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Abstract

Background The global COVID-19 pandemic is currently underway. A massive worldwide vaccination campaign is still
underway, representing the most promising weapon available to stop the pandemic.

Methods and Results However, research continues to investigate the most effective drug treatments to reduce and avoid the
most serious complications caused by COVID-19 infection. Recently, new evidence of good therapeutic efficacy against
COVID-19 has emerged for the antiviral Remdesivir and the immunomodulatory Baricitinib, also in combination. The first
one showed SARS-CoV-2 antireplicative activity, the second one useful to reduce the hyperinflammatory state caused by

cytokine storm in the most severe phases of the infection.

Conclusions In this short communication we describe the molecular pharmacological mechanisms and the latest evidence
for the use of these therapeutic agents in the treatment of COVID-19 infection.
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Introduction
COVID-19 pandemic

The current pandemic of coronavirus disease 2019 (COVID-
19) is ongoing, to date it has caused about 120 Mln infected
and 2.66 MIn deaths [1-3]. A massive COVID-19 vacci-
nation campaign worldwide is underway representing the
most important hope to permanently stop this pandemic
[4]. Infection in most cases has an asymptomatic or mildly
symptomatic course. The most common clinical manifesta-
tions of COVID-19 infection include loss of sense of smell,
fatigue, fever, cough, and dyspnea [5—7]. In severe cases,
there may be pulmonary, cardiac, hepatic, and neurological
lesions caused by an abnormal and dysregulated response
of the inflammatory/immune system induced by a massive
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and sudden release of proinflammatory mediators such as
cytokines, chemokines [8—11]. The coronavirus SARS-
CoV-2 penetrates into cells via the glycoprotein ACE-2,
which is expressed in several tissues of the body [12, 13].
ACE?2 plays a key role in the renin-angiotensin RAS sys-
tem [14]. A specific antiviral treatment directed against
SARS-CoV-2 has not yet been identified. During this time,
several pharmacological treatments have been proposed,
for COVID-19 infection, including anti-inflammatory/
immunomodulatory agents, anticoagulants, convalescent
plasma, and antivirals indicated for other diseases [15-18].
Among the various antivirals, there are protease inhibitors
and nucleotide or nucleoside analogs that inhibit viral RNA
synthesis. Among these is Remdesivir. Epidemiologic evi-
dence associates Remdesivir with decreased numbers of
hospitalizations from COVID-19 and reduced disease dura-
tion [19-21]. Among the various immunomodulants used
proposed to treat the hyperinflammatory state induced by a
cytokine storm, which occurs in the most severe stages of
infection, good efficacy has been associated with the use of
baricitinib, a pharmacologic agent indicated for the treat-
ment of moderate to severe active phase rheumatoid arthritis
[22, 23].
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Baricitinib and Remdesivir

The pharmacological treatments proposed for COVID-19
infection are aimed at avoiding serious complications of
the disease [24, 25]. Among immunomodulants, clinical
evidence associates some efficacy to Baricitinib. Barici-
tinib is a drug indicated for the treatment of moderate to
severe active phase rheumatoid arthritis in adult patients,
the mechanism of action involves reversible inhibition
of Janus Kinases (JAK), which are signal transducing
enzymes induced by cytokines and growth factors involved
in the inflammatory/immune response. JAKs are a fam-
ily of enzymes with tyrosine kinase activity that mediate
the transmission of signals induced by pro-inflammatory
cytokines. The activated JAKs phosphorylate STAT, a
transcription factor, which regulates the expression of
proinflammatory genes (Fig. 1) [26]. This action of immu-
nomodulation and control of inflammation may be of ben-
efit in reducing the abnormal and dysregulated response
that occurs in the advanced stages of COVID-19 disease,
and has been seen to be responsible for severe organ
injury. Recent evidence has also associated Baricitinib
with an effect of inhibiting endocellular penetration of
SARS-CoV-2. SARS-CoV-2 virus uses ACE?2 as a cellular
entry receptor. AP2-associated protein kinase-1 (AAK1)
and cyclin G-associated kinase (GAK) are two key regula-
tors of ACE2, mediating clathrin-dependent endocytosis

Fig.1 Schematic representa-
tion mechanism of action
Baricitinib: SARS-CoV-2 viral
infection induces immune cells
to release cytokines such as
IFN-y, IL-6 etc. Cytokines bind
to receptors activating JAKs,
which phosphorylate STATs.
Activated STATS translocate
into the nucleus and induce
expression of cytokine-respon-
sive genes inducing the cytokine
storm that occurs in the most
severe stages of COVID-19
infection

SARS-CoV-2
infection
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[22]. Some evidence has shown that Baricitinib binds
to AAK1 and GAK and blocks cellular penetration of
SARS-CoV-2 [23]. Ultimately, Baricitinib is associated
with a dual mechanism of anti-SARS-CoV-2 action, anti-
inflammatory/immunomodulatory and antiviral. A study
in an animal model demonstrated a major decrease in
cytokines and chemokines in lung tissues, supporting the
use of Baricitinib as a pharmacological treatment for the
management of the hyperinflammatory state induced by
the cytokine cascade in severe stages of COVID-19 infec-
tion [27] (Fig. 1).

