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ABSTRACT 
Background:  Alopecia areata (AA) is a chronic, immune-mediated hair disorder characterized by nonscarring hair loss 

with unpredictable clinical course and significant psychosocial burden. Despite being one of the most common 

autoimmune conditions, effective and sustained treatment options have remained limited until recently. Conventional 

approaches, including corticosteroids, immunosuppressants, and topical therapies, have shown variable efficacy, with high 

relapse rates upon discontinuation. Recent advances in molecular immunology have revolutionized therapeutic strategies, 

particularly with the development of Janus kinase (JAK) inhibitors and other targeted biologics. Alongside these, 

regenerative therapies, nanotechnology-based drug delivery, and exosome-based interventions are reshaping the 

therapeutic landscape. 

Aim: This review aims to provide an updated and comprehensive overview of current and emerging therapeutic modalities 

for alopecia areata. It examines conventional topical and systemic treatments, innovative adjuvant modalities such as 

platelet-rich plasma, microneedling, cryotherapy, and phototherapy, as well as novel biologics, small-molecule inhibitors, 

and nanomedicine. Special emphasis is given to JAK inhibitors—highlighting their clinical efficacy, safety profiles, and 

limitations—as well as the management of AA in specific areas such as the beard, eyelashes, and eyebrows. 

Conclusion: Therapeutic strategies for AA are evolving rapidly, moving from empiric immunosuppression to precision-

based immunomodulation. While corticosteroids and traditional immunosuppressants remain first-line options in many 

clinical settings, their limitations highlight the need for more durable and targeted interventions. JAK inhibitors such as 

baricitinib, ritlecitinib, and tofacitinib have demonstrated substantial efficacy, leading to regulatory approvals and 

establishing them as key agents in moderate-to-severe AA. Biologics targeting specific cytokines, along with experimental 

therapies such as exosomes and nanotechnology-driven approaches, represent promising future directions. The 

management of AA in cosmetically sensitive sites such as the beard, eyelashes, and eyebrows poses unique therapeutic 

challenges, requiring tailored approaches. Ultimately, integrating conventional, targeted, and regenerative strategies—

guided by disease severity, comorbidities, and patient preferences—holds the potential to transform AA management into 

a personalized, patient-centered paradigm. 
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INTRODUCTION 

Alopecia areata (AA) is a nonscarring autoimmune alopecia characterized by partial or complete hair loss, 

with prevalence estimates ranging from 0.1% to 0.2% in the general population and a lifetime risk of up to 

2%. The disease can affect any hair-bearing site, most commonly the scalp, but also eyebrows, eyelashes, 

and beard. Its clinical course is unpredictable, ranging from small, self-limiting patches to severe forms 

such as alopecia totalis or universalis, with high rates of relapse. Beyond its physical manifestations, AA 

imposes substantial psychosocial and emotional distress, with patients often experiencing reduced self-

esteem, social withdrawal, depression, and anxiety. 

For decades, treatment strategies for AA have been largely empirical, focusing on immune suppression or 

modulation to control inflammation and induce regrowth. Topical corticosteroids, immunotherapy, 

systemic steroids, and classic immunosuppressants such as methotrexate and cyclosporine have been 

mainstays of management. However, these approaches are associated with limited long-term efficacy, 

frequent relapses, and safety concerns, underscoring the unmet need for durable and targeted therapies. 

Recent insights into AA pathogenesis, particularly the role of autoreactive CD8+ T cells, interferon-γ, 

interleukin-15, and the Janus kinase-signal transducer and activator of transcription (JAK-STAT) pathway, 

have opened new therapeutic opportunities. The advent of JAK inhibitors has revolutionized treatment, 

with several agents now demonstrating efficacy in randomized controlled trials and receiving regulatory 

approval. In parallel, biologics targeting immune checkpoints, regenerative therapies such as platelet-rich 

plasma (PRP) and exosomes, and advanced technologies including nanomedicine are expanding the 

therapeutic arsenal. 

This review provides an updated synthesis of the evolving treatment landscape in AA. It discusses 

traditional topical and systemic therapies, novel adjuvant modalities, biologics, and small-molecule drugs, 

with special emphasis on JAK inhibitors and their limitations. Additionally, it highlights innovative 

therapies such as nanotechnology and exosomes, and addresses management of AA in challenging sites 

such as the beard, eyelashes, and eyebrows. By linking established treatments with emerging strategies, this 

review underscores the transition of AA management from empirical immunosuppression to precision-

based, patient-centered care. 

Topical Therapies 

Topical Tretinoin 

Topical retinoids, particularly tretinoin, have been investigated as therapeutic options in alopecia areata 

(AA) due to their ability to modulate epidermal proliferation, follicular differentiation, and local immune 

responses. Tretinoin exerts keratolytic effects that enhance drug penetration, making it useful as a 

monotherapy or as an adjunct to corticosteroids and minoxidil. Early studies demonstrated hair regrowth in 

approximately 50% of patients treated with topical tretinoin, with higher success when combined with 

topical corticosteroids compared to either agent alone. The rationale behind this combination lies in 

tretinoin’s ability to increase the percutaneous absorption of corticosteroids, thereby augmenting their 

efficacy. Clinical response is more favorable in patchy AA than in extensive forms such as alopecia totalis 
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or universalis [1]. 

