashal, A. Negida,
Should we consider heparin prophylaxis in COVID-19 patients? a systematic
review and meta-analysis, J. Thromb. Thrombolysis 51 (2021) 830-832, https://
doi.org/10.1007/5s11239-020-02253-x.

B. Bikdeli, M.V. Madhavan, D. Jimenez, T. Chuich, I. Dreyfus, E. Driggin, C.

D. Nigoghossian, W. Ageno, M. Madjid, Y. Guo, L.V. Tang, Y. Hu, J. Giri,

M. Cushman, I. Quéré, E.P. Dimakakos, C.M. Gibson, G. Lippi, E.J. Favaloro,

J. Fareed, J.A. Caprini, A.J. Tafur, J.R. Burton, D.P. Francese, E.Y. Wang,

A. Falanga, C. McLintock, B.J. Hunt, A.C. Spyropoulos, G.D. Barnes, J.

W. Eikelboom, I. Weinberg, S. Schulman, M. Carrier, G. Piazza, J.A. Beckman, P.
G. Steg, G.W. Stone, S. Rosenkranz, S.Z. Goldhaber, S.A. Parikh, M. Monreal, H.
M. Krumbholz, S.V. Konstantinides, J.I. Weitz, G.Y.H. Lip, Global COVID-19
thrombosis collaborative group, endorsed by the ISTH, NATF, ESVM, and the
IUA, supported by the ESC working group on pulmonary circulation and right
ventricular function, COVID-19 and thrombotic or thromboembolic disease:
implications for prevention, antithrombotic therapy, and follow-up: JACC state-
of-the-art review, J. Am. Coll. Cardiol. 75 (2020) 2950-2973, https://doi.org/
10.1016/j.jacc.2020.04.031.

Intermediate-Dose versus Standard-Dose Prophylactic Anticoagulation in Patients
with COVID-19 Admitted to the Intensive Care Unit: 90-Day Results from the
INSPIRATION Randomized Trial, Abstract — Europe PMC, (n.d.). (https://europep
mc.org/article/med/33865239). (Accessed 28 June 2021).

R.D. Lopes, P.G.M. de B. e Silva, R.H.M. Furtado, A.V.S. Macedo, B. Bronhara, L.
P. Damiani, L.M. Barbosa, J. de A. Morata, E. Ramacciotti, P. de A. Martins, A.
L. de Oliveira, V.S. Nunes, L.E.F. Ritt, A.T. Rocha, L. Tramujas, S.V. Santos, D.R.
A. Diaz, L.S. Viana, L.M.G. Melro, M.S. de A. Chaud, E.L. Figueiredo, F.

C. Neuenschwander, M.D.A. Dracoulakis, R.G.S.D. Lima, V.C. de S. Dantas, A.C.
S. Fernandes, O.C.E. Gebara, M.E. Hernandes, D.A.R. Queiroz, V.C. Veiga, M.

F. Canesin, L.M. de Faria, G.S. Feitosa-Filho, M.B. Gazzana, I.L. Liporace, A. de O.
Twardowsky, L.N. Maia, F.R. Machado, A. de M. Soeiro, G.E. Conceicao-Souza,
L. Armaganijan, P.O. Guimaraes, R.G. Rosa, L.C.P. Azevedo, J.H. Alexander,

A. Avezum, A.B. Cavalcanti, O. Berwanger, Therapeutic versus prophylactic
anticoagulation for patients admitted to hospital with COVID-19 and elevated D-
dimer concentration (ACTION): an open-label, multicentre, randomised,
controlled trial, Lancet 397 (2021) 2253-2263, https://doi.org/10.1016/50140-
6736(21)01203-4.

D. Giannis, S.L. Allen, J. Tsang, S. Flint, T. Pinhasov, S. Williams, G. Tan,

R. Thakur, C. Leung, M. Snyder, C. Bhatia, D. Garrett, C. Cotte, S. Isaacs,

E. Gugerty, A. Davidson, G.S. Marder, A. Schnitzer, B. Goldberg, T. McGinn, K.
W. Davidson, M.A. Barish, M. Qiu, M. Zhang, M. Goldin, M. Matsagkas,

E. Arnaoutoglou, A.C. Spyropoulos, Postdischarge thromboembolic outcomes and
mortality of hospitalized patients with COVID-19: the CORE-19 registry, Blood
137 (2021) 2838-2847, https://doi.org/10.1182/blood.2020010529.

Y.-Y. Zheng, Y.-T. Ma, J.-Y. Zhang, X. Xie, COVID-19 and the cardiovascular
system, Nat. Rev. Cardiol. 17 (2020) 259-260, https://doi.org/10.1038/541569-
020-0360-5.


https://doi.org/10.1016/j.trsl.2011.06.003
https://doi.org/10.1136/bmj.i5968
https://doi.org/10.1136/bmj.i5968
https://doi.org/10.3389/fimmu.2020.01356
https://doi.org/10.3389/fimmu.2020.01356
https://doi.org/10.3390/jcm7120549
https://doi.org/10.1016/j.trsl.2014.12.003
https://doi.org/10.1016/j.trsl.2014.12.003
https://doi.org/10.1073/pnas.1309049110
https://doi.org/10.1111/bph.12740
https://doi.org/10.1155/2013/183041
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref33
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref33
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref33
https://doi.org/10.1016/j.metabol.2020.154252
https://doi.org/10.1016/j.metabol.2020.154252
https://doi.org/10.3389/fimmu.2018.01980
https://doi.org/10.1038/nri2470
https://doi.org/10.1038/nri2470
https://doi.org/10.4081/monaldi.2020.1389
https://doi.org/10.4081/monaldi.2020.1389
https://doi.org/10.1186/s13063-021-05137-4
https://doi.org/10.1186/s13063-021-05137-4
https://doi.org/10.1016/j.chest.2020.11.005
https://doi.org/10.1182/blood.2020006520
https://doi.org/10.1182/blood.2020006520
https://doi.org/10.1016/S2352-3026(20)30216-7
https://doi.org/10.1016/j.phrs.2017.01.004
https://doi.org/10.1016/j.cjca.2018.04.019
https://doi.org/10.1124/pharmrev.120.000206
https://doi.org/10.1124/pharmrev.120.000206
https://doi.org/10.1093/cvr/cvab023
https://doi.org/10.1093/cvr/cvab023
https://doi.org/10.1056/NEJM198907203210301
https://doi.org/10.1056/NEJMoa050613
https://doi.org/10.1111/jth.15032
https://doi.org/10.1111/joim.13205
https://doi.org/10.1055/a-1347-6070
https://doi.org/10.1007/s11239-021-02429-z
https://doi.org/10.1007/s11239-021-02429-z
https://doi.org/10.1007/s11239-020-02253-x
https://doi.org/10.1007/s11239-020-02253-x
https://doi.org/10.1016/j.jacc.2020.04.031
https://doi.org/10.1016/j.jacc.2020.04.031
https://europepmc.org/article/med/33865239
https://europepmc.org/article/med/33865239
https://doi.org/10.1016/S0140-6736(21)01203-4
https://doi.org/10.1016/S0140-6736(21)01203-4
https://doi.org/10.1182/blood.2020010529
https://doi.org/10.1038/s41569-020-0360-5
https://doi.org/10.1038/s41569-020-0360-5

A. Spini et al.

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

J. Watkins, Preventing a covid-19 pandemic, BMJ 368 (2020) m810, https://doi.
org/10.1136/bmj.m810.

S.P. Stawicki, R. Jeanmonod, A.C. Miller, L. Paladino, D.F. Gaieski, A.Q. Yaffee,
A.D. Wulf, J. Grover, T.J. Papadimos, C. Bloem, S.C. Galwankar, V. Chauhan, M.
S. Firstenberg, S.D. Somma, D. Jeanmonod, S.M. Garg, V. Tucci, H.L. Anderson,
L. Fatimah, T.J. Worlton, S.P. Dubhashi, K.S. Glaze, S. Sinha, L.N. Opara,

V. Yellapu, D. Kelkar, A. El-Menyar, V. Krishnan, S. Venkataramanaiah,

Y. Leyfman, H.A.S.A. Thani, P.W.B. Nanayakkara, S. Nanda, E. Cioe-Pefa,

I. Sardesai, S. Chandra, A. Munasinghe, V. Dutta, S.T.D. Ponte, R. Izurieta, J.

A. Asensio, M. Garg, The 2019-2020 novel coronavirus (severe acute respiratory
syndrome coronavirus 2) pandemic: a joint American college of academic
international medicine-world academic council of emergency medicine
multidisciplinary COVID-19 working group consensus paper, J. Glob. Infect. Dis.
12 (2020) 47, https://doi.org/10.4103/jgid.jgid_86_20.

C.M. Ferrario, J. Jessup, M.C. Chappell, D.B. Averill, K.B. Brosnihan, E.A. Tallant,
D.L Diz, P.E. Gallagher, Effect of angiotensin-converting enzyme inhibition and
angiotensin II receptor blockers on cardiac angiotensin-converting enzyme 2,
Circulation 111 (2005) 2605-2610, https://doi.org/10.1161/
CIRCULATIONAHA.104.510461.

C.M. Ferrario, J. Jessup, P.E. Gallagher, D.B. Averill, K.B. Brosnihan, E. Ann
Tallant, R.D. Smith, M.C. Chappell, Effects of renin-angiotensin system blockade
on renal angiotensin-(1-7) forming enzymes and receptors, Kidney Int. 68 (2005)
2189-2196, https://doi.org/10.1111/j.1523-1755.2005.00675.x.

K. Kuba, Y. Imai, S. Rao, H. Gao, F. Guo, B. Guan, Y. Huan, P. Yang, Y. Zhang,
W. Deng, L. Bao, B. Zhang, G. Liu, Z. Wang, M. Chappell, Y. Liu, D. Zheng,

A. Leibbrandt, T. Wada, A.S. Slutsky, D. Liu, C. Qin, C. Jiang, J.M. Penninger,
A crucial role of angiotensin converting enzyme 2 (ACE2) in SARS
coronavirus-induced lung injury, Nat. Med. 11 (2005) 875-879, https://doi.org/
10.1038/nm1267.

Y. Imai, K. Kuba, S. Rao, Y. Huan, F. Guo, B. Guan, P. Yang, R. Sarao, T. Wada,
H. Leong-Poi, M.A. Crackower, A. Fukamizu, C.-C. Hui, L. Hein, S. Uhlig, A.

S. Slutsky, C. Jiang, J.M. Penninger, Angiotensin-converting enzyme 2 protects
from severe acute lung failure, Nature 436 (2005) 112-116, https://doi.org/
10.1038/nature03712.

M.R. Mehra, S.S. Desai, S. Kuy, T.D. Henry, A.N. Patel, Cardiovascular disease,
drug therapy, and mortality in covid-19, N. Engl. J. Med. 382 (2020), €102,
https://doi.org/10.1056/NEJMo0a2007621.

L.A. Ramirez, J.C. Sullivan, Sex differences in hypertension: where we have been
and where we are going, Am. J. Hypertens. 31 (2018) 1247-1254, https://doi.
org/10.1093/ajh/hpy148.

