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Abstract

Objective

To evaluate the efficacy and safety of upadacitinib in the treatment of moderate-to-severe

atopic dermatitis (AD), and provide reference for rational clinical medication.

Methods

PubMed, Medline, Embase, Web of Science, Clinical Trials Website, and Cochrane Library

databases were searched from the time of establishment until January 6, 2024, to compile a

list of all randomized controlled trials (RCTs) including upadacitinib in the treatment of mod-

erate-to-severe AD. The quality of the included studies was evaluated using the Cochrane

Systematic Review. Review Manager 5.3 software was utilized for statistical analysis of out-

come measures.

Results

A total of five studies were included in the meta-analysis. The results revealed that the 15

mg and 30 mg upadacitinib significantly improved Eczema Area and Severity Index (EASI)

75% {[Odds Ratio (OR) = 8.58, 95% confidence interval (CI) (5.84–12.60), P < 0.00001]

[OR = 15.62, 95% CI (10.89–22.42), P < 0.00001]}, Numerical Rating Scale (NRS)� 4 {[OR

= 7.13, 95% CI (5.63–9.01), P < 0.00001] [OR = 11.30, 95% CI (8.93–14.31), P < 0.00001]},

and Investigator’s Global Assessment (IGA) 0/1 {[OR = 8.63, 95% CI (6.60–11.27), P <
0.00001] [OR = 16.04, 95% CI (12.26–20.99), P < 0.00001]} compared to placebo. In terms

of safety, although 15 mg and 30 mg upadacitinib significantly increased the overall adverse

events rate compared to placebo {[OR = 1.31, 95% CI (1.09–1.58), P = 0.004] [OR = 1.85,

95% CI (1.54–2.21), P < 0.00001]}, there was no significant difference in the serious

adverse events rate {[OR = 0.73, 95% CI (0.41–1.29), P = 0.28] [OR = 0.69, 95% CI (0.39–

1.23), P = 0.21]} and withdrawal rate due to adverse events {[OR = 0.66, 95% CI (0.39–

1.11), P = 0.12] [OR = 0.85, 95% CI (0.52–1.38), P = 0.50]} compared to placebo.
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Conclusion

This meta-analysis preliminarily suggests that upadacitinib is effective and safe for usage in

the treatment of moderate-to-severe AD. Additionally, upadacitinib can instantly relieve itch-

iness and effectively reduce symptoms and signs, with its 30-mg dose being more effective

than the 15-mg dose.

1. Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin disease that affects approximately 11–

20% of children and 5–8% of adults worldwide [1, 2]. Its incidence has been rising over the

past decade, progressively elevating to the rank of one of the most debilitating skin diseases

globally [3]. About 85–90% of patients experience symptoms during childhood, which fre-

quently recur and may even worsen, severely affecting the patients’ psychological well-being

and quality of life. This poses significant challenges for the clinical treatment of patients with

moderate-to-severe AD [4, 5]. Open ulcers on the skin surface that cause skin damage accom-

panied by intense and persistent itching and followed by dryness, cracking, pain, erythema or

darkening, crusting, and exudation are among the symptoms of acute phase [6]. In the sub-

acute phase, scaling and dry fissures manifest, and the skin eventually becomes lichenified [7].

Recent studies have reported that a single targeting is no longer the only method to treat

AD, and multi-target therapy is the future direction [8]. Glucocorticoids, calcineurin inhibi-

tors, immunosuppressants, phosphodiesterase-4 inhibitors, ion channel inhibitors, monoclo-

nal antibodies, and Janus kinase (JAK) inhibitors are currently used as clinical drugs for

treating AD [9–11]. Among these, JAK inhibitors are targeted small-molecule drug formula-

tions with the advantages of immediate effectiveness and multi-target action. They have

become a new therapy for treating AD, providing patients with moderate-to-severe AD with a

new alternative for treatment [12].

Upadacitinib, a selective and reversible oral small-molecule drug that inhibits JAK1, has

been approved by the European Medicines Agency and the U.S. Food and Drug Administra-

tion (FDA) for usage in patients with moderate-to-severe AD aged 12 years and above. The

recommended dosage is 15 mg once daily, with the possibility to increase to 30 mg once

daily in cases where the treatment response is deemed inadequate [13]. Its oral administration

not only makes it convenient to carry and consume but also greatly improves patient

compliance.

Although several studies have been published on the efficacy and safety of JAK inhibitors in

treating AD [14–17], certain limitations exist. First, the safety and efficacy of upadacitinib as a

monotherapy for AD have not been analyzed separately. Second, as a second-generation JAK

inhibitor, upadacitinib differs from first-generation drugs such as tofacitinib in JAK selectivity.

It remains elusive whether this difference directly impacts the efficacy and safety of the drug.

