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Abstract

Baricitinib is a JAK1/2 inhibitor that was first approved for treating moderate to severe rheumatoid arthritis (RA) but that later showed considerable
efficacy in the control of exaggerated inflammatory responses that occur in a wide range of diseases. There is a growing body of evidence, obtained
from clinical trials and case reports, demonstrating clinical and paraclinical improvement in patients following administration of baricitinib including RA,
systemic lupus erythematosus, psoriasis, atopic dermatitis, alopecia areata, interferon-mediated autoinflammatory diseases, graft-versus-host disease,
diabetic kidney disease, and, recently, coronavirus disease-19. However, despite overall encouraging results, many adverse effects have been observed
in baricitinib-treated patients, ranging from simple infections to increased risk of malignancies, particularly in long-term use. The significant efficacy
of baricitinib, versus the probable adverse effects, urge further investigation before establishing it as a part of standard therapeutic protocols. Here,
we have provided a review of the studies that have used baricitinib for treating various inflammatory disorders and summarized the advantages and
disadvantages of its administration.
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Baricitinib (Olumiant), a small Janus kinase (JAK) in-
hibitor molecule approved for treating certain autoim-
mune and inflammatory disorders, has recently been
used for managing critically ill coronavirus disease-19
patients. Regarding the remarkable potential of barici-
tinib in blocking the proinflammatory signaling and its
selective effect on immune cells, it could be considered a
potential candidate for resolving exaggerated immune
responses in a vast number of inflammatory disorders.
Rheumatoid arthritis (RA) was the first illness that
profited from the anti-inflammatory properties of
baricitinib since it was approved for treating moderate
to severe forms of RA that were resistant to tumor
necrosis factor (TNF) inhibitors. Consequently, severe
dermatologic diseases such as alopecia areata and
atopic dermatitis (AD), as well as lupus erythematosus
and autoinflammatory diseases came into consider-
ation for being controlled with baricitinib. Recently,
some clinical trials have been conducted to study
the efficacy of this drug in treating severe infectious
diseases such as human immunodeficiency virus (HIV)
and severe acute respiratory syndrome-corona virus
(SARS-CoV) infections. Moreover, there have attempts
to apply it for managing posttransplant complications
such as graft-versus-host disease. The wide range of
diseases in clinical trials for baricitinib therapy and the
other inflammatory disorders that could be considered
future candidates for treatment with baricitinib made

us provide an overview of positive and negative
outcomes of administerng baricitinib in the clinic.

Janus Kinases
The Janus kinase (JAK) family consists of 4members—
JAK1, JAK2, JAK3, and TYK3—which principally
contribute to cytokine signaling. The JAK molecule
structurally comprises 4 domains: N-terminal FERM
domain, SH2-like domain, pseudokinase domain (JAK
homology 2), and protein tyrosine kinase domain. The
SH2-like and FERM domains mediate the interaction
of JAKs with the receptor and regulate the kinase
activity.1 Once a cytokine is engaged to its receptor,
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Figure 1. Schematic illustration of JAK/STAT signaling and its inhibition with baricitinib.

JAK enzymes approach the intracytoplasmic domain
of the receptor and phosphorylate recruited signal
transducers and activators of transcription (STAT)
molecules. Seven STAT molecules —STAT1, STAT2,
STAT3, STAT4, STAT5A, STAT5B, and STAT6—have
been recognized as being phosphorylated by JAKs on
a single tyrosine or serine residue. The phosphorylated
STATs make a dimer form and transfer to the nu-
cleus to trigger gene transcription, generally leading
to enhanced immune responses (Figure 1). Therefore,
JAK/STAT inhibition could block cytokine signaling
and subsequent events such as monocyte activation,
antibody secretion, erythropoiesis, and acute phase
reactant production. Interleukin (IL)-2, IL-3, IL-4, IL-
5, IL-6, IL-7, IL-9, IL-11, IL-15, IL-19, IL-21, and IL-
23 as well as type I and II interferons (IFNs) are the
most affected cytokines by JAK inhibitors.2

The approved JAK inhibitors include ruxolitinib
(Jakavi) against JAK1/JAK2 used for treating myelofi-
brosis and polycythemia vera3; tofacitinib (Xeljanz/
Jakvinus) against JAK3 for psoriasis and RA4; oclac-

itinib (Apoquel) against JAK1 for allergic AD5; fe-
dratinib (Inrebic), a JAK2 inhibitor for the treatment
of primary and secondary myelofibrosis6; baricitinib
(Olumiant) against JAK1/JAK2; peficitinib (Smyraf)
against JAK3; and upadacitinib (Rinvoq) against JAK1
for treating RA.7,8 In addition, many others are under
investigation such as filgotinib, a new JAK1 inhibitor
for treating RA and Crohn’s disease.9