G. Mancia, F. Rea, M. Ludergnani, G. Apolone, G. Corrao,
Renin-angiotensin-aldosterone system blockers and the risk of covid-19, N. Engl.
J. Med. 382 (2020) 2431-2440, https://doi.org/10.1056/NEJM0a200692.3.

F.J. de Abajo, S. Rodriguez-Martin, V. Lerma, G. Mejia-Abril, M. Aguilar,

A. Garcia-Luque, L. Laredo, O. Laosa, G.A. Centeno-Soto, M.A. Galvez, M. Puerro,
E. Gonzélez-Rojano, L. Pedraza, 1. de Pablo, F. Abad-Santos, L. Rodriguez-Manas,
M. Gil, A. Tobias, A. Rodriguez-Miguel, D. Rodriguez-Puyol, D. Barreira-
Hernandez, P. Zubiaur, E. Santos-Molina, E. Pintos-Sanchez, M. Navares-Gomez,
R.M. Aparicio, V. Garcia-Rosado, C. Gutiérrez-Ortega, C. Pérez, A. Ascaso,

C. Elvira, Use of renin-angiotensin-aldosterone system inhibitors and risk of
COVID-19 requiring admission to hospital: a case-population study, Lancet 395
(2020) 1705-1714, https://doi.org/10.1016,/50140-6736(20)31030-8.

J. Li, X. Wang, J. Chen, H. Zhang, A. Deng, Association of renin-angiotensin
system inhibitors with severity or risk of death in patients with hypertension
hospitalized for coronavirus disease 2019 (COVID-19) infection in Wuhan, China,
JAMA Cardiol. 5 (2020) 825-830, https://doi.org/10.1001/
jamacardio.2020.1624.

M. Selcuk, T. Cinar, M. Keskin, V. Cicek, S. Kili¢, B. Kenan, S. Dogan, S. Asal,
N. Giinay, E. Yildirim, U. Keskin, A.L. Orhan, Is the use of ACE inb/ARBs
associated with higher in-hospital mortality in Covid-19 pneumonia patients?
Clin. Exp. Hypertens. 42 (2020) 738-742, https://doi.org/10.1080/
10641963.2020.1783549.

Y. Feng, Y. Ling, T. Bai, Y. Xie, J. Huang, J. Li, W. Xiong, D. Yang, R. Chen, F. Lu,
Y. Lu, X. Liu, Y. Chen, X. Li, Y. Li, H.D. Summabh, H. Lin, J. Yan, M. Zhou, H. Lu,
J. Qu, COVID-19 with different severities: a multicenter study of clinical features,
Am. J. Respir. Crit. Care Med. 201 (2020) 1380-1388, https://doi.org/10.1164/
rcem.202002-04450C.

J. Meng, G. Xiao, J. Zhang, X. He, M. Ou, J. Bi, R. Yang, W. Di, Z. Wang, Z. Li,
H. Gao, L. Liu, G. Zhang, Renin-angiotensin system inhibitors improve the clinical
outcomes of COVID-19 patients with hypertension, Emerg. Microbes Infect. 9
(2020) 757-760, https://doi.org/10.1080/22221751.2020.1746200.

C.J. Pirola, S. Sookoian, Estimation of renin-angiotensin-aldosterone-system
(RAAS)-inhibitor effect on COVID-19 outcome: a meta-analysis, J. Infect. 81
(2020) 276-281, https://doi.org/10.1016/].jinf.2020.05.052.

X. Zhang, J. Yu, L. Pan, H. Jiang, ACEI/ARB use and risk of infection or severity or
mortality of COVID-19: a systematic review and meta-analysis, Pharmacol. Res.
158 (2020), 104927, https://doi.org/10.1016/j.phrs.2020.104927.

E.J. Rubin, Expression of concern: Mehra MR et al. Cardiovascular disease, drug
therapy, and mortality in Covid-19. N. Engl. J. Med. DOI: 10.1056/
NEJMo0a2007621, N. Engl. J. Med. 382 (2020). (https://doi.org/10.1056/NEJMe
2020822).

J.M. Sanders, M.L. Monogue, T.Z. Jodlowski, J.B. Cutrell, Pharmacologic
treatments for coronavirus disease 2019 (COVID-19): a review, JAMA 323 (2020)
1824-1836, https://doi.org/10.1001/jama.2020.6019.

S. Mulangu, L.E. Dodd, R.T. Davey, O. Tshiani Mbaya, M. Proschan, D. Mukadi,
M. Lusakibanza Manzo, D. Nzolo, A. Tshomba Oloma, A. Ibanda, R. Ali,

18

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

Pharmacological Research 173 (2021) 105848

S. Coulibaly, A.C. Levine, R. Grais, J. Diaz, H.C. Lane, J.-J. Muyembe-Tamfum,
PALM Writing Group, B. Sivahera, M. Camara, R. Kojan, R. Walker, B. Dighero-
Kemp, H. Cao, P. Mukumbayi, P. Mbala-Kingebeni, S. Ahuka, S. Albert,

T. Bonnett, I. Crozier, M. Duvenhage, C. Proffitt, M. Teitelbaum, T. Moench,

J. Aboulhab, K. Barrett, K. Cahill, K. Cone, R. Eckes, L. Hensley, B. Herpin,

E. Higgs, J. Ledgerwood, J. Pierson, M. Smolskis, Y. Sow, J. Tierney,

S. Sivapalasingam, W. Holman, N. Gettinger, D. Vallée, J. Nordwall, PALM
consortium study team, a randomized, controlled trial of Ebola virus disease
therapeutics, N. Engl. J. Med. 381 (2019) 2293-2303, https://doi.org/10.1056/
NEJMo0al1910993.

Lopinavir-Ritonavir EN_17.07.2020.pdf, (n.d.). (https://www.aifa.gov.it/do
cuments/20142/1267737/Lopinavir-Ritonavir_EN_17.07.2020.pdf). (Accessed
28 June 2021).

A. Piscoya, L.F. Ng-Sueng, A.P. del Riego, R. Cerna-Viacava, V. Pasupuleti, Y.
M. Roman, P. Thota, C.M. White, A.V. Hernandez, Efficacy and harms of
Remdesivir for the treatment of COVID-19: a systematic review and meta-
analysis, PLOS ONE 15 (2020), e0243705, https://doi.org/10.1371/journal.
pone.0243705.

E.K. McCreary, D.C. Angus, Efficacy of Remdesivir in COVID-19, JAMA 324
(2020) 1041-1042, https://doi.org/10.1001/jama.2020.16337.

Y. Wang, D. Zhang, G. Du, R. Du, J. Zhao, Y. Jin, S. Fu, L. Gao, Z. Cheng, Q. Lu,
Y. Hy, G. Luo, K. Wang, Y. Lu, H. Li, S. Wang, S. Ruan, C. Yang, C. Mei, Y. Wang,
D. Ding, F. Wu, X. Tang, X. Ye, Y. Ye, B. Liu, J. Yang, W. Yin, A. Wang, G. Fan,
F. Zhou, Z. Liu, X. Gu, J. Xu, L. Shang, Y. Zhang, L. Cao, T. Guo, Y. Wan, H. Qin,
Y. Jiang, T. Jaki, F.G. Hayden, P.W. Horby, B. Cao, C. Wang, Remdesivir in adults
with severe COVID-19: a randomised, double-blind, placebo-controlled,
multicentre trial, Lancet 395 (2020) 1569-1578, https://doi.org/10.1016/
S0140-6736(20)31022-9.

S. Alhumaid, A.A. Mutair, Z.A. Alawi, N. Alhmeed, A.R.Z. Zaidi, M. Tobaiqy,
Efficacy and safety of lopinavir/ritonavir for treatment of COVID-19: a systematic
review and meta-analysis, Trop. Med. Infect. Dis. 5 (2020), E180, https://doi.org/
10.3390/tropicalmed5040180.

T.K. Patel, P.B. Patel, M. Barvaliya, M.K. Saurabh, H.L. Bhalla, P.P. Khosla,
Efficacy and safety of lopinavir-ritonavir in COVID-19: A systematic review of
randomized controlled trials. J Infect Public Health (2021).

D. Huang, H. Yu, T. Wang, H. Yang, R. Yao, Z. Liang, Efficacy and safety of
umifenovir for coronavirus disease 2019 (COVID-19): A systematic review and
meta-analysis, J Med Virol (2021).

S. Hassanipour, M. Arab-Zozani, B. Amani, M. Heidarzad, M. Fathalipour,

R. Martinez-de-Hoyo, The efficacy and safety of Favipiravir in treatment of
COVID-19: a systematic review and meta-analysis of clinical trials. Sci Rep
(2021).

J. Haviernik, M. Stefanik, M. Fojtikova, S. Kali, N. Tordo, I. Rudolf, Z. Hubélek,
L. Eyer, D. Ruzek, Arbidol (umifenovir): a broad-spectrum antiviral drug that
inhibits medically important arthropod-borne flaviviruses, Viruses 10 (2018),
E184, https://doi.org/10.3390/v10040184.

Y. Furuta, T. Komeno, T. Nakamura, Favipiravir (T-705), a broad spectrum
inhibitor of viral RNA polymerase, Proc. Jpn. Acad. Ser. B Phys. Biol. Sci. 93
(2017) 449-463, https://doi.org/10.2183/pjab.93.027.

Z.F. Udwadia, P. Singh, H. Barkate, S. Patil, S. Rangwala, A. Pendse, J. Kadam,
W. Wu, C.F. Caracta, M. Tandon, Efficacy and safety of favipiravir, an oral RNA-
dependent RNA polymerase inhibitor, in mild-to-moderate COVID-19: a
randomized, comparative, open-label, multicenter, phase 3 clinical trial, Int. J.
Infect. Dis. 103 (2021) 62-71, https://doi.org/10.1016/j.ijid.2020.11.142.

S.L. Klein, Sex influences immune responses to viruses, and efficacy of
prophylaxis and treatments for viral diseases, Bioessays 34 (2012) 1050-1059,
https://doi.org/10.1002/bies.201200099.

D.R. Rivera, S. Peters, O.A. Panagiotou, D.P. Shah, N.M. Kuderer, C.-Y. Hsu, S.
M. Rubinstein, B.J. Lee, T.K. Choueiri, G.J. de Lima Lopes, P. Grivas, C.A. Painter,
B.I. Rini, M.A. Thompson, J. Arcobello, Z. Bakouny, D.B. Doroshow, P.C. Egan,
D. Farmakiotis, L.A. Fecher, C.R. Friese, M.D. Galsky, S. Goel, S. Gupta, T.

R. Halfdanarson, B. Halmos, J.E. Hawley, A.R. Khaki, C.A. Lemmon, S. Mishra, A.
J. Olszewski, N.A. Pennell, M.M. Puc, S.G. Revankar, L. Schapira, A. Schmidt, G.
K. Schwartz, S.A. Shah, J.T. Wu, Z. Xie, A.C. Yeh, H. Zhu, Y. Shyr, G.H. Lyman, J.
L. Warner, Utilization of COVID-19 treatments and clinical outcomes among
patients with cancer: a COVID-19 and cancer consortium (CCC19) cohort study,
Cancer Discov. 10 (2020) 1514-1527, https://doi.org/10.1158/2159-8290.CD-
20-0941.

