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Background. Te pathogenesis of atopic dermatitis (AD) is associated with proinfammatory cytokines and the JAK/STAT
signaling pathway. Upadacitinib, an approved oral JAK1 inhibitor, has been investigated in some clinical trials and observational
studies of AD. However, the efcacy and safety profle of upadacitinib for AD is still unclear, as few previous meta-analyses
evaluated upadacitinib alone. Purpose. To assess the beneft and risk profle of upadacitinib for patients with AD based on evidence
from current clinical trials and observational studies. Methods. Te study was performed according to PRISMA guidelines.
Efcacy outcomes included the proportion of AD patients achieving 50%, 75%, 90%, and 100% improvement in Eczema Area and
Severity Index (EASI 50, 75, 90, and 100) and clear or almost clear in Investigator Global Assessment (IGA 0/1) following
upadacitinib treatment. Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) was used for quality assessment,
and ComprehensiveMeta-Analysis (CMA) was used to analyze the extracted data. Results.We enrolled 12 studies from 11 articles,
including 6 clinical trials and 6 observational studies. For efcacy, the overall pooled proportions of AD patients achieving EASI
50, EASI 75, EASI 90, and EASI 100 after upadacitinib therapy were 83.3%, 70.5%, 51.8%, and 25.0%, respectively. For safety, the
most frequently reported adverse events during upadacitinib treatment were acne (13.2%), and the overall pooled rate of serious
adverse events was acceptable (2.2%). Te pooled rate of upadacitinib discontinuation was 1.5%, with adverse events (2.2%) and
lack of efcacy (1.6%) as the major factors. Te subgroup analysis based on dosage regimen revealed that upadacitinib 30mg/
d conferred superior efcacy in treating AD but higher risks of acne than 15mg/d. Conclusions. Upadacitinib seems to be
a promising drug with mild adverse efects in the treatment of AD. More high-quality, large-scale controlled trials are needed for
further verifcation.

1. Introduction

Atopic dermatitis (AD) is a common, chronic, infammatory
cutaneous disease, afecting up to 20% of children and 1–3%
of adults globally [1, 2]. Tough AD is normally non-fatal,
the physical signs and cutaneous symptoms including
pruritus and pain of AD can largely impair patients’ physical
andmental health and eventually have a profound impact on
the quality of life (QoL) of the patients, their caregivers, and
their family members [3, 4]. Additionally, AD has proven to
be associated with multiple extracutaneous disorders, such

as atopic comorbidities, anxiety and depression, infections,
and cardiovascular diseases [5]. Tus, the efective treatment
and management of AD are challenging but crucially im-
portant for patients. In recent years, with the in-depth ex-
ploration of the pathogenic mechanism of AD, various
biologics and molecular targeted drugs have been developed
and used, providing novel therapeutic alternatives for
moderate-to-severe AD. Dupilumab, a monoclonal antibody
against the shared interleukin-4 (IL-4) receptor subunit α of
IL-4 and IL-13 receptors, is the frst approved biologic to
treat moderate-to-severe AD [6, 7]. Although many patients
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with AD beneft from dupilumab therapy, there remain
unmet needs arising from dupilumab-associated conjunc-
tivitis, facial redness, and certain population of non-
responders [8]. Janus kinase (JAK) inhibitors emerge as
a potentially promising alternative, with superior efcacy
compared to dupilumab in clinical trials [9–11] and suc-
cessful treatment outcomes in real-world studies for
dupilumab-resistant AD patients [12, 13].

