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ABSTRACT

Alopecia areata (AA) is a cell-mediated autoim-
mune disease in which a cytotoxic T-cell
response against hair follicles occurs. AA has
been demonstrated to frequently co-exist with
atopic dermatitis (AD), and the coincidence of
atopy predisposes to a more severe course of the
disease. To date, therapeutic options in AA,
especially in the pediatric population, are
mainly limited to corticosteroids, irritants,
sensitizers, and immunosuppressive agents.
Recently, innovative therapies have emerged,
among which Janus kinase (JAK) inhibitors,
effective in both AD and AA, appear to be the
most promising. Here, a 14-year-old girl with
alopecia universalis (AU) and mild AD is
demonstrated, who was successfully treated
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with a selective JAK1 inhibitor, upadacitinib,
which has been approved for the treatment of
AD in adults and children aged 12 years and
older. Resolution of eczema and complete hair
regrowth was achieved after 3 months of ther-
apy. Apart from transient mild leukopenia at
weeks 4 and 8, no adverse events were noted.
Data in the literature on the efficacy and safety
of JAK inhibitors in the treatment of AA in the
pediatric population is based on single case
reports and case series. So far, topical tofacitinib
and ruxolitinib, as well as systemic tofacitinib,
ruxolitinib, and baricitinib have been used off-
label in this indication in children. Upadaci-
tinib is another effective treatment option with
a good benefit-risk ratio for patients with AA,
including cases coexisting with AD.
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Key Summary Points

The JAK/STAT signaling pathway plays an
important role in promoting the
inflammatory response around hair
follicles and represents a potential
therapeutic target in patients affected
with alopecia areata (AA)

We present a 14-year-old girl with alopecia
universalis (AU) coexisting with mild
atopic dermatitis (AD), who showed good
response to upadacitinib, a selective JAK1
inhibitor that has been approved for the
treatment of AD in patients aged 12 years
or older

The literature search revealed several case
reports and case series of the successful
off-label use of systemic (tofacitinib,
baricitinib, and ruxolitinib) and topical
(tofacitinib and ruxolitinib) JAK inhibitors
in pediatric patients with AA

Upadacitinib seems to be another effective
treatment option for patients with AA,
including cases coexisting with AD

INTRODUCTION

Alopecia areata (AA) is a cell-mediated autoim-
mune disease in which a cytotoxic T-cell
response against hair follicles occurs. This pro-
cess results in the shortening of the anagen
phase of the hair growth cycle, acceleration of
the resting phase, and subsequently, loss of hair
[1].

It is estimated that the lifetime expectancy of
developing AA in the general population is
approximately 2% [2]. Although the disease can
develop in patients of any age, it usually starts
in those under 40 years. In the pediatric popu-
lation, AA is classified as the third most com-
mon reason for specialist consultation [3]. AA
has been demonstrated to frequently co-exist
with atopic dermatitis (AD), and the

coincidence of atopy predisposes to a more
severe course of the disease. AA and AD share
several similarities in the pathogenetic path-
ways, including overexpression of T helper 2
cytokines (Th2), interleukin (IL)-4 and IL-13,
altered expression or loss-of-function mutation
of atopy-related genes (such as filaggrin), and
finally, elevated serum levels of immunoglobu-
lin E (IgE) [4-6]. Although AA is not a life-
threatening disease, it carries a significant psy-
chosocial burden. The disease is associated with
significantly reduced quality of life and
increased risk of depression, particularly among
adolescents [7].

To date, therapeutic options of AA, especially
in the pediatric population, have been mainly
limited to corticosteroids, irritants, sensitizers,
and immunosuppressive agents. Recently,
innovative therapies have emerged, among
which Janus kinase (JAK) inhibitors, effective in
both AD and AA, appear to be the most
promising. Here, a case of the 14-year-old girl
with alopecia universalis (AU) and mild AD is
presented, who was successfully treated with a
selective JAK1 inhibitor, upadacitinib.

The study was performed in accordance with
the Helsinki Declaration of 1964 and its later
amendments. Informed consent was obtained
from the patient and her parents for participa-
tion in the study and publication of the article,
including publication of clinical photographs.