N. Vernaz, T. Agoritsas, A. Calmy, A. Gayet-Ageron, G. Gold, A. Perrier, F. Picard,
V. Prendki, J.-L. Reny, C. Samer, J. Stirnemann, P. Vetter, M.-C. Zanella, D. Zekry,
S. Baggio, Early experimental COVID-19 therapies: associations with length of
hospital stay, mortality and related costs, Swiss Med. Wkly. 150 (2020), w20446,
https://doi.org/10.4414/smw.2020.20446.

J.H. Beigel, K.M. Tomashek, L.E. Dodd, A.K. Mehta, B.S. Zingman, A.C. Kalil,

E. Hohmann, H.Y. Chu, A. Luetkemeyer, S. Kline, D. Lopez de Castilla, R.

W. Finberg, K. Dierberg, V. Tapson, L. Hsieh, T.F. Patterson, R. Paredes, D.

A. Sweeney, W.R. Short, G. Touloumi, D.C. Lye, N. Ohmagari, M.-D. Oh, G.

M. Ruiz-Palacios, T. Benfield, G. Fatkenheuer, M.G. Kortepeter, R.L. Atmar, C.
B. Creech, J. Lundgren, A.G. Babiker, S. Pett, J.D. Neaton, T.H. Burgess,

T. Bonnett, M. Green, M. Makowski, A. Osinusi, S. Nayak, H.C. Lane, Remdesivir
for the treatment of covid-19 - final report, N. Engl. J. Med. 383 (2020)
1813-1826, https://doi.org/10.1056/NEJMo0a2007764.

H.K. Elsawah, M.A. Elsokary, M.S. Abdallah, A.H. ElShafie, Efficacy and safety of
remdesivir in hospitalized covid-19 patients: systematic review and meta-analysis
including network meta-analysis, Rev. Med. Virol. (2020), 2187, https://doi.
org/10.1002/rmv.2187.


https://doi.org/10.1136/bmj.m810
https://doi.org/10.1136/bmj.m810
https://doi.org/10.4103/jgid.jgid_86_20
https://doi.org/10.1161/CIRCULATIONAHA.104.510461
https://doi.org/10.1161/CIRCULATIONAHA.104.510461
https://doi.org/10.1111/j.1523-1755.2005.00675.x
https://doi.org/10.1038/nm1267
https://doi.org/10.1038/nm1267
https://doi.org/10.1038/nature03712
https://doi.org/10.1038/nature03712
https://doi.org/10.1056/NEJMoa2007621
https://doi.org/10.1093/ajh/hpy148
https://doi.org/10.1093/ajh/hpy148
https://doi.org/10.1056/NEJMoa2006923
https://doi.org/10.1016/S0140-6736(20)31030-8
https://doi.org/10.1001/jamacardio.2020.1624
https://doi.org/10.1001/jamacardio.2020.1624
https://doi.org/10.1080/10641963.2020.1783549
https://doi.org/10.1080/10641963.2020.1783549
https://doi.org/10.1164/rccm.202002-0445OC
https://doi.org/10.1164/rccm.202002-0445OC
https://doi.org/10.1080/22221751.2020.1746200
https://doi.org/10.1016/j.jinf.2020.05.052
https://doi.org/10.1016/j.phrs.2020.104927
https://doi.org/10.1056/NEJMe2020822
https://doi.org/10.1056/NEJMe2020822
https://doi.org/10.1001/jama.2020.6019
https://doi.org/10.1056/NEJMoa1910993
https://doi.org/10.1056/NEJMoa1910993
https://www.aifa.gov.it/documents/20142/1267737/Lopinavir-Ritonavir_EN_17.07.2020.pdf
https://www.aifa.gov.it/documents/20142/1267737/Lopinavir-Ritonavir_EN_17.07.2020.pdf
https://doi.org/10.1371/journal.pone.0243705
https://doi.org/10.1371/journal.pone.0243705
https://doi.org/10.1001/jama.2020.16337
https://doi.org/10.1016/S0140-6736(20)31022-9
https://doi.org/10.1016/S0140-6736(20)31022-9
https://doi.org/10.3390/tropicalmed5040180
https://doi.org/10.3390/tropicalmed5040180
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref80
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref80
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref80
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref81
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref81
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref81
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref82
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref82
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref82
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref82
https://doi.org/10.3390/v10040184
https://doi.org/10.2183/pjab.93.027
https://doi.org/10.1016/j.ijid.2020.11.142
https://doi.org/10.1002/bies.201200099
https://doi.org/10.1158/2159-8290.CD-20-0941
https://doi.org/10.1158/2159-8290.CD-20-0941
https://doi.org/10.4414/smw.2020.20446
https://doi.org/10.1056/NEJMoa2007764
https://doi.org/10.1002/rmv.2187
https://doi.org/10.1002/rmv.2187

A. Spini et al.

[95]

[96]

[97]

[98]

[99]

[100]

[101]
[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

Population-scale patient safety data reveal inequalities in adverse events before
and during covid-19 pandemic, medRxiv, (n.d.). (https://www.medrxiv.org/con
tent/10.1101/2021.01.17.21249988v1.full). (Accessed 28 June 2021).

Rapid COVID-19 vaccine development, Science, (n.d.). (https://science.science
mag.org/content/368/6494/945). (Accessed 28 June 2021).

M. Marovich, J.R. Mascola, M.S. Cohen, Monoclonal antibodies for prevention
and treatment of COVID-19, JAMA 324 (2020) 131-132, https://doi.org/
10.1001/jama.2020.10245.

B.B. Abate, A.M. Kassie, M.W. Kassaw, T.G. Aragie, S.A. Masresha, Sex difference
in coronavirus disease (COVID-19): a systematic review and meta-analysis, BMJ
Open 10 (2020), 040129, https://doi.org/10.1136/bmjopen-2020-040129.

G. Schett, M. Sticherling, M.F. Neurath, COVID-19: risk for cytokine targeting in
chronic inflammatory diseases? Nat. Rev. Immunol. 20 (2020) 271-272, https://
doi.org/10.1038/s41577-020-0312-7.

J.T. Merrill, D. Erkan, J. Winakur, J.A. James, Emerging evidence of a COVID-19
thrombotic syndrome has treatment implications, Nat. Rev. Rheumatol. 16 (2020)
581-589, https://doi.org/10.1038/s41584-020-0474-5.

S.L. Klein, K.L. Flanagan, Sex differences in immune responses, Nat. Rev.
Immunol. 16 (2016) 626-638, https://doi.org/10.1038/nri.2016.90.

V. Taneja, Sex hormones determine immune response, Front. Immunol. 9 (2018)
1931, https://doi.org/10.3389/fimmu.2018.01931.

T. Takahashi, M.K. Ellingson, P. Wong, B. Israelow, C. Lucas, J. Klein, J. Silva,
T. Mao, J.E. Oh, M. Tokuyama, P. Lu, A. Venkataraman, A. Park, F. Liu, A. Meir,
J. Sun, E.Y. Wang, A. Casanovas-Massana, A.L. Wyllie, C.B.F. Vogels, R. Earnest,
S. Lapidus, I.M. Ott, A.J. Moore, Yale IMPACT Research Team, A. Shaw, J.

B. Fournier, C.D. Odio, S. Farhadian, C. Dela Cruz, N.D. Grubaugh, W.L. Schulz, A.
M. Ring, A.L Ko, S.B. Omer, A. Iwasaki, Sex differences in immune responses that
underlie COVID-19 disease outcomes, Nature (2020) 315-320, https://doi.org/
10.1038/s41586-020-2700-3.

R. Hage, C. Steinack, F. Gautschi, M.M. Schuurmans, Transplant drugs against
SARS, MERS and COVID-19, Transplantology 1 (2020) 71-84, https://doi.org/
10.3390/transplantology1020007.

A. Verma, S.E. Khorsandi, A. Dolcet, A. Prachalias, A. Suddle, N. Heaton,

W. Jassem, Low prevalence and disease severity of COVID-19 in post-liver
transplant recipients-a single centre experience, Liver Int. 40 (2020) 1972-1976,
https://doi.org/10.1111/1iv.14552.

M. Rodriguez-Peralvarez, M. Salcedo, J. Colmenero, J.A. Pons, Modulating
immunosuppression in liver transplant patients with COVID-19, Gut 70 (2021)
1412-1414, https://doi.org/10.1136/gutjnl-2020-322620.

F. Wang, J. Nie, H. Wang, Q. Zhao, Y. Xiong, L. Deng, S. Song, Z. Ma, P. Mo,

Y. Zhang, Characteristics of peripheral lymphocyte subset alteration in COVID-19
pneumonia, J. Infect. Dis. 221 (2020) 1762-1769, https://doi.org/10.1093/
infdis/jiaal50.

J. Colmenero, M. Rodriguez-Perdlvarez, M. Salcedo, A. Arias-Milla, A. Munoz-
Serrano, J. Graus, J. Nuno, M. Gastaca, J. Bustamante-Schneider, A. Cachero,

L. Lladd, A. Caballero, A. Fernandez-Yunquera, C. Loinaz, I. Fernandez,

C. Fondevila, M. Navasa, M. Inarrairaegui, L. Castells, S. Pascual, P. Ramirez,
C. Vinaixa, M.L. Gonzalez-Dieguez, R. Gonzélez-Grande, L. Hierro, F. Nogueras,
A. Otero, J.M. Alamo, G. Blanco-Fernandez, E. Fabrega, F. Garcia-Pajares, J.

L. Montero, S. Tomé, G. De la Rosa, J.A. Pons, Epidemiological pattern, incidence,
and outcomes of COVID-19 in liver transplant patients, J. Hepatol. 74 (2021)
148-155, https://doi.org/10.1016/j.jhep.2020.07.040.

K.M. Tornatore, D. Brazeau, K. Dole, R. Danison, G. Wilding, N. Leca, A. Gundroo,
K. Gillis, J. Zack, R. DiFrancesco, R.C. Venuto, Sex differences in cyclosporine
pharmacokinetics and ABCB1 gene expression in mononuclear blood cells in
African American and Caucasian renal transplant recipients, J. Clin. Pharmacol.
53 (2013) 1039-1047, https://doi.org/10.1002/jcph.123.

R. Velickovi¢-Radovanovié, M. Mikov, G. Paunovi¢, V. Djordjevi¢, M. Stojanovic,
T. Cvetkovi¢, A.C. Djordjevi¢, Gender differences in pharmacokinetics of
tacrolimus and their clinical significance in kidney transplant recipients, Gend.
Med. 8 (2011) 23-31, https://doi.org/10.1016/j.genm.2011.01.003.

X. Solanich, A. Antoli, N. Padullés, M. Fanlo-Maresma, A. Iriarte, F. Mitjavila,
O. Capdevila, M. Molina, J. Sabater, J. Bas, A. Mensa-Vilard, J. Niubd, N. Calvo,
S. Bolivar, R. Rigo-Bonnin, L. Arregui, C. Tebé, P. Hereu, S. Videla, X. Corbella,
Pragmatic, open-label, single-center, randomized, phase II clinical trial to
evaluate the efficacy and safety of methylprednisolone pulses and tacrolimus in
patients with severe pneumonia secondary to COVID-19: the TACROVID trial
protocol, Contemp. Clin. Trials Commun. 21 (2021), 100716, https://doi.org/
10.1016/j.conctc.2021.100716.