Pharmacology, Pharmacodynamics, and
Pharmacokinetics
Baricitinib (C16H17N7O2S) is an adenosine triphos-
phate competitive kinase inhibitor that selectively,
strongly, and reversibly inhibits JAK1 and JAK2 en-
zymes (Figure 1). Half-maximal inhibitory concentra-
tions (IC50) of baricitinib for JAK1 and JAK2 are
5.9 and 5.7 nM, respectively. In high concentrations,
it can also inhibit JAK3 (IC50 > 400 nM) and TYK2
(IC50 = 53 nM) activity.10 With a molecular weight of
371.42 Da, baricitinib shows appropriate intracellular
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penetration; thus, it has been produced as oral medicine
(2-mg tablets) wthat significantly facilitates regular ad-
ministration. The oral bioavailability of baricitinib is
approximately 80%. Peak plasma concentration occurs
in about 1 hour. Food is not expected to affect its
efficacy, but fatty meals might blunt the absorption
process. The volume of distribution is estimated to be
76 L, with 50% plasma protein and 45% serum protein
binding.11

Baricitinib is a substrate of breast cancer resistance
protein (BCRP), organic anion transporter 3 (OAT3),
P-glycoprotein, and multidrug and toxin extrusion
protein 2-k (MATE2-k) transporters. Its metabolism
is mediated by the cytochrome P450 3A4 enzyme.
Baricitinib did not inhibit or induce cytochrome P450
enzymes during in vitro studies; however, it inhibited
OAT1,OAT2,OAT3,OCT1,OCT2,OATB1B3, BCRP,
MATE-1, and MATE2-K transporters without signif-
icant clinical impact. Strong OAT3 inhibitors such as
probenecid increase the baricitinib area under the curve
almost 2-fold; hence, they are not recommended to be
used simultaneously.12

Body clearance of baricitinib is 8.9 L/h, with a half-
life of nearly 12 hours. When eliminated, 69% of the
drug is excreted unchanged in urine and 15% via feces.
Because it is metabolized and excreted by the kidney
and liver, drug concentration might be affected by renal
or hepatic disorders, necessitating dose adjustment for
certain patients.13

Baricitinib and the Immune System
Regarding the considerable number of cytokines and
growth factors inhibited by baricitinib, differentiation
and function of most immune cells might be affected
following its application. Both innate and adaptive
immunity have been demonstrated to be suppressed
by baricitinib. For instance, in vitro treatment of
RA and healthy control neutrophils with baricitinib
for 30 minutes prevented apoptosis delay induced
by granulocyte-macrophage colony-stimulating factor
and IFN-γ in a concentration-dependent manner. In
addition, baricitinib diminished the chemotaxis rate
toward IL-8 in neutrophils and inhibited the release
of reactive oxygen species from primed neutrophils in
response toN-formylmethionyl-leucyl-phenylalanine.14

It has also been shown that treating immature human
monocyte-derived dendritic cells with JAK inhibitors
for 6 hours downregulated CD80/CD86 expression,
but not that of human leukocyte antigen (HLA)-DR
in a concentration-dependent manner. Moreover, plas-
macytoid dendritic cells as the main source of type
1 IFNs produced markedly less cytokine in response
to toll-like receptor 9 stimulation in the presence of
baricitinib.15 In addition, the invasion of fibroblast-

like synoviocytes into the inflamed joint of RA was
inhibited by baricitinib, probably because of an IFN-
γ signaling blockade.16 Baricitinib could also impede
human B cell differentiation to plasmablasts and de-
creased IL-6 production from mature B cells. The
proliferation of TCD4+ lymphocytes in response to
anti-CD3 and anti-CD28 antibody stimulation was
suppressed by baricitinib in a concentration-dependent
manner; furthermore, differentiation of T helper (Th) 1
and Th17 cells was inhibited significantly via interfering
with the cytokine signaling of IL-12, IL-23, and IL-
6 and transforming growth factor beta 1.15 IL-2 is
known as the main cytokine in the development, pro-
liferation, and survival of conventional and regulatory
T (Treg) cells that transmits its signaling through the
JAK1/JAK3 pathway.17 Partial inhibition of IL-2 sig-
naling by baricitinib (JAK1) resulted in suppressed T-
cell function18; nonetheless, the possible disadvantages
of suppressing Treg cell function, which expresses the
highest amount of IL-2 receptor should be taken into
account.

Baricitinib and Inflammatory Diseases
Rheumatoid Arthritis
Baricitinib was approved in 2018 by the US Food and
Drug Administration and EuropeanMedicines Agency
for treating adult patients with moderate to severe
rheumatoid arthritis (RA) who have shown an inade-
quate response to 1 or more TNF-inhibitor therapies.12