Third, subgroup analysis based on upadacitinib dosage has not been conducted. Furthermore,

since the FDA approved upadacitinib in 2022 for the treatment of moderate-to-severe AD, it

has been extensively used in clinical practice. Multiple clinical trials [18–22] have reported that

upadacitinib is not only highly effective in treating moderate-to-severe AD but also has a low

risk of cancers, adverse cardiovascular events, and thrombosis. Therefore, the systematic

assessment of the efficacy and safety of upadacitinib at varying doses in the treatment of AD

holds both necessity and significance. Based on this situation, we aimed in this meta-analysis

to evaluate the efficacy and safety of upadacitinib for the treatment of moderate-to-severe AD.

PLOS ONE Upadacitinib for atopic dermatitis

PLOS ONE | https://doi.org/10.1371/journal.pone.0306463 July 26, 2024 2 / 15

Funding: The author(s) received no specific

funding for this work.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0306463


2. Methods

2.1 Ethical statements

No ethical approval is required because this is a literature-based study. This systematic review

and meta-analysis was conducted in accordance with the PRISMA guidelines, our study has

been registered in PROSPERO (CRD42024523199) [23].

2.2 Search strategy

PubMed, Medline, Embase, Web of Science, Clinical Trials Website and Cochrane Library

databases were searched from the first record to January 6, 2024 using the following terms:

“Atopic dermatitis” and “JAK inhibitors or Upadacitinib or ABT-494.” Additional studies

were retrieved by checking the reference lists of relevant studies. Only trials published in

English were included.

2.3 Inclusion and exclusion criteria

Inclusion criteria: Design: Randomized Controlled Trials (RCTs); Population: Moderate-to-

severe AD� 1 year; Age: Age� 12years old; Eczema Area and Severity Index (EASI)

score� 16; Investigator’s Global Assessment (IGA) score� 3; Atopic dermatitis

involving� 10% of the body surface area; Baseline weekly average of daily worst pruritus

Numerical Rating Scale (NRS)� 4.

Exclusion criteria: Patients that previously received JAK inhibitor drugs and other drugs to

improve symptoms of AD patients were excluded. Reviews, conference abstracts, letters, retro-

spective or case series were excluded.

2.4 Interventions measures

According to the randomized controlled double-blind method, patients were divided into:①
Experimental group: oral administration of upadacitinib 15 mg or 30 mg;② Control group:

oral administration of placebo with the same course and method as experimental group. Other

intervention measures were consistent between the experimental group and the control group.

2.5 Outcome measures

Primary outcome: Percentage of participants achieving at least a 75% reduction in EASI from

baseline at week 16 (EASI-75%); Percentage of participants achieving a reduction of� 4 points

from baseline in worst pruritus NRS at week 16 (NRS� 4); Percentage of participants achiev-

ing IGA for AD of 0 or 1 with a reduction from baseline of� 2 points at week 16 (IGA 0/1).

Secondary outcome: Percentage of participants achieving a 90% reduction from baseline in

EASI score at week 16 (EASI-90%); Percentage of participants achieving a 100% reduction

from baseline in EASI score at week 16 (EASI-100%); Percent change from baseline in EASI

score at week 16 (EASI baseline score); Percent change from baseline in worst pruritus NRS at

Week 16 (NRS baseline score); Percent change from baseline in Scoring Atopic Dermatitis

(SCORAD) score at week 16 (SCORAD baseline score). The overall adverse events rate: Dur-

ing the course of the trial, the subjects had all physical abnormalities unrelated to the purpose

of the treatment (AE); The serious adverse events rate: During the course of the trial, subjects

were hospitalized for adverse events or events that were life threatening or resulted in perma-

nent or significant damage to the body or organs serious adverse events (SAE); Withdrawal

rate due to AE: During the course of the trial, subjects were withdrew from the study due to

adverse events.
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2.6 Data extraction and quality assessment

Two authors independently reviewed relevant studies to assess the accuracy of the retrieval

process. Then they screened the titles and abstracts of the literature and, if necessary, reviewed

the entire work. Any discrepancies were resolved through discussion with a third author.

Authors, publication year, patient characteristics, interventions, number of cases, treatment

duration, and outcome measures were among the extracted data. The quality of the literature

included in this study was evaluated using the risk of bias assessment table provided by the

Cochrane Handbook for Systematic Reviews.

2.7 Data analysis

Data analysis was conducted using Review Manager 5.3 (The Cochrane Collaboration, UK).

Dichotomous variables (such as EASI-75%) and continuous variables (such as EASI baseline

score) were expressed as odds ratios (ORs) and weighted mean differences (WMD) with their

respective 95% confidence intervals (CI). The χ2 test was employed to assess the heterogeneity

among the included studies. A fixed-effect model was applied when statistical heterogeneity

was determined to be low (P> 0.1 and I2� 50%). Conversely, if significant heterogeneity was

present, a random-effects model was employed. Subgroup analysis and sensitivity analysis

were conducted to investigate the sources of heterogeneity.