P. Guisado-Vasco, S. Valderas-Ortega, M.M. Carralén-Gonzalez, A. Roda-
Santacruz, L. Gonzélez-Cortijo, G. Sotres-Fernandez, E.M. Marti-Ballesteros, J.
M. Luque-Pinilla, E. Almagro-Casado, F.J. La Coma-Lanuza, R. Barrena-Puertas, E.
J. Malo-Benages, M.J. Monforte-Gémez, R. Diez-Munar, E. Merino-Lanza,

L. Comeche-Casanova, M. Remirez-de-Esparza-Otero, M. Correyero-Plaza,

M. Recio-Rodriguez, M. Rodriguez-Lépez, M.D. Sanchez-Manzano, C. Andreu-
Vazquez, 1.J. Thuissard-Vasallo, J.M.E.-S. Maria-Tomé, D. Carnevali-Ruiz, Clinical
characteristics and outcomes among hospitalized adults with severe COVID-19
admitted to a tertiary medical center and receiving antiviral, antimalarials,
glucocorticoids, or immunomodulation with tocilizumab or cyclosporine: a
retrospective observational study (COQUIMA cohort), EClinicalMedicine 28
(2020), 100591, https://doi.org/10.1016/j.eclinm.2020.100591.

J. Carbajo-Lozoya, Y. Ma-Lauer, M. Malesevi¢, M. Theuerkorn, V. Kahlert, E. Prell,
B. von Brunn, D. Muth, T.F. Baumert, C. Drosten, G. Fischer, A. von Brunn,
Human coronavirus NL63 replication is cyclophilin A-dependent and inhibited by
non-immunosuppressive cyclosporine A-derivatives including Alisporivir, Virus
Res. 184 (2014) 44-53, https://doi.org/10.1016/].virusres.2014.02.010.

19

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

Pharmacological Research 173 (2021) 105848

L. Cavagna, E. Seminari, G. Zanframundo, M. Gregorini, A. Di Matteo,

T. Rampino, C. Montecucco, S. Pelenghi, B. Cattadori, E.F. Pattonieri, P. Vitulo,
A. Bertani, G. Sambataro, C. Vancheri, A. Biglia, E. Bozzalla-Cassione, V. Bonetto,
M.C. Monti, E. Ticozzelli, A. Turco, T. Oggionni, A. Corsico, F. Bertuccio,

V. Zuccaro, V. Codullo, M. Morosini, C. Marena, M. Gnecchi, C. Pellegrini,

F. Meloni, Calcineurin inhibitor-based immunosuppression and COVID-19: results
from a multidisciplinary cohort of patients in Northern Italy, Microorganisms 8
(2020), E977, https://doi.org/10.3390/microorganisms8070977.

R. Murtas, A. Andreano, F. Gervasi, D. Guido, D. Consolazio, S. Tunesi,

L. Andreoni, M.T. Greco, M.E. Gattoni, M. Sandrini, A. Riussi, A.G. Russo,
Association between autoimmune diseases and COVID-19 as assessed in both a
test-negative case—control and population case—control design, Autoimmun.
Highlights 11 (2020) 15, https://doi.org/10.1186/s13317-020-00141-1.

M. Fredi, 1. Cavazzana, L. Moschetti, L. Andreoli, F. Franceschini, Brescia
rheumatology COVID-19 study group, COVID-19 in patients with rheumatic
diseases in Northern Italy: a single-centre observational and case-control study,
Lancet Rheumatol. 2 (2020) e549—e556, https://doi.org/10.1016/52665-9913
(20)30169-7.

V. Jovani, I. Calabuig, M.L. Peral-Garrido, E. Tovar-Sugranes, M.-D.-C. Lépez-
Gonzalez, P. Bernabeu, A. Martinez, J. Esteve-Vives, J.-M. Le6n-Ramirez,

O. Moreno-Perez, V. Boix, J. Gil, E. Merino, P. Vela, M. Andrés, Incidence of
severe COVID-19 in a Spanish cohort of 1037 patients with rheumatic diseases
treated with biologics and JAK-inhibitors, Ann. Rheum. Dis. (2020), https://doi.
org/10.1136/annrheumdis-2020-218152 annrheumdis-2020-218152.

T.Y. Jessica Chang, J.E. Pope, How COVID-19 affects patients receiving
anticytokine and JAK inhibitors in rheumatology and dermatology,
Immunotherapy 12 (2020) 1115-1119, https://doi.org/10.2217/imt-2020-0153.
K. Michaud, K. Wipfler, Y. Shaw, T.A. Simon, A. Cornish, B.R. England, A. Ogdie,
P. Katz, Experiences of patients with rheumatic diseases in the United States
during early days of the COVID-19 pandemic, ACR Open Rheumatol. 2 (2020)
335-343, https://doi.org/10.1002/acr2.11148.

K.M. D’Silva, N. Serling-Boyd, R. Wallwork, T. Hsu, X. Fu, E.M. Gravallese, H.
K. Choi, J.A. Sparks, Z.S. Wallace, Clinical characteristics and outcomes of
patients with coronavirus disease 2019 (COVID-19) and rheumatic disease: a
comparative cohort study from a US “hot spot, Ann. Rheum. Dis. 79 (2020)
1156-1162, https://doi.org/10.1136/annrheumdis-2020-217888.

G. Emmi, A. Bettiol, I. Mattioli, E. Silvestri, G. Di Scala, M.L. Urban, A. Vaglio,
D. Prisco, SARS-CoV-2 infection among patients with systemic autoimmune
diseases, Autoimmun. Rev. 19 (2020), 102575, https://doi.org/10.1016/j.
autrev.2020.102575.

E.G. Favalli, E. Agape, R. Caporali, Incidence and clinical course of COVID-19 in
patients with connective tissue diseases: a descriptive observational analysis,

J. Rheumatol. 47 (2020) 1296, https://doi.org/10.3899/jrheum.200507.

S. Monti, S. Balduzzi, P. Delvino, E. Bellis, V.S. Quadrelli, C. Montecucco, Clinical
course of COVID-19 in a series of patients with chronic arthritis treated with
immunosuppressive targeted therapies, Ann. Rheum. Dis. 79 (2020) 667-668,
https://doi.org/10.1136/annrheumdis-2020-217424.

R. Haberman, J. Axelrad, A. Chen, R. Castillo, D. Yan, P. Izmirly, A. Neimann,
S. Adhikari, D. Hudesman, J.U. Scher, Covid-19 in immune-mediated
inflammatory diseases — case series from New York, N. Engl. J. Med. (2020),
https://doi.org/10.1056/NEJMc2009567. NEJMc2009567.

M. Gianfrancesco, K.L. Hyrich, S. Al-Adely, L. Carmona, M.I. Danila, L. Gossec,
Z. Izadi, L. Jacobsohn, P. Katz, S. Lawson-Tovey, E.F. Mateus, S. Rush,

G. Schmajuk, J. Simard, A. Strangfeld, L. Trupin, K.D. Wysham, S. Bhana,

W. Costello, R. Grainger, J.S. Hausmann, J.W. Liew, E. Sirotich, P. Sufka, Z.

S. Wallace, J. Yazdany, P.M. Machado, P.C. Robinson, COVID-19 global
rheumatology alliance, characteristics associated with hospitalisation for COVID-
19 in people with rheumatic disease: data from the COVID-19 global
rheumatology alliance physician-reported registry, Ann. Rheum. Dis. 79 (2020)
859-866, https://doi.org/10.1136/annrheumdis-2020-217871.

E.M. Elli, C. Barate, F. Mendicino, F. Palandri, G.A. Palumbo, Mechanisms
underlying the anti-inflammatory and immunosuppressive activity of ruxolitinib,
Front. Oncol. 9 (2019) 1186, https://doi.org/10.3389/fonc.2019.01186.

D.A.C. Fisher, C.A. Miner, E.K. Engle, H. Hu, T.B. Collins, A. Zhou, M.J. Allen, O.
N. Malkova, S.T. Oh, Cytokine production in myelofibrosis exhibits differential
responsiveness to JAK-STAT, MAP kinase, and NF«kB signaling, Leukemia 33
(2019) 1978-1995, https://doi.org/10.1038/s41375-019-0379-y.

C. Gavegnano, M. Detorio, C. Montero, A. Bosque, V. Planelles, R.F. Schinazi,
Ruxolitinib and tofacitinib are potent and selective inhibitors of HIV-1 replication
and virus reactivation in vitro, Antimicrob. Agents Chemother. 58 (2014)
1977-1986, https://doi.org/10.1128/AAC.02496-13.

W.B. Haile, C. Gavegnano, S. Tao, Y. Jiang, R.F. Schinazi, W.R. Tyor, The Janus
kinase inhibitor ruxolitinib reduces HIV replication in human macrophages and
ameliorates HIV encephalitis in a murine model, Neurobiol. Dis. 92 (2016)
137-143, https://doi.org/10.1016/j.nbd.2016.02.007.

J. Stebbing, G. Sdnchez Nievas, M. Falcone, S. Youhanna, P. Richardson,

S. Ottaviani, J.X. Shen, C. Sommerauer, G. Tiseo, L. Ghiadoni, A. Virdis,

F. Monzani, L.R. Rizos, F. Forfori, A. Avendano Céspedes, S. De Marco,

L. Carrozzi, F. Lena, P.M. Sanchez-Jurado, L.G. Lacerenza, N. Cesira, D. Caldevilla
Bernardo, A. Perrella, L. Niccoli, L.S. Méndez, D. Matarrese, D. Goletti, Y.-J. Tan,
V. Monteil, G. Dranitsaris, F. Cantini, A. Farcomeni, S. Dutta, S.K. Burley,

H. Zhang, M. Pistello, W. Li, M.M. Romero, F. Andrés Pretel, R.S. Simén-Talero,
R. Garcia-Molina, C. Kutter, J.H. Felce, Z.F. Nizami, A.G. Miklosi, J.M. Penninger,
F. Menichetti, A. Mirazimi, P. Abizanda, V.M. Lauschke, JAK inhibition reduces
SARS-CoV-2 liver infectivity and modulates inflammatory responses to reduce


https://www.medrxiv.org/content/10.1101/2021.01.17.21249988v1.full
https://www.medrxiv.org/content/10.1101/2021.01.17.21249988v1.full
https://science.sciencemag.org/content/368/6494/945
https://science.sciencemag.org/content/368/6494/945
https://doi.org/10.1001/jama.2020.10245
https://doi.org/10.1001/jama.2020.10245
https://doi.org/10.1136/bmjopen-2020-040129
https://doi.org/10.1038/s41577-020-0312-7
https://doi.org/10.1038/s41577-020-0312-7
https://doi.org/10.1038/s41584-020-0474-5
https://doi.org/10.1038/nri.2016.90
https://doi.org/10.3389/fimmu.2018.01931
https://doi.org/10.1038/s41586-020-2700-3
https://doi.org/10.1038/s41586-020-2700-3
https://doi.org/10.3390/transplantology1020007
https://doi.org/10.3390/transplantology1020007
https://doi.org/10.1111/liv.14552
https://doi.org/10.1136/gutjnl-2020-322620
https://doi.org/10.1093/infdis/jiaa150
https://doi.org/10.1093/infdis/jiaa150
https://doi.org/10.1016/j.jhep.2020.07.040
https://doi.org/10.1002/jcph.123
https://doi.org/10.1016/j.genm.2011.01.003
https://doi.org/10.1016/j.conctc.2021.100716
https://doi.org/10.1016/j.conctc.2021.100716
https://doi.org/10.1016/j.eclinm.2020.100591
https://doi.org/10.1016/j.virusres.2014.02.010
https://doi.org/10.3390/microorganisms8070977
https://doi.org/10.1186/s13317-020-00141-1
https://doi.org/10.1016/S2665-9913(20)30169-7
https://doi.org/10.1016/S2665-9913(20)30169-7
https://doi.org/10.1136/annrheumdis-2020-218152
https://doi.org/10.1136/annrheumdis-2020-218152
https://doi.org/10.2217/imt-2020-0153
https://doi.org/10.1002/acr2.11148
https://doi.org/10.1136/annrheumdis-2020-217888
https://doi.org/10.1016/j.autrev.2020.102575
https://doi.org/10.1016/j.autrev.2020.102575
https://doi.org/10.3899/jrheum.200507
https://doi.org/10.1136/annrheumdis-2020-217424
https://doi.org/10.1056/NEJMc2009567
https://doi.org/10.1136/annrheumdis-2020-217871
https://doi.org/10.3389/fonc.2019.01186
https://doi.org/10.1038/s41375-019-0379-y
https://doi.org/10.1128/AAC.02496-13
https://doi.org/10.1016/j.nbd.2016.02.007

A. Spini et al.

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

morbidity and mortality, Sci. Adv. 7 (2021), https://doi.org/10.1126/sciadv.
abe4724.