This was subsequent to the conduction of many clin-
ical trials demonstrating the efficacy of baricitinib in
alleviating severe RA. One of these clinical trials was
RA-BEGIN, which compared 3 therapeutic regimens
including baricitinib 4 mg, baricitinib + methotrexate
(MTX), and MTX monotherapy in 588 randomized
RA patients. This study demonstrated not only the
noninferiority but also the significant superiority of
baricitinib compared withMTXmonotherapy. In week
24, the American College of Rheumatology 20% re-
sponse (ACR20) obtained from baricitinib-therapy was
77% versus 62% by MTX. Moreover, the proportions
of patients in remission measured by the Simplified
Disease Activity Index (SDAI), ACR20 and ACR50,
were markedly greater in combination therapy than
with MTX monotherapy in weeks 24 and 52. Ac-
cording to the radiologic findings, disease progression
was slower in both groups receiving baricitinib com-
pared with the MTX monotherapy; nonetheless, the
best results were obtained in combination therapy,
suggesting beneficial effects of adding baricitinib to
the therapeutic plan of RA patients.19 The recently
published extension trial, RA-BEYOND, was a post
hoc analysis of patients from the RA-BEGIN study.
RA-BEYOND evaluated the long-term efficacy and
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safety of baricitinib in 423 patients with active RA who
were originally treated with baricitinib monotherapy
or switched from MTX or the combination therapy
of baricitinib + MTX to baricitinib 4-mg monother-
apy. The SDAI, the Clinical Disease Activity Index
(CDAI), and the Health Assessment Questionnaire
disability index (HAQ-DI) score assessment showed
that the patients with lower disease activity at baseline
continued to do well with baricitinib monotherapy.
Patients receiving MTX had higher disease activity at
baseline and showed reduced disease activity after the
addition of MTX to baricitinib. The safety evaluation
revealed almost similar outcomes in different treatment
groups. Therefore, it was concluded that most RA
patients profit from continued baricitinib monotherapy
or switching from MTX monotherapy to baricitinib
monotherapy or baricitinib plusMTXdemonstrated by
sustained or improved disease control.20

One other clinical trial evaluating the efficacy of
baricitinib in RA was RA-BEAM, which compared
baricitinib, adalimumab, and placebo in 1037 patients
with inadequate response to MTX. At the end of
week 12, the ACR20 response (70% vs 40%), the
proportion of low disease activity, Disease Activity
Score-28 for RA with CRP (DAS28-CRP), SDAI, and
CDAI were significantly improved in the baricitinib
group compared with the placebo. In addition, the rate
of progressive radiographic joint damage assessed by
modified Total Sharp Score (mTSS) and HAQ-DI was
better in week 24. Notably, baricitinib showed supe-
riority to the adalimumab in the first weeks. DAS28-
CRP and ACR20 (70% vs 61%) were also improved
in the baricitinib group compared with adalimumab in
weeks 8 and 12, respectively. In term of adverse effects,
treatment-emergent adverse events (TEAEs) through
24 weeks were higher in the baricitinib group (71%) and
the adalimumab group (67%) than in the placebo group
(60%); the infection rate was 36% and 33% versus 27%,
respectively. However, serious adverse event (SAE) rates
were similar between baricitinib and placebo groups
and lower than adalimumab. Laboratory changes such
as increased low-density lipoprotein (LDL) cholesterol
and creatinine and decreased neutrophil counts were
observed in the baricitinib group.21

RA-BUILD was a randomized clinical trial that
evaluated the efficacy of baricitinib 2 or 4 mg daily
versus placebo in 684 patients with inadequate re-
sponse to conventional synthetic disease-modifying an-
tirheumatic drugs (csDMARDs) and treatment naive
to biologics. After week 12 of treatment, ACR20 was
62% for baricitinib 4 mg, 66% for baricitinib 2 mg,
and 39% for placebo. Both baricitinib doses resulted
in significantly better ACR50, ACR70, DAS28-ESR,
SDAI, and CDAI scores as well as greater remission
rates in week 24 compared with the placebo. Moreover,

baricitinib 4 mg could inhibit the radiographic pro-
gression of structural joint damage evaluated in week
48. In week 52, the progression rate of mTSS was 0.7
for placebo, 0.33 for baricitinib 2 mg, and 0.15 for
baricitinib 4 mg. TEAE and SAE rates (3%, 5%, and
5% for 2 mg baricitinib, 4 mg baricitinib, and placebo,
respectively) showed no significant difference between
groups.22 Likewise, the RA-BEACON study recruiting
527 patients with adequate response to biologics (more
than 1 TNF inhibitor for more than 3 months) com-
pared the efficacy of baricitinib 2 or 4 mg with placebo.
In week 12, baricitinib 4 and 2 mg showed significant
ACR20 achievement. Both doses resulted in improved
ACR50 and ACR70 response and reduced disease
activity assessed by DAS28-ESR, SDAI, and CDAI
compared with the placebo. In addition, the patients
receiving baricitinib reported reduced fatigue, pain, and
morning joint stiffness and improved physical function
more than those on placebo. In week 24, the rates of
SAE were 4%, 10%, and 7% in the baricitinib 2 mg,
baricitinib 4 mg, and placebo groups, respectively. Se-
rious infection rates were almost similar among groups
(approximately 3%). The patients with greater prior
biological disease-modifying antirheumatic drugs (bD-
MARD) use showed more TEAE, especially infections.
Similar to the previous studies, baricitinib was associ-
ated with increased LDL cholesterol and creatinine.8,23

