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Baricitinib is a reversible Janus - associated kinase (JAK) - inhibitor that interrupts the signaling of
multiple cytokines implicated in COVID - 19 immunopathology. It may also have antiviral effects by
targeting host factors that viruses rely for cell entry and by suppressing type | interferon driven
angiotensin - converting - enzyme - 2 up regulation. However, baricitinib’s immunosuppressive effects
may be detrimental during acute viral infections by delaying viral clearance and increasing vulnerability to
secondary opportunistic infections. The lack of reliable biomarkers to monitor patients’ immune status as
iliness evolves complicates deployment of immunosuppressive drugs like baricitinib. Furthermore,
baricitinib carries the risk of increased thromboembolic events which is concerning given the proclivity
towards a hyper - coagulable state in COVID - 19 patients. In this article we review available data on
baricitinib with an emphasis on immunosuppressive and antiviral pharmacology, pharmacokinetics, safety,
and current progress in COVID - 19 clinical trials.

Introduction

Baricitinib is a novel and reversible, selective, first-generation, oral
JAK1& JAK 2 inhibitor with moderate affinity towards TYK2 and
significantly less affinity towards JAK3 enzymes [1]. It was achieved by
substituting the part of the tofacitinib molecule (another drug for RA) that
showed JAK1/JAK3 selectivity with a different chemical moiety, resulting
in a new structure that exhibited specificity for JAK1 and JAK2 over
JAKS.it was developed for the treatment of inflammatory diseases, such as
rheumatoid arthritis (RA) [2].

Recently, baricitinib has been proposed as a potential treatment for
COVID-19 (the disease caused by SARS-CoV-2) due to its anti -
inflammatory and antiviral activities. Baricitinib is expected to have a high
binding affinity to AAK1 (AP2-associated protein kinase-1) and GAK (G-
associated kinase) and interrupt the passage and intracellular assembly of
SARS-CoV-2 into the target cells mediated by ACE2 receptor, it is also
expected to block cytokine storms by suppressing JAK1 and JAK 2
receptors [3]. Correspondingly, baricitinib is proposed for trial in SARS-
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CoV-2 acute respiratory disease patients to minimize the viral entry and
related inflammation [4].

Baricitinib administration results in inhibition of IL-6 stimulated
STAT3 phosphorylation. It was used as a monotherapy and/or in
combination with methotrexate, 2 mg, and 4 mg once daily for the treatment
of moderate to severe rheumatoid arthritis in adult patients who are
intolerant to one or more DMARDs (disease-modifying anti-rheumatic
drugs) after approval by EU [5]. Following oral administration peak plasma
concentration is reached approximately at 1 hour. The total half-life of the
drug is approximately 12 hours [6].

Target Directed Drug Discovery:

Rheumatoid arthritis (RA) is a common, systemic autoimmune
inflammatory disorder affecting approximately 1% of the worldwide
population with high prevalence in women than men [7]. The treatment of
this disease relies on the use of drugs acting against the activation of the
immune system and includes anti-inflammatory and analgesic drugs,
steroids, immunosuppressive agents, disease-modifying anti-rheumatic
drugs (DMARDs), biologics and synthetic small molecules [8].
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The Janus kinase inhibitors (JAKi) or (Jakinibs) are among those
synthetic small molecules that prevent the activation of JAKs and are
cytosolic enzymes that play an important role in activation of the
inflammatory cascade in immune cells [9]. The name “JAK” was taken
from the two-faced Roman God of gates, “Janus” (Lanus in latin) since the
enzyme have two near-identical phosphate-transferring parts: One part
manifests the kinase activity while the other part modulates the kinase
activity of the first reversibly [10].

Our knowledge of existence of JAK/STAT pathway is < 3 decades
old. JAK1and JAK?2 receptors were identified in 1989, and the first member
of JAK family of proteins was cloned and synthesized in 1990. The gene
was given a name TYK2, and draws the interest of scientists due to a
“kinase-like” domain next to the common protein tyrosine kinase domain.
The inhibition of JAKs appeared to be a promising strategy in autoimmune
diseases Due to their significant role in the immune response and their
connection with several cytokine receptors [11].

