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Introduction: Recent studies have confirmed the possibility of using upadacitinib for treating atopic dermatitis
(AD). However, there is no meta-analysis to summarize and quantify the efficacy and safety of the drug, especially
for adolescents with AD.

Aim: To evaluate the overall efficacy and safety of upadacitinib in adults and adolescents with AD.

Material and methods: We developed this systematic review and meta-analysis according to PRISMA guidelines.
Risk-of-bias assessment tool, RoB2 (revised version 2019) was used for quality assessment.

Results: Four RCTs were enrolled in the analysis, 3 of which on both adults and adolescents, while the other on
adults only. For either adults or adolescents, the group treated with upadacitinib all had better performance than
controls: EASI-75 (adults): RR = 4.68, 95% Cl: 4.09, 5.35; NRS4 (adults): RR = 4.07, 95% Cl: 3.15, 5.25; EASI-75 (ado-
lescents): RR = 4.16, 95% Cl: 2.70, 6.42; NRS4 (adolescents): RR = 4.52, 95% Cl: 2.49, 8.21. Furthermore, upadacitinib
30 mg was more effective than 15 mg. For serious AEs, upper respiratory tract infection and headache, there was
no significant difference between the upadacitinib group and controls. However, the treatment of upadacitinib may
increase the risk of nasopharyngitis, increase blood creatine phosphokinase and cause acne.

Conclusions: Upadacitinib seems to be a promising drug for AD. More long-term and larger-sized randomized clinical

trials are required to further assess the safety and efficacy of upadacitinib for AD.
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Introduction

Atopic dermatitis (AD) is a common inflammatory
skin disease, which is characterized by recurrent eczema
and intense itching. It has a great impact on the mental
health of patients and accounts for the major burden of
global skin diseases. The aetiology of AD covers a multi-
tude of factors, like the impaired skin barrier function,
unbalanced immunity, genetic susceptibility and envi-
ronmental exposure. There is no cure for AD yet. Corti-
costeroids, as the main treatment for AD, is still limited
by adverse side effects, poor compliance and recurrence
after drug withdrawal [1].

Lately, the JAK-STAT pathway has been identified to
have a major role in the aetiology of AD. The clinical trials
have shown that upadacitinib, an oral JAK1-selective in-
hibitor, is effective and well tolerated for moderate-to-se-
vere AD [2]. Additionally, upadacitinib has been approved

by the European Drug Administration and the US Food
and Drug Administration for patients with moderate-to-
severe AD.

Although the drug shows great potential, there is no
meta-analysis to summarize and quantify the efficacy
and safety of the drug at present.

Aim
Therefore, this meta-analysis aims to evaluate the

overall efficacy and safety of the drug in adults and chil-
dren with AD.

Material and methods
Search strategy

The present study was performed according to PRISMA
guidelines [3]. Electronic searching was conducted using
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PubMed, Embase and the Cochrane Library between in-
ception date and January 2023. We combined the terms:
“atopic dermatitis” AND “upadacitinib” as either key
words or MeSH terms.

Selection criteria

Eligible studies for the meta-analysis included those
in which patients from randomized controlled trials
(RCTs) with AD were treated with upadacitinib and pla-
cebo therapy. The studies must be published in English.
Studies were excluded according to the title/abstract or
full text. Those studies without reported efficacy and
safety outcomes were excluded. Some abstracts, confer-
ence presentations, editorials, reviews and expert opin-
ions were also excluded.

Data extraction

Two researchers respectively extracted data from in-
cluded studies and settled the disagreements through
discussion. They carefully reviewed each study and col-
lected the following data: lead author, publication year,
the number of cases and controls, median age, sex ratio,
treatment regimen, background therapy, and treatment
duration. And certain efficacy and safety outcomes were
extracted as the endpoints.

For efficacy outcomes, the percentage of partici-
pants achieving at least a 75% reduction in Eczema Area
and Severity Index score (EASI 75) and a reduction of
>4 points in worst pruritus Numerical Rating Scale from
baseline (NRS4) at week 16 were recorded; for safety out-
comes, serious adverse events (AEs) and some common
AEs (including nasopharyngitis, upper respiratory tract
infection, blood creatine phosphokinase increase, head-
ache and acne) were recorded.