C.-X. Chen, J.-J. Wang, H. Li, L.-T. Yuan, R.P. Gale, Y. Liang, JAK-inhibitors for
coronavirus disease-2019 (COVID-19): a meta-analysis, Leukemia (2021),
https://doi.org/10.1038/541375-021-01266-6.

L. Walz, A.J. Cohen, A.P. Rebaza, J. Vanchieri, M.D. Slade, C.S. Dela Cruz,

L. Sharma, JAK-inhibitor and type I interferon ability to produce favorable
clinical outcomes in COVID-19 patients: a systematic review and meta-analysis,
BMC Infect. Dis. 21 (2021) 47, https://doi.org/10.1186/512879-020-05730-z.
P.O. Guimaraes, D. Quirk, R.H. Furtado, L.N. Maia, J.F. Saraiva, M.O. Antunes,
R. Kalil Filho, V.M. Junior, A.M. Soeiro, A.P. Tognon, V.C. Veiga, P.A. Martins, D.
D.F. Moia, B.S. Sampaio, S.R.L. Assis, R.V.P. Soares, L.P.A. Piano, K. Castilho, R.G.
R.A.P. Momesso, F. Monfardini, H.P. Guimaraes, D. Ponce de Leon, M. Dulcine,
M.R.T. Pinheiro, L.M. Gunay, J.J. Deuring, L.V. Rizzo, T. Koncz, O. Berwanger,
STOP-COVID trial investigators, tofacitinib in patients hospitalized with covid-19
pneumonia, N. Engl. J. Med. (2021), https://doi.org/10.1056/NEJMo0a2101643.
V. Giudice, P. Pagliano, A. Vatrella, A. Masullo, S. Poto, B.M. Polverino,

R. Gammaldi, A. Maglio, C. Sellitto, C. Vitale, B. Serio, B. Cuffa, A. Borrelli,

C. Vecchione, A. Filippelli, C. Selleri, Combination of ruxolitinib and eculizumab
for treatment of severe SARS-CoV-2-related acute respiratory distress syndrome: a
controlled study, Front. Pharmacol. 11 (2020) 857, https://doi.org/10.3389/
fphar.2020.00857.

A.C. Kalil, T.F. Patterson, A.K. Mehta, K.M. Tomashek, C.R. Wolfe, V. Ghazaryan,
V.C. Marconi, G.M. Ruiz-Palacios, L. Hsieh, S. Kline, V. Tapson, N.M. Iovine, M.
K. Jain, D.A. Sweeney, H.M. El Sahly, A.R. Branche, J. Regalado Pineda, D.C. Lye,
U. Sandkovsky, A.F. Luetkemeyer, S.H. Cohen, R.W. Finberg, P.E.H. Jackson,

B. Taiwo, C.I. Paules, H. Arguinchona, N. Erdmann, N. Ahuja, M. Frank, M.-D. Oh,
E.-S. Kim, S.Y. Tan, R.A. Mularski, H. Nielsen, P.O. Ponce, B.S. Taylor, L. Larson,
N.G. Rouphael, Y. Saklawi, V.D. Cantos, E.R. Ko, J.J. Engemann, A.N. Amin,

M. Watanabe, J. Billings, M.-C. Elie, R.T. Davey, T.H. Burgess, J. Ferreira,

M. Green, M. Makowski, A. Cardoso, S. de Bono, T. Bonnett, M. Proschan, G.

A. Deye, W. Dempsey, S.U. Nayak, L.E. Dodd, J.H. Beigel, ACTT-2 study group
members, baricitinib plus Remdesivir for hospitalized adults with Covid-19,

N. Engl. J. Med. 384 (2021) 795-807, https://doi.org/10.1056/
NEJMo0a2031994.

J.N. Gustine, D. Jones, Immunopathology of hyperinflammation in COVID-19,
Am. J. Pathol. 191 (2021) 4-17, https://doi.org/10.1016/j.ajpath.2020.08.009.
C. Pelaia, C. Tinello, A. Vatrella, G. De Sarro, G. Pelaia, Lung under attack by
COVID-19-induced cytokine storm: pathogenic mechanisms and therapeutic
implications, Ther. Adv. Respir. Dis. 14 (2020), https://doi.org/10.1177/
1753466620933508, 1753466620933508.

S. Ma, C. Xu, S. Liu, X. Sun, R. Li, M. Mao, S. Feng, X. Wang, Efficacy and safety of
systematic corticosteroids among severe COVID-19 patients: a systematic review
and meta-analysis of randomized controlled trials, Signal Transduct. Target. Ther.
6 (2021) 1-7, https://doi.org/10.1038/s41392-021-00521-7.

0. Bereshchenko, S. Bruscoli, C. Riccardi, Glucocorticoids, sex hormones, and
immunity, Front. Immunol. 9 (2018), https://doi.org/10.3389/
fimmu.2018.01332.

WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working
Group, J.A.C. Sterne, S. Murthy, J.V. Diaz, A.S. Slutsky, J. Villar, D.C. Angus,
D. Annane, L.C.P. Azevedo, O. Berwanger, A.B. Cavalcanti, P.-F. Dequin, B. Du,
J. Emberson, D. Fisher, B. Giraudeau, A.C. Gordon, A. Granholm, C. Green,

R. Haynes, N. Heming, J.P.T. Higgins, P. Horby, P. Jiini, M.J. Landray, A. Le
Gouge, M. Leclerc, W.S. Lim, F.R. Machado, C. McArthur, F. Meziani, M.H. Mgller,
A. Perner, M.W. Petersen, J. Savovic, B. Tomazini, V.C. Veiga, S. Webb, J.

C. Marshall, Association between administration of systemic corticosteroids and
mortality among critically Il patients with COVID-19: a meta-analysis, JAMA 324
(2020) 1330-1341, https://doi.org/10.1001/jama.2020.17023.

C. Wu, D. Hou, C. D, Y. Cai, J. Zheng, J. Xu, X. Chen, C. Chen, X. Hu, Y. Zhang,
J. Song, L. Wang, Y.-C. Chao, Y. Feng, W. Xiong, D. Chen, M. Zhong, J. Hu,

J. Jiang, C. Bai, X. Zhou, J. Xu, Y. Song, F. Gong, Corticosteroid therapy for
coronavirus disease 2019-related acute respiratory distress syndrome: a cohort
study with propensity score analysis, Crit. Care 24 (2020) 643, https://doi.org/
10.1186/513054-020-03340-4.

P. Monedero, A. Gea, P. Castro, A.M. Candela-Toha, M.L. Herndndez-Sanz,

E. Arruti, J. Villar, C. Ferrando, Early corticosteroids are associated with lower
mortality in critically ill patients with COVID-19: a cohort study, Crit. Care 25
(2021) 2, https://doi.org/10.1186/5s13054-020-03422-3.

S. Rose-John, G.H. Waetzig, J. Scheller, J. Grotzinger, D. Seegert, The IL-6/sIL-6R
complex as a novel target for therapeutic approaches, Expert Opin. Ther. Targets
11 (2007) 613-624, https://doi.org/10.1517/14728222.11.5.613.

X. Xu, M. Han, T. Li, W. Sun, D. Wang, B. Fu, Y. Zhou, X. Zheng, Y. Yang, X. Li,
X. Zhang, A. Pan, H. Wei, Effective treatment of severe COVID-19 patients with
tocilizumab, PNAS 117 (2020) 10970-10975.

S. Gupta, W. Wang, S.S. Hayek, L. Chan, K.S. Mathews, M.L. Melamed, S.

K. Brenner, A. Leonberg-Yoo, E.J. Schenck, J. Radbel, J. Reiser, A. Bansal,

A. Srivastava, Y. Zhou, D. Finkel, A. Green, M. Mallappallil, A.J. Faugno, J. Zhang,
J.C.Q. Velez, S. Shaefi, C.R. Parikh, D.M. Charytan, A.M. Athavale, A.

N. Friedman, R.E. Redfern, S.A.P. Short, S. Correa, K.K. Pokharel, A.J. Admon, J.
P. Donnelly, H.B. Gershengorn, D.J. Douin, M.W. Semler, M.A. Hernan, D.E. Leaf,
STOP-COVID investigators, association between early treatment with tocilizumab
and mortality among critically Ill patients With COVID-19, JAMA Intern. Med.
181 (2021) 41-51, https://doi.org/10.1001/jamainternmed.2020.6252.

P. Toniati, S. Piva, M. Cattalini, E. Garrafa, F. Regola, F. Castelli, F. Franceschini,
P. Airo, C. Bazzani, E.-A. Beindorf, M. Berlendis, M. Bezzi, N. Bossini,

M. Castellano, S. Cattaneo, I. Cavazzana, G.-B. Contessi, M. Crippa, A. Delbarba,

20

[147]

[148]

[149]

[150]

Pharmacological Research 173 (2021) 105848

E. De Peri, A. Faletti, M. Filippini, M. Filippini, M. Frassi, M. Gaggiotti, R. Gorla,
M. Lanspa, S. Lorenzotti, R. Marino, R. Maroldi, M. Metra, A. Matteelli,

D. Modina, G. Moioli, G. Montani, M.-L. Muiesan, S. Odolini, E. Peli, S. Pesenti,
M.-C. Pezzoli, I. Pirola, A. Pozzi, A. Proto, F.-A. Rasulo, G. Renisi, C. Ricci,

D. Rizzoni, G. Romanelli, M. Rossi, M. Salvetti, F. Scolari, L. Signorini,

M. Taglietti, G. Tomasoni, L.-R. Tomasoni, F. Turla, A. Valsecchi, D. Zani,

F. Zuccala, F. Zunica, E. Foca, L. Andreoli, N. Latronico, Tocilizumab for the
treatment of severe COVID-19 pneumonia with hyperinflammatory syndrome and
acute respiratory failure: a single center study of 100 patients in Brescia, Italy,
Autoimmun. Rev. 19 (2020), 102568, https://doi.org/10.1016/j.
autrev.2020.102568.

