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Abstract

Alopecia areata (AA) is a chronic, tissue-specific autoimmune disorder, characterized
by non-scaring hair loss, with a global prevalence of approximately 2%. Typically, it affects a
young population, with initial onset frequently occurring before age of 30 years. Even though
the exact pathogenesis of AA remains unclear, the predominant hypothesis is the breakdown
of the immune privilege (IP) of the hair follicle, resulting in increased self-antigen and MHC
expression in the follicular epithelium. The relapsing nature of the disease negatively impacts
patients’ quality of life and makes them susceptible to develop psychiatric comorbidities.
Although many treatment modalities have been proposed, there are no currently available
treatments able to induce and sustain disease remission. Traditional treatment modalities
despite being widely used present limited results and high risk of adverse effects. Therefore,
there is an unmet need for more effective and safer treatments. The recent insights into the
pathophysiology of AA and its association with the JAK/STAT pathways, have led to the
development of the JAK inhibitors, small molecular agents that block this intracellular signaling
pathway. Baricitinib an orally administered, selective JAK1 and JAK 2 inhibitor is a promising

alternative to the available treatments, already approved for the treatment of alopecia areata.

Key-words: alopecia areata, baricitinib, treatment, pathophysiology, JAK/STAT, JAK inhibitors.



Resumo

A alopecia areata (AA) é uma doenca crdnica, o6rgdo-especifica, auto-imune,
caracterizada por perda capilar ndo-cicatricial, com uma prevaléncia global de
aproximadamente 2 %. Tipicamente afeta uma populacdo jovem, jd que o seu aparecimento
da-se frequentemente em idades inferiores aos 30 anos. Apesar de permanecer indefinida a
fisiopatologia exata da AA, a hipdétese mais aceite prende-se com a colapso do privilégio
imunoldgico do foliculo capilar, o que resulta num aumento da expressao de auto-antigénios e
MHC no epitélio folicular. A natureza recidivante da doenca tem um impacto negativo na
qualidade de vida dos doentes, tornando-os mais suscetiveis ao desenvolvimento de
comorbilidades psiquidtricas. Inidmeras modalidades terapéuticas tém sido propostas,
contudo, atualmente, ndo existem tratamentos disponiveis que sejam capazes de induzir e
suster a remissdo da doencga. As modalidades terapéuticas tradicionais apesar de largamente
utilizadas apresentam resultados limitados e efeitos adversos consideraveis. Assim, existe uma
forte necessidade de tratamentos mais eficazes e seguros. Os conhecimentos mais recentes
sobre a patogénese da AA e a sua associacdo a via JAK/STAT levaram ao desenvolvimento dos
inibidores da Janus quinase (JAK), pequenos agentes moleculares que blogueiam esta via de
sinalizacdo intracelular. O baricitinib é um inibidor seletivo da JAK 1 e JAK2, administrado
oralmente, sendo uma alternativa promissora as terapéuticas disponiveis, estando ja aprovado

para o tratamento da alopecia areata.

Palavras-chave: alopecia areata, baricitinib, treatment, pathophysiology, JAK/STAT, JAK

inhibitors.



List of abbreviations

AA: alopecia areata

AT: alopecia totalis

AU: alopecia universalis

a-MSH: a-Melanocyte-stimulating hormone
ClinRO: clinician-reported outcome

CTLA4: Cytotoxic T lymphocyte—associated antigen 4
CXCL: Chemokine ligand

EMA: European Medicines Agency

FDA: Food and Drug Administration

GWAS: Genome-wide association studies
HF: Hair follicle

HLA: Human leukocyte antigen

IDO: indoleamine-2,3-dioxygenase

IFN: Interferon

IL: Interleukin

IP: Immune privileged

IR: incidence rate

JAK: Janus kinase

MHC: Major histocompatibility complex
MICA: MHC class I-related chain A

MIF: macrophage migration inhibitory factor
NK: Natural killer

OAT3: Organic anion transporter 3

PRO: patient-reported outcome

SALT: severity of alopecia tool

STAT: Signal transducer and activator of transcription
TGF: transforming growth factor

Th: T helper

Tregs: T-regulatory cells

TYK2: Tyrosine kinase 2

ULBP: UL16-binding protein

VIP: Vasoactive intestinal peptide
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Introduction

Alopecia Areata is an autoimmune disease that causes non-scarring hair loss on the
scalp or any hair-bearing surface. Typically, this condition has different clinical hair loss
patterns.! The most common pattern is one or multiple well-defined patches of bald lesions
(patchy alopecia areata) that may proceed to comprise all scalp hairs (alopecia totalis [AT]), or

all scalp and body hairs (alopecia universalis [AU]).2

Patients with AA often exhibit concomitant autoimmune disorders such as systemic
lupus erythematosus, vitiligo, autoimmune haemolytic anaemia, and thyroid diseases.® Nail
lesions including trachyonychia and nail pitting can be present, as well as eye pathology

consisting of focal retinal hypopigmentation, opacities of the lens and cataract.®*

The diagnosis is mostly clinical and is based on visual inspection and dermoscopy;
however, histopathology can be utilized when clinical presentation is unclear.! AA has a
dynamic course, with intermittent flares and remissions. Relapse rates range from 85% to
nearly 100% for those who have had the diagnosis for more than 20 years, indicating

progression over time.®

Giving the unpredictable and relapsing course of the disease, patients have their
quality of life reduced, and are often affected by psychiatric comorbidities, mostly anxiety and
depression.®” One in every 1000 people is affected by AA, the majority of whom are less than
30 years of age. Global prevalence is approximately 2%, impacting people of all genders, ages,

and ethnicities.?®

AA currently has no preventive or curative treatment.’ The traditional standard
therapies include topical or locally-injected agents or systemic immunosuppressive drugs,
however these agents have been found to have problematic safety profiles and inconsistent or

poor efficacy particularly for extensive disease.!

As the molecular mechanisms underlying the pathophysiology of AA are clarified, novel
treatment strategies are becoming more available, such as Janus kinase (JAK) inhibitors,
biologics, several small molecular agents and platelet-rich plasma (PRP) injections.'> Among
these agents, JAK inhibitors have collected the most evidence, being the most supported by
clinical trials and literature so far.!®* Several cytokines involved in the pathogenesis of AA,
including gamma chain (yc) cytokines and IFN-y, depend on JAK signaling, making this class of

small-molecule agents a very attractive therapeutic target.!* By suppressing the effects of



these cytokines, JAK inhibitors were demonstrated to not only prevent the onset of hair loss
but also to reverse alopecia once established.’® Recently, an important milestone on the
treatment of AA was achieved. Baricitinib, an oral, selective, reversible JAK inhibitor was
approved for the treatment of AA, making it the first and the only existing on-label drug for

adults with AA. 1517

In this review, we summarize the efficacy, safety, and mechanism of action of
baricitinib for the treatment of AA, while exploring the pathophysiological pathways leading to

this disorder.

Objectives

This review aims to highlight the current data regarding baricitinib efficacy and safety

in the treatment of alopecia areata.

Methods

This bibliographic review was carried out using Google Scholar and PubMed as
databases. The following keywords were utilized, alone or in combination: “alopecia areata”,
“baricitinib” “treatment”, “pathophysiology”, “JAK/STAT”, “JAK inhibitors”. A review on the
clinical evidence of the efficacy and safety of baricitinib in the treatment AA as conducted, in

addition to a search on the pathophysiology of AA.

This review included original and review articles from 2006 to 2023. Only articles
written in English were included. The articles were selected based on the relevancy of the
abstract, the defined objectives and ultimately the full text analysis. The bibliographic

references from the chosen articles were also included when relevant to this review.