3. Results

3.1 Literature search results

Based on the search strategy, a total of 3,585 relevant articles were retrieved. Following the

removal of 1,468 duplicate articles, a total of 2,117 articles were obtained. After carefully

reviewing the titles and abstracts, 2,027 articles, including animal experiments, retrospective

studies, and studies unrelated to the topic, were excluded. The remaining 90 pieces of literature

were further screened through full-text reading, resulting in the exclusion of 69 reviews, five

studies without Placebo control, four studies without reported relevant data, and seven open-

label studies. Eventually, five RCTs including a total of 3,189 patients with moderate-to-severe

AD, with 1,062 in the placebo group, 1,058 in the 15-mg upadacitinib group, and 1,069 in the

30-mg upadacitinib group were involved. Patients came from various regional and racial back-

grounds, and the treatment duration was 16 weeks. The literature search and screening process

are presented in Fig 1. The basic characteristics of the included studies are depicted in Table 1.

3.2 Quality assessment of included studies

This research incorporated a total of five studies [18–22], all of which were randomized con-

trolled double-blind clinical trials. The authors provided detailed descriptions of their specific

plans for random sequence generation and allocation concealment. They also reported any fol-

low-up withdrawals and losses and demonstrated no risk of bias in terms of selection, imple-

mentation, measurement, loss to follow-up, and reporting. The overall quality of the clinical

trials was high (show in Fig 2).

3.3 Results of meta-analyses

3.3.1 EASI-75%. All five studies [18–22] included in the analysis reported changes in the

number of patients achieving EASI-75% following treatment with 15 mg and 30 mg upadaciti-

nib. Since these studies demonstrated significant heterogeneity (15 mg, P = 0.03, I2 = 64%; 30

mg, P = 0.06, I2 = 55%), a random-effects model was used for analysis. The results indicated

that the number of patients achieving EASI-75% was significantly higher in 15 mg group
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Fig 1. The flow diagram of study selection.

https://doi.org/10.1371/journal.pone.0306463.g001

Table 1. Study characteristics.

Study (Year) Phase Intervening measure N Age/Years Gender/n Treatment/Week Outcome

Female Male

Guttman YE (2020) [18] Phase IIb Upadacitinib 15 mg QD 42 38.5±15.24 12 30 16 ①②③④⑥⑦⑧⑨⑩⑪
Upadacitinib 30 mg QD 42 39.9±15.77 20 22 16

PBO 41 39.9±17.52 17 24 16

Katoh N (2023) [19] Phase III Upadacitinib 15 mg QD 91 35.9±13.2 23 68 16 ①②③④⑨⑩⑪
Upadacitinib 30 mg QD 91 34.7±12.7 22 69 16

PBO 90 36.3±12.6 16 74 16

Silverberg JI (2022) [20] Phase III Upadacitinib 15 mg QD 321 31.3±12.02 131 190 16 ①②③④⑤⑥⑦⑨⑩⑪
Upadacitinib 30 mg QD 320 34.0±13.40 120 200 16

PBO 327 32.9±12.69 137 190 16

Simpson EL (2022) [21] Phase III Upadacitinib 15 mg QD 301 31.7±13.65 140 161 16 ①②③④⑤⑥⑦⑧⑨⑩⑪
Upadacitinib 30 mg QD 309 32.5±13.77 129 180 16

PBO 302 31.9±12.64 139 163 16

Thyssen JP (2023) [22] Phase III Upadacitinib 15 mg QD 303 32.7±14.80 137 166 16 ①②③④⑤⑥⑦⑧⑨⑩⑪
Upadacitinib 30 mg QD 307 32.3±13.49 146 161 16

PBO 302 33.1±12.94 147 155 16

① EASI-75%;② NRS� 4;③ IGA 0/1;④ EASI-90%;⑤ EASI-100%;⑥ EASI baseline score;⑦ NRS baseline score;⑧ SCORAD baseline score;⑨ AE;⑩ SAE;⑪
Withdrawal Rate due to AE.

https://doi.org/10.1371/journal.pone.0306463.t001
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[OR = 8.58, 95% CI: 5.84–12.60] and 30 mg group [OR = 15.62, 95% CI: 10.89–22.42] com-

pared to the placebo group, with both differences being statistically significant (P< 0.00001)

(show in Fig 3).

3.3.2 IGA 0/1. All five studies [18–22] reported changes in the number of patients achiev-

ing IGA 0/1 following treatment with 15 mg and 30 mg upadacitinib. Given the minimal het-

erogeneity across the studies (15 mg, P = 0.12, I2 = 45%; 30 mg, P = 0.38, I2 = 5%), a fixed

effects model was employed. The findings indicated a statistically significant increase in the

number of patients achieving IGA 0/1 in 15 mg group [OR = 8.63, 95% CI: 6.60–11.27] and 30

mg group [OR = 16.04, 95% CI: 12.26–20.99] compared to the placebo group, with both differ-

ences demonstrating statistical significance (P< 0.00001) (show in Fig 4).

