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Background: Atopic dermatitis (AD) is a common chronic, inflammatory skin condition. 
The pathogenesis of AD involves many cytokines that utilize the Janus kinase/signal 
transducer and activator of transcription (JAK-STAT) signaling cascade; therefore, JAK 
inhibitors may be used in the treatment of AD. This review aims to evaluate the pathophy-
siology, efficacy, and safety of JAK inhibitors and their emerging role as a therapeutic option 
for patients with AD.
Methods: A PubMed search of Phase I, II, and III clinical trials was conducted for relevant 
literature published between January 2015 and June 2020 utilizing the key terms: JAK 
inhibitors, atopic dermatitis, efficacy, safety, and treatment. The search was subsequently 
expanded to include additional terms.
Results: In multiple Phase II and III clinical trials, JAK inhibitors were more efficacious 
than placebo or vehicle controls and slightly more efficacious in direct comparisons to 
corticosteroids. Overall, JAK inhibitors have a moderate safety profile for use in AD. 
Some of the more severe theoretical adverse events included thrombosis and reactivation 
of viral infections. While data remain limited for the long-term efficacy and safety of JAK 
inhibitor use in patients with AD, many ongoing clinical trials have promising preliminary 
results.
Discussion: Short-term data suggest that both topical and oral JAK inhibitors are efficacious 
and safe for use in patients with AD, although cases of thrombosis and viral disease have 
been reported. While the current standard treatments for AD are likely preferred, failed 
therapy with these agents or corticosteroid phobia may be indications for the use of JAK 
inhibitors in patients with AD.
Keywords: atopic dermatitis, eczema area and severity index, Janus kinase inhibitor, 
pruritus

Introduction
Atopic dermatitis (AD) is a chronic, inflammatory skin condition with a relapsing 
and remitting course; it is often associated with a family or personal history of 
additional atopic conditions such as asthma and allergies.1 An estimated 7.3% of 
adults in the United States have AD2 and 85% of these individuals develop the 
disease before the age of five years old.3 AD can have a substantial negative 
physical and psychological impact on patients, resulting in impaired social interac-
tions, sleep disturbances, pruritus, and dietary restrictions.4

The pathogenesis of AD is multifactorial, resulting from a combination of skin 
barrier defects, genetic susceptibility, environmental triggers, and hypersensitivity.3,5 

Many cytokines involved in the pathophysiology of AD utilize the Janus kinase/signal 
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transducer and activator of transcription (JAK-STAT) path-
way and the spleen tyrosine kinase pathway (SYK), a non- 
receptor tyrosine kinase pathway.6 The JAK-STAT pathway 
consists of a signaling cascade following the binding of 
a ligand or cytokine to various receptors including the 
JAK1, JAK2, JAK3 and tyrosine kinase 2 (TYK2) enzymes.

Management of AD includes the avoidance of environ-
mental triggers, use of topical and systemic medications, 
and non-medication-based treatments (Table 1).3,7–13 

Common topical treatments include corticosteroids and 
calcineurin inhibitors (CIs).14 Although corticosteroids 
are highly efficacious and are the most common topical 
treatment for AD, their long-term side effect profile dis-
courages extended use.15,16 Additionally, some patients 
and caregivers of pediatric patients may have negative 
feelings and beliefs regarding the use of corticosteroids, 
a concept known as “corticosteroid phobia” which can 
affect medication adherence and efficacy. Systemic thera-
pies, such as monoclonal antibodies and Janus kinase 
(JAK) inhibitors, are more recently developed therapies 
for AD. JAK inhibitors include both topical and systemic 
oral therapies that block the downstream effects of cyto-
kines involved in the pathogenesis of AD.6 Several JAK 
inhibitors are currently undergoing investigation in trials 
assessing their efficacy and long-term safety for use 
in AD.6

There are many ongoing challenges to treating AD. 
The biggest limitations of current therapies include poor 
adherence, adverse effects, and rebound disease flare-ups 
upon medication discontinuation.3 There is also a large 
economic burden of disease, as the difference in expendi-
ture between AD patients and matched controls may be as 
high as $3302 annually.17 Medications, visits to the doc-
tor’s office and emergency room, and time away from 
work all contribute to the financial burden of disease.18 

This review aims to evaluate the pathophysiology of the 
JAK-STAT pathway, review the efficacy and safety of JAK 
inhibitors (abrocitinib, baricitinib, delgocitinib, gusaciti-
nib, ruxolitinib, tofacitinib, upadacitinib), and discuss the 
emerging role of JAK inhibitors as a therapeutic option 
for AD.

