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Capsule summary: This systematic review and NMA compares patient-important outcomes and assesses certainty of
evidence among 68 topical treatments evaluating 43,123 participants across 219 RCTs. These findings inform optimal
AD management among patients, caregivers, and clinicians.
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Background: Atopic dermatitis (AD) is a common skin
condition with multiple topical treatment options, but uncertain
comparative effects.

Objective: We sought to systematically synthesize the benefits
and harms of AD prescription topical treatments.

Methods: For the 2023 American Academy of Allergy, Asthma
& Immunology and American College of Allergy, Asthma, and
Immunology Joint Task Force on Practice Parameters AD
guidelines, we searched MEDLINE, EMBASE, CENTRAL,
CINAHL, LILACS, ICTRP, and GREAT databases to
September 5, 2022, for randomized trials addressing AD topical
treatments. Paired reviewers independently screened records,
extracted data, and assessed risk of bias. Random-effects
network meta-analyses addressed AD severity, itch, sleep, AD-
related quality of life, flares, and harms. The Grading of
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Recommendations Assessment, Development and Evaluation
approach informed certainty of evidence ratings. We classified
topical corticosteroids (TCS) using 7 groups—group 1 being
most potent. This review is registered in the Open Science
Framework (https://osf.io/q5m6s).

Results: The 219 included trials (43,123 patients) evaluated 68
interventions. With high-certainty evidence, pimecrolimus
improved 6 of 7 outcomes—among the best for 2; high-dose
tacrolimus (0.1%) improved 5—among the best for 2; low-dose
tacrolimus (0.03%) improved 5—among the best for 1. With
moderate- to high-certainty evidence, group 5 TCS improved
6—among the best for 3; group 4 TCS and delgocitinib
improved 4—among the best for 2; ruxolitinib improved 4
—among the best for 1; group 1 TCS improved 3—among the
best for 2. These interventions did not increase harm.
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Crisaborole and difamilast were intermediately effective, but
with uncertain harm. Topical antibiotics alone or in
combination may be among the least effective. To maintain AD
control, group 5 TCS were among the most effective, followed
by tacrolimus and pimecrolimus.

Conclusions: For individuals with AD, pimecrolimus,
tacrolimus, and moderate-potency TCS are among the most
effective in improving and maintaining multiple AD outcomes.
Topical antibiotics may be among the least effective. (J Allergy
Clin Immunol 2023;152:1493-519.)

Key words: Atopic dermatitis (eczema), topical treatments (ther-
apy), topical corticosteroids (steroids), topical calcineurin inhibitors
(pimecrolimus, tacrolimus), topical phosphodiesterase-4 (PDE-4)
inhibitors (crisaborole, difamilast, lotamilast, roflumilast), topical
Janus kinase (JAK) inhibitors (ruxolitinib, delgocitinib), patient-
important outcomes (eczema severity, intensity, itch, sleep, quality
of life, flares or flare-ups or exacerbations), disease severity, network
meta-analysis (comparative effects), induction of remission and
maintenance of remission (reactive or proactive therapy)

Atopic dermatitis (AD), often referred to as eczema, represents
the most common chronic inflammatory skin disease, affecting
15% to 20% of children and 3% to 10% of adults around the
world, and manifests as inflamed skin, itch (pruritus), and
impaired patient and caregiver sleep and quality of life
(QoL)."* A combination of skin barrier defects, microbial inter-
actions, irritants, allergens, and abnormal immune responses
drive skin inflammation in AD.? Optimally managing the often re-
lapsing and potentially lifelong nature of AD requires effective
and safe treatments.”

Prescription topical agents represent a core component of
managing AD."”" These agents include topical corticosteroids
(TCS), topical calcineurin inhibitors, phosphodiesterase 4 inhib-
itors, Janus kinase (JAK) inhibitors, prescription moisturizers,
and emerging investigational medicines." Treatment goals
include induction of remission (controlling active disease) and
maintenance of remission (maintaining clear subclinical disease
after initial induction of remission and preventing subsequent ex-
acerbations [referred to as ﬁares]).5 With increasing numbers of
topical therapy options for patients with AD, achieving optimal
AD outcomes requires clarity in the relative merits and potential
harms of each treatment approach.

Previous systematic reviews of topical treatments for AD
explored specific subclasses of therapies in isolation,”® but none
have addressed the comparative efficacy and safety among all
competing topical treatments. The abundance of randomized tri-
als but lack of structured and systematically appraised compara-
tive evidence hinders evidence-based decision making by
patients and caregivers, clinicians, and policymakers.”'"
Network meta-analyses (NMAs) provide comparative evidence
by accounting for both direct and indirect evidence and allowing
for the classification of multiple treatments. As part of the 2023
American Academy of Allergy, Asthma & Immunology
(AAAAI) and American College of Allergy, Asthma, and Immu-
nology (ACAAI) guideline addressing AD,"* we systematically
reviewed all randomized trials of topical treatments for AD and
conducted NMAs.
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Abbreviations used
AAAAIL American Academy of Allergy, Asthma & Immunology
ACAAI: American College of Allergy, Asthma, and Immunology
AD: Atopic dermatitis
Crl: Credible interval
EASI: Eczema Area and Severity Index
GRADE: Grading of Recommendations Assessment, Development
and Evaluation
IQR: Interquartile range
JAK: Janus kinase
MD: Mean difference
MID: Minimally important difference
NMA: Network meta-analysis
OR: Odds ratio
QoL: Quality of life
RCT: Randomized controlled trial
RR: Relative risk
SCORAD: SCORing Atopic Dermatitis
TCS: Topical corticosteroid

METHODS
Search strategy and inclusion criteria

We performed this systematic review and NMA considering
Cochrane Collaboration'' and Grading of Recommendations
Assessment, Development and Evaluation (GRADE) guidance.'”
Our report adheres to Preferred Reporting Items for Systematic Re-
views and Meta-Analyses NMA extension guidance'™'® (see this
article’s Online Repository at www.jacionline.org). We registered
the review, which is linked to the updated AAAAI/ACAAI Joint
Task Force on Practice Parameters for Atopic Dermatitis Guide-
lines,*'”** in the Open Science Framework (https:/osf.io/q5mo6s).

We searched MEDLINE, EMBASE, CENTRAL, CINAHL,
LILACS, World Health Institution International Clinical Trials
Registry Platform, and GREAT (Global Resource of EczemA
Trials) databases from inception to September 5, 2022, without
language restrictions, for published and unpublished randomized
controlled trials (RCTs) comparing prescription topical treat-
ments at any dose or frequency for AD against another prescrip-
tion topical treatment or a control (ie, placebo or standard of care
alone such as a nonprescription moisturizer) with outcomes of
interest (for search terms used, see the Online Repository). The
linked guideline panel defined the most relevant alternative
interventions, including prescription moisturizer devices, which
are defined as those marketed as a medical device under Food and
Drug Administration 510(k) regulatory authorization, such as
Atopiclair (K024367), Dexeryl (K113807), Eletone (K092297),
EpiCeram (K052643), MimyX (K041342), Neosalus (K070309),
PruMyx (K082089), and Zenieva (K073246), and excluding
nonprescription (ie, over the counter) moisturizers.”** To iden-
tify additional potentially relevant studies, we cross-referenced
other systematic reviews, conducted forward and backward cita-
tion analyses of all included studies using Web of Science (all da-
tabases), and conferred with clinical experts from the linked
guideline panel. This approach is consistent with principles of
systematic reviews in addressing the totality of the evidence
and with Cochrane'' and GRADE® guidance to mitigate the
risk of publication bias. We excluded trials using split-body
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designs (ie, individual patients received different treatments
simultaneously on nonoverlapping sites of the body).

Data collection

Paired and calibrated reviewers (A.W.L.C., D.G.R., M.M.W,,
R.C, I.X.Z., M.M., 1.B.) independently screened titles and
abstracts and reviewed full texts using Covidence (Veritas
Health Innovation, Melbourne, Victoria, Australia). Following
Cochrane guidance, we piloted and calibrated reviewers itera-
tively before data extraction independently and in duplicate and
resolved disagreements by consensus and, if necessary, through
discussion with a third reviewer (D.K.C.). Authors with poten-
tial conflicts of interest did not participate in data collection or
formal analysis. We collected study bibliographic information,
design, setting, patient characteristics, intervention and compar-
ator characteristics, outcomes according to the intention-to-treat
principle, and sources of funding. We classified the design of the
studies as either inducing remission (ie, the use of interventions
to control active AD at randomization) or maintaining remission
(ie, the use of interventions to prevent an AD flare, randomized
after initial control and meeting a certain clinical threshold)
—both of which are highly valued by patients in managing
AD.”’

For multiple records pertaining to the same trial, after
collecting all relevant data, we conducted analysis as a single
study. In the case of discrepancies, we used the more complete
data set. If a single record reported on more than 1 study, we
treated each as a separate study. If a trial investigated multiple
conditions, we analyzed only the patients with AD and
excluded trials that did not report data specific to patients
with AD. We also accounted for within study—level subgroup
analyses (eg, separate reporting of data by age groups). When
studies did not report the data in corresponding tabular or
narrative formats, we used WebPlotDigitizer 4.6 (https://
automeris.io/WebPlotDigitizer) to extract values from figures.
We contacted authors for clarification in case of missing, un-
published, or unclear data.