3.3.3 NRS� 4. All five studies [18–22] reported changes in the number of patients achiev-

ing NRS� 4 following treatment with 15 mg and 30 mg upadacitinib. Subsequently, minimal

heterogeneity was observed among the studies (15 mg P = 0.47, I2 = 0%; 30 mg P = 0.53, I2 =

0%), prompting the utilization of a fixed effects model. The results revealed that the number of

patients achieving NRS� 4 was significantly higher in 15 mg group [OR = 7.13, 95% CI: 5.63–

9.01] and 30 mg group [OR = 11.30, 95% CI: 8.93–14.31] compared to the placebo group, with

both differences being statistically significant (P< 0.00001) (show in Fig 5).

Fig 2. Bias risk assessment chart.

https://doi.org/10.1371/journal.pone.0306463.g002
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3.3.4 AE. All five studies [18–22] reported the AE following treatment with 15 mg and 30

mg upadacitinib. Minimal heterogeneity was observed among the studies (15 mg P = 0.39, I2 =

3%; 30 mg P = 0.47, I2 = 0%), leading to the adoption of a fixed effects model. The results indi-

cated that the AE was higher in 15 mg group [OR = 1.31, 95% CI: 1.09–1.58] (P = 0.004) and

30 mg group [OR = 1.85, 95% CI: 1.54–2.21] (P< 0.00001) compared to the placebo group,

with both differences being statistically significant (show in Fig 6).

3.3.5 SAE. All five studies [18–22] reported the SAE following treatment with 15 mg and

30 mg upadacitinib. Given the minimal heterogeneity among the studies (15 mg P = 0.98, I2 =

0%; 30 mg P = 0.83, I2 = 0%), a fixed effects model was employed. The results indicated that

the SAE was no significant difference in 15 mg group [OR = 0.73, 95% CI: 0.41–1.29]

(P = 0.28) and 30 mg group [OR = 0.69, 95% CI: 0.39–1.23] (P = 0.21) compared to the placebo

group (show in Fig 7).

Fig 3. Meta-analysis forest plot of EASI-75%.

https://doi.org/10.1371/journal.pone.0306463.g003

Fig 4. Meta-analysis forest plot of IGA 0/1.

https://doi.org/10.1371/journal.pone.0306463.g004
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3.3.6 Withdrawal rate due to AE. All five studies [18–22] reported the withdrawal rate

due to AE following treatment with 15 mg and 30 mg upadacitinib. Given the minimal hetero-

geneity among the studies (15 mg P = 0.57, I2 = 0%; 30 mg P = 0.64, I2 = 0%), a fixed effects

model was used. The results indicated that the withdrawal rate due to AE was no significant

difference in 15 mg group [OR = 0.66, 95% CI: 0.39–1.11] (P = 0.12) and 30 mg group

[OR = 0.85, 95% CI: 0.52–1.38] (P = 0.50) compared to the placebo group (show in Fig 8).

3.3.7 Other efficacy measures. We also conducted the meta-analysis on other efficacy

indicators of AD. The results revealed that compared to the placebo, both 15 mg and 30 mg

upadacitinib significantly increased the number of patients achieving EASI-90%, EASI-100%

and 24 h NRS� 4. Furthermore, they significantly reduced the EASI baseline score, NRS base-

line score, and SCORAD baseline score, demonstrating significant efficacy in improving over-

all dermatitis area, itching severityand overall symptoms in patients, which was also dose-

dependent (show in Table 2 and supplementary file).

Fig 5. Meta-analysis forest plot of NRS� 4.

https://doi.org/10.1371/journal.pone.0306463.g005

Fig 6. Meta-analysis forest plot of AE.

https://doi.org/10.1371/journal.pone.0306463.g006
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3.3.8 Other safety measures. Due to the black box warning [24, 25], we conducted

the meta-analysis on the specific occurrence rates of adverse reactions. The results revealed

that compared to the placebo, both 15 mg and 30 mg upadacitinib significantly increased

the risk of elevated blood creatine phosphokinase and acne formation. However, there was

no significant difference in the occurrence rates of headache, Serious infection, and cancer.

In addition, the occurrence rates of upper respiratory tract infection and nasopharyngitis

were positively correlated with the dose. 30mg upadacitinib significantly increased the

occurrence of upper respiratory tract infection and nasopharyngitis, while there was no sig-

nificant difference between 15mg upadacitinib and placebo (show in Table 2 and supple-

mentary file).

Fig 7. Meta-analysis forest plot of SAE.

https://doi.org/10.1371/journal.pone.0306463.g007

Fig 8. Meta-analysis forest plot of withdrawal rate due to AE.

https://doi.org/10.1371/journal.pone.0306463.g008
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3.4 Publication bias

According to Chapter 5 of the Cochrane Handbook for Systematic Reviews, a funnel plot is

recommended to assess potential publication bias when the number of studies is at least 10.

Owing to the limited number of studies included in the meta-analysis, the assessment of

potential publication bias was not conducted.