Methods
A PubMed search of phase I, II, and III, randomized, 
double-blind, clinical trials published between 
January 2015 and June 2020 was conducted for relevant 
literature assessing the efficacy and safety of JAK inhibi-
tors for use in AD treatment. The initial search utilized the 

key terms: “JAK inhibitors and atopic dermatitis.” 
Subsequently, each of the following terms were individu-
ally added to the primary search terms “JAK inhibitors” 
and “atopic dermatitis” to yield additional results: “effi-
cacy,” “safety,” “treatment,” “eczema area and severity 
index” (EASI), “investigators global assessment” (IGA), 
“scoring AD” (SCORAD), and “body surface area” 
(BSA). The generic name of each JAK inhibitor used as 
an AD therapy was further included with the term “atopic 
dermatitis” to locate any additional trials. The search terms 
“EASI,” “IGA,” and “SCORAD” were included because 
they encompass the most common assessment instruments 
utilized in AD trials.19–21 Results were limited to a five- 
year period to aid in the identification of recent clinical 
trials evaluating JAK inhibitors for AD treatment, as JAK 
inhibitors are an emerging therapy in this context. Only 
trials investigating JAK inhibitors for AD treatment and 
articles in which JAK inhibitors were compared with pla-
cebo and corticosteroids were included. Trials evaluating 
JAK inhibitor use in conditions other than AD and use of 
alternate medications for AD treatment were excluded. 
Relevant article selection and data extraction were per-
formed by the primary author. The combined PubMed 
search criteria yielded a total of 101 peer-reviewed journal 
articles. Of these articles, a total of 35 sources were 
included in the study. Finally, a Google search was con-
ducted utilizing the name of each drug and the term 
“atopic dermatitis” to include new data from press releases 
by pharmaceutical companies, yielding an additional four 
sources. The assessment instruments (EASI, mEASI, IGA) 
presented in this review were based on each respective 
trials’ primary efficacy endpoints.

Pathophysiology of the JAK-STAT 
Pathway
JAK receptors are activated via transphosphorylation which 
results in subsequent phosphorylation of the STAT transcrip-
tion factors; the STATs then dimerize and travel from the 
cytosol into the nucleus of the cell to modify gene transcription 
(Figure 1).22,23 Inhibition of one or more JAK receptors in this 
pathway can potentially treat AD and other inflammatory 
diseases.22,23 Each of the four JAK receptors has a different 
downstream effect on cytokine signaling. The interleukin (IL)- 
4Rα and JAK1 signaling pathways control chronic itch or 
pruritus.24 IL-31, a cytokine heavily involved in pruritus, is 
dependent on JAK1 in its signaling pathway.6 JAK2 affects 
erythropoiesis, platelet activation, and myelopoiesis; JAK2 
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Table 1 Current Therapies Available for AD

Medication 
Examples

Mechanism of Action Common Adverse 
Events

Topical

Calcineurin 
inhibitors

Cyclosporine 
Tacrolimus 

Pimecrolimus

Inhibits production of IL-2 Cutaneous infections

Bleach bath Sodium 

hypochlorite 

(NaOCl)

Eradicates bacteria superimposed on AD Dry skin 

Rash

Phototherapy Narrowband UVB light decreases expression of IL-5, IL-13, IL-31, induces T-cell 

apoptosis, and decreases dendritic cells

Sunburn 

Photodamage 
Actinic keratosis

Oral/Injection

Monoclonal 

antibodies

Dupilumab 

Lebrikizumab

Inhibits IL-4 and IL-13 Nasopharyngitis 

URI 
Conjunctivitis

Azathioprine* Interferes with purine synthesis as a precursor purine analog and selectively 
inhibits lymphocytes

GI disturbances 
Increased LFTs 

Myelosuppression

Mycophenolate 

mofetil*

Blocks IMP dehydrogenase, which is required for de novo purine synthesis, and 

exerts immunomodulatory effects on the body

GI disturbances 

Increased 

predisposition for 
infection 

Myelosuppression

Methotrexate* Inhibits DHFR, disrupting THFA synthesis and causing immunosuppression; 

interferes with lymphocyte activation

GI disturbances 

Hepatotoxicity 
Headache/fatigue 

Pancytopenia

Both

Corticosteroids Hydrocortisone Suppresses immune and inflammatory axis Skin atrophy 
Immune axis 

suppression 

Rebound disease flare- 
ups 

Cutaneous infections

JAK inhibitors Baricitinib 

Tofacitinib 

Delgocitinib 
Upadacitinib 

Abrocitinib 

Gusacitinib 
(ASN002)

Inhibits JAKs and downstream cytokine pathways Nasopharyngitis 

Nausea 

Headaches

Note: *Indicates off-label use of agent as AD treatment. 
Abbreviations: AD, atopic dermatitis; DHFR, dihydrofolate reductase; IL, interleukin; IMP, inosine monophosphate; JAK, Janus kinase; LFTs, liver function tests; THFA, 
tetrahydrofolic acid; URI, upper respiratory infection; UVB, ultraviolet B.
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inhibition is associated with adverse hematological effects 
such as anemia and thrombocytopenia.6 JAK3 is mainly 
expressed by B- and T-lymphocytes; the inhibition of JAK3 
is associated with cluster of differentiation (CD)8+ T-cell 
dysfunction and a decrease in the production of natural killer 
cells.25 TYK2 regulates many ILs and interferons, and inhibi-
tion results in suppression of multiple cytokines.6,26,27 The 
STAT family consists of seven transcription factors; each is 
phosphorylated and activated by different JAK receptors.6,26 

SYK aids in releasing cytokines IL-1B, IL-10, and IL-17 and 
impacts differentiation and proliferation of dendritic cells, 
keratinocytes, and B-lymphocytes.28

JAK1 and JAK3 receptors modulate the pathway for 
cytokines IL-2 and IL-4 via phosphorylation of STAT3, 
STAT5, and STAT6.6 IL-4 is a key player in antibody class 
switching and potentiates T helper type 2 (Th2) cell differ-
entiation, stimulating the release of additional cytokines.26 

