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Abstract

Background: Janus kinase (JAK) inhibitors are being evaluated as prom-
ising upcoming treatments for atopic dermatitis (AD).

Objectives: To systematically assess the efficacy of oral JAK inhibitors in
patients with AD and provide comparisons among JAK inhibitors.
Methods: A systematic literature review of JAK inhibitors in the treatment of
AD was conducted and reported based on Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses using PubMed, ClinicalTrials.gov,
CENTRAL, MEDLINE/Ovid, Embase and sponsor websites from inception
to 30 September 2021. References of relevant articles were reviewed by
two authors. Only RCTs of JAK inhibitors for treating AD with more than one
study were included. Data was extracted and the meta-analysis was per-
formed using the metan procedure in STATA version 12.1. Risk of bias was
assessed with the Cochrane Risk of Bias Tool. The four outcomes analysed
included Eczema Area Severity Index (EASI)-75 response (>75%
improvement of EASI score from baseline), percent change in EASI score,
percent of subjects achieving Investigator Global Assessment (IGA) of clear
or almost clear (IGA 0/1), and > 4-point improvement in pruritus numerical
rating scale (NRS).

Results: Fourteen randomized controlled trials (7051 subjects) assessing
three different oral JAK inhibitors (abrocitinib, baricitinib and upadacitinib) in
patients with moderate-to-severe AD were included in the meta-analysis.
Abrocitinib (100 and 200 mgq), baricitinib (1, 2 and 4 mg) and upadacitinib
(15 and 30 mg) were all found to be more efficacious compared to placebo
in all four outcomes analysed. Upadacitinib 30 mg was more effective than
all other dosages of JAK inhibitors in achieving EASI-75, decrease in
percent change of EASI, IGA 0/1 response rate, and > 4-point improvement
in pruritus NRS.

Conclusions: JAK inhibitors were found to be an effective treatment for AD.
Upadacitinib, at 30 mg, was found to be the most efficacious oral JAK in-
hibitor for AD. More clinical trial studies with comparisons among JAK in-
hibitors are needed to confirm these results as well as explore long-term
efficacy and safety of these molecules.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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1 | INTRODUCTION

Atopic dermatitis (AD) is a common inflammatory skin
disorder found in up to 20% of children and 10% of
adults worldwide. This condition is characterised by
eczematous lesions, intense pruritus and a chronic or
relapsing disease course.” Patients with AD not only
suffer physically, but also psychologically and
emotionally including embarrassment, anger and
depression. Significant sleep disturbance may lead to
decreased work production and lower school perfor-
mance. Furthermore, the families of patients with AD
suffer from increased stress and sleep deprivation.?®
The pathogenesis of AD is complex and includes bar-
rier dysregulation, genetics, alteration in the skin
microbiome, and a type-2 predominant immune
dysfunction.’ AD is driven by an increased T-cell type 2
(Th2) response which releases cytokines such as IL-4,
IL-5, IL-13 and IL-31.*

In addition to emollients, topical therapy is the
mainstay of treatment for AD including corticosteroids,
calcineurin inhibitors and phosphodiesterase in-
hibitors. In patients with severe AD or who are not
controlled with topical therapy, phototherapy or sys-
temic therapy such as corticosteroids, cyclosporine,
methotrexate, or other immunosuppressive agents are
recommended. Dupilumab, an IL-4 and IL-13 receptor
inhibitor, was the first biologic approved for the treat-
ment of AD. However, many patients did not achieve
clear or almost clear skin and alternative treatment
options are needed. A recent study comparing dupi-
lumab and upadacitinib, a small molecule JAK inhibi-
tor, in adults with moderate-to-severe AD found that
upadacitinib was more superior in efficacy.® Evidence
for the Janus kinase-signal transducer and activator of
transcription (JAK-STAT) pathway in treating AD has
become more robust in recent years. The JAK-STAT
pathway consists of four Janus kinases [JAK1, JAK2,
JAKS, tyrosine kinase 2 (TYK2)] and seven STAT
proteins (STAT1, STAT2, STAT3, STAT4, STAT5A,
STAT5B and STAT6). Janus kinases (JAKs) reside in
the cytoplasm and bind to type 1 and type 2 cytokine
receptors. Upon activation by the specific ligand
binding, JAKs are phosphorylated. Subsequently, the
JAKs phosphorylate their associated STAT protein,
which dimerises and migrates to the nucleus, thereby
regulating gene transcription.° Numerous cytokines
have been identified to stimulate the JAK-STAT
pathway including cytokines associated with AD (IL-
4, IL-5 and IL-13).”

JAK inhibitors are small molecules that diffuse into
cells and inhibit the kinase portion of JAKs. Phosphor-
ylation is blocked and transduction of intracellular sig-
nalling is inhibited. JAK inhibitors are formulated as oral
or topical agents and can be grouped into first or sec-
ond generation drugs. The first generation of JAK

Key points

What's already known about this topic?
¢ Prior meta-analyses have shown that Janus

kinase (JAK) inhibitors are effective
compared to placebo in treating atopic
dermatitis.

What does this study add?

e Our study is the first meta-analysis that looks
at specific dosages of oral JAK inhibitors in
atopic dermatitis to provide comparisons
among JAK inhibitors.

e We found that upadacitinib, specifically at
30 mg, is the most efficacious oral JAK in-
hibitor for the treatment of atopic dermatitis.

inhibitors were less selective in their target binding than
the second generation.® Many first generation JAK in-
hibitors include JAK2 as a target. JAK2 controls eryth-
ropoietin, thrombopoietin, IL-11, G-CSF and GM-CSF
signalling. Inhibition of JAK2 can lead to cytopenias
including anaemia and neutropenia.® The first genera-
tion of JAK inhibitors consists of tofacitinib, ruxolitinib,
baricitinib, delgocitinib and oclacitinib. Oclacitinib is
currently only approved for veterinary use.'® Multiple
studies are currently underway to investigate both first
and second generation JAK inhibitors for AD therapy. In
our study, we performed a systematic review and meta-
analysis of randomized controlled trials (RCT) to
assess the evidence for JAK inhibitor use in the treat-
ment of AD.