Discussion
Alopecia areata pathophysiology

The hair growth cycle is separated into three stages: anagen (growth phase), catagen
(controlled apoptosis phase) and telogen (resting phase).’® In the anagen phase the hair
undergoes a period of active growth, during which pigmentation and hair shaft development
take place. The catagen phase is distinguished by a time when melanogenesis and hair growth

cease. In telogen phase hair sheds and goes back to anagen.*®*°

The hair follicle (HF) is a site of immune privilege (IP), meaning that the expression of
molecules associated with effective immunity, is downregulated.*® Even though the
pathophysiology of AA is not fully understood, it is known that loss of IP in anagen hair plays a
significant role.?! This collapse promotes an effector T-cell response against the HF cells, and a
premature shift from anagen to the nonproliferative catagen and telogen stages.'®?°
Interestingly, the HF’s epithelial stem cells are generally not affected, preserving the follicle's
capacity to develop new hair in the future, whether through natural remission or effective

treatment.?

AA is a multifactorial disease, with genetic and environmental factors contributing to
its pathogenesis.? The application of genome-wide association studies (GWAS) has identified
polymorphisms in genes related to immune system, structural proteins, and antioxidant
enzymes, that increase susceptibility to this disorder.?® These studies focused on the Human
Leukocyte Antigen (HLA) class Il loci, UL16-binding proteins 3/6 loci, cytotoxic T lymphocyte-
associated protein 5 (CTLA-4), IL-2/1L-21 locus, IL-2RA locus, and Eos locus.?* These genes are
essentially involved in T cell activation and/or survival and facilitate the autoreactive cells to

bypass peripheral tolerance mechanisms.?

The IP in healthy hair follicles is accomplished by downregulation of major
histocompatibility complex (MHC) in anagen hair bulbs, which prevents autoautoantigen
recognition by CD8+ T cells. In addition, there is a local secretion of immunosuppressive
agents, such as transforming growth factor-B1 (TGF-B1), interleukin-10 (IL-10), a-
melanocytestimulating hormone (a-MSH), indoleamine-2,3-dioxygenase (IDO), and vasoactive
intestinal peptide (VIP).2® Keeping this evasive status may be especially crucial during the
anagen stage, where a lot of tissue-specific peptides and antigens are being produced.?”
Melanocyte and keratinocyte epitopes are thought to be the HF autoantigens involved in AA.%®

Although lack of MHCs helps to maintain the IP it can, paradoxically, increase natural killer (NK)



cell attack.” To avoid this, there is downregulation of NK cell receptor ligands, along with
production of immunosuppressive factors, such as macrophage migration inhibitory factor

(MlF).3’29’30

AA hair follicles present an upregulation of NKG2D activating ligands (e.g, MICA and
ULBP), increased expression of MHC Class | and MHC Class Il, enhanced levels of
proinflammatory cytokines (e.g., IL-15, IL-2, and CXCLs), as well as a vast inflammatory cell
infiltrate (e.g., CD8+T cells, CD4+T cells, DCs, NK T cells, mast cells, and eosinophils).?*3! CD8+ T
cells found near the HF normally express an activating receptor related to the NK cell lineage,
the NKG2D receptor.? This subset of CD8+ NKG2D+ T cells were found to be sufficient for
development of AA.> When activated they produce IFN-y, via JAK1 and JAK3 pathways, which
stimulates the secretion of IL-15, via JAK1 and JAK2 signaling, by follicular epithelial cells. This
cytokine then binds to CD8+NKG2D+T cells, causing them to produce even more IFN-y,
generating a positive feedback loop.3? Through the JAK-STAT pathway as well, IL-15 stimulates

CD8+ T cell production of perforin and cytotoxic granzymes.?

IFN-y is the main inducer of IP collapse, as it leads to an increase in pro-inflammatory
factors (e.g., MHC I/1l, MICA, ULBP, CXCLs) and a decrease in immunosuppressive mediators
(e.g., TGF-B1, IL-10, a-MSH, VIP).2! This changes in the HF microenvironment, results in a wider
exposure of anagen autoantigens to effector CD8+ cells. This effector T-cells induce HF
dystrophy and premature catagen phase, ultimately causing AA.2! Although CD4+ T cells might
not directly cause hair loss, when activated they are able to release inflammatory cytokines
that induce hair follicle cells to secret more cytokines with consequent recruitment of more T
cells and NK cells.*® Moreover, it is recognized that CD4+ T cells produce IL-2, which may
stimulate CD8+ T cell activity, and there is a subtype of this cells, T helper type 1 (Th1) cells
that when activated release IFN-y which contributes to the inflammatory environment of the
AA.?” Another factor contributing to AA pathogenesis is the decreased number of T-regulatory

cells (Tregs) which makes the HF more vulnerable to autoimmune attack.?

JAK/STAT signaling

The Janus kinase-signal transducer and activator of transcription (JAK-STAT) signaling
pathway is one of the key communication hubs for cellular activity, being involved in
haematopoiesis, inflammation and immune function.3*3> Various interleukins (ILs), interferons

(IFNs), and growth factors use this pathway to transmit signals from the cell membrane to the



nucleus.® Three essential elements compose the JAK-STAT pathway: the receptor, the Janus

kinase (JAK), and the signal transducer and activator of transcription (STAT).>’

Tyrosine kinases, such JAKs, transfer phosphate from ATP to tyrosine residues on other
proteins, ranging from cytokine receptors, JAKs themselves, and downstream signaling
molecules.®® JAKs bind directly to the intracellular domains of the type I/l cytokine receptors.®
There are four members of the JAK family: JAK1, JAK2, JAK3, and TYK2, each member is
composed by seven homology domains (JH).>* The STATs have a core DNA-binding domain that
enables them to recognize and bind to target genes. This family of proteins consists of seven

distinct members: STAT1, STAT2, STAT3, STAT4, STAT5a, STATSb, and STAT6.%°

Signalling starts when cytokines bind to their specific receptor on cell membrane. This
causes dimerization of the receptor subunits and juxtapositioning of JAKs to their docking
sites.?’” This closeness enables JAK to phosphorylate its own tyrosine component with
consequent activation of its kinase function.®” The activated JAKs then phosphorylate STAT
proteins, which dimerize and translocate into the nucleus to regulate gene expression.® The

end result is inflammatory gene transcription with production of inflammatory cytokines.33%

It is well establish that Gamma chain (yc) cytokines such as IL-2, IL-7, IL-15 and IFN-y
rely on JAK-STAT signalling pathway to enhance proliferation and activation of autoreactive T

cells in AA.3041

Starting with IFN-y, its receptor (IFN-yR) is constituted by two chains, each of them has
a binding site for JAK1 or for JAK2. When IFN-y binds to its receptor there is an activation of
the JAKS, resulting in the recruitment of two STAT1 monomers, which translocate into the
nucleus and drive target gene transcription.*? As mentioned above, IFN-y is thought to cause IP
collapse and this is supported by experiments where C3H/Hel mice developed AA-like hair loss
after receiving an intravenous injection of IFN-y.** Whereas IFN-y deficient mice were resistant

to AA.#

IL-2 can signal via a trimeric or a dimeric receptor. The IL-2RB subunit binds to JAK1,
while the yc subunit binds to JAK3. Once JAK1/3 is activated, STAT5/5 or STAT3/5 dimers are
created and move to the nucleus to regulate gene transcription that enable cellular growth,
survival, and maintenance.?” STATS induces the transcription factor T-bet which is essential for
differentiation into Th1 cells, which in turn release IFN-y.** In addition, STAT5 plays an
important role in Treg differentiation, giving that it stabilizes Foxp3 expression.*® Structure-

wise, IL-15 and IL-2 are very similar.*’



IL-15 first binds with its chaperone IL-15Ra to then associate with IL-15R complex (IL-
2RB and yc) causing signaling via JAK1 and JAK3 to drive production of granzymes, IFN-y, and
tumor necrosis factor a as well as to promote CD8+ memory T cell survival.®® Lastly, IL-7 also
signals via activation of JAK1/JAK3 which leads to recruitment of STAT5 dimer, that in turn
activates genes that promote cell-cycle progression and differentiation.* It is suggested there
is a feedback loop between IL-7 and IFN-y that perpetuates the inflammatory insult to the
HF.?” IFN-y, produced by CD8+T cells, induces keratinocytes to produce IL-7, which may

stimulate the survival of IL-7-dependent lymphocytes.*®

Treatment paradigm of AA

The chronic relapsing nature of AA makes it an extremely challenging disorder to treat,
currently with no curative therapies.’> When selecting therapies, it is important to consider the

patients’ age, the extent and impact of hair loss.>!

