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Introduction   
The Janus kinase (JAK) signal transducer and 

activator of transcription (STAT) pathway plays a 

central role in regulating immune function and 

mediating inflammatory signaling. Aberrant 

activation of this pathway has been linked to the 

development of various autoimmune and 

inflammatory skin diseases. 

 

 
 
 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
Although initially designed for treating conditions 

such as rheumatoid arthritis and hematologic 

malignancies, JAK inhibitors have since shown 

considerable promise in the management of 

dermatological disorders, offering a more targeted 

approach to modulating immune responses [1]. 
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ABSTRACT    

Janus kinase (JAK) inhibitors have emerged as a groundbreaking option in dermatologic therapy, offering a more precise approach 

to manage inflammatory and autoimmune skin diseases. This narrative review explores the use of JAK inhibitors in three key 

conditions: atopic dermatitis, alopecia areata, and vitiligo. These disorders share a common underlying mechanism involving 

disruption of the JAK-STAT signaling pathway, which contributes to abnormal immune responses. A growing body of clinical 

research highlights the effectiveness of both topical and oral JAK inhibitors in managing symptoms across these conditions. For 

instance, ruxolitinib cream and oral agents such as abrocitinib, baricitinib, and upadacitinib have shown strong anti-inflammatory 

effects and relief of itching in atopic dermatitis. In the treatment of alopecia areata, medications like baricitinib, ritlecitinib, and the 

recently approved deuruxolitinib have brought renewed optimism for individuals with more severe forms of the disease. Meanwhile, 

topical ruxolitinib has shown promise in restoring pigment, particularly on facial areas affected by vitiligo. Although these therapies 

are generally well-tolerated, potential risks such as infections and cardiovascular concerns necessitate ongoing safety monitoring. 

Overall, this review brings together the latest evidence on the use of JAK inhibitors in dermatology, highlighting their clinical impact 

and underscoring the need for continued research to optimize long-term safety and patient selection.  
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The JAK family includes four key enzymes: JAK1, 

JAK2, JAK3, and TYK2 that mediate intracellular 

signal transduction from cytokine receptors on the cell 

surface to the nucleus. These kinases are involved in 

pathways activated by interleukins, interferons, and 

various growth factors. In the context of skin disease, 

abnormal JAK activity can drive chronic 

inflammation, disrupt immune regulation, and 

contribute to tissue damage [2]. Among dermatologic 

conditions, atopic dermatitis (AD), alopecia areata 

(AA), and vitiligo have emerged as leading candidates 

for treatment with JAK inhibitors. Although each of 

these conditions has its own unique underlying 

mechanisms, they share overlapping inflammatory 

pathways that can be disrupted through JAK-STAT 

signaling [3]. This narrative review explores the 

current clinical evidence supporting JAK inhibitors in 

these disorders, presenting the data by condition to 

offer a clear and structured view of their therapeutic 

value. JAK Inhibitors in Atopic Dermatitis:  

2.1. Pathophysiology and JAK Pathway Involvement 

(AD) is a long-lasting inflammatory skin disorder 

marked by severe itching, eczema-like rashes, and a 

weakened skin barrier. Its development is driven by a 

mix of genetic factors, environmental exposures, and 

immune system imbalances. A key contributor to this 

immune dysfunction is the JAK-STAT signaling 

pathway, which mediates the effects of several 

cytokines most notably IL-4, IL-13, IL-31, and IL-22 

that promote Th2-mediated inflammation and further 

disrupt the skin barrier [4]. 

2.2. Topical JAK Inhibitors: 2.2.1. Ruxolitinib Cream 

Ruxolitinib cream, a JAK1/2 inhibitor, is the first 

topical JAK inhibitor to receive FDA approval for the 

treatment of AD. Phase 3 trials have confirmed its 

strong efficacy in patients with mild to moderate 

disease, with the drug successfully meeting all primary 

and secondary endpoints and showing a favorable 

safety profile with few adverse events [5]. According 

to the 2024 American Academy of Dermatology 

guidelines, JAK inhibitors, including ruxolitinib, are 

now strongly recommended as part of systemic 

therapy options for patients with moderate to severe 

AD [6]. Clinical data also highlight the cream’s ability 

to relieve itching quickly, often within the first few 

days of use, while maintaining long-term control of 

skin lesions. As a topical agent, ruxolitinib provides 

the added benefit of localized action, minimizing 

systemic exposure compared to oral treatments [7]. 

2.2.2. Delgocitinib Ointment: Delgocitinib, a pan-JAK 

inhibitor targeting multiple JAK isoforms, has been 

approved in Japan for the treatment of AD. Clinical 

studies have shown that it effectively reduces 

inflammation and improves both clinical symptoms 

and patient-reported quality of life. With low systemic 

absorption and a strong safety profile, delgocitinib is 

well-suited for long-term topical use in managing 

chronic AD [8]. 