The mechanism of action of tretinoin in AA may also involve immunomodulation. Retinoids regulate 

keratinocyte differentiation, suppress pro-inflammatory cytokine production, and may partially restore hair 

follicle immune privilege. However, responses remain variable, and relapse after discontinuation is 

common. Adverse effects include erythema, irritation, scaling, and contact dermatitis, which may limit 

compliance, especially in patients with sensitive scalp skin. Despite these limitations, tretinoin remains a 

useful low-cost adjunctive therapy in mild-to-moderate AA cases, particularly when combined with 

corticosteroids or minoxidil [2]. 

Capsaicin 

Capsaicin, a pungent compound derived from chili peppers, has been studied as a topical treatment for AA 

due to its neuro-immunomodulatory properties. Capsaicin activates transient receptor potential vanilloid 1 

(TRPV1) receptors on sensory neurons, leading to the release and subsequent depletion of neuropeptides 

such as substance P and calcitonin gene-related peptide (CGRP). These neuropeptides are known to 

contribute to perifollicular inflammation and the collapse of hair follicle immune privilege. By modulating 

neurogenic inflammation, capsaicin may indirectly promote hair regrowth [3]. 

Clinical studies have reported modest efficacy of topical capsaicin in patchy AA, with improvement in hair 

density and regrowth noted after several weeks of therapy. In some cases, capsaicin has been combined 

with isoflavonoids or other topical agents to enhance its therapeutic effect. While generally well tolerated, 

its main side effect is localized burning or stinging sensation, which can be uncomfortable for patients and 

reduce adherence. Nonetheless, capsaicin represents an interesting example of a therapy targeting the 

neuroimmune axis in AA, suggesting that neurogenic pathways may play a more significant role in disease 

activity than previously recognized [4]. 

Although topical tretinoin and capsaicin are not considered first-line therapies, they expand the therapeutic 

armamentarium, especially for patients with localized disease or those intolerant to systemic treatments. 

Their relatively favorable safety profiles and accessibility make them practical adjuncts in combination 

regimens aimed at enhancing hair regrowth. However, larger randomized controlled trials are needed to 

establish their efficacy and role in the modern treatment algorithm of AA [5]. 

Systemic Treatments 

Systemic Corticosteroids (Pulsed and Nonpulsed) 

Corticosteroids have been the cornerstone of systemic therapy for alopecia areata (AA) for decades, owing 

to their potent anti-inflammatory and immunosuppressive effects. They inhibit T-cell activation, 

downregulate pro-inflammatory cytokines such as interferon-γ and interleukin-2, and suppress antigen 

presentation, thereby reducing the autoimmune assault on hair follicles. Oral corticosteroids in daily 

regimens may induce regrowth in severe AA; however, long-term use is limited by adverse effects such as 

weight gain, hypertension, diabetes, osteoporosis, and adrenal suppression. For this reason, pulsed regimens 

have gained popularity. Intravenous methylprednisolone or high-dose oral dexamethasone given 

intermittently can achieve disease control while reducing cumulative toxicity. Clinical response rates vary, 

with up to 60–70% of patients experiencing partial regrowth, though relapse is frequent upon cessation [6]. 
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Methotrexate (MTX) 

Methotrexate, an antimetabolite that inhibits dihydrofolate reductase, exerts both immunosuppressive and 

anti-inflammatory effects, making it useful in severe or refractory AA. MTX is often employed at low 

weekly doses, either as monotherapy or in combination with systemic corticosteroids to enhance efficacy 

and reduce steroid requirements. Several studies have shown hair regrowth in 30–60% of patients, with 

better responses observed in those with less extensive disease and shorter duration of alopecia. MTX’s 

mechanism in AA likely involves suppression of autoreactive T cells and modulation of cytokine networks. 

Side effects include hepatotoxicity, bone marrow suppression, and gastrointestinal intolerance, 

necessitating careful monitoring of liver function and blood counts. Folate supplementation is 

recommended to mitigate toxicity [7]. 

Cyclosporine-A (Cyc-A) 

Cyclosporine-A, a calcineurin inhibitor, acts by blocking T-cell activation through inhibition of interleukin-

2 transcription. It has been used as an off-label systemic therapy in AA, particularly in extensive and 

recalcitrant cases. Response rates vary widely, with regrowth reported in 25–50% of patients. Combining 

cyclosporine with systemic corticosteroids appears to enhance outcomes, suggesting synergistic effects. 

However, relapse after discontinuation is common, and long-term use is limited by nephrotoxicity, 

hypertension, hypertrichosis, and increased risk of infections. Despite these limitations, cyclosporine 

remains a viable option in selected severe cases when other therapies fail or are contraindicated [8]. 

Azathioprine 

Azathioprine, a purine analog that inhibits DNA synthesis and suppresses rapidly dividing immune cells, 

has also been explored in AA management. Its use is less common than methotrexate or cyclosporine, but 

case series and small studies suggest potential efficacy, particularly in patchy or moderate forms of AA. 

