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ABSTRACT

Background : Treatment of COVID-19 using IL-6 inhibitors, including Sarilumab or Tocilizumab, significantly
decreased mortality risk. Though, Remdesivir therapy gave benefits, morbidity and mortality remained high. Baricitinib,
a JAK inhibitor, can inhibit the IL-6 activation pathway and has the potential effect of inhibiting disease progression
from becoming severe. Objective : This study aimed to evaluate the use of Baricitinib for COVID-19 patients. Methods :
This study was conducted by searching for observational and randomized controlled trial studies through online
databases, “PubMed” and “Google Scholar”. Studies included must evaluate Baricitinib effectivity as therapy for
hospitalized COVID-19 patients. This study included 11 studies (9 observational and 2 randomized controlled trials).
Patients included had moderate-to-severe symptoms of COVID-19. Results : Standard dose of Baricitinib was
administered at 4 mg daily dose. Length of therapy varied between 5-14 days, or up to patients’ discharge. Baricitinib
therapy in included studies was administered with intravenous Remdesivir, Steroid, Tocilizumab, or other
complementary therapies. The mortality rate within 7-day of hospitalization with Baricitinib was 4.4%. Requirement of
invasive mechanical ventilation rate after Baricitinib administration was approximately 4%. Laboratory parameters were
significantly improving after Baricitinib administration: IL-6, CRP, ferritin, and D-dimer. In a randomized controlled
trial, serious adverse events occurred more often in the placebo-treated compared to the Baricitinib-treated group. .
Conclusion : Baricitinib as therapy for COVID-19 patients can decrease the progression, morbidity, and mortality of the
disease. Further studies are needed to evaluate the benefit of Baricitinib as the main therapy for COVID-19.
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INTRODUCTION length of stay, or requirement of mechanical
Corona Virus Disease 2019 (COVID-19), ventilation.” Though, Remdesivir therapy gave
caused by Severe Acute Respiratory Syndrome benefits, morbidity and mortality remained high.?
Corona Virus 2 (SARS CoV-2) infection, has Baricitinib is a JAK inhibitor which use as
become a pandemic. World Health Organization autoimmune disease therapy. Inhibition at the JAK
(WHO) reported that until November 7, 2021, there pathway can inhibit the IL-6 activation pathway and
were more than 249 million confirmed cases, with potentially inhibit disease progression from
more than 5 million deaths."” Acute respiratory  becoming severe. .° Food and Drug Administration
distress syndrome (ARDS) caused 39% of mortality (FDA) had published authority for Baricitinib as
in COVID-19 patients and 40% of deaths among therapy for COVID-19 patients who need oxygen
COVID-19 who were administered to the intensive supplementation.'® This study aimed to evaluate the
care unit (ICU).>* Hyperinflammation, caused by use of Baricitinib for COVID-19 patients.
cytokine storm, was the underlying pathogenesis of
ARDS. Cytokine storm was caused by the METHODS
overproduction of proinflammatory cytokines, such This study was conducted by searching for
as interleukin (IL) -6, IL-7, and IL-8. Previously, observational and randomized controlled trial
SARS CoV infection also showed inflammatory studies published from 2019 - November 2021
response at upper respiratory tract, which was through online databases, “PubMed” and “Google
inducted and influenced by IL-6. A similar finding Scholar”. Keywords were “Baricitinib”, “COVID-
was found in critical COVID-19 patients, which had 19”7, “SARS-CoV2”, or a combination of both.
high 1L-6 level.>® Studies included must evaluate Baricitinib
Treatment of COVID-19 using IL-6 inhibitors,  effectivity as therapy for hospitalized COVID-19
including Sarilumab or Tocilizumab, significantly patients. The inclusion criteria were (1) COVID-19
decreased mortality risk. However, there was no patients included in the studies must be confirmed
difference between outcome upon hospital discharge,  with RT-PCR, (2) Publications were cohort,
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retrospective cohorts, or randomized controlled
(3) Outcomes were clinical
(requirement for ventilation, length of stay, and
mortality), laboratory outcome, or adverse events
outcome. Studies were excluded if they were not

trials,

outcomes

This study included 11 studies, consisting of 9
observational studies and 2 randomized controlled
trial studies. All patients had moderate-to-severe
symptoms of COVID-19. Studies included were
summarized in Table 1.

published in Bahasa Indonesia or English and could
not be accessed as full-text.