Traditional therapies include corticosteroids (topical, intralesional and systemic), other
immunomodulators (methotrexate, cyclosporine, and hydroxychloroquine), topical and oral
minoxidil, as well as contact immunotherapy (squaric acid dibutylester and

)-31,52

diphencyprone

Intralesional corticosteroids are the first-line treatment for adult patients with limited
patches (< 50% hair loss), while topical corticosteroids are the preferred therapy for paediatric
patients. Both modalities are associated with skin atrophy and are not suitable for severe AA,
AT/AU. Systemic corticosteroids are indicated in extensive AA, especially for acute progressive
severe cases. Their undesirable side effects include suppression of the pituitary-adrenal axis,

weigh gain, hypertension, diabetes, and osteoporosis.3!

Topical minoxidil is mainly used in children and adults with patchy AA, frequently with
poor response, common side effects include dermatitis and hypertrichosis. Contact
immunotherapy in indicated in extensive AA and AT/AU, however, it is not suitable for acute
rapidly progressive cases, has a high failure rate, and induces contact dermatitis.
Immunomodulators such as methotrexate or cyclosporine, are utilized in extensive and
resistant AA and AT/AU, but are associated with several side effects and potentially life-

threatening toxicities.31>354



Unfortunately, these off-label treatments have limited efficacy, a high risk of adverse
effects, and a high recurrence rate, particularly in individuals with severe AA.121331 Hence,

there is a strong need for improved clinical management and therapeutic options.%”

Janus Kinase inhibitors

One of the new treatment options under investigation are the Janus Kinase inhibitors.
These immunomodulatory drugs are currently approved for management of autoimmune
conditions, including rheumatoid arthritis, atopic dermatitis, psoriatic arthritis, ulcerative
colitis and myeloproliferative disorders.” JAK inhibitors work by targeting the kinase portion of
JAKs. This prevents the phosphorylation of the JAK protein, which in turn interrupts the
downstream regulatory signaling cascade involving STAT activation.>® Inhibiting of JAK-STAT
pathway induces reduction of accumulation of autoreactive CD8+ T cells by blocking IFN y and
yc cytokines (IL-2, IL-4, IL-7, IL-9, IL-15, IL-21 and IL-23) downstream signaling.’® Other effects
include inhibition of CD4+ T helper cell differentiation, and the subsequent Th1, Th2 and Th17

type responses, as well as stimulation of hair follicle stem cells.**>®

JAK inhibitors were first found to be efficient in AA in 2014.%° Since then, there has
been a growing interest in this class as well as several clinical trials that demonstrate their
efficacy, with remarkable hair regrowth even in patients with a prolonged, therapy-resistant
disorder.>”*8%° Nevertheless, recurrence of hair loss following treatment discontinuation has
been described in approximately half of patients treated with JAK inhibitors.®° Thus, in patients
that tolerate and are good responders to JAK inhibitors, it is recommended to maintain a

continuous treatment.®!

First generation JAK inhibitors as tofacitinib, ruxolitinib, baricitinib and oclacitinib are
nonselective and inhibit two or more JAKs, which might optimize their therapeutic efficacy ®2.
In this category tofacitinib, ruxolitinib and baricitinib, have been widely investigated for AA
treatment.®® There is also a second generation of JAK inhibitors, such as Ritlecitinib,
brepocitinib, delgocitinib and deuruxolitinib (CTP-543) that are more selective, by inhibiting a
single JAK isoform, which have been showing efficacy in AA in emerging studies.®®%%5 This

mechanism may allow enhanced treatment precision while minimizing adverse effects.'*5



Baricitinib

Pharmacodynamics and Pharmacokinetics

Baricitinib has molecular weight of 371.42 g/mol and the following molecular
structure: CI6H17N702S.%¢ It is an immunosuppressant that selectively and reversibly inhibits
JAK1 and JAK2, at half-maximum inhibitory concentrations (IC50) of 5.9 and 5.7nM,
respectively.’ Furthermore, at higher concentrations, it can also inhibit JAK3 (IC50 > 400 nM)
and TYK2 (IC50 = 53 nM).%8 By inhibiting JAK1 and JAK2, baricitinib prevents a wide spectrum of
cytokines from signaling, hence its potent anti-inflammatory effects.®® In AA specifically,
baricitinib blocks IFN y and yc cytokines (IL-2, IL-4, IL-7, IL-9, IL-15, IL-21 and IL-23) downstream
signaling, as well as IL-6 induced STAT3 phosphorylation, crucial for T-cell differentiation and

inflammation.®®

The pharmacokinetic of baricitinib is linear over time. In healthy volunteers, a dose-
proportional increase in systemic exposure was observed in the therapeutic dose range,
following oral administration. Baricitinib is quickly absorbed after oral administration with
maximum plasma concentration being reached in a median time of approximately 1 hour
(range 0.5 - 3.0 h) and an absolute bioavailability of about 79%. Administration with meals has
no significant clinical effect. After intravenous infusion the mean volume of distribution to

tissues is 76L. Nearly 50% of baricitinib is bound to plasma proteins.®”70

Less than 10% of a dose of baricitinib undergoes biotransformation, which is mediated
by CYP3A4. This drug is primarily eliminated by the kidneys (around 75%) through glomerular
filtration and active secretion via OAT3, and the gastrointestinal tract (around 20%), mostly in
an unchanged form. Co-administration with potent OAT3 inhibitors such as probenecid results
in considerable increased plasmatic baricitinib levels and a decreased renal clearance. As renal
impairment was found to enhance baricitinib exposure, the dose should be reduced in patients
with creatinine clearance of 30-60 mL/min and avoided in those with creatinine clearance
below 30 ml/min. In patients with mild or moderate hepatic impairment, there was no

clinically significant influence on baricitinib pharmacokinetics.5”7°

Efficacy

In 2015, Jabbari et al published the first case report describing a case of a 17-year-old

man with chronic atypical neutrophilic dermatosis with lipodystrophy and elevated



temperature (CANDLE) syndrome and long-standing AA that progressed to an ophiasis pattern.
In the first 3 months of treatment the patient was given oral baricitinib 7 mg daily; 6 months
later, the dose was increased to 11 mg daily (7mg in the morning and 4mg in the evening),

with gradual reduction of oral corticosteroids to 3 mg/day.”*

After a total of 9 months of treatment the patient achieved complete hair regrowth,
which was sustained by continuous treatment. Studies conducted in the same report using the
murine AA model (C3H/Hel) provided additional support for this clinical data. In alopecic mice
systemic administration of baricitinib either before or after the disease onset, as well as topical
administration resulted in persistent hair growth, in contrast to vehicle control treated mice
showing no clinical evidence of hair regrowth. Baricitinib treated mice exhibited a decline in
skin MHC I/ 1l expression and reduction in CD8+ T cell infiltrates. Additionally, the results of INF
gene expression assay revealed a normalization of the IFN gene expression profile following

baricitinib treatment, indicating its possible ability to inhibit IP collapse of hair follicle.”

In a later case-report a woman in her 60s with progressive AT, despite treatment with
intralesional triamcinolone, platelet-rich plasma, and tofacitinib 1% solution, started receiving
2mg/day oral baricitinib in monotherapy. After 4 months of treatment, she remained
unresponsive, therefore the dose was increased to 4 mg/day which led to considerable
improvements. Upon 8 months of treatment the patient experienced 97% regrowth of scalp
hair, as well as regrowth on eyebrows and eyelashes. Regrowth has been sustained after 13

months of treatment, and no side effects were observed.”?