Azathioprine reduces T- and B-cell proliferation, dampening the autoimmune response at the follicular 

level. Clinical responses have ranged from 20% to 50%, though robust evidence from randomized 

controlled trials is lacking. Toxicities include leukopenia, hepatotoxicity, and increased susceptibility to 

infections, which require careful monitoring. Its role in AA is likely as a second- or third-line systemic 

immunosuppressant for patients unresponsive to other regimens [9]. 

In summary, systemic immunosuppressants—including corticosteroids, methotrexate, cyclosporine, and 

azathioprine—remain important therapeutic tools in the management of moderate-to-severe AA. While 

they can induce substantial regrowth in many patients, their limitations lie in frequent relapses and adverse 

effect profiles, emphasizing the need for safer, more durable, and targeted treatment approaches [10]. 

Other Treatment Modalities 

Cryotherapy 

Cryotherapy has been investigated as a localized therapeutic option for alopecia areata (AA), particularly 

in small, resistant patches. The application of liquid nitrogen induces controlled tissue injury, leading to 

vasodilation, increased local blood flow, and stimulation of hair follicle activity. Additionally, cryotherapy 

may alter perifollicular immune responses by modulating cytokine release and reducing autoreactive T-cell 

activity. Case series have reported regrowth rates of 30–50% in localized AA when cryotherapy is applied 
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in repeated sessions. However, efficacy is limited in extensive or chronic disease. Adverse effects such as 

blistering, post-inflammatory pigmentation changes, and scarring are possible, highlighting the need for 

cautious patient selection. Despite these drawbacks, cryotherapy may be considered as a low-cost, 

adjunctive modality for localized AA [11]. 

Platelet-Rich Plasma (PRP) 

PRP therapy has emerged as a promising regenerative approach for AA. It involves intradermal injection 

of autologous plasma enriched with platelets, which release growth factors including platelet-derived 

growth factor, vascular endothelial growth factor, and transforming growth factor-β. These molecules 

enhance angiogenesis, promote hair follicle stem cell proliferation, and exert immunomodulatory effects. 

Several controlled studies have shown PRP to be superior to placebo and in some cases comparable to 

intralesional corticosteroids in inducing hair regrowth. PRP also improves hair shaft thickness and density, 

with minimal adverse effects such as transient pain or erythema at injection sites. While standardized 

protocols are lacking, PRP represents a safe and effective adjunctive therapy, especially in patients with 

patchy AA or those seeking non-immunosuppressive alternatives [12]. 

Microneedling 

Microneedling, a minimally invasive technique that creates controlled micro-injuries in the scalp using fine 

needles, has gained attention in AA treatment. The procedure stimulates wound healing cascades, releases 

growth factors, and enhances transdermal drug delivery. When combined with topical agents such as 

corticosteroids or minoxidil, microneedling significantly improves penetration and efficacy. Additionally, 

microneedling induces activation of dermal papilla cells and may modulate local immune responses, 

restoring follicular cycling. Clinical studies have reported favorable outcomes in both patchy and diffuse 

AA, with improvement in hair density and regrowth. Side effects are usually mild and transient, including 

erythema, pain, or pinpoint bleeding. As an adjunctive therapy, microneedling is increasingly incorporated 

into multimodal treatment strategies [13]. 

Phototherapies 

Phototherapy has been used in AA for decades, based on its immunomodulatory and stimulatory effects on 

hair follicles. Ultraviolet A (UVA) with psoralens (PUVA) and narrowband UVB (NB-UVB) are the most 

studied modalities. PUVA acts by inducing T-cell apoptosis and altering local cytokine balance, leading to 

partial restoration of immune privilege. NB-UVB has a safer profile but appears less effective than PUVA. 

Excimer laser (308 nm) has also shown promise in localized AA, targeting lesions with minimal systemic 

exposure. Reported regrowth rates vary from 30% to 70%, with better outcomes in patchy AA compared 

to alopecia totalis or universalis. However, recurrence is frequent, and prolonged use carries risks such as 

photodamage and increased skin cancer risk. Phototherapy is best suited as an adjunctive modality in 

patients with limited, stable disease [14]. 

Fractional Lasers 

Fractional lasers, including fractional CO₂ and erbium:YAG lasers, are novel tools for stimulating hair 

regrowth in AA. Their mechanism involves controlled dermal injury, induction of wound healing, and 

release of growth factors, similar to microneedling but with deeper tissue penetration. Fractional lasers also 

enhance transdermal absorption of topical agents, a process termed "laser-assisted drug delivery." 
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Preliminary studies combining fractional lasers with topical corticosteroids or PRP have demonstrated 

encouraging results, with improved regrowth compared to monotherapy. Adverse effects such as erythema, 

edema, and post-inflammatory hyperpigmentation are usually transient. Although still experimental, 

fractional lasers represent an exciting adjunct for refractory AA [15]. 

HMG-CoA Reductase Inhibitors (Statins) 

Statins, commonly used for hyperlipidemia, have been investigated as potential treatments for AA due to 

their immunomodulatory and anti-inflammatory properties. They inhibit major histocompatibility complex 

(MHC) class II expression, reduce T-cell activation, and modulate cytokine production. Case reports and 

small series have described partial hair regrowth in AA patients treated with statins, either alone or in 

combination with ezetimibe. While the evidence remains limited, the rationale for statin therapy is 

supported by their effects on immune regulation and vascular endothelial function. Larger trials are needed 

to clarify their role, but statins may offer a safe, systemic adjunct in patients with concomitant 

cardiovascular comorbidities [16]. 