Te pathogenesis of AD is driven by numerous proin-
fammatory cytokines, including IL-4, IL-13, IL-31,
interferon-c (IFN-c), and thymic stromal lymphopoietin
(TSLP), which interact with their corresponding receptors
and initiate the subsequent JAK/signal transducer and ac-
tivator of transcription (STAT) signaling pathway [14, 15].
Te JAK/STAT pathway is marked by regulation of the
immune system, encompassing aspects such as cell pro-
liferation, survival, infammation, and immune tolerance
[16]. Upadacitinib is a highly selective JAK1 inhibitor that
can suppress the related cytokine-mediated signaling
pathways [17], and its efcacy and safety have been explored
in a series of investigations, including clinical trials
[9, 18–22] and observational studies [12, 23–29]. However,
few meta-analyses exclusively integrated the current data on
the efcacy and safety of upadacitinib for AD, and the beneft
and risk profle of upadacitinib remains unclear. We
therefore performed this systematic review and meta-
analysis of available evidence from clinical trials as well as
observational studies to quantify the benefts and risks of
upadacitinib in treating AD and to have a more compre-
hensive assessment of this drug.

2. Methods

Tis systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines [30]. We
registered the protocol of our study at PROSPERO, no.
CRD42022361857.

2.1. Literature Search. Two independent reviewers searched
PubMed, Embase, and the Cochrane Library databases from
their inception to 13th September 2022 for eligible literature
with language restricted to English. Keywords upadacitinib
and atopic dermatitis, upadacitinib and real-world, and
upadacitinib and observationalwere used as the search terms
to identify potentially relevant studies.Te investigators read
the titles and abstracts of the retrieved articles for screening
and further assessed the screened articles by reading their
full text.

2.2. Selection Criteria. Studies were considered eligible for
inclusion if they met the following criteria: (1) studies that
enrolled patients with AD; (2) studies in which patients used
upadacitinib for monotherapy or concomitant therapy; (3)
studies that recorded efcacy outcomes including Eczema
Area and Severity Index (EASI) or Investigator Global
Assessment (IGA) scores or safety outcomes including the

incidence of adverse events with corresponding time points;
and (4) studies of clinical trials or observational studies
including the retrospective study, prospective study, and
case series with more than three patients. Exclusion criteria
were as follows: (1) studies that did not report efcacy
outcomes or safety outcomes with corresponding time
points; (2) studies of case series with less than four people,
and studies without complete original data, such as edito-
rials, comments, reviews, protocols, and conference pre-
sentations; and (3) studies of publications from the same
study group.

2.3. Data Extraction. Two reviewers accomplished the
process of data extraction separately after screening the full
text of the selected literature. Data extracted from the eligible
studies included (1) study characteristics: study name, study
type, number of patients, follow duration, treatment regi-
men, outcome parameters for efcacy, and study region; (2)
patient characteristics: dosage regimen, disease duration,
age, sex ratio, BMI, concomitant treatment, discontinuation
of drug, and reasons for discontinuation; (3) data on efcacy
outcomes: the number or proportion of patients achieving
50%, 75%, 90%, and 100% improvement in Eczema Area and
Severity Index (EASI 50, 75, 90, and 100) and clear or almost
clear in Investigator Global Assessment (IGA 0/1) at dif-
ferent time points; and (4) data on safety outcomes: the
number of any/serious adverse events, specifc types, and the
respective number of the detailed adverse events. For studies
that incorporated multiple groups with diferent dosage
regimens, we only extracted the data from the groups that
received upadacitinib 15mg/d or 30mg/d. For data that only
existed in fgures, Engauge Digitizer 11.1 software was ap-
plied for the extraction of data.

2.4. Quality Assessment. Te risk of bias in the eligible
studies was assessed using the Risk of Bias in Non-
randomized Studies of Interventions (ROBINS-I). As an
emerging tool for quality assessment, ROBINS-I can eval-
uate the risk of bias from seven domains, including con-
founding, selection of participants, classifcation of
interventions, deviations from intended interventions,
missing data, outcomemeasurement, and selective reporting
[31]. For the selected studies, the overall risk of bias was
rated as low, moderate, or serious based on each domain by
two independent investigators. Any discrepancy was re-
solved by a senior investigator.