Table. 1 Included studies

Author Study Treatment Output
(year)
Gomez, et Retrospective  Baricitinib and other There were better laboratory outcomes of IL-6 (-50.7 pg/mL); CRP ( -86.4
al. (2021)**  cohort standard therapies mg/L); ferritin (-159.0 ng/mL); and D-dimer (-347 ng/mL)
Abizanda, Retrospective  Baricitinib and other Older patients, aged > 70 years old, who were treated with Baricitinib had a 30-
etal. cohort standard therapies days mortality risk reduction of 18.5%, while < 70 years old groups had a
(2021)*? reduction of 8.1%.
Thoms, et Retrospective  Baricitinib, Remdesivir, The mortality rate with 7-days of hospitalization and the requirement of
al. (2021)®*  cohort and Dexamethasone invasive mechanical ventilation after Baricitinib therapy were 4.4% and 4%.
Izumo, et Cohort Baricitinib, Remdesivir, Length of stay, time-to-recovery, invasive mechanical ventilation duration, and
al. (2021)* and Dexamethasone oxygen supplement therapy were 11 days, 9 days, 6 days, and 5 days.
Adverse events reported were ventilator-associated pneumonia and herpes
zoster infection, as 2% of cases
Alba, etal.  Retrospective  Baricitinib + Additional Baricitinib to dexamethasone had a hazard risk 0.5 (p<0.01) for
(2021)%® cohort Dexamethasone vs. mortality, and the requirement of invasive mechanic ventilation was lower
Dexamethasone and compared to dexamethasone monotherapy (15.6% vs. 15 %; p=0.94)
other standard therapies
Kalil,etal. Randomized-  Baricitinib vs Placebo The recovery ratio of patients who received high-flow oxygen therapy or non-
(2020)*® controlled and Remdesivir invasive ventilation support was 1.51.
trial The baricitinib group had an infection rate significantly lower than the placebo
group (5.9% vs 11.2%; p=0.003). Infections that occurred were Herpes
Simplex Virus, Herpes Zoster Virus, and Tuberculosis. There were no
differences between thromboembolic events (3% vs 3%) and cardiovascular
events (1% vs 1%).
Marconi, et Randomized-  Baricitinib vs Placebo 28-days and 60-days mortality rate were significantly lower in Baricitinib
al. (2021)*  controlled and Remdesivir treatment compared to placebo (HR=0.57; p=0.0018 and HR= 0.62; p=0.005)
trial In a randomized controlled trial, serious adverse events occurred more often in
placebo treatment compared to the Baricitinib treated group (15% vs. 18%).
Mortality due to serious adverse events was found to be more frequent in the
placebo group (2 % vs 4%). Serious infections were reported as 9% in the
Baricitinib group and 10% in the placebo groups
Hasan, et Cohort Baricitinib high dose vs  High dose Baricitinib had a lower requirement of ICU and intubation compared
al. (2021)® standard dose with to the standard dose (17.25 vs. 9%; p<0.05 and 11.2% vs. 4.1% p >0.05)
Remdesivir and High dose and standard dose of Baricitinib was found to have no difference in
Dexamethasone bacterial, fungal, or other opportunistic infections
Hasan, et Cohort Baricitinib loading dose  Baricitinib administration both using loading dose and without loading dose did
al. (2021)*° vs. without loading not give any difference of the 30-days mortality rate (5% vs. 5%)
dose and Remdesivir Administration using loading dose also reduced the requirement of ICU (29.4
and Dexamethasone vs. 10%; p<0.05) and faster oxygen saturation recovery of >94% in room air
also in respiratory rate (3 vs. 4 days and 5 vs. 8 days).
Rosas, et Retrospective  Baricitinib vs. Mortality of patients receiving Baricitinib as combination with Tocilizumab
al. (2020)°  cohort Tocilizumab vs. both was lower than monotherapy of both drugs (18% vs 20% vs 33%).
combination Baricitinib-treated patients required ICU less than both Tocilizumab
monotherapy and combination of Tocilizumab-Baricitinib groups (0% vs. 65%
vs. 27%).
Garcia, et Cohort Baricitinib + Oxygen support was less needed in Baricitinib-treated patients at hospital
al. (2020)# corticosteroid vs. discharge and 1 month after (OR=0.18<0.001 and OR=0.31, p=0.024)

corticosteroid other
standard of care

Baricitinib and dexamethasone combination reduced D-Dimer greater than
dexamethasone monotherapy (-497ng/mL vs. -269 ng/mL; p=0.019)
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RESULTS
Baricitinib Administration
There were 2 schemes of Baricitinib

administration upon included studies. A standard
dose of Baricitinib was administered at 4 mg daily
dose. Older patients or patients with glomerular
filtration rate < 30 mL/min/1,73 m? were given at 2
mg daily dose."" " Some studies use a higher dose
of Baricitinib 8 mg daily or as a loading dose 8 mg
on the first day.® Length of therapy varied
between 5-14 days. There were studies that gave
Baricitinib up to patients’ discharge.**