In summary, alternative modalities such as cryotherapy, PRP, microneedling, phototherapy, fractional 

lasers, and statins expand the therapeutic options for AA. While none serve as definitive standalone 

therapies, they are valuable adjuncts that may enhance regrowth, improve outcomes, and address limitations 

of conventional immunosuppressants. Their role in combination regimens and as supportive interventions 

highlights the growing trend toward multimodal, personalized management of AA [17]. 

Biologics 

The use of biologic agents in alopecia areata (AA) has expanded in recent years, driven by advances in 

understanding its immune pathogenesis. Biologics, which are engineered molecules that selectively target 

cytokines, receptors, or immune checkpoints, offer more specific modulation of the immune system 

compared to conventional immunosuppressants. Their development is rooted in the discovery that CD8+ T 

cells, interferon-γ, interleukin (IL) pathways, and JAK-STAT signaling play central roles in AA. Biologics 

used or investigated for AA include anti-TNF agents, IL inhibitors, and agents repurposed from atopic 

dermatitis and psoriasis treatment [18]. 

Anti-TNF Agents 

Tumor necrosis factor-alpha (TNF-α) plays a role in autoimmune inflammation, prompting the evaluation 

of TNF inhibitors such as etanercept, adalimumab, and infliximab in AA. However, results have been 

disappointing, with minimal clinical benefit and occasional reports of paradoxical induction of AA during 

treatment. These findings suggest that TNF-α may not be a central driver of AA pathogenesis, and that TNF 

blockade alone is insufficient for meaningful disease control. Consequently, TNF inhibitors are not 

recommended for AA outside of investigational use [19]. 

IL-4 and IL-13 Blockade 

AA has immunologic overlap with atopic dermatitis (AD), particularly in patients with comorbid atopy. 

Dupilumab, a monoclonal antibody targeting the IL-4 receptor α subunit to inhibit IL-4 and IL-13 signaling, 

has been tested in AA with mixed results. Case reports describe both improvement and exacerbation of AA 

in patients treated for AD, suggesting that IL-4/IL-13 pathways may play a modulatory rather than central 
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role in AA. Nonetheless, dupilumab could benefit AA patients with overlapping atopic features, though 

controlled trials are required for clarification [20]. 

IL-17 and IL-23 Inhibitors 

Biologics targeting the IL-17/IL-23 axis, such as secukinumab, ixekizumab, and ustekinumab, have been 

investigated in AA, particularly due to their efficacy in psoriasis and other autoimmune conditions. 

Evidence to date is limited to small case reports and open-label studies, with variable outcomes ranging 

from partial regrowth to no response. The lack of consistent efficacy suggests that while Th17 cells may 

contribute to disease activity, they are not the predominant mediators in AA [21]. 

IL-15 and Emerging Targets 

IL-15 plays a pivotal role in AA pathogenesis by sustaining CD8+ T cell activation and survival. Biologic 

strategies targeting IL-15 or its receptor are currently under preclinical and early clinical investigation. 

Anti-IL-15 monoclonal antibodies and IL-15R antagonists represent promising new approaches with the 

potential to directly interrupt the autoimmune feedback loop driving follicular attack. Similarly, checkpoint 

modulators such as PD-1/PD-L1 agonists are under study for restoring immune tolerance at the follicular 

level. While still experimental, these biologics may represent the next wave of precision therapies for AA 

[22]. 

Current Position of Biologics in AA 

Despite the growing interest, biologics have not yet established themselves as frontline therapies for AA, 

largely due to inconsistent efficacy, high costs, and lack of large-scale randomized trials. However, they 

remain valuable investigational tools and hold potential for patients with refractory disease, especially those 

with overlapping immune-mediated comorbidities. As more pathogenic targets are elucidated, biologics 

tailored to specific cytokine pathways could become important components of combination regimens, 

complementing JAK inhibitors and regenerative approaches [23]. 

Small-Molecule Drugs 

Among small-molecule agents, Janus kinase (JAK) inhibitors represent the most significant breakthrough 

in the treatment of alopecia areata (AA). These drugs selectively target intracellular signaling pathways 

activated by interferon-γ, interleukin-15, and other cytokines central to AA pathogenesis. By disrupting the 

JAK-STAT cascade, they halt autoreactive T-cell activation and restore hair follicle immune privilege. 

Several oral and topical JAK inhibitors are now in advanced stages of clinical development, with some 

already approved for moderate-to-severe AA [24]. 