JAKI blocks the specific adenosine triphosphate (ATP)-binding site
by interfering in the JAK-Signal Transducer and Activator of Transcription
(STAT) intracellular signaling cascade which will results the activation of
immune cells and their progression towards a pro-inflammatory phase [12].
Baricitinib and tofacitinib are the first generation JAKi (jak inhibitors)
which are commonly active against JAK 1, JAK 2 and JAK 3 enzymes.
Whereas the second generation JAKIi filgotinib, peficitinib, upadacitinib,
decernotinib, itacitinib and others have been developed to increase
therapeutic efficacy [13].

The first generation ATP-competitive JAK inhibitors Baricitinib
and tofacitinib target the JH1 (jak homology) tyrosine kinase domain by
interacting with the active conformational site of the ATP-binding pocket.
Next-generation JAKi have been developed in a way they have a selective
affinity for one particular JAK enzyme, in order to reduce undesirable
adverse effects with high clinical efficacy.

Some patients infected with COVID-19 would suddenly worsen and
developed acute respiratory distress syndrome (ARDS), and then shock,
tissue perfusion disorders in the later stage, eventually die from multiple
organ failure, and this was mainly caused by cytokine storm [14]. High
levels of cytokine signaling from clinically severe phase of COVID-19,
signals through the Janus kinase-signal transducer and activator of
transcription (JAK-STAT) pathway [15]. To reduce the death rate of
COVID-19, the cytokine storm needs to be blocked and anti-inflammation
therapy should be initiated. cytokine storm was controlled by using large
doses of glucocorticoid in Previous therapies [16]. However, this may result
complications and slows down the clearance of the virus. Therefore, the use
of drugs targeted at Janus Kinases will be effective in improving disease
severity by limiting the hypercytokinemia (elevated level of various
cytokines in the blood) and a systemic inflammatory response called
cytokine release syndrome (CRS) seen in patients having COVID-19 [17].

Receptor-mediated endocytosis or also called clathrin-mediated
endocytosis is the most common pathway for virus entry into the cells [18].
Recently, angiotensin-converting enzyme Il (ACE2), which is an important
cell surface protein has been identified for SARS-CoV-2 in humans as well
as animals [19]. it has several regulators from which the two important
regulators, AP2-associated protein kinase-1 (AAK1) and cyclin G-
associated kinase (GAK), mediate clathrin-dependent endocytosis and the
JAKI Baricitinib was expected to have a high binding affinity to AAK1 and
GAK and interrupt the passage and intracellular assembly of SARS-CoV-2
into the target cell. Thus reduces the viral entry and the associated
inflammation resulting in inhibition of several cytokines involved in the
cytokine storm in severe cases of COVID-19 [20].

Pharmacokinetic factors and Pharmacodynamics:

Tetracycline is readily absorbed, such as doxycycline, and is bound to the
plasma at various degrees. Doxycycline is completely absorbed by oral
administration in the stomach and proximal small bowel. After
administration, it forms complexes with the metal ion in food and free form
of the drug [5, 8].

» Absorption: Doxycycline after oral administration is completely
absorbed. It is highly lipid-soluble and has a poor calcium-binding
affinity.

» Distribution volume: 0.7 L/kg

»  Protein binding: greater than 90 %

»  Metabolism: liver, bile-concentrated gastrointestinal tract.

» Elimination route: The active and unchanged drug primarily
includes urine and feces. In 92 hours, between 40 percent and 60
percent of the dose administered can be accounted for in the urine,
and about 30 percent can be accounted for in the feces.

»  Half-life: 16.33 hr. (+ 4.53 SD) [20].

Clinical development:

Various pharmacokinetic and pharmacodynamic models were developed to
find out the concentration-time profiles and dose/exposure-response
relationships for the key efficacy parameters of baricitinib [21]. This
includes a proportion of patients achieving American College of
Rheumatology 20% (ACR20), 50% (ACR50), or 70% (ACR70) response
through 24 weeks of treatment with the drug. An ACR20/50/70 response is
described as a reduction of =20%, =50%, and =70%, respectively, in the
number of tender and swollen joints and in at least three of the following
ACR core measures: patient’s pain assessment, physician’s and patient’s
global assessment of disease, physical function as assessed by the Health
Assessment Questionnaire-Disability Index (HAQ-DI), and the level of
acute-phase reactants: erythrocyte sedimentation rate or C-reactive protein
(Felson DT).