2 | METHODS

2.1 | Data source and literature search

This study was conducted based on Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) recommendations.’” A systematic literature
review in the use of JAK inhibitors for the treatment of
AD was conducted using PubMed, Cochrane Central
Register of Controlled Trials (CENTRAL), Ovid MED-
LINE, Embase (Ovid), ClinicalTrials.gov, and sponsor
websites from the earliest publication date to 30
September 2021. References of relevant articles were
also reviewed. The keywords ‘AD’ and ‘JAK inhibitor’ or
the compound or generic name of JAK inhibitors
(tofacitinib, baricitinib, oclacitinib, upadacitinib, itaciti-
nib, momelotinib, peficitinib, decernotinib, fedratinib,
pacritinib, filgotinib, gandotinib, solcitinib, lestaurtinib,
PF-06651600, BMS 986165, PF-06700841, abrocitinib,
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gusacitinib, cerdulatinib, SHR0302, ATI-50001, ATI-
50002, ATI-1777, PF 06826647, CTP-543, ATI-501)
were used for the search.

2.2 | Eligibility criteria

Only randomized controlled trials whose oral JAK in-
hibitors had results from more than one AD studies
were included to allow for a comparison. Studies on
topical JAK inhibitors were not included in this study.
Studies included human subjects aged 12 and older
and articles written in English. Abstracts, reviews,
commentaries, case reports and case series were
excluded. Two authors agreed on the articles. In case
of discrepancy, the decision was deferred to the senior

Records identified from:

PubMed 485 Embase (Ovid) 1647
Cochrane 207 Medline (Ovid) 1713
ClinTrials.gov 32 Sponsor Websites 2

l

Records screened: 658

author. Figure 1 describes the methods of the sys-
tematic search.

2.3 | Data extraction

Data extracted from the articles included the first
author's name, publication year, clinical trial identifier,
study design and study length. Patient characteristics
included mean age, total number of participants, the
key inclusion/exclusion criteria including percent body
surface area (BSA), eczema area severity index
(EASI) score and investigator global assessment
(IGA) score. Study information included the treatment
groups, the number of subjects in each group and the
duration of treatment. Also, the primary and

Records removed prior to screening:
3,428 Duplicate records removed

Records excluded: 490

l

Reports sought for retrieval: 168

\ 4

Reports not retrieved: 3

l

Reports assessed for eligibility: 165

\

153 Reports excluded:

v

Studies included in review: 14
Reports of included studies: 12

FIGURE 1

* 125 Review articles

* 13 Case reports

* 5single studies for the drug

* 4 RCTs on topical JAK inhibitors
* 2 trials not studying efficacy

* 2 open label studies

* 1 pediatric study

* 1 study with no placebo

Preferred reporting items for systematic reviews and meta-analyses flow diagram of the study
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Risk of bias

Study

D1: Random sequence generation (selection bias)
D2: Allocation concealment (selection bias)
D3: Blinding of participants and personnel (performance bias)

Judgement

. Low

D4: Blinding of outcome assessment(detection bias)
D5: Incomplete outcome data(attrition bias)
D6: Selective reporting (reporting bias)

FIGURE 2 Risk of bias assessment

secondary endpoints including the number or percent
of subjects achieving an IGA of clear or almost clear
(0/1), EASI 50/75/90 (>50%/75%/90% improvement
of EASI score from baseline), pruritus numerical rat-
ing scale (NRS) improvement of >4 points, BSA and
Scoring Atopic Dermatitis (SCORAD) compared to
baseline, adverse events and serious adverse events
were captured, as allowed by the availability of the
data in the articles.

2.4 | Bias evaluation

The risk of bias was assessed in accordance with the
Cochrane Risk of Bias Tool.'? Each study was deter-
mined as having a low, high, or unclear risk of bias for
random sequence generation (selection bias),

allocation concealment (selection bias), blinding of
participants and personnel (performance bias), blinding
of outcome assessment (detection bias), selective
reporting (reporting bias) and incomplete outcome data
(attrition bias).

2.5 | Statistical analysis
The meta-analysis comparing the effect of JAK in-
hibitors against placebo was conducted using the
metan procedure in STATA version 12.1. Separate
meta-analyses were run for each dose level of each
compound for which multiple RCTs were available.
Relative risks (RRs) and standardized mean differ-
ence (SMD) with 95% confidence intervals (Cls) were
used to evaluate the efficacy outcomes. RR was
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(a) Oral Abrocitinib
EASI 75 dosage 100

Study %
D RR (95% Cl) Weight
Gooderham 2019 —§+— 2.65(1.30,5.41) 7.10
Silverberg 2020 -E—H 4.26 (2.16,8.40) 9.33
Simpson 2020 —l—o— 3.40 (1.79,6.47) 10.49
Bieber 2021 —%:— 217 (1.60,2.94) 39.31
Eichenfield 2021 ———— i 1.58 (1.19,2.10) 33.78
Overall (I-squared = 66.1%, p = 0.019) O 2.33(1.92,2.82) 100.00
I : I
119 1 8.4
(b) Oral Abrocitinib
EASI 75 dosage 200
Study %
ID RR (95% Cl) Weight
Gooderham 2019 —-i—o— 420 (2.15,8.21)  6.78
Silverberg 2020 -—oﬁ 5.91 (3.03,11.54)  9.40
Simpson 2020 % 533(2850998)  10.60
Bieber 2021 —_— 2.55 (1.89, 3.43) 39.14
Eichenfield 2021 —_—— 1.75 (1.33, 2.31) 34.08
Overall (I-squared = 83.4%, p = 0.000) 100.00

0 3.00 (2.49, 3.62)

|
.0867

FIGURE 3 Forest plots for the proportion of patients on oral abrocitinib 100 mg (a), oral abrocitinib 200 mg (b), oral baricitinib 1 mg (c), oral
baricitinib 2 mg (d), oral baricitinib 4 mg (e), oral upadacitinib 15 mg (f), and oral upadacitinib 30 mg (g) achieving EASI-75 response compared

to patients on placebo

presented if the results were binary variables and SMD
was used for data with continuous variables. Statistical
significance was determined by a Cl not containing 1 for
the RR estimate, and a Cl not containing 0 for the SMD
estimate.