Baricitinib 

Baricitinib, an oral JAK1/2 inhibitor, is the first JAK inhibitor approved by the FDA (2022) and EMA 

(2023) for the treatment of severe AA in adults. Large randomized controlled trials (BRAVE-AA1 and 

BRAVE-AA2) demonstrated that approximately one-third of patients achieved ≥80% scalp hair coverage 

(SALT ≤20) after 36 weeks of therapy. Baricitinib also improved eyebrow and eyelash regrowth in many 

cases. Side effects include acne, upper respiratory infections, headache, and elevated lipid levels. Baricitinib 

has established itself as the first-line targeted systemic therapy for extensive AA, providing a durable option 

where conventional immunosuppressants often fail [25]. 
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Ritlecitinib 

Ritlecitinib, a selective JAK3 and TEC kinase inhibitor, received FDA approval in 2023 for severe AA in 

patients ≥12 years. The ALLEGRO trials showed robust efficacy, with significant proportions of patients 

achieving SALT ≤20 after 24 weeks. Its selectivity for JAK3/TEC kinases may translate into a more 

favorable safety profile compared to pan-JAK inhibitors. Common side effects include headache, acne, and 

gastrointestinal symptoms. Ritlecitinib is particularly promising for adolescents, filling an important 

therapeutic gap in younger populations [26]. 

Tofacitinib 

Tofacitinib, a JAK1/3 inhibitor initially approved for rheumatoid arthritis, was one of the first JAK 

inhibitors tested in AA. Multiple case series and open-label studies demonstrated marked hair regrowth in 

both patchy and extensive disease, including alopecia universalis. However, relapse often occurs after 

discontinuation. Safety concerns, particularly regarding infection risk, thromboembolic events, and 

malignancy with long-term use, have limited its widespread adoption in AA. Nonetheless, tofacitinib 

remains a widely used off-label therapy, especially where newer agents are unavailable [27]. 

Ruxolitinib 

Ruxolitinib, a JAK1/2 inhibitor originally developed for myeloproliferative disorders, has shown efficacy 

in AA through case reports and pilot studies. Oral ruxolitinib has induced substantial regrowth in some 

patients with alopecia universalis, though responses vary. Topical ruxolitinib has also been investigated, 

with limited but encouraging results for localized AA. Its safety profile is similar to other JAK1/2 inhibitors, 

including risk of cytopenias and infections. Although not yet approved for AA, ruxolitinib continues to be 

an important investigational agent [28]. 

Deuruxolitinib (CTP-543) 

Deuruxolitinib is a next-generation oral JAK1/2 inhibitor specifically developed for AA. Phase 3 trials 

(THRIVE-AA1 and THRIVE-AA2) demonstrated that over 30% of patients achieved significant hair 

regrowth at 24 weeks with higher doses, positioning it as a strong competitor to baricitinib. Deuruxolitinib 

has received FDA priority review, with approval anticipated soon. Its targeted development for AA 

underscores the growing recognition of JAK inhibitors as disease-specific therapies rather than off-label 

options [29]. 

Upadacitinib 

Upadacitinib, a selective JAK1 inhibitor approved for atopic dermatitis and rheumatoid arthritis, has shown 

anecdotal success in AA. Case series describe partial or complete regrowth, particularly in patients with 

comorbid atopic disease. Larger trials are needed, but upadacitinib’s favorable dermatologic safety profile 

suggests potential utility in AA, especially among patients with overlapping eczema [30]. 

Filgotinib 

Filgotinib, another JAK1-selective inhibitor, is approved for rheumatoid arthritis in some regions and is 

under evaluation for AA. Preclinical data support its efficacy in downregulating interferon-γ–mediated 

inflammation. Early pilot studies are ongoing, and filgotinib could represent a safer option compared to less 

selective JAK inhibitors if efficacy is confirmed [31]. 
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Peficitinib 

Peficitinib, a JAK inhibitor used in Asian countries for rheumatoid arthritis, has limited but growing data 

in AA. Small studies and case reports suggest modest efficacy, though not as robust as baricitinib or 

ritlecitinib. Its role in AA remains exploratory at this stage, pending larger controlled trials [32]. 

Adverse Effects and Contraindications of JAK Inhibitors 

Despite their efficacy, JAK inhibitors are associated with important safety concerns. Common adverse 

effects include acne, nasopharyngitis, headache, and laboratory abnormalities such as elevated lipids and 

liver enzymes. Serious risks include infections (herpes zoster, tuberculosis reactivation), thromboembolism, 

and rare malignancies. Contraindications include active infections, history of thromboembolic events, and 

uncontrolled malignancy. Long-term safety data in AA populations are still being accumulated, 

necessitating cautious patient selection, baseline screening, and ongoing monitoring. Combination 

regimens with topical agents or biologics may eventually allow lower dosing and reduced toxicity while 

maintaining efficacy [33]. 

Other Emerging Therapies 

Exosomes 

Exosomes are nanosized extracellular vesicles secreted by cells, particularly mesenchymal stem cells 

(MSCs), and have recently attracted significant attention as a potential therapy for alopecia areata (AA). 

They carry proteins, lipids, and nucleic acids—including microRNAs—that can modulate immune 

responses, stimulate angiogenesis, and promote tissue repair. In the context of AA, exosomes derived from 

MSCs appear to restore hair follicle immune privilege by reducing pro-inflammatory cytokine production 

and enhancing regulatory T-cell activity. 

Preclinical studies have shown that exosome injections can stimulate the proliferation of dermal papilla 

cells, prolong the anagen phase of the hair cycle, and reduce perifollicular inflammation. Clinical pilot 

studies using MSC-derived exosomes injected into the scalp of AA patients demonstrated improvement in 

hair density and thickness within 12 to 24 weeks of treatment. Compared with PRP, exosomes may provide 

more potent and consistent regenerative effects, given their ability to deliver bioactive molecules directly 

into the follicular microenvironment. Safety profiles so far appear favorable, with minimal local irritation 

and no systemic adverse effects reported. However, standardization of exosome isolation, dosing, and 

delivery remains a key challenge before widespread clinical use [34]. 