IL-4 is one of the main cytokines involved in the pathogen-
esis of AD, thus many of the JAK inhibitors investigated for 
the treatment of AD affect this pathway.29 Similarly, JAK2 
and TYK2 modulate the pathway for cytokines IL-12 and IL- 
23 via phosphorylation and activation of STAT4. IL-12 is 

a proinflammatory cytokine that upregulates the activity of 
Th1 cells to further secrete inflammatory cytokines; inhibition 
of this cytokine’s signaling pathway reduces inflammation.30

Efficacy of Topical JAK Inhibitors for 
Treatment of AD
Delgocitinib
Delgocitinib is a JAK1, JAK2, JAK3, and TYK2 inhibitor 
approved for treatment of AD in Japan, making it the only 
JAK inhibitor currently approved as a topical agent for the 
treatment of moderate-to-severe AD (Table 2).31 

Delgocitinib also inhibits mast cells, monocytes, T-cells, 
and B-cells and increases filaggrin production, a protein 
implicated in the maintenance of the skin barrier.32,33 In 
a phase II multicenter, randomized, double-blind, vehicle- 
controlled study of children aged 16 years or younger 
assessing the safety and efficacy of delgocitinib, baseline 
modified EASI (mEASI) scores improved by 61.8% in the 
0.5% delgocitinib group and 4.8% in the vehicle group 
after four weeks of treatment (p<0.001).34 The mEASI 
score considers both acute and chronic AD lesions, and 
incorporates patient evaluation of pruritus.35 In an 

Figure 1 JAK-STAT signaling pathways. JAK inhibitors stop the downstream functions of inflammatory cytokines in AD. Inhibition of JAKs blocks their transphosphorylation, 
further inhibiting the phosphorylation and dimerization of STATs. This ultimately inhibits the dimerized STATs from acting as transcription factors for the inflammatory 
cytokines and blunts the overall inflammatory response. 
Abbreviations: DNA, deoxyribonucleic acid; EPO, erythropoietin; IFN, interferon; IL, interleukin; JAK, Janus kinase; P, phosphate; STAT, signal transducer and activator of 
transcription; SYK, spleen tyrosine kinase; TYK2, non-receptor tyrosine-protein kinase.
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alternate Phase III, randomized, double-blind, vehicle- 
controlled study of delgocitinib use in patients 16 years 
and older, baseline mEASI scores improved by 44.3% 
from baseline (p<0.001) in the delgocitinib group 
and 1.7% in the vehicle group after four weeks of 
treatment.33

Ruxolitinib
Ruxolitinib is a selective JAK1 and high potency JAK2 inhi-
bitor especially efficacious for the treatment of pruritus 
in AD.36,37 In a phase II randomized, double-blind, vehicle- 
and active-controlled trial assessing the safety and efficacy of 
ruxolitinib, baseline EASI scores improved by 78.5% 
(p<0.0001) in the 1.5% twice daily ruxolitinib group and 
26.9% in the vehicle group after eight weeks of treatment.37 

Baseline EASI scores in the triamcinolone twice-daily group 
improved by 40.0% and 59.8% at weeks two and four of 
treatment, respectively; comparatively, baseline EASI scores 
in the 1.5% once-daily ruxolitinib cream improved by 49.9% 
and 67.0% and baseline EASI scores in the 1.5% twice daily 
ruxolitinib group improved by 52.7% and 71.6% at the same 
respective timepoints.37 Statistical significance of these 
improvements against the triamcinolone group was not 
achieved.37 Two Phase III randomized, double-blind, vehicle- 
controlled studies, TRuE-AD1 and TRuE-AD2, assessed 
achievement of IGA scores of 0 or 1 at the end of eight 
weeks of treatment.38 In the TRuE-AD1 trial, IGA scores of 
0 or 1 were achieved by 50% of patients in the 0.75% twice 
daily ruxolitinib group (p<0.0001), 53.8% of patients in the 
1.5% twice daily ruxolitinib group (p<0.0001) and 15.1% of 
the patients in the vehicle group after eight weeks of 
treatment.38 In the TRuE-AD2 trial, an IGA of 0 or 1 was 
achieved by 39% of the patients in the 0.75% twice daily 
ruxolitinib group (p<0.0001), 51.3% of patients in the 1.5% 
twice daily ruxolitinib group (p<0.0001) and 7.6% of the 
patients in the vehicle group after eight weeks of treatment.38

Tofacitinib
Tofacitinib is a JAK3 and/or JAK1 inhibitor, with possible 
minimal JAK2 inhibition.39,40 In a phase IIa randomized, 
double-blind, vehicle-controlled study assessing the safety 
and efficacy of tofacitinib, baseline EASI scores improved by 
81.7% (p<0.001) in the 2% twice daily tofacitinib group and 
29.9% in the vehicle-controlled group after four weeks of 
treatment.41 Furthermore, improvements in pruritus were 
achieved within as little as two days of treatment,41 suggest-
ing that tofacitinib may be appealing therapeutic options for 
patients with debilitating or severe pruritus.