The efficacy and safety of baricitinib in patients with severe AA (Severity of Alopecia
Areata Tool [SALT] score 250%: with 0% corresponding to no scalp hair loss and 100%
corresponding to total scalp hair loss) was first assessed in a phase 2, randomized, double-
blind, placebo-controlled trial, BRAVE-AA1 (NCT03570749). A total of 110 patients were
randomized 1:1:1:1 into four experimental groups: placebo (28 patients), 1 mg (28 patients), 2

mg (27 patients), or 4 mg (27 patients) of baricitinib once a day.”®

Eligible patients were adults between the ages of 18 and 60 for males and between 18
and 70 years for females. Additionally, patients experiencing a current episode of AA that
lasted longer than 6 months were included. Patients with episodes lasting more than 8 years
were only eligible if there were hair regrowth episodes over the previous 8 years. The
exclusion criteria applied to patients who previously exhibited an unsatisfactory response to
oral JAK inhibitors. Patients using topical, systemic or intralesion corticosteroids within 1 and 2

weeks, respectively, before randomization, were also excluded. Finasteride (or other 5 alpha



reductase inhibitors), oral or topical minoxidil, and bimatoprost ophthalmic solution for
eyelashes, if at a stable dose at trial entrance, were the only simultaneous AA treatments
allowed. Throughout treatment groups, the mean SALT scores ranged from 83.4 to 90.0. The
average age was 41 years with 74.5% females. In general, there were no significant differences
in baseline characteristics across groups, however the 2mg and 4 mg groups had a higher

number of female patients.”

The first interim analysis aimed to determine which two baricitinib doses would
proceed to the study's phase 3. The proportion of patients obtaining = 30% improvement from
baseline in SALT score (SALT30) at week 12 and, for those with week 16 data available, the
proportion of patients having >50% improvement from baseline in SALT score (SALT50) at
week 16, served as the basis for the dose selection. After 12 weeks of treatment, the 2 mg and
4 mg groups exhibited the largest percentages of patients obtaining SALT30 scores (29.6% and
33.3%, respectively), compared to 17.9% in 1mg group and 10.7% in placebo group. Among 87
patients that reached week 16 or were discontinued, 31.8% in the 2 mg arm and 38.1% in the 4
mg arm attained SALT50, contrasting with 18.2% in the 1 mg group and 4.5% in the placebo
group. Given these results, the 2mg and 4 mg groups were chosen for phase 3. Patients initially

given a 1 mg dose were sifted to a 4 mg dose for the remainder of the trial.”®

For the subsequent interim analysis at week 36, the primary endpoint was the
frequency of patients with SALT score < 20. Secondary endpoints included the percent change
from baseline in SALT score; absolute SALT score < 10; percentage of patients achieving a
Patient-Reported Outcome (PRO) for Scalp Hair Assessment score of 0 or 1 (0 to 20% of scalp
missing hair) at week 36 with =2 point improvement from baseline; percentage of patients
achieving a PRO and a Clinician-Reported Outcome (ClinRO) Measures for Eyebrows and
Eyelashes of 0 or 1 (full eyebrow/eyelash coverage or minimal gaps) at week 36 with a >2 point

improvement from baseline.”

In the 2 mg and 4 mg groups, the proportion of patients achieving SALT score < 20, at
week 36, was respectively 33% (p =0.016) and 51.9% (p = 0.001) comparing to 3.6% in placebo
group. Regarding the secondary outcomes, the percent change from baseline in SALT score
was -58.1 £ 7.8 in the 4-mg arm; -48.2 £7.9 in 2-mg arm and -11.7 £ 7.8 in placebo arm. When
compared to placebo, a higher proportion of subjects in the 4mg group (40.7%, p = .008) and
the 2mg group (25.9%) reached SALT score < 10 by week 36. The percentage of patients
reaching ClinRO Measure for Eyebrow/Eyelash Hair Loss scores of 0 or 1 was 39.1% / 60.0% for
the baricitinib 4 mg arm, 28,6 % / 40.0% for the baricitinib 2 mg and 4.3% / 5.9% for placebo.

10



Additionally, the percentage of participants in the 4 mg, 2 mg, and placebo groups that
achieved a PRO Measure for Scalp Hair Assessment score of 0 or 1 was 37.0% (p=.007), 33.3%,
and 3.6%, respectively. As for the proportion attaining PRO Measure for Eyebrow/Eyelash
score of 0 or 1 was 45.8% / 57.9% in baricitinib 4 mg group, 40.0% / 27.8% in 2mg group and
0% / 0% in placebo group. Ultimately, this trial showed that extended treatment periods with

higher baricitinib dosages were well tolerated and efficient at promoting hair regrowth.”

As a result of the previous trial's successful results, two double-blind, randomized,
placebo-controlled, phase 3 trials, named BRAVE AA-1 (NCT03570749) and BRAVE-AA2
(NCT03899259), were conducted to evaluate the efficacy of 2 mg and 4 mg of oral baricitinib in
the treatment of severe AA (SALT score 250%). BRAVE-AA1l contained 654 patients while
BRAVE-AA2 contained 546 patients. In each trial patients were randomized in a 3:2:2 ratio,
receiving placebo, 2mg or 4 mg of baricitinib, once daily. The percentage of patients with a
SALT score of < 20, at week 36, was the primary outcome. Key secondary outcomes were
similar to the those of the phase 2 portion of BRAVE-AA1, and included the percentage of
patients attaining a PRO for Scalp Hair Assessment score of 0 or 1 at week 36 with >2 point
improvement from baseline; percentage of patients achieving a ClinRO Measures for Eyebrows
and Eyelashes of 0 or 1 at week 36 with a 22 point improvement from baseline; the percent
change from baseline in SALT score and absolute SALT score < 10. The inclusion and exclusion
criteria as well as the permitted concomitant AA treatments were the same as in the prior
phase 2 trial. The average age of patients in all treatment groups was 37.5 years, with 61% of
them being females. In both studies the median SALT score was 96, while the mean duration of
AA since onset was 12.2 years. The average duration of the current episode of alopecia was 3.9

years.>®

In BRAVE-AA1, the proportion of patients achieving the primary outcome was 38.8% in
4 mg group, 22.8% in 2 mg group, and 6.2% in placebo group. The difference between the
baricitinib 4 mg arm and placebo was 32.6 % (95% Cl, 25.6 to 39.5), while the difference
between the baricitinib 2mg arm and placebo was 16.6 % (95% Cl, 9.5 to 23.8), both of which
were statistically significant (p 0.001 for each dose vs. placebo). As for key secondary
outcomes, the proportion of patients achieving PRO Measure for Scalp Hair Assessment score
of 0 or 1 was 35.8% (p<0.001), 17.1%, and 5.9%, in 4 mg group, 2mg group and placebo group,
respectively. ClinRO Measure for Eyebrow Hair Loss scores of 0 or 1 were achieved by 35.2% (p
0.001) of patients in baricitinib 4 mg arm, 22.0% in 2 mg arm, and 4.4% in placebo arm. As for
the percentage achieving ClinRO Measure for Eyelash Hair Loss scores of 0 or 1 was 36.2%