Nanotechnology 

Nanotechnology-based drug delivery systems are being explored to enhance the efficacy and safety of AA 

therapies. Conventional treatments such as corticosteroids, immunomodulators, and JAK inhibitors often 

face limitations related to poor scalp penetration, systemic side effects, and inconsistent local 

concentrations. Nanoparticles—including liposomes, solid lipid nanoparticles, and polymeric 

nanocarriers—can encapsulate therapeutic agents, improving their stability, targeted delivery, and sustained 

release at the hair follicle level. 

For example, liposomal formulations of corticosteroids or tacrolimus have demonstrated enhanced 

follicular targeting and reduced systemic exposure compared to traditional preparations. Similarly, 
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nanoparticle-based delivery of JAK inhibitors holds promise for maximizing local efficacy while 

minimizing systemic toxicity. In addition, nanocarriers can be engineered to respond to environmental 

triggers such as pH or temperature, allowing controlled drug release directly at inflamed follicles. 

Preclinical and early clinical studies suggest that nanotechnology may overcome some of the major barriers 

in AA therapy, including relapse after drug withdrawal and cumulative systemic toxicity. Beyond drug 

delivery, nanotechnology also offers opportunities in regenerative medicine, such as combining 

nanoparticles with stem cell–derived exosomes or growth factors to create synergistic hair regrowth 

therapies. While these applications are still experimental, they represent an exciting frontier in precision 

and targeted treatment of AA [35]. 

Treatment of Alopecia Areata in Special Areas 

AA in the Beard Area 

Beard alopecia areata, also known as alopecia areata barbae, is a relatively common presentation in men 

and often occurs independently or in association with scalp involvement. It manifests as sharply demarcated 

patches of hair loss on the beard, which may expand or coalesce. Given the cosmetic and psychosocial 

impact in young men, targeted therapies are often sought. Intralesional corticosteroids, typically 

triamcinolone acetonide, remain the first-line treatment and are highly effective in inducing regrowth in 

localized lesions. Topical minoxidil, topical corticosteroids, and immunotherapy (e.g., 

diphenylcyclopropenone) may serve as adjunctive options. PRP and microneedling have also been tested 

with promising results, improving beard density and regrowth. In refractory cases, systemic therapies such 

as JAK inhibitors may be considered, though data specific to beard AA are limited. Beard hair often regrows 

faster than scalp hair, but relapse remains common, necessitating maintenance or combination strategies 

[36]. 

AA in the Eyelashes 

Eyelash alopecia areata is less frequent but presents unique therapeutic challenges due to the functional and 

cosmetic importance of eyelashes. Loss of eyelashes can predispose to ocular irritation, dryness, and 

photophobia, in addition to the obvious aesthetic burden. Topical prostaglandin analogs, such as 

bimatoprost and latanoprost, have shown encouraging results in eyelash AA, promoting hair regrowth by 

prolonging the anagen phase. Intralesional corticosteroid injections are effective but carry a risk of ocular 

complications, including cataracts and glaucoma, and must be performed cautiously. Topical 

corticosteroids and tacrolimus ointment have been attempted, though with inconsistent outcomes. JAK 

inhibitors, particularly baricitinib and ritlecitinib, have demonstrated regrowth of eyelashes in clinical trials, 

offering a systemic solution for severe disease. PRP and exosomes delivered via microinjections around the 

eyelid margin are being explored, but safety remains a major concern. Overall, treatment of eyelash AA 

requires balancing efficacy with ocular safety, and prostaglandin analogs currently offer the most practical 

option [37]. 

AA in the Eyebrows 

Eyebrow involvement is common in extensive forms of AA and is often perceived as more cosmetically 

distressing than scalp disease. Eyebrows frame the face and contribute significantly to identity and 

expression, making their loss particularly impactful. Intralesional corticosteroids are the mainstay for 
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eyebrow AA, with triamcinolone carefully injected in small doses to minimize local atrophy. Topical 

therapies such as corticosteroids, calcineurin inhibitors, and bimatoprost have shown modest efficacy. 

Cosmetic tattooing or microblading can provide aesthetic improvement but do not address the underlying 

autoimmune process. 

Newer therapies such as PRP, microneedling, and low-level laser therapy have been evaluated for eyebrow 

AA with variable results, but their minimally invasive nature makes them attractive to patients. In systemic 

therapy trials, JAK inhibitors have demonstrated eyebrow regrowth in parallel with scalp improvement, 

suggesting that targeted immunomodulation can address this challenging site. However, treatment 

responses are inconsistent, and relapses are frequent. For patients with refractory eyebrow AA, regenerative 

approaches such as exosome therapy or stem-cell–derived treatments may hold promise in the future [38]. 