Efficacy of Oral JAK Inhibitors for 
Treatment of AD
Abrocitinib
Abrocitinib is a JAK1 inhibitor.42,43 A phase II rando-
mized, double-blind, placebo-controlled trial assessed the 
safety and the efficacy of abrocitinib in AD patients via 
improvement in IGA scores, with a focus on the propor-
tion of patients achieving IGA scores of 0 or 1 (clear or 
almost clear skin).44 IGA scores of 0 or 1 were achieved 
by 43.8% of patients in the 200 mg abrocitinib group and 
by 5.8% in the placebo group at the end of 12 weeks of 
treatment (p<0.001).42 Two phase III randomized, double- 
blind, placebo-controlled trials, JADE MONO-1 and 
JADE MONO-2, assessed co-primary efficacy endpoints 
of the percentage of patients achieving an improvement of 
75% in the EASI scores (EASI-75) and IGA scores of 0 or 
1 at the end of 12 weeks of treatment. Per preliminary 
results from the JADE MONO-1 study, EASI-75 was 
achieved by 62.7% of patients in the 200 mg abrocitinib 
group, 39.7% of patients in the 100 mg abrocitinib group, 
and 11.8% of patients in the placebo group after 12 weeks 
of treatment.45 IGA scores of 0 or 1 were achieved by 
43.8% of patients in the 200 mg abrocitinib group, 23.7% 
of patients in the 100 mg abrocitinib group, and 7.9% of 
patients in the placebo group after 12 weeks of treatment. 
Analysis of statistical significance has not yet been 
released for this data.45 Preliminary data from the JADE 
MONO-2 trial reported achievement of EASI-75 in 61% 
of patients in the 200 mg abrocitinib group (p<0.001), 
44.5% in the 100 mg abrocitinib group (p<0.001), and 
10.4% in the placebo group at 12 weeks.46 IGA scores of 
0 or 1 were achieved by 38.1% of patients in the 200 mg 
abrocitinib group (p<0.001), 28.4% in the 100 mg abroci-
tinib group (p<0.001), and 9.1% in the placebo group at 12 
weeks.46 The results of these trials suggest the most effi-
cacious dosing for abrocitinib is either 100 mg or 200 mg 
oral tablets once daily.42,45,47

Baricitinib
Baricitinib is a potent JAK1 and JAK2 inhibitor with 
additional minimal inhibition of JAK3 and TYK2.48,49 

A phase II randomized, double-blind, placebo-controlled 
trial assessing the safety and efficacy of baricitinib 
reported achievement of EASI-50 after 16 weeks of treat-
ment in 61% (p=0.027) of patients receiving 4 mg barici-
tinib plus topical corticosteroid compared to 37% of the 
patients receiving placebo plus topical corticosteroid.48 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                         

ImmunoTargets and Therapy 2020:9 262

Singh et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Two phase III randomized, double-blind, placebo- 
controlled trials, BREEZE-AD1 and BREEZE-AD2, 
assessed the efficacy and safety of baricitinib per propor-
tion of patients achieving IGA scores of 0 or 1 at the end 
of 16 weeks of treatment.50 In BREEZE-AD1, an IGA 
score of 0 or 1 was achieved by 16.8% of the patients in 
the 4 mg baricitinib group (p<0.001) and 4.8% of the 
patients in the placebo group after 16 weeks of 
treatment.50 In BREEZE-AD2, an IGA score of 0 or 1 
was achieved by 13.8% of the patients in the 4 mg bar-
icitinib group (p<0.001) and 4.5% of the patients in the 
placebo group after 16 weeks of treatment.50 Preliminary 
data were recently released for the BREEZE-AD4 trial, 
a multicenter, randomized, double-blind, placebo- 
controlled phase III trial that assessed the efficacy and 
safety of baricitinib in combination with topical corticos-
teroids in patients with moderate-to-severe AD and contra-
indications to or failure of therapy with CIs.51 The primary 
efficacy endpoint of proportion of patients achieving 
EASI-75 after 16 weeks of treatment was 27.6% of 
patients (p>0.05) in the 2 mg baricitinib plus corticosteroid 
group, 31.5% (p<0.05) in the 4 mg baricitinib plus corti-
costeroid group, and 17.2% in the placebo plus corticos-
teroid group.51

Gusacitinib
Gusacitinib (ASN002) is a JAK1, JAK2, JAK3, TYK2, 
and SYK inhibitor.28,52 In a phase Ib randomized, double- 
blind, placebo-controlled trial assessing the safety and 
efficacy of gusacitinib, baseline EASI scores improved 
by 17.5% in the 40 mg once daily ASN002 group 
(p=0.02), 16.5% in the 80 mg once daily ASN002 group 
(p=0.17), and 7.6% in the once-daily placebo group after 
four weeks of treatment.52