The heterogeneity was quantified using Cochran's
Q and /? statistics measuring the percentage of varia-
tion between the studies.'® If the /* value was >50%
and the p value was less than 0.05, heterogeneity was
considered significant.



10 of 26 SKIN HEALTH DISEASE LEE ET AL
(c) Oral Baricitinib
EASI 75 dosage 1
Study %
D RR (95% CI) Weight
BREEZE-AD1 _I._ 1.96 (1.13, 3.40) 40.14
BREEZE-AD2 i + 2.08 (1.086, 4.07) 27.45
Simpson 2021 - E 1.58 (0.80, 3.14) 32.41
Overall (I-squared = 0.0%, p = 0.838) @ 1.87 (1.30, 2.69) 100.00
| : T
246 1 4.07
(d) Oral Baricitinib
EASI 75 dosage 2
Study %
ID RR (95% Cl) Weight
BREEZE-AD1 —_— 212 (1.23,3.64) 23.63
BREEZE-AD2 ———%—— 201(157,541) 1633
Reich 2020 —o—-— 1.88 (1.25,2.82)  40.61
Simpson 2021 —————— 360(203,670) 19.43
Overall (I-squared = 25.7%, p = 0.257) @ 2.46 (1.89,3.18)  100.00
T ’ T
149 1 6.7

FIGURE 3 (Continued)

3 |
3.1 |

AD RESULTS

Search results

A PRISMA flowchart of the process of study selection is
shown in Figure 1. Initially, a total of 4086 articles were
retrieved. After screening the articles by title, abstract,

and full-text, 3921 articles were excluded including du-
plicates. Out of the 165 remaining relevant articles, were
found to be original articles, of which 28 were excluded
(13 case reports, 5 single studies for the specific JAK

inhibitor, four RCTs on topical JAK inhibitors, two safety
studies, two open-label studies, one study evaluating
paediatric subjects only, and one study without a placebo
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() Oral Baricitinib
EASI 75 dosage 4
Study %
ID RR (95% Cl) Weight
BREEZE-AD1 —E-O— 2.81 (1.70, 4.64) 29.42
BREEZE-AD2 —-—OH 3.44 (1.89, 6.25) 20.11
Reich 2020 —0—;— 2.08 (1.40, 3.09) 50.47
Overall (I-squared = 5.7%, p = 0.346) @ 2.57 (1.95, 3.38) 100.00
| : |
.16 1 6.25
(f) Oral Upadacitinib
EASI 75 dosage 15
Study %
ID RR (95% Cl) Weight

Guttman-Yassky 2019

Measure Up 1

Measure Up 2

Reich 2021

Overall (I-squared = 81.8%, p = 0.001)

1
'
—9—0—) 5.37 (2.03, 14.23) 243
1
——

4.26 (3.24, 5.61) 27.65
H
—— 452 (3.30, 6.19) 22.16
:
H

—— ! 2.46 (2.00, 3.02) 47.76
i

100.00

® 3.48 (3.01, 4.03)

.0703 1

FIGURE 3 (Continued)

group). The final results included 12 eligible original ar-
ticles with 14 RCTs for quantitative meta-analysis.

3.2 | Characteristics of eligible studies

The demographic data of the 14 clinical trials are
seen in Table 1. The number of patients reaching

14.2

the examined endpoints are shown in Table 2. Our
meta-analysis included 6653 patients with AD and
assessed three JAK inhibitors. Of the 14 clinical tri-
als, there were five, five and four RCTs for abroci-
tinib,"*'®  baricitinib,’®?* and  upadacitinib,>>>°
respectively. All drugs were administered orally in
patients with moderate to severe AD. Moderate to
severe AD was defined as IGA >3 and EASI >16 by
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(9) Oral Upadacitinib
EASI 75 dosage 30

Study

Guttman-Yassky 2019

Measure Up 1

Measure Up 2

Reich 2021

Overall (I-squared = 82.9%, p = 0.001)

%

RR (95% Cl) Weight
H
1
—t——————  7.08(273, 18.35) 243
:
—— 4.87 (3.71, 6.38) 27.79
|
—— 5.49 (4.03, 7.47) 2235
.
1
- 2.93 (2.40, 3.57) 47.43
1

Q 4.14 (3.59, 4.77) 100.00

.0545 1

FIGURE 3 (Continued)

TABLE 3 Relative risk (RR) values for each of drug dosages

18.3

Pruritus NRS score

EASI 75 RR % Change in EASI IGA 0/1 RR >4 point improvement

(95% Cl) SMD (95% Cl) (95% Cl) RR (95% CI)
Abrocitinib 100 mg 2.33 (1.92-2.82) —0.58 (-0.76 to —0.40) 2.52 (1.92-3.30) 2.02 (1.65-2.48)
Abrocitinib 200 mg 3.00 (2.49-3.62) —0.92 (—1.11 to —0.74) 3.46 (2.66—4.50) 2.63 (2.15-3.20)
Baricitinib 1 mg 1.87 (1.30-2.69) —0.22 (-0.34 to —0.09) 2.27 (1.45-3.55) 1.74 (1.09-2.79)
Baricitinib 2 mg 2.46 (1.89-3.18) —0.36 (—0.47 to —0.25) 2.65 (1.95-3.59) 2.35 (1.72-3.22)
Baricitinib 4 mg 2.57 (1.95-3.38) —0.47 (-0.60 to —0.35) 2.80 (2.03-3.86) 2.61 (1.90-3.60)
Upadacitinib 15 mg 3.48 (3.01-4.03) —0.99 (—1.09 to —0.89) 5.30 (4.19-6.71) 4.14 (3.41-5.03)
Upadacitinib 30 mg 4.14 (3.59-4.77) -1.25 (-1.35 to —1.15) 7.31 (5.81-9.21) 5.24 (4.34-6.34)