CASE REPORT

A 14-year-old Caucasian girl was referred to the
Department of Dermatology in Rzeszéw
(Poland) with AU. The first episode of hair loss
occurred 16 months before admission to the
hospital. At that time, there was a single focus
of alopecia in the right retroauricular region.
The patient was initially treated with topical 5%
minoxidil and mometasone furoate. No
improvement was observed, and the disease
started to progress. One year prior to referral,
the girl experienced a complete loss of scalp hair
and partial loss of eyebrows and eyelashes. For
11 months she was treated with immunother-
apy with diphenylcyclopropenone (DCP) in
increasing concentrations. In addition, narrow
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band ultraviolet B (NB UVB) phototherapy was
introduced for 3 months, which resulted in
partial hair regrowth in several foci. Unfortu-
nately, after severe stress, the patients experi-
enced another episode of complete hair loss. NB
UVB phototherapy was restarted, in combina-
tion with immunotherapy with DCP; however,
this time mediocre hair regrowth was observed.
Apart from AU, the patient suffered from mild-
to-moderate AD since early childhood. In her
previous therapy for AD, she used topical cor-
ticosteroids and calcineurin inhibitors. She was
otherwise healthy and did not take any
medications.

On admission, the patient presented with
complete hair loss on the scalp [Severity of
Alopecia Tool (SALT) score of 100] [7]. There
was also significant loss of the eyebrows and
eyelashes. Trichoscopic examination of the
scalp showed numerous yellow dots, single
upright regrowing hair, single black dots, and
exclamation mark hairs (Fig. 1). In addition,
eczematous lesions and lichenification were
observed on the flexural aspects of the elbows
and knees, and generalized skin dryness was
noticeable. No nail abnormalities were present.

Baricitinib, a JAK1/2 inhibitor, has been
recently approved for the treatment of AA in the
adult population [38]. This was the premise to
try using a JAK inhibitor in the presented ado-
lescent. During a literature search, we came
across recent case reports in adults of AD co-
existing with AA successfully treated with a
selective JAK1 inhibitor, upadacitinib. Taking
into consideration, that upadacitinib (Rinvoq)
has proven to be an effective treatment option
with a good benefit-risk ratio in adolescents and
adults with AD and it has recently been
approved for the treatment of moderate-to-sev-
ere AD in 12-year-old patients or older, we
decided to introduce this medication in the
presented patient [8]. Laboratory tests, includ-
ing full blood cell count, liver and kidney
function tests, viral hepatitis markers, and
tuberculosis screening (Quantiferon TB Gold)
were performed prior to treatment initiation. As
no abnormalities were found, upadacitinib at
the dose of 15 mg/day orally was started. After
1 month of treatment, we noted complete res-
olution of  eczematous lesions and

improvement of AU with significant hair
regrowth on the scalp, eyebrows, and eyelashes.
Further improvement was observed at subse-
quent follow-up visits after 2 and 3 months of
therapy. At week 12, trichoscopy of the scalp
and eyebrows showed presence of normal ter-
minal hair, and no black dots, broken hairs, or
exclamation mark hairs were observed (Fig. 1).
At last evaluation, SALT score was 0, corre-
sponding to complete hair regrowth on the
scalp. Full regrowth of the eyebrows and eye-
lashes was also noted. Laboratory tests, includ-
ing complete blood cell count, and liver and
kidney function tests, were performed once a
month. Transient mild leukopenia was
observed—white blood cell (WBC) count was
3.54 x 103/uL after 4 weeks of therapy and
3.93 x 10%/uL after 8 weeks. At week 12, WBC
count returned to normal. No other laboratory
abnormalities were noted nor were any other
adverse effects of the therapy reported within
the treatment period. The patient continues
treatment with upadacitinib at the dose of
15 mg/day.

DISCUSSION

Children represent approximately 25% of all AA
cases [9]. Therapy of AA consists predominantly
of corticosteroids and immunosuppressive
agents, irritants (e.g., anthralin), vasodilatators
(e.g., minoxidil), or sensitizers [e.g., diphenylo-
cyclopropenone (DCP)] [10, 11]. Over the past
few years, the involvement of the JAK and sig-
nal transducer and activator of transcription
(STAT) pathway in the pathogenesis of many
dermatoses has received considerable attention.
This has resulted in an increasing number of
studies evaluating the efficacy of medications
inhibiting the pathway in numerous condi-
tions, including AD and AA.