(p<0.001) for the 4 mg group, 14.8% for the 2 mg group and 4.4% for placebo group. The SALT
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score changed by -47.1+2.7 percent from baseline in the 4-mg arm, —-32.7+3.1 percent in the 2-
mg arm, and -9.0%3.1 percent in the placebo arm. Moreover, a greater percentage of patients
in the 4mg group (27.9%) and the 2mg group (13.0%) had SALT score < 10 by week 36,

compared to the placebo group (4.1%).5°

In BRAVE-AA2 the 4 mg group had 35.9% of patients reaching the primary outcome,
the 2mg group had 19.4% and placebo had 3.3% of patients reaching the primary outcome.
The difference between the 4 mg/2mg group and placebo was 32.6 % (95% Cl, 25.6 to 39.6)
and 16.1 % (95% Cl, 9.1 to 23.2), respectively, both proved to be statistically significant
(p<0.001 for each dose vs. placebo). Regarding important secondary outcomes, the percentage
of patients in the 4 mg, 2 mg, and placebo groups reaching a PRO Measure for Scalp Hair
Evaluation score of 0 or 1 was 37.8% (p<0.001), 18.5%, and 5.1%, respectively. ClinRO Measure
for Eyebrow Hair Loss scores of 0 or 1 were achieved by 38.9% (p<0.001) of patients in the
baricitinib 4 mg arm, 13.2% in the baricitinib 2 mg arm, and 5.5% in the placebo arm. The
percentage of patients attaining ClinRO Measure for Eyelash Hair Loss scores of 0 or 1 in the 4
mg group was 36.8% (p<0.001), 12.3% in the 2 mg group, and 6.9% in the placebo group.
Moreover, the percent change in SALT score from baseline was -48.7+2.6 in the 4-mg arm (p
<0.001), -29.9+2.8 in the 2-mg arm, and -4.3+2.8 in the placebo arm. At week 36, the
proportion achieving absolute SALT score < 10, was 25.6% of patients in the baricitinib 4 mg

group, 12.0% in the 2 mg group and 1.0% in the placebo group.*®

In both trials, higher percentage of patients in the 4mg baricitinib group were able to
reach a SALT < 20 at week 36 compared to placebo, starting at week 8 in BRAVE-AA1 and week
12 in BRAVE-AA2. The baricitinib 4 mg arm also exhibited a consistent response in most of the
secondary endpoints. All in all, baricitinib was shown to be superior to placebo in terms of hair

regrowth, in patients with severe AA.>®

Safety

Safety outcomes were divided into treatment-emergent adverse events, adverse
events of special interest and abnormal laboratory changes. In the phase 2 portion of BRAVE-
AAL1 trial, given an observational period of up to 52 weeks, 77.8% (incidence rate, [IR] 244.5)
and 70.4% (IR, 224.2) of patients in the baricitinib 4 mg and 2 mg groups, respectively,
experienced treatment-emergent adverse events, as opposed to 60.7% (IR, 179.6) of patients

in the placebo group. No deaths or serious adverse events were observed in any group,
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including major adverse cardiovascular events, thromboembolic events, malignancies, and

serious infections.”®

In baricitinib treatment groups, upper respiratory tract infection, acne, and nausea
were the most frequent adverse events. Although some laboratory abnormalities were
observed, these were unrelated to adverse events. There was one occurrence of
thrombocytopenia in the baricitinib 4-mg group and one case of neutropenia in the placebo
group. Whereas elevated creatine phosphokinase levels were reported in one patient in

placebo arm and 3 patients 2 mg baricitinib arm.”

In the BRAVE-AA1 and BRAVE-AA2 phase lll trials, treatment-emergent adverse events
were documented in 59.6%, 50.8%, and 51.3% of patients and in 66.1%, 68.4%, 63.0%of
patients receiving 4mg baricitinib, 2mg baricitinib and placebo in BRAVE-AA1 and BRAVE-AA2,
respectively. The percentages of patients that discontinued treatment due to adverse events
were low and consistent across the study groups. In BRAVE-AA1, serious adverse events
affected 2.1%, 2.2% and 1.6% of patients receiving 4 mg baricitinib, 2mg baricitinib and
placebo. In BRAVE-AA2, serious adverse events occurred in 3.4%, 2.6%, and 1.9% of patients
who received 2mg baricitinib, 4 mg baricitinib and placebo, respectively. In BRAVE-AA1, one
patient with cardiovascular risk factors, receiving 2mg baricitinib suffered a myocardial
infarction. In BRAVE-AA2, one patient in 4 mg group developed B-cell lymphoma, while one
patient in placebo group developed prostate cancer. There were no reports of venous
thromboembolic events, opportunistic infections, or gastrointestinal perforations in either

trial.>®

The overall adverse effects were in line with the previous study. In both trials, the most
common adverse effects included acne, upper respiratory tract infections, headache, urinary
tract infection, and elevated creatine kinase levels. Only a modest proportion of patients
experienced herpes zoster infection, which was more frequent in those receiving baricitinib
compared to those receiving placebo in BRAVE-AA2. In both trials, increased LDL cholesterol
levels were observed in 25% of patients in baricitinib groups, while increased HDL cholesterol

levels were reported in 40% of patients receiving baricitinib.>®

Other JAK inhibitors on investigation for AA

Ritlecitinib, brepocitinib, delgocitinib and deuruxolitinio (CTP-543) are second

generation JAK inhibitors that have been showing efficacy in AA in emerging studies.53646>74
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Notably, in randomized control trials, ritlecitinib, a selective inhibitor of JAK 3, and
deuruxolitinib, a selective inhibitor of JAK1/JAK2, showed up to 30.6% (38/124) and 41.7%
(15/36) of patients achieving treatment success, defined as 280% scalp coverage, respectively,
after 24 weeks of treatment whit each agent.®*®* In a double blinded RCT with brepocitinib, a
selective inhibitor of TYK2 and JAK1, 53.2% (25/47) of patients achieved a 50% improvement in

the SALT (Severity of Alopecia Areata Tool) score.®

The vast range of possible adverse effects found across this pharmacological class
reflects their nonspecific anti-inflammatory and immunosuppressive actions.” The main safety
issues with their use include the risk of varicella zoster emergence, pneumonia, tuberculosis,
thromboembolism, and malignancy.>’®’7 Minor adverse effects commonly reported comprise
acne, headache, urinary and respiratory tract infections, cytopenia, elevated creatinine levels

and LDL levels.>”78

Most of this safety data and side effect profiles comes from clinical trials of tofacitinib
and baricitinib conducted on rheumatoid arthritis patients.®? Therefore, these adverse effects

should be carefully regarded up till more extensive safety trials tailored to AA are concluded.?”

Conclusions

AA is a common autoimmune disorder which has a significant negative impact in
patients” quality of life, mental health, and productivity, representing much more than an
aesthetic concern. Considering the overall burden on patients’ quality of life and the lack of

efficient treatments options there is an urgent need for treatment alternatives.

Over the past decade, broad-acting immunosuppressants are being replaced by agents
targeting the various pathways implicated in AA pathogenesis, which minimizes side effects as
well as off-target downstream effects. The JAK-STAT pathway plays a crucial role in AA
maintenance, since the cytokines responsible for the activation and proliferation of
autoreactive T cells rely on it. JAK inhibitors are competitive inhibitors of JAK enzymes at their
ATP binding sites. They work by inhibiting IFN y and yc cytokines, which decreases the

accumulation of autoreactive CD8+ T cells, and by inhibiting CD4+ T helper cell differentiation.

Currently, the available data points to oral JAK inhibitors, as a promising new class of

drugs that can promote significant hair re-growth while having mild to moderate side effects.
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Baricitinib, a selective and reversible inhibitor of JAK1 and JAK2, was shown to be
effective in phase 2 and phase 3 randomized controlled trials carried out in adult patients with
severe AA. It also appeared to be well tolerated, with most events being classified as mild or
moderate. There were no reports of venous thromboembolic events, opportunistic infections,
or gastrointestinal perforations. To evaluate the long-term efficacy and safety of baricitinib,

extension phases of the two phase 3 trials are currently ongoing.

The demonstrated efficacy from large-scale clinical trials led the approval of Baricitinib
by EMA and the FDA, for the treatment of AA, in 2022. Nevertheless, longer trials will be

necessary to assess the long-term safety of this drug in AA.
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Attachments

Table | - Studies on efficacy and safety of baricitinib in AA

AA, Alopecia areata; CPK, Creatine Phosphokinase; ClinRO, clinician-reported outcome; EB,

eyebrow; EL, eyelash; PRO, Patient-reported outcome; SALT, Severity of Alopecia Tool.

Study
BRAVE-AA2
(NCT03899259)%°

BRAVE-AA1

(NCT03570749)>73

Design

Phase 3,
randomized,
double-blind,
placebo-
controlled trial

546 patients
adult patients
with severe AA.