Several antiviral agents have been proposed to treat
COVID-19 infection, most often showing conflicting and
not fully elucidated clinical results. Evidence has associ-
ated some anti-SARS-CoV-2 efficacy with Remdesivir [28,
29]. Remdesivir is an antiviral pharmacological agent of
the nucleotide analogue family, in vitro studies have shown
some SARS-CoV-2 inhibition activity. Remdesivir is a pro-
drug, which within cells is converted to the active metabolite
nucleoside triphosphate (GS-443902), the active antiviral
compound that acts through inhibition of viral RNA repli-
cation (Fig. 2). Several randomized trials have already been
conducted in both hospitalized and non hospitalized patients.
Recent studies associate Remdesivir with continuous and
clinically significant improvements in COVID-19 [30] posi-
tive patients, resulting in reduced mortality and recovery
time. While demonstrating some efficacy against SARS-
CoV-2, therapeutic treatment with Remdesivir in COVID-19
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Fig.2 Schematic represen-
tation of the SARS-CoV-2
antiviral mechanism of action
of the Baricitinib/Remdesivir
combination. Baricitinib binds
to AAK1 and GAK and blocks
cellular penetration of SARS-
CoV-2. Remdesivir is activated
in the triphosphate metabolite
and inhibits viral replication

AAKT/GAK

patients requires additional data. Recently, evidence has
emerged showing the Baricitinib/Remdesivir combination
to be more effective than single administration of the two
drugs. The pharmacological basis to explain these data, sug-
gest a particular synergism, Baricitinib acts by inhibiting cell
entry, Remdesivir prevents viral replication (Fig. 2). Thus,
currently Baricitinib therapy is combined with antivirals
such as Remdesivir, drug synergism appears to be beneficial
in decreasing viral replication and viral load and regulat-
ing the cytokine storm [31]. A double-blind, randomized,
placebo-controlled trial with a total of 1033 patients evalu-
ated the combination of Baricitinib and Remdesivir in hos-
pitalized adult COVID-19 patients. Results showed that the
Baricitinib/Remdesivir combination was superior to single
administration of Remdesivir in reducing COVID-19 hospi-
talization and disease time [32]. World Health Organization
expert groups recommended mortality trials of four antivi-
ral drugs—Remdesivir, hydroxychloroquine, lopinavir, and
interferon beta-1a—in patients hospitalized with coronavirus
disease 2019. At 405 hospitals in 30 countries, 11,330 adults
underwent randomization; 2750 were assigned to receive
Remdesivir, 954 to hydroxychloroquine, 1411 to lopinavir
(without interferon), 2063 to interferon (including 651 to
interferon plus lopinavir), and 4088 to no trial drug. These
Remdesivir, hydroxychloroquine, lopinavir, and interferon
regimens had little or no effect on hospitalized patients with
Covid-19, as indicated by overall mortality, initiation of ven-
tilation, and duration of hospital stay [33]. Another double-
blind, randomized, placebo-controlled study of intravenous
Remdesivir was conducted in adults who were hospitalized
with Covid-19 and had evidence of lower respiratory tract
infection. A total of 1062 patients underwent randomization.
The Kaplan—Meier estimates of mortality were 6.7% with
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Remdesivir and 11.9% with placebo by day 15 and 11.4%
with Remdesivir and 15.2% with placebo by day 29. The
data show that Remdesivir was superior to placebo in short-
ening the time to recovery in adults who were hospitalized
with Covid-19 and had evidence of lower respiratory tract
infection [34].

Discussions

In the fight against COVID-19 the main goals are to iden-
tify drug therapies capable of blocking the establishment
of the infection. reduce the viral load and modulate the
cytokine storm that induces the generalized hyperinflam-
matory response. SARS-CoV-2 infection is mainly char-
acterized by two phases, the initial infection and viral
replication, the cytokine storm and the abnormal inflam-
matory/immune response. The real challenge is to identify
not only the most effective and safe treatments, but also
the right timing of administration. Using an antiviral only
in the late stages of infection might have less therapeu-
tic efficacy, as might using an immunomodulatory in the
early stages of infection where the immune system has to
fight the viral infection. Evidence shows that the combina-
tion Baricitinib/Remdesivir seems to have positive effects
in terms of reduction of hospitalization. The COVID-19
patient is a complex patient, the safety profile of the treat-
ments used must be carefully monitored [35, 36]. Bar-
acitinib at common doses can in some cases cause res-
piratory tract infections, with the risk of complicating the
clinical scenario. Remdesivir is extensively metabolized
to the pharmacologically active nucleoside triphosphate
analog GS-443902 (formed intracellularly). The metabolic
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activation pathway involves hydrolysis operated by ester-
ases, leading to the formation of an intermediate metabo-
lite GS-704277. Cleavage of phosphoramidate followed by
phosphorylation forms the active triphosphate GS-443902.
Dephosphorylation of all phosphorylated metabolites
can result in the formation of the nucleoside metabolite
GS-441524, which cannot be efficiently rephosphorylated.
Remdesivir is a substrate of enzymes such as CYP3A4,
CYP2D6 and CYP2CS involved in the metabolism of a
large number of drugs used in the COVID-19 patient,
and potential co-administration of inhibitors may lead to
a potential increase in its levels. There are no particular
drug interactions for the two drugs used in combination.
Epidemiological studies associate Baricitinib/Remdesivir
combination with greater efficacy against SARS-CoV-2
infection than single administration of Remdesivir, but
more studies are needed to provide additional dose data
and more appropriate timing of use.

Conclusion

The global COVID-19 pandemic is underway. A massive
mass vaccination campaign has recently begun world-
wide, yet research continues to identify the most effective
treatments. Recent evidence demonstrates good efficacy
in terms of reduced time to hospitalization and disease
from COVID-19 to the Baricitinib/Remdesivir combi-
nation. Further clinical studies are needed to generate
more evidence, such as the best timing and dosage of
administration.
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