Interferon-Mediated Autoinflammatory Diseases
Interferonopathies are a group of monogenic diseases
characterized by dysregulated IFN-mediated immune
responses.24 According to the prominent potential of
baricitinib in inhibition of IFNs, its efficacy has been
evaluated in 1 clinical trial for treating IFN-mediated
autoinflammatory disorders. Ten patients with chronic
atypical neutrophilic dermatosis with lipodystrophy
and elevated temperatures (CANDLE), 4 patients with
stimulator of IFN gene–associated vasculopathy with
onset in infancy and 4 patients with other interfer-
onopathies were recruited and treated with baricitinib
for a mean duration of 3 years (1.5-4.9 years). By
receiving the optimal tolerated doses of baricitinib
(initiated by 100 μg daily), the median daily symptom
score decreased from 1.3 to 0.25. Daily prednisone
doses decreased significantly in all patients, and 5 of
10 patients with CANDLE achieved permanent clinical
remission. At baseline, many patients showed cytope-
nia including anemia, lymphopenia, and thrombocy-
topenia; nonetheless, the hemoglobin concentration,
lymphocyte count, and platelet count increased after
treatment with baricitinib. On the other hand, the
same indices decreased in patients with normal cell
count at baseline. IFN biomarkers reduced and patient
quality of life along with height and bone mineral
density improved significantly. Three patients showed
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no improvement and thus discontinued the treatment;
1 of these patients was excluded from the study because
of azotemia and polyomavirus hominis1 (BK) viremia.
The upper respiratory infections, gastroenteritis, and
BK infection were the most common infectious adverse
effects; however, the overall outcome was evaluated as
positive.25

Diabetic Kidney Disease
It has already been demonstrated that angiotensin II
activates intracellular signaling processes that result
in JAK/STAT signaling in glomerular mesangial cells.
Consequent to JAK/STAT signaling, excessive pro-
liferation and growth of glomerular mesangial cells
would occur that contribute to diabetic nephropathy.26

Kidney biopsy samples of progressive type 2 diabetic
nephropathy have shown significant upregulation of
JAK1, JAK2, and JAK3 as well as STAT1 and STAT3
mRNA expression that were negatively correlated
with glomerular filtration rate (GFR).27 Moreover, the
Affymetrix expression arrays of 44 microdissected hu-
man diabetic nephropathy samples exhibited increased
expression of JAK1 and JAK2 involved in IFN signal-
ing, platelet-derived growth factor and ephrin receptor
signaling, dendritic cell maturation, and monocytes
activation.28 According to these findings, a double-
blind dose-ranging study investigated the potential of
baricitinib to prevent diabetic kidney disease (DKD).
A total of 129 patients with type 2 diabetes and at high
risk for progressive DKD were randomized 1:1:1:1:1 to
receive placebo or different doses of baricitinib (0.75
mg daily, 0.75 mg twice daily, 1.5 mg daily, or 4 mg
daily) for 24 weeks, followed by 4-8 weeks of a washout
period. At baseline, the mean GFR, hemoglobin
A1c, and first morning urine albumin-creatinine ratio
(UACR) were 45.0 ± 12.1, 7.3% ± 1%, and 820 mg/g
(407-1632 mg/g), respectively. In week 24, baricitinib 4
mg daily decreased morning UACR by 41% compared
with placebo and reduced the inflammatory biomarkers
(eg, plasma soluble tumor necrosis factor receptor 1 and
2, intercellular adhesionmolecule 1, urine CXCL10 and
urine CCL2, and serum amyloid A) significantly. The
only considerable adverse effect differing across groups
was anemia, observed in 32% of patients on baricitinib
4 mg versus 3.7% in the placebo group.29

Systemic Lupus Erythematosus
Systemic lupus erythematosus (SLE) is a systemic au-
toimmune disease with a wide range of clinical man-
ifestations and an unpredictable relapsing-remitting
course. Cytokine dysregulation is a prominent feature
of SLE. Moreover, IFN-related genes have been shown
to be overexpressed in SLE patients in active phases
of disease.30 Therefore, targeting the JAK/STAT path-
way might suppress the exaggerated cytokine responses

as demonstrated by in vitro and preclinical studies.31

One phase 2 multicenter double-blind, randomized,
placebo-controlled study recruited 314 SLE patients
nonresponsive to the standard treatment and assigned
them to receive placebo (n = 105), baricitinib 2 mg (n
= 105), or baricitinib 4 mg (n = 104) for 24 weeks.
At the end of the study, 67% of patients receiving
baricitinib 4 mg and 58% on baricitinib 2 mg showed
improved signs and symptoms of the active disease in-
cluding resolution of the Systemic Lupus Erythemato-
sus Disease Activity Index-2000, SLE arthritis, and
rash. Adverse events were observed in 73%, 71%, and
65% of patients in baricitinib 4 mg, baricitinib 2 mg,
and placebo groups, respectively. SAEs were seen in
10% of patients receiving baricitinib 4mg, 10% of those
receiving baricitinib 2mg, and 5%of the placebo group;
nonetheless, no deaths occurred. A single episode of
deep vein thrombosis occurred in a patient receiving
baricitinib 4 mg who was positive for antiphospholipid
antibodies. Serious infections were reported in 6 pa-
tients on baricitinib 4 mg, 2 patients on baricitinib
2 mg, and 1 receiving placebo.32 The encouraging
results of this study justified further studies including
2 ongoing multicenter phase 3 randomized, placebo-
controlled trials (NCT03616912, NCT03616964) that
could provide more evidence about the advantages and
disadvantages of baricitinib-therapy in SLE patients.33