Abbreviations: Cl, confidence interval; EASI, eczema area and skin severity index; IGA, investigator global assessment; SMD, standardized mean difference.

all studies except one study defined moderate to
severe AD as IGA >3 with an EASI >12. Three of
the studies included concomitant topical corticoste-
roid treatment in addition to placebo or the JAK
inhibitor.

3.3 | Risk of bias assessment

The Risk-of-Bias Visualisation tool was used to create
the plot of bias (Figure 2).2° All 14 RCTs were found to
have a low risk of bias.

3.4 | Efficacy outcomes

3.4.1 | EASI-75 Response

Thirteen RCTs (6927 patients) reporting EASI-75 re-
sponses were analysed. Seven separate meta-
analyses were performed for patients on abrocitinib
100 mg, abrocitinib 200 mg, baricitinib 1 mg, baricitinib
2 mg, baricitinib 4 mg, upadacitinib 15 mg, and upa-
dacitinib 30 mg (Figure 3a—g). Patients taking abrociti-
nib 100 mg (RR = 2.33; 95% Cl = 1.92-2.82),
abrocitinib 200 mg (RR = 3.00; 95% CI = 2.49-3.62),
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(a)

Oral Abrocitinib

% change EASI dosage 100

Study

Gooderham 2019

Simpson 2020

Eichenfield 2021

Overall (I-squared = 0.0%, p = 0.444)

SMD (95% Cl)

-0.51 (-0.90, -0.12)

-0.72 (-1.00, -0.44)

-0.47 (-0.76,-0.18)

-0.58 (-0.76, -0.40)

Weight

21.22

100.00

(b)

Oral Abrocitinib

% change EASI dosage 200

Study

Gooderham 2019

Simpson 2020

Eichenfield 2021

Overall (I-squared = 78.6%, p = 0.009)

g

O

1
1
1
1
1
1
1
fi

SMD (95% Cl)

-1.05 (-1.47, -0.63)

-1.21 (-1.51, 0.92)

-0.58 (-0.87, -0.29)

-0.92 (-1.11, 0.74)

Weight

19.63

39.52

100.00

-1.51

o

1351

FIGURE 4 Forest plots for the percent change of EASI score in patients on oral abrocitinib 100 mg (a), oral abrocitinib 200 mg (b), oral
baricitinib 1 mg (c), oral baricitinib 2 mg (d), oral baricitinib 4 mg (e), oral upadacitinib 15 mg (f), and oral upadacitinib 30 mg (g) compared to
patients on placebo
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(c)

Oral Baricitinib

% change EASI dosage 1

Study %

D SMD (95% CI) Weight
'
1

BREEZE-AD1 : : -0.24 (-0.46, -0.03) 34.97
‘
1

BREEZE-AD2 -4 -0.20 (-0.41, 0.02) 34.44
1
:

Simpson 2021 < 021 (-0.44, 0.02) 30.50
‘

Overall (l-squared = 0.0%, p = 0.955) @ -0.22 (-0.34, -0.09) 100.00
1
1
1
1
1
'
H

| I
-.457 457
C) Oral Baricitinib
% ch EASI d 2
o Change oSage

Study %

ID SMD (95% Cl) Weight
i

Guttman-Yassky 2018 ¢ : -0.49 (-0.95, -0.03) 5.87
'

BREEZE-AD1 —— -0.31 (-0.53, -0.10) 26.65
1

BREEZE-AD2 —_—— -0.41 (-0.63, -0.19) 26.27
|

Reich 2020 —_—— -0.33 (-0.60, -0.07) 17.59
‘

Simpson 2021 —_—— -0.34 (-0.57, -0.11) 23.62
1

Overall (I-squared = 0.0%, p = 0.950) @ -0.36 (-0.47, -0.25) 100.00
1
1
1
1
1
1
L

-.954

FIGURE 4 (Continued)

954
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() Oral Baricitinib
% change EASI dosage 4
ID SMD (95% Cl) Weight

Guttman-Yassky 2018

BREEZE-AD1

BREEZE-AD2

Reich 2020

Overall (I-squared = 0.0%, p = 0.871)

-0.51 (-0.97, 0.05)

-0.46 (-0.68, 0.25)

-0.42 (-0.64, 0.20)

-0.56 (-0.83, 0.29)

-0.47 (-0.60, 0.35)

7.80

34.95

34.50

22.75

100.00

-.974

()

Study

974

Oral Upadacitinib
% change EASI| dosage 15

T

1

1
Guttman-Yassky 2019 _—

1

1

1
Measure Up 1 —.—

1

1

f
Measure Up 2 ———

1
Reich 2021 —_——

i
Overall (I-squared = 1.2%, p = 0.386) @

1

1

1

1

1

1

SMD (95% Cl)

-0.96 (-1.41, -0.50)

1.1 (-1.29, -0.93)

0.99 (-1.16, -0.81)

-0.89 (-1.06, -0.73)

0.99 (-1.09, -0.89)

Weight

4.63

30.36

30.77

34.24

100.00

FIGURE 4 (Continued)