Assessment of risk of bias

The quality of the included studies was assessed
by two authors using the Cochrane collaboration’s
risk-of-bias tool. The items listed below were evalu-
ated and recorded: randomization process, deviations
from the intended interventions, missing outcome data,
measurement of the outcome, and selection of the re-
ported result. The risk of bias for each included study
was assessed at “low risk”, “some concern”, or “high
risk”. Sensitivity analysis was conducted to evaluate the
stability of the results. Regarding the small number of
included studies, we did not assess potential publica-
tion bias.

Statistical analysis

For RCTs, analyses were performed using Stata 17.0.
If the P value of Cochrane Q statistics was less than
0.05 or /? statistics was greater than 50%, it means
that the included studies had significant heterogene-
ity. Then, we chose the random effects meta-analysis
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model, otherwise we chose the fixed effect model. The
overall pooled RR with 95% Cl was presented as the pri-
mary result.

Results
Study selection

Overall, 338 records were identified through three
databases. After removing 45 duplicates, we excluded
205 records based on the title and abstract. The remaining
88 publications were screened for full text. After a thor-
ough review of these reports, 4 RCTs [4-6], recruiting
2,959 participants in total, were enrolled to this analysis
(Figure 1).

Study characteristics and risk-of-bias assessment

We found 4 studies comparing the clinical outcomes
between upadacitinib and placebo in moderate-to-severe
AD patients. Among 4 studies, 3 RCTs [4, 6] were phase
3 and 1 RCT [5] was phase 2. In the study by Emma et al.
[5], participants were randomized into 4 arms of upadaci-
tinib 30 mg, 15 mg, 7.5 mg, and placebo. The other three
studies [4, 6] were three-arm studies with upadacitinib
30 mg or 15 mg or placebo. Three studies [4, 6] recruited
adults and adolescents respectively, while the remain-
ing one [5] enrolled only adults. Ultimately, data were
extracted for the 15 mg and 30 mg dose of upadacitinib
and placebo in adolescents and adults, respectively. The
treatment duration of all studies was 16 weeks. Charac-
teristics of the enrolled studies were presented in Table 1.

By excluding the included studies one by one, we
observed that the sensitivity analysis result was stable.
Overall, the included RCTs were recognized as being at

Articles identified through
PubMed, Embase and
Cochrane library database

(n =338)
»| Duplicates excluded
v (n = 45)
Potentially related
articles (n = 293)

Y

Records excluded
after title and abstract
screening (n = 205)

\4

\ 4

Full-text articles
assessed for eligibility
(n=88)

\4

Excluded for not
satisfying the inclusion
criteria (n = 84)

A4

Articles included for
meta-analysis (n = 4)

Figure 1. Flow diagram for the study selection process
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Table 1. Characteristics of studies included in the meta-analysis

Study Age Male  Treatment No. of patients Background Duration Efficiency Safety
[years] therapy outcomes outcomes
Emma 32741587 52.90% 15mgQD 239 (adults) Topical 16 weeks (O©) B@DE®D®
2021 (1) 64 (adolescents) nonmedicated
30 mg QD 243 (adults) emollients
64 (adolescents)
Placebo 241 (adults)
61 (adolescents)
Emma 3211566 5530% 15mgQD 243 (adults) Topical 16 weeks D@ REBUE)]
2021 58 (adolescents) nonmedicated
@ 30 mg QD 247 (adults) emollients
62 (adolescents)
Placebo 242 (adults)
60 (adolescents)
Kristian  32.8 £15.29 59.90% 15 mgQD 261 (adults) Topical 16 weeks D@ LEBEUE)
2021 60 (adolescents) corticosteroids
30 mg QD 260 (adults)
60 (adolescents)
Placebo 264 (adults)
63 (adolescents)
Emma 3991577 62.30% 7.5mgQD 42 (adults) Topical 16 weeks D@ LEBEWE)
2020 15 mg QD 42 (adults) nonmeQmated
emollients
30 mg QD 42 (adults)
Placebo 41 (adults)

QD - once daily, ® EASI-75 response: > 75% reduction in Eczema Area and Severity Index score; @ NRS4 response: > 4 points reduction in worst pruritus Nu-
merical Rating Scale from baseline; ® serious adverse events; @ nasopharyngitis; ® upper respiratory tract infection; ® blood creatine phosphokinase increase;

@ headache; ® acne.