2.3. Oral JAK Inhibitors: 2.3.1. Abrocitinib: 

Abrocitinib, a selective JAK1 inhibitor, received FDA 

approval for moderate to severe AD in adults. Clinical 

trials have demonstrated significant improvements in 

Eczema Area and Severity Index (EASI) scores and 

pruritus numerical rating scale (NRS) scores. The 

medication shows rapid onset of action, with 

meaningful improvements often observed within the 

first week of treatment [9]. 2.3.2. Baricitinib: 

Baricitinib, which inhibits both JAK1 and JAK2, has 

been evaluated for use in moderate to severe AD. 

Clinical trials have shown significant reductions in 

signs and symptoms of disease, with improvements in 

both clinician-assessed severity scores and patient 

quality of life. Its broader inhibition of JAK1 and 

JAK2 enables it to target multiple inflammatory 

pathways involved in AD [10]. 2.3.3. Upadacitinib 

Upadacitinib is a selective JAK1 inhibitor that has 

shown strong performance in clinical trials for AD. 

Patients treated with upadacitinib experienced rapid 

and sustained improvements, with many achieving 

clear or nearly clear skin over the course of treatment. 

The medication’s selectivity for JAK1 may offer 

advantages in terms of safety profile while 

maintaining therapeutic efficacy [11]. 2.4. Clinical 

Outcomes and Efficacy: Recent meta-analyses have 

confirmed the strong efficacy of JAK inhibitors in AD. 

A comprehensive umbrella review demonstrated that 

these therapies significantly improve key clinical 

endpoints, including: Investigator’s Global 

Assessment (IGA), EASI-75 response, and pruritus 

scores, compared to placebo. These effects were 

consistent across varying degrees of disease severity 

and among diverse patient populations, supporting the 

broad applicability of JAK inhibitors in routine 

clinical practice [12]. The 2024 guidelines issued by 

the International Eczema Council offer clear, 

evidence-based recommendations for the use of oral 

JAK inhibitors in moderate-to-severe AD. These 

guidelines emphasize the superior efficacy and rapid 

onset of these agents compared to traditional therapies, 

positioning them as a frontline option in carefully 

selected patients. Detailed protocols for patient 

selection, laboratory monitoring, and safety 

management reflect the Council’s commitment to 

optimizing outcomes while minimizing risk [13].    

2.5. Safety Considerations: Although JAK inhibitors 

are generally well-tolerated, their use requires 

thoughtful risk assessment. Clinical data have 

identified certain safety concerns, including an 

increased susceptibility to infections, changes in 

laboratory values such as lipid or blood counts, and 

potential cardiovascular risks. Nevertheless, the 

overall risk-benefit profile remains favorable for most 
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patients with moderate to severe AD, especially when 

weighed against the substantial improvements in 

quality of life and reduction in disease burden [14]. 

JAK Inhibitors in Alopecia Areata 

3.1. Pathophysiology and JAK Pathway Involvement 

AA is a chronic autoimmune disorder marked by non-

scarring hair loss, predominantly driven by cytotoxic 

CD8⁺ NKG2D⁺ T cells that infiltrate and attack the 

hair follicle structure. Central to this process is a 

network of dysregulated cytokine signaling 

specifically involving interferon-gamma (IFN-γ) and 

γ-chain interleukins such as IL-2 and IL-15, that 

operates via the JAK–STAT cascade. These cytokines 

not only activate immune effector cells but also create 

a self-perpetuating feedback loop with follicular 

epithelial cells, leading to disruption of the hair 

follicle’s immune privilege. The resulting 

inflammatory milieu precipitates premature 

termination of the growth phase, causing follicle 

regression and visible hair loss [15]. 3.2.FDA-

Approved JAK Inhibitors: 3.2.1. Baricitinib 

Baricitinib , was the first JAK inhibitor approved by 

the FDA for severe AA in adults. Its approval was 

based on the results of two large Phase 3 trials, 

BRAVE-AA1 and BRAVE-AA2, which enrolled 

patients with at least 50% scalp hair loss. By week 36, 

a significant proportion of participants achieved 80% 

or greater scalp hair regrowth, an outcome considered 

both statistically and clinically meaningful [16]. 

Beyond scalp regrowth, baricitinib has demonstrated 

efficacy in restoring eyebrow and eyelash hair, 

offering a more complete cosmetic and psychological 

benefit. Long-term extension studies out to 104 weeks 

have shown that these improvements can be 

maintained with continued therapy, and the treatment 

remains well-tolerated over time, with no new safety 

signals emerging during extended follow-up [17]. 

3.2.2. Ritlecitinib: Ritlecitinib, a JAK3/TEC family 

kinase inhibitor, received FDA approval for severe 

AA in adults and adolescents aged 12 years and older. 