Upadacitinib
Upadacitinib maximizes inhibition of JAK1 and minimizes 
the inhibition of JAK2 and JAK3; this helps to prevent 
unwanted side effects associated with JAK2 inhibition 
such as anemia and thrombocytopenia.53 Upadacitinib is 
a promising therapy not only for AD but also for addi-
tional inflammatory diseases, with 37 clinical trials cur-
rently underway evaluating its use in various disorders. 
A phase IIb multicenter, randomized, double-blind, pla-
cebo-controlled, parallel-group phase trial assessing the 
safety and efficacy of upadacitinib reported an improve-
ment from baseline EASI scores of 62% in the upadaciti-
nib 15 mg group, 74% in the upadacitinib 30 mg group, 

and 23% in the placebo group at the end of 16 weeks of 
treatment (p<0.001).53

Other
Additional JAK inhibitors are in the early phases of clin-
ical trials for use in AD patients. Cerdulatinib (RVT-502) 
is both an SYK and JAK1, JAK3, and TYK2 inhibitor 
currently being investigated in a phase IIa clinical trial for 
use in AD; however, no data is currently available for 
review.23,54 The medication is also currently being inves-
tigated for its use in T-cell leukemia, B-cell malignancies, 
leukemia, and lymphoma.54,55 Momelotinib is an adeno-
sine triphosphate (ATP)-competitive JAK1 and JAK2 inhi-
bitor currently being tested in murine models as a topical 
medication for multiple skin disorders, including AD.56 

SNA-125 is a topical JAK3 and tropomyosin receptor 
kinase A inhibitor which mediates neurogenic inflamma-
tion and pruritus; it is being tested in a phase I/II proof of 
concept clinical trial for AD and no data is currently 
available for review.6 As JAK inhibitors are relatively 
new therapeutic options for AD, there is a general lack 
of substantial long-term data for both efficacy and safety 
of the drugs in adult populations and even less available 
data regarding their use in pediatric populations.

Safety/Adverse Events
While JAK inhibitors typically exhibit a tolerable safety 
profile, their use is associated with various adverse events. 
In the phase III JADE MONO trials, approximately 10% to 
20% of patients experienced adverse events (AEs), primar-
ily nausea, nasopharyngitis, and headaches (Table 3).45,46 

There were zero, two (herpangina and pneumonia), and one 
(eczema herpeticum and staphylococcal infection) serious 
AEs in the 200 mg, 100 mg, and placebo groups, respec-
tively, in the JADE MONO-2 trial.46 No malignant neo-
plasms or venous thromboembolisms were reported in any 
of the groups.46 In the phase III BREEZE trials for barici-
tinib, approximately 55% to 60% of patients in the barici-
tinib groups reported treatment-emergent (TE) AEs; the 
most commonly reported AEs included nasopharyngitis, 
upper respiratory infections (URIs), increases in creatinine 
phosphokinase (CPK), and headaches, which reported in 
less than 10% of patients in the baricitinib groups across 
both trials.50 There were no deaths, deep vein thromboses, 
pulmonary embolisms, or opportunistic infections in any of 
the groups in either trials.50

Pooled safety data from the phase III delgocitinib trials 
over 52 weeks reported either mild or moderate TEAEs in 
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Table 3 Adverse Events Associated with JAK Inhibitors

Trial Percent of Patients 
Reporting TEAEs

Frequency of 
Serious Adverse 
Events

Adverse Events Frequency of 
Adverse Events

Rate of 
Discontinuation

Topical

Delgocitinib Nakagawa 
et al.34 

Pediatric

41.7% 0% Nasopharyngitis 0.25% (17.6%) 
0.5% (20.6%) 
Vehicle (8.6%)

4.9%

Impetigo 0.25% (5.9%) 
0.5% (2.9%) 
Vehicle (8.6%)

Urticaria 0.25% (5.9%) 
0.5% (0%) 
Vehicle (0%)

Nakagawa 
et al.33 

Adult at the 
end of 4 weeks

18.4% 0% Nasopharyngitis 0.5% (5.7%) 
Placebo (3.8%)

2.5%

Kaposi 
varicelliform 
eruption

0.5% (1.9%) 
Placebo (0%)

Dental carries 0.5% (1.9%) 
Placebo (0%)

Ruxolitinib Kim et al.36 30.4% 0% Application site 
pain

0.1% Triamcinolone BID 
(0%) 
0.15% (2.0%) 
0.5% (0%) 
1.5% (3.9%) 
1.5 BID (2.0%) 
Vehicle (3.8%)

N/A

Nasopharyngitis 0.1% Triamcinolone BID 
(0%) 
0.15% (5.9%) 
0.5% (2.0%) 
1.5% (7.8%) 
1.5% BID (4.0%) 
Vehicle (7.7%)

TRuE-AD138 N/A N/A N/A N/A N/A

TRuE-AD238 N/A N/A N/A N/A N/A

Tofacitinib Bissonnette 
et al.41

43.5% 0% Infections (mostly 
nasopharyngitis)

2% (8.7%) 
Vehicle (4.3%)

5.8%

CPK increase 2% (0%) 
Vehicle (4.3%)

Contact dermatitis 2% (0%) 
Vehicle (4.3%)

Headache 2% (1.4%) 
Vehicle (2.9%)

(Continued)
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Table 3 (Continued). 