Study ID D1 D2 D3 D4
Emma 2021 (1) ( + + + +
Emma2021(2) ( + + + +
Kristian 2021 | + + + +
Emma 2020 + + + +

D5 Overall

+ @ +
+  (® !
+ @ . High risk
» @

D1 Randomisation process

D2 Deviations from the intended interventions
D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

Low risk

Some concerns

Figure 2. Risk-of-bias assessment. RoB-2: version 2 of the Cochrane risk-of-bias tool for randomized trials (RoB2)

low risk of bias. Risk-of-bias assessment of included
studies was described in Figure 2.

Efficacy outcomes for adults

A total of 4 RCTs reported the efficacy outcomes.
We adopted the random and fixed effect models re-
spectively for EASI-75 and NRS4 at week 16 (/* = 80.9%;
I* = 29.3%). For included efficacy outcomes, adults treat-
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ed with upadacitinib all had better performance than
controls (EASI-75: RR = 4.68, 95% Cl: 4.09, 5.35; NRS4:
RR =4.07,95% Cl: 3.15, 5.25) (Figures 3 and 4). In the sub-
group analysis, the fixed effect model analysis revealed
that upadacitinib 30 mg was better than 15 mg (EASI-75:
RR =1.19 (1.12, 1.26), p < 0.05; NRS4: RR = 1.24 (1.14, 1.35),
p < 0.05) (Table 2).
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Study ID : RR (95% CI) Weight (%)
15 mg I
Emma 2021 (1) —— 4.26 (3.24, 5.61) 14.77
Emma 2021 (2) —— 452(330,619)  14.03
|
Kristian 2021 -+ 246 (200,302) 1598
|
Emma 2020 —s 537(203,1423) 497
Subtotal (% = 81.8%, p = 0.001) <> 374(253,552)  49.75
|
|
|
30 mg :
Emma 2021 (1) L 487 (371,638)  14.86
Emma 2021 (2) —— 549 (4.03,7.47) 1416
|
Kristian 2021 -+ 293(240,357) 1610

Emma 2020

|
Subtotal (/2 = 82.9%, p = 0.001) <[> 4.48 (3.03, 6.63) 50.25
|
|
[
|
|

7.08 (2.73,18.35) 5.13

Overall (? = 80.9%, p < 0.001)
Note: Weights are from random effects analysis.

4.07 (3.15, 5.25) 100.00

I I
0.0545 1 18.3

Figure 3. Forest plot of the included studies for assessing the EASI-75 response (adults)

Study ID RR (95% Cl) Weight (%)
|
15 mg |
Emma 2021 (1) —— 4.44 (3.14, 6.26) 15.60
Emma 2021 (2) —— 4.59 (3.08, 6.84) 12.05
Kristian 2021 —— 3.46 (2.58, 4.64) 21.15
Emma 2020 ‘ * > 10.39 (2.62, 41.13) 0.93
Subtotal ( = 16.4%, p = 0.309) : 4.17 (3.43, 5.06) 49.72
|
30 mg }
Emma 2021 (1) — 5.10 (3.63, 7.16) 15.76
Emma 2021 (2) 1‘—0— 6.54 (4.44, 9.62) 12.27
Kristian 2021 —— 4.27 (3.21, 5.68) 21.26
Emma 2020 ; * 9.24 (2.32, 36.74) 0.98
Subtotal (/2 = 21.7%, p = 0.280) <> 5.18 (4.29, 6.26) 50.28
|
Overall (/2 = 29.3%, p = 0.194) <> 4.68 (4.09, 5.35) 100.00
\
\
|
T T

0.0243 1 41.1

Figure 4. Forest plot of the included studies for asses sing the NRS4 response (adults)
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Table 2. Upadacitinib of 30 mg vs. 15 mg for efficacy outcomes

Age group No. of patients EASI-75 (30 mg vs. 15 mg) NRS4 (30 mg vs. 15 mg)
(No. of trials) RR (95% Cl) P (%) RR (95% ClI) P (%)
Adults 2,365 (4) 1.18 (1.11, 1.25)* 0 1.24 (1.14, 1.35)* 49.70%
Adolescents 552 (3) 1.15 (1.02, 1.30)* 29.40% 1.25 (1.01, 1.54)* 0
RR — risk ratio, Cl — confidence interval; * p < 0.05.
Study ID RR (95% Cl)  Weight (%)
I
|
15 mg I
Emma 2021 (1) —;—0— 6.40 (3.14, 13.05) 14.62
|
Emma 2021 (2) —_—— 5.17 (2.65, 10.09) 15.36
I
Kristian 2021 —_— } 2.10 (1.38, 3.20) 19.67
Subtotal (12 = 80.5%, p = 0.006) <> 3.95 (1.82, 8.60) 49,65
|
\
30 mg }
Emma 2021 (1) —l—.—) 6.81 (3.35, 13.83) 14.68
I
Emma 2021 (2) —?—0— 5.56 (2.87,10.78) 15.46
Kristian 2021 —Q—} 2.82 (1.91, 4.16) 20.21
Subtotal (P = 70.4%, p = 0.034) <> 4.49 (2.43,8.31) 50.35
I
|
Overall (2 = 71.5%, p = 0.004) 0 4.16 (2.70, 6.42) 100.00
I
Note: Weights are from random effects analysis }
\