3 arms (3:2:2, 36
weeks)

Phase 3,
randomized,
double-blind
placebo-
controlled trial

654 patients
adult patients
with severe AA.

3 arms (3:2:2, 36
weeks)

Outcomes

Primary outcome:
SALT score of < 20, at week
36 - % of patients

- Secondary OQutcomes:

Scalp Hair PRO score of 0 or
1 with >2 point
improvement from baseline
at week 36 - % of patients

ClinRO for EB and EL of 0 or
1 with a 2 point
improvement from baseline
at week 36 - % of patients

-Primary outcome:
SALT score of < 20, at week
36 - % of patients

-Secondary Outcomes:
Scalp Hair PRO score of 0 or
1 with 22 point
improvement from baseline
at week 36 - % of patients

ClinRO for EB and EL of 0 or
1 with a 22 point
improvement from baseline
at week 36 - % of patients

Efficacy
-Primary
endpoint:
Placebo arm: 3.3%

2mgarm:19.4 %
4mg arm: 35.9%

- Secondary
endpoints:
Scalp Hair PRO
Placebo arm:5.1%
2mgarm:18.5 %
4mg arm: 37.8%

ClinRO for EB

Placebo arm:5.5%
2mgarm:13.2 %
4mg arm: 38.9%

ClinRO for EL

Placebo arm:6.9%
2mgarm:12.3 %
4mg arm: 36.8%

-Primary
endpoint:
Placebo arm: 6.2%
2mgarm:22.8 %
4mg arm: 38.8%

-Secondary
endpoints:
Scalp Hair PRO
Placebo arm:5.9%
2mgarm:17.1 %
4mg arm: 35.8%

ClinRO for EB

Placebo arm:4.4%
2mgarm:22.0 %
4mg arm: 35.2%

ClinRO for EL

Placebo arm:4.4%
2mgarm:14.8 %
4mg arm: 36.2%

Safety
-Treatment

emergent
adverse events:
Placebo arm: 63.0%
2mg arm: 68.4%
4mg arm: 66.1%

-The most
common

adverse events:
Acne, upper
respiratory tract
infections,
headache, urinary
tract infection, and
elevated CPK levels.

-Treatment

emergent
adverse events:
Placebo arm: 51.3%
2mg arm: 50.8%
4mg arm: 59.6%

-The most
common

adverse events:
Acne, upper
respiratory tract
infections,
headache, urinary
tract infection, and
elevated CPK levels.
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Phase 2,
randomized,
double-blind,
placebo-
controlled trial

110 patients
adult patients
with severe AA

4 arms (1:1:1:1,
36 weeks)

-Primary outcome:
SALT score of < 20, at week
36 - % of patients

-Secondary Outcomes:

Percent change from
baseline in SALT score

Absolute SALT score <10, at
week 36 - % of patients

Scalp Hair PRO score of 0 or
1 with >2 point
improvement from baseline,
at week 36 - % of patients

-Primary
endpoint:
Placebo arm:3.6%
2mgarm:33 %
4mgarm: 51.9%

-Secondary
endpoints:
Percent change
from baseline in
SALT score:
Placebo arm: -11.7 £
7.8

2mg arm: -48.2+7.9
4mgarm: -58.1+ 7.8

Absolute SALT
score £ 10:

Placebo arm: 0%
2mgarm: 25.9%
4mg arm: 40.7%

Scalp Hair PRO
Placebo arm:3.6%
2mg arm: 33.3%
4mg arm: 37.0%

-Treatment
emergent
adverse events:
Placebo arm: 60.7%

2mgarm:70.4 %
4dmgarm: 77.8%

-The most
common

adverse events:
Upper respiratory
tract infection,
acne, and nausea.

17



References

1. Pratt CH, King LE, Jr., Messenger AG, Christiano AM, Sundberg JP. Alopecia areata. Nat
Rev Dis Primers. Mar 16 2017;3:17011. doi:10.1038/nrdp.2017.11
2. Strazzulla LC, Wang EHC, Avila L, et al. Alopecia areata: Disease characteristics, clinical

evaluation, and new perspectives on pathogenesis. / Am Acad Dermatol. Jan 2018;78(1):1-12.
doi:10.1016/j.jaad.2017.04.1141

3. Sterkens A, Lambert J, Bervoets A. Alopecia areata: a review on diagnosis,
immunological etiopathogenesis and treatment options. Clin Exp Med. May 2021;21(2):215-
230. doi:10.1007/s10238-020-00673-w

4, Chelidze K, Lipner SR. Nail changes in alopecia areata: an update and review. Int J
Dermatol. Jul 2018;57(7):776-783. d0i:10.1111/ijd.13866
5. Barati Sedeh F, Michaelsdéttir TE, Henning MAS, Jemec GBE, Ibler KS. Comparative

Efficacy and Safety of Janus Kinase Inhibitors Used in Alopecia Areata: A Systematic Review
and Meta-analysis. Acta Derm Venereol. Jan 25 2023;103:adv00855.
doi:10.2340/actadv.v103.4536

6. Toussi A, Barton VR, Le ST, Agbai ON, Kiuru M. Psychosocial and psychiatric
comorbidities and health-related quality of life in alopecia areata: A systematic review. J Am
Acad Dermatol. Jul 2021;85(1):162-175. doi:10.1016/j.jaad.2020.06.047

7. Muntyanu A, Gabrielli S, Donovan J, et al. The burden of alopecia areata: a scoping
review focusing on quality of life, mental health and work productivity. J Eur Acad Dermatol
Venereol. Jan 27 2023;d0i:10.1111/jdv.18926

8. Villasante Fricke AC, Miteva M. Epidemiology and burden of alopecia areata: a
systematic review. Clin Cosmet Investig Dermatol. 2015;8:397-403. d0i:10.2147/ccid.S53985
9. Lee HH, Gwillim E, Patel KR, et al. Epidemiology of alopecia areata, ophiasis, totalis,

and universalis: A systematic review and meta-analysis. J Am Acad Dermatol. Mar
2020;82(3):675-682. doi:10.1016/j.jaad.2019.08.032

10. Judrez-Renddn KJ, Rivera Sanchez G, Reyes-Lopez M, et al. Alopecia Areata. Current
situation and perspectives. Arch Argent Pediatr. Dec 1 2017;115(6):e404-e411. Alopecia
areata. Actualidad y perspectivas. doi:10.5546/aap.2017.eng.e404

11. Renert-Yuval Y, Guttman-Yassky E. The Changing Landscape of Alopecia Areata: The
Therapeutic Paradigm. Adv Ther. Jul 2017;34(7):1594-1609. doi:10.1007/s12325-017-0542-7

12. Pourang A, Mesinkovska NA. New and Emerging Therapies for Alopecia Areata. Drugs.
May 2020;80(7):635-646. doi:10.1007/s40265-020-01293-0
13. Zheng C, Tosti A. Alopecia Areata: New Treatment Options Including Janus Kinase

Inhibitors. Dermatol Clin. Jul 2021;39(3):407-415. doi:10.1016/j.det.2021.03.005

14. Crowley EL, Fine SC, Katipunan KK, Gooderham MJ. The Use of Janus Kinase Inhibitors
in Alopecia Areata: A Review of the Literature. J Cutan Med Surg. May/Jun 2019;23(3):289-297.
doi:10.1177/1203475418824079

15. Xing L, Dai Z, Jabbari A, et al. Alopecia areata is driven by cytotoxic T lymphocytes and
is reversed by JAK inhibition. Nat Med. Sep 2014;20(9):1043-9. doi:10.1038/nm.3645

16. Messenger A, Harries M. Baricitinib in Alopecia Areata. N Engl J Med. May 5
2022;386(18):1751-1752. doi:10.1056/NEJMe2203440

17. Ali E, Owais R, Sheikh A, Shaikh A. Olumniant (Baricitinib) oral tablets: An insight into
FDA-approved systemic treatment for Alopecia Areata. Ann Med Surg (Lond). Aug
2022;80:104157. doi:10.1016/j.amsu.2022.104157