Trial Percent of Patients 
Reporting TEAEs

Frequency of 
Serious Adverse 
Events

Adverse Events Frequency of 
Adverse Events

Rate of 
Discontinuation

Oral

Abrocitinib Gooderham, 
et al.42

68.9% 3.4% Gastrointestinal 
disorders

10 mg (8.2%) 
30 mg (9.8%) 
100 mg (10.7%) 
200 mg (21.8%) 
Placebo (7.1%)

41.2%

Diarrhea 10 mg (6.1%) 
30 mg (2.0%) 
100 mg (1.8%) 
200 mg (9.1%) 
Placebo (1.8%)

Nausea 10 mg (6.1%) 
30 mg (5.9%) 
100 mg (1.8%) 
200 mg (14.5%) 
Placebo (1.8%)

Infections and 
infestations

10 mg (46.9%) 
30 mg (37.3%) 
100 mg (42.9%) 
200 mg (41.8%) 
Placebo (23.2%)

JADE MONO- 
145

N/A 3.0% Short-lasting 
nausea

100 mg (9.0%) 
200 mg (20.9%) 
Placebo (N/A)

6.5%

Headaches 100 mg (7.7%) 
200 mg (9.7%) 
Placebo (N/A)

Nasopharyngitis 100 mg (14.7%) 
200 mg (11.7%) 
Placebo (N/A)

Silverberg 
et al.46 

JADE MONO- 
2

62.1% 2.1% Nausea 100 mg (7.6%) 
200 mg (14.2%) 
Placebo (2.6%)

15.6%

Nasopharyngitis 100 mg (12.7%) 
200 mg (7.7%) 
Placebo (6.4%)

Headache 100 mg (5.7%) 
200 mg (7.7%) 
Placebo (2.6%)

Thrombocytopenia 100 mg (0%) 
200 mg (3.2%) 
Placebo (0%)

(Continued)
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Table 3 (Continued). 

Trial Percent of Patients 
Reporting TEAEs

Frequency of 
Serious Adverse 
Events

Adverse Events Frequency of 
Adverse Events

Rate of 
Discontinuation

Baricitinib Guttman- 
Yassky et al.48

54.8% 0.8% Headaches 2 mg + TCS (5%) 
4 mg + TCS (13%) 
Placebo (0%)

31.45%

CPK increase 2 mg + TCS (3%) 
4 mg + TCS (13%) 
Placebo (0%)

Nasopharyngitis 2 mg + TCS (3%) 
4 mg + TCS (8%) 
Placebo (2%)

Simpson 
et al.50 

BREEZE-AD1

55.8% 2.7% Nasopharyngitis 1 mg (17.3%) 
2 mg (9.8%) 
4 mg (9.6%) 
Placebo (10.4%)

7.9%

URIs 1 mg (0.8%) 
2 mg (2.4%) 
4 mg (3.2%) 
Placebo (2.4%)

CPK increase 1 mg (0.8%) 
2 mg (0.8%) 
4 mg (3.2%) 
Placebo (0.8%)

Headaches 1 mg (5.5%) 
2 mg (11.4%) 
4 mg (8.0%) 
Placebo (6.4%)

Simpson 
et al.50 

BREEZE-AD2

55.4% 3.8% Nasopharyngitis 1 mg (10.5%) 
2 mg (13.0%) 
4 mg (8.1%) 
Placebo (12.3%)

7.3%

URIs 1 mg (4.8%) 
2 mg (4.1%) 
4 mg (3.3%) 
Placebo (2.0%)

CPK increase 1 mg (3.2%) 
2 mg (0.8%) 
4 mg (5.7%) 
Placebo (0.4%)

Headaches 1 mg (4.8%) 
2 mg (7.3%) 
4 mg (8.9%) 
Placebo (2.0%)

BREEZE- 
AD451

N/A N/A Nasopharyngitis N/A N/A

Headache N/A

Influenza N/A

(Continued)
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69% of patients, while one individual had a severe, non- 
treatment-related TEAE.31 Approximately 25%, 5%, and 
4% of patients experiences nasopharyngitis, contact derma-
titis, and acne, respectively.31 The most common reasons 

for treatment discontinuations due to AEs were contact 
dermatitis and application-site irritation.31 Although this 
medication is effective in both children and adult Japanese 
patients, the impact and efficacy of delgocitinib in 

Table 3 (Continued). 

Trial Percent of Patients 
Reporting TEAEs

Frequency of 
Serious Adverse 
Events

Adverse Events Frequency of 
Adverse Events

Rate of 
Discontinuation

Gusacitinib 
(ASN002)

Bissonnette 
et al52

N/A 2.8% Headache 20 mg (11%) 
40 mg (44%) 
80 mg (22%) 
Placebo (33%)

N/A

Nausea 20 mg (0%) 
40 mg (11%) 
80 mg (44%) 
Placebo (22%)

Nasopharyngitis 20 mg (22%) 
40 mg (11%) 
80 mg (0%) 
Placebo (11%)

Diarrhea 20 mg (0%) 
40 mg (11%) 
80 mg (22%) 
Placebo (11%)

Back pain 20 mg (0%) 
40 mg (22%) 
80 mg (0%) 
Placebo (0%)

Upadacitinib Guttman- 
Yassky, et al.53

72.9% 2.4% URI 7.5 mg (17%) 
15 mg (12%) 
30 mg (12%) 
Placebo (10%)

24%

Worsening AD 7.5 mg (14%) 
15 mg (4.8%) 
30 mg (9.5%) 
Placebo (5%)

Acne 7.5 mg (9.5%) 
15 mg (4.8%) 
30 mg (14%) 
Placebo (2.5%)

Headache 7.5 mg (7.1%) 
15 mg (7.1%) 
30 mg (9.5%) 
Placebo (2.5%)

Neutropenia 7.5 mg (2.4%) 
15 mg (4.8%) 
30 mg (4.8%) 
Placebo (0%)