Dermatologic Diseases
Psoriasis
Psoriasis is a chronic inflammatory skin disorder char-
acterized by red, scaly plaques as a result of uncon-
trolled dermatocyte production. In many occasions,
it is accompanied by nondermatologic manifestations
such as arthritis. Th1 and Th17 lymphocytes have
been shown to be implicated in the pathogenesis of
psoriasis; therefore, cytokines like IL-12 and IL-23,
which contribute to the differentiation of Th1 and
Th17 cells, as well as IFN-γ , IL-17, and IL-22 pro-
duced by these cells might be considered therapeutic
targets in managing severe cases.34 Accordingly, the
JAK/STAT pathways involved in signal transduction
of these cytokines could be inhibited to halt disease
progression. One randomized, double-blind, placebo-
controlled, dose-ranging phase 2b clinical trial has
evaluated the efficacy of baricitinib in 271 patients
with moderate to severe psoriasis. The patients were
assigned in 5 groups receiving 2-, 4-, 8-, or 10-mg daily
oral doses of baricitinib or placebo for 12 weeks. At
the end of this time, all patients receiving baricitinib
(except 2 mg) showed significant improvement from
baseline and had better Psoriasis Area and Severity
Index 75% (PASI-75) comparedwith the placebo group.
The number of patients achieving PASI-75 on 8 and
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10 mg baricitinib was more than the placebo group, but
significant PASI-90 responses were seen only in the 8-
and 10-mg groups. Thereafter, an additional 12 weeks
of treatment was started according to the obtained
PASI score, and almost 80% of patients remained their
PASI-75 scores until the end of week 24. The rate of
adverse events for the placebo and 2-, 4-, 8-, and 10-mg
baricitinib groups were 44%, 50%, 47%, 58%, and 64%,
respectively. No opportunistic infection was observed
in treatment groups.35

Alopecia Areata
Alopecia areata (AA) is an autoimmune disease causing
hair loss with no definitive treatment. The role of IFN-
γ and JAK/STAT signaling has already been shown in
the pathogenesis of AA.36 Baricitinib appeared to exert
beneficial effects on AA as a 17-year-old male patient
with chronic AA who had been enrolled in a clinical
trial to evaluate the efficacy of this drug in treating
his concomitant interferonopathy CANDLE syndrome
exhibited considerable improvement in hair regrowth
and finally complete resolution of hair loss within 9
months of treatment. He received oral baricitinib 7 mg
daily for 6 months, then 7 mg in the morning and 4 mg
in the evening with gradual tapering of corticosteroids
to 3 mg per day. In addition, in vivo studies using the
C3H/HeJ grafted alopecic mice model demonstrated
a significant association between the resolution of the
IFN signature and disease improvement in baricitinib
therapy.37 In a more recent study, a 60-year-old woman
with a history of psoriasis and melanoma and current
AA was subjected to baricitinib. She had been resistant
to treatment with intralesional triamcinolone, platelet-
rich plasma, and tofacitinib 1% solution. Administra-
tion of 2 mg daily baricitinib for 4 months showed no
significant outcome; thus, the drug dose was increased
to 4 mg daily, which resulted in 97% regrowth of
scalp hair, eyebrows, and eyelashes within 8 months.
The treatment was continued, and after 13 months, no
adverse effects were observed.38

Allergic Dermatitis
Allergic dermatitis (AD) is the most common chronic
inflammatory skin disease of childhood, affecting al-
most 25% of children and 0.3%-14.3% of the adult pop-
ulation. AD is associated with the over-activation of T
lymphocytes, particularly Th2 cells secreting IL-4, IL-5,
IL-13, and IL-31 cytokines; hence, cytokine inhibition
might restrain disease progression.39 The efficacy of
baricitinib in treating AD has been evaluated in a phase
2 multicenter randomized, double-blind, placebo-
controlled clinical trial. The patients (n = 124) were
assigned to 1 of 3 groups receiving 4 mg baricitinib,
2 mg baricitinib, or placebo daily. One month prior
to the study all other medications were discontinued

except for topical triamcinolone. At baseline, the me-
dian Eczema Area and Severity Index (EASI) score for
patients was 21.2. In week 16, the EASI 50 of patients
treated with baricitinib 4 mg was significantly better
than other patients, whereas their Scoring Atopic Der-
matitis scores decreased. Baricitinib 2 mg showed no
superiority to the placebo; nonetheless, the patients re-
ceiving baricitinib used almost 30% less triamcinolone
monthly compared with the placebo group. Moreover,
the total Dermatologic Life Quality Index improved
in both baricitinib groups compared with placebo.
Adverse events including headache, increased creatine
phosphokinase (CPK), and nasopharyngitis were seen
in 71% of the baricitinib 4-mg group, 46% of the
baricitinib 2-mg group, and 49% of the placebo group.
One patient in the baricitinib 4-mg group experienced a
serious adverse event (benign polyp of the large intes-
tine); no deaths occurred.40 Subsequently, several phase
3 clinical trials were conducted about the efficacy and
safety of baricitinib as a treatment for moderate to se-
vere AD. For instance, BREEZE-AD1 and BREEZE-
AD2 recruited more than 1200 adult AD patients with
a Investigator’s Global Assessment (IGA) score of 3 or
4, EASI≥ 16, body surface area≥ 10%, and inadequate
response to more than 1 existing medication. The
patients were randomized into 4 groups of placebo and
1, 2, and 4 mg baricitinib daily for 16 weeks. Significant
improvement in nighttime awakenings, skin pain, and
quality of life was observed as soon as the first week in
the patients receiving 4 or 2 mg baricitinib. In week 16,
the percentage of patients achieving IGA scale 0 or 1
was significantly greater in groups receiving baricitinib
(16.8%, 11.4%, 11.8%, and 4.8% for baricitinib 4, 2,
and 1 mg and placebo, respectively, in BREEZE-AD1
and 13.8%, 10.6%, 8.8%, and 4.5% for baricitinib 4,
2, and 1 mg and placebo, respectively, in BREEZE-
AD2). Moreover, patient-reported outcome measured
by Itch Numerical Rating Scale was 22% in the 4-mg
group compared with 12% in the 2-mg and 7% in the
placebo groups. Similar to the other studies, the most
reported adverse effects were headache, nasopharyn-
gitis, and CPK rise. There were neither thromboem-
bolic events nor considerable hematological changes in
baricitinib groups.41 At the moment, there are other
ongoing clinical trials about the efficacy of barici-
tinib in managing moderate to severe AD of children
and adolescents (eg, NCT02576938; NCT03952559;
NCT0343508; NCT03334435; NCT03428100), the re-
sults of which would provide further evidence for
including or excluding baricitinib in the approved med-
ications of AD.42