Data from the ALLEGRO phase IIb/III trials showed 

that ritlecitinib led to significantly greater hair 

regrowth than placebo, with response rates continuing 

to improve over time. Its distinct dual mechanism, 

blocking both JAK3 and TEC kinases may contribute 

to its therapeutic effect by more selectively 

modulating immune cell signaling relevant to disease 

activity [18]. Long-term clinical data further support 

the sustained benefits of ritlecitinib with continued 

use. Importantly, the drug has shown promising 

efficacy across severe alopecia subtypes, including 

alopecia totalis and alopecia universalis, expanding its 

potential utility in patients with more extensive disease 

[19]. 3.2.3. Deuruxolitinib: Deuruxolitinib, a twice-

daily oral JAK inhibitor, received FDA approval in 

July 2024 for the treatment of AA in adults. Its 

approval was based on two large-scale, placebo-

controlled Phase 3 trials, which demonstrated 

significant hair regrowth in patients with moderate to 

severe disease. As the most recent addition to the 

therapeutic landscape, deuruxolitinib offers a new oral 

option for individuals affected by this challenging 

autoimmune condition [20]. 3.3. Comparative 

Efficacy: Network meta-analyses comparing different 

JAK inhibitors in AA have provided insights into 

relative efficacy. While all approved agents have 

shown clear superiority over placebo in promoting hair 

regrowth, some differences have emerged in terms of 

response magnitude and onset of effect. For example, 

certain agents may achieve higher response rates or 

faster improvement at specific time points. However, 

due to the absence of direct head-to-head trials, these 

findings should be interpreted with caution, and 

definitive comparisons between treatments remain 

limited [21]. 3.4.Clinical Outcomes and Patient 

Selection: JAK inhibitors have transformed the 

treatment landscape for moderate to severe AA. 

Previously, patients with extensive hair loss had 

limited therapeutic options with modest efficacy. The 

availability of effective JAK inhibitors has provided 

hope for patients with severe disease and has changed 

treatment paradigms in dermatology practice [22]. 

Most clinical trials have focused on adults with 

significant scalp involvement (typically ≥50% hair 

loss), but real-world treatment decisions are nuanced. 

Factors such as duration of disease, age, 

comorbidities, and involvement of other hair-bearing 

areas (like eyebrows and eyelashes) play a critical role. 

Treatment success should be evaluated holistically, 

including visible regrowth, restoration of facial hair, 

and improvements in patient quality of life [23]. 

3.5. Safety Profile: JAK inhibitors have generally 

demonstrated an acceptable safety profile in the 

treatment of AA with most reported adverse events in 

clinical trials being mild to moderate, commonly 

including upper respiratory tract infections, headache, 

and acne. As with other immune-modulating agents, 

regular laboratory monitoring is recommended to 

detect potential changes in blood counts and liver 

function. However, long-term safety remains an 

important consideration [24]. JAK Inhibitors in 

Vitiligo: 4.1. Pathophysiology and JAK Pathway 

Involvement 

Vitiligo is an acquired autoimmune disorder marked 

by progressive depigmentation due to the loss of 

melanocytes. Its pathogenesis involves a complex 

interplay of genetic susceptibility, environmental 

triggers, and immune-mediated destruction of 

melanocytes. A central driver of this immune response 

is interferon-gamma (IFN-γ), which signals through 

the JAK-STAT pathway. This signaling not only 

promotes cytotoxic T-cell-mediated melanocyte 
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apoptosis but also inhibits melanogenesis, 

contributing to the clinical presentation of the disease 

[25]. 4.2. Topical JAK Inhibitors: 4.2.1. Ruxolitinib 

Cream: Topical ruxolitinib, a selective JAK1/2 

inhibitor, has shown significant promise in the 

treatment of vitiligo, particularly in facial involvement 

where treatment responses tend to be more 

pronounced. In a randomized phase 2 trial, a 

meaningful proportion of patients achieved substantial 

repigmentation, with the most favorable outcomes 

observed in facial lesions [26]. The therapeutic effect 

of ruxolitinib is attributed to its inhibition of IFN-γ–

mediated JAK-STAT signaling, a key pathway in the 

pathogenesis of vitiligo. By attenuating local immune 

activation and reducing cytotoxic T-cell infiltration, 

ruxolitinib creates a more supportive environment for 

melanocyte survival and pigment restoration [27]. 

4.3. Oral JAK Inhibitors: Although data remain 

limited, early evidence suggests a potential role for 

oral JAK inhibitors in vitiligo management. Case 

reports and small-scale studies have noted 

repigmentation in patients treated with oral ruxolitinib, 

particularly among those with coexisting vitiligo and 

AA. These findings support the concept that systemic 

JAK inhibition can modulate shared autoimmune 

pathways involved in both conditions [28]. 