O. Hermine, X. Mariette, P.-L. Tharaux, M. Resche-Rigon, R. Porcher, P. Ravaud,
Effect of tocilizumab vs usual care in adults hospitalized with COVID-19 and
moderate or severe pneumonia: a randomized clinical trial, JAMA Intern. Med.
181 (2021) 32-40, https://doi.org/10.1001/jamainternmed.2020.6820.

C. Salvarani, G. Dolci, M. Massari, D.F. Merlo, S. Cavuto, L. Savoldi, P. Bruzzi,
F. Boni, L. Braglia, C. Turra, P.F. Ballerini, R. Sciascia, L. Zammarchi, O. Para, P.
G. Scotton, W.O. Inojosa, V. Ravagnani, N.D. Salerno, P.P. Sainaghi, A. Brignone,
M. Codeluppi, E. Teopompi, M. Milesi, P. Bertomoro, N. Claudio, M. Salio,

M. Falcone, G. Cenderello, L. Donghi, V. Del Bono, P.L. Colombelli, A. Angheben,
A. Passaro, G. Secondo, R. Pascale, I. Piazza, N. Facciolongo, M. Costantini, RCT-
TCZ-COVID-19 study group, effect of tocilizumab vs standard care on clinical
worsening in patients hospitalized with COVID-19 pneumonia: a randomized
clinical trial, JAMA Intern. Med. 181 (2021) 24-31, https://doi.org/10.1001/
jamainternmed.2020.6615.

F.X. Lescure, H. Honda, R.A. Fowler, J.S. Lazar, G. Shi, P. Wung, N. Patel,

O. Hagino, 1.J. Bazzalo, M.M. Casas, S.A. Nunez, Y. Pere, C.M. Ibarrola, M.A.

S. Aramayo, M.C. Cuesta, A.E. Duarte, P.M.G. Fernandez, M.A. Iannantuono, E.
A. Miyazaki, J.P. Silvio, D.G. Scublinsky, A. Bales, D. Catarino, E. Fiss,

S. Mohrbacher, V. Sato, A. Baylao, A. Cavalcante, F. Correa, C.A. de Andrade,
J. Furtado, N.R. Filho, V. Telles, L.T. Trevelin, R. Vipich, R. Boldo, P. Borges,

S. Lobo, G. Luckemeyer, L. Machado, M.B. Alves, A.C. Iglessias, M.M. Lago, D.
W. Santos, H. Chapdelaine, E.L. Falcone, R. Jamal, M.-L. Luong, M. Durand,

S. Doucet, F.-M. Carrier, B.A. Coburn, L.D. Sorbo, S.L. Walmsley, S. Belga, L.
Chen, A.D. Mah, T. Steiner, A.J. Wright, J. Hajek, N. Adhikari, R.A. Fowler,
Daneman, K.A. Khwaja, J. Shahin, C. Gonzalez, R. Silva, M. Lindh,
Maluenda, P. Fernandez, M. Oyonarte, M. Lasso, A. Boyer, D. Bronnimann, H.-
Bui, C. Cazanave, H. Chaussade, A. Desclaux, M. Ducours, A. Duvignaud,
Malvy, L. Martin, D. Neau, D. Nguyen, T. Pistone, G. Soubrane-Wirth, J. Leitao,
Allavena, C. Biron, S. Bouchez, B. Gaborit, A. Gregoire, P.L. Turnier, A.-
Lecompte, R. Lecomte, M. Lefebvre, F. Raffi, D. Boutoille, P.H. Morineau,
Guéry, E. Chatelus, N. Dumoussaud, R. Felten, F. Luca, B. Goichot,
Schneider, M.-C. Taquet, M. Groh, M. Roumier, M. Neuville, A. Bachelard,
Isernia, F.-X. Lescure, B.-C. Phung, A. Rachline, A. Sautereau, D. Vallois,
Bleher, D. Boucher, C. Coudon, J. Esnault, T. Guimard, S. Leautez-Nainville,
Merrien, M. Morrier, P. Motte-Vincent, R. Gabeff, H. Leclerc, C. Cozic,
Decours, R. Février, G. Colin, S. Abgrall, D. Vignes, R. Sterpu, M. Kuellmar,
M. Meersch-Dini, R. Weiss, A. Zarbock, C. Antony, M. Berger, T. Brenner,

C. Taube, F. Herbstreit, S. Dolff, M. Konik, K. Schmidt, M. Zettler, O. Witzke,

B. Boell, J.G. Borrega, P. Koehler, T. Zander, F. Dusse, O. Al-Sawaf, P. Kohler,
D. Eichenauer, M. Kochanek, A. Shimabukuro-Vornhagen, S. Mellinghoff,

A. ClaBen, J.-M. Heger, C. Meyer-Schwickerath, P. Liedgens, K. Heindel, A. Belkin,
A. Biber, M. Gilboa, I. Levy, V. Litachevsky, G. Rahav, A.F. Wiedner, T. Zilberman-
Daniels, Y. Oster, J. Strahilevitz, S. Sviri, E.M. Baldissera, C. Campochiaro,

G. Cavalli, L. Dagna, G.D. Luca, E.D. Torre, A. Tomelleri, D.B.D. Luca, A.

F. Capetti, M. Coen, M.V. Cossu, M. Galli, A. Giacomelli, G.A. Gubertini,

S. Rusconi, G.J. Burastero, M. Digaetano, G. Guaraldi, M. Meschiari, C. Mussini,
C. Puzzolante, S. Volpi, M. Aiello, A. Ariani, A.A. Chetta, A. Frizzelli, A. Ticinesi,
D. Tuttolomondo, S. Aliberti, F.B. Blasi, M.F.D. Pasquale, S. Misuraca, T. Pilocane,
E. Simonetta, A.M. Aghelmo, C. Angelini, E. Brunetta, G.W. Canonica,

M. Ciccarelli, S.D. Farra, M.D. Santis, S. Ferri, M. Folci, G.M. Guidelli, E.

M. Heffler, F. Loiacono, G. Malipiero, G. Paoletti, R. Pedale, F.A. Puggioni,

F. Racca, A. Zumbo, M. Satou, H. Honda, T. Lisun, D. Protsenko, N. Rubtsov,

1. Beloglazova, D. Fomina, M. Lysenko, S. Serdotetskova, V. Firstov, I. Gordeev,
1. Kokorin, K. Komissarova, N. Lapochkina, E. Luchinkina, V. Malimon,

S. Mamedguseyinova, K. Polubatonova, N. Suvorova, J. Arribas, A.M.B. Perez,
F. de la, C. Prieto, J.C. Figueira, R.M. Sanchez, M. Mora-Rillo, C.P. Sanchez, J.
Q. Parada, F.F. Arnalich, M.G. Barrientos, A.B. Estrada, A.C. Marcos, M.E.

G. Leoni, R. Garcia-Martinez, A.M. Collado, P.M. Garcia, A.T. do Rego, M.V.

V. Garcia, A. Burrillo, M.V. Minero, P.G. Vidaurreta, S.I. Herrero, E. Velilla,

M. Machado, M. Olmedo, B. Pinilla, B.A. Gragera, M. de la, E.C. Ruano, S.

C. Medina, A.C. Herrera, V.F. Ferrer, R.F. Roca, X.N. Casals, E.R. Pascuet, P.

S. Diez, P.R. Castro, F.G. Alcaide, A. Soriano, A.O. Caldes, A.G. Cordén,

C. Cardozo, L.D. la, M. Canizo, R.P. Lépez, S. Chamorro, C. Crespillo-Andujar, R.
E. Sanchez, J. Forttin-Abete, B. Monge-Maillo, A.M. Zamora, F. Norman, M.

S. Conde, S.S. Villar, P. Vizcarra, Sarilumab in patients admitted to hospital with
severe or critical COVID-19: a randomised, double-blind, placebo-controlled,
phase 3 trial, Lancet Respir. Med. 9 (2021) 522-532, https://doi.org/10.1016/
$2213-2600(21)00099-0.

E. Kyriazopoulou, P. Panagopoulos, S. Metallidis, G.N. Dalekos, G. Poulakou,

N. Gatselis, E. Karakike, M. Saridaki, G. Loli, A. Stefos, D. Prasianaki,

S. Georgiadou, O. Tsachouridou, V. Petrakis, K. Tsiakos, M. Kosmidou,

V. Lygoura, M. Dareioti, H. Milionis, I.C. Papanikolaou, K. Akinosoglou, D.-

M. Myrodia, A. Gravvani, A. Stamou, T. Gkavogianni, K. Katrini, T. Marantos, I.
P. Trontzas, K. Syrigos, L. Chatzis, S. Chatzis, N. Vechlidis, C. Avgoustou,

S. Chalvatzis, M. Kyprianou, J.W. van der Meer, J. Eugen-Olsen, M.G. Netea, E.

FOKSMILODZOZK


https://doi.org/10.1126/sciadv.abe4724
https://doi.org/10.1126/sciadv.abe4724
https://doi.org/10.1038/s41375-021-01266-6
https://doi.org/10.1186/s12879-020-05730-z
https://doi.org/10.1056/NEJMoa2101643
https://doi.org/10.3389/fphar.2020.00857
https://doi.org/10.3389/fphar.2020.00857
https://doi.org/10.1056/NEJMoa2031994
https://doi.org/10.1056/NEJMoa2031994
https://doi.org/10.1016/j.ajpath.2020.08.009
https://doi.org/10.1177/1753466620933508
https://doi.org/10.1177/1753466620933508
https://doi.org/10.1038/s41392-021-00521-7
https://doi.org/10.3389/fimmu.2018.01332
https://doi.org/10.3389/fimmu.2018.01332
https://doi.org/10.1001/jama.2020.17023
https://doi.org/10.1186/s13054-020-03340-4
https://doi.org/10.1186/s13054-020-03340-4
https://doi.org/10.1186/s13054-020-03422-3
https://doi.org/10.1517/14728222.11.5.613
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref138
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref138
http://refhub.elsevier.com/S1043-6618(21)00432-1/sbref138
https://doi.org/10.1001/jamainternmed.2020.6252
https://doi.org/10.1016/j.autrev.2020.102568
https://doi.org/10.1016/j.autrev.2020.102568
https://doi.org/10.1001/jamainternmed.2020.6820
https://doi.org/10.1001/jamainternmed.2020.6615
https://doi.org/10.1001/jamainternmed.2020.6615
https://doi.org/10.1016/S2213-2600(21)00099-0
https://doi.org/10.1016/S2213-2600(21)00099-0

A. Spini et al.

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

J. Giamarellos-Bourboulis, An open label trial of anakinra to prevent respiratory
failure in COVID-19, eLife 10 (2021), 66125, https://doi.org/10.7554/
eLife.66125.