2.5. Statistical Analysis. Te Comprehensive Meta-Analysis
(CMA) software 3.4.0 (Biostat, Englewood, NJ) was used to
analyze extracted data for meta-analysis. Proportions of
patients achieving EASI 50, 75, 90, and 100 and IGA 0/1
across eligible studies were meta-analyzed for efcacy, while
the incidence of adverse events was meta-analyzed for safety
assessment. Te heterogeneity was quantifed with the Q test
and the calculation of I2: P> 0.10 or I2< 50% was considered
an indication of low heterogeneity. Te fxed-efect model
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was used to calculate the pooled rates of outcome parameters
with 95% confdence intervals when the heterogeneity was
low, and the random-efect model was used when the
heterogeneity was substantial. Based on the dosage regimen
(15mg/d or 30mg/d), we performed the subgroup analysis
to investigate the subgroup diferences and the potential
sources of heterogeneity. Te P value was 2-tailed, with an
alpha level of 0.05 regarded statistically signifcant.

3. Results

3.1. Study Selection, Characteristics, and Quality Assessment.
Trough the initial literature search, we yielded 103 articles
after removing duplicates. Based on the screening of titles and
abstracts, 38 articles were subsequently reviewed in full text for
eligibility, and 27 articles were excluded according to inclusion
and exclusion criteria. Ultimately, 11 articles including 6
clinical trials (two were from the same publication) and 6
observational studies were selected for the fnal quantitative
synthesis. Figure 1 displays the fow of literature selection, and
Tables 1 and 2 summarize the characteristics of the eligible
studies and patients. Published as full text between 2020 and
2022, the selected studies were conducted in various regions
including the Asian-Pacifc, European, North and South
American, Middle East, and Oceanian areas. Te studies were
composed of one Phase II study, fve Phase III studies, one
prospective study, and fve retrospective studies. Except for one
retrospective study using vIGA-AD for the efcacy outcome
[26], all the remaining studies reported EASI scores as the
outcome parameter for efcacy. Te included studies mostly
recorded the rates of detailed adverse events and discontinu-
ation of drug during upadacitinib treatment apart from two
retrospective studies [27, 28]. Among the eligible studies, 2
studies were with the 15mg dosage regimen of upadacitinib, 3
studies were with the 30mg dosage regimen, 5 studies followed
either the 15mg or 30mg dosage regimen in diferent groups,
and 2 studies did not unify the upadacitinib dosage in the same
cohort. Te follow-up duration of studies ranged from 8 to
24weeks, and all of the studies provided data of EASI or IGA
with corresponding time points.

Overall, 9 articles were at a moderate risk of bias and 2
showed a serious risk of bias in accordance with the
ROBINS-I tool. Te detailed assessment results of the risk of
bias in each domain are summarized in Table 3.

3.2. Efcacy Outcomes. Te efcacy outcome of EASI scores
could be assessed in 11 included studies including 6 clinical
trials and 5 observational studies. We divided 6 clinical trials
into 11 individual groups according to diferent dosage
regimens and study designs.Te overall pooled rates of EASI
50, EASI 75, EASI 90, and EASI 100 responses were 83.3%
(95% CI: 76.7%–88.3%), 70.5% (66.3%–74.4%), 51.8%
(45.8%–57.7%), and 25.0% (20.5%–30.0%), respectively,
with the random-efect model (Figure 2). Calculated from 5
clinical trials and 3 observational studies, the overall pooled
rate of IGA 0/1 response was 48.0% (42.2%–53.8%) with the
random-efect model, which is presented in Supplementary
Figure S1.Te proportions of patients achieving EASI 50 and

EASI 100 across the observational studies were signifcantly
higher than the clinical trials (98.9% vs. 82.4%, P � 0.042;
69.8% vs. 19.1%, P< 0.01), which implied a superior per-
formance of upadacitinib in real-life use than in rigorous
clinical trials.