4. Discussion

The pathogenesis of AD is a highly intricate condition primarily characterized by mutations in

epidermal genes, impairment of skin barrier function, and immune dysregulation [26]. Ongo-

ing research has discovered the significant involvement of the JAK/signal transducers and acti-

vators of transcription (STAT) pathway in AD-related immune responses [25]. This pathway,

through the mediation of various key cytokines such as interleukin IL-4, IL-6, IL-13, and IL-

15, among others, and its interaction with immune cells, keratinocytes, and peripheral sensory

neurons, contributes to the propagation of inflammation and itchiness [27]. JAK inhibitors

have emerged as prominent therapeutic targets for the treatment of AD, with notable members

including JAK1, JAK2, JAK3, and tyrosine kinase 2 [28]. As a member of JAK1 inhibitors, upa-

dacitinib can reduce the occurrence and development of AD by inhibiting the excessive

Table 2. Meta-analysis of other efficacy and other safety measures.

Outcome Intervening measure dosage Study I2 Analysis mode WMD/OR 95%CI P value

EASI-90% Upadacitinib vs PBO 15mg 5 [18–22] 67% Random-effect 9.36 (5.58, 15.69) <0.00001

30mg 48% 17.24 (11.47, 25.91) <0.00001

EASI-100% Upadacitinib vs PBO 15mg 3 [20–22] 0% Fixed-effect 12.89 (6.90, 24.09) <0.00001

30mg 0% 23.20 (12.51, 43.02) <0.00001

24h NRS� 4 Upadacitinib vs PBO 15mg 4 [19–22] 41% Fixed-effect 11.56 (6.09, 21.96) <0.00001

30mg 36% 19.69 (10.46, 37.08) <0.00001

EASI baseline score Upadacitinib vs PBO 15mg 4 [18, 20–22] 99% Random-effect -37.46 (-41.91, -33.01) <0.00001

30mg 99% -47.42 (-51.98, -42.87) <0.00001

NRS baseline score Upadacitinib vs PBO 15mg 4 [18, 20–22] 77% Random-effect -35.02 (-36.83, -33.20) <0.00001

30mg 98% -48.90 (-54.42, -43.38) <0.00001

SCORAD baseline score Upadacitinib vs PBO 15mg 3 [18, 21–22] 94% Random-effect -32.16 (-35.09, -29.23) <0.00001

30mg 93% -42.39 (-45.22, -39.55) <0.00001

Blood Creatine Phosphokinase Increased Upadacitinib vs PBO 15mg 5 [18–22] 0% Fixed-effect 2.08 (1.24, 3.47) 0.005

30mg 0% 2.68 (1.64, 4.40) <0.0001

Acne Upadacitinib vs PBO 15mg 5 [18–22] 0% Fixed-effect 4.23 (2.75, 6.52) <0.00001

30mg 0% 7.07 (4.66, 10.74) <0.00001

Headache Upadacitinib vs PBO 15mg 5 [18–22] 0% Fixed-effect 1.35 (0.90, 2.03) 0.15

30mg 0% 1.43 (0.96, 2.14) 0.08

Serious infection Upadacitinib vs PBO 15mg 5 [18–22] 0% Fixed-effect 1.01 (0.38, 2.69) 0.99

30mg 36% 0.62 (0.20, 1.90) 0.40

Cancer Upadacitinib vs PBO 15mg 5 [18–22] ─ Fixed-effect 5.05 (0.24, 105.63) 0.30

30mg 0% 4.32 (0.73, 25.59) 0.11

Allergic dermatitis Upadacitinib vs PBO 15mg 5 [18–22] 0% Fixed-effect 0.42 (0.28, 0.63) <0.0001

30mg 41% 0.16 (0.09, 0.30) <0.00001

Upper respiratory tract infection Upadacitinib vs PBO 15mg 5 [18–22] 0% Fixed-effect 1.18 (0.83, 1.68) 0.36

30mg 0% 1.48 (1.05, 2.08) 0.02

Nasopharyngitis Upadacitinib vs PBO 15mg 5 [18–22] 0% Fixed-effect 1.19 (0.87, 1.64) 0.28

30mg 0% 1.43 (1.05, 1.95) 0.02

https://doi.org/10.1371/journal.pone.0306463.t002
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activation of JAK1. The mechanisms underlying its therapeutic effects are elucidated as fol-

lows: 1. Upadacitinib can inhibit the generation of pro-inflammatory factors such as IL-6, IL-

15, interferon (IFN)-α, and IFN-γ, thereby reducing inflammation [29]. 2. Upadacitinib can

promote the expression of neurotrophins and long-chain fatty acids, alleviating epidermal

damage [30]. 3. By inhibiting the activation of STAT3, upadacitinib promotes keratinocyte dif-

ferentiation and the expression of epidermal-related proteins and increases the production of

filaggrin gene, loricin, and natural moisturizing factors. Ultimately, this reduces skin surface

damage and ulceration [31, 32]. 4. Upadacitinib can reduce the proliferation of astrocytes in

the spinal cord dorsal horn, thereby delaying or alleviating itching, especially chronic itching

[33].

This study showed that after 16 weeks treatment with two different doses of upadacitinib.