4.4.Clinical Outcomes and Limitations: Topical 

ruxolitinib has demonstrated encouraging clinical 

outcomes, especially for facial vitiligo, where 

repigmentation rates are typically higher. However, 

treatment response varies significantly depending on 

anatomical location, disease duration, and individual 

patient characteristics. Lesions on the face and neck 

tend to respond more favorably than those on the 

extremities or trunk. Moreover, sustained 

repigmentation often requires long-term, continuous 

therapy to prevent relapse [29]. Ongoing research aims 

to refine treatment strategies by exploring predictive 

biomarkers, optimizing application protocols, and 

evaluating adjunctive therapies. Combination 

approaches, such as JAK inhibitors with narrowband 

UVB phototherapy, are under investigation and may 

enhance therapeutic efficacy in more refractory cases 

[30]. 4.5. Future Directions: The landscape of JAK 

inhibitor therapy in vitiligo continues to evolve, with 

multiple areas under active investigation. These 

include optimizing dosing strategies, exploring 

synergistic effects through combination regimens 

(e.g., with phototherapy), and developing next-

generation JAK inhibitors with improved selectivity or 

targeted delivery systems. Additionally, identifying 

clinical or molecular predictors of treatment response 

may allow for a more personalized approach, tailoring 

therapy to maximize efficacy and minimize 

unnecessary exposure [31]. Safety Considerations 

Across Conditions 5.1. Common Safety Profile: 

Across dermatologic indications, JAK inhibitors share 

a consistent safety profile. The most frequently 

reported adverse events include upper respiratory tract 

infections, urinary tract infections, and reactivation of 

latent viruses such as herpes zoster. These risks are 

primarily attributable to the immunomodulatory 

nature of JAK inhibition and underscore the need for 

vigilant infection monitoring during treatment [32]. 

5.2. Cardiovascular and Thrombotic Risk: Emerging 

data, especially from rheumatologic cohorts, have 

raised concerns about an elevated risk of major 

adverse cardiovascular events (MACE), venous 

thromboembolism (VTE), and malignancy in patients 

receiving systemic JAK inhibitors. While such risks 

appear attenuated in dermatology, possibly due to 

younger, healthier patient populations and shorter 

treatment durations caution remains warranted, 

particularly in those with pre-existing risk factors [33]. 

5.3. Laboratory Monitoring: Routine laboratory 

monitoring is advised for patients on JAK inhibitors. 

Recommended evaluations include complete blood 

counts, liver enzymes, and lipid panels, with 

frequency tailored to the specific agent, dosage, and 

individual patient risk profile. Baseline assessment 

and periodic follow- up help ensure early detection of 

hematologic or metabolic abnormalities [34]. 5.4. 

Special Populations: Data on the use of JAK inhibitors 

in special populations remain limited. In pregnancy 

and lactation, safety data are insufficient, and use is 

typically discouraged unless clearly indicated. 

Pediatric use is currently approved for select agents 

and indications, but long-term safety is not yet fully 

established. Likewise, caution is advised in patients 

with significant comorbidities, necessitating a careful 

balance between anticipated benefit and potential risk 

[35]. Future Directions and Emerging Therapies: 6.1. 

Novel JAK Inhibitors and combination therapies : 

Ongoing research is focused on the development of 

next-generation JAK inhibitors with enhanced 

selectivity for specific JAK isoforms. By targeting 

individual members of the JAK family, these agents 

may reduce off-target effects and improve safety 

profiles. Additionally, dual-pathway inhibitors 

designed to modulate both JAK signaling and 

complementary immune pathways are being explored 

as a means of achieving greater therapeutic precision 

[36]. Studies examining JAK inhibitors in 

combination with other treatments, such as biologics, 

topical therapies, or phototherapy, may provide 

enhanced efficacy while potentially reducing 

individual medication doses and associated risks [37]. 

6.2. Long-term Studies and Personalized Medicine: 

Future research aims to identify biomarkers and 

genetic factors that predict treatment response to JAK 

inhibitors. This personalized approach could optimize 

treatment selection and improve outcomes while 
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minimizing unnecessary exposure in non-responders 

[38]. Continued long-term safety and efficacy studies 

will provide crucial data on the sustained benefits and 

risks of JAK inhibitor therapy in dermatological 

conditions. These studies will inform optimal 

treatment duration and monitoring strategies [39]. 

Conclusion 

JAK inhibitors have transformed the management of 

immune-mediated skin diseases by targeting key 

cytokine pathways. Their proven efficacy in atopic 

dermatitis, alopecia areata, and vitiligo, combined 

with a favorable safety profile, marks a significant 

advance in precision dermatology.These agents are 

particularly impactful in moderate-to-severe disease, 

where they offer rapid and targeted therapeutic 

benefits. 
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