A 24-weeks randomized phase Ilb study was conducted with
patients given daily doses of placebo or 1, 2, 4, or 8 mg baricitinib for 12
weeks. And an additional 12 weeks continued blinded treatment of 2, 4, and
8 mg baricitinib. Patients allotted to placebo or 1 mg baricitinib were re-
allotted to 2 mg twice daily or 4 mg once daily between 12-24 weeks. The
terminal point was the proportion of patients in the combined 4 and 8 mg
groups achieving an American College of Rheumatology 20% (ACR20)
response versus placebo at week 12. Notably, in the combined baricitinib
4 and 8 mg groups more patients achieved an ACR20 response at the 12th
week compared to placebo. Significant differences versus placebo were
also observed at 12th week, in patients achieving ACR50, ACR70 and
remission as measured by Disease Activity Score for 28-joint counts,
Clinical Disease Activity Index and Simplified Disease Activity Index. An
improve in all measures through 24 weeks was observed in patients
receiving 2, 4, or 8 mg of baricitinib. And the drug was well tolerated with
no unexpected safety findings through week 24 [22].

In 52-week double-blind phase 3 placebo-controlled study, 290 patients
with moderately to severely active RA and inadequate response to MTX
were randomly assigned 1:1 to placebo or baricitinib 4-mg once daily. At
week 12 more patients achieved ACR20 response with baricitinib
compared to placebo. Similarly at week 12 Significant improvements were
seen in Health Assessment Questionnaire-Disability Index (HAQ-DI),
DAS28-hsCRP, morning joint stiffness, worst joint pain and tiredness in
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the baricitinib group than with placebo. Through week 24, rates of adverse
events emerged from treatment including infections were higher for
baricitinib compared to placebo, while serious adverse event rates were
similar between baricitinib and placebo. Therefore, in patients with RA who
had an inadequate response to MTX, baricitinib was associated with
significant clinical improvements as compared with placebo [23].

Current Commercialization Status:

Baricitinib an oral, selective JAK1&2 inhibitor with moderate activity
against TYK2 and Tofacitinib which is a selective JAK1&3 inhibitor with
less activity against JAK2 and TYK2 go through extensive phase I11 clinical
trials in RA and exhibited satisfactory and continuous improvements in
disease activity, function and patient-reported outcomes as well as disease
treatment modification. Baricitinib has also been shown dominance against
adalimumab in a cohort of MTX-IR patients, achieving a new milestone in
drug development for RA [24]. Such features of baricitinib have led to the
approval of the drug for RA in more than 40 countries, including by the
European Medicines Agency (EMA) and NICE; however, FDA rejected its
approval by requesting further clinical safety data due to concerns regarding
the increased risk of venous thromboembolism at that time.

In February 2017, baricitinib was approved in the EU, for the
treatment of moderate to severe active rheumatoid arthritis in adult patients
who have responded adequately to, or in patients who are intolerant to one
or more disease-modifying anti-rheumatic drugs (DMARDs) as a
monotherapy or in combination with methotrexate, 4 mg, and 2 mg once
daily [25]. On May 31, 2018, baricitinib (2 mg tablets) has been approved
for treatment of rheumatoid arthritis by FDA. The drug is developed by the
American pharmaceutical company Eli Lilly and Incyte Corporation under
the brand name Olumiant [26].

Conclusion

Janus kinase (JAK) inhibitors (JAKinibs), a novel group of oral small
molecule inhibitors, like baricitinb are not only used for the treatment of
rheumatoid arthritis (RA) but also atopic dermatitis and active systemic
lupus erythematosus as well as covid 19 with good efficacy and safety
records. JAKinibs perform their function via competitive inhibition of the
ATP binding site on JH1 (kinase domain). Nowadays a number of Jakinibs
are in clinical trials and new compounds that are more selective for Janus
kinase 1 or Janus kinase 3 are under investigation.

Considering the potential for increased lung injury with corticosteroid use
in patients with COVID - 19, JAK - STAT inhibitors were theorized to
have an effect on the hyper inflammatory state that occurs in COVID - 19.
Baricitinib also prevents viral entry, assembly, and viral infection by
inhibiting AAK1 activity. According to recent reports Baricitinib is being
further studied as an ideal drug for COVID - 19, this is done using various
invitro and in-silico studies.
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