Patients demonstrated effective improvement in EASI baseline score, NRS baseline score, and

SCORAD baseline score. Additionally, the number of patients achieving EASI-75%, EASI-

90%, EASI-100%, IGA 0/1, and NRS� 4 all significantly increased, with statistically significant

differences (P< 0.05). Systematic analysis of patients experiencing 24 h NRS� 4 within upa-

dacitinib treatment demonstrated a significant reduction in itching symptoms in both dose

groups. Subgroup analysis outcomes indicated that, in comparison to 15 mg upadacitinib, the

30 mg upadacitinib exhibited greater improvement, displaying dose-dependent characteristics.

Therefore, upadacitinib can improve overall symptoms, signs, and eczema area in patients

with moderate-to-severe AD, and rapidly alleviate itching. In terms of safety, the most com-

mon side effects of upadacitinib include acne, blood creatine phosphokinase increased, upper

respiratory tract infection, nasopharyngitis and headache. The numbers of occurrences and

total numbers of acne, blood creatine phosphokinase increased, upper respiratory tract infec-

tion, nasopharyngitis and headache with 15 mg upadacitinib vs 30 mg upadacitinib vs placebo

were 105/1058 VS 166/1069 VS 27/1062; 45/1058 VS 58/1069 VS 22/1062; 71/1058 VS 88/1069

VS 61/1062; 91/1058 VS 108/1069 VS 78/1062; 57/1058 VS 61/1069 VS 43/1062, respectively.

This data indicates that the incidence of adverse reactions was 5–10% except for acne, which

was more than 10%. As a result of meta-analysis, the overall adverse events rate with upadaciti-

nib was significantly higher than placebo (P< 0.05), and both doses of upadacitinib signifi-

cantly increased the incidence of acne and elevated levels of blood creatine kinase (P< 0.05).

Although the 15 mg upadacitinib did not yield significant differences in the incidence of naso-

pharyngitis and upper respiratory tract infections compared to the placebo, a significant differ-

ence was observed with the 30 mg upadacitinib. Therefore, to some extent, the occurrence of

AE with upadacitinib appears to be dose-dependent. There were no significant differences in

the SAE or withdrawal rate due to AE when compared to the placebo. Moreover, outcomes

from subgroup analysis indicated that the 30 mg upadacitinib exhibited an increase in the SAE

and withdrawal rate due to AE, albeit without statistically significant differences when com-

pared to the placebo (P> 0.05). Overall, these findings suggest, to some extent, that the major-

ity of adverse events induced by upadacitinib are mild and tolerable.

However, following the black box warning by the FDA regarding increased risks of cancer,

thrombosis, severe cardiovascular events, and death associated with tofacitinib, upadacitinib,

being a member of JAK inhibitors, was not exempted. Therefore, the conclusion drawn from

the aforementioned safety research data, suggesting that adverse events are mild and tolerable,

may not be entirely convincing. Hence, we summarized the adverse events mentioned in the

black box warning: the numbers of occurrences and total numbers of cancer, thrombosis,

severe cardiovascular events, and death with 15 mg upadacitinib vs 30 mg upadacitinib vs. pla-

cebo were 2/1058 vs 5/1069 vs 0/1062; 0/1058 vs 0/1069 vs 2/1062; 0/1058 vs 1/1069 vs 2/1062;

0/1058 vs 0/1069 vs 0/1062, respectively. This data indicates the absence of death associated

with the use of upadacitinib, suggesting a favorable safety profile concerning thrombosis and
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severe cardiovascular events. However, there may be an increased risk of cancer. Meta-analysis

of the data demonstrated no significant difference in the cancer between upadacitinib and pla-

cebo (P> 0.05), demonstrating, to some extent, that upadacitinib has higher safety compared

to first-generation JAK inhibitors. Furthermore, a study lasting up to 160 weeks proved that

upadacitinib is overall safe and well-tolerated [34], adding a layer of assurance to its safety

profile.

A growing body of clinical, epidemiological, and molecular evidence highlights variations

in disease severity, duration, and age of onset across different ethnic populations affected by

AD [35–38]. These differences, therefore, necessitate additional evaluations of drug reactions

in patients with AD from different racial backgrounds in clinical trials, aiming to optimize

treatment options [39]. The study, published last year, was the first to evaluate the differences

in efficacy and safety of Upadacitinib among different ethnic populations [22]. It included

three RCTs [20–22] and analyzed the variations in efficacy and safety after 16 weeks of Upada-

citinib treatment in individuals from White, Asian, and Black/African American descent racial

backgrounds. And the study concluded that there was no apparent racial diversity observed

among different ethnic groups in terms of safety. Besides both White and Asian patients

showed similar efficacy in terms of measures such as EASI-75%, IGA 0/1, and NRS� 4. How-

ever, Black/African-American patients, although not achieving statistical significance, exhib-

ited relatively lower levels of responsiveness compared to White and Asian patients. The

reason for this poor responsiveness may be that erythema can be more difficult to detect in

patients with darker skin types and this decreases the accuracy of effective index assessment

among Black/African American patients to some extent [40]. Consequently, there is a need for

additional racial-related clinical data for validation in the future.