Abbreviations: AD, atopic dermatitis; BID, twice daily; CPK, creatinine phosphokinase; mg, milligram; N/A, not available; TCS, topical corticosteroid; TEAE, treatment 
emergent adverse event; URI, upper respiratory infection.
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individuals of other ethnicities and skin types is not well 
established. There are on-going phase II trials in Denmark, 
Germany, and the United States investigating the efficacy 
and safety of delgocitinib in moderate-to-severe 
hand AD.31,33,34 In a phase Ib trial of gusacitinib, the most 
commonly experienced TEAEs related to gusacitinib 
included headaches, nausea, diarrhea, nasopharyngitis, 
and back pain.52 Treatment discontinuation due to AEs in 
patients receiving gusacitinib were primarily due to mild 
hypertension and low lymphocyte levels.52

The most common AEs reported from the phase II 
ruxolitinib trial included nasopharyngitis and pain at the 
site of application.37 Approximately 30% of patients 
from the phase III TRuE-AD1 and TRuE-AD2 trials 
reported TEAEs; incidences were comparable among 
the patients receiving different doses of ruxolitinib and 
the vehicle control in both studies over eight weeks.57 

Serious AEs were reported by less than one percent of 
patients in each group.57 A 44-week extension period 
for the TRuE-AD trials is currently ongoing to examine 
longer-term efficacy and safety.57 In a phase II trial of 
tofacitinib, 31% of patients in the 2% tofacitinib group 
and 56% of patients in the vehicle group experienced 
TEAEs.41 The most common TEAEs in patients receiv-
ing tofacitinib were infections, specifically 
nasopharyngitis.41 Other common TEAEs included 
increases in CPK, contact dermatitis, and headaches.41 

There were no deaths, reactivation of herpes infections, 
malignancies, or opportunistic infections reported.41 In 
a phase IIb trial for upadacitinib, approximately 40–50% 
of patients receiving upadacitinib reported mild-to- 
moderate infections.53 The most commonly reported 
AEs included URIs, worsening AD, and mild-to- 
moderate acne. Neutropenia was among the more ser-
ious AEs reported in patients receiving upadacitinib; 
there were no deaths, malignancies, opportunistic or 
tuberculosis infections, gastrointestinal perforations, car-
diovascular, or thromboembolic events reported in the 
trial.53

Discussion
JAK inhibitors demonstrate considerable efficacy for the 
treatment of AD, both alone and in combination with 
topical corticosteroids. After just four weeks of treat-
ment, the topical JAK inhibitor tofacitinib improved 
baseline EASI scores by approximately 80%.41 

Although not statistically significant, approximately 
10% more patients achieved IGA scores of 0 or 1 after 

four weeks of treatment with 1.5% daily ruxolitinib 
cream compared to triamcinolone cream.37 While topical 
JAK inhibitors are efficacious therapeutic agents for the 
treatment of AD, the current first-line therapies (topical 
corticosteroids and CIs) are highly efficacious, making it 
unlikely that topical JAK inhibitors will become first- 
line therapeutic alternatives. If patients fail treatment 
with multiple first-line topical agents, it is possible that 
insurance will cover the use of topical JAK inhibitors; 
however, poor adherence is often a primary cause of 
medication failure, and it is unlikely that patients who 
failed all other topical therapies will achieve disease 
stability with use of a topical JAK inhibitor. Topical 
JAK inhibitors can be a beneficial alternative for 
patients with corticosteroid phobia, although insurance 
coverage may pose challenges.

Oral JAK inhibitors are also efficacious for 
treating AD and may be an appropriate therapy for 
patients with moderate-to-severe disease. After four 
months of treatment, baseline EASI scores improved 
by approximately 75% with the use of upadacitinib.53 

Addition of the JAK inhibitor, baricitinib, to a topical 
corticosteroid may increase efficacy via the proportion 
of patients achieving EASI-50 by nearly 25% and pro-
portion of patients achieving EASI-75 by nearly 15% 
versus topical corticosteroids alone.48 Trials directly 
comparing corticosteroids and CIs with JAK inhibitors 
are scarce for many of the therapeutic options currently 
being studied. However, the preliminary data from the 
ruxolitinib and baricitinib studies comparing the efficacy 
of JAK inhibitors to one of the current standards of 
therapy, topical corticosteroids, is promising.

The most current data from clinical trials on JAK 
inhibitor use in AD suggest that headaches, nausea, and 
mild-to-moderate infections, most commonly nasophar-
yngitis, are the most commonly reported AEs; these 
effects may be experienced by a sizeable proportion of 
patients. Although the overall incidence of serious AEs 
with the use of oral JAK inhibitors for AD treatment is 
low, data from studies evaluating use of JAK inhibitors 
for other dermatologic conditions suggest a potentially 
slightly increased risk of more serious AEs including 
reactivation of herpes zoster, thromboembolic events, 
cardiovascular events, and hematological events.6 