G. Cavalli, G. De Luca, C. Campochiaro, E. Della-Torre, M. Ripa, D. Canetti,

C. Oltolini, B. Castiglioni, C. Tassan Din, N. Boffini, A. Tomelleri, N. Farina,

A. Ruggeri, P. Rovere-Querini, G. Di Lucca, S. Martinenghi, R. Scotti, M. Tresoldji,
F. Ciceri, G. Landoni, A. Zangrillo, P. Scarpellini, L. Dagna, Interleukin-1 blockade
with high-dose anakinra in patients with COVID-19, acute respiratory distress
syndrome, and hyperinflammation: a retrospective cohort study, Lancet
Rheumatol. 2 (2020) e325-e331, https://doi.org/10.1016/52665-9913(20)
30127-2.

E.O. Fadiran, L. Zhang, Effects of sex differences in the pharmacokinetics of drugs
and their impact on the safety of medicines in women, in: M. Harrison-Woolrych
(Ed.), Medicines For Women, Springer International Publishing, Cham, 2015,
pp. 41-68, https://doi.org/10.1007/978-3-319-12406-3_2.

D.C. Roopenian, S. Akilesh, FcRn: the neonatal Fc receptor comes of age, Nat.
Rev. Immunol. 7 (2007) 715-725, https://doi.org/10.1038/nri2155.

J.P. Gisbert, M. Chaparro, Safety of anti-TNF agents during pregnancy and
breastfeeding in women with inflammatory bowel disease, Off. J. Am. Coll.
Gastroenterol. ACG 108 (2013) 1426-1438, https://doi.org/10.1038/
ajg.2013.171.

F. Gomez, P. Ruiz, J.A. Bernal, M. Escobar, A. Garcia-Egido, J.J.B. Lopez-Saez,
Enhancement of splenic-macrophage Fcy receptor expression by treatment with
estrogens, Clin. Diagn. Lab. Immunol. 8 (2001) 806-810, https://doi.org/
10.1128/CDLI.8.4.806-810.2001.

F. Gomez, P. Ruiz, F. Briceno, R. Lopez, A. Michan, Treatment with progesterone
analogues decreases macrophage Fcy receptors expression, Clin. Immunol.
Immunopathol. 89 (1998) 231-239, https://doi.org/10.1006/clin.1998.4602.
A. Cignarella, G.P. Fadini, C. Bolego, L. Trevisi, C. Boscaro, V. Sanga, T.M. Seccia,
A. Rosato, G.P. Rossi, M. Barton, Clinical efficacy and safety of angiogenesis
inhibitors: sex differences and current challenges, Cardiovasc. Res. (2021),
cvab096, https://doi.org/10.1093/cvr/cvab096.

N. Frey, S. Grange, T. Woodworth, Population pharmacokinetic analysis of
tocilizumab in patients with rheumatoid arthritis, J. Clin. Pharmacol. 50 (2010)
754-766, https://doi.org/10.1177,/0091270009350623.

C. Miiller, N. Murawski, M.H.J. Wiesen, G. Held, V. Poeschel, S. Zeynalova,

M. Wenger, C. Nickenig, N. Peter, E. Lengfelder, B. Metzner, T. Rixecker,

C. Zwick, M. Pfreundschuh, M. Reiser, The role of sex and weight on rituximab
clearance and serum elimination half-life in elderly patients with DLBCL, Blood
119 (2012) 3276-3284, https://doi.org/10.1182/blood-2011-09-380949.

A. Khan, A. Leak, AB0256 sex difference in response to rituximab in rheumatoid
arthritis patients, Ann. Rheum. Dis. 71 (2013), https://doi.org/10.1136/
annrheumdis-2012-eular.256, 652-652.

K.L. Flanagan, A.L. Fink, M. Plebanski, S.L. Klein, Sex and gender differences in
the outcomes of vaccination over the life course, Annu. Rev. Cell Dev. Biol. 33
(2017) 577-599, https://doi.org/10.1146/annurev-cellbio-100616-060718.

S.L. Klein, A. Jedlicka, A. Pekosz, The Xs and Y of immune responses to viral
vaccines, Lancet Infect. Dis. 10 (2010) 338-349, https://doi.org/10.1016/51473-
3099(10)70049-9.

R.J.M. Engler, M.R. Nelson, M.M. Klote, M.J. VanRaden, C.-Y. Huang, N.J. Cox,
A. Klimov, W.A. Keitel, K.L. Nichol, W.W. Carr, J.J. Treanor, Walter reed health
care system influenza vaccine consortium, half- vs full-dose trivalent inactivated
influenza vaccine (2004-2005): age, dose, and sex effects on immune responses,
Arch. Intern. Med. 168 (2008) 2405-2414, https://doi.org/10.1001/
archinternmed.2008.513.

C. Di Resta, D. Ferrari, M. Vigano, M. Moro, E. Sabetta, M. Minerva, A. Ambrosio,
M. Locatelli, R. Tomaiuolo, The gender impact assessment among healthcare
workers in the SARS-CoV-2 vaccination-an analysis of serological response and
side effects, Vaccines 9 (2021) 522, https://doi.org/10.3390/vaccines9050522
(Basel).

L.R. Baden, H.M. El Sahly, B. Essink, K. Kotloff, S. Frey, R. Novak, D. Diemert, S.
A. Spector, N. Rouphael, C.B. Creech, J. McGettigan, S. Khetan, N. Segall, J. Solis,
A. Brosz, C. Fierro, H. Schwartz, K. Neuzil, L. Corey, P. Gilbert, H. Janes,

D. Follmann, M. Marovich, J. Mascola, L. Polakowski, J. Ledgerwood, B.

S. Graham, H. Bennett, R. Pajon, C. Knightly, B. Leav, W. Deng, H. Zhou, S. Han,
M. Ivarsson, J. Miller, T. Zaks, COVE study group, efficacy and safety of the
mRNA-1273 SARS-CoV-2 vaccine, N. Engl. J. Med. 384 (2021) 403-416, https://
doi.org/10.1056/NEJM0a2035389.

F.P. Polack, S.J. Thomas, N. Kitchin, J. Absalon, A. Gurtman, S. Lockhart, J.

L. Perez, G. Pérez Marc, E.D. Moreira, C. Zerbini, R. Bailey, K.A. Swanson,

S. Roychoudhury, K. Koury, P. Li, W.V. Kalina, D. Cooper, R.W. Frenck, L.

L. Hammitt, O. Tiireci, H. Nell, A. Schaefer, S. Unal, D.B. Tresnan, S. Mather, P.
R. Dormitzer, U. Sahin, K.U. Jansen, W.C. Gruber, Safety and efficacy of the
BNT162b2 mRNA covid-19 vaccine, N. Engl. J. Med. 383 (2020) 2603-2615,
https://doi.org/10.1056/NEJMo0a2034577.

K.J. Ewer, J.R. Barrett, S. Belij-Rammerstorfer, H. Sharpe, R. Makinson,

R. Morter, A. Flaxman, D. Wright, D. Bellamy, M. Bittaye, C. Dold, N.M. Provine,
J. Aboagye, J. Fowler, S.E. Silk, J. Alderson, P.K. Aley, B. Angus, E. Berrie, S. Bibi,
P. Cicconi, E.A. Clutterbuck, I. Chelysheva, P.M. Folegatti, M. Fuskova, C.

M. Green, D. Jenkin, S. Kerridge, A. Lawrie, A.M. Minassian, M. Moore,

Y. Mujadidi, E. Plested, I. Poulton, M.N. Ramasamy, H. Robinson, R. Song, M.
D. Snape, R. Tarrant, M. Voysey, M.E.E. Watson, A.D. Douglas, A.V.S. Hill, S.

C. Gilbert, A.J. Pollard, T. Lambe, T cell and antibody responses induced by a
single dose of ChAdOx1 nCoV-19 (AZD1222) vaccine in a phase 1/2 clinical trial,
Nat. Med. 27 (2021) 270-278, https://doi.org/10.1038/s41591-020-01194-5.

21

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

Pharmacological Research 173 (2021) 105848

D.Y. Logunov, Safety and Efficacy of an rAd26 and rAd5 Vector-Based
Heterologous Prime-Boost Covid-19 Vaccine: An Interim Analysis of a
Randomised Controlled Phase 3 Trial in Russia, 397, 2021, p. 11.

Rapporto vaccini, (n.d.). (https://aifa.gov.it/rapporto-vaccini). (Accessed 28
June 2021).

Rapporto_sorveglianza_vaccini COVID-19_3.pdf, (n.d.). (https://www.aifa.gov.it
/documents/20142/1315190/Rapporto_sorveglianza_vaccini_COVID-19_3.pdf).
(Accessed 28 June 2021).

J. Gee, First month of COVID-19 vaccine safety monitoring — United States,
december 14, 2020-january 13, 2021, MMWR Morb. Mortal. Wkly. Rep. 70
(2021), https://doi.org/10.15585/mmwr.mm7008e3.

J.R. Su, P.L. Moro, C.S. Ng, P.W. Lewis, M.A. Said, M.V. Cano, Anaphylaxis after
vaccination reported to the vaccine adverse event reporting system, 1990-2016,
J. Allergy Clin. Immunol. 143 (2019) 1465-1473, https://doi.org/10.1016/].

jaci.2018.12.1003.

N.A. Halsey, M. Griffioen, S.C. Dreskin, C.L. Dekker, R. Wood, D. Sharma, J.

F. Jones, P.S. LaRussa, J. Garner, M. Berger, T. Proveaux, C. Vellozzi,
Hypersensitivity Working Group of the Clinical Immunization Safety Assessment
Network, K. Broder, R. Setse, B. Pahud, D. Hrncir, H. Choi, R. Sparks, S.

E. Williams, R.J. Engler, J. Gidudu, R. Baxter, N. Klein, K. Edwards, M. Cano, J.
M. Kelso, Immediate hypersensitivity reactions following monovalent 2009
pandemic influenza A (H1N1) vaccines: reports to VAERS, Vaccine 31 (2013)
6107-6112, https://doi.org/10.1016/j.vaccine.2013.09.066.

M. Tobaiqy, H. Elkout, K. MacLure, Analysis of thrombotic adverse reactions of
COVID-19 AstraZeneca vaccine reported to EudraVigilance database, Vaccines 9
(2021) 393, https://doi.org/10.3390/vaccines9040393 (Basel).

M. Scully, D. Singh, R. Lown, A. Poles, T. Solomon, M. Levi, D. Goldblatt,

P. Kotoucek, W. Thomas, W. Lester, Pathologic antibodies to platelet factor 4 after
ChAdOx1 nCoV-19 vaccination, N. Engl. J. Med. 384 (2021) 2202-2211, https://
doi.org/10.1056/NEJM0a2105385.

A. Ruggieri, S. Anticoli, A. D’Ambrosio, L. Giordani, M. Viora, The Influence of
Sex and Gender on Immunity, Infection and Vaccination, (n.d.), p. 7.

M. Knight, K. Bunch, N. Vousden, E. Morris, N. Simpson, C. Gale, P. O’Brien,
M. Quigley, P. Brocklehurst, J.J. Kurinczuk, UK obstetric surveillance system
SARS-CoV-2 infection in pregnancy collaborative group, characteristics and
outcomes of pregnant women admitted to hospital with confirmed SARS-CoV-2
infection in UK: national population based cohort study, BMJ 369 (2020) m2107,
https://doi.org/10.1136/bmj.m2107.

E.A.N. Wastnedge, R.M. Reynolds, S.R. van Boeckel, S.J. Stock, F.C. Denison, J.
A. Maybin, H.O.D. Critchley, Pregnancy and COVID-19, Physiol. Rev. 101 (2021)
303-318, https://doi.org/10.1152/physrev.00024.2020.