141
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(@ Oral Upadacitinib
% change EASI dosage 30

Study

Guttman-Yassky 2019

Measure Up 1

Measure Up 2

Reich 2021

Overall (I-squared =0.0%, p = 0.580)

SMD (95% Cl) Weight
-1.27 (-1.74,-0.80) 4.54
-1.33 (-1.51,-1.15) 30.59
-1.26 (-1.44,-1.08) 30.85
-1.15 (-1.33, -0.98) 34.02
-1.25 (-1.35,-1.15) 100.00

-1.74

FIGURE 4 (Continued)

baricitinib 1 mg (RR = 1.87; 95% CI = 1.30-2.69), bar-
icitinib 2 mg (RR = 2.46; 95% Cl = 1.89-3.18), baricitinib
4 mg (RR = 2.57, 95% CI = 1.95-3.38), upadacitinib
15 mg (RR = 3.48, 95% CI = 3.01-4.03), and upa-
dacitinib 30 mg (RR = 4.14, 95% CIl = 3.59-4.77)
had a significantly higher rate of achieving EASI-75
than patients in the placebo group (Table 3). Signifi-
cant heterogeneity was observed for abrocitinib
100 mg (? = 66.1%, p = 0.019), abrocitinib 200 mg
(P = 83.4%, p = 0.000), upadacitinib 15 mg (I* =
81.8%, p = 0.001) and upadacitinib 30 mg (? =
82.9%, p = 0.001). No significant heterogeneity was
observed for baricitinib 1 mg (? = 0.0%, p = 0.838),
2 mg (I = 25.7%, p = 0.257), or 4 mg (I?> = 5.7%,
p = 0.346).

Twelve RCTs (5822 patients) reporting percent
change in EASI scores were analysed. Seven separate
meta-analyses were performed (Figure 4a—g). All
groups analysed [abrocitinib 100 mg (SMD = -0.58,
95% Cl = -0.76 to -0.40), abrocitinib 200 mg
(SMD = -0.92, 95% CIl = —1.11 to —0.74), baricitinib
1 mg (SMD = -0.22, 95% CIl = —-0.34 to —0.09), bar-
icitinib 2 mg (SMD = -0.36, 95% CI = —0.47 to —0.25),
baricitinio 4 mg (SMD = -0.47, 95% Cl = -0.60
to —0.35), upadacitinib 15 mg (SMD = -0.99, 95%
Cl = -1.09 to -0.89) and upadacitinib 30 mg
(SMD = —-1.25, 95% CI = —1.35 to —1.15)] showed a
statistically significant decrease in percent EASI score

1.74

compared to placebo. Significant heterogeneity was
seen in abrocitinib 200 mg (/> = 78.6%, p = 0.009). No
significant heterogeneity was seen in any of the other
groups [abrocitinib 100 mg (2 = 0.0%, p = 0.444),
baricitinib 1 mg (/* = 0.0%, p = 0.955), baricitinib 2 mg
(P = 0.0%, p = 0.950), baricitinib 4 mg (* = 0.0%,
p = 0.871), upadacitinib 15 mg (/* = 1.2%, p = 0.386)
and upadacitinib 30 mg (/> = 0.0%, p = 0.580)].
Fourteen RCTs (7051 patients) reporting IGA re-
sponses of 0 or 1 as an outcome were analysed. Seven
separate meta-analyses (Figure 5a—g) were performed
for patients on abrocitinib 100 mg, abrocitinib 200 mg,
baricitinib 1 mg, baricitinib 2 mg, baricitinib 4 mg, upa-
dacitinib 15 mg and upadacitinib 30 mg. All
groups [abrocitinib 100 mg (RR = 2.52, 95% Cl = 1.92—
3.30), abrocitinib 200 mg (RR = 3.46, 95% CI =
2.66-4.50), baricitinib 1 mg (RR = 2.27, 95%
Cl = 1.45-3.55), baricitinib 2 mg (RR = 2.65, 95% CIl =
1.95-3.59), baricitnib 4 mg (RR = 2.80, 95%
Cl = 2.03-3.86), upadacitinib 15 mg (RR = 5.30, 95%
Cl = 4.19-6.71) and upadacitinib 30 mg (RR = 7.31,
95% Cl = 5.81-9.21)] showed a statistically significantly
higher rate of achieving an IGA response of 0 or 1
compared to patients in the placebo group. Abrocitinib
200 mg ( = 64.4%, p = 0.024) showed significant
heterogeneity. No significant heterogeneity was
observed for the other groups [abrocitinib 100 mg
(P = 31.2%, p = 0.213), baricitinib 1 mg (* = 0.0%,
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(a) Oral Abrocitinib
IGA 0/1 dosage 100

Study %
ID RR (95% Cl) Weight
i
Gooderham 2019 —:—0— 5.14 (1.59, 16.59) 4.59
Silverberg 2020 —é—.— 3.10 (1.47,6.57) 14.08
Simpson 2020 + 3.04 (1.34, 6.90) 12.07
'
Bieber 2021 —0— 2.63 (1.66, 4.17) 34.88
Eichenfield 2021 —+ﬂi 1.63 (1.05, 2.51) 34.37
Overall (I-squared = 31.2%, p =0.213) @ 2.52 (1.92, 3.30) 100.00
Y
‘
:
| : |
.0603 16.6
(b) Oral Abrocitinib
IGA 0/1 dosage 200
Study %
ID RR (95% Cl) Weight
i
Gooderham 2019 —i—‘— 7.58 (2.41,23.81) 4.38
Silverberg 2020 —é—‘— 4.24 (2.03, 8.84) 14.17
'
Simpson 2020 —i—-‘-—' 5.58 (2.54, 12.29) 12.17
'
Bieber 2021 —0— 3.41 (2.17, 5.36) 34.67
Eichenfield 2021 —_—— i 1.91 (1.26, 2.90) 34.62
Overall (l-squared = 64.4%, p = 0.024) @ 3.46 (2.66,4.50)  100.00
\
H
'
1
'

|
.042

I
23.8

FIGURE 5 Forest plots for the proportion of patients achieving an IGA of 0 or 1 on oral abrocitinib 100 mg (a), oral abrocitinib 200 mg (b),
oral baricitinib 1 mg (c), oral baricitinib 2 mg (d), oral baricitinib 4 mg (e), oral upadacitinib 15 mg (f), and oral upadacitinib 30 mg (g) compared

to patients on placebo

p = 0.910), baricitinib 2 mg (/? = 30.4%, p = 0.219),
baricitinib 4 mg (/> = 0.0%, p = 0.589), upadacitinib
15 mg (I? = 60.9%, p = 0.053) and upadacitinib 30 mg