Baricitinib therapy in included studies was
administered with intravenous Remdesivir at a 200
mg loading dose followed by a daily 100 mg dose
for maximum 10 days. Steroids used were
Dexamethasone 6-10 mg daily injection or
methylprednisolone pulse dose for 4 days followed
with 30 mg daily prednisone and tapering off up to
7-10 days. There was a study that used Tocilizumab
as a comparative and combination therapy with 400-
600 mg daily dose. Other complement therapies
were convalescent plasma, Lopinavir/ritonavir,

Drunavir/cobicistat, Famciclovir,
Hydroxychloroquine, and/or Colchicine. "
Clinical outcome

The mortality rate within 7-day of

hospitalization with Baricitinib was 4.4%."° A
randomized-controlled trial found 28-days and 60-
days mortality rate were significantly lower in
Baricitinib treatment compared to placebo (HR=
0.57; p=0.0018 and HR= 0.62; p=0.005)."" Older
patients aged > 70 years old, who were treated with
Baricitinib had a 30-days mortality risk reduction by
18.5%, while < 70 years old groups had a reduction
of 81%." Thirty-day mortality rate was
significantly higher in patients that were given
standard Baricitinib dose compared to high
Baricitinib dose (6% vs 3,3%; p<0.01)."® While,
Baricitinib administration, both using loading dose
and without loading dose, did not give any
difference in 30-day mortality rate (5% vs. 5%)."
Baricitinib as additional dexamethasone therapy had
a hazard risk of 0.5 (p<0.01)."® Mortality of patients
receiving Baricitinib  in  combination  with
Tocilizumab was lower than monotherapy of both
drugs (18% vs. 20% vs. 33%).2° The most
common cause of death was a septic shock (44%),
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followed by neurological complications (12%) and
renal insufficiency (4%)."

The median time-to-recover of Baricitinib
treated COVID-19 patients was 12 days, with a
median length of stay in ICU being 13 days."
Recovery ratio of patients who received high-flow
oxygen therapy or non-invasive ventilation support
was 1.51. While, progression from administration to
requirement of high-flow oxygen support, invasive
mechanic ventilation, or death were lower in
Baricitinib  treated patients (OR  0.85).'*%
Requirement of invasive mechanical ventilation rate
after Baricitinib administration was approximately
4%." High dose Baricitinib had a lower requirement
of ICU and intubation compared to the standard
dose (17.25 vs. 9%; p<0.05 and 11.2% vs. 4.1%
p >0.05).1

Administration using loading dose also
reduced the requirement of ICU (29.4 vs. 10%;
p<0.05) and faster oxygen saturation recovery
of >94% in room air also in respiratory rate (3 vs. 4
days and 5 vs. 8 days)."® Baricitinib treated patients
required ICU less than both Tocilizumab
monotherapy and combination of Tocilizumab-
Baricitinib groups (0% vs. 65% vs. 27%).%°
Baricitinib as additional therapy to dexamethasone
reduced requirement of invasive mechanical
ventilation compared to the dexamethasone-only
group (15.6% vs. 15 %; p=0.94)."® Oxygen support
were less needed in Baricitinib-treated patients at
hospital discharge and 1 month after (OR=
0.18<0.001 and OR=0.31, p=0.024).%*

Laboratory Outcome

Laboratory parameters were significantly
getting better after Baricitinib administration: 1L-6 (-
50.7 pg/mL); CRP (-86.4 mg/L); ferritin (-159.0
ng/mL); and D-dimer (-347 ng/mL)."* Baricitinib
and dexamethasone combination reduced D-Dimer
greater than dexamethasone monotherapy (-
497ng/mL vs. -269 ng/mL; p=0.019). %

Adverse events

In a randomized controlled trial, serious
adverse events occurred more often in placebo-
treated compared to the Baricitinib treated group
(15% vs. 18%). Mortality due to serious adverse
events were found to be more frequent in the
placebo group (2 % vs. 4%). Serious infections were
reported as 9% in the Baricitinib group and 10% in
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the placebo groups.”  Another randomized
controlled trial study reported the Baricitinib group
had infection rate significantly lower than the
placebo group (5.9% vs 11.2%; p=0.003). Infections
that occurred were Herpes Simplex Virus, Herpes
Zoster Virus, and Tuberculosis. There were no
differences between thromboembolic events (3% vs.
3%) and cardiovascular events (1% vs. 1%)."° Both
high dose and standard dose of Baricitinib were
found to have no difference in bacterial, fungal, or
other opportunistic infections.'®