T
0.0723 1

T
13.8

Figure 5. Forest plot of the included studies for assessing the EASI-75 response (adolescents)

Efficacy outcomes for adolescents

Atotal of 3 RCTs reported the efficacy outcomes. And
the random effects models were used for both EASI-75
and NRS4 at week 16 (/> = 71.5%; I = 69.2%). At week
16, more adolescents in the upadacitinib group achieved
EASI-75 and NRS4 response than controls (EASI-75: RR =
4.16, 95% Cl: 2.70, 6.42; NRS4: RR = 4.52, 95% ClI: 2.49,
8.21) (Figures 5 and 6). In sub-group analysis, the fixed
effect model analysis revealed that upadacitinib 30 mg
was more effective than 15 mg for adolescents (EASI-75:
RR =1.15 (1.02, 1.30), p < 0.05; NRS4: RR = 1.25 (1.01, 1.54),
p < 0.05) (Table 2).

Adverse events

For serious AEs and some common AEs (including na-
sopharyngitis, upper respiratory tract infection, blood cre-
atine phosphokinase increase, headache and acne), they
were all reported in four studies. The fixed effect models
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were adopted for all the included AEs (? = 0). For serious
AEs, upper respiratory tract infection and headache, the
results indicated that there was no significant difference
between the group with upadacitinib and controls (RR =
0.74,95% CI: 0.46, 1.20, p = 0.218; RR = 1.29, 95% Cl: 0.97,
1.72, p = 0.082; RR = 1.41, 95% Cl: 1.00, 2.00, p = 0.053).
However, patients with upadacitinib are more prone to
the following AEs: nasopharyngitis: RR = 1.35 (1.02, 1.78),
p = 0.033; blood creatine phosphokinase increase: RR =
2.18 (1.38, 3.43), p = 0.001; acne: RR = 5.45 (3.55, 8.38),
p < 0.001 (Table 3).

Discussion

The results showed that upadacitinib had good ef-
ficacy and safety in moderate-to-severe AD, and the
real-world data also confirmed that. A cohort study ana-
lyzed 43 adults with AD. After treated with upadacitinib
30 mg daily for 16 weeks, 97.5%, 82.1% and 69.2% of the
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Study ID RR (95% Cl) Weight (%)
T
\
15 mg }
Emma 2021 (1) S — 484(217,1078)  17.76
\
Emma 2021 (2) } * 11.26 (2.77,45.82)  10.69
!
Kristian 2021 —— 214 (1.22, 3.74) 21.26
Subtotal (? = 70.1%, p = 0.035) <> 417 (1.68,1035) 4971
\
\
!
30 mg I
\
Emma 2021 (1) —:—0— 5.65 (2.56,12.44)  17.93
Emma 2021 (2) } * 16.72 (4.21,66.45)  10.90
\
Kristian 2021 —— 243 (141, 4.19) 21.47
Subtotal (2 = 78.4%, p = 0.010) <> 5.31 (1.86, 15.19) 50.29
!
!
Overall (P = 69.2%, p = 0.006) <> 452(2.49,821)  100.00
Note: Weights are from random effects analysis. }
|
T T

0.015 1

66.5

Figure 6. Forest plot of the included studies for assessing the NRS4 response (adolescents)

Table 3. Summary of adverse events of upadacitinib for moderate-to-severe AD

Adverse effects No. of participants

Effect size Heterogeneity

(No. of trials)