(I = 54.0%, p = 0.089)].

Thirteen RCTs (6927 patients) reporting a greater
than or equal to 4-point improvement in pruritus NRS as
an outcome were analysed. Seven separate meta-

analyses (Figure 6a—g) were performed for patients on



180f26 |  SKINHEALTH

DISEASE

LEE ET AL.

(©) Oral Baricitinib
IGA 0/1 dosage 1

Study %
ID RR (95% Cl) Weight
§
1
BREEZE-AD1 PN 2.45(1.18,5.08)  34.41
;
.
.
BREEZE-AD2 -~ 1.95(0.87,438)  31.63
-
1
.
Simpson 2021 -+ 2.38(1.07,525)  33.96
:
Overall (I-squared = 0.0%, p = 0.910) @ 2.27 (1.45, 3.55) 100.00
.
:
1
.
5
T ' T
19 1 525
d i
(d) Oral Baricitinib
IGA 0/1 dosage 2
Study %
ID RR (95% Cl) Weight

1

Guttman-Yassky 2018 —%—0— 3.64 (1.83,7.24) 1491

BREEZE-AD1 _.'é_ 2.36 (1.13, 4.95) 17.19
1

BREEZE-AD2 _0-:— 2.34 (1.08, 5.08) 15.97
h

Reich 2020 % : 1.63 (0.93,2.85) 34.66
1

Simpson 2021 —i—o—) 4.40 (2.12,947) 17.27

Overall (I-squared = 30.4%, p = 0.219) @ 2.65 (1.95, 3.59) 100.00
\
'
1
:

| ' I
.109 1 9.17

FIGURE 5 (Continued)

abrocitinib 100 mg, abrocitinib 200 mg, baricitinib 1 mg,
baricitinib 2 mg, baricitinib 4 mg, upadacitinib 15 mg and
upadacitinib 30 mg. All groups [abrocitinib 100 mg
(RR = 2.02, 95% CI = 1.65-2.48), abrocitinib 200 mg
(RR =2.63, 95% CIl =2.15-3.20), baricitinib 1 mg (RR =
1.74, 95% Cl = 1.09-2.79), baricitinib 2 mg (RR = 2.35,
95% Cl = 1.72-3.22), baricitinib 4 mg (RR = 2.61, 95%

Cl = 1.90-3.60), upadacitinib 15 mg (RR = 4.14,
95% Cl = 3.41-5.03) and upadacitinib 30 mg
(RR =5.24, 95% Cl = 4.34—6.34)] showed a statistically
significantly higher rate of achieving > 4-point improve-
ment in pruritus NRS compared to placebo. Significant
heterogeneity was seen for abrocitinib 200 mg
(P = 63.1%, p = 0.029). No significant heterogeneity
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(e) Oral Baricitinib
IGA 0/1 dosage 4
ID RR (95% Cl) Weight

1
'
Guttman-Yassky 2018 — e 3.38 (1.69, 6.79) 18.14
:
'
BREEZE-AD1 —;—OH 3.49 (1.77, 6.85) 20.82
'
BREEZE-AD2 ——————  3.07(1.48,6.34) 19.14
'
1
Reich 2020 —_—— 2.09 (1.28, 3.55) 41.91
'
Overall (I-squared = 0.0%, p = 0.589) @ 2.80 (2.03, 3.86) 100.00
'
'
'
1
'
I I
146 1 6.85
() Oral Upadacitinib
Study %
D RR (95% Cl) Weight
'
'
Guttman-Yassky 2019 . + 12.69 (1.74, 92.64) 143
f
Measure Up 1 —— 5.63 (3.77, 8.40) 33.92
v
Measure Up 2 — 8.29 (4.78, 14.38) 18.31
I
Reich 2021 — 3.65 (2.57,5.19) 46.34
Overall (l-squared = 60.9%, p = 0.053) 100.00

® 5.30 (4.19, 6.71)

.0108 1

FIGURE 5 (Continued)

was observed for any other group [abrocitinib 100 mg
(I = 45.1%, p = 0.121), baricitinib 1 mg (/* = 20.3%,
p = 0.285), baricitinib 2 mg (/> = 52.0%, p = 0.100),
baricitinib 4 mg (* = 18.4%, p = 0.294), upadacitinib
15 mg (I? = 7.4%, p = 0.356) and upadacitinib 30 mg
(I =19.1%, p = 0.295)].

92.6

3.5 | Safety outcomes

Of note, there were three subjects that developed a
thromboembolic event. One each in the placebo,
abrocitinib 200 mg and baricitinib 4 mg groups. There
was one death in the abrocitinib 100 mg group. A full
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(9) Oral Upadacitinib
IGA 0/1 dosage 30

Study

Guttman-Yassky 2019

Measure Up 1

Measure Up 2

Reich 2021

Overall (I-squared =54.0%, p = 0.089)

%

RR (95% Cl) Weight

—‘—.H 20.50 (2.89, 145.45) 1.43

—— 7.27 (491,10.77) 34.09
—— 11.15 (6.48, 19.17) 18.47
—— 5.40 (3.86, 7.55) 46.01

@ 7.31 (5.81,9.21) 100.00

.00688 1

FIGURE 5 (Continued)

summary of adverse events for the placebo and treat-
ment groups are shown in Table 4.