K.M. Moore, M.S. Suthar, Comprehensive analysis of COVID-19 during
pregnancy, Biochem. Biophys. Res. Commun. 538 (2021) 180-186, https://doi.
org/10.1016/j.bbrc.2020.12.064.

J. Beyer-Westendorf, L. Tittl, I. Bistervels, S. Middeldorp, C. Schaefer, W. Paulus,
W. Thomas, B. Kemkes-Matthes, S. Marten, M. Bornhauser, Safety of direct oral
anticoagulant exposure during pregnancy: a retrospective cohort study, Lancet
Haematol. 7 (2020) e884-e891, https://doi.org/10.1016/52352-3026(20)30327-
6.

G. Pinna, Sex and COVID-19: a protective role for reproductive steroids, Trends
Endocrinol. Metab. 32 (2021) 3-6, https://doi.org/10.1016/j.tem.2020.11.004.
Y.-H. Jin, L. Cai, Z.-S. Cheng, H. Cheng, T. Deng, Y.-P. Fan, C. Fang, D. Huang, L.-
Q. Huang, Q. Huang, Y. Han, B. Hu, F. Hu, B.-H. Li, Y.-R. Li, K. Liang, L.-K. Lin, L.-
S. Luo, J. Ma, L.-L. Ma, Z.-Y. Peng, Y.-B. Pan, Z.-Y. Pan, X.-Q. Ren, H.-M. Sun,
Y. Wang, Y.-Y. Wang, H. Weng, C.-J. Wei, D.-F. Wu, J. Xia, Y. Xiong, H.-B. Xu, X.-
M. Yao, Y.-F. Yuan, T.-S. Ye, X.-C. Zhang, Y.-W. Zhang, Y.-G. Zhang, H.-M. Zhang,
Y. Zhao, M.-J. Zhao, H. Zi, X.-T. Zeng, Y.-Y. Wang, X.-H. Wang, for the Zhongnan
Hospital of Wuhan University Novel Coronavirus Management and Research
Team, Evidence-based medicine chapter of China international exchange and
promotive association for medical and health care (CPAM), a rapid advice
guideline for the diagnosis and treatment of 2019 novel coronavirus (2019-nCoV)
infected pneumonia (standard version), Mil. Med. Res. 7 (2020) 4, https://doi.
org/10.1186/540779-020-0233-6.

X. Xiong, P. Wang, K. Su, W.C. Cho, Y. Xing, Chinese herbal medicine for
coronavirus disease 2019: a systematic review and meta-analysis, Pharmacol. Res.
160 (2020), 105056, https://doi.org/10.1016/j.phrs.2020.105056.

S.-B. Liang, Y.-Y. Zhang, C. Shen, Y.-Q. Li, B.-Y. Lai, N. Dai, C.-H. Liang, Z.-Y. Tian,
X.-W. Zhang, Y. Jiang, M. Xiong, Y.-P. Zhang, Y. Zhang, N. Robinson, J.-P. Liu,
Chinese herbal medicine used with or without conventional therapy for COVID-
19: an evidence review of clinical studies, Front. Pharmacol. 11 (2021), https://
doi.org/10.3389/fphar.2020.583450.

Y.-X. Huang, W.-X. Wang, S. Zhang, Y.-P. Tang, S.-J. Yue, The database-based
strategy may overstate the potential effects of traditional Chinese medicine
against COVID-19, Pharmacol. Res. 159 (2020), 105046, https://doi.org/
10.1016/j.phrs.2020.105046.

L. Zhang, X. Zheng, X. Bai, Q. Wang, B. Chen, H. Wang, J. Lu, S. Hu, X. Zhang,
H. Zhang, J. Liu, Y. Shi, Z. Zhou, L. Gan, X. Li, J. Li, Association between use of
Qingfei Paidu Tang and mortality in hospitalized patients with COVID-19: a
national retrospective registry study, Phytomedicine 85 (2021), 153531, https://
doi.org/10.1016/j.phymed.2021.153531.

S. Jiang, Q. Cui, B. Ni, Y. Chen, Y. Tan, W. Chen, Y.Z. Chen, Databases for
facilitating mechanistic investigations of traditional Chinese medicines against
COVID-19, Pharmacol. Res. 159 (2020), 104989, https://doi.org/10.1016/j.
phrs.2020.104989.

R. Kiyama, Estrogenic potentials of traditional Chinese medicine, Am. J. Chin.
Med. 45 (2017) 1365-1399, https://doi.org/10.1142/50192415X17500756.


https://doi.org/10.7554/eLife.66125
https://doi.org/10.7554/eLife.66125
https://doi.org/10.1016/S2665-9913(20)30127-2
https://doi.org/10.1016/S2665-9913(20)30127-2
https://doi.org/10.1007/978-3-319-12406-3_2
https://doi.org/10.1038/nri2155
https://doi.org/10.1038/ajg.2013.171
https://doi.org/10.1038/ajg.2013.171
https://doi.org/10.1128/CDLI.8.4.806-810.2001
https://doi.org/10.1128/CDLI.8.4.806-810.2001
https://doi.org/10.1006/clin.1998.4602
https://doi.org/10.1093/cvr/cvab096
https://doi.org/10.1177/0091270009350623
https://doi.org/10.1182/blood-2011-09-380949
https://doi.org/10.1136/annrheumdis-2012-eular.256
https://doi.org/10.1136/annrheumdis-2012-eular.256
https://doi.org/10.1146/annurev-cellbio-100616-060718
https://doi.org/10.1016/S1473-3099(10)70049-9
https://doi.org/10.1016/S1473-3099(10)70049-9
https://doi.org/10.1001/archinternmed.2008.513
https://doi.org/10.1001/archinternmed.2008.513
https://doi.org/10.3390/vaccines9050522
https://doi.org/10.1056/NEJMoa2035389
https://doi.org/10.1056/NEJMoa2035389
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1038/s41591-020-01194-5
https://aifa.gov.it/rapporto-vaccini
https://www.aifa.gov.it/documents/20142/1315190/Rapporto_sorveglianza_vaccini_COVID-19_3.pdf
https://www.aifa.gov.it/documents/20142/1315190/Rapporto_sorveglianza_vaccini_COVID-19_3.pdf
https://doi.org/10.15585/mmwr.mm7008e3
https://doi.org/10.1016/j.jaci.2018.12.1003
https://doi.org/10.1016/j.jaci.2018.12.1003
https://doi.org/10.1016/j.vaccine.2013.09.066
https://doi.org/10.3390/vaccines9040393
https://doi.org/10.1056/NEJMoa2105385
https://doi.org/10.1056/NEJMoa2105385
https://doi.org/10.1136/bmj.m2107
https://doi.org/10.1152/physrev.00024.2020
https://doi.org/10.1016/j.bbrc.2020.12.064
https://doi.org/10.1016/j.bbrc.2020.12.064
https://doi.org/10.1016/S2352-3026(20)30327-6
https://doi.org/10.1016/S2352-3026(20)30327-6
https://doi.org/10.1016/j.tem.2020.11.004
https://doi.org/10.1186/s40779-020-0233-6
https://doi.org/10.1186/s40779-020-0233-6
https://doi.org/10.1016/j.phrs.2020.105056
https://doi.org/10.3389/fphar.2020.583450
https://doi.org/10.3389/fphar.2020.583450
https://doi.org/10.1016/j.phrs.2020.105046
https://doi.org/10.1016/j.phrs.2020.105046
https://doi.org/10.1016/j.phymed.2021.153531
https://doi.org/10.1016/j.phymed.2021.153531
https://doi.org/10.1016/j.phrs.2020.104989
https://doi.org/10.1016/j.phrs.2020.104989
https://doi.org/10.1142/S0192415X17500756

A. Spini et al.

[189] Clinical Trial Explores the Use of Traditional Chinese Medicine Against COVID-19

> News > USC Dornsife, (n.d.). (https://dornsife.usc.
edu/news/stories/3417/traditional-chinese-medicine-xuanfei-baidu-for-c
ovid-19.%20Accessed%20July%209,%202021). (Accessed 9 July 2021).

[190] Y.-H. Shi, Y.-F. Huang, W.-Y. Wang, L. Yang, H. Zhou, Z. Sang, Analysis on the

current quality standards of Chinese materia medica used in COVID-19

22

[191]

Pharmacological Research 173 (2021) 105848

prevention and treatment, Pharmacol. Res. 160 (2020), 105074, https://doi.org/
10.1016/j.phrs.2020.105074.

F. Zhang, J. Huang, W. Liu, C.-R. Wang, Y.-F. Liu, D.-Z. Tu, X.-M. Liang, L. Yang,
W.-D. Zhang, H.-Z. Chen, G.-B. Ge, Inhibition of drug-metabolizing enzymes by
Qingfei Paidu decoction: implication of herb-drug interactions in COVID-19
pharmacotherapy, Food Chem. Toxicol. 149 (2021), 111998, https://doi.org/
10.1016/j.fct.2021.111998.


https://dornsife.usc.edu/news/stories/3417/traditional-chinese-medicine-xuanfei-baidu-for-covid-19.%20Accessed%20July%209,%202021
https://dornsife.usc.edu/news/stories/3417/traditional-chinese-medicine-xuanfei-baidu-for-covid-19.%20Accessed%20July%209,%202021
https://dornsife.usc.edu/news/stories/3417/traditional-chinese-medicine-xuanfei-baidu-for-covid-19.%20Accessed%20July%209,%202021
https://doi.org/10.1016/j.phrs.2020.105074
https://doi.org/10.1016/j.phrs.2020.105074
https://doi.org/10.1016/j.fct.2021.111998
https://doi.org/10.1016/j.fct.2021.111998

	Sex-tailored pharmacology and COVID-19: Next steps towards appropriateness and health equity
	1 Introduction
	2 Sex hormones and COVID-19
	2.1 Estrogen and progesterone
	2.1.1 Clinical trials on estrogen and progesterone in COVID-19 patients

	2.2 Androgens and anti-androgens
	2.2.1 Clinical trials on androgens or anti-androgens


	3 Coagulative disorders therapy and COVID-19
	3.1 Clinical trials on anticoagulants

	4 The RAAS and COVID-19
	4.1 ACE inhibitors and angiotensin-II receptor blockers use in COVID-19 patients
	4.2 Clinical trials of ACE inhibitors and angiotensin-II receptor blockers in COVID-19 patients

	5 Antiviral therapy
	5.1 Clinical trials on antiviral drugs and COVID-19 in relation to gender

	6 Monoclonal neutralizing anti-SARS-CoV-2 antibodies
	7 Immunosuppressive and immunomodulatory drugs
	7.1 Immunosuppressive therapies
	7.2 DMARDs
	7.3 JAKi

	8 Glucocorticoids
	8.1 Clinical trials on glucocorticoids

	9 Monoclonal antibodies directed towards the cytokine storm
	9.1 Sexual dimorphism of mAb disposition and efficacy

	10 Sex differences in response to COVID-19 vaccines
	11 Pregnancy and COVID-19
	12 Traditional Chinese medicine and COVID-19
	13 Discussion and conclusion
	Declaration of Competing Interest
	Acknowledgments
	References