3.3. Safety Outcomes. Te detailed adverse events during
upadacitinib treatment in each study are summarized in
Supplementary Table S1. We analyzed the treatment-
emergent adverse events (TEAE) in ≥5% of patients in ei-
ther treatment group from the included clinical trials and
found an overall pooled rate of 7.5% (6.9%–8.2%). Acne was
the most frequent adverse event (13.2%, 11.1%–15.7%),
followed by nasopharyngitis (9.5%, 7.6%–11.9%) and upper
respiratory tract infection (URTI) (8.3%, 6.7%–10.2%)
(Figure 3).

Safety analysis of any adverse events was based on 5
clinical trials and 3 observational studies, while analysis of
serious adverse events was based on 6 clinical trials and 1
observational study. Te overall pooled rate of any adverse
events among 8 studies was 62.8% (57.6%–67.7%), and the
pooled rate of serious adverse events across 7 eligible trials
was 2.2% (1.7%–2.9%) (Supplementary Figure S2).

3.4. Discontinuation of Drug. Te rates of upadacitinib
discontinuation were investigated in 10 studies including 6
clinical trials and 4 observational studies (Figure 4). Te

Records identified through
databases searching (n=115)

Records after duplicates
removed (n=103)

Records screened (n=103)

Full-text articles assessed
for eligibility (n=38)

Articles included for quantitative
synthesis/meta-analysis (n=11)

Clinical trials (n=6)*
Observational studies (n=6)

Records excluded
irrelevant (n=65)

27 full-text articles excluded,
with reasons:

(1) reviews (n=13)
(2) not satisfying the

inclusion criteria (n=14)

Additional articles satisfying
inclusion criteria through

references from
selected publications

(n=0)

*Two of the included clinical trials were reported in the same article/publication.

Figure 1: Flow diagram of the search and screening of the
literature.
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CT Guttman-Yassky 2020 (Group 2) 15 mg 16 0.714 0.561 0.830 30/42

Guttman-Yassky 2020 (Group 3) 30 mg 16 0.833 0.690 0.918 35/42

Katoh 2022 (Group 1) 15 mg 16 0.846 0.757 0.907 77/91

Katoh 2022 (Group 2) 30 mg 16 0.868 0.782 0.924 79/91

0.824 0.755 0.877

OB Chiricozzi 2022 30 mg 16 0.989 0.843 0.999 43/43

0.989 0.843 0.999

Overall 0.833 0.767 0.883

-1.00 -0.50 0.00 0.50 1.00

Event rate and 95% CIStudy type Study name Weeks
Statistics for each study

Event
rate*

Lower
limit

Upper
limit Total

Regimen

Test for heterogeneity: I2=55.725%, P=0.060 ;The random-effect model was used for analysis.
Test for overall effect: Z=7.610 , P=0.000
*Estimate of rates of patients achiving EASI 50

(a)

Event rate and 95% CIStudy type Study name Weeks
Statistics for each study

Event
rate†

Lower
limit

Upper
limit Total

Regimen

CT Blauvelt 2021 30 mg 16 0.710 0.660 0.755 247/348
Measure Up 1 (Group 1) 15 mg 16 0.698 0.641 0.748 196/281
Measure Up 1 (Group 2) 30 mg 16 0.796 0.746 0.839 227/285
Measure Up 2 (Group 1) 15 mg 16 0.601 0.543 0.658 166/276
Measure Up 2 (Group 2) 30 mg 16 0.730 0.676 0.779 206/282

Reich 2021 (Group 1) 15 mg 16 0.647 0.591 0.699 194/300
Reich 2021 (Group 2) 30 mg 16 0.771 0.720 0.815 229/297

Guttman-Yassky 2020 (Group 2) 15 mg 16 0.524 0.375 0.668 22/42
Guttman-Yassky 2020 (Group 3) 30 mg 16 0.690 0.537 0.811 29/42

Katoh 2022 (Group 1) 15 mg 16 0.648 0.545 0.739 59/91
Katoh 2022 (Group 2) 30 mg 16 0.747 0.648 0.826 68/91

0.698 0.653 0.738
OB Hagino 2022 15 mg 12 0.677 0.497 0.817 21/31

Chiricozzi 2022 30 mg 16 0.977 0.853 0.997 42/43
Pereyra-Rodriguez 2022 15 or 30 mg 16 0.767 0.619 0.870 33/43