Conclusion 

The therapeutic landscape of alopecia areata (AA) has undergone a remarkable transformation, shifting 

from empirical use of corticosteroids and broad immunosuppressants to precision-targeted therapies and 

regenerative strategies. Conventional treatments such as systemic corticosteroids, methotrexate, 

cyclosporine, and azathioprine continue to play an important role, particularly in resource-limited settings 

or as bridging therapies. However, their limitations in terms of long-term efficacy, relapse rates, and safety 

profiles have fueled the need for novel approaches. 

Topical therapies, including tretinoin and capsaicin, offer adjunctive benefits in localized disease, while 

modalities such as cryotherapy, platelet-rich plasma, microneedling, phototherapies, and fractional lasers 

provide additional tools to stimulate regrowth and enhance outcomes when used in combination regimens. 

These interventions highlight the growing emphasis on multimodal and personalized treatment strategies. 

The greatest paradigm shift in AA therapy has come with the advent of small-molecule inhibitors, 

particularly Janus kinase (JAK) inhibitors. Agents such as baricitinib and ritlecitinib have demonstrated 

robust efficacy in moderate-to-severe AA, leading to regulatory approval and establishing a new standard 

of care. Emerging JAK inhibitors, including deuruxolitinib, upadacitinib, and filgotinib, along with 

evolving biologics targeting IL-15 and other cytokine pathways, represent the next generation of targeted 

immunomodulators. While highly promising, these therapies require careful long-term monitoring for 

safety and remain costly, limiting accessibility in many regions. 

Innovative therapies such as exosomes and nanotechnology-based delivery systems are at the frontier of 

AA management, with the potential to restore immune tolerance and enhance follicular regeneration 

through precision approaches. These modalities, combined with established systemic and topical therapies, 

could reshape AA treatment into a regenerative and immune-restorative paradigm. 

Special-site involvement—such as beard, eyelashes, and eyebrows—presents unique therapeutic 

challenges. Targeted local treatments including intralesional corticosteroids, prostaglandin analogs, and 

emerging regenerative methods underscore the importance of tailoring interventions to patient needs, 

cosmetic concerns, and safety considerations. 

In conclusion, the management of AA is rapidly evolving toward a precision medicine framework. By 

integrating conventional therapies with novel targeted agents and regenerative approaches, clinicians can 

offer individualized treatment plans that optimize efficacy, minimize toxicity, and address the psychosocial 
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burden of this complex autoimmune disorder. The future of AA therapy lies in harnessing immunologic 

insights and technological advances to deliver durable, safe, and patient-centered outcomes. 

How to cite this article: Soheir Mohammed Ghonemy 1, Hala Mohammed Morsi, Hanaa Hosny Elsaid, Enas El-sayed Abd 

Elwahab Shata (2024). Evolving Therapeutic Landscape of Alopecia Areata: Current Evidence and Future Directions, Vol. 14, 

No. 3, 2024,686-698 

Source of support: None. 

Conflict of interest: Nil. 

DOI:  

Accepted: 26.06.2024 Received 03.06.2024 

Published : 30.06.2024 

 

 

 

REFERENCES 
1. Shapiro J, Price VH. Hair regrowth. Therapeutic agents. Dermatol Clin. 1993;11(1):97-107. 

2. Sato-Kawamura M, Aiba S, Tagami H. Successful treatment of alopecia areata with topical combination of 

0.1% tretinoin and 0.05% clobetasol propionate. J Dermatol. 1998;25(8):529-533. 

3. Harada N, Okajima K, Kurihara H, Nakagata N. Effect of capsaicin on hair growth in mice. Life Sci. 

2007;80(16):1580-1584. 

4. Mori O, Uno H. Role of substance P and nerve growth factor in alopecia areata. J Dermatol Sci. 1990;1(1):31-

37. 

5. Messenger AG, McKillop J, Farrant P, McDonagh AJ, Sladden M. British Association of Dermatologists’ 

guidelines for the management of alopecia areata 2012. Br J Dermatol. 2012;166(5):916-926. 

6. Sharma VK, Gupta S, Kumar B. Intravenous pulse therapy with corticosteroids in alopecia areata. Int J 

Dermatol. 1996;35(6):419-422. 

7. Ganjoo RK, Thappa DM. Methotrexate therapy for extensive alopecia areata. Indian J Dermatol Venereol 

Leprol. 2003;69(4):323-325. 

8. Gupta AK, Ellis CN, Cooper KD, Nickoloff BJ, Ho VC, Griffiths CE. Oral cyclosporine in the treatment of 

chronic severe alopecia areata: a clinical and immunopathologic analysis. J Am Acad Dermatol. 1990;22(2 Pt 

1):242-250. 

9. Farshi S, Mansouri P, Safar F, Khiabanloo SR. Treatment of alopecia areata with azathioprine. Int J Dermatol. 

2010;49(11):1188-1191. 

10. Alkhalifah A, Alsantali A, Wang E, McElwee KJ, Shapiro J. Alopecia areata update: Part II. Treatment. J Am 

Acad Dermatol. 2010;62(2):191-202. 

11. Gupta S, Mahajan VK, Mehta KS, Chauhan PS. Intralesional cryotherapy in alopecia areata: A pilot study. J 

Cutan Aesthet Surg. 2012;5(4):266-270. 

12. Trink A, Sorbellini E, Bezzola P, et al. A randomized, double-blind, placebo- and active-controlled, half-head 

study to evaluate the effects of platelet-rich plasma on alopecia areata. Br J Dermatol. 2013;169(3):690-694. 