Additionally, studies assessing JAK inhibitors as treat-
ments for patients with rheumatoid arthritis also disclose 
an increased risk of thromboembolic events with the use 
of ruxolitinib, tofacitinib, and baricitinib.58 Thus, JAK 
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inhibitor use may potentially be contraindicated in 
patients at an increased risk for thromboembolic disease, 
although these results have not been observed in trials 
assessing use of JAK inhibitors for AD. In addition to 
thromboembolisms, thrombocytopenia, anemia, and neu-
tropenia are theoretical risks with JAK2 inhibition, as 
JAK2 is implicated in the pathways for erythropoiesis, 
myelopoiesis, and platelet activation.6 AEs of this nature 
occurred in a small proportion of patients receiving 
upadacitinib and tofacitinib in two of the above-listed 
studies.52,53 Although upadacitinib is a JAK1 selective 
inhibitor, research suggests JAK2 is dependent on JAK1 
for transphosphorylation and activation; the intertwined 
pathways of JAKs could explain why neutropenia is 
reported as an AE for upadacitinib.59 The often younger 
and relatively healthier patient populations in AD are 
likely less susceptible to the more severe AEs observed 
with use of JAK inhibitors compared to elderly indivi-
duals or individuals predisposed to autoimmune condi-
tions such as psoriasis or rheumatoid arthritis, 
potentially explaining why severe AEs are uncommon 
or unobserved in AD trials.6

Corticosteroids and CIs are often the first-line thera-
peutic agents for AD with moderate safety profiles. In 
a 2018 systemic review of oral corticosteroids in AD, the 
most commonly reported AEs were rebound AD flare-ups 
upon drug discontinuation in 81% of prednisone-treated 
patients.60 Adrenal insufficiency or suppression, opportu-
nistic infections, and immunosuppression are other 
reported severe AEs more commonly associated with 
long-term use of systemic corticosteroids (> one year);60 

these AEs have not been observed with JAK inhibitor use 
in AD patients. Low rates of skin infections may occur in 
individuals using topical CIs (≤5–10%) and topical corti-
costeroids (≤2%); skin atrophy with topical corticosteroid 
use is a common cutaneous symptom reported as fre-
quently as 8% to 12% in some studies of low to medium 
potency corticosteroids.61 Various bacterial, viral, respira-
tory tract, and gastrointestinal infections are the most 
commonly reported systemic AEs in children treated 
with topical corticosteroids (17%) and CIs (20%); there 
is no increased risk of adrenal or immune suppression in 
children using these agents for treatment of AD when 
compared to the general population.61 The Food and 
Drug Administration (FDA) is unable to rule out the 
possibility of an increased risk of lymphoma with use of 
topical CIs; however, recent data suggest the use of topical 
tacrolimus in AD does not increase the risk of cancer.61,62 

Mild-to-moderate infections, namely nasopharyngitis and 
URIs, are AEs common to use of JAK inhibitors, topical 
corticosteroids, and topical CIs. However, skin atrophy 
and cutaneous infections, common AE manifestations of 
topical corticosteroids or CIs, are not commonly seen with 
JAK inhibitor use. As there is limited long-term safety 
data currently available for JAK inhibitors, it is unknown 
if cutaneous infections could be a long-term AE of JAK 
inhibitors.6,32–34,41,42,49,50,52,53,60,63

While efficacy and safety profiles are important con-
siderations when selecting a therapy, cost and convenience 
may also impact patient preference. JAK inhibitors have 
a lower production cost compared to monoclonal antibo-
dies, and a higher production cost compared to 
corticosteroids.29,64,65 JAK inhibitors may be administered 
orally or topically, allowing for convenient routes of 
administration.6 As the testing of JAK inhibitors as thera-
pies for AD continues, it will be important for longer-term 
trials to achieve a better understanding of any time-related 
AE and efficacy concerns, as this information is currently 
largely unavailable given the recent development of many 
of these agents.

Limitations of this study include the lack of estab-
lishment of an a priori research protocol prior to per-
forming a literature search, as well as the use of only 
one MEDLINE indexed electronic database for systema-
tic searches and one author for article selection and data 
extraction. Such limitations may affect the internal 
validity of this review article. Additionally, this review 
is limited in its ability to determine the long-term safety 
and efficacy of JAK inhibitors compared to many of the 
first-line medications for AD. As additional data 
emerge, the role of JAK inhibitors in AD compared to 
the current standard of care may be more clearly 
defined. In the present, JAK inhibitors have 
a moderate short-term safety profile and a comparable 
efficacy to current first-line AD therapies.

Conclusion
The increasing use of JAK inhibitors in adults and children 
with moderate-to-severe AD can provide an efficacious ther-
apeutic option when used alone or in conjunction with topical 
corticosteroids, although these agents are unlikely to become 
first-line therapies given the currently available therapeutic 
options for patients with AD. Current evidence suggests JAK 
inhibitors may also lack association with some of the more 
serious AEs associated with corticosteroids and CIs which 
are the current first-line treatments for moderate-to-severe 
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AD, although there is potential for increased risk of throm-
boembolism, neutropenia, and lymphocytopenia. For 
patients with AD who have failed or had an inadequate 
response to therapy with corticosteroids or CIs, or with 
corticosteroid phobia, JAK inhibitors may be an appropriate 
consideration for symptomatic and long-term relief. The use 
of JAK inhibitors in the treatment of AD is still largely 
experimental, as the drugs mentioned in this article are cur-
rently not FDA-approved for use in AD. With the continued 
advancement of clinical trials, we anticipate that JAK inhi-
bitors will be beneficial additions to the armamentarium of 
therapeutic options available for the treatment of moderate-to 
-severe AD.
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