Napolitano 2022 30 mg 16 0.778 0.421 0.944 7/9
Dal Bello 2022 15 mg 4 0.955 0.552 0.997 10/10

0.822 0.662 0.916
Overall 0.705 0.663 0.744

-1.00 -0.50 0.00 0.50 1.00
Test for heterogeneity: I2=73.748%, P=0.000 ; The random-effect model was used for analysis.
Test for overall effect: Z=8.702 , P=0.000 
†Estimate of rates of patients achiving EASI 75

(b)

Event rate and 95% CIStudy type Study name Weeks
Statistics for each study

Event
rate‡

Lower
limit

Upper
limit Total

Regimen

-1.00 -0.50 0.00 0.50 1.00

CT Blauvelt 2021 30 mg 16 0.606 0.554 0.656 211/348
Measure Up 1 (Group 1) 15 mg 16 0.530 0.472 0.588 149/281
Measure Up 1 (Group 2) 30 mg 16 0.656 0.599 0.709 187/285
Measure Up 2 (Group 1) 15 mg 16 0.424 0.367 0.483 117/276
Measure Up 2 (Group 2) 30 mg 16 0.582 0.523 0.638 164/282

Reich 2021 (Group 1) 15 mg 16 0.427 0.372 0.483 128/300
Reich 2021 (Group 2) 30 mg 16 0.630 0.573 0.683 187/297

Guttman-Yassky 2020 (Group 2) 15 mg 16 0.262 0.151 0.414 11/42
Guttman-Yassky 2020 (Group 3) 30 mg 16 0.500 0.353 0.647 21/42

Katoh 2022 (Group 1) 15 mg 16 0.418 0.321 0.521 38/91
Katoh 2022 (Group 2) 30 mg 16 0.484 0.383 0.585 44/91

0.513 0.451 0.574
OB Hagino 2022 15 mg 12 0.419 0.261 0.596 13/31

Chiricozzi 2022 30 mg 16 0.814 0.670 0.904 35/43
Pereyra-Rodriguez 2022 15 or 30 mg 16 0.512 0.366 0.656 22/43

0.595 0.350 0.800
Overall 0.518 0.458 0.577

Test for heterogeneity: I2=86.234%, P=0.000; The random-effect model was used for analysis. 
Test for overall effect: Z=0.573 , P=0.566
‡Estimate of rates of patients achiving EASI 90

(c)

Event rate and 95% CIStudy type Study name Weeks
Statistics for each study

Lower
limit

Upper
limit Total

Regimen

-1.00 -0.50 0.00 0.50 1.00

CT Blauvelt 2021 30 mg 16 0.279 0.234 0.328 97/348
Measure Up 1 (Group 1) 15 mg 16 0.167 0.128 0.216 47/281
Measure Up 1 (Group 2) 30 mg 16 0.270 0.222 0.325 77/285
Measure Up 2 (Group 1) 15 mg 16 0.141 0.105 0.188 39/276
Measure Up 2 (Group 2) 30 mg 16 0.188 0.147 0.238 53/282

Reich 2021 (Group 1) 15 mg 16 0.117 0.085 0.158 35/300
Reich 2021 (Group 2) 30 mg 16 0.226 0.182 0.277 67/297

Guttman-Yassky 2020 (Group 2) 15 mg 16 0.095 0.036 0.228 4/42
Guttman-Yassky 2020 (Group 3) 30 mg 16 0.238 0.133 0.389 10/42

0.191 0.152 0.237
OB Chiricozzi 2022 30 mg 16 0.698 0.546 0.816 30/43

0.698 0.546 0.816
Overall 0.250 0.205 0.300

-1.00 -0.50 0.00 0.50 1.00

Test for heterogeneity: I2=89.812%, P=0.000; The random-effect model was used for analysis.