This study included a total of five clinical trials [18–22], all of which were randomized, dou-

ble-blind, multicenter high-quality studies. However, there were certain limitations. As a novel

treatment method, upadacitinib necessitates additional RCTs, especially positive drug-con-

trolled trials, to comprehensively evaluate its efficacy and safety. The available long-term clini-

cal research data remains limited, comprising only one trial with a relatively small total sample

size. Consequently, there is a need for additional data for verification in the future. Some out-

come indicators exhibit significant heterogeneity, which may be linked to the variations in the

duration of the disease among the included patients (three studies [20–22] included patients

with a disease duration of more than 3 years).

5. Conclusions

In conclusion, this meta-analysis suggests that upadacitinib is superior to placebo in the treat-

ment of moderate-to-severe AD, providing rapid relief of skin itching and effectively improv-

ing symptoms, signs, and quality of life. The 30 mg upadacitinib was more effective than the

15 mg upadacitinib, and adverse events were mild and tolerable. Moreover, the long-term

safety profile was deemed acceptable. The risk of adverse events mentioned in the black

box warning was low. Therefore, compared to other non-selective JAK inhibitors, upadacitinib

may be a more convenient, effective, and safe choice for patients with moderate-to-severe AD.

Supporting information

S1 Checklist. PRISMA 2009 checklist.

(DOC)

S1 Fig. Meta-analysis forest plots of other efficacy measures.

(DOC)

PLOS ONE Upadacitinib for atopic dermatitis

PLOS ONE | https://doi.org/10.1371/journal.pone.0306463 July 26, 2024 12 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0306463.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0306463.s002
https://doi.org/10.1371/journal.pone.0306463


S2 Fig. Meta-analysis forest plots of other safety measures.

(DOC)

S1 Data. Raw data.

(XLSX)

Author Contributions

Conceptualization: Dan-Jie Zhao, Peng Tang.

Data curation: Dan-Jie Zhao.

Formal analysis: Dan-Jie Zhao.

Methodology: Xia Li, Hai-Xia Lin, Peng Tang.

Software: Hong Zheng, Di Zhou.

Writing – original draft: Dan-Jie Zhao.

Writing – review & editing: Xia Li, Hai-Xia Lin, Peng Tang.

References

1. Bieber T. Atopic dermatitis: an expanding therapeutic pipeline for a complex disease. Nat Rev Drug Dis-

cov. 2022 Jan; 21(1):21–40. https://doi.org/10.1038/s41573-021-00266-6 PMID: 34417579.

2. Gatmaitan JG, Lee JH. Challenges and Future Trends in Atopic Dermatitis. Int J Mol Sci. 2023 Jul 12;

24(14):11380. https://doi.org/10.3390/ijms241411380 PMID: 37511138

3. Hay RJ, Johns NE, Williams HC, Bolliger IW, Dellavalle RP, Margolis DJ, et al. The global burden of

skin disease in 2010: an analysis of the prevalence and impact of skin conditions. J Invest Dermatol,

2014, 134(6): 1527–1534. https://doi.org/10.1038/jid.2013.446 PMID: 24166134.

4. Langan SM, Irvine AD, Weidinger S. Atopic dermatitis. Lancet. 2020 Aug 1; 396(10247):345–360.

https://doi.org/10.1016/S0140-6736(20)31286-1 PMID: 32738956.

5. Boguniewicz M. Biologic Therapy for Atopic Dermatitis: Moving Beyond the Practice Parameter and

Guidelines. J Allergy Clin Immunol Pract. 2017 Nov-Dec; 5(6):1477–1487. https://doi.org/10.1016/j.

jaip.2017.08.031 PMID: 29122151.

6. Pereyra-Rodriguez JJ, Baldrich ES, Ruiz-Villaverde R, Torres EB, De la C Dobao P, Nart IF, et al. Clini-

cal Approach to Patients with Moderate-to-Severe Atopic Dermatitis: A Spanish Delphi Consensus.

Acta Derm Venereol. 2023 Nov 20; 103:adv12314. https://doi.org/10.2340/actadv.v103.12314 PMID:

37982727.

7. Brunner PM, Silverberg JI, Guttman-Yassky E, Paller AS, Kabashima K, Amagai M, et al. Increasing

Comorbidities Suggest that Atopic Dermatitis Is a Systemic Disorder. J Invest Dermatol. 2017 Jan; 137

(1):18–25. https://doi.org/10.1016/j.jid.2016.08.022 PMID: 27771048.