3.6 | Publication bias

The test of publication bias was not performed.

4 | DISCUSSION

In our systematic review and meta-analysis, we found
that all three JAK inhibitors were more effective than
placebo in achieving EASI-75, percent change in EASI
score, an IGA response of 0 or 1, and a greater than or
equal to 4-point improvement in pruritus NRS in pa-
tients with AD. Overall, the majority of endpoints
showed no significant heterogeneity for each dose. Our
results are similar to prior studies.?”*® One strength of
our analysis is that by performing meta-analyses on
specific drugs and their dosages, we attempted to
provide better comparisons among the different JAK
inhibitors at varying dosages.

We found upadacitinib to have the greatest effi-
cacy out of the three JAK inhibitors analysed. Upa-
dacitinib 30 mg was statistically significantly more
effective than all the other doses of JAK inhibitors
besides abrocitinib 200 mg and upadacitinib 15 mg in
achieving EASI-75 response compared to placebo.
Upadacitinib 30 mg also had a significant decrease in
percent EASI compared to every dose of the other

145

JAK inhibitors and upadacitinib 15 mg. Abrocitinib
200 mg had a statistically significant decrease in
percent EASI compared to each of the three doses of
baricitinib. Additionally, upadacitinib 30 mg had a
statistically significantly higher rate of achieving an
IGA response of 0 or 1 compared to every dose of
abrocitinib and baricitinib. However, the difference
between upadacitinib 30 mg and upadacitinib 15 mg
in IGA 0/1 response was not statistically significant.
Finally, upadacitinib 30 mg had a statistically signifi-
cantly higher rate of achieving a greater than or equal
to 4-point improvement in pruritus NRS compared to
every dose of abrocitinib and baricitinib. Upadacitinib
15 mg was also found to be significantly more effi-
cacious in three outcomes (% change in EASI, IGA 0/
1 and > 4-point improvement in pruritus NRS) except
for abrocitinib 200 mg (% change in EASI and IGA 0/
1) and baricitinib 4 mg (> 4-point improvement in
pruritus NRS). Based on these results, upadacitinib at
a dose of 30 mg appears to be the most efficacious
oral treatment of the three JAK inhibitors examined
for moderate-to-severe AD.

Another strength of our study is that we attempted to
use the highest level of data available for our analyses.
Data were only included if the results came from RCTs
and if there were multiple RCTs for the specific JAK
inhibitor and dose.

A limitation of our study was the lack of available
trials. Several JAK inhibitors only had one RCT with
results published. These were not included in our meta-
analysis. Another limitation was the short duration of
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(a) Oral Abrocitinib
Pruritus NRS > 4 dosage 100

Study

Gooderham 2019
Silverberg 2020
Simpson 2020
Bieber 2021
Eichenfield 2021

Overall (I-squared = 45.1%, p =0.121)

—_———
—————

—_—

K

RR (95% ClI)

1.85 (1.07, 3.21)
3.89 (2.06, 7.37)
2.47 (1.37, 4.44)
1.65 (1.20, 2.27)
1.62 (1.07, 2.44)

2.02 (1.65, 2.48)

%

Weight

12.04
10.95
13.39
41.03
22.60

100.00

136

7.37

(b) Oral Abrocitinib
Pruritus NRS > 4 dosage 200

Study

Gooderham 2019
Silverberg 2020
Simpson 2020
Bieber 2021
Eichenfield 2021

Overall (I-squared = 63.1%, p = 0.029)

—_—
=
O

RR (95% Cl)

2.33 (1.38, 3.96)
4.75 (2.53, 8.93)
3.82(2.17,6.72)
2.27 (1.68, 3.07)
1.67 (1.1, 2.52)

2.63 (2.15, 3.20)

%

Weight

11.54
11.07
13.56
40.97
22.87

100.00

|
Alil2

8.93

FIGURE 6 Forest plots for the patients achieving a greater than or equal to 4-point improvement in pruritus NRS on oral abrocitinib 100 mg
(a), oral abrocitinib 200 mg (b), oral baricitinib 1 mg (c), oral baricitinib 2 mg (d), oral baricitinib 4 mg (e), oral upadacitinib 15 mg (f), and oral
upadacitinib 30 mg (g) compared to patients on placebo

follow-up included in the trials. Furthermore, the safety
data was also limited, and a meta-analysis could not be
performed on the adverse effects.

JAK inhibitors have been touted to have acceptable
safety profile in multiple studies.'®2°2% In our study,

there was a higher percentage of patients with herpes
zoster in the treatment group compared to placebo.

This finding is consistent with a prior meta-analysis that

found an increase in herpes zoster incidence in rheu-
matoid arthritis population taking JAK inhibitors.2°
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(c)

Oral Baricitinib

Pruritus NRS > 4 dosage 1

Study %
D RR (95% Cl) Weight
:
BREEZE-AD1 —_— 1.35 (0.64, 2.82) 43.71
i
BREEZE-AD2 4 - 1.17 (0.44, 3.15) 27.40
1
Simpson 2021 - +- 2.88(1.26, 6.56) 28.90
1
Overall (l-squared = 20.3%, p = 0.285) @ 1.74 (1.09, 2.79) 100.00
1
1
| ' |
153 1 6.56
Study %
ID RR (95% CI) Weight
|
1
BREEZE-AD1 —_— 1.52 (0.74, 3.11) 23.30
BREEZE-AD2 —5—0— 3.17 (1.48, 6.79) 14.76
Reich 2020 —_— 1.76 (1.11,2.81)  46.25
1
1
1
Simpson 2021 = 4.55 (2.08, 9.95) 15.69
1
Overall (I-squared = 52.0%, p = 0.100) @ 2.35(1.72, 3.22) 100.00
,
| |
Al 1 9.95

FIGURE 6 (Continued)

Furthermore, the immunomodulatory properties of JAK
inhibitors lead to concerns of increased malignancy. In
our study, eight patients in the upadacitinib group and
two patients in the placebo group had an adverse event
of malignancy. In the upadacitinib group, there were
five patients with non-melanoma skin cancer and one
patient each with anal, gastric and breast cancer. All the

cancers, except for two of the non-melanoma skin
cancers, were considered not related to drug. However,
long-term safety data would be required to further
evaluate the risk of malignancy.