For trials that did not report means or SDs, we imputed data
according to Furukawa et al,® Weir et al,>” and Cochrane guid-
ance.'' If a trial reported data as median and interquartile range
(IQR) or range, we assessed skewness, and if not present, we con-
verted values to means and SDs according to Shi et al*® and Co-
chrane guidance.'' If present, we estimated mean and SD values
using quantile estimation, Box-Cox transformation, or approxi-
mate Bayesian computation—preferring the estimate that was
the most consistent with other values within and between trials.”’
If trials varied in the instruments used to measure an outcome, we
followed GRADE guidance and used linear transformation to
convert each measure to the one most familiar to clinicians, unless
otherwise specified.’’"!

Outcomes

Following Cochrane'' and GRADE guidance,’” through dis-
cussion among our multistakeholder guideline development
group, including frontline clinicians, AD experts, and patient
and caregiver partners,'’ and through consideration of the Harmo-
nising Outcome Measures for Eczema initiative®** that also in-
terviewed patients about the outcomes they value, we selected the
following patient-important outcome data addressing similar
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outcome constructs: clinician-reported and patient-reported
(including proxy-reported for children) AD severity, itch severity,
sleep disturbance, eczema-related QoL, long-term control, num-
ber of patients experiencing AD flares, adverse events including
those leading to discontinuation, and skin infections at the longest
available time point. As most studies reported results using
SCORing Atopic Dermatitis (SCORAD), it was initially
preferred over Eczema Area and Severity Index (EASI) to limit
the number of transformations to a common scale. We did sensi-
tivity analyses using EASI instead. Flares constitute exacerba-
tions that represent periods of worsened disease often requiring
escalation of treatment.”> >’ This approach to outcome priority
setting with patient partners is consistent with patient values
and preferences for the treatment of AD.?* The use of the longest
available time point in meta-analyses is consistent with meta-
analyses across multiple fields of medicine to draw meaningful
influences, and the GRADE approach explicitly examines differ-
ences llagtween studies that would reduce confidence in the
results.

Risk of bias assessment

Similar to the data extraction process, paired and calibrated
reviewers assessed risk of bias independently for each study
outcome using the modified Cochrane Risk of Bias tool version 2
(RoB 2) for randomized trials.>® We subclassified “some con-
cerns” judgments as “some concerns, probably high” and
“some concerns, probably low.” If at least one domain was
high or probably high risk of bias, we considered the outcome
at high risk of bias for that trial.

Data analysis

With the exception of TCS, network nodes represented
unique topical interventions. In cases where a unique drug was
investigated in different concentrations or formulations, we
assessed for differences in treatment effects using pairwise
comparisons and, if there was no credible effect modification,
merged the interventions into a single node (see the Online
Repository). For TCS groups, we used the US system (see the
Online Repository), which classifies TCS group 1 as the most
potent and TCS group 7 as the least potent.””*” Due to simi-
larity in clinical use, we considered TCS groups 6 and 7
together as a single node in the main analyses. All TCS in
the trials were classified. To facilitate readability, we present
the estimates in relation to controls throughout the main text.
Controls include placebo or standard care alone, such as no-
medicated moisturizers.

We summarized dichotomous outcomes using odds ratios
(ORs) based on the 2 X 2 tables from each study and continuous
outcomes as mean differences (MDs) with 95% credible intervals
(Crls) or, as indicated, CIs. Following GRADE guidance,41 we
calculated risk differences by multiplying the baseline risk by
the meta-analyzed OR. If mean differences produced counterintu-
itive or extremely heterogeneous results, we evaluated alternative
summary measures (eg, standardized MDs).

We calculated effect estimates in conventional pairwise meta-
analyses using DerSimonian-Laird random-effects models. For
the NMA, we performed Bayesian random effects NMA using
Markov chain Monte Carlo approaches with minimally informa-
tive mean effect priors.”**""***> To mitigate potential limitations
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FIG 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of study

selection.

of network sparsity, we used between-study priors informed by
established predictive distributions of between-study heterogene-
ity from 14,886 Cochrane meta-analyses.*’ Trace and density
plots and Gelman-Rubin statistics of less than 1.01 after at least
a burn-in of 10,000, sampling of 100,000, and thinning of 10
confirmed, in all cases, convergences of 4 chains. We initially
specified using frequentist approaches in the main analyses, but
in the course of the review, we changed statisticians to leverage
our Bayesian NMA workflows developed for our COVID-19
NMAs**** supporting the World Health Organization and there-
fore present the Bayesian analyses as the main analyses. The cor-
responding frequentist sensitivity analyses yield similar
inferences (see the Online Repository). There were otherwise
no notable changes to the protocol.

We evaluated the certainty (quality) of the evidence using the
GRADE approach,'”'? including the domains of risk of bias,
imprecision, inconsistency, indirectness, publication bias, intran-
sitivity, and incoherence, and report our findings using standard-
ized terminology.”> GRADE guidance on incoherence includes
assessing the uncertainty, direction, magnitude, and importance
of inconsistency of direct and indirect estimates and each of their
contributions to the network estimate.® We provide a case
example in the Online Repository. We interpreted and present
NMA findings according to GRADE guidance using a minimally
contextualized framework ' with a target of certainty rating of a
nonzero effect (ie, any benefit relative to control and interventions
relative to one another).”> We categorized the interventions as
among the most effective, of intermediate superior effectiveness,
intermediate inferior effectiveness, and among the least effective,
differentiating between treatments with high- or moderate-
certainty evidence versus control and treatments with low- or
very low—certainty evidence. The minimally contextualized

framework primarily uses Crls to categorize interventions,
placing high value on the precision of the estimate when compared
with both the control and other interventions. This approach pro-
vides advantages over the narrow focus on traditional, but poten-
tially misleading, ranking metrics such as surface under the
cumulative ranking curve or comparison of point estimates
alone.”””® We assessed publication bias using the GRADE
approach, which included inspecting funnel plots and reviewing
trial registries for completed trials without a corresponding publi-
cation or report.”> As NMA uses common heterogeneity models
and represents a combination of direct and indirect evidence, the
number of trials and metrics such as I are irrelevant to the network
estimates, and instead appraisals of these factors are done using
the GRADE domains of imprecision and inconsistency. We pre-
sent such appraisals in the summary tables via color coding and
incorporate each domain’s assessment into the evidence profiles.

We analyzed prespecified subgroups—baseline AD severity
(eg, mild to moderate vs severe), age group (pediatric vs adult),
risk of bias (low vs high), and study duration (<4 weeks vs >4
weeks)—using pairwise comparisons or random-effects
(network) meta-regression, and we appraised the credibility of
the subgroup effects using the Instrument for assessing the
Credibility of Effect Modification Analyses.”* We hypothesized
that treatment effects would be greater in patients with more se-
vere disease, in pediatric patients, and in studies at high risk of
bias and longer duration. We further analyzed subgroups by pub-
lications status (published vs unpublished), by reported data
(mean/SD vs median/IQR), and conducted sensitivity analyses
using alternative topical corticosteroid classification systems
(eg, three- or four-category systems). We used node-splitting
models to assess for local incoherence, using the GRADE guid-
ance described above, and followed GRADE guidance to assess
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TABLE |l. Characteristics of included studies
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No. Age (y), No. of Duration
Study Country Age Group Randomized mean (SD) Females (%) (wk) Intervention
Abbasi et al, 2017°° Iran Pediatric 59 31.33 (3.04) 23/45 (51%) 2 TCS group 6/7
Standard care
Abramovits and USA Pediatric 264 7.08 (NR) 114 (43%) 4 TCS group 5
Oquendo, 2010°° Standard care
Amerio et al, 1998°7 Italy Adult and 97 19.50 (12.39) 54 (56%) 4 TCS group 4
pediatric TCS group 5
Antiga et al, 201 1°8 Italy Adult 24 40.90 (NR) 13 (54%) 3 Tacrolimus
(high dose)
TCS group 5
Archer and MacDonald, UK Adult and 20 24.00 (NR) 10 (50%) 2 B-Agonist
19877 pediatric Standard care
Arenberger et al, 201 10 Czech Adult and 280 30.06 (16.30) 1771278 (64%) 8 Heparin
Republic pediatric Levomenol
Levomenol
+ heparin
Standard care
Arnold and Van Der The Adult and 20 19.70 (NR) NR 2 TCS group 5
Meer, 2005°" Netherlands pediatric TCS group 5
+ antibiotic
Bangert et al, 2011° USA Adult 67 32.70 (NR) 0 (0%) 3 Pimecrolimus
Standard care
Beattie and Lewis-Jones, UK Pediatric 19 1.61 (2.18) 9 (47%) 2 TCS group 6/7
2004 TCS group 6/7
(wet wrap
therapy)
Belloni et al, 2005%* Italy Adult 30 22.50 (7.35) 16 (53%) 3 Prescription
moisturizer
Standard care
Berardesca et al, 2001 Italy Adult 91 28.41 (11.34) 44 (48%) 8 TCS group 5
Standard care
Berberian et al, 1999°° Multiple Adult 349 33.74 (12.30) 229 (66%) 1 TCS group 4
TCS group 4
+ doxepin
TCS group 6/7
TCS group 6/7
+ doxepin
Berth-Jones et al, 2003°’ Multiple Adult and 295 28.80 (12.40) 162 (55%) 16 TCS group 3
pediatric TCS group 5
Standard care
Beutner et al, 2007%° USA Adult 103 NR NR 4 Pimecrolimus
Standard care
Bieber et al, 2007% Multiple Pediatric 265 7.65 (4.18) NR 3 Tacrolimus
(low dose)
TCS group 5
Bissonnette et al, 20107° Canada Adult 37 NR NR 4 Tapinarof
Standard care
Bissonnette et al, 20127° Canada Adult 148 32.89 (12.28) 88 (59%) 6 Tapinarof
Standard care
Bissonnette et al, 2016"" Canada Adult 69 31.40 (9.95) 37 (54%) 4 Tofacitinib
Standard care
Boguniewicz et al, USA Pediatric 180 10.46 (2.64) 100 (56%) 3 Tacrolimus
19987 (high dose)
Tacrolimus
(low dose)
Standard care
Boguniewicz et al, USA Pediatric 142 4.99 (3.30) T4 (52%) 3 Prescription
20087 moisturizer