8. De Bruin-Weller M, Biedermann T, Bissonnette R, Deleuran M, Foley P, Girolomoni G, et al. Treat-to-

Target in Atopic Dermatitis: An International Consensus on a Set of Core Decision Points for Systemic

Therapies. Acta Derm Venereol. 2021 Feb 17; 101(2):adv00402. https://doi.org/10.2340/00015555-

3751 PMID: 33491094.

9. Li H, Zhang Z, Zhang H, Guo Y, Yao Z. Update on the Pathogenesis and Therapy of Atopic Dermatitis.

Clin Rev Allergy Immunol. 2021 Dec; 61(3):324–338. https://doi.org/10.1007/s12016-021-08880-3

PMID: 34338977.

10. Megna M, Napolitano M, Patruno C, Villani A, Balato A, Monfrecola G, et al. Systemic Treatment of

Adult Atopic Dermatitis: A Review. Dermatol Ther (Heidelb). 2017 Mar; 7(1):1–23. https://doi.org/10.

1007/s13555-016-0170-1 PMID: 28025775.

11. Davari DR, Nieman EL, McShane DB, Morrell DS. Current Perspectives on the Systemic Management

of Atopic Dermatitis. J Asthma Allergy. 2021 Jun 1; 14:595–607. https://doi.org/10.2147/JAA.S287638

PMID: 34103945.

12. Kamata M, Tada Y. Optimal Use of Jak Inhibitors and Biologics for Atopic Dermatitis on the Basis of the

Current Evidence. JID Innov. 2023 Feb 24; 3(3):100195. https://doi.org/10.1016/j.xjidi.2023.100195

PMID: 37180768.

PLOS ONE Upadacitinib for atopic dermatitis

PLOS ONE | https://doi.org/10.1371/journal.pone.0306463 July 26, 2024 13 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0306463.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0306463.s004
https://doi.org/10.1038/s41573-021-00266-6
http://www.ncbi.nlm.nih.gov/pubmed/34417579
https://doi.org/10.3390/ijms241411380
http://www.ncbi.nlm.nih.gov/pubmed/37511138
https://doi.org/10.1038/jid.2013.446
http://www.ncbi.nlm.nih.gov/pubmed/24166134
https://doi.org/10.1016/S0140-6736%2820%2931286-1
http://www.ncbi.nlm.nih.gov/pubmed/32738956
https://doi.org/10.1016/j.jaip.2017.08.031
https://doi.org/10.1016/j.jaip.2017.08.031
http://www.ncbi.nlm.nih.gov/pubmed/29122151
https://doi.org/10.2340/actadv.v103.12314
http://www.ncbi.nlm.nih.gov/pubmed/37982727
https://doi.org/10.1016/j.jid.2016.08.022
http://www.ncbi.nlm.nih.gov/pubmed/27771048
https://doi.org/10.2340/00015555-3751
https://doi.org/10.2340/00015555-3751
http://www.ncbi.nlm.nih.gov/pubmed/33491094
https://doi.org/10.1007/s12016-021-08880-3
http://www.ncbi.nlm.nih.gov/pubmed/34338977
https://doi.org/10.1007/s13555-016-0170-1
https://doi.org/10.1007/s13555-016-0170-1
http://www.ncbi.nlm.nih.gov/pubmed/28025775
https://doi.org/10.2147/JAA.S287638
http://www.ncbi.nlm.nih.gov/pubmed/34103945
https://doi.org/10.1016/j.xjidi.2023.100195
http://www.ncbi.nlm.nih.gov/pubmed/37180768
https://doi.org/10.1371/journal.pone.0306463


13. Armario-Hita JC, Galán-Gutiérrez M, Dodero-Anillo JM, Carrascosa JM, Ruiz-Villaverde R. Updated

Review on Treatment of Atopic Dermatitis. J Investig Allergol Clin Immunol. 2023 Jun; 33(3):158–167.

https://doi.org/10.18176/jiaci.0906 PMID: 37318771.

14. Miao M, Ma L. The efficacy and safety of JAK inhibitors for atopic dermatitis: a systematic review and

meta-analysis. J Dermatolog Treat. 2022 Jun; 33(4):1869–1877. https://doi.org/10.1080/09546634.

2021.1942422 PMID: 34132163.

15. Li C, Sun X, Zhao K, Meng F, Li L, Mu Z, et al. Efficacy and Safety of Janus Kinase Inhibitors for the

Treatment of Atopic Dermatitis: A Systematic Review and Meta-Analysis. Dermatology. 2022; 238

(4):725–735. https://doi.org/10.1159/000518541 PMID: 34455413.

16. Alves C, Penedones A, Mendes D, Batel Marques F. The safety of systemic Janus kinase inhibitors in

atopic dermatitis: a systematic review and network meta-analysis. Eur J Clin Pharmacol. 2022 Dec; 78

(12):1923–1933. https://doi.org/10.1007/s00228-022-03400-4 PMID: 36207461.

17. Chen J, Cheng J, Yang H, Tu W, Zhang Y, Luo X, et al. The efficacy and safety of Janus kinase inhibi-

tors in patients with atopic dermatitis: A systematic review and meta-analysis. J Am Acad Dermatol.

2022 Aug; 87(2):495–496. https://doi.org/10.1016/j.jaad.2022.03.039 PMID: 35358602.
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