JAKs are intracellular enzymes that transmit
signals for cytokines and growth factors
involved in a wide range of cellular processes,
including inflammatory responses, hematopoi-
esis, and immune surveillance [12]. Tofacitinib
(JAK1 and JAK3 inhibitor, with little impact on
JAK2), ruxolitinib (JAK1/2 inhibitor), and
baricitinib (JAK1/2 inhibitor) belong to the first-
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«Fig. 1 Clinical and trichoscopic presentation at a—d base-
line; e~h after 2 months of therapy with upadacitinib;
i-1 after 3 months of therapy with upadacitinib. a Nearly
complete hair loss on the scalp; b trichoscopy showing
yellow dots, single black dots, and several regrowing hair;
c over 50% hair loss of the eyebrows; d trichoscopy
showing broken hairs and exclamation mark hairs (red
circles); e significant regrowth of hair on the scalp after
2 months of therapy; f trichoscopy showing numerous
terminal hair and thin regrowing hair. Single yellow dots
were present; g complete regrowth of the eyebrows after
2 months of therapy; h trichoscopy of the eyebrows
showing terminal hair, no broken hairs or exclamation
mark hairs were present; i complete hair regrowth on the
scalp after 3 months of therapy; j trichoscopy showing
normal terminal hair; k complete regrowth of the eyebrows
after 3 months of therapy; h trichoscopy of the eyebrows
showing normal terminal hair

generation of JAK inhibitors. All three drugs are
nonselective and target multiple JAKs. Upadac-
itinib, a selective JAK1 inhibitor, is a represen-
tative of the next generation of JAK inhibitors.
The JAK-STAT pathway has been shown to play
a pivotal role in the dysregulation of immune
responses in AD, including enhancement of
Th2 lymphocyte responses, activation of eosi-
nophils, maturation of B lymphocytes, sup-
pression of regulatory T cells, and upregulation
of proinflammatory cytokines and proangio-
genic factors [12]. Recent studies have revealed
that interferon (IFN)-y and IL-15 are crucial in
the pathogenesis of AA [13]. The expression of
IFN-y is dependent on JAK1, while IL-15 is
dependent on JAK1 and JAK3. Selective target-
ing of these kinases may be most beneficial for
patients with AA [14].

Randomized clinical trials evaluating the
efficacy and safety of JAK inhibitors in the
treatment of AA in adults are available in the
English-language literature [15-18]. However,
data on the use of these drugs in this indication
in the pediatric population is predominantly
based on case reports or case series
[9, 14, 19-35]. A summary of these reports is
provided in Table 1. So far, tofacitinib 2% in a
liposomal base and ruxolitinib 1-2% in a lipo-
somal base have been used in the topical treat-
ment of AA in children and adolescents.

Therapy with topical JAK inhibitors was associ-
ated with few adverse events, including appli-
cation-site irritation (n = 1) and mild laboratory
abnormalities (n = 2). However, not all patients
responded to the treatment. In a case series of
eleven children with AA, aged 4-16 years, cos-
metically acceptable regrowth was achieved
only in three patients [19].

Regarding the systemic use of JAK inhibitors
in pediatric AA, most data is on tofacitinib
(Table 1) [24-35]. The medication was pre-
dominantly used at the dose of 5mg twice
daily, except for younger children aged 4--
Syears, in whom the dose was reduced to
2.5 mg twice daily. In the majority of patients,
complete or nearly complete hair regrowth was
obtained, the therapy was continued for a per-
iod of over 1 year, and few side effects, includ-
ing mild headaches, upper respiratory tract
infections, mild increase in liver enzymes, and
diarrhea, were noted. The issue of how long the
treatment with tofacitinib should be continued
and the maintenance therapy is increasingly
often discussed. McKenzie et al. [35] also noted
that in patients treated long term with oral
tofacitinib, alopecia flares may occur. The
authors observed such exacerbations in 8 out 21
children and young adults (age range 6—
20 years) while on tofacitinib. Various strategies
to control the exacerbation were used by the
authors, including increasing the dose of
tofacitinib to 15 mg/day, adding treatment with
intralesional triamcinolone or introducing a
combination therapy with systemic and
intralesional corticosteroids.