Estimate of rates of patients achiving EASI 100
Test for overall effect: Z=-8.538 , P=0.000

Event
rate

(d)

Figure 2: Pooled rates of patients achieving EASI 50, EASI 75, EASI 90, and EASI 100 following upadacitinib therapy: (a) pooled proportion
of patients achieving EASI 50; (b) pooled proportion of patients achieving EASI 75; (c) pooled proportion of patients achieving EASI 90;
(d) pooled proportion of patients achieving EASI 100.
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overall pooled proportion of upadacitinib discontinuation
was 1.5% (1.3%–1.8%) with the fxed-efect model.Temajor
factors leading to drug discontinuation were adverse events
(2.2%, 1.7%–2.9%), lack of efcacy (1.6%, 1.0%–2.5%), and
withdrawal of consent (1.6%, 1.2%–2.4%).

3.5. SubgroupAnalysis. To explore the presence of subgroup
diferences for the efcacy and safety outcome of upadaci-
tinib in treating AD, we carried out the subgroup analysis
based on the dosage regimen (15mg once daily or 30mg
once daily). Overall, the 30mg/d regimen groups presented
a superior performance in efcacy outcomes but with
a higher incidence of most adverse events than the 15mg/
d regimen groups. For efcacy, signifcant diferences in
EASI 75 (P< 0.001), EASI 90 (P< 0.001), EASI 100
(P< 0.001), and IGA 0/1 (P< 0.001) between the subgroups

were detected by dosage regimen. For safety, the test showed
a statistically signifcant subgroup efect for the incidence of
acne (P � 0.007) but detected no statistically signifcant
diference for the incidence of other common adverse events
such as nasopharyngitis (P � 0.906), URTI (P � 0.734), and
increased CPK (P � 0.325) between diferent dosage groups
(Table 4).

4. Discussion

4.1.PrincipalFindings. In this meta-analysis, 12 studies from
11 publications, including 6 clinical trials and 6 observa-
tional studies, were enrolled. Te overall proportion of AD
patients who achieved EASI 50, EASI 75, EASI 90, and EASI
100 after treatment with upadacitinib was 83.3%, 70.5%,
51.8%, and 25.0%, respectively. Additionally, the overall
pooled rate of IGA 0/1 response was 48.0% following

Event rate and 95% CIAdverse event*
Statistics for each study

Event
rate†

Lower
limit 

Upper
limit

-1.00 -0.50 0.00 0.50 1.00

Acne 0.132 0.111 0.157
AD worsening 0.032 0.019 0.051
Blood CPK increased 0.054 0.045 0.065
Headache 0.057 0.048 0.068
Nasopharyngitis 0.095 0.076 0.119
URTI 0.083 0.067 0.102
Overall 0.075 0.069 0.082

Test for heterogeneity: I2=79.443%, P=0.000 ; The random-effect model was used for analysis

†Estimate of rates of patients who experienced the corresponding adverse event
*Only the adverse events reported in more than 2 studies were analyzed in the meta-analysis
Test for overall effect: Z=-54.255 , P=0.000

Figure 3: Pooled rates of adverse events in clinical trials.

-1.00 -0.50 0.00 0.50 1.00

Reasons for discontinuation 

Adverse event 0.022 0.017 0.029
Lack of efficacy 0.016 0.010 0.025
Lost to follow-up 0.010 0.006 0.016
Other 0.010 0.006 0.017
Systemic rescue medication use 0.004 0.001 0.011
Withdrew consent 0.016 0.012 0.024
Overall 0.015 0.013 0.018

Test for heterogeneity: I2=23.277%, P=0.075 ;The fixed-effect model was used for analysis. 