Standard care

(Continued)
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No. Age (y), No. of Duration
Study Country Age Group Randomized mean (SD) Females (%) (wk) Intervention
Breneman et al, 20057° USA Adult and 229 40.86 (18.42) 130 (57%) 2 TCS group 1
pediatric Standard care
Breneman et al, 2008”° USA Adult and 197 22.92 (20.32) 116 (59%) 40 Tacrolimus
pediatric Standard care
Buhles, 199277 Germany Adult 80 35.50 (NR) 54 (68%) 4 COX inhibitor
Standard care
Canpolat et al, 20127° Turkey Pediatric 83 1.17 (0.31) NR 1 TCS group 6/7
TCS group 6/7
+ antibiotic
Standard care
Caproni et al, 2007 Italy Adult 20 38.01 (NR) 9/16 (56%) 3 Tacrolimus
(high dose)
TCS group 5
Cato et al, 2001%° USA Adult 150 NR 94 (63%) 2 TCS group 4
TCS group 4 +
laurocapram
Standard care
Chapman et al, 2005%! USA Adult and 618 27.75 (13.37) 363 (59%) 6 Tacrolimus
pediatric (low dose)
Standard care
Charney and Leibsohn, USA NR 30 NR NR 3 TCS group 5
1975% Standard care
Clement and Lucas, USA NR 33 NR NR 4 TCS group 6/7
1967% + liquor
carbonis
detergens
TCS group 6/7
Czarnowicki et al, 2018% Multiple Adult 103 34.10 (12.67) 55 (53%) 4 LXR agonist
Standard care
Dahnhardt et al, 2021%° Germany Adult 20 NR 8 (40%) 1 Tacrolimus
(high dose)
TCS group 4
Das et al, 2020% Bangladesh Pediatric 200 3.54 (2.73) 94 (47%) 12 Tacrolimus
(high dose)
TCS group 5
De Belilovsky et al, Spain Pediatric 80 2.35 (NR) 44 (55%) 3 TCS group 5
2011 Oleodistillate
Del Rosso and Bhambri, USA Adult 313 42.46 (14.42) 173 (55%) 2 TCS group 1
2009 Standard care
Doss et al, 2009°° Multiple Adult and 568 35.05 (14.68) 302/562 (54%) 3 Tacrolimus
pediatric (high dose)
TCS group 3
Doss et al, 2010*° Multiple Pediatric 479 6.75 (3.99) 2471473 (52%) 3 Tacrolimus
(low dose)
TCS group 3
Dou et al, 2006 China Adult and 327 NR NR 3 Tacrolimus
pediatric (high dose)
Tacrolimus
(low dose)
Standard care
Draelos et al, 2005°* USA Adult 37 41.72 (14.31) 29 (78%) 2 Pimecrolimus
Tacrolimus
(high dose)
Drake et al, 1994° USA Adult 270 33.00 (NR) 195 (72%) 1 Doxepin
Standard care
Eichenfield et al, 2002°* Multiple Pediatric 403 6.73 (2.90) 201 (50%) 6 Pimecrolimus

Standard care
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Eichenfield et al, 2006” USA Adult and 220 NR NR 4 TCS group 5
(D) pediatric Standard care
Eichenfield et al, 2006” USA Adult and 218 NR NR 4 TCS group 5
2) pediatric Standard care
EUCTR2021-006538-38 Multiple Adult and 391 18.26 (15.06) 186 (48%) 4 Crisaborole
pediatric Standard care
Foelster Holst et al, Multiple Adult 93 32.87 (12.10) 56 (60%) 4 Protease inhibitor
20107 Standard care
Fowler et al, 2007”7 USA Pediatric 174 6.96 (4.13) NR 1 Pimecrolimus
Standard care
Francis et al, 20167 UK Pediatric 77 3.10 (2.10) 43 (56%) 2 Antibiotic
Standard care
Fukuie et al, 2016°° Japan Pediatric 30 1.96 (1.75) 10 (33%) 52 TCS group 3
(proactive)
TCS group 3
(reactive)
Furue et al, 2014'% Japan Adult 78 31.20 (NR) 34 (44%) 4 Lotamilast
Standard care
Gao et al, 2021'"" China Adult 66 NR NR 2 Cannabidiol
Cannabidiol +
aspartame
Standard care
Gehring and Gloor, Germany Adult and 63 28.48 (12.17) 39 (62%) 1 TCS group 6/7
1996'> pediatric Standard care
Gelmetti et al, 1994'% Italy Pediatric 40 3.02 (3.10) 19 (48%) 2 TCS group 5
TCS group 6/7
GlaxoSmithKline, Multiple Adult 143 33.30 (NR) 69 (48%) 3 GW842470X
2007 Standard care
Glazenburg et al, 2009'" Multiple Pediatric 75 5.85 (NR) 46 (61%) 16 TCS group 3
Standard care
Gollnick et al, 2008'% Multiple Adult 543 35.11 (13.61) 189 (35%) 26 Pimecrolimus
Standard care
Gooderham et al, 2021'"7 Multiple Adult and 136 41.59 (16.85) 93 (68%) 4 Roflumilast
pediatric Standard care
Granlund et al, 2001 108 Finland Adult 14 NR NR 2 Tacrolimus
(high dose)
Standard care
Handa et al, 2022'" India Pediatric 50 5.09 (3.56) 25 (50%) 6 Tacrolimus
(high dose)
TCS group 5
Hanifin et al, 2001'"? USA Adult 633 38.56 (14.07) 357/632 (56%) 12 Tacrolimus
(high dose)
Tacrolimus
(low dose)
Standard care
Hanifin et al, 2002'"° Multiple Adult and 348 16.80 (15.60) 202 (58%) 20 TCS group 5
pediatric Standard care
Hanifin et al, 2016""" Multiple Adult and 121 34.30 (15.60) 72 (60%) 4 Difamilast
pediatric Standard care
Hebert et al, 2007'"° USA Pediatric 582 6.70 (NR) 320 (55%) 4 TCS group 5
Standard care
Hindley et al, 2006" " UK Pediatric 50 NR NR 4 TCS group 6/7
TCS group 6/7
(wet wrap
therapy)
Ho et al, 2003'" Multiple Pediatric 186 1.06 (0.52) 84 (45%) 6 Pimecrolimus

Standard care

(Continued)
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Hoeger et al, 2009''® Multiple Pediatric 200 5.30 (1.65) 99 (50%) 6 Pimecrolimus
Standard care
Hofman et al, 2006'"” Multiple Pediatric 257 6.10 (2.97) 127/232 (55%) 5 Tacrolimus
(low dose)
TCS group 6/7
Niemeyer-van der Kolk The Adult 36 24.90 (7.80) 27 (75%) 4 Antibiotic
et al, 2020'7° Netherlands Standard care
Hoybye et al, 1991'"® Denmark Adult 94 26.00 (10.47) NR 3 TCS group 4
TCS group 5
Hung et al, 2007'" Taiwan Adult and 60 15.60 (9.18) 34 (57%) 8 Tacrolimus
pediatric (low dose)
Tacrolimus
(low dose) +
fusidic acid
TCS group 5
TCS group 5
+ antibiotic
Iraji et al, 2015'%° Iran Pediatric 70 8.87 (4.75) 35 (50%) 8 TCS group 5
TCS group 5 +
azathioprine
cream
Janmohamed et al, The Pediatric 39 3.37 (4.64) 14 (36%) 4 TCS group 3
2014'%! Netherlands (wet wrap
therapy)
Standard care
Jorizzo et al, 1995'* USA Pediatric 113 4.80 (NR) 62 (55%) 5 TCS group 5
TCS group 6/7
Kaplan et al, 1978'% USA Adult and 90 18.50 (NR) 58 (64%) 3 TCS group 5
pediatric TCS group 6/7
Kapp et al, 20024 Multiple Pediatric 251 1.01 (NR) 86/250 (34%) 52 Pimecrolimus
Standard care
Katas et al, 2021'* Malaysia Adult 9 NR NR 4 TCS group 6/7
Standard care
Kaufmann et al, 2004'%’ Germany Pediatric 196 1.00 (0.50) 67/195 (34%) 4 Pimecrolimus
Standard care
Kaufmann et al, 2006'° Multiple Adult 198 33.45 (12.33) 117 (59%) 1 Pimecrolimus
Standard care
Kempers et al, 2004'** USA Pediatric 141 7.95 (4.21) 79 (56%) 6 Pimecrolimus
Tacrolimus
(low dose)
Kim et al, 2020"*’ Multiple Adult 307 38.10 (14.82) 168 (55%) 4 Ruxolitinib
TCS group 4
Standard care
Kimball et al, 2008'*" USA Adult and 377 NR NR 2 TCS group 1
pediatric Standard care
Kirkup et al, 2003"*! Multiple Pediatric 137 8.00 (2.98) 73 (54%) 12 TCS group 5
TCS group 6/7
Korting et al, 1994'* Germany Adult and 143 NR 89 (62%) 1 TCS group 5
pediatric TCS group 5
+ antibiotic
Lassus, 1983'% Finland Pediatric 40 7.95 (NR) 23 (58%) 2 TCS group 5
TCS group 6/7
Lassus, 1984'% Finland Pediatric 43 NR 27 (59%) 2 TCS group 5
TCS group 6/7
Lawlor et al, 1995'% UK Adult and 51 30.74 (11.33) 34 (67%) 4 TCS group 5
pediatric Standard care
Lebrun-Vignes et al, France Pediatric 29 1.17 (0.95) 14 (48%) 3 TCS group 5