There is one report in the literature on the
successful treatment of AA in an adolescent
with chronic atypical neutrophilic dermatosis
with lipodystrophy and elevated temperature
(CANDLE) syndrome with oral baricitinib [20].
CANDLE syndrome, described in 2010, is char-
acterized by a prominent IFN signature. Small
molecule JAK inhibitors, which inhibit type I
and type II IFN receptor pathways, pose a
promising therapeutic option in this entity.
Recently, Wang et al. [21], reported a case series
of 11 patients with AA, including two partici-
pants under the age of 18 years, treated with
baricitinib for 20 weeks. Complete remission
was achieved in two patients, while three
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patients, including one of the adolescents, did
not respond to therapy at all.

Peterson et al. [23] described a preadolescent
patient with alopecia totalis successfully treated
with ruxolitinib, a JAK1/2 inhibitor. The effi-
cacy was also maintained with prolonged
treatment with a tapered dose of 10 mg every
other day. Liu et al. [22] reported a case series of
eight patients with AA, including one 14-year-
old participant, who were treated with ruxoli-
tinib monotherapy. Six of the eight patients had
been treated with tofacitinib prior to initiating
therapy with ruxolitinib. In the adolescent
patient, no improvement in the SALT score was
observed with tofacitinib, while a 91% hair
regrowth was noted after 10 months of therapy
with ruxolitinib at the dose of 10mg twice
daily.

Upadacitinib is a selective and reversible JAK
inhibitor, that preferentially inhibits JAK1 or
JAK1/3-mediated signal transduction. Results of
phase IIl randomized clinical trials point at high
safety profile and clinical efficacy in the treat-
ment of AD in the pediatric population, both in
monotherapy and in combination with topical
corticosteroids [36, 37]. As a result, upadacitinib
has been recently approved by the European
Medicines Agency (EMA) and Food and Drug
Administration (FDA) for the treatment of AD
in adults and adolescents aged 12 years or older
eligible for systemic therapies [8]. After an
extensive literature search, we came across five
cases of successful treatment of AA with
upadacitinib [38-41]. Concomitant AD was
present in four out of five cases. However, the
youngest patient was 24 years of age, and none
of the reported cases was a pediatric patient. A
summary of the aforementioned reports is pro-
vided in Table 2. Interestingly, upadacitinib
proved to be effective and well-tolerated in
patients who experienced side effects [38, 41] or
lack of efficacy [38] of therapy with dupilumab
for AD. In addition, upadacitinib showed supe-
riority over another JAK inhibitor, baricitinib,
in terms of tolerance and hair regrowth in AA
[38]. Asfour et al. [40] reported a patient with a
35-year history of relapsing-remitting AA and
moderate-to-severe AD, who showed partial hair
regrowth and remission of AD with baricitinib;
however, the therapy had to be stopped after

6 weeks due to side effects (severe acne,
migraines, recurrent herpes). After initiating
treatment with wupadacitinib, clearance of
eczema was observed, as well as hair regrowth in
areas that did not respond to previous therapy
with baricitinib. The treatment was also well-
tolerated, and no side effects were reported.

As the efficacy and safety of upadacitinib in
the treatment of AD has already been demon-
strated in randomized clinical trials, including
in patients under 18 years of age, and there are
new reports on the effectiveness of this medi-
cation in AA, therapy with upadacitinib should
be particularly considered in patients with not
uncommon coexistence of these two diseases.

CONCLUSION

Currently, there is a lack of treatment guidelines
for pediatric AA, especially coexisting with AD.
The role of JAK/STAT signaling in promoting
the inflammatory response around hair follicles
has been demonstrated in clinical studies. Thus,
the JAK/STAT signaling pathway represents a
potential therapeutic target in patients affected
with AA. To the best of our knowledge, this is
the first pediatric case of AA universalis suc-
cessfully treated with upadacitinib. The medi-
cation is also a valuable therapeutic option in
patients with the coexistence of two condi-
tions—AA and AD.
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