18. Marwah M, Nadkarni N, Patil S. 'Ho-ver'ing Over Alopecia Areata: Histopathological
Study of 50 Cases. Int J Trichology. Jan 2014;6(1):13-8. d0i:10.4103/0974-7753.136749

18



19. Kang H, Wu WY, Lo BK, et al. Hair follicles from alopecia areata patients exhibit
alterations in immune privilege-associated gene expression in advance of hair loss. J Invest
Dermatol. Nov 2010;130(11):2677-80. doi:10.1038/jid.2010.180

20. Gilhar A. Collapse of immune privilege in alopecia areata: coincidental or substantial? J
Invest Dermatol. Nov 2010;130(11):2535-7. doi:10.1038/jid.2010.260
21. Bertolini M, McElwee K, Gilhar A, Bulfone-Paus S, Paus R. Hair follicle immune privilege

and its collapse in alopecia areata. Exp Dermatol. Aug 2020;29(8):703-725.
doi:10.1111/exd.14155

22. Gilhar A, Schrum AG, Etzioni A, Waldmann H, Paus R. Alopecia areata: Animal models
illuminate autoimmune pathogenesis and novel immunotherapeutic strategies. Autoimmun
Rev. Jul 2016;15(7):726-35. doi:10.1016/j.autrev.2016.03.008

23. Rajabi F, Drake LA, Senna MM, Rezaei N. Alopecia areata: a review of disease
pathogenesis. Br J Dermatol. Nov 2018;179(5):1033-1048. d0i:10.1111/bjd.16808
24, Petukhova L, Christiano AM. Functional Interpretation of Genome-Wide Association

Study Evidence in Alopecia Areata. J Invest Dermatol. Jan 2016;136(1):314-317.
doi:10.1038/jid.2015.402

25. Olayinka JJT, Richmond JM. Immunopathogenesis of alopecia areata. Curr Res
Immunol. 2021;2:7-11. doi:10.1016/j.crimmu.2021.02.001

26. Cetin ED, Savk E, Uslu M, Eskin M, Karul A. Investigation of the inflammatory
mechanisms in alopecia areata. Am J Dermatopathol. Feb 2009;31(1):53-60.
doi:10.1097/DAD.0b013e318185a66e

27. Lensing M, Jabbari A. An overview of JAK/STAT pathways and JAK inhibition in alopecia
areata. Front Immunol. 2022;13:955035. doi:10.3389/fimmu.2022.955035

28. Wang EHC, Yu M, Breitkopf T, et al. Identification of Autoantigen Epitopes in Alopecia
Areata. J Invest Dermatol. Aug 2016;136(8):1617-1626. doi:10.1016/].jid.2016.04.004

29. Ito T, Ito N, Saatoff M, et al. Maintenance of hair follicle immune privilege is linked to
prevention of NK cell attack. J Invest Dermatol. May 2008;128(5):1196-206.
doi:10.1038/sj.jid.5701183

30. Azzawi S, Penzi LR, Senna MM. Immune Privilege Collapse and Alopecia Development:
Is Stress a Factor. Skin Appendage Disord. Oct 2018;4(4):236-244. doi:10.1159/000485080

31. Zhou C, Li X, Wang C, Zhang J. Alopecia Areata: an Update on Etiopathogenesis,
Diagnosis, and Management. Clin Rev Allergy Immunol. Dec 2021;61(3):403-423.
doi:10.1007/s12016-021-08883-0

32. Ito T, Kageyama R, Nakazawa S, Honda T. Understanding the significance of cytokines
and chemokines in the pathogenesis of alopecia areata. Exp Dermatol. Aug 2020;29(8):726-
732.doi:10.1111/exd.14129

33. Hamed FN, Astrand A, Bertolini M, et al. Alopecia areata patients show deficiency of
FOXP3+CD39+ T regulatory cells and clonotypic restriction of Treg TCRB-chain, which highlights
the immunopathological aspect of the disease. PLoS One. 2019;14(7):e0210308.
doi:10.1371/journal.pone.0210308

34. A TV, Haikarainen T, Raivola J, Silvennoinen O. Selective JAKinibs: Prospects in
Inflammatory and  Autoimmune Diseases. BioDrugs. Feb  2019;33(1):15-32.
doi:10.1007/s40259-019-00333-w

35. Hu X, Li J, Fu M, Zhao X, Wang W. The JAK/STAT signaling pathway: from bench to
clinic. Signal Transduct Target Ther. Nov 26 2021;6(1):402. doi:10.1038/s41392-021-00791-1
36. Damsky W, King BA. JAK inhibitors in dermatology: The promise of a new drug class. J
Am Acad Dermatol. Apr 2017;76(4):736-744. doi:10.1016/j.jaad.2016.12.005

37. Triyangkulsri K, Suchonwanit P. Role of janus kinase inhibitors in the treatment of
alopecia areata. Drug Des Devel Ther. 2018;12:2323-2335. doi:10.2147/dddt.5172638

38. Schwartz DM, Bonelli M, Gadina M, O'Shea JJ. Type I/Il cytokines, JAKs, and new
strategies for treating autoimmune diseases. Nat Rev Rheumatol. Jan 2016;12(1):25-36.
doi:10.1038/nrrheum.2015.167

19



39. Morris R, Kershaw NJ, Babon JJ. The molecular details of cytokine signaling via the
JAK/STAT pathway. Protein Sci. Dec 2018;27(12):1984-2009. doi:10.1002/pro.3519

40. Divito SJ, Kupper TS. Inhibiting Janus kinases to treat alopecia areata. Nat Med. Sep
2014;20(9):989-90. d0i:10.1038/nm.3685

41. Wang EHC, Sallee BN, Tejeda Cl, Christiano AM. JAK Inhibitors for Treatment of
Alopecia Areata. J Invest Dermatol. Sep 2018;138(9):1911-1916. doi:10.1016/}.jid.2018.05.027
42. Hu X, lIvashkiv LB. Cross-regulation of signaling pathways by interferon-gamma:
implications for immune responses and autoimmune diseases. Immunity. Oct 16
2009;31(4):539-50. d0i:10.1016/j.immuni.2009.09.002

43. Gilhar A, Kam Y, Assy B, Kalish RS. Alopecia areata induced in C3H/Hel mice by
interferon-gamma: evidence for loss of immune privilege. J Invest Dermatol. Jan
2005;124(1):288-9. d0i:10.1111/j.0022-202X.2004.23580.x

44, Freyschmidt-Paul P, McElwee KJ, Hoffmann R, et al. Interferon-gamma-deficient mice
are resistant to the development of alopecia areata. Br J Dermatol. Sep 2006;155(3):515-21.
doi:10.1111/j.1365-2133.2006.07377.x

45, Liao W, Lin JX, Wang L, Li P, Leonard WJ. Modulation of cytokine receptors by IL-2
broadly regulates differentiation into helper T cell lineages. Nat Immunol. Jun 2011;12(6):551-
9. doi:10.1038/ni.2030

46. Mahmud SA, Manlove LS, Farrar MA. Interleukin-2 and STAT5 in regulatory T cell
development and function. Jakstat. Jan 1 2013;2(1):e23154. doi:10.4161/jkst.23154

47. Waskiel-Burnat A, Osinska M, Salinska A, et al. The Role of Serum Th1, Th2, and Th17
Cytokines in Patients with Alopecia Areata: Clinical Implications. Cells. Dec 2
2021;10(12)d0i:10.3390/cells10123397

48. Mishra A, Sullivan L, Caligiuri MA. Molecular pathways: interleukin-15 signaling in
health and in cancer. Clin Cancer Res. Apr 15 2014;20(8):2044-50. doi:10.1158/1078-0432.Ccr-
12-3603

49. Lodewijckx |, Cools J. Deregulation of the Interleukin-7 Signaling Pathway in Lymphoid
Malignancies. Pharmaceuticals (Basel). May 8 2021;14(5)d0i:10.3390/ph14050443