2000'7°

TCS group 6/7

(Continued)
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Lebwohl, 1996'%7 (1) USA Adult and 203 NR 114/195 (58%) 4 TCS group 3
pediatric Standard care
Lebwohl, 1996'%7 (2) USA Adult and 169 NR 101/158 (64%) 4 TCS group 3
pediatric Standard care
Lebwohl, 1999'% USA Pediatric 219 NR NR 3 TCS group 4
TCS group 5
Lee et al, 2006'*’ South Adult 44 25.78 (NR) 12/40 (30%) 1 Doxepin
Korea Standard care
Lee et al, 2014'% South Pediatric 55 0.70 (0.40) 18 (33%) 4 Pimecrolimus
Korea TCS group 6/7
Lee et al, 2019 South Adult 194 27.49 (NR) 100/189 (53%) 8 TRPV1
Korea antagonist
Standard care
Lembo et al, 2011'* Ttaly Pediatric 38 4.20 (NR) 14 (37%) 2 Antibiotic
Standard care
Leo et al, 2004'* USA Pediatric 19 10.27 (3.02) 9 (47%) 2 Pimecrolimus
Standard care
Lessard and Labelle, Canada Adult 29 26.19 (NR) 18 (62%) 2 TCS group 2
1980'* TCS group 5
Leung et al, 2009'4 Multiple Adult and 73 18.50 (13.70) 41 (56%) 6 Pimecrolimus
pediatric Standard care
Levy et al, 2005'%° USA Adult 135 NR NR 4 Tacrolimus
(low dose)
Standard care
Liang et al, 2019'* China Pediatric 125 6.50 (2.78) 55/121 (45%) 6 Tacrolimus
(low dose)
Standard care
Lisante et al, 2017'*® USA Pediatric 90 8.10 (3.96) 49 (54%) 3 Prescription
moisturizer
Standard care
Liu et al, 2007"" China Adult and 336 20.04 (13.66) 127 (38%) 4 Pimecrolimus
pediatric Standard care
Liu et al, 2014"° China Adult and 120 NR 70 (58%) 2 TCS group 5
pediatric Standard care
Liu and Ong, 2018 China Pediatric 107 5.00 (2.60) 53 (50%) 20 TCS group 5
Standard care
Liu et al, 2020'°> China Pediatric 59 0.42 (0.22) 19 (32%) 2 TCS group 4
TCS group 4
+ antibiotic
Luger et al, 2001'% Multiple Adult 260 28.42 (NR) 133 (51%) 3 Pimecrolimus
TCS group 5
Standard care
Luger et al, 2004'3** Multiple Adult 658 33.45 (NR) 359 (55%) 56 Pimecrolimus
TCS group 4
Maloney et al, 1998'° USA Adult and 81 NR NR 4 TCS group 1
pediatric Standard care
Marchesi et al, 1994'°° Italy Adult 60 39.80 (16.81) 22 (37%) 3 TCS group 1
TCS group 3
Matheson et al, 2008'%’ USA Pediatric 284 7.14 (5.19) 141 (50%) 4 TCS group 5
Standard care
Meurer et al, 2002'°%% Germany Adult 192 32.15 (10.84) 115 (60%) 24 Pimecrolimus
Standard care
Meurer et al, 2010"® Multiple Pediatric 376 8.30 (4.61) 184/373 (49%) 4 TCS group 5
TCS group 5 +
pimecrolimus
Miller et al, 2011'%° USA Pediatric 39 7.00 (4.59) 22 (56%) 3 Prescription
moisturizer

Standard care
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Mudaliyar et al, 2020'®! India Pediatric 37 10.13 (3.55) 16 (43%) 4 Tacrolimus
(low dose)
TCS group 3
Murrell et al, 2007'%* Multiple Adult and 200 30.00 (NR) 123 (62%) 6 Pimecrolimus
pediatric Standard care
Nakagawa et al, 2018'% Japan Adult and 327 30.80 (10.00) 116/326 (36%) 4 Delgocitinib
pediatric Tacrolimus
(high dose)
Standard care
Nakagawa et al, 2018'¢7 Japan Adult 20 27.56 (6.20) 2 (10%) 1 Delgocitinib
Standard care
Nakagawa et al, 2019'°° Japan Pediatric 103 8.50 (4.00) 45 (44%) 4 Delgocitinib
Standard care
Nakagawa et al, 2020'* Japan Adult and 158 31.70 (10.10) 60 (38%) 4 Delgocitinib
pediatric Standard care
Nakagawa et al, 2021 to4 Japan Pediatric 137 8.30 (3.80) 67 (49%) 4 Delgocitinib
Standard care
NCT00120302 UK Adult 90 48.49 (19.08) 47/82 (57%) 4 Pimecrolimus
Standard care
NCT00510003 Spain Pediatric 109 4.74 (2.70) 55/106 (52%) 3 Pimecrolimus
Standard care
NCT00828412 USA Pediatric 100 5.20 (3.40) 55 (55%) 6 Prescription
moisturizer
TCS group 6/7
NCT00946478 USA Adult 40 27.40 (9.00) NR 3 Pimecrolimus
Standard care
NCT01037881 Multiple Adult 183 35.10 (12.50) 70 (38%) 4 LEO29102
Pimecrolimus
Standard care
NCT01053247 Multiple Adult 793 43.30 (16.70) 467 (59%) 2 Tacrolimus
(low dose)
Standard care
NCTO01139450 Multiple Adult 899 28.00 (18.14) 566 (63%) 4 Tacrolimus
(low dose)
Standard care
NCT01428297 Multiple Adult 49 35.00 (NR) 25 (51%) 4 BPR277
Standard care
NCT01856764 Germany Adult 40 34.60 (10.66) 20 (50%) 2 Roflumilast
Standard care
NCT02120833 USA Pediatric 51 1.68 (0.82) 25 (49%) 2 Prescription
moisturizer
Standard care
NCT02404493 USA Pediatric 23 1.83 (0.81) 7 (30%) 2 Prescription
moisturizer
Standard care
NCT02791308 USA Adult and 587 36.80 (18.69) 338/577 (59%) 2 Pimecrolimus
pediatric Standard care
NCTO03107611 Multiple Adult and 654 35.40 (20.30) 404/649 (62%) 2 Pimecrolimus
pediatric Standard care
NCT03386032 USA Adult and 65 37.30 (14.40) 47 (72%) 8 TCS group 6/7
pediatric Standard care
NCT03539601 Multiple Adult and 235 20.40 (17.79) 139 (59%) 4 Crisaborole
pediatric Pimecrolimus
TCS group 5
Standard care
NCT03725722 Multiple Adult 251 40.50 (17.00) 172 (69%) 8 Delgocitinib
cream

