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Objective: To evaluate and explore the efficacy, safety, and pharmacoeconomics of three common strategies for pediatric alopecia
areata.

Methods: Chinese pediatric alopecia areata patients meeting the criteria were included and divided into three groups based on the
received treatments. The efficacy, adverse events and pharmacoeconomics of these treatments were retrospectively analyzed.
Results: Twenty-four pediatric AA patients were recruited in this study. 100% (12/12) of patients from the traditional group achieved
SALT100. In the tofacitinib group, 40.0% (2/5) of patients achieved SALTS50. 20.0% (1/5) of patients achieved SALT75 and 40.0% (2/
5) of patients achieved SALT100. In the MN group, 42.86% (3/7) of patients were non-responders. 14.28 (1/7) of patients achieved
SALT75 and 42.86% (3/7) of patients achieved SALT100. The adverse effects (AEs) were mild in all three groups, and none of the
patients discontinued the treatments due to the AEs. Comparing the other two groups, the MN treatment would be more time-intensive
and more expensive.

Conclusion: For newly diagnosed or naive pediatric patients, the traditional treatment was the first-line approach. For long-duration,
severe and refractory patients, tofacitinib and microneedling can be alternative options.
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Introduction

Alopecia areata (AA) is an autoimmune disease characterized by non-scarring hair loss. Eleven to 50% of the cases occur
in children, and the prevalence rate of pediatric AA is slightly higher than that in adults.'* Multiple areas of hair loss on
the scalp or and/or other body parts cause significant changes in the appearance of patients, which can result in emotional
and psychological burden in childhood. In the study of Bilgic et al, it was found that the degree of psychological
influence is positively correlated with the location of hair loss and may eventually contribute to psychological disorders.’
It is reported the most common hair loss location of AA patches is on the occiput of the scalp in both female and male
patients.*

Since most pediatric patients with limited AA recover spontaneously, and the response to current therapies is
unpredictable, evidence for the efficacy of treatments is mostly weak. Many parents discontinue treatment because
there is no curative effect, relapse is common, or they are concerned about side effects. Some patients, however, will
develop recurrent symptoms, AA can affect all scalp skin (alopecia totalis), and even involve other hairy body parts such
as eyebrows, eyelashes, armpit hair and pubic hair, as well as suffer from significant psychosocial stress.>® Rarely all or
almost all hair on the body can be lost (alopecia universalis).The commonly accepted treatments for AA include
intralesional corticosteroids, topical corticosteroids, minoxidil, topical prostaglandin analogues, systemic corticosteroids,
immunosuppressants, laser therapy, JAK inhibitors, biologics, phosphodiesterase 4 inhibitors, PRP therapy, a Low-Dose
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IL-2 administration, statins, antihistamines and microneedling, while high potency topical corticosteroids are the first-line
treatment for pediatric patients.'>®” The plethora of possible therapies suggests that none are highly are universally
effective.

The therapeutic options for AA should be determined by the patients’ age. Intralesional corticosteroids and topical
immune therapy are avoided in patients under the age of ten. Children over the age of ten are treated in the same way as
adults.®

Pediatric AA is commonly associated with a negative effect on health-related quality of life for both patients and their
caregivers, which may impact throughout the lifespan.’

Oral tofacitinib may now be considered as a therapeutic option for preadolescent children with severe AA resulting in
psychosocial impairment, with appropriate risk assessment for infection and malignancy.’'°

However, in view of various side effects, cost, the limitation on patients’ age, and the lack of clinical trials, there is no
definitive treatment for children. Therefore, the safety and efficacy of pediatric AA treatment require more trials to
explore and confirm optimal therapies.

As a minimally invasive treatment, Microneedling (MN) has the effect of enhancing transdermal delivery and has
been used in scars, psoriasis and other skin disease treatment.'' By changing the microenvironment and local immune
cells, MN is also effective for AA.'? Therefore, we explored the efficacy of MN in pediatric AA.

Materials and Methods
Study Design and Population

The inclusion criteria were met by Chinese pediatric patients (2—14 years old): (1) diagnosed as AA by two independent
dermatologists at the dermatology clinic of the Second Affiliated Hospital, Zhejiang University School of Medicine, from
Apr 2021 to Nov 2022; (2) with AA subtypes classified as patchy AA, alopecia totalis (AT), alopecia universalis (AU),
ophiasis, and sisaipho; (3) age under 14 years-old.

Based on the type of treatment they had received, the included pediatric patients were divided into three groups: 1)
the traditional group: topical 0.1% mometasone furoate (Eloson, BAYER PHARMA.), QD and 5% solution of minoxidil
(MANDI, 3SBIOI INC.), QN; 2) the tofacitinib group: treated with 5 mg tofacitinib (AIJIEWEI, SIMCERE INC.) by
mouth once daily, the patients consented to laboratory tests before treatment and every 3 months after initiating the
treatment, including a complete blood count, biochemical blood test, screening for hepatitis B virus infection and
tuberculosis); and 3) the microneedling (MN) group: the needles used in the therapy were 31G (Medi Hair), which
resulted in 0.35 mm depth wounds in order to allow herbal extracts (Medi Hair) to be absorbed into the skin
(Lavandula angustifolia Oil, Swertia japonica extract, Panax ginseng root extract, Larix europaea wood extract,
Camellia sinensis extract), treated every two weeks.

Baseline Assessment and Follow-Up
We collected demographic data and Severity of Alopecia Tool (SALT) scores. SALT is an important calculation guideline
for quantifying the severity of AA.

Data Analyses and Statistical Methods

Quantitative variables were expressed as the mean + standard deviation (+SD). Statistical analyses were performed using
GraphPad Prism v.9.0.0. The one-way ANOVA and the Kruskal-Wallis test were performed as appropriate to compare
the continuous variables among the three groups. P-value < 0.05 was considered statistically significant.

Results

Patient Characteristics
Demographic data and disease characteristics of the 24 recruited patients with AA are listed in Table 1. The patients
included 10 females and 14 males, with a median age of 8.9 years (range, 3—14 years). Among them, 15 patients were
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Table 1 Demographic Data and Characteristics of Pediatric AA Patients in Different Groups

Traditional Group (n=12) | Tofacitinib Group (n=5) | MN Group (n=7) P-value
Age, mean (SD), years 8.50 (+ 3.92) 10.60 (+ 3.36) 8.29 (+ 3.09) 0.4918
Sex, n (%)
Male 50.00 80.00 57.14
Female 50.00 20.00 42.86
Alopecia areata subtypes, n (%)
Patchy alopecia 100.00 40.00 14.30
Alopecia totalis (AT) 0.00 20.00 14.30
Alopecia universalis (AU) 0.00 0.00 28.55
Ophiasis 0.00 20.00 0.00
Sisaipho 0.00 20.00 14.30
Reticulate alopecia areata 0.00 0.00 28.55
Age of onset, mean (SD), years 7.75 (£3.30) 7.80 (+ 3.56) 6.29 (+ 2.69) 0.5955
Duration of disease, mean (SD), months 8.33 (¥851) 32.8 0(+42.46) 23.57 (¥22.69) 0.1247
AA medication history, n (%) 0.00 20 57.14
Other medication history 0.00 0.00 28.57
Baseline SALT score, mean (SD) 7.88 (+6.28) 49.30 (+30.00) 54.66 (+40.83) 0.0015
Severity of AA (SALT=50), n (%)
Severe 0.00 40.00 57.14
Mild & moderate, n (%) 100.00 60.00 42.86
Comorbidity, n (%) 25.00 0.00 85.71

diagnosed with patchy alopecia, 2 with alopecia totalis, 2 with alopecia universalis, 2 with ophiasis, 1 with sisaipho, and
2 with reticulate alopecia areata. All patients received at least 24 weeks of current treatment.

In the traditional group, all the patients had no prior AA medication history. 20% (1/5) of patients in the
tofacitinib group and 57.14% (4/7) of patients in the MN group had previously received treatment for AA.

Among 24 pediatric AA patients, 9 patients had comorbidity (3/12 in the traditional group, 6/7 in the MN group), 2
had atopic dermatitis, 2 had urticaria (1 patient received treatment with omalizumab), 2 reported allergic rhinitis (1
patient received desensitization therapy), 1 had temporary total triiodothyronine elevation, 1 had lichen planus, and 1 had
atopic eczema. No patients had a family history of hair loss; however, 2 patients reported a family history of allergic
rhinitis (1 patient did not have a history of allergic rhinitis). It is noteworthy that most patients (6/7) with comorbidities
were in the MN group.

Efficacy
Treatment responses in each group are shown in Figure 1.

Notably, 100% (12/12) of patients from the traditional group achieved SALT100.

In the tofacitinib group, 40.0% (2/5) of patients achieved SALT50. 20.0% (1/5) of patients achieved SALT75 and
40.0% (2/5) of patients achieved SALT100.

In the MN group, 42.86% (3/7) of patients were non-responders. 14.28 (1/7) of patients achieved SALT75 and
42.86% (3/7) of patients achieved SALT100.

Results showed that the effect of MN therapy varied within wide limits from the endpoint SALT score (shown in
Table 2). There were 1 (8.33%), 1 (20.00%), and 2 (28.57%) patients who experienced recurrence in the traditional
group, the tofacitinib group, and the MN group, respectively (shown in Table 2).

Photos of representative responders in the three groups are shown in Figures 2—4.

The percentage of patients who had a long duration of their current hair loss episode (=1 year) was 33.3% (4/12), 80%
(4/5) and 71.4% (5/7) in the traditional group, the tofacitinib group, and the MN group, respectively. All the traditional
group patients achieve SLAT100 at the endpoint. The efficacy (SALT change) in the tofacitinib group between patients
with a shorter duration (>1 years) and those with a longer duration (=1 years) had no difference (P =0.367). Similarly, the
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efficacy (SALT change) in the MN group between a shorter duration (=1 years) and a longer duration (=1 years) had no

difference (P =0.775).

Safety

The adverse effects (AEs) were mild in all three groups, and none of the patients discontinued the treatments due to

the AEs.

In the tofacitinib group, one patient experienced excessive hair growth.
Microneedling is a minimally invasive procedure, and during therapy, 42.86% (3/7) patients complained of mild
transient pain (Numerical Rating Scale, NRS: 1-2).
No side effects of traditional group therapy were described in children with alopecia areata.

Table 2 Endpoint SALT Score and Recurrence in Each Group

Traditional Group (n=12)

Tofacitinib Group (n=5)

MN Group (n=7)

Endpoint SALT score, mean (SD)
Recurrence, n (%)

0.00 (+ 0.00)
833

7.80 (+ 8.32)
20.00

30.86 (+ 39.36)
28.57
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Before

Figure 2 Photographs of a representative patient in the traditional group: panel A-D showed different regions of scalp before and after treatment ((A) top, (B) posterior,
(C) left side, (D) right side).

Cost in Treatment
In terms of the monthly costs as follows: the traditional group: 59.67—225 Chinese Yuan (CNY); the tofacitinib
group: 55 CNY; the MN group: 696 CNY (Table 3), the MN group was significantly higher than the other 2

groups (P<0.0001). Except for MN treatment, the other two treatments can be covered by medical insurance. The
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Before After

Figure 3 Photographs of a representative patient in the tofacitinib group: panel A-D showed different regions of scalp before and after treatment ((A) top, (B) posterior,
(C) left side, (D) right side).

frequency of follow-up for the traditional group, the tofacitinib group and the MN group was every 8 weeks,
every 4 weeks and every 2 weeks, respectively. As a result, the treatment for the patients of the MN group would
be more time-intensive and more expensive.
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Figure 4 Photographs of a representative patient in the MN group: panel A-C showed different regions of scalp before and after treatment ((A) top, (B) left side, (C) right side).

Discussion

Approximately 20% of AA cases occur in children. It is proposed that psychological stress contributes to the develop-

ment of alopecia areata.'® It has been reported that at least 23% of patients experienced an emotional event or crisis prior
to the onset of alopecia areata.'* Aside from stress, the development of AA is also associated with personality disorders,
paranoia, stress, depression and anxiety disorders. However, there was no correlation found between the severity of AA

and psychiatric disorders.'> Children are under a greater degree of stress now than in the past'® Furthermore, the

unpredictable course of AA produces psychological distress;'” as a result, AA patients more often experience depression

and anxiety compared to the healthy population.'®

Table 3 Cost Parameters

Monthly cost of three treatment (CNY)

59.67—225

55

696.00

Frequency of follow-up

Every 8 weeks

Every 4 weeks

Every 2 weeks
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Some dermatologists suggest leaving alopecia areata untreated for many patients.'” Hair regrowth can occur

spontaneously in approximately 50% of patients without treatment within 1 year,15 -18

only approximately 7-10% of
AA becoming chronic.'> However, spontaneous hair regrowth of severe AA is rare. Patients of severe forms that started
at young age always have poor prognosis.>’

However, most Chinese parents find this concept difficult to accept. and the duration of hair loss may be longer than
patients expected. There is no definitive guideline for pediatric AA treatment; the management plan should be designed
in collaboration with the patients and their parents with full consideration of their goals, benefits and risks of the
treatment.'

50% of AA patients have concomitant diseases; mostly atopic disorders, including atopic dermatitis, eczema and
allergic rhinitis; and, autoimmune diseases such as thyroiditis and vitiligo; and collagen-vascular diseases such as lupus
erythematosus."'>?' However, AA can also develop after dupilumab initiation for treating AD.?* Interestingly, was
recently examined as a possible therapy for AA.>

In our study, 2 patients had a history of medication (omalizumab and desensitization therapy) before the onset of AA.

Due to possible adverse effects, many parents refuse to consider treatment with intralesional and systemic corticos-
teroids, or systemic immunosuppressive therapy; they chose topical treatment as their first choice. Previous research
found that topical corticosteroids were the preferred first-line treatment.’

We chose 5% topical minoxidil, which has been shown to be more effective than a 2% solution, in combination with
topical corticosteroids to improve efficacy'® and decrease irritation for topical therapy. Topical minoxidil may result in
unwanted hair growth, distant hypertrichosis, irritation, pruritus and dermatitis.'” In our study, only 1 patient had
unwanted hair growth and no other adverse effects that should be correlated with topical corticosteroids.

Despite the fact that there were numerous therapeutic options, including topical treatment, corticosteroid injections,
topical immunotherapy, systemic corticosteroid, JAK inhibitor and phototherapy, none of these therapeutic modalities
have proven to be consistently efficacious.'®** The prognosis of pediatric AA is influenced by a number of variables,
including age at onset, comorbidities, and the duration of AA. Due to the high relapse rate of AA in children, juvenile

onset may cause a decreased rate of recovery,?>*

a reduced response to treatment as the disease progresses, and a lower
long-term recovery rate than the initial rate.”> Atopy is a common complication in pediatric AA patients. According to
a study of allergy, the yearly cycle of AA in some allergy patients may be specifically caused by seasonal changes in
allergen exposure and/or virus load, which reacted a correlation between allergies and the development and recurrence of
AAY

So chronic AA patients had to accept use of other treatments following disease relapse. The duration of disease and
medication history influenced the treatment choices of patients and their families. Here, we describe that there were no
severely affected patients (SALT < 50) in the traditional group, and the percentages in the tofacitinib group and the MN
group were 40% and 57.14%, respectively. The percentage of patients with a long duration of the current hair loss
episode (=1 years) in the tofacitinib group and the MN group was higher than the traditional group (80% versus
33.3%, 71.4%).

In the MN group, 57.14% of subjects had a history of use of medications for AA, while in the tofacitinib group the
percentage was 20%, and no patients from the traditional group had a medication history. Patients with a long duration of
treatment or a history of treatment failure were more willing to accept tofacitinib or MN treatment.

The curative effect of MN varied from person to person. In our study, 42.86% of patients were non-responders.
14.28% of patients achieved SALT75, and 42.86% of patients achieved SALT100. The cost was highest in this treatment
group, which may disappoint the patients and their caregivers. Thus, this issue should be discussed with the patients and
their families when formulating a treatment plan.

Limitation

An intrinsic limitation of this study is that it is a retrospective study, and the sample size is small. Because the study
focused on pediatric AA patients, many patients were unable to follow-up appropriately, so we simply selected patients
for regular check-ups. Also, we did not include a control group, since most patients presented to our hospitals have
initially gone to community hospitals, and usually followed up without treatment, so the patients and caregivers refused
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natural remedy. There were differences in the baseline characteristics of the groups, which had the potential to impact the
results in a biased manner. Studies with larger sample sizes will still be needed in the future.

Conclusion

In summary, for newly diagnosed or naive pediatric patients, the traditional treatment was the first-line approach.
Although AA may recover despite no treatment with in approximately 1 year, considering the mental stress impacting
the patients and their caregivers, traditional therapy can be applied. For long-duration, severe and refractory patients,
tofacitinib and microneedling can be alternative options.
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