Graft-Versus-Host Disease
Regarding the indispensable role of cytokines in dif-
ferentiation and stimulation of immune cells, cytokine
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inhibition has been suggested to treat severe forms of
graft-versus-host disease (GVHD). Proinflammatory
cytokines such as IL-1, IL-4, IL-6, and IL-12 as well
as increased IFN-γ during GVHD elicit exaggerated
immune responses against vulnerable tissues such as
liver, intestine, lungs, and skin.43 JAK inhibitors, in
particular, ruxolitinib, have been studied to suppress
cytokine signaling in GVHD patients. Of note, there is
evidence of preserving the graft-versus-leukemia effect
(GVL) while preventing GVHD by JAK inhibitors.44

Studies have shown that simultaneous blockade of
IFN-γ and IL-6 receptors could resolve established
GVHD in the animal model of fully major histocom-
patibility complex (MHC)–mismatched hematopoietic
stem cell transplantation. Moreover, signaling inhibi-
tion of these 2 cytokines using baricitinib prevented
GVHD successfully. Further results of baricitinib ther-
apy included decreased count of Th1 and Th2 cells,
reduced expression of MHC and CD80/86 molecules,
Treg cell expansion, and enhancedGVL effects.45 These
encouraging preclinical findings wait to be evaluated in
human patients by a nonrandomized open-label clinical
trial aiming to evaluate JAK1/2 inhibition in chronic
GVHD (NCT02759731).46

HIV Infection
Despite all advances in treating HIV infection, virus
persistence in the host is considered a serious obstacle
in treating the disease. highly active antiretroviral ther-
apy appears not to be able to eradicate all viral parti-
cles because of virus latency in memory T cells. Because
cytokines are deeply implicated in the homeostasis of
memory cells, manipulating the JAK/STAT signaling
pathwaymight be a way to control memory T cells’ viral
reservoir. It has already been shown that JAK/STAT
pathway is involved inHIV persistence. Ruxolitinib and
tofacitinib were able to decrease the number of TCD4+
cells containing integrated HIV DNA by blocking
IL-2, IL-7, and IL-15 cytokine signaling; this could
protect the bystander T lymphocytes from infection
transmission.47 Therefore, JAK inhibitors might be
suggested to treat HIV+ patients to restrain T-cell
activation and further viral expansion. Moreover, in
an attempt to reduce central nervous system (CNS)
inflammation in HIV, a group administered baricitinib
in a murine model of HIV-associated neurocognitive
disorders secondary to chronic CNS inflammation.
The results indicated that baricitinib could cross the
blood-brain barrier and promote HIV-induced cogni-
tive disturbances. This was attributed to the reduced
neuroinflammation shown by a diminished number of
microglia and astrocytes in brain tissue. In vitro studies
also demonstrated the efficacy of baricitinib in reducing
the viral reservoir in macrophages.48 These findings
together with the potential safety and tolerability of

JAK inhibitors in HIV patients49 propose them as
a probable supplementary medication to control the
expansion and alleviate the inflammatory consequences
of HIV infection.

Coronavirus Disease-19
In the present pandemic of coronavirus disease-19
(COVID-19), baricitinib has gained considerable in-
terest because of its protective and curative effects
on SARS-CoV-2 infection. It has been shown that
baricitinib prevents virus endocytosis and reduces viral
assembly by inhibiting adaptor-related protein-2 (AP-
2)–associated protein kinase 1 and cyclin-G-associated
kinase enzymes in alveolar type 2 cells. Because these
cells contribute to viral transmission, baricitinib might
hinder viral entrance to the underlying tissue.50 Barici-
tinib could also exert beneficial effects in treating acute
respiratory distress syndrome in COVID-19 patients by
alleviating exaggerated inflammatory responses.51 An
in vitro study investigating the effect of baricitinib on
cytokine release from whole blood cells of COVID-19
patients in response to SARS-CoV-2 antigens demon-
strated decreased spike-specific responses consequent
to the reduced expression of IFN-γ , IL-17, IL-1β, IL-6,
TNF-α, and other inflammatory cytokines.52 Although
cytokine inhibition is helpful for managing severe cases
of COVID-19, the essential role of cytokines, partic-
ularly IFNs, in eradicating viral infection should be
taken into consideration. Therefore, JAK inhibitors are
supposed to be administered preferentially to critical
patients for a limited period and regarding their cy-
tokine profiles.53 Nonetheless, in the rhesus macaque
model of SARS-CoV-2 infection, treatment with baric-
itinib showed encouraging results, as treated animals
showed reduced inflammatory damage in lung tissue,
decreased NETosis activity, considerable suppression
of macrophages, and less neutrophil recruitment com-
pared with the control group, whereas type I IFN
antiviral responses and virus-specific T-cell responses
were preserved.54