RR (95% ClI) P-value 17 (%) P-value
Serious adverse events 2959 (4) 0.74 (0.46, 1.20) 0.218 0 0.962
Nasopharyngitis 2959 (4) 1.35 (1.02, 1.78) 0.033 0 0.591
Upper respiratory tract infection 2959 (4) 1.29 (0.97,1.72) 0.082 0 0.729
Blood creatine phosphokinase increased 2959 (4) 2.18 (1.38, 3.43) 0.001 0 0.805
Headache 2959 (4) 1.41 (1.00, 2.00) 0.053 0 0.489
Acne 2959 (4) 5.45 (3.55, 8.38) < 0.001 0 0.973

patients achieved EASI 75, EASI 90 and EASI 100, respec-
tively. 16/43 patients reported AEs during the period, and
most of the AEs were evaluated as mild [7]. Napolitano
et al. enrolled 9 patients with AD. They all previously
failed the treatment with dupilumab due to ineffective-
ness or AEs. After enrolment, they received upadacitinib
of 30 mg once a day (baseline: EASI 27.2 3.5, DLQI 24.8
+4.1, NRS 8.9 £0.9). At week 4 and 16, they all demon-
strated significant improvements (week 4: EASI 7.3 2.9,
DLQI 5.1 +3.7, NRS 0.3 +0.5; week 16: EASI 3.3 +2.3, DLQI
3.9 +2.2, NRS 0.2 £0.4). Notably, by the first week, the
NRS had already decreased by 79.77% compared to
baseline (p < 0.0001). And 5 (55.57%) patients showed
pruritus relief on day 2. This indicated that upadacitinib
can quickly alleviate itching in AD. There were no AEs [8].

Advances in Dermatology and Allergology 6, December/2023

A recent review has demonstrated no significant cor-
relation between the occurrence of AEs and the dose of
upadacitinib [9]. In our results, most of the AEs were not
serious, and no death was reported. It was revealed that
there was a higher risk of nasopharyngitis, increased
blood creatine phosphokinase and acne in the upa-
dacitinib group. Among them, increased blood creatine
phosphokinase mostly occurred after excessive exercise
and had no clinical manifestations [10]. Acne was the
most frequently reported AE, usually reported as mild-
to-moderate. First, the epidemical investigation showed
that AD was not associated with acne. Besides, acne is
also known as a common adverse effect of other JAK in-
hibitors such as ruxolitinib and baricitinib. The above in-
dicated that acne was most likely caused by upadacitinib
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in our study, but it is certainly noted that most people
had used corticosteroids, which can also increase the
incidence of acne [7].

Blauvelt et al. [11] recruited 692 adult patients, which
were randomly assigned to oral upadacitinib (30 mg QD)
or subcutaneous dupilumab (300 mg every other week).
At week 4, about 70% of patients reached EASI 75 in the
upadacitinib group, while only about 36% in the dupil-
umab group; at week 16, around 71% of patients reached
EASI 75 in the upadacitinib group, while 61.1% in the du-
pilumab group. It revealed that upadacitinib is faster and
more effective than dupilumab in treating moderate-to-
severe AD, with no new safety risks.

In an open-label trial, 6 patients previously had failed
a variety of treatments including dupilumab. After be-
ing treated with upadacitinib for 4 weeks, all patients
reached EASI-75 [12]. Three patients with facial AD had
failed dupilumab therapy, but they were successfully
treated after switching to upadacitinib 15 mg bid [13].
The above suggested that upadacitinib can be used for
resistant AD or facial AD. AD and alopecia areata (AA)
have shared pathogenesis, such as the overexpression of
helper T cell (Th) 2 cytokines interleukin-4 (IL-4) and IL-13.
The JAK/STATS signal transduction pathway is a common
potential target for both [14]. And there have been some
cases of AD and AA patients successfully treated with
upadacitinib [15]. Cantelli et al. reported a 24-year-old pa-
tient with severe AD and AA. After treatment with dupil-
umab, he showed no improvement in AA and developed
a paradoxical “red face”. Then he switched to upadaci-
tinib (30 mg/day). 3 months later, the patient showed
significant improvement in both AD and AA, and no AEs
occurred [14]. When managing patients with both AD and
AA, upadacitinib may be a good option.

First, the number of included studies is small, espe-
cially for children. However, most of the included studies
are large-scale and of high quality, and the real-world
data also supported that upadacitinib had great poten-
tial for AD. Second, we did not set subgroups of dosage
or age for AEs. However, there is no heterogeneity in in-
cluded AEs (= 0), indicating that the result has certain
reliability.

Conclusions

The current evidence of RCTs is promising regarding
the efficacy and safety of upadacitinib in the treatment
of moderate-to-severe AD. To provide better guidance for
clinical application, further studies with larger sample
and long-term follow-up are required.
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