50. Dai Z, Wang EHC, Petukhova L, Chang Y, Lee EY, Christiano AM. Blockade of IL-7
signaling suppresses inflammatory responses and reverses alopecia areata in C3H/Hel mice. Sci
Adv. Apr 2021;7(14)d0i:10.1126/sciadv.abd1866

51. Cranwell WC, Lai VW, Photiou L, et al. Treatment of alopecia areata: An Australian
expert consensus statement. Australas J Dermatol. May 2019;60(2):163-170.
doi:10.1111/ajd.12941

52. Rossi A, Muscianese M, Piraccini BM, et al. Italian Guidelines in diagnosis and
treatment of alopecia areata. G [Ital Dermatol Venereol. Dec 2019;154(6):609-623.
doi:10.23736/s0392-0488.19.06458-7

53. Barton VR, Toussi A, Awasthi S, Kiuru M. Treatment of pediatric alopecia areata: A
systematic review. J Am Acad Dermatol. Jun 2022;86(6):1318-1334.
doi:10.1016/j.jaad.2021.04.077

54. Paggioli I, Moss J. Alopecia Areata: Case report and review of pathophysiology and
treatment with Jak inhibitors. J Autoimmun. Dec 2022;133:102926.
doi:10.1016/j.jaut.2022.102926

55. Ramirez-Marin HA, Tosti A. Evaluating the Therapeutic Potential of Ritlecitinib for the
Treatment of Alopecia Areata. Drug Des Devel Ther. 2022;16:363-374.
doi:10.2147/dddt.5334727

56. Dillon KL. A Comprehensive Literature Review of JAK Inhibitors in Treatment of
Alopecia Areata. Clin Cosmet Investig Dermatol. 2021;14:691-714. doi:10.2147/ccid.S309215
57. Gilhar A, Keren A, Paus R. JAK inhibitors and alopecia areata. Lancet. Jan 26
2019;393(10169):318-319. doi:10.1016/s0140-6736(18)32987-8

20



58. Jabbari A, Sansaricq F, Cerise J, et al. An Open-Label Pilot Study to Evaluate the Efficacy
of Tofacitinib in Moderate to Severe Patch-Type Alopecia Areata, Totalis, and Universalis. J
Invest Dermatol. Jul 2018;138(7):1539-1545. doi:10.1016/j.jid.2018.01.032

59. King B, Ohyama M, Kwon O, et al. Two Phase 3 Trials of Baricitinib for Alopecia Areata.
N Engl J Med. May 5 2022;386(18):1687-1699. doi:10.1056/NEJM0a2110343

60. Yan D, Fan H, Chen M, et al. The efficacy and safety of JAK inhibitors for alopecia
areata: A systematic review and meta-analysis of prospective studies. Front Pharmacol.
2022;13:950450. doi:10.3389/fphar.2022.950450

61. Peeva E, Guttman-Yassky E, Banerjee A, et al. Maintenance, withdrawal, and re-
treatment with ritlecitinib and brepocitinib in patients with alopecia areata in a single-blind
extension of a phase 2a randomized clinical trial. J Am Acad Dermatol. Aug 2022;87(2):390-
393. doi:10.1016/j.jaad.2021.12.008

62. Shalabi MMK, Garcia B, Coleman K, Siller A, Jr., Miller AC, Tyring SK. Janus Kinase and
Tyrosine Kinase Inhibitors in Dermatology: A Review of Their Utilization, Safety Profile and
Future Applications. Skin Therapy Lett. Jan 2022;27(1):4-9.

63. King B, Guttman-Yassky E, Peeva E, et al. A phase 2a randomized, placebo-controlled
study to evaluate the efficacy and safety of the oral Janus kinase inhibitors ritlecitinib and
brepocitinib in alopecia areata: 24-week results. / Am Acad Dermatol. Aug 2021;85(2):379-387.
doi:10.1016/j.jaad.2021.03.050

64. King B, Mesinkovska N, Mirmirani P, et al. Phase 2 randomized, dose-ranging trial of
CTP-543, a selective Janus Kinase inhibitor, in moderate-to-severe alopecia areata. / Am Acad
Dermatol. Aug 2022;87(2):306-313. doi:10.1016/j.jaad.2022.03.045

65. Mackay-Wiggan J, Jabbari A, Nguyen N, et al. Oral ruxolitinib induces hair regrowth in
patients with moderate-to-severe alopecia areata. JCI Insight. Sep 22 2016;1(15):e89790.
do0i:10.1172/jci.insight.89790

66. Zhang J, Qi F, Dong J, Tan Y, Gao L, Liu F. Application of Baricitinib in Dermatology. J
Inflamm Res. 2022;15:1935-1941. doi:10.2147/jir.S356316

67. Markham A. Baricitinib: First Global Approval. Drugs. Apr 2017;77(6):697-704.
doi:10.1007/s40265-017-0723-3

68. Assadiasl S, Fatahi Y, Mosharmovahed B, Mohebbi B, Nicknam MH. Baricitinib: From
Rheumatoid Arthritis to COVID-19. J Clin Pharmacol. Oct 2021;61(10):1274-1285.
doi:10.1002/jcph.1874

69. Jorgensen SCJ, Tse CLY, Burry L, Dresser LD. Baricitinib: A Review of Pharmacology,
Safety, and Emerging Clinical Experience in COVID-19. Pharmacotherapy. Aug 2020;40(8):843-
856. d0i:10.1002/phar.2438

70. Shi JG, Chen X, Lee F, et al. The pharmacokinetics, pharmacodynamics, and safety of
baricitinib, an oral JAK 1/2 inhibitor, in healthy volunteers. J Clin Pharmacol. Dec
2014;54(12):1354-61. d0i:10.1002/jcph.354

71. Jabbari A, Dai Z, Xing L, et al. Reversal of Alopecia Areata Following Treatment With the
JAK1/2 Inhibitor Baricitinib. EBioMedicine. Apr 2015;2(4):351-5.
doi:10.1016/j.ebiom.2015.02.015

72. Olamiju B, Friedmann A, King B. Treatment of severe alopecia areata with baricitinib.
JAAD Case Rep. Oct 2019;5(10):892-894. doi:10.1016/j.jdcr.2019.07.005

73. King B, Ko J, Forman S, et al. Efficacy and safety of the oral Janus kinase inhibitor
baricitinib in the treatment of adults with alopecia areata: Phase 2 results from a randomized
controlled study. J Am Acad Dermatol. Oct 2021;85(4):847-853.
doi:10.1016/j.jaad.2021.05.050

74. Gupta AK, Wang T, Polla Ravi S, Bamimore MA, Piguet V, Tosti A. Systematic review of
newer agents for the management of alopecia areata in adults: Janus kinase inhibitors,
biologics and phosphodiesterase-4 inhibitors. J Eur Acad Dermatol Venereol. Dec 7
2022;d0i:10.1111/jdv.18810

21



75. Svoboda SA, Johnson N, Phillips M. Dermatologic Applications and Safety
Considerations of Janus Kinase Inhibitors. Skin Therapy Lett. Sep 2020;25(4):6-11.

76. Damsky W, Peterson D, Ramseier J, et al. The emerging role of Janus kinase inhibitors
in the treatment of autoimmune and inflammatory diseases. J Allergy Clin Immunol. Mar
2021;147(3):814-826. d0i:10.1016/j.jaci.2020.10.022

77. Hoisnard L, Lebrun-Vignes B, Maury S, et al. Adverse events associated with JAK
inhibitors in 126,815 reports from the WHO pharmacovigilance database. Sci Rep. May 3
2022;12(1):7140. doi:10.1038/s41598-022-10777-w

78. Gladman DD, Charles-Schoeman C, Mclnnes IB, et al. Changes in Lipid Levels and
Incidence of Cardiovascular Events Following Tofacitinib Treatment in Patients With Psoriatic
Arthritis: A Pooled Analysis Across Phase Ill and Long-Term Extension Studies. Arthritis Care
Res (Hoboken). Oct 2019;71(10):1387-1395. doi:10.1002/acr.23930

22