During the recent year, there were several clinical
trials evaluating the efficacy of baricitinib in managing
COVID-19 patients. In 1 of these studies, 20 severe
cases received 4 mg baricitinib twice daily for 2 days,
followed by 4 mg daily for 1 week. The results showed
considerable clinical and paraclinical improvements
indicated by elevated oxygen, increased antispike an-
tibodies, reduced TNF-α, IL-6, and IL-1β cytokines,
and restored T- and B-cell number in circulation.55

In another noncontrolled study, 2-4 mg baricitinib
and 200-400mg hydroxychloroquine were administered
daily to 15 patients with moderate to severe COVID-
19 pneumonia. This combination therapy resulted in
the overall recovery of 12 of 15 patients, but 3 pa-
tients died. After initiation of baricitinib, reduced CRP,
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elevated oxygen saturation, and resolved symptoms
were observed.56 In addition, a pilot study compar-
ing 12 moderate COVID-19 patients under standard
treatment (lopinavir/ritonavir and hydroxychloroquine)
with 12 patients receiving baricitinib (4mg/day) plus
lopinavir/ritonavir showed significant improvement in
clinical and paraclinical indices of the baricitinib group
within the first and second weeks of treatment, whereas
the control group exhibited no significant improve-
ment compared with baseline.57 In addition, a double-
blind, randomized, placebo-controlled trial compared
the efficacy of baricitinib plus remdesivir versus remde-
sivir plus placebo in hospitalized COVID-19 patients.
The patients receiving combination therapy (n = 515)
showed amedian recovery time 1 day shorter and a 30%
greater improvement in clinical status compared with
those who were treated with remdesivir alone (n= 518);
moreover, the recovery time for the patients receiving
oxygen therapy was shorter in the baricitinib group (10
vs 18 days), and the 28-day mortality rate was less than
the placebo group (5.1% vs 7.8%). Notably, serious ad-
verse events and new infections were less frequent in the
combination group, revealing the superiority of barici-
tinib plus remdesivir therapy compared with remdesivir
plus placebo.58 Tocilizumab is an anti-IL-6 receptor
antibody applied for inhibiting uncontrolled inflam-
matory responses such as cytokine storm following
hematopoietic stem cell transplantation.59 A retrospec-
tive study, treating the COVID-19 patients admitted
for interstitial pneumonia with baricitinib and/or
tocilizumab (in addition to standard antiviral therapy)
demonstrated the lowest death rate in patients receiving
baricitinib. Furthermore, no specific severe side effects
were found in patients receiving baricitinib or barici-
tinib plus tocilizumab.60 One other trial evaluated the
efficacy of baricitinib plus corticosteroids in improving
the pulmonary function of patients with moderate
to severe COVID-19 pneumonia. Two group of pa-
tients received lopinavir/ritonavir/hydroxychloroquine
plus either high-dose corticosteroids or corticosteroids/
baricitinib. At discharge and 1month later, baricitinib
combination therapy resulted in better SpO2/FiO2 and
improved pulmonary function compared with the cor-
ticosteroids alone.61

Because immunosenescence has been considered
a risk factor in COVID-19 patients researchers
have investigated adding baricitinib to the standard
treatment of 83 elderly patients (median age, 81 years)
with moderate to severe pneumonia. This resulted in a
considerably decreased mortality rate and of patients
in critical condition, as 16.9% of the baricitinib-treated
patients died or progressed to invasive mechanical
ventilation compared with 34.9% in the standard-of-
care group. Baricitinib was generally well tolerated;
however, there were some reports of liver toxicity,

infectious diseases, gastrointestinal complication, and
cardiovascular side effects, most of which were not
definitely attributable to the baricitinib.62 In addition
to the abovementioned studies, at the moment there are
at least 10 other ongoing registered clinical trials in dif-
ferent stages including NCT04321993, NCT04345289,
and NCT04399798 investigating the efficacy and safety
of baricitinib in treating COVID-19 patients.63