Event rate and 95% CI
Statistics for each study

Event
rate*

Lower
limit 

Upper
limit

*Estimate of rates of patients who discontinued upadacitinib treatment for different reasons
Test for overall effect: Z=-46.836 , P=0.000

Figure 4: Pooled rates of discontinuation of drug during upadacitinib therapy.
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upadacitinib therapy. Te fndings on efcacy suggested that
upadacitinib served as a satisfactory treatment option for
patients with AD. With regard to safety, the most frequently
reported adverse events were acne, followed by nasophar-
yngitis and URTI. Te overall incidence of any adverse
events was 62.8%, and the pooled rate of serious adverse
events was 2.2%, signifying that the safety concerns re-
garding upadacitinib treatment were largely manageable.
Te pooled proportion of upadacitinib discontinuation was
low (1.5%), primarily due to adverse events, lack of efcacy,
and withdrawal of consent. Te subgroup analysis based on
dosage regimen revealed that the response rates of efcacy
parameters, including EASI 75, EASI 90, EASI 100, and IGA
0/1, were statistically higher in the 30mg/d groups com-
pared to the 15mg/d groups (P< 0.001), but the incidence of
acne was also found to be statistically higher across the 30mg
groups (P= 0.007). Tese fndings indicated that the higher
dose of upadacitinib conferred greater benefts in efcacy but
larger risks for adverse events.

4.2. Comparison with Other Studies. To the best of our
knowledge, only one network meta-analysis, which com-
prised of three 16-week clinical trials, has been conducted to
exclusively assess the efcacy and safety of upadacitinib in
AD [32]. Te present systematic review and meta-analysis
has advantages over previous research by incorporating both
clinical trials and observational studies, analyzing efcacy
and safety beyond 16weeks of treatment and the rate of drug
discontinuation, and conducting subgroup analysis based on
dosage regimen. Some of our fndings were in agreement
with the abovementioned meta-analysis: upadacitinib
30mg/d groups present better performance in efcacy pa-
rameters but with an elevated incidence of acne than the
15mg/d groups.

Acne was the most common adverse event during
upadacitinib treatment for patients with AD in our study,
with an incidence of 10.4% across 15mg/d groups and 15.5%
across 30mg/d groups. Tis fnding was consistent with the
result from a post hoc analysis, which revealed an incidence
of 9.8% in 15mg/d groups and 15.2% in 30mg/d groups
[33]. Our result was also similar to a recent case series, in
which 13.3% of the AD patients treated with JAK inhibitors

experienced acne [34]. It should be noted that the higher
incidence of acne after JAK inhibitor therapy is observed in
patients with AD rather than other infammatory diseases,
such as rheumatoid arthritis and psoriatic arthritis [35, 36],
which can be explained by an inference that the facial skin of
patients with AD and other infammatory diseases is fun-
damentally diferent [37]. Te younger average ages of
patients, more frequent skin examinations, and more often
use of systemic immunosuppressants and topical cortico-
steroid or topical calcineurin inhibitors in the atopic der-
matitis studies may also be the factors [22, 34].

4.3. Potential Underlying Mechanisms. AD is a condition
caused by type 2 immune responses [38]. Type 2 cytokines,
especially IL-4 and IL-13, play a key role in the pathogenesis
of AD by activating the JAK/STATpathway and driving the
increased T helper (T) 2 immunity [14, 39, 40]. Hence,
blocking the JAK/STAT pathway can efectively suppress
cytokine-mediated signaling pathways and inhibit the ab-
normal immune responses in AD [16]. Upadacitinib has
a higher selectivity for JAK1 compared to other JAK family
members [41]. Key cytokines that depend on JAK1 for signal
transduction include the cc family (i.e., IL-4), the gp130
family (i.e., IL-6), and the class II cytokine receptor family
(i.e., IFNα/β, IFN-c, and IL-10), all of which contribute to
the pathology of AD [42]. Te understanding of the
mechanism helps explain the satisfactory efcacy of upa-
dacitinib as a JAK1 selective inhibitor in AD treatment.
Additionally, the selective inhibition of JAK1 over JAK2 and
JAK3 results in a more favorable beneft-risk profle, par-
ticularly in reducing the incidence of hematological adverse
reactions [43].