DISCUSSION

Pathogen-associated molecule pattern (PAMP)
in SARS-CoV2 infection had not been known.
However, it is predicted that SARS-CoV 2 entered
human cells through the ACE2 receptor after
recognizing of genetic material, single strained RNA.
This event can activate the IRF3/7 factor and NF-kB
pathways to produce inflammatory cytokines and
interferon (IFN)-1. The production of IFN-1 as a
protective response to viral infection was inhibited
by structural protein M, protein N, open reading
frame 3a (ORF3a), and ORF6 within the SARS-
CoV2 structure. It caused pro-inflammatory
cytokines to become dominant. Immune responses
within respiratory tracts will then produce IL-1, IL-6,
IL-8, IL-12, and TNF-a. Those cytokines cause
adaptive and innate immune cells to be activated and
other inflammatory cytokines® existence to be
maintained. Moreover, myelopoiesis and
granulopoiesis become more active and have a role
in lung epithelial damage which induce ARDS.
Overproduction of systemic  proinflammatory
cytokines induces coagulation and vascular
homeostasis, contributing to DIC. %%

The severity of COVID-19 has a correlation
to the IL-6-JAK-STAT3 axis. There are 2 activation
pathways that caused by IL-6, membrane-bound
(mIL-6R) pathway, and soluble form (sIL-6R)
pathway. The mIL-6R pathway is found only in
immune cells and creates a complex with gpl130
protein in order to activate JAK/STAT3, Akt/mTOR,
and MAPK pathways. Activation of those pathways
had pleiotropic effect in immune cells, which
manifested as Thl7, T cells and B cells CD8+
differentiation, and increased neutrophil migration.
In contrast, sIL-6R pathways can happen within
almost all cells and have an activation pathway of
JAK/STATS3. Activation in sIL-6R pathway, will
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induce secretion of IL-6 itself, IL-8, MCP-1,
vascular endothelial growth factor (VEGF), and
decrease the production of E-cadherin within
endothelial. Increment of MCP-1 is an atherogenesis
compound that induce cardiovascular symptoms.
Increment in VEGF and decrement of E-cadherin
can be caused decrement in vascular permeability
and induce hypotension and pulmonary dysfunction.
IFN-y and IL-2 can also cause activation of JAK
pathway within COVID-1. However, this activation
and its effects had not been known in the
progression of COVID-19.22%

Baricitinib is a type 1 and type 2 JAK
inhibitor. Those types of JAK receptors are
activators of several cytokines, such as IL-6, I1L-10,
G-CSF, IFN-a, and IFN-y. Inhibition of JAK system
in COVID-19 can influence the pathogenesis, which
has been described previously, which may prevent
cardiovascular events, hypotension, and pulmonary
dysfunction. Baricitinib can also reduce the
infectivity of SARS-CoV 2 Dby inhibiting
endocytosis which is mediated by AP-2 -associated
protein kinase-1 (AAK1) and cyclin G-associated
kinase (GAK) mediate clathrin-dependent at ACE-2
receptor.  Alteration  within  AAK1  causes
interruption of adaptor protein (AP) phosphorylation
which has a role in viral substance invagination into
trans-Golgi. Therefore, the viral life cycle can be
altered. 2%

Previously, Baricitinib was used for
rheumatoid arthritis patients did not show a response
to methotrexate. Baricitinib is administered orally at
a daily dose of 4 mg.?° Studies included in this
review used Baricitinib with an oral route in various
doses of 4-8 mg daily. Baricitinib dose is reduced in
patients with a glomerular filtration rate of < 30
mL/minute/1.73 m? to be 1-2 mg daily. This is
caused by the main elimination of Baricitinib in
kidney filtration and active secretion. Baricitinib’s
half-life can reach 19 hours in patients with end-
stage renal disease.”” Both higher doses and loading
doses of Baricitinib correlated faster respiratory
function recovery. A cost-effectiveness study,
Baricitinib administration as an additional therapy
for COVID-19 patients had good cost-effectiveness
for both hospital and payer.?®

Therapy with Baricitinib for moderate-to-
severe COVID-19 patients who were hospitalized,
shows decrement of mortality rate even after 60-day.
This finding was also found for patients aged more
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than 70 years old. Reduction of length of stay,
requirement of mechanic ventilation, inflammation
parameter, and coagulation was found in Baricitinib-
treated patients. However, upon this study being
conducted, Baricitinib was still used as additional
therapy to standard of care therapy, including
Remdesivir and corticosteroid. Therefore, further
studies are needed to confirm Baricitinib as the main
therapy for COVID-19 patients.

CONCLUSION

Baricitinib as therapy for COVID-19 patients
can decrease the progression, morbidity, and
mortality of the disease. Further studies are needed
to evaluate the benefit of Baricitinib as the main
therapy for COVID-19.
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