Safety
Despite all the beneficial effects of baricitinib in con-
trolling various inflammatory conditions, some adverse
effects have been observed in patients receiving this
drug. Apparently, the most common adverse effect
is the occurrence of infectious disease, in particular,
upper respiratory tract infections (eg, nasopharyngitis),
and reactivation of latent infections such as tubercu-
losis, hepatitis B, Epstein-Barr virus, varicella zoster,
and herpes simplex. Headache is the second most
common side effect, followed by LDL and creatinine
rise.64–67 However, the most concerning disadvantage
of using baricitinib particularly for a long time is
the increased risk of malignancies, particularly lym-
phoma and nonmelanoma skin cancers.68,69 These 2
malignancies have occurred in higher rates in patients
receiving 4 mg baricitinib for 24 weeks during the
RA-BEYOND study, most of them taking additional
immunosuppressive drugs.12 Neutropenia, anemia, and
increased alanine aminotransferase have also been at-
tributed to baricitinib administration.12 Accordingly,
baricitinib should not be initiated in patients with an
absolute neutrophil count less than 1 × 109 cells/L,
or absolute lymphocyte counts less than 0.5 × 109
cells/L.70 This is of particular importance in COVID-
19 patients, as severe cases usually have lymphopenia
and exhibit exhausted lymphocyte phenotypes.71 More-
over, liver enzyme dysregulation following baricitinib
administration has frequently been observed in patients
receiving concomitant hepatotoxic drugs such as MTX
or isoniazid. Chronic liver comorbidities and hepatic
failure because of SARS-CoV-2 infection could also
increase the alanine aminotransferase and aspartate
aminotransferase levels, which makes it more confusing
to indicate the cause of enzyme rise.67 Furthermore,
there are studies demonstrating the elevated probability
of pulmonary embolism, deep vein thrombosis, and
retinal artery occlusion in patients receiving barici-
tinib. This might increase the risk of coagulopathies
established as a consequence of severe inflammation in
COVID-19 patients.68,72 Nonetheless, there is no con-
crete evidence about the additional risk of thrombotic
events in COVID-19 patients treated with baricitinib.
The other side effect correlated with baricitinib is
increased CPK. Considerably, the SARS virus might



1282 The Journal of Clinical Pharmacology / Vol 61 No 10 2021

Figure 2. Inflammatory conditions treated with baricitinib.

cause CPK rise, which is usually associated with poor
prognosis and later rhabdomyolysis; the aggravating
effect of baricitinib in this process should also be taken
into account.73

Despite the abovementioned adverse effects, it
should be noted that the majority of patients receiving
baricitinib either were taking other immunosuppressive
drugs simultaneously or had been taking them for
a long time; in addition, almost all these patients
suffered from preliminary disorders that might affect
their immune competence, rendering them incapable
of appropriate eradication of infectious disease and
elimination of tumor cells. These patients may also
be more vulnerable to the metabolic dysregulation
compared with healthy individuals. Taken together, the
reported TEAEs could not be exclusively attributed
to the baricitinib-therapy; obviously, further investiga-
tions are required to recognize the predisposing factors
and describe definite short-term and long-term side
effects of this medication.

Future Direction
Because of the considerable (and increasing) number
of patients suffering from chronic autoimmune diseases
and persistent allergies, as well as transplant recipi-

ents, and that all these patients should receive lifelong
immunosuppressive drugs, it is necessary not only to
exploit the capacity of available immunomodulatory
agents but also to introduce novel drugs with more effi-
cacy and fewer side effects to the clinic. JAK inhibitors
with substantial efficacy and high selectivity might be
considered a plausible option to be integrated in future
immunosuppressive regimes; in particular, the critical
patients with transplant rejection and those affected
by debilitating autoimmune disorders such as multiple
sclerosis, ankylosing spondylitis, and systemic sclerosis
might profit from the potential of novel JAK inhibitors
for controlling dysregulated immune responses.

Discussion and Conclusion
Baricitinib, a JAK1/2 inhibitor, has been successfully
used for treating severe inflammatory conditions in-
cluding resistant RA, SLE, IFN-related autoinflamma-
tory disease, various dermatologic disorders, GVHD,
and uncontrolled infections (Figure 2); meanwhile,
several adverse effects ranging from simple upper res-
piratory tract infections to malignant transformations
have been observed in patients receiving this drug.
Because immunosuppressive agents are generally app-
lied in combination with other anti-inflammatory or
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antibiotic drugs, it is essential to study the efficacy
and safety of JAK inhibitors in combination with
different medications. Accordingly, baricitinib has been
evaluated in patients receiving concomitant drugs such
as MTX, lopinavir/ritonavir, hydroxychloroquine, cor-
ticosteroids, tocilizumab, and remdesivir. Determining
the optimal drug combinations could improve the
efficacy and diminish undesirable effects of JAK in-
hibitors; for instance, the adverse effects of tofacitinib
have been shown to reduce in transplant recipients
receiving rapamycin or belatacept compared with those
who were treated with mycophenolate.74 Moreover,
certain adverse effects might be prevented by regular
monitoring of patients, especially in terms of infectious
diseases and malignancies. There are also laboratory
tests to monitor drug potency such as measuring
STAT5 phosphorylation, which has been recommended
for dose adjustment of tofacitinib, another member of
the JAK inhibitor family.75 The similarity of disease
symptoms and drug side effects is the other confusing
point in determining the safety of baricitinib. Adverse
effects such as liver enzyme dysregulation, thrombosis,
lymphopenia, and CPK rise could occur in the natural
course of many inflammatory disorders, thus, hardly
attributable to baricitinib per se, although this could
exacerbate the situation.

In summary, JAK inhibitors, in particular, barici-
tinib, might be applied to manage various acute and
chronic inflammatory conditions efficiently; nonethe-
less, patients should be monitored cautiously to detect
and resolve the probable side effects.
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