Te underlying mechanism of upadacitinib-associated
acne in AD patients is unclear. One theory suggests that
immune inhibition by JAK1 inhibitors may lead to changes
in skin microbe colonization [37]. Another theory is that
T2 pathway inhibition leads to infammatory lesions from
an immune skew towards T1 or T17 [37]. However,
a recent study showed the activation of JAK signaling
pathway in acne lesions, conficting with the acne occurrence
after JAK1 inhibitor treatment [44]. As can be seen from
above, the existing hypotheses for the pathogenesis of

Table 4: Subgroup analysis based on diferent dosage regimens (15mg once daily or 30mg once daily).

Characteristics
15mg/d dosage group 30mg/d dosage group

P valueNumber of
groups Event rate (%) I2 P

Number of
groups Event rate (%) I2 P

EASI 50 2 79.1 (63.6–89.1) 67.654 0.079 3 87.6 (76.4–93.9) 46.365 0.155 0.266
EASI 75 7 64.3 (59.5–68.9) 46.872 0.080 8 75.3 (71.2–79.0) 53.785 0.034 <0.001
EASI 90 6 44.8 (41.7–47.9) 66.253 0.011 7 61.0 (58.3–63.5) 68.382 0.004 <0.001
EASI 100 4 14.0 (11.5–16.8) 20.397 0.288 6 29.0 (21.5–37.8) 88.189 0.000 <0.001
IGA 0/1 6 40.8 (36.5–45.2) 41.600 0.128 5 55.2 (49.8–60.4) 60.236 0.039 <0.001
Acne 6 10.4 (7.9–13.5) 42.362 0.123 7 15.5 (13.6–17.5) 2.491 0.406 0.007
Nasopharyngitis 5 9.4 (6.7–12.9) 57.441 0.052 6 9.6 (6.8–13.5) 73.332 0.002 0.906
URTI 4 7.9 (6.3–9.8) 0.000 0.569 5 8.8 (7.3–10.6) 70.095 0.010 0.734
Blood CPK increased 5 4.9 (3.7–6.6) 1.288 0.399 5 5.9 (4.7–7.4) 0.000 0.609 0.325
URTI, upper respiratory tract infection; CPK, creatine phosphokinase.

Dermatologic Terapy 11



upadacitinib-associated acne exhibit signifcant disparities,
thus necessitating further research for clarifcation. Naso-
pharyngitis and URTI are linked to upadacitinib’s mode of
action, as JAK1 inhibitors can hinder cytokine signaling and
cause infections [42]. Increased creatine phosphokinase
(CPK) is another noticeable adverse event, probably caused
by JAK inhibitors reversing infammation-associated in-
hibition of myoblast diferentiation, though the detailed
mechanism is ambiguous [45].

4.4. Limitations. Tis systematic review has limitations. Te
frst concern is the quality of the studies included, which were
rated as either moderate or serious risk of bias. In addition, to
gain a thorough comprehension of upadacitinib in both clinical
trials and routine practice, we incorporated both randomized
trials and observational studies without control groups, thus
limiting our ability to compare efcacy with placebo and
rendering the research a single-arm nature. Terefore, more
large-scale, high-quality controlled trials are needed. Secondly,
variations in study design, dosage regimen, duration covered,
data material, and quality among the included studies caused
heterogeneity in the meta-analysis, which we addressed with
the random-efect or fxed-efect model and subgroup analysis.
Finally, the majority of the included studies had a follow-up of
16–24weeks and few provided long-term efcacy and safety
evidence. It is expected that future updates will encompass
more studies with extended follow-up durations.

5. Conclusion

In conclusion, upadacitinib presents potential as a promis-
ing drug for AD with favorable efcacy and manageable
adverse efects. In comparison with upadacitinib 15mg/d,
upadacitinib 30mg/d conferred superior efcacy but also
a higher incidence of acne. Nevertheless, owing to the re-
strained quality and number of current studies, we need
more high-quality, large-size trials with diferent dosage
regimens, concomitant treatment, and follow-up durations
to further verify the benefts and risks of upadacitinib.
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