Another area of concern with JAK inhibitors is
whether they cause a predisposition to venous throm-
boembolism (VTE). Two recent studies evaluated the
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(e) Oral Baricitinib
Pruritus NRS > 4 dosage 4
Study %
ID RR (95% Cl) Weight
BREEZE-AD1 _:r._ 2.86 (1.57, 5.22) 27.72
BREEZE-AD2 —é—H 3.97 (1.92, 8.21) 17.37
Reich 2020 —*—;— 2.06 (1.32, 3.22) 54.91
Overall (l-squared = 18.4%, p = 0.294) @ 2.61 (1.90, 3.60) 100.00
T ! T
122 1 8.21
() Oral Upadacitinib
Pruritus NRS > 4 dosage 15
Study %
ID RR (95% Cl) Weight
Guttman-Yassky 2019 —i—o— 9.27 (2.31, 37.31) 1.97
Measure Up 1 — 4.47 (3.16, 6.31) 31.18
Measure Up 2 — 4.55 (3.05, 6.79) 24.27
Reich 2021 —— 3.43 (2.55, 4.61) 4258
Overall (I-squared = 7.4%, p = 0.356) @ 4.14 (3.41, 5.08) 100.00
| ' |
.0268 1 37.3

FIGURE 6 (Continued)

safety of JAK inhibitors and both studies concluded that
there was no significant increase in the occurrence of
VTE in patients with rheumatoid arthritis, inflammatory
bowel disease, or otherimmune-mediated diseases.®%*'
Neither study included AD subjects. However, the Food
and Drug Administration has restricted the use of bar-
icitinib to 2 mg daily due to concerns of increased VTE

risk. Furthermore, another study in rheumatoid arthritis
patients greater than 50 years-old with at least one car-
diovascular risk factor found an increased risk for VTE in
the tofacitinib 10 mg twice daily group during interim
analysis. As a result, all the subjects were switched to
tofacitinib 5 mg twice a day.®? In our study, one patient in
each of the placebo, abrocitinib, and baricitinib groups
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Pruritus NRS > 4 dosage 30
Study %
ID RR (95% Cl) Weight
Guttman-Yassky 2019 —i—.— 9.27 (2.31, 37.31) 1.97
Measure Up 1 —_— 5.18 (3.68, 7.27) 31.31
Measure Up 2 — 6.59 (4.48, 9.69) 24.47
Reich 2021 —— 433 (3.25,5.77) 42.26
Overall (I-squared = 19.1%, p = 0.295) ® 5.24 (4.34, 6.34) 100.00
| ' |
0268 1 37.3
FIGURE 6 (Continued)
TABLE 4 Summary of adverse events
Drug name/ All Serious Herpes Elevated Thrombo- Thrombo-
Timepoint Treatment Nausea Headache infections infections zoster CPK cytopenia Malignancy embolism Death
(weeks) arm n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Abrocitinib Placebo 8(1.8) 19 (4.4) 82 (18.9) 2(0.5) 0 3(1.00 1(0.3) 0 0 0
(12 weeks)
100 mg 44 (6.3) 41 (5.8) 177 (25.2) 8 (1.1) 406) 7(14 O 0 0 1(0.1)
200 mg 103 (15.2) 54 (8.0) 141 (20.8) 2 (0.3) 8(1.3) 10(2.1) 8(1.5) 0 1(0.1) 0
Baricitinib Placebo 2(0.7) 23 (3.3) 131 (16.4) 5 (0.6) 1(0.3) 4(©6) 0 2 (0.3) 0 0
(16 weeks)
1mg 1(0.8) 18 (4.5) 66 (16.5) 4 (1.0) 1(0.7) 520 0 0 0 0
2mg 3(1.9) 28 (6.5) 102 (19.0) 1 (0.2) 2(0.7) 6015 0 0 0 0
4mg 1(0.6) 26 (9.1) 87 (21.9) 1 (0.3) 0 16 (4.00 O 0 1(0.3) 0
Upadacitinib Placebo 1(24) 39 (4.3 124 (13.7) 5 (0.6) 5(06) 21(23) 0 0 1(0.1) 0
(16 weeks)
15 mg 1(2.4) 50 (5.6) 149 (16.6) 7 (0.8) 14 (1.6) 41(46) O 3(0.3) 0 0
30 mg 3(7.1) 57 (6.3) 188 (20.8) 4 (0.4) 14 (1.5) 50(5.5) 1(0.3) 5 (0.6) 0 0

Abbreviations: %, percent of patients; CPK, creatinine phosphokinase; n, number of patients.

developed a thromboembolic event. In order to further
study an event as rare as VTE, evaluation of a larger
patient population or registered database is required.

In conclusion, our study demonstrated that JAK in-

hibitors are an effective treatment for AD. We found that
upadacitinib, particularly at 30 mg, was significantly
more efficacious than both abrocitinib and baricitinib in
every outcome analysed. Clinical trials with compari-
sons among the JAK inhibitors will be needed to

confirm these results. More studies will also be needed
to explore the long-term efficacy and safety of these
molecules.
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