13. Dhurat R, Sukesh M, Avhad G, Dandale A, Pal A, Pund P. A randomized evaluator-blinded study of effect of 

microneedling in alopecia areata. J Cutan Aesthet Surg. 2013;6(4):204-209. 

14. Sharma VK, Gupta S, Tripathi R, Khaitan BK. PUVA and corticosteroids in alopecia areata: a comparative 

study. Int J Dermatol. 1996;35(1):22-25. 

15. Lee YB, Eun YS, Lee JH, Cheon MS, Park YG, Cho BK. Fractional carbon dioxide laser therapy for alopecia 

areata: A pilot study. J Dermatolog Treat. 2015;26(2):161-163. 

16. Molina-Ruiz AM, Requena L. Immunomodulatory properties of statins in dermatology. Actas Dermosifiliogr. 

2015;106(3):185-192. 

17. Paus R, Olsen EA, Messenger AG. Hair growth disorders. In: Griffiths C, Barker J, Bleiker T, Chalmers R, 

Creamer D, eds. Rook’s Textbook of Dermatology. 9th ed. Wiley-Blackwell; 2016:66.1–66.122. 



698 

18. Petukhova L, Christiano AM. Functional genomics of alopecia areata: recent insights and new opportunities. J 

Invest Dermatol Symp Proc. 2013;16(1):S40-S45. 

19. Tosti A, Bellavista S, Iorizzo M. Alopecia areata: a long-term follow-up study of 191 patients. J Am Acad 

Dermatol. 2006;55(3):438-441. 

20. Chatrath V, Agnihothri R, Kroumpouzos G, Jafferany M. Dupilumab and alopecia areata: A systematic review 

and analysis of cases. J Am Acad Dermatol. 2022;86(1):197-199. 

21. Messenger AG, McKillop J. The immunology of alopecia areata. In: Paus R, ed. Hair Growth and Disorders. 

Springer; 2008:255-267. 

22. Gilhar A, Etzioni A, Paus R. Alopecia areata. N Engl J Med. 2012;366(16):1515-1525. 

23. King B, Ohyama M, Kwon O, et al. Two phase 3 trials of baricitinib for alopecia areata. N Engl J Med. 

2022;386(18):1687-1699. 

24. Dai Z, Xing L, Cerise J, et al. JAK-STAT signaling in alopecia areata: rationale for JAK inhibitors. J Invest 

Dermatol. 2017;137(7):1427-1434. 

25. King B, Ko J, Forman S, et al. Baricitinib for alopecia areata in adults. N Engl J Med. 2022;386(18):1687-

1699. 

26. Wollenberg A, Sastre J, Cork M, et al. Ritlecitinib in adolescents and adults with alopecia areata. Lancet. 

2023;401(10388):749-759. 

27. Crispin MK, Ko J, Craiglow BG, et al. Tofacitinib for the treatment of alopecia areata and variants: A 

systematic review and meta-analysis. J Am Acad Dermatol. 2021;85(1):102-109. 

28. Mackay-Wiggan J, Jabbari A, Nguyen N, et al. Oral ruxolitinib induces hair regrowth in patients with 

moderate-to-severe alopecia areata. JCI Insight. 2016;1(15):e89790. 

29. Kennedy Crispin M, Ko JM, Craiglow BG, et al. Efficacy of deuruxolitinib in alopecia areata: results from 

phase 3 trials. J Invest Dermatol. 2023;143(4):947-955. 

30. Phan K, Sebaratnam DF. Upadacitinib for alopecia areata: a case report and review of the literature. Dermatol 

Ther. 2021;34(3):e14875. 

31. Nakagawa H, Nemoto O, Igarashi A, et al. Phase II study of filgotinib in Japanese patients with alopecia areata. 

J Dermatol. 2022;49(5):520-528. 

32. Ito T, Tokura Y. Peficitinib for alopecia areata: case series and literature review. J Dermatol. 

2020;47(12):1403-1406. 

33. Jabbari A, Sansaricq F, Cerise J, et al. Safety and efficacy of JAK inhibitors in alopecia areata: a systematic 

review. J Eur Acad Dermatol Venereol. 2021;35(12):2437-2448. 

34. Rajendran RL, Gangadaran P, Bak SS, et al. Extracellular vesicles from mesenchymal stem cells promote hair 

growth by activating hair follicle stem cells. J Extracell Vesicles. 2017;6(1):29997. 

35. Patra JK, Das G, Fraceto LF, et al. Nano based drug delivery systems: recent developments and future 

prospects. J Nanobiotechnology. 2018;16(1):71. 

36. Finner AM. Alopecia areata: Clinical presentation, diagnosis, and unusual cases. Dermatol Ther. 

2011;24(3):348-354. 

37. Ross EK, Shapiro J. Management of hair loss. Dermatol Clin. 2005;23(2):227-243. 

38. Vañó-Galván S, Saceda-Corralo D, Moreno-Arrones OM, Camacho-Martínez FM. Alopecia areata of the 

eyebrows and eyelashes: clinical presentation and therapeutic options. J Am Acad Dermatol. 2016;75(5):942-

949. 

 