Standard care

(Continued)
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Nemoto et al, 2016'°® Japan Pediatric 62 9.93 (2.80) 33 (53%) 2 Lotamilast
Standard care
Neumann, et al 2008'¢’ Germany Adult and 50 36.95 (13.55) 23/40 (58%) 89 Tacrolimus
pediatric (high dose)
TCS group 6/7
Nilsson, et al 1992'"" (1) Sweden Adult and 38 13.00 (13.11) NR 2 TCS group 5
pediatric TCS group 6/7
Nilsson, et al 1992'7" (2) Sweden Adult and 28 13.00 (13.92) NR 2 TCS group 1
pediatric TCS group 5
+ antibiotic
Nolting, 1985'" Germany Adult 34 NR 17 (51%) 2 TCS group 2
TCS group 5
Nolting et al, 1991'"* Germany Adult and 67 5.51 (3.31) 34 (51%) 3 TCS group 4
pediatric TCS group 5
Novartis, 2005' 7 Japan Adult and 173 27.26 (7.80) 65/172 (38%) 26 Pimecrolimus
pediatric Standard care
Novartis, 20057 Japan Pediatric 240 8.16 (3.39) 120 (50%) 26 Pimecrolimus
Standard care
Novartis, 2005'7° USA Adult 264 38.10 (12.04) 172 (65%) 24 Pimecrolimus
Standard care
Novartis, 2005""” Multiple Adult 543 35.11 (13.63) 169 (31%) 26 Pimecrolimus
Standard care
Ohba et al, 2016'"® Japan Adult 40 27.20 (7.30) 0 (0%) 1 Lotamilast
Standard care
Prado de Oliveira et al, Brazil Pediatric 25 6.05 (2.78) NR 6 TCS group 4
2002 TCS group 6/7
Ono et al, 2020'”° Japan Adult 12 33.10 (11.24) 0 (0%) 1 Crisaborole
Standard care
Onumah and Kircik, USA Adult and 20 25.00 (NR) 11 (55%) 4 Pimecrolimus
2013'% pediatric Tacrolimus
(low dose)
Otsuki et al, 2003'%! Japan Pediatric 221 8.40 (4.10) 92 (42%) 3 Tacrolimus
(high dose)
Tacrolimus
(low dose)
Standard care
Paller et al, 2001'%? USA Pediatric 351 6.10 (NR) 186 (53%) 12 Tacrolimus
(high dose)
Tacrolimus
(low dose)
Standard care
Paller et al, 2003'%* USA Pediatric 94 NR 49 (52%) 2 TCS group 6/7
Standard care
Paller et al, 2005'%* (1) Multiple Adult 413 39.06 (14.75) 249 (60%) 6 Pimecrolimus
Tacrolimus
(high dose)
Paller et al, 2005'% (2) Multiple Pediatric 226 6.40 (3.88) 105/225 (47%) 6 Pimecrolimus
Tacrolimus
(high dose)
Paller et al, 2005'%* (3) Multiple Pediatric 426 6.40 (3.74) 234/425 (55%) 6 Pimecrolimus
Tacrolimus
(low dose)
Paller et al, 2016'% (1) USA Adult and 763 12.13 (NR) 4271759 (56%) 4 Crisaborole
pediatric Standard care
Paller et al, 2016'% (2) USA Adult and 764 12.34 (NR) 420/763 (55%) 4 Crisaborole
pediatric Standard care
Papp et al, 2021'%¢ (1) Multiple Adult and 631 35.20 (18.15) 391 (62%) 8 Ruxolitinib
pediatric Standard care

(Continued)
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Papp et al, 2021'%¢ (2) Multiple Adult and 618 36.40 (18.38) 380 (61%) 8 Ruxolitinib
pediatric Standard care
Parikh-Das and Moreira, USA Adult and 53 43.60 (17.55) 34 (64%) 1 Prescription
2017"% pediatric moisturizer
Standard care
Park et al, 2021'%% South Adult and 240 25.76 (8.17) 104/237 (44%) 8 TRPV1
Korea pediatric antagonist
Standard care
Patrizi et al, 2008'%’ Italy Pediatric 60 5.52 (3.49) 30 (50%) 6 Prescription
moisturizer
Standard care
Patrizi et al, 2016'” Italy Adult and 44 22.60 (NR) 29 (66%) 4 Vitamin E
pediatric Standard care
Peppers et al, 2019'%% Multiple Adult 247 29.30 (14.83) 121 (49%) 12 Tapinarof
Standard care
Perala et al, 2020'7%* Finland Pediatric 152 1.43 (0.22) 73 (48%) 156 Tacrolimus
(low dose)
TCS group 6/7
Peserico et al, 2008'** Multiple Adult and 221 30.85 (14.63) 142 (64%) 16 TCS group 5
pediatric Standard care
Queille et al, 1984'%° Multiple Pediatric 26 3.42 (3.91) 8 (31%) 1 TCS group 2
TCS group 3
TCS group 4
TCS group 5
TCS group 6/7
Rafanelli et al, 1993*** Italy Pediatric 60 7.25 (3.10) 36 (60%) 3 TCS group 4
TCS group 5
Rahman et al, 2008'% Bangladesh Adult and 60 7.75 (8.87) 33 (55%) 3 Tacrolimus
pediatric (low dose)
Standard care
Rahman et al, 2015"7 Bangladesh Pediatric 60 5.97 (2.42) 28 (47%) 3 Tacrolimus
(high dose)
TCS group 6/7
Rajka et al, 1993 Multiple Adult and 117 NR NR 3 TCS group 4
pediatric TCS group 5
Ramsay et al, 1996 (1) Canada Adult and 174 NR NR 2 TCS group 6/7
pediatric TCS group 6/7
+ antibiotic
Ramsay et al, 1996°%° (2) Canada Adult and 65 NR NR 2 Antibiotic
pediatric TCS group 6/7
+ antibiotic
Reitamo et al, 2002°" Multiple Pediatric 560 7.34 (4.10) 293 (52%) 3 Tacrolimus
(high dose)
Tacrolimus
(low dose)
TCS group 6/7
Reitamo et al, 2004°"" Multiple Pediatric 624 6.93 (4.06) 322 (52%) 3 Tacrolimus
(low dose)
TCS group 6/7
Reitamo et al, 200577 Multiple Adult 972 32.50 (11.79) 523 (54%) 24 Tacrolimus
(high dose)
TCS group 5
Rubio-Gomis et al, Spain Pediatric 49 5.31 (2.52) 26 (53%) 16 TCS group 5
2018 Standard care
Ruzicka et al, 1997°% Multiple Adult and 215 28.52 (10.47) 1207213 (56%) 3 Tacrolimus
pediatric (high dose)
Tacrolimus
(low dose)

(Continued)
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Ryu et al, 1997°%° South Korea Pediatric 24 NR NR 2 TCS group 4
TCS group 6/7
Saeki et al, 2019°'° Japan Adult and 200 30.90 (9.89) 70 (35%) 8 Difamilast
pediatric Standard care
Saeki et al, 2020°% Japan Pediatric 73 8.30 (3.41) 21 (29%) 4 Difamilast
Standard care
Saeki et al, 2022°"7 Japan Pediatric 251 7.10 (3.09) 116 (46%) 4 Difamilast
Standard care
Saeki et al, 2022°% Japan Adult and 364 31.90 (10.72) 167 (46%) 4 Difamilast
pediatric Standard care
Salavec and Buckova, Czech Pediatric 40 8.67 (NR) NR 52 Pimecrolimus
20047" 1+ Republic Standard care
Sanabria-Silva et al, Mexico Pediatric 45 NR 14 31%) 4 TCS group 5
199172 TCS group 6/7
Standard care
Savin, 1976”"* USA NR 27 NR NR 3 TCS group 1
TCS group 6/7
Schachner et al, 2005>'* USA Pediatric 317 6.85 (4.04) 168 (53%) 6 Tacrolimus
(low dose)
Standard care
Schneider et al, 2016°"° USA Pediatric 1091 0.61 (0.33) 412/1087 (38%) 156 Pimecrolimus
Standard care
Sears et al, 1997°'¢ USA Adult 194 37.70 (NR) 107 (55%) 2 TCS group 5
Standard care
Siegfried et al, 2006”7 USA Pediatric 275 4.99 (3.25) NR 1 Pimecrolimus
Standard care
Sigurgeirsson et al, Multiple Pediatric 521 6.70 (3.74) 308 (59%) 26 Pimecrolimus
2008>" Standard care
Sigurgeirsson et al, Multiple Pediatric 2439 0.59 (0.23) 940 (39%) 6 Pimecrolimus
2015%'% TCS group 6/7
Sikder et al, 2005 Bangladesh Pediatric 45 10.50 (2.30) 20 (44%) 4 Tacrolimus
(low dose)
TCS group 5
TCS group 5
+ tacrolimus
(low dose)
Smitt et al, 19937 The Adult and 41 4.05 (NR) NR 2 TCS group 4
’ Netherlands pediatric TCS group 6/7
Stander et al, 2016 Germany Adult 70 34.10 (14.29) 40 (57%) 4 Sertaconazole
Standard care
Sugarman and Parish, USA Pediatric 121 7.59 (NR) 73 (60%) 4 Prescription
2009%% moisturizer
TCS group 5
Takeuchi et al, 2012%** Japan Adult and 43 31.30 (13.30) 21/42 (50%) 8 Tacrolimus
pediatric Standard care
Tan et al, 2010°>° Singapore Adult and 60 17.95 (NR) 21 (35%) 6 Antibiotic
’ pediatric Standard care
Thaci et al, 2008°%° Multiple Pediatric 250 6.95 (3.99) 131 (52%) 52 Tacrolimus
Standard care
Tharp, 1996>* USA Adult and 238 37.00 (16.97) 78 (33%) 4 TCS group 5
pediatric Standard care
Thomas et al, 2002°%* UK Pediatric 207 5.50 (3.75) 104 (50%) 18 TCS group 3
TCS group 6/7
Tiplica et al, 20187 Multiple Pediatric 335 4.08 (1.36) 174 (52%) 12 Prescription
moisturizer

Standard care
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Torok et al, 2003**° USA Adult and 57 NR 35 (61%) 3 Tacrolimus
pediatric (high dose)
TCS group 4
TCS group 4 +
tacrolimus
(high dose)
Ulrich and Andresen, Germany Adult and 165 26.00 (NR) 77 (47%) 2 TCS group 3
1991%! pediatric TCS group 5
Van Delrey et al, 1983°* Brazil Adult and 29 NR NR 3 TCS group 5
pediatric TCS group 6/7
Van Der Meer et al, The Adult and 54 25.00 (NR) 32 (59%) 16 TCS group 3
19997+ Netherlands pediatric Standard care
Vanderploeg, 1976*** USA Adult and 36 24.77 (14.83) 23/33 (70%) 3 TCS group 1
pediatric Standard care
Vernon et al, 1991*%° USA Pediatric 48 NR NR 6 TCS group 4
TCS group 6/7
Wahn et al, 20027+ Multiple Pediatric 713 7.97 (NR) 375/711 (53%) 52 Pimecrolimus
Standard care
Wang et al, 19957 China Adult 65 NR 35 (54%) 3 TCS group 5
Standard care
Wang et al, 2014>*” China Adult 100 38.14 (NR) 53 (53%) 4 TCS group 2
TCS group 3
Wollenberg et al, 20082 Multiple Adult and 224 30.04 (11.80) 136 (61%) 52 Tacrolimus
pediatric (high dose)
Standard care
Wu et al, 2013**° China Pediatric 60 0.35 (0.34) 21/55 (38%) 2 Lipoxin A4
TCS group 4
Standard care
Yawalkar and Germany Adult and 117 NR NR 2 TCS group 1
Schwerzmann, 1991°*! pediatric TCS group 5
Zhang et al, 2014>" China Adult 67 49.00 (NR) 26 (39%) 4 TCS group 4
TCS group 4
+ heparin
Zuberbier et al, 2007°* Germany Pediatric 184 7.60 (4.90) 95 (52%) 24 Pimecrolimus

Standard care

NR, Not reported.

*Denotes studies that induced remission of AD including application of the intervention at least once daily, followed by variable treatment periods that maintained remission with

reduction of application frequency.

intransitivity. If network sparsity produced implausibly wide
Crls, we conducted the analysis using a fixed-effect model.*’

We conducted the meta-analyses, subgroup, and sensitivity
analyses using R version 3.6.3 (R Foundation for Statistical
Computing, Vienna, Austria), Stata 17.0 (StataCorp LLC, Col-
lege Station, Texas), and DataParty (DataParty Inc, Hamilton,
Canada).

Role of the funding source

The AAAAI and ACAAI Joint Task Force on Practice
Parameters contributed to defining the scope of the review, but
otherwise had no role in study design, data collection, data
analysis, or data interpretation. The funder received a copy of the
report before submission for publication. The review team had the
ability, but not the obligation, to consider the funders’ feedback.

Data sharing
Data can be requested from the corresponding author.

RESULTS

Our systematic search yielded 12,742 unique records, 2,184
potentially relevant full texts, and 211 eligible records including
219 unique RCTs*”*** (EUCTR2011-000917-38, EUCTR2021-
006538-38, NCT00120302, NCT00510003, NCT00828412,
NCT00946478, NCT01037881, NCT01053247, NCT01139450,
NCT01856764, NCT02120833, NCT02404493, NCT02791308,
NCT03107611, NCT03386032, NCT03539601, NCT03725722)
(Fig 1; Table I; Online Repository). We cross-referenced author
correspondence from other systematic reviews,® and it proved
necessary to contact authors for only 1 record regarding missing
data, and this trial ultimately proved ineligible.

The studies included a total of 43,123 patients, of whom 11,143
were randomly assigned to control and 31,980 were randomly
assigned to 1 of 68 interventions. Table I summarizes characteris-
tics of each included trial. Of the 219 RCTs, 156 included chil-
dren, 59 included only adults, 67 included both children and
adults, and 4 did not report age data. The studies included partic-
ipants with median of mean ages of 18.5 years (range of means
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FIG 2. Network plot of topical treatments for AD (eczema). Clinician-reported severity for induction of

remission.

0.35-49 years), and a median 53% were female (range of propor-
tions 0-78%); most studies addressed patients with mild to mod-
erate AD. Median study duration among studies investigating
induction of remission was 4 weeks (range 1-156 weeks), and me-
dian study duration among studies investigating maintenance of
remission was 16 weeks (range 2-52 weeks).

Individual outcomes of most studies were at overall low risk of
bias. The Online Repository presents risk of bias assessments at
the outcome level, grouped by outcomes with similar ratings (ie,
efficacy outcomes and, separately, safety outcomes). Limitations
from missing outcome data provided the most frequent risk of
bias issue. We did not, however, find any credible evidence of
different treatment effect estimates from studies at high versus
low risk of bias or detect clear evidence of publication bias,
network intransitivity, or incoherence (see the Online
Repository).

Effects of interventions for inducing remission of
AD

Fig 2 presents the network plot for the outcome AD severity,
measured using SCORAD (0-103, higher scores indicate greater
severity). The Online Repository presents all other network plots.

Fig 3 presents the GRADE summary of comparative effects for
the most clinically relevant interventions, as defined by the linked
guideline panel. The Online Repository presents the forest plots,
NMA evidence profiles, and categorization of the remaining in-
terventions. With high-certainty evidence, pimecrolimus
improved 6 of 7 patient-important outcomes and was among the
most effective for 2 outcomes; high-dose tacrolimus (0.1%)
improved 5 outcomes and was among the most effective for 2 out-
comes; and low-dose tacrolimus (0.03%) improved 5 outcomes
and was among the most effective for 1 outcome. With moderate-
or high-certainty evidence, TCS group 5 improved 6 patient-
important outcomes and was among the best for 3 outcomes;
TCS group 4 and delgocitinib improved 4 outcomes and was
among the best for 2 outcomes; and ruxolitinib improved 4 out-
comes and was among the best for 1 outcome. Crisaborole and di-
familast were of intermediate effectiveness, but their effects on
adverse events were less certain.

AD severity

55-58,62-65,68-74,76-82,84-89,92,94-102,104,105
A total of 187 RCTs 02,0875 ’ oo ST
107-109,111-134,136-155,157-173,178,180-186,188-190,192-218,220-223,225,227,

229-239.242 (EUCTR2021-006538-38, NCT00120302, NCT0051
0003, NCT00828412, NCT01037881, NCT01053247, NC
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FIG 3. Summary table of comparative effects of topical treatments on patient-important outcomes for
controlling AD (eczema). The certainty of the evidence was rated by the GRADE criteria. We categorized the
interventions according to a minimally contextualized framework with a target of certainty of a nonzero
effect. The effectiveness categories depict the magnitude of effect, whereas the certainty of the evidence
shows whether the estimated effect is trustworthy or not. Detailed individual categorizations of all 68
analyzed interventions are presented in the Online Repository at www.jacionline.org. DLQI, Dermatology
Life Quality Index RD, risk difference.

T01139450, NCTO01856764, NCT02120833, NCT02404493,
NCT02791308, NCTO03107611, NCT03386032, NCTO035
39601, NCT03725722) (n = 34,926) informed effects of topical
interventions on AD severity. Throughout the article, the results
are presented as measured using SCORAD (0-103, higher score
indicates greater severity). TCS group 1 (MD —17.81 [95% Crl
—21.32 to —14.30]; high certainty) was the most effective
intervention. High-dose tacrolimus (MD —13.05 [95% Crl
—15.15 to —10.95]; high-certainty evidence), TCS group 2
MD —13.82 [95% CrI —18.74 to —8.89]; high-certainty
evidence), TCS group 3 (MD —11.57 [95% Crl —14.80 to
—8.37]; high-certainty evidence), and TCS group 4 (MD
—12.26 [95% Crl —15.02 to —9.50]; high-certainty evidence)
were among those with intermediate superior effectiveness.
Pimecrolimus (MD —7.23 [95% Crl —8.76 to —5.72];
high-certainty evidence), low-dose tacrolimus (MD —9.38
[95% Crl —11.22 to —7.55]; moderate-certainty evidence),
TCS group 5 (MD —8.46 [95% Crl —10.90 to —6.03];

high-certainty evidence), TCS group 6/7 (MD —4.68 [95% Crl
—7.10 to —2.29]; moderate-certainty evidence), combination
TCS group 5 and pimecrolimus (MD —10.45 [95% Crl —18.64
to —2.20]; moderate-certainty evidence), combination TCS
group 5 and tacrolimus (MD —10.22 [95% CrI —19.01 to
—1.33]; low-certainty evidence), delgocitinib (MD —9.98
[95% CrI —13.81 to —6.15]; high-certainty evidence),
ruxolitinib (MD —4.82 [95% CrI —5.65 to —4.00];
high-certainty evidence), crisaborole (MD —4.89 [95% Crl
—8.69 to —1.08]; high-certainty evidence), and difamilast (MD
—5.41 [95% Crl —9.12 to —1.68]; high-certainty evidence)
were among those with intermediate inferior effectiveness. There
was moderate-certainty evidence that topical antibiotics (MD
—1.48 [95% Crl —6.77 to 3.81]) were not different from control
and low-certainty evidence that prescription moisturizers (MD
—1.94 [95% Crl —4.83 to 0.95]) may not be different from con-
trol. The Online Repository presents similar findings when using
EASI as the outcome measure.
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FIG 4. League table for maintenance of remission on AD (eczema) flares. The league table shows the
comparative effects of each intervention in the column compared with the intervention of the row,
presented as OR and 95% Crl. The color of each cell indicates the certainty of evidence according to the

GRADE criteria.

Itch severity
A total of 100 RCTSSS-S7,5‘),6(),(73-()6,()9,7(),72»74,77,8()—82,84,80,

90,92-94,97,100,102-104,108,111-113,116,123,124,126-129,131,133,134,137,139,
141,143-145,148,150,156-160,162-167,170,173,182-189,192,193,195,198,201,207,

200.210.214,217,221-223,227,232,240.242.244 (EUCTR2021-006538-38,
NCT00510003, NCTO01856764, NCT02404493, NCTO0310
7611, NCT03539601) (n = 19,685) informed effects of topical
interventions on itch severity. The results are presented as
measured using a numeric rating scale (0-10, higher score indi-
cates greater severity). High-certainty evidence showed that
high-dose tacrolimus (MD —2.27 [95% Crl —2.84 to —1.70]),
TCS group 2 (MD —3.39[95% CrI —5.02to —1.76]), TCS group
3 MD —2.37 [95% Crl1 —3.18 to —1.57]), TCS group 4 (MD
—2.62 [95% Crl —3.26 to —1.98]), and TCS group 5 (MD
—2.09 [95% CrlI —2.54 to —1.64]) were among the most effec-
tive interventions. Other interventions were of lower effective-
ness or certainty.

Sleep disturbance

A total of 15 RCTSG9,84,89,1()4,]27,I31,14],148,] 86,188,201,222,223
(NCT00510003) (n = 3801) informed effects of topical interven-
tions on sleep disturbance. The results are presented as measured
using a numeric rating scale (0-10, higher score indicates greater
sleep disturbance). High-certainty evidence showed that pimecro-
limus (MD —2.13 [95% CrI —3.15 to —1.01]) was the most effec-
tive intervention. No trials investigating tacrolimus, crisaborole,
delgocitinib, or prescription moisturizers reported on sleep distur-
bance. Other interventions were of lower effectiveness.

Eczema-related QoL

A total of 33 RCTs387:21:94.96.98,111,121,124,129,143,158,159,
161,165.180,185,186,193.200.210215.218,222.228.236.240.243 (ECTR2021-
006538-38, NCT00120302, NCT03539601) (n = 8170) informed
effects of topical interventions on eczema QoL. The results are
presented as measured using the Dermatology Life Quality Index
(0-30, higher score indicates greater impairment to eczema QoL).
High-certainty evidence showed that delgocitinib (MD —7.41
[95% CrI —10.16 to —4.66]) was the most effective intervention.
High-dose tacrolimus (MD —3.65 [95% Crl —5.59 to —1.83];
high-certainty evidence), TCS group 4 (MD —5.96 [95% Crl
—8.53 to —3.56]; moderate-certainty evidence), and ruxolitinib
(MD —4.82 [95% Crl —6.35 to —3.44]; high-certainty evidence)

were among those with intermediate superior effectiveness. Other
interventions were of lower effectiveness.

AD flares

74,84,95,96,100,111,117,124,126,128,129,158,159,163,
A total of 44 RCTs o™ 27> VL1253, 020,026,157, 6
167,174-179,185,186,189,190,192,200,202,207-209,211,217,228,236, 243 NCT(10

37881, NCT01053247, NCT01139450, NCT02791308, NCTO03
539601, NCT03725722) (n = 13,557) informed effects of topical
interventions on reducing the number of patients experiencing
flares. Moderate- or high-certainty evidence showed that tacroli-
mus (OR 0.25 [95% CrI 0.10 to 0.54]; risk difference: 70 fewer
per 1000 patients [95% Crl1 85 to 41 fewer]), pimecrolimus (OR
0.42 [95% CrI 0.29 to 0.57]; risk difference: 53 fewer per 1000
[95% Crl 66 to 39 fewer]), TCS group 5 (OR 0.12 [95% Crl
0.03 to 0.38]; risk difference: 83 fewer per 1000 [95% CrI 92 to
57 fewer]), and prescription moisturizers (OR 0.35 [95% Crl
0.13 to 0.94]; risk difference: 60 fewer per 1000 [95% CrI 82 to
5 fewer]) were among the most effective in decreasing the number
of patients experiencing flares. Other interventions were of lower
effectiveness or lower certainty.

Adverse events
A total Of 130 RCTSS(),()Z,(\4,()(),71,72,74,75,8(),8],84,8779(),92,94796,

98,100,101,105,107,109-111,113,115-117,126-131,133-138,141,142,145-151,153-160,
162-168,174,175,177-179,183,185-190,192,194,200,202,204-210,214-216,218,219,222,

226:228234235237239241243 (n = 39 20(0) (EUCTR2021-006538-
38, NCT00120302, NCT00510003, NCT00828412, NCT0094
6478, NCT01037881, NCT01053247, NCT01139450, NCTO
1428297, NCT01856764, NCT02120833, NCT(02404493, NCTO
2791308, NCT03107611, NCT03386032, NCT03539601, NCT
03725722) informed effects of topical interventions on the number
of patients experiencing any adverse events, which included any
untoward medical occurrence that may or may not be caused by
the intervention. High-certainty evidence demonstrated that TCS
group 4 (OR 0.67 [95% Cr1 0.44 to 0.99]; risk difference: 76 fewer
per 1000 [95% Crl 142 to 1 fewer]) and TCS group 5 (OR 0.58
[95% Crl 0.46 to 0.73]; risk difference: 102 fewer per 1000
[95% CrI 138 to 63 fewer]) were among the best in reducing the
number of patients experiencing any adverse events. Moderate-
certainty evidence demonstrated that the JAK inhibitors (OR
0.83 [95% CrI 0.62 to 1.12]; risk difference: 37 fewer per 1000
[95% Crl 93 fewer to 25 more]), pimecrolimus (OR 1.10 [95%
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Crl 0.93 to 1.31]; risk difference: 21 more per 1000 [95% CrI 15
fewer to 59 more]), and tacrolimus (OR 1.14 [95% CrI 0.92 to
1.42]; risk difference: 29 more per 1000 [95% CrI 18 fewer to 79
more]) were not different from control. All other interventions
were of lower-certainty evidence.

Adverse event leading to discontinuation
A total of 115 RCTs (Il — 30’483)59,62—64,66,69—70,8(),8I,83,84,

87-90,92-98,100,106,107,111-113,116,119,120,123,127-129,131,137,139,141,145,148,
150,153,155,158,160,162-166,168,170,174-179,182,183,185-188,190,192,194,200-203,
205,207-210,214-216,218,219,222,226,227,233,235,239,241,243 (EUCTR2021-

006538-38, NCTO00120302, NCT00510003, NCT00946478,
NCT01037881, NCT01053247, NCT01139450, NCT01428297,
NCTO01856764, NCT02120833, NCT02404493, NCT03539601,
NCT03725722) informed effects of topical interventions on the
number of patients experiencing adverse events leading to discon-
tinuation. Moderate-certainty evidence demonstrated that TCS
group 1 (OR 0.09 [95% CrI 0.02 to 0.33]; risk difference: 25 fewer
per 1000 [95% CrI 27 to 18 fewer]) and the JAK inhibitors (OR
0.22 [95% CrTI 0.10 to 0.47]; risk difference: 21 fewer per 1000
[95% CrlI 25 to 15 fewer]) were among the best in reducing the
number of patients experiencing adverse events leading to discon-
tinuation. Moderate- or high-certainty evidence demonstrated that
pimecrolimus (OR 0.61 [95% Cr1 0.41 to 0.91]; risk difference: 11
fewer per 1000 patients [95% CrI 16 to 3 fewer]), tacrolimus (OR
0.43 [95% CrI 0.30 to 0.62]; risk difference: 15 fewer per 1000
[95% CrI 19 to 10 fewer]), and TCS group 5 (OR 0.32 [95% Crl
0.16 to 0.57]; risk difference: 18 fewer per 1000 [95% CrI 23 to
12 fewer]) were among those with intermediate effect in reducing
the number of patients experiencing adverse events leading to
discontinuation. Other interventions were of lesser effect or
lower-certainty evidence.

Effects of interventions for maintaining remission
of AD (long-term control)

In maintaining AD remission (long-term control), 15
RCTs (Il — 3029)67,75,]()5,]()6,]()9,1l(),l47,]49,]94,2()4,219,226,233,239
(NCT01428297) informed effects of topical interventions on
reducing the number of AD flares by evaluating proactive
versus reactive topical therapy (Fig 4). Moderate-certainty ev-
idence that tacrolimus (OR 0.44 [95% CrI 0.28 to 0.71]; risk
difference: 202 fewer per 1000 patients [95% Crl 305 to 84
fewer]), pimecrolimus (OR 0.50 [95% CrI 0.27 to 0.90]; risk
difference: 171 fewer per 1000 [95% Crl 312 to 25 fewer]),
TCS group 3 (OR 0.32 [95% CrI 0.17 to 0.60]; risk difference:
276 fewer per 1000 [95% Crl 398 to 126 fewer]), and TCS
group 5 (OR 0.15 [95% CrI 0.09 to 0.24]; risk difference:
418 fewer per 1000 [95% Crl 484 to 336 fewer]) decreased
the number of flares. No other interventions investigated main-
tenance of AD remission. The Online Repository presents the
associated forest plots.

Other analyses

Other outcomes. Skin infections (bacterial, viral, or over-
all) as an adverse event were seldom reported and were low- to
very low—certainty evidence (see the Online Repository). Simi-
larly, patient-reported measures of AD severity were seldom
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reported (see the Online Repository). No trials addressed patient
anxiety and depression.

Once-daily versus twice-daily application. A total of 9
RCTs®196:201.227.245299 (g = 1257) compared effects of once-
daily versus twice-daily application of topical treatments (see
the Online Repository). Four studies investigated TCS group
5227247299, 2 studies investigated TCS groups 2 and 3'°°**;
and 1 study each investigated low-dose tacrolimus,””' TCS group
1,*¥ and TCS group 4. Comparisons of twice-daily application
with once-daily application consistently found little to no differ-
ence in outcomes among the included interventions, and thus the
results are presented across all interventions. There was high-
certainty evidence that twice-daily treatment slightly improves
AD severity (relative risk [RR] to improve baseline AD severity
by 50% 1.06 [95% CI 1.01 to 1.11]; risk difference: 46 more
per 1000 patients [95% CI 7 to 85 more]) and has little or no dif-
ference on the risk of adverse events (RR 0.95 [95% CI 0.77 to
1.18]; risk difference: 10 fewer per 1000 patients [95% CI 45
fewer to 35 more]). There was moderate-certainty evidence that
twice-daily treatment probably slightly improves itch severity
(MD —0.45 [95% CI —0.79 to —0.11]) and sleep disturbance
MD —-0.90 [95% CI —1.35 to —0.45]). There was low-
certainty evidence that twice-daily treatment may have little or
no difference on AD flares (RR 0.41 [95% CI 0.18 to 0.92]; risk
difference: 46 fewer per 1000 patients [95% CI 64 to 6 fewer])
or adverse events leading to discontinuation (RR 1.60 [95% CI
0.65 to 3.91]; risk difference: 8 more per 1000 patients [95% CI
5 fewer to 40 more]). These differences may be too small to be
important to patients.

Subgroup and sensitivity analyses

Overall, subgroup analyses and (network) meta-regression
showed no differential treatment effects according to age, risk
of bias, study duration, or baseline severity (see the Online
Repository). The findings were robust to sensitivity analyses
regardless of whether Bayesian or frequentist analytic approaches
were used, whether RCTs were published or unpublished/from
conference abstracts, whether mean and SD were estimated using
median and IQR, considering the harms of JAK inhibitors as a
class, considering topical antibiotics as a class, using either a 3- or
4-level classification for TCS, or no grouping whatsoever when
defining nodes (see the Online Repository). The use of simplified
classifications for TCS, however, led to the loss of multiple nodes,
studies, number of patients, and connections in the network, and
these classifications were therefore less informative compared to
the main analysis.

DISCUSSION

This systematic review and NMA including 43,123 participants
with primarily mild-to-moderate AD in 219 RCTs evaluating 68
interventions provides comprehensive comparative evidence
addressing topical treatments for AD. We found that TCS group
1 was among the best in improving AD severity; tacrolimus (high
dose) and TCS groups 2 to 5 were among the best in improving
itch severity; pimecrolimus was among the best in improving
sleep disturbance; and delgocitinib was among the best in
improving eczema-related QoL. Topical antibiotics alone or in
combination with topical treatments were among the least
effective and lowest in certainty across all outcomes. There was
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little to no difference in the effectiveness of once-daily versus
twice-daily topical treatments. Patients may prefer once-daily
treatment over twice-daily treatment as it is a simpler regimen,””
and it may be safer. To achieve AD control, pimecrolimus
improved the greatest number of patient-important outcomes.
To maintain long-term AD control, TCS group 5 ranked among
the best, followed by topical tacrolimus and pimecrolimus.

In terms of implications for clinical practice, our findings of
increasing efficacy in improving eczema severity from the lowest-
potency (TCS group 6/7) to the highest-potency (TCS Group 1)
TCS, while broadly consistent with their classified potency in
vasoconstrictor assays, differ by providing a framework for
clinical practice of 4 main classes of topical treatment effective-
ness (Fig 3), based on the clinical evidence rather than solely
in vitro assays, and applicable to interventions beyond TCS.
The optimal way of classifying TCS, which likely represents a
continuum of potency (see the Online Repository), has been
debated, and it has often been thought that clinicians should use
one or more systems in a mutually exclusive manner. A poten-
tially important message of our findings is that the 7-class system
(see the Online Repository) is likely optimal to statistically
combine and fully synthesize the totality of the evidence, but
that in clinical practice, 4 comparative effectiveness categories
(Fig 3) can be employed instead. Hence, both systems are neces-
sary to use the best evidence to improve patient AD outcomes.
These findings may help reconcile historically opposing views
on TCS classification.

Our findings also demonstrate variability in impact of inter-
vention potency across outcomes. For example, pimecrolimus
proved intermediate inferior for eczema severity, similar in rank
to low-dose (0.03%) tacrolimus or delgocitinib and in between
TCS group 5 and TCS group 6/7, but just above the least effective
in rank for eczema QoL.”” Conversely, delgocitinib is intermedi-
ate in rank for improving eczema severity, but among the most
effective for improving eczema QoL. These findings suggest
that treatment potency can vary by outcome. The best topical
treatments for AD, consistent with findings from NMAs of treat-
ments for other diseases, " will importantly improve multiple
patient-important outcomes and align with patient values and
preferences.”

While, at face value, some between-group differences may
appear small in relation to established minimally important
differences (MIDs),”>>*** we have previously shown that misin-
terpreting between-group changes in this way will misleadingly
lead one to infer that effects smaller than MIDs result in no pa-
tients benefiting, when, in fact, even if the MD between a treat-
ment and a comparator (or control) is appreciably less than the
MID, the treatment may have an important impact for many
patients.””*

More broadly, our findings that different classes of interven-
tions improve different AD outcomes illustrate that AD is driven
by multiple different inflammatory pathways. This is also true of
other allergic diseases.””* The small effects and low-certainty ev-
idence for antibiotics suggest the strategy’s limitations to achieve
optimal AD outcomes. Nevertheless, the findings must be contex-
tualized among patient values and preferences22 and health care
implementation considerations, such as health inequalities that
may be linked to sociodemographic factors, including
ethnicity.”> %1 Overall, our findings provide patients, clinicians,
and policymakers with evidence-based comparative estimates to
inform optimal decision making.
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Our findings’ implications for future research include
providing systematic comparative effectiveness data to plan
future studies and new treatment approaches. We identified
limitations of the available topical treatment evidence that could
have important implications for clinicians, researchers, policy-
makers, and other stakeholders. First, by addressing the historical
lack of comparative effects data,”'” our findings could inform
regulatory/licensing bodies and researchers regarding target treat-
ment effects and optimal comparators (eg, TCS groups 4 or 5, pi-
mecrolimus, or tacrolimus) to use when developing new
treatments for AD. The question to address, including for
emerging interventions, is not whether the drug works in principle
compared to suboptimal care (ie, placebo alone), but rather
whether the interventions provide any added benefits over exist-
ing standard care. Given that the comparative effectiveness
among TCS groups 2, 3, and 4, with or without combination
with topical calcineurin inhibitors (or other agents), is least
certain and addresses the fewest patient-important outcomes,
future research should address these important gaps. Second,
some study durations were too short to adequately address
patient-important long-term outcomes, such as those associated
with the uncertain risk of malignancy, major cardiovascular
events, serious infections, and death associated with JAK inhibi-
tors. We and others have shown no increase in patient-important
risks for topical steroids and topical calcineurin inhibitors in asso-
ciated systematic reviews.”**! Future studies should address in-
terventions as long-term treatment strategies. Third, studies
frequently described and reported flares of AD as an adverse
safety event, rather than as an outcome of efficacy (long-term dis-
ease control). It may be helpful for researchers and decision
makers to separately evaluate flares and other expected AD com-
plications from the harms of interventions. Fourth, despite their
critical importance to patients, few studies addressed patient-
reported outcomes (eg, patient-reported AD severity, sleep distur-
bance, eczema QoL). Many regulatory bodies still focus on
clinician assessments of AD severity—not the patient
perspective—for drug approval. Given the critical importance
of the patient perspective to clinical decision mal<ing,'7’2°2’263
regulators, study trialists, and clinicians should focus on
patient-important effects for patient-important outcomes and
eschew historical overemphasis on a clinician’s snapshot and su-
perficial determination (eg, investigator’s global assessment) of a
patient’s multifaceted experience with AD (eg, Patient-Oriented
Eczema Measure, itch, sleep, QoL),z("i’265 especially among
“old” drug molecules. Fifth, studies investigating the long-term
usage of high-potency TCS are lacking. Although this reflects
current clinical practice, further investigation of higher-potency
TCS may improve the evidence pertaining to the maintenance
of AD remission. Sixth, in addressing health inequities that may
be linked to socioeconomic factors, including ethnicity and skin
color, future research must remain vigilant that it is serving the
whole population of individuals with AD, not just segments
thereof.

Strengths of this review include its comprehensive search
encompassing all eligible published and unpublished studies. To
the best of our knowledge, