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ABSTRACT

Background: Alopecia areata (AA) is an autoimmune disorder with diverse clinical presentations
and limited universally effective therapeutic options. Over the past decade, numerous treatment
strategies have emerged, including Janus Kinase (JAK) inhibitors, corticosteroids, laser therapies,
PRP (Platelet-Rich Plasma), and novel alternative agents. Objectives: To systematically review and
synthesize clinical trial evidence from the last ten years evaluating treatment modalities for AA
with a focus on efficacy, safety, route of administration, and innovation. Materials and Methods:
A comprehensive literature search was conducted across databases, including PubMed, Scopus,
and Web of Science, for clinical trials published between 2015 and 2025. Studies were selected
based on the predefined PRISMA criteria. Data on the study design, interventions, control
treatments, sample size, and outcomes were extracted and analyzed descriptively. Among the
retrieved articles, 108 met the inclusion criteria. Results: Treatments included oral and topical
JAK inhibitors (e.g., baricitinib and ritlecitinib), intralesional corticosteroids, minoxidil, PRP,
biologics, and alternative therapies. Oral JAK inhibitors showed the most consistent efficacy,
particularly in patients with extensive AA, but they required continuous administration.
Intralesional corticosteroids remained an effective option, while PRP and alternative treatments
showed variable but promising outcomes. Laser and light therapies are effective adjuncts to
certain regimens. Conclusion: There is an increasing therapeutic diversity for AA, with oral JAK
inhibitors emerging as a key option for severe cases. However, the treatment response varies
according to the patient profile, formulation, and delivery route. More high-quality long-term
studies are needed to guide personalized treatment plans.
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Modalities.

INTRODUCTION

Alopecia areata (AA) is an autoimmune inflammatory condition
characterized by non-scarring alopecia that results in abrupt
patchy or scattered hair loss.! This chronic disorder affects hair
follicles, nails, and in certain instances, the retinal pigment
epithelium.” It affects people across all ages, sexes, and ethnicities,
with an estimated incidence of 20.9 per 100,000 person-years and
a cumulative lifetime incidence of 2% (0.57-3.8%) worldwide.?
Children account for approximately 20% of cases, but 60% of
adults experience initial patches of hair loss before the age of 30
years.* AA presents with several manifestations, including distinct
bald patches, numerous patches, entire scalp hair loss known
as Alopecia Totalis (AT), and whole-body hair loss, referred to
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as Alopecia Universalis (AU). It may occasionally manifest as
a band-like loss of hair at the perimeter of the scalp (ophiasis),
affecting only the crown (ophiasis inversus), resembling
male-pattern alopecia, abrupt greying, or AA incognita.’ Patients
frequently notice hair loss on the scalp, beards, eyebrows,
and eyelashes. Furthermore, 10-40% of patients exhibit nail
involvement with the progression of the illness, characterized by
nail ridging and pitting that correspond to the degree of AA.¢

Alopecia areata (AA) has been linked to autoimmune disorders
and other ailments, including asthma, allergic rhinitis, atopic
dermatitis, diabetes, hypertension, thyroiditis, Systemic Lupus
Erythematosus (SLE), and vitiligo in several investigations.””
Additionally, AA may be linked to chromosomal abnormalities,
such as Down syndrome and Polyglandular autoimmune
syndrome type 1.'!" The precise mechanism behind the
formation of AA remains to be completely clarified, although
the prevailing idea suggests that it involves the breakdown of
the immune privilege of the hair follicle due to immunological
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processes. This condition generally arises when the body assaults
on its own hair follicles via CD8+ T cells."> Psychological and
environmental variables, including smoking, alcohol intake, sleep
patterns, obesity, fatty acids, and gluten ingestion, can precipitate
AA.B Currently, there are no conclusive therapies for AA.
Treatments for AA include different intralesional, topical, or oral
corticosteroids; minoxidil; and certain light-based treatments.
Nevertheless, these therapies may have adverse side effects such
as discomfort or unintended hair growth in other regions of the
body.!*'* Moreover, there is no guarantee that newly regenerated
hair will persist beyond the conclusion of therapy.'"” Innovative
therapeutic modalities include Janus Kinase (JAK) inhibitors,
biologics, other small molecular medicines, antihistamines,
Platelet-Rich Plasma (PRP) injections, and further treatments.
These individuals are more susceptible to mental health disorders
that can be emotionally traumatic, resulting in diminished
self-esteem, social isolation, and depression. Therefore, it is
essential to treat both physiological symptoms and psychological
factors when managing AA.*®

Several treatment modalities are available for AA, including
JAK inhibitors,” corticosteroids (intralesional and topical),”
minoxidil,?  platelet-rich plasma,'* cryotherapy,” topical
immunotherapy,” analogues,”  prostaglandin
analogues,” inhibitors,”
therapies,” biological therapies,” PDE4 (phosphodiesterase-4)
inhibitors,***! alternative products,’** procedural approaches,>*
and novel therapies.®* However, a comprehensive systematic
review summarizing clinical trials conducted in the last decade
is lacking. This study bridges the research gap by providing an
updated synthesis that highlights efficacy and safety. Its novelty
lies in systematically mapping recent therapeutic advances with
significance for guiding future clinical practice. The objective of

vitamin D

methotrexate,”® calcineurin laser

this study was to critically appraise these recent clinical trials.

MATERIALS AND METHODS
Search Strategy

The search strategy involved systematically retrieving data
from PubMed, Scopus, and Web of Science databases using
the Medical Subject Headings (MeSH)* term "Alopecia areata"
(MeSH Unique ID: D000506), along with its synonym "Alopecia
Circumscripta,” combined with the Boolean operator "OR." This
query was specifically applied to the Title and Abstract fields
([Title/Abstract]). Filters were activated to limit the results to
Clinical Trials published within the last ten years (2015-2025).
The MeSH term "Alopecia areata” has a tree number of
C17.800.329.937.122.147, and according to MeSH definitions, it
refers to "Loss of scalp and body hair involving microscopically
inflammatory patchy areas".*® This structured approach ensured
the comprehensive identification of relevant clinical trials
focused on Alopecia areata (AA) conducted within the specified
timeframe. The data were downloaded on 31 January 2025, which
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served as the final cutoff date for the inclusion of eligible clinical
trials in this review.

This systematic review followed the PRISMA guidelines to
ensure transparency, rigor, and methodological consistency.”
A systematic search, screening, and selection process were
conducted using predefined inclusion and exclusion criteria to
minimize bias. The PRISMA flow diagram details each stage of
the study-selection process. Data extraction adhered to PRISMA
standards, ensuring systematic collection of the study design,
sample size, interventions, outcomes, and key findings (Figure 1).
This approach enhances methodological quality and strengthens
the reliability of conclusions on novel AA treatments.

Inclusion and Exclusion Criteria

This systematic review included clinical trials (randomized
controlled trials, controlled clinical trials, open-label trials,
pilot trials, or comparative clinical studies) involving human
participants diagnosed with AA (Figure 1). Eligible studies
evaluated any therapeutic intervention aimed at treating AA,
including pharmacological treatment, biological therapies,
procedural or combined interventions,
approaches. All included articles were published in English
between 2015 and 2025 and indexed in PubMed using the
MeSH terms "Alopecia areata" or "Alopecia Circumscripta.” The

and alternative

exclusion criteria were case reports, case series, observational
studies, reviews, editorials, conference abstracts, letters, animal
studies, diagnostic trials, purely mechanistic or genetic studies
without therapeutic intervention, studies not related explicitly
to AA, non-English articles, and trials lacking sufficient data on
clinical efficacy or safety outcomes.

RESULTS

Routes of administration

This review revealed various routes of administration (Figure 2)
used for AA, including topical applications (e.g., corticosteroids
or minoxidil), intralesional injections (direct scalp injections,
often corticosteroids), oral supplementation, pulse therapy
(intermittent dose corticosteroids for autoimmune modulation),
and laser/light therapies (e.g., low-level laser therapy to stimulate
hair growth). Together, these options address the localized and
systemic causes of hair loss (Tables 1-10).

Risk of Bias Assessment

A descriptive assessment of the internal validity of the included
randomized controlled trials was performed using the Cochrane
Risk of Bias 2 (RoB 2) tool, evaluating domains such as the
randomization process, deviations from intended interventions,
missing outcome data, outcome measurement, and selective
reporting. Most trials demonstrated low risk in randomization,
though severallacked detailed reporting onallocation concealment
and blinding, leading to some concerns in intervention and
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measurement domains. Studies with small sample sizes or pilot
designs often showed higher risk due to incomplete data or vague
outcome definitions. Larger, well-conducted trials like those by
King et al., (2022) and Ghafoor et al., (2024) showed lower risk,
while earlier exploratory studies presented more methodological
limitations. This variability in study quality highlights the need
for cautious interpretation of findings in the absence of a formal
meta-analysis.

Janus Kinase Inhibitors

A wide range of Janus Kinase (JAK) inhibitors have been studied
for the treatment of AA (AA), with oral and topical formulations
showing varying degrees of efficacy (Table 1). Among the oral
JAK inhibitors, tofacitinib and ruxolitinib have demonstrated
significant hair regrowth. An open-label study by Almutairi et
al., (2019) found that both drugs were effective, with ruxolitinib
inducing a faster initial regrowth. * Similarly, Jabbari et al., (2018)
observed that 8 of 12 patients treated with tofacitinib achieved
>50% regrowth with minimal adverse effects.”” However, topical
formulations have shown mixed results, with Bokhari and
Sinclair (2018), who reported partial regrowth in a small sample,
and Mikhaylov et al., (2023), who found that topical delgocitinib
had no significant benefit over placebo.**2

The BRAVE-AA1 and BRAVE-AA2 trials by King et al., (2022)
assessed baricitinib, demonstrating that 38.8% of patients on a
4 mg dose achieved an SALT (Severity of Alopecia Tool) score
<20 at week 36. A later study reported that most patients relapsed
after discontinuing baricitinib, although retreatment restored
efficacy.** The THRIVE-AAL trial by King et al. (2024) on
deuruxolitinib showed significant hair regrowth in 41.5% of the
patients.® Comparatively, ritlecitinib and brepocitinib (ALLEGRO

trials) were found to improve scalp biomarkers,* with ritlecitinib
outperforming brepocitinib in terms of sustained efficacy.”

Several studies have highlighted the need for continuous
treatment. Hordinsky et al., (2023) found that only 17-28% of
adolescent patients on ritlecitinib achieved SALT <20 at week 24,
but this increased to 25-50% at week 48."° Similarly, Piliang et al.,
(2025) confirmed sustained regrowth in responders at week 48.%
Withdrawal studies have shown that stopping ritlecitinib and
brepocitinib led to relapse, although retreatment was effective.’
Studies assessing alternative treatment strategies have yielded
promising results. Paracha et al, compared tofacitinib and
azathioprine, and concluded that tofacitinib was significantly
superior.* Joly et al., examined methotrexate plus prednisone and
reported 31% complete regrowth in severe cases.”® Additionally,
a sublingual tofacitinib formulation showed prolonged half-life,
indicating its potential for once-daily dosing.*’

The safety profiles of JAK inhibitors have been extensively
analyzed. Taylor et al., conducted a safety analysis of baricitinib
in 14,744+ patients and showed a low incidence of major adverse
events.”” However, some studies reported that baricitinib was
effective in Systemic Lupus Erythematosus (SLE), but did not
meet all secondary endpoints, indicating the need for further
evaluation.” Olsen et al., found that topical ruxolitinib cream had
no significant regrowth compared with placebo, suggesting that
oral formulations remain superior.™

Patient-reported satisfaction has been a key measure in recent
clinical trials. Sinclair et al., found high satisfaction rates among
patients receiving ritlecitinib, aligning with clinician-reported
efficacy.”®* Additionally, Winnette et al., noted a moderate
correlation between patient-reported outcomes and clinician

| "Alopecia Areata"[Title/Abstract] OR "Alopecia Circumscripta"[Title/Abstract] ‘

v

‘ Records identified through database searching (n= 5,946) I

| Records screened: 2015-2025 |

| Records included (n= 3,181) |

| Records screened: Clinical Trails |

| Records included (n= 113) |

| Records screened: Manual Screening |

| Studies included in qualitative synthesis (n=108) |

| Eligibility || Eligibility || Screening | identification |

Figure 1: PRISMA 2020 flow diagram illustrating the selection process of clinical trials on
Alopecia areata. The records were identified through database searching (PubMed, Scopus, and
Web of Science). After removing duplicates and screening titles/abstracts, full-text articles were
assessed for eligibility. A total of 108 studies met the inclusion criteria and were included in the

final review. This systematic review adheres to PRISMA guidelines to ensure transparency and
methodological rigor.
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assessments, emphasizing the importance of subjective treatment

experience.”

JAK inhibitors have emerged as a transformative treatment for
AA, with oral formulations proving to be the most effective.
Baricitinib, ritlecitinib, and deuruxolitinib have shown strong
efficacy in clinical trials, particularly in patients with severe or
refractory AA. However, continuous therapy is necessary to
maintain the results, and withdrawal often leads to relapse. While
topical formulations and alternative agents, such as methotrexate
and azathioprine, show some promise, oral JAK inhibitors remain
the leading therapeutic option. Future research should focus

on long-term safety, dose optimization, and patient-centered
outcomes to further refine treatment strategies.

Intralesional corticosteroids

Table 2 summarizes the clinical trials that have evaluated
intralesional corticosteroids for AA treatment. Studies have varied
in corticosteroid types, predominantly triamcinolone acetonide,
administered via intralesional injections, laser-assisted methods,
or microneedling. The sample sizes ranged from small pilot studies
(12 participants) to larger randomized trials (226 participants).
Triamcinolone acetonide consistently demonstrated higher
efficacy than alternatives, such as cryotherapy, methotrexate,

Table 1: JAK inhibitors.

Study Formulation/ = Name of the  Study Type Control Sample Key Findings
Route of Treatment Drug/ Size
Administration Placebo
Almutairi et al., Oral Ruxolitinib vs.  Open-label None 75 Both induced significant
2019 Tofacitinib comparative hair regrowth; ruxolitinib
showed faster initial
regrowth.?
Bokhari and Topical Tofacitinib 2% Double-blind, Placebo, 16 Partial regrowth
Sinclair, 2018 vs. Ruxolitinib  placebo-controlled Clobetasol observed; 100% regrowth
1% in one patient but
relapsed.”!
Cheng et al., 2018  Oral/Topical Tofacitinib Case series None 11 Marked regrowth
with oral; one patient
responded to topical.*®
Eisman and Oral Ritlecitinib Phase 2a trial Placebo 24 Rapid onset, promising
Sinclair, 2021 safety profile.”
Guttman-Yassky ~ Oral Ritlecitinib, Phase 2a trial Placebo 46 Both improved scalp
et al., 2022 Brepocitinib biomarkers; Ritlecitinib
showed better
improvement at week
24.%
Hordinsky et al., Oral Ritlecitinib ALLEGRO Phase  Placebo 105 17-28% achieved SALT
2023 2b/3 <20 at week 24; increased
to 25-50% at week 48.'°
Jabbari et al., 2018 Oral Tofacitinib Open-label pilot ~ None 12 8/12 had 250% regrowth;
minimal adverse events.*
Joly et al., 2023 Oral Methotrexate ~ Double-blind RCT Placebo 89 Methotrexate+prednisone
+ Prednisone led to complete regrowth
in up to 31%.%
King et al., 2021 Oral Ritlecitinib, Phase 2a RCT Placebo 142 Significant improvement
Brepocitinib in SALT scores;
brepocitinib showed
stronger efficacy.”
King et al., 2021 Oral Baricitinib Phase 2 RCT Placebo 110 Baricitinib 4 mg superior
to placebo at week 36.%
King et al., 2022  Oral CTP-543 Phase 2 Placebo 120 Higher doses (8-12 mg)

dose-ranging

812

showed significant hair
regrowth."”

Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 2, Apr-Jun, 2026



Assiri: Recent Advances in Pharmacotherapeutic Approaches for Alopecia areata

Study

King et al., 2022

King et al., 2024

King et al., 2024

King et al., 2023

Lai et al., 2021

Mesinkovska et
al., 2024

Mikhaylov et al.,
2023

Morand et al.,
2023

Olsen et al., 2020
Paracha et al.,

2024
Peeva et al., 2022

Piliang et al., 2025

Sinclair et al., 2024

Sinclair et al., 2025

Taylor et al., 2023

Winnette et al.,
2022

Zhou et al., 2023

Formulation/
Route of
Administration

Oral

Oral

Oral

Oral

Sublingual

Oral

Topical

Oral

Topical
Oral

Oral

Oral

Oral

Oral

Oral

Oral

Oral

Name of the
Treatment

Baricitinib

Baricitinib

Deuruxolitinib

Ritlecitinib

Tofacitinib

Ritlecitinib

Delgocitinib

Baricitinib

Ruxolitinib
cream

Tofacitinib vs.
Azathioprine

Ritlecitinib,
Brepocitinib

Ritlecitinib

Ritlecitinib
Ritlecitinib
Baricitinib

Ritlecitinib,

Brepocitinib

Ivarmacitinib

Study Type

Phase 3 RCT
(BRAVE-AAL1 and
AA2)

BRAVE-AA1

THRIVE-AA1

Phase 2b-3

Pilot study

ALLEGRO phase
2b/3

Phase 2a RCT

SLE-BRAVE-I

Phase 2 RCT
RCT

Maintenance study

ALLEGRO phase
2b/3

ALLEGRO-2b/3

ALLEGRO-2b/3

Safety analysis

Phase 2a RCT

Phase 2 RCT
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Control
Drug/
Placebo

Placebo

Placebo
(withdrawal)

Placebo

Placebo

None

Placebo

Placebo

Placebo

Vehicle
None

None

Placebo

Placebo

Placebo

None

Placebo

Placebo

Sample

Size

1200+

654

720

718

18

718

31

760

120
104

100+

276

718

718

14,744+

142

94

Key Findings

38.8% achieved SALT <20
with 4 mg dose at week
36.%

Stopping treatment
led to relapse in most
cases; retreatment was
effective.”

29.6%-41.5% achieved
SALT <20 at week 24.°

31% of high-dose group
achieved SALT <20 at
week 24."

Prolonged half-life
compared to oral;
potential for once-daily
dosing.*

7%-31% achieved SALT
<20 at week 24; rates
increased at week 48.%°

No significant difference
in efficacy.*?

Met primary endpoint for
lupus but not secondary
endpoints.”!

No significant regrowth
difference from placebo.*

Tofacitinib significantly
superior in efficacy.*

Withdrawal led to
relapse; re-treatment was
effective.”

Hair regrowth sustained
through 48 weeks in
responders.*

High satisfaction among
patients.”

Improved
patient-reported hair
growth impact.™*

Low incidence of major
adverse events.”

Moderate correlation
between clinician
assessments and
patient-reported
outcomes.>

Significant reduction in
SALT score at week 24.°
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PRP, and topical steroids. Comparative analyses showed that
corticosteroids achieve substantial hair regrowth with manageable
adverse effects, particularly at lower concentrations. Novel
methods, such as microneedling or QR678 combinations, offered
comparable results with added patient comfort or improved
outcomes.* The most robust clinical trials identified in the
table include Akram et al., demonstrating the superior efficacy
of intralesional corticosteroids (83.05%) versus cryotherapy
(50.85%) in a rigorous study of 118 patients.*? Devi et al., using 226
participants, confirmed that intralesional triamcinolone (74.3%)
significantly outperformed topical steroids (46.9%).°® Rajan et
al., (2021) determined the optimal triamcinolone dose (2.5 mg/
ml) in a substantial randomized trial (105 patients).? Hamdino
et al., highlighted the comparable effectiveness of triamcinolone
and methotrexate over an extended follow-up.** Qiao et al., found
that microneedle-delivered betamethasone-matched traditional

intralesional injection efficacy, significantly reducing patient
discomfort in 80 patients.®®

Alternative and natural products

Table 3 summarizes the clinical trials exploring alternative and
natural products for AA treatment, including topical and oral
formulations. Sharquie et al., demonstrated that the effectiveness
of squill extract was comparable to that of topical clobetasol,
suggesting that it is a promising natural alternative. Bassino et al.,
reported significant hair regrowth benefits from oral supplements
containing piperine, capsaicin, and curcumin. Sharquie et al.,
reported improved outcomes with antioxidant-rich, plant-based
topical lotions. Tirant et al., found notable clinical improvement
using Dr. Michaels® herbal treatments, whereas Rossi et al.,
identified hair density enhancement through amino acids, iron,
selenium, and marine collagen supplements. Sharquie (2022) and

Table 2: Clinical Trials Evaluating Intralesional Corticosteroids for the Treatment of Alopecia areata (2015-2025).

Name of
Treatment

Formulation/
Route of
Administration

Study

Triamcinolone
acetate

Intralesional
Injection

Akram et
al., 2025
Trial

Triamcinolone
acetonide (various
concentrations)

Chu et al.,
2015

Intralesional
Injection

Study Type

Randomized
Controlled

Pilot Study

Sample
Size

Control Drug/
Placebo

Key Findings

Intralesional steroids
showed significantly
superior efficacy (83.05%)
compared to cryotherapy
(50.85%).%*

Triamcinolone

acetonide demonstrated
clear efficacy with
concentration-dependent
results, highlighting early
hair regrowth.*

Cryotherapy 118

Not
specified

Within-subject
comparison

de Sousa et
al., 2022

Devi et al.,
2015

Hamdino et
al., 2022

814

Intralesional
Injection

Intralesional
Injection

Intralesional
Injection

Triamcinolone
acetonide vs.
Betamethasone

Triamcinolone
acetonide

Triamcinolone
acetonide vs.
Methotrexate

Randomized
Controlled
Trial

Randomized
Trial

Randomized
Controlled
Trial

Saline placebo

Topical

Betamethasone

valerate

Within-study
comparison

226

Triamcinolone acetonide
provided earlier and
better visual regrowth
compared to lower-dose
betamethasone, with
similar efficacy at higher
doses after 12 weeks.”

Intralesional
triamcinolone acetonide
(74.3% efficacy) was
significantly more
effective than topical
betamethasone (46.9%
efficacy).®

Triamcinolone acetonide
initially showed higher
regrowth eflicacy,
although methotrexate
demonstrated comparable
results over longer
follow-up.**
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Study

Khan et al.,
2022

Omar et al.,
2022

Qiao et al.,
2025

Rajan et al.,
2021

Shome et
al., 2022

Ustuner et
al., 2017

Yoshimasu
etal., 2016

Formulation/
Route of
Administration

Intralesional
Injection

Topical after
fractional
CO2 Laser vs.
Microneedling

Microneedle
Transdermal
Delivery vs.
Intralesional
Injection

Intralesional
Injection (varied
concentrations)

Intralesional
Injection

Intralesional
Injection (varied
dilutions)

Pulse Systemic
Therapy

Name of
Treatment

Triamcinolone
acetonide vs. PRP

Triamcinolone
acetonide

Betamethasone

Triamcinolone
acetonide

Corticosteroid
alone vs.
Corticosteroid +
QR678 Neo®

Triamcinolone
acetonide vs.
Betamethasone
dipropionate

Methylprednisolone

Study Type

Randomized
Controlled
Trial

Comparative
Randomized
Study

Randomized
Controlled
Trial

Double-Blind
Randomized
Controlled
Trial

Randomized
Controlled
Trial

Randomized
Controlled
Trial

Clinical Trial

Control Drug/
Placebo

PRP injection

Microneedling

Traditional
Intralesional
injection

Saline placebo

Placebo with
corticosteroid

Saline placebo

Not specified

Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 2, Apr-Jun, 2026

Sample
Size

60

80

105
patients
(168
patches)

20

83
patients
(231
patches)

Not
specified

Key Findings

Triamcinolone acetonide
had significantly greater
efficacy compared to PRP
injections.®

Fractional CO2
laser-assisted
triamcinolone showed
similar efficacy to
microneedling, with
higher initial regrowth
rates noted in the laser
group.”

Microneedle transdermal
delivery of betamethasone
showed comparable
efficacy to traditional
intralesional injection but
significantly lower pain
scores.®

Triamcinolone
acetonide at 2.5 mg/ml
demonstrated optimal
balance between efficacy
and minimized adverse
effects compared to
higher concentrations.”

Combination

of intralesional
corticosteroids and
QR678 Neo® significantly
improved regrowth
outcomes compared to
corticosteroid alone.*

Similar efficacy between
triamcinolone and
betamethasone with fewer
adverse effects observed
with betamethasone
dipropionate.*

Multiple courses of pulse
methylprednisolone
therapy effective,
particularly beneficial

in patients with <50%
hair loss; limited adverse
reactions observed.”
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Table 3: Clinical Trials Evaluating Alternative and Natural Products for Alopecia areata Treatment (2020-2022).

Study Formulation/ Name of Study Type Control Sample Key Findings
Route of Treatment Drug/ Size
Administration Placebo
Moosavi Topical Squill extract Randomized, Topical Not Squill extract exhibited
et al., Application vs. Clobetasol Double-Blind Clobetasol specified  therapeutic potential with
2020 propionate lotion  Clinical Trial propionate comparable efficacy to topical
clobetasol, showing promise as
a natural alternative for Alopecia
areata treatment.'!
Maoet  Oral Mixed preparation Randomized Placebo Not Oral supplementation with
al.,2022  Supplementation (Piperine, Controlled Trial specified  piperine, capsaicin, and
Capsaicin, curcumin showed positive
Curcumin) effects in hair regrowth,
suggesting effectiveness as
an adjunctive or alternative
treatment for Alopecia areata.”
Anzaiet Topical Plant-based Randomized Placebo Not The plant-based topical
al., 2020  Application lotion containing  Controlled Trial lotion specified  formulation significantly
antioxidants and reduced hair loss and
anti-inflammatory improved hair regrowth,
agents demonstrating beneficial
effects due to antioxidant and
anti-inflammatory properties.*
Wollina  Topical Dr. Michaels® Clinical Trial Not Not Herbal products from the
et al., Application (Alopinex) herbal specified  specified Dr. Michaels® range achieved
2016 product family notable clinical improvement
in patients with Alopecia
areata, indicating substantial
therapeutic potential as natural
treatments Wollina.
Rossiet  Oral Amino acids, Randomized Placebo Not Oral supplementation resulted
al.,2021  Supplementation Iron, Selenium, Controlled, specified  in improved hair density and

Marine collagen

supplement Study

Bassino (2021) represent the most robust studies, owing to their

rigorous randomized controlled designs.'®!"?>*>71.72

Laser and light therapies

Laser and light therapies for AA evaluated include fractional CO,
lasers, erbium-glass lasers, UVA phototherapy, excimer lasers,
and combined approaches with topical agents such as minoxidil
or corticosteroids (Table 4). Fractional CO, laser combined with
minoxidil significantly improved hair regrowth compared with
minoxidil alone, showing excellent efficacy and minimal side
effects. 7 Excimer laser therapy, particularly when combined
with topical steroids, has also demonstrated substantial hair
regrowth and reduced disease activity”* The effectiveness of
UVA phototherapy regimens was comparable to that of standard
corticosteroids, highlighting their utility in extensive cases.
The largest and most robust studies involved fractional CO,

816

Assessor-Blinded

decreased hair shedding,
indicating efficacy for conditions
such as Alopecia areata.”

laser plus minoxidil, and excimer laser combined with topical
corticosteroids.””*

Biological and Immunotherapy Modalities

Biological and immunotherapy modalities evaluated for AA
include topical immunotherapy (diphenylcyclopropenone
[DPCP]), anthralin, IL-17A antagonist (secukinumab), IL-4Ra
inhibitor (dupilumab), low-dose IL-2, abatacept, tildrakizumab,
and oral corticosteroids (dexamethasone oral mini-pulse) (Table
5). DPCP showed superior effectiveness in multi-concentration
patch testing, offering faster and more significant hair
regrowth. The combination of DPCP with anthralin did not
enhance the results of DPCP alone. Dupilumab resulted in
modest hair regrowth, particularly in patients with elevated
baseline IgE levels. Secukinumab and tildrakizumab yielded
minimal clinical response. Dexamethasone oral mini-pulse
significantly outperformed DPCP in patients with severe
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pediatric AA. The most robust clinical trials,** on biological
and immunotherapy modalities identified multi-concentration
Diphenylcyclopropenone (DPCP) as superior, demonstrating
faster onset and greater effectiveness than standard DPCP
therapy. Additionally, dupilumab (anti-IL-4Ra) showed modest
efficacy, particularly in patients with elevated baseline IgE levels,
supporting the role of the Th2 pathway in AA. Dexamethasone
oral mini-pulse therapy significantly outperformed DPCP,
providing quicker and more substantial hair regrowth in pediatric
patients with severe AA, highlighting its potential as an effective
and practical therapeutic option.

Topical corticosteroids

Key clinical trials of topical corticosteroids for AA are presented
in Table 6. Among the most robust trials, Akram et al., (2025)
demonstrated the superior efficacy of intralesional triamcinolone
acetate over cryotherapy, with an 83.05% improvement rate
(p=0.0001). Bhat et al., (2021) showed that betamethasone

dipropionate had a significantly higher response rate (56%) than
latanoprost (24%).”! Qiao et al., (2025) compared microneedle
transdermal delivery of betamethasone with traditional
injections and found comparable efficacy, but significantly
reduced pain (p=0.0047).° Ustuner et al., (2017) identified
optimal betamethasone dipropionate dilution with fewer side

effects, enhancing treatment precision.”

Calcineurin Inhibitors, Methotrexate
(Immunosuppressants), PDE4 Inhibitors,
Prostaglandin Analogues, and Vitamin D Analogues

Table 7 presents various treatment modalities for AA, including
Calcineurin Inhibitors, Methotrexate (Immunosuppressants),
PDE4 Inhibitors, Prostaglandin Analogues, and Vitamin D
Analogues. Among the most robust trials, Joly et al., demonstrated
that methotrexate combined with low-dose prednisone led to
complete hair regrowth in up to 31% of cases.”* Ghassemi et
al., found that betamethasone-latanoprost provided the highest

Table 4: Laser and Light Therapies Clinical Trials.

Study Formulation/ Name of Study Type Control Drug/ Sample Key Findings
Route of Treatment Placebo Size
Administration
Abd ElKawy et Fractional Triamcinolone Comparative Within-study 30 Microneedling showed
al., 2022 CO; Laser vs. acetonide Clinical Trial comparison significantly greater
Microneedling improvement compared
(Transepidermal) to fractional CO, laser,
though both modalities
effectively reduced SALT
scores.”
Al-Dhalimi et Fractional Erbium-Glass Randomized Topical Not Erbium-Glass Laser
al., 2019 Erbium-Glass Laser Laser with Controlled Minoxidil specified combined with minoxidil
Topical Trial alone showed superior hair
Minoxidil regrowth (60%) compared
to minoxidil alone (16%),
indicating significant
synergistic efficacy.”
El-Mofty et al, ~ UVA Phototoxic Psoralen UVA  Randomized Intralesional 40 Phototoxic regimen
2019 regimen (PUVA) Controlled corticosteroids demonstrated comparable
Trial effectiveness (45% success
rate) to intralesional
corticosteroids, supporting
PUVA as an alternative,
especially for extensive
alopecia.””
Elhawary et al.,  Fractional CO, CO, Laser + Comparative Topical 150 Combination therapy
2025 Laser with Minoxidil Clinical Trial Minoxidil resulted in significant hair
Minoxidil alone, placebo regrowth (80% excellent
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improvement), notably
better than minoxidil
alone (53% excellent
improvement), with
minimal side effects.”
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Study

Herz-Ruelas et
al., 2017

Kianfar et al.,
2022

Meymandi et al.,
2024

Omar et al.,
2022

Ragab et al.,
2020

Tawfik et al.,
2025

Yalici-Armagan
and Elcin, 2016

818

Formulation/
Route of
Administration

UVA-1
Phototherapy

Excimer Laser
(308-nm)

Fractional CO,
Laser with
Bimatoprost

Fractional

CO, Laser vs.
Microneedling
(Transepidermal)

Fractional
CO, Laser vs.

Microneedling vs.

Intradermal PRP

308-nm
Excimer Light +
Betamethasone
valerate

Fractional CO,
Laser, Nd:YAG
Laser

Name of
Treatment

UVA-1
escalating
doses

Excimer

Laser vs.
Intralesional
corticosteroids

CO, Laser +
Bimatoprost
solution

Triamcinolone
acetonide

Platelet-rich
plasma (PRP)

Excimer Light
+ Topical
Steroids

Fractional
CO,, Nd:YAG
Laser

Study Type
Placebo
Clinical Trial ~Within-study
comparison
Randomized Intralesional
Controlled corticosteroids
Trial
Randomized Topical
Comparative Bimatoprost
Clinical Trial alone
Comparative Microneedling
Randomized
Study
Randomized Within-study
Controlled comparison
Trial
Randomized Excimer light
Controlled alone, steroids
Trial alone
Controlled Within-study
Clinical Trial comparison

Control Drug/ Sample

Size

22

20

Key Findings

Escalating UVA-1
dosimetry showed
significant regrowth at
higher doses (60 J/cm?),
effectively increasing
anagen phase hairs and
reducing inflammation.”

Excimer laser was effective
and safer than intralesional
steroids, although hair
regrowth onset was
delayed compared to
corticosteroids.?

Fractional laser-assisted
bimatoprost significantly
outperformed topical
bimatoprost alone,
substantially improving
SALT scores and patient
satisfaction.”

Fractional CO, laser had
higher initial terminal
hair regrowth compared
to microneedling, though
overall differences

were not statistically
significant.”

Fractional CO; laser

and microneedling
demonstrated effective,
less painful transepidermal
PRP delivery, achieving
comparable results

to intradermal PRP
injections.®

Combination therapy

of excimer light and
topical steroids provided
significantly better

hair regrowth (60%
improvement), reducing
disease activity signs more
effectively.”

Neither fractional CO,
nor Nd:YAG lasers
significantly improved
hair regrowth compared
to the control, though
spontaneous remission
occurred in 22% of
participants.®!
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regrowth among prostaglandin analogues.’ Rashad et al,
highlighted significant regrowth using intralesional vitamin D3,
and El Taieb et al., confirmed enhanced efficacy of calcipotriol
combined with narrowband UVB phototherapy.”***

Cryotherapy and procedural/combination therapies

Trials on cryotherapy and procedural/combination therapies have
explored diverse approaches to treat AA (Table 8). Cryotherapy
trials have assessed different freezing times,'
cryotherapy with microneedling,” and evaluated its effectiveness
against intralesional corticosteroids, which proved superior.®”
Procedural therapies include carboxytherapy, which improves
hair regrowth,’ stem cell educator therapy, which enhances
the immune response and hair regrowth,” behavioral health

compared

integration, improving quality of life,*® and combination therapy
of carboxytherapy and intralesional corticosteroids, which was
the most effective.’ The most robust trials include Akram et al.,
for their large sample size and strong statistical significance, Li
et al., for their novel stem cell approach, and Metwally et al., to
show the superiority of combination therapy over individual
treatments.?*62%

Platelet-Rich Plasma (PRP)

Table 9 presents an overview of clinical trials investigating
Platelet-Rich Plasma (PRP) therapy for AA. Various formulations
and administration routes were analyzed, including intralesional
injections, topical applications, and PRP-like biomimetic
peptides. Several studies have compared PRP to standard

Table 5: Biological and immunotherapy modalities.

Study Formulation/ Name of Study Type Control Sample  Key Findings
Route of Treatment Drug/ Size
Administration Placebo
Al Bazzal et al., Topical DPCP Randomized Standard 30 Multi-concentration DPCP
2021 Immunotherapy Multi-concentration Controlled Trial DPCP demonstrated higher
effectiveness and faster hair
regrowth compared to standard
DPCP®
Ghandi et al., Topical DPCP + Anthralin  Randomized DPCP alone 50 Combination of DPCP with
2021 Immunotherapy Controlled Trial anthralin showed no additional
benefit compared to DPCP
alone.®
Guttman-Yassky  Subcutaneous Secukinumab Randomized Placebo 11 Secukinumab failed to show
etal., 2018 Injection (IL-17A antagonist) ~Controlled Pilot meaningful hair regrowth,
Trial suggesting limited involvement
of IL-17 pathway.*
Guttman-Yassky ~ Subcutaneous Dupilumab Phase 2a Placebo 60 Dupilumab demonstrated
et al., 2022 Injection (anti-IL-4Ra) Randomized modest effectiveness, notably
Clinical Trial higher in patients with elevated
baseline IgE.%
Kerkemeyer and  Subcutaneous Tildrakizumab Open-label Pilot None Not Minimal clinical response,
Sinclair, 2020 Injection Study specified  limited efficacy reported.”
Law et al., 2025 Various JAK inhibitor Post hoc Placebo 650 Clinically meaningful hair
(Analysis of PROs)  Analysis of comparison regrowth significantly improved
Randomized patient-reported outcomes
Trial (PROs), including psychosocial
health.®
Le Duff et al., Subcutaneous Low-Dose IL-2 Randomized Placebo Not Evaluated regulatory T-cell
2021 Injection Controlled Trial specified  modulation; limited clinical
data provided.
Mackay-Wiggan  Subcutaneous Abatacept Open-label None Not Abatacept showed limited
et al., 2021 Injection Study specified  efficacy; modest results in hair
regrowth reported.®
Mabhajan et al., Oral Dexamethasone Randomized DPCP 30 Dexamethasone oral mini-pulse
2022 Administration Oral Mini-Pulse Controlled Trial ~sensitization significantly outperformed
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DPCP, providing faster and
more substantial hair regrowth
in pediatric alopecia.®*
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Study Formulation/ Name of Study Type Control Sample  Key Findings
Route of Treatment Drug/ Size
Administration Placebo
Ozdemir and Topical Application Anthralin 1% Bilateral Untreated 30 Anthralin demonstrated
Balevi, 2017 Controlled Trial control effective regrowth over 9-12
months in children with
chronic Alopecia areata.
Rocha et al., 2021  Topical Application DPCP vs. Anthralin Randomized Within-study Not Compared efficacy of DPCP
Controlled Trial ~comparison specified  and anthralin; both effective, no
significant superiority of one
treatment over the other.®
Thuangtong et al., Topical Patch Test Guided ~ Randomized Conventional 20 Patch test-guided DPCP
2017 Immunotherapy DPCP Controlled Trial DPCP reduced treatment duration
without compromising efficacy,
showing comparable results
with standard DPCP*
Table 6: Topical Corticosteroids Clinical Trials.
Study Formulation/  Name of the Study Type Control Sample Key Findings
Route of Treatment Drug/ Size
Administration Placebo
Akram et al., Intralesional Triamcinolone acetate Randomized  Cryotherapy 118 Superior efficacy compared to
2025 controlled cryotherapy (83.05% vs. 50.85%
improvement; p=0.0001).%
Bhat et al., Topical lotion Betamethasone Randomized  Latanoprost 50 Higher efficacy compared to latanoprost;
2021 dipropionate 0.05% controlled 0.005% complete response 56% vs. 24%;
ophthalmic significant faster hair regrowth.”*
solution
deSousaet  Intralesional Betamethasone Within-patient ~Saline placebo 12 Comparable efficacy; betamethasone
al., 2022 1.75 mg/ml and randomized similar to triamcinolone at 12 weeks,
Triamcinolone controlled both significantly superior to placebo.®’
acetonide 2.5 mg/ml
El-Ashmawy Topical solution Betamethasone Randomized  Vehicle lotion 100 Statistically significant improvement
etal., 2018 valerate 0.1% controlled in hair regrowth compared to vehicle
control, efficacy further enhanced when
combined with latanoprost.**
Qiaoetal,  Microneedle Compound Randomized  Traditional 80 Comparable efficacy with intralesional
2025 transdermal vs.  betamethasone controlled intralesional injection; microneedle group
intralesional injection significantly lower pain (p=0.0047).%°
Ustuner et Intralesional Betamethasone Randomized  Saline placebo 83 Similar efficacy between BD and TA,
al., 2017 dipropionate (BD) controlled fewer side effects in BD group; optimal
and Triamcinolone BD dilution identified as 1.25 mg/dL.®
acetonide (TA)
Yoshimasu  Systemic pulse = Methylprednisolone ~ Observational None N/A Effective, particularly in cases with <50%
etal,2016  therapy study hair loss, high response rate (100%),

treatments such as minoxidil and triamcinolone, revealing mixed
efficacy. While some trials,*'® demonstrated significant hair
regrowth and an excellent safety profile, others®®® suggest that
PRP is less effective than corticosteroids. Additionally, Ragab et
al., highlighted the potential of PRP combined with CO2 laser
or microneedling, offering reduced pain and enhanced delivery.*®
Rinaldi et al., introduced a PRP-like topical biomimetic peptide

820

limited adverse reactions.”
formulation that showed significant hair growth improvement,
suggesting an alternative to traditional PRP injections.'” Overall,
PRP appears to be a promising but variable treatment, with its
efficacy influenced by the administration method, combination

therapies, and patient-specific factors.
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The most robust PRP trials were those with larger sample
sizes, rigorous randomized controlled designs, and statistically
significant results. Ghafoor et al., is the largest study with 376
participants, directly comparing PRP to minoxidil 5%, but found
no significant difference between the two treatments.' El Taieb
et al., (90 participants) demonstrated a faster response and
greater regrowth with PRP than minoxidil.* El-Dawla et al., while
smaller (30 participants), showed a significant increase in hair
density and thickness with an excellent safety profile.'™ Ragab et
al., compared PRP administration methods and demonstrated
that CO,
maintaining efficacy.® These studies provide strong evidence for
PRP’s potential role of PRP in AA treatment, although the results
vary in terms of comparative efficacy against standard treatments

laser/microneedling delivery reduced pain while

such as corticosteroids and minoxidil.

Minoxidil and Miscellaneous/Novel Therapies

Table 10 summarizes studies investigating the efficacy of
Minoxidil and Miscellaneous/Novel Therapies for treating AA.
The Minoxidil section includes studies comparing its efficacy
with Platelet-Rich Plasma (PRP) and other treatments. El Taieb et
al., and Ghafoor et al., found no significant difference in efficacy
between minoxidil and PRP, whereas Abdallah et al., reported that
minoxidil monotherapy had limited effectiveness but accelerated

Topical Application

recovery.*'**! The Miscellaneous/Novel Therapies section covers
a diverse range of treatments, including the Dr. Michaels® herbal
product family,'”® which showed promising hair regrowth in
an observational study. El-Taweel and Akl demonstrated that
combining Pentoxifylline with Triamcinolone is the most
effective therapy.!® Carvalho et al., explored a vibratory anesthetic
device that significantly reduced pain during scalp injections.'®
Gorbatenko-Roth et al., found that behavioral health integration
improved the quality of life for patients with AA Mahgoub et
al., conducted two studies on Trichloroacetic Acid (TCA) 35%,
comparing it to phenol 88% and Intralesional Corticosteroids,
showing that TCA 35% was safer but had a slower response.
Finding comparable efficacy but recommend further studies.’®
Finally, Shome et al., (2022) reported that QR678 Neo® combined
with triamcinolone led to significantly improved hair regrowth
compared with triamcinolone alone.*

DISCUSSION

The treatment landscape for Alopecia areata (AA) reveals
remarkable variability in modalities, routes of administration,
and dosage forms, each of which offers distinct therapeutic
outcomes. Among the most prominent treatment classes are Janus
Kinase (JAK) inhibitors, intralesional corticosteroids, minoxidil,
biological therapies, laser/light procedures, Platelet-Rich Plasma

Intralesional Injection

7 Jaa

Oral Supplementation |

N
Pulse therapy

Laser and Light
Therapies

Figure 2: Schematic representation of treatment modalities for Alopecia areata, including
topical applications, intralesional injections, oral supplementation, pulse therapy, and laser/
light therapies. Created by the authors.
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Table 7: Overview of Calcineurin Inhibitors, Methotrexate, PDE4 Inhibitors, Prostaglandin Analogues, and Vitamin D Analogues for Alopecia areata

Study

Lai et al.,
2019

Lai et al.,
2021

Nassar et al.,
2023

Hamdino et
al., 2022

Toma et al.,
2022

Joly et al.,
2023

Mikhaylov et
al., 2019

Awasthi et
al., 2024

El-Ashmawy
et al., 2018

Ghassemi et
al., 2022

Rafati et al.,
2022

Cerman et
al., 2015

El Taieb et
al., 2019

822

Formulation/
Route of
Administration

Oral

Oral

Topical ointment

Intralesional

Topical gel

Oral

Oral

Oral +

Intralesional

Topical solution

Topical solutions

Topical solution

Topical cream

Topical cream and

phototherapy

Treatment.

Name of the Treatment Study Type Control Drug/

Placebo

Calcineurin Inhibitors

Cyclosporine Randomized Placebo
controlled

Cyclosporine Randomized Placebo
controlled

Tacrolimus 0.03%, Randomized Clobetasol

Calcipotriol 0.005% + controlled 0.05%

Betamethasone dipropionate

Methotrexate (Immunosuppressant)

Methotrexate vs. Randomized Triamcinolone
Triamcinolone Acetonide controlled
Methotrexate 1% gel vs. Randomized Minoxidil 5%
Minoxidil 5% gel controlled gel
Methotrexate + Low-Dose Randomized Methotrexate
Prednisone controlled alone
PDEA4 Inhibitor
Apremilast Randomized Placebo
controlled
Apremilast + Intralesional Randomized Apremilast
corticosteroids controlled alone,
corticosteroids
alone

Prostaglandin Analogues

Latanoprost 0.1%, Minoxidil ~ Randomized Vehicle lotion
5%, Betamethasone valerate ~ controlled
0.1%
Latanoprost, Minoxidil, Randomized Betamethasone
Betamethasone controlled alone
Latanoprost 0.005% Randomized Placebo

controlled

Vitamin D Analogues

Calcipotriol Retrospective None

study
Calcipotriol vs. Narrowband =~ Randomized Placebo
UVB controlled

Sample
Size

60

40

50

89

30

60

100

108

48

60

Key Findings

Cyclosporine showed trends toward
improvement in hair regrowth and
eyelash/brow scores but did not reach
statistical significance.””

Showed trends of improvement in quality
of life (QoL) measures related to Alopecia

areata.”®

Combined vitamin D analogues with
potent steroid showed comparable
efficacy to superpotent steroids with

fewer side effects.”®

Initially, triamcinolone had better
regrowth, but after three months,
methotrexate was comparable in
efficacy.”

Minoxidil showed higher improvement
at six weeks, but both treatments had
similar efficacy at 12 weeks.””
Methotrexate alone allowed partial
regrowth, but combination with
prednisone enabled complete hair

regrowth in up to 31% of cases.”

No significant difference in hair regrowth

vs. placebo, low response rate.’!

Intralesional corticosteroids were
superior to apremilast; combination

therapy showed no additional benefit.*

Statistically significant improvement

in all treatment groups; latanoprost
enhanced efficacy when combined with
betamethasone.*

Highest regrowth observed in
betamethasone-latanoprost combination;
latanoprost was superior to minoxidil.®
Increased hair density and regrowth

(p=0.02), acceptable safety profile.”

Significant reduction in SALT score,
69.2% total response, 75% achieved 250%
hair regrowth.**

Significant improvement in SALT score
and Vitamin D levels, combined therapy

showed better response.”

Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 2, Apr-Jun, 2026



Assiri: Recent Advances in Pharmacotherapeutic Approaches for Alopecia areata

Study Formulation/ Name of the Treatment Study Type
Route of
Administration

Rashad et Intralesional Vitamin D3 Randomized
al., 2022 injection controlled
Aliet al., Topical + Vitamin D3 + Bimatoprost Randomized
2023 Microneedling controlled
Nassar et al., Topical ointment Tacrolimus 0.03%, Randomized
2023 Calcipotriol 0.005% + controlled

Betamethasone dipropionate

(PRP), and a range of alternative and novel interventions. These
approaches reflect the complex autoimmune pathogenesis of AA,
and the need for personalized multimodal treatment strategies.

JAK inhibitors have emerged as the most transformative
option, particularly for patients with severe or refractory AA.
Oral formulations, such as tofacitinib, ruxolitinib, baricitinib,
ritlecitinib, and deuruxolitinib, have demonstrated robust
efficacy in clinical trials, often outperforming traditional
immunosuppressants and topical therapies. ? The BRAVE-AA1
and AA2 trials reported that nearly 39% of patients receiving
four mg baricitinib achieved significant regrowth at week 36.'%*
Similarly, ritlecitinib showed sustained efficacy at week 48 and
beyond in the ALLEGRO studies.'>**653556087.109 However, these
agents require continuous administration because treatment
withdrawal frequently results in relapse. Topical formulations of
JAK inhibitors, including ruxolitinib cream® and delgocitinib,*
have shown limited penetration and inconsistent outcomes,
suggesting that oral delivery remains superior. Given the growing
use of systemic immunomodulators like JAK inhibitors, there is
a critical need for long-term safety monitoring. Current evidence
lacks robust data on rare but serious adverse events and sustained
safety in pediatric populations, highlighting an important gap
that future longitudinal studies must address.

Although JAK inhibitors, particularly baricitinib’®***** and
ritlecitinib,’** show promising efficacy, their high cost
and limited accessibility may restrict use in low-resource
settings, underscoring the need for cost-effectiveness analyses
and equitable treatment frameworks. Moreover, while some
studies briefly addressed behavioral health interventions, the
psychosocial impact of Alopecia areata remains underexplored.
Future clinical trials should incorporate validated quality-of-life
instruments such as the Dermatology Life Quality Index (DLQI) to
comprehensively assess patient-reported outcomes. Additionally,
although most included studies declared no conflicts of interest,
the potential influence of industry sponsorship, especially for
novel agents, warrants careful interpretation.!’® Transparent
disclosure and independent funding are essential to mitigate bias
and maintain trust in clinical research.

Control Drug/  Sample  Key Findings

Placebo Size

Saline placebo 60 Significant regrowth, improved
dermoscopic findings, no major side
effects.”

Microneedling 75 Higher regrowth with Vitamin D3 and

alone bimatoprost compared to microneedling
alone, no difference at three-month
follow-up.*

Clobetasol 60 Comparable efficacy of calcipotriol +

0.05% betamethasone to clobetasol, fewer side

effects.*

Intralesional  corticosteroids,  particularly  triamcinolone
acetonide, remain the gold standard treatment for localized
AA 2% Numerous trials have confirmed their high efficacy and
manageable side effects when used at optimal concentrations.
Studies have also demonstrated that combining triamcinolone
with newer agents or delivery techniques, such as microneedling
or peptide-based solutions, such as QR678 Neo®, can enhance
outcomes and reduce injection-related discomfort.!** The
consistency of results across trials further solidifies the role of
corticosteroids in the first-line management of patchy AA.

Minoxidil, primarily used as a topical agent, has demonstrated
variable efficacy. While it showed benefits in mild AA, its
effectiveness increased significantly when combined with
procedural therapies such as fractional CO, laser or PRP.
Nevertheless, when used as monotherapy, especially for severe
AA, its impact appears modest. Novel formulations, such as
intradermal and sublingual delivery, have been explored to
improve drug bioavailability and efficacy.*'**!

Biological and immunotherapeutic agents, including dupilumab,
secukinumab, abatacept, and DPCP, represent innovative
frontiers in AA treatment. DPCP has shown promising
outcomes, particularly in patients with extensive AA, while
dupilumab demonstrated mild-to-moderate regrowth, especially
in individuals with elevated baseline IgE, supporting a role for
Th2-mediated inflammation in AA pathophysiology. However,
responses to agents targeting IL-17A and IL-23 have been
inconsistent, warranting further investigation.**-#>%

Alternative and natural products, such as squill extract, piperine,
curcumin, and herbal preparations (e.g., Dr. Michaels®), have
demonstrated beneficial effects in small-to moderate-sized
trials. Although their mechanisms are less well defined, many
appear to exert antioxidant or anti-inflammatory effects. These
options may serve as adjuncts or alternatives for patients seeking
nonpharmaceutical treatments.*>'%

PRP therapy has also been widely studied, with outcomes varying
depending on the administration technique, frequency, and
whether PRP is used alone or in combination. Studies involving
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Table 8: Cryotherapy and procedural/combination therapies.

Study Therapy Treatment Study Type Control Drug/ Sample Key Findings
Type Placebo Size
Cryotherapy
Abdel Motaleb Cryotherapy  Superficial liquid Randomized ~ None 75 Liquid nitrogen cryotherapy
and Sayed, 2020 nitrogen cryotherapy ~ Controlled effective, optimal time is 8-10 sec
Trial dual freeze-thaw cycles.!
Aboeldahab et al., Cryotherapy  Superficial Randomized  Microneedling 80 Cryotherapy and microneedling
2021 cryotherapy using Controlled effective, microneedling showed
DMEP mixture Trial higher efficacy.*
Akram et al., 2025 Cryotherapy  Intralesional Randomized  Intralesional 118 Intralesional steroids superior to
steroid injections vs Controlled corticosteroids cryotherapy for hair regrowth.®
Cryotherapy Trial
Procedural/combination therapies
Doghaim et al., Procedural Carboxytherapy Randomized  Placebo 80 Carboxytherapy improved SALT
2018 and Controlled score and dermoscopic parameters.’
Combination Trial
Liet al., 2015 Procedural Stem Cell Educator Open-Label ~ None 9 Significant hair regrowth in severe
and Therapy Phase 1/2 AA, improved immune response.”
Combination Study
Gorbatenko-Roth  Procedural Behavioral health Randomized  Standard 32 Behavioral health integration
et al., 2021 and integration Controlled dermatology improved quality of life in AA
Combination Trial care patients.*
Metwally et al., Procedural Carboxytherapy Comparative  Intralesional 30 Combination therapy superior to
2022 and + Intralesional Study corticosteroids carboxytherapy or intralesional
Combination  Corticosteroids alone corticosteroids alone.*

Table 9: Platelet-Rich Plasma (PRP).

Study Therapy Treatment Study Type Control Drug/ Sample Key Findings
Type Placebo Size
El-Dawla  Intralesional  Platelet-Rich Plasma Randomized  Normal saline 30 Significant increase in hair density and
etal., 2023 controlled placebo thickness, excellent safety profile.®
El Taieb et  Intralesional  Platelet-Rich Plasma vs. Randomized  Placebo 90 PRP showed faster response and greater
al., 2017 Minoxidil 5% controlled regrowth than minoxidil.*
Ghafoor et Intralesional  Platelet-Rich Plasma vs. Randomized = Minoxidil 5% 376 No significant difference between PRP and
al., 2024 Minoxidil 5% controlled minoxidil."*
Gupta et Intralesional ~ Platelet-Rich Plasma Randomized  Placebo 27 Limited efficacy, but modulated immune
al., 2021 controlled response in alopecic patches.®
Hegdeet  Intralesional  Platelet-Rich Plasma Randomized  Placebo 50 PRP showed improvement in regrowth, but
al., 2020 controlled steroids were superior.'®
Khan et Intralesional  Platelet-Rich Plasma vs. Randomized  Triamcinolone 60 Triamcinolone superior to PRP in complete
al., 2022 Triamcinolone controlled response rate.*®
Ragab et Intralesional ~ PRP intradermal vs. topical Randomized = None 60 All methods effective, but CO2 laser/
al., 2020 vs. Topical PRP with CO2 laser or controlled microneedling delivery reduced pain
microneedling associated with PRP injections.®
Rinaldiet  Topical PRP-like biomimetic peptides ~ Randomized  Placebo N/A PRP-like topical product significantly
al., 2019 cosmetic controlled improved hair growth.'""
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Table 10: Minoxidil and Miscellaneous/Novel Therapies.

Study Formulation/ Name of the Treatment Study Type Control Drug/ Sample Key Findings
Route of Placebo Size
Administration
Minoxidil
El Taieb et al., Topical solution Minoxidil 5% vs. PRP Randomized  Placebo 90 PRP showed faster response and
2017 controlled greater regrowth than minoxidil.*
Abdallah et al., Intradermal Minoxidil 5% Randomized  Triamcinolone, 20 Minoxidil monotherapy had
2022 injection controlled Micro-needling limited efficacy but accelerated
recovery.?!
Ghafoor et al., Topical solution Minoxidil 5% vs. PRP Randomized = PRP 376 No significant difference between
2024 controlled PRP and minoxidil."
Miscellaneous/Novel Therapies
Wollina et al., Topical and Oral ~ Dr. Michaels® (Alopinex) Observational None 40 Significant hair regrowth in most
2016 product family patients using topical oils, lotion,
and oral herbal supplement.'®
El-Taweel and Intralesional Pentoxifylline vs. Randomized  Triamcinolone 75 Combined Pentoxifylline
AKkl, 2019 injection Triamcinolone controlled and Triamcinolone was most
effective.'*
Carvalho et al., Mesotherapy Vibration anesthetic device  Randomized = None 30 Vibration anesthesia significantly
2021 split-scalp reduced pain during scalp
injections.'®
Gorbatenko-Roth  Psychological Behavioral health Randomized  Standard 32 Improved quality of life in AA
et al., 2021 intervention integration controlled dermatology patients.”
care
Mahgoub et al., Topical chemical ~ Trichloroacetic acid 35% vs. Randomized  None 20 TCA 35% was superior in hair
2021 peel Phenol 88% controlled regrowth and tolerability.'*
Mahgoub et al., Topical chemical ~ Trichloroacetic acid 35% vs. Randomized  Intralesional 22 Both treatments effective, TCA
2021 peel Intralesional steroids controlled corticosteroids 35% was safer but had a slower
response.'”’
Mogawer et al., Topical Sodium Valproate-loaded Randomized  Topical steroids 66 Both treatments comparable;
2024 nanospanlastics vs. Topical ~ controlled further studies needed on sodium
steroids valproate.'®
Shome et al., 2022 Intralesional QR678 Neo® + Randomized  Triamcinolone 20 QR678 Neo® + Triamcinolone
injection Triamcinolone vs. controlled significantly improved hair

Triamcinolone alone

CO, laser-assisted delivery or microneedling often showed
improved patient tolerance and better outcomes compared to
standard PRP injections. However, in head-to-head comparisons
with corticosteroids, PRP is
emphasizing its role as a supplementary rather than a primary
therapy.*'*%

generally underperformed,

Laser- and light-based therapies, including fractional CO,,
excimer, and UVA phototherapy, offer encouraging results,
especially when used adjunctively. Fractional CO, laser
combined with minoxidil and excimer laser paired with
corticosteroids produced significant regrowth and symptom
relief. These therapies represent valuable additions to multimodal
treatment plans, particularly for patients who are unresponsive to

monotherapy.”>”
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regrowth.*

The route of administration plays a critical role in determining
the treatment efficacy. Oral therapies dominate moderate-to-
severe cases because of their systemic immunomodulatory
effects. Intralesional routes offer targeted efficacy with fewer
systemic risks, making them ideal for localized presentations.
Topical treatments, which are convenient and noninvasive,
often suffer from poor penetration, limiting their utility in
advanced AA. Emerging formulations, such as sublingual and
nanocarrier-based delivery systems, show promise for enhancing
drug absorption and patient adherence.

In terms of dosage forms, traditional solutions, creams,
injections, and oral tablets dominate current practice. However,
newer technologies, such as nanospanlastics, peptide complexes,
and sublingual tablets, are being evaluated for their potential to
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improve pharmacokinetics and therapeutic outcomes. Dosage
optimization has been emphasized in trials, particularly for
corticosteroids and JAK inhibitors, to balance efficacy with safety.

This systematic review has several limitations that may affect
the confidence in its conclusions. Publication bias is possible,
as only English-language, peer-reviewed studies were included,
potentially excluding relevant data. Significant heterogeneity in
study designs, outcome measures, treatment durations, and patient
populations precluded meta-analysis, limiting comparative
conclusions. Moreover, subgroup-specific outcomes based on
AA severity or demographics were inconsistently reported, and
safety data-especially for novel agents like JAK inhibitors-were
summarized narratively without pooled analysis. A future study
is planned to address safety outcomes systematically. The review
also did not include grey literature or protocol registration,
which may limit transparency and comprehensiveness. To
enhance reliability, future reviews should apply quality appraisal
tools, include broader literature searches, register protocols, and
consider living systematic review models to remain current.

CONCLUSION

The treatment landscape of Alopecia areata (AA) continues to
evolve with the emergence of novel immunomodulators and
precision-based strategies. Oral JAK inhibitors such as baricitinib,
ritlecitinib, and deuruxolitinib have demonstrated 30-40%
response rates in moderate-to-severe cases but typically require
sustained use. Intralesional corticosteroids remain the first-line
option for localized disease due to their favorable efficacy-safety
profile. Adjunctive therapies-including PRP, laser interventions,
and select natural products-may benefit select patients, though
robust evidence is still needed. Personalized, multimodal
treatment strategies that consider disease severity, tolerability,
and patient preferences are essential. Future research should focus
on head-to-head trials, long-term safety, standardized outcome
measures, and the integration of quality-of-life endpoints to
optimize care.

ABBREVIATIONS

AA: Alopecia areata; AT: Alopecia Totalis; AU: Alopecia
Universalis; CO2: Carbon Dioxide; DMEP: Dimethyl Ether
and Propane; DPCP: Diphenylcyclopropenone; IL: Interleukin;
JAK: Janus Kinase; MeSH: Medical Subject Headings; ND:YAG:
Neodymium-doped  Yttrium Aluminum Garnet; PDE4:
Phosphodiesterase-4; PRISMA: Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; PROs: Patient-Reported
Outcomes; PRP: Platelet-Rich Plasma; PUVA: Psoralen plus
Ultraviolet A; QoL: Quality of Life; RCT: Randomized Controlled
Trial; SALT: Severity of Alopecia Tool; SLE: Systemic Lupus
Erythematosus; TCA: Trichloroacetic Acid; UVA: Ultraviolet A.
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SUMMARY

This systematic review synthesizes clinical trial evidence from
2015 to 2025 on pharmacotherapeutic advances for Alopecia
areata, an autoimmune condition causing non-scarring hair
loss. Analyzing 108 studies identified through PubMed, Scopus,
and Web of Science using PRISMA guidelines, the review
evaluates treatments including oral and topical Janus Kinase
(JAK) inhibitors (e.g., baricitinib, ritlecitinib), intralesional
corticosteroids, minoxidil, Platelet-Rich Plasma (PRP),
biologics, laser therapies, and alternative agents. Oral JAK
inhibitors demonstrated consistent efficacy for severe AA but
require continuous use to prevent relapse, while intralesional
corticosteroids remain effective for localized cases. PRP and
laser therapies showed variable but promising results, often as
adjuncts. The review highlights increasing therapeutic diversity,
emphasizing the need for personalized treatment plans based on
patient profiles and long-term studies to optimize efficacy, safety,
and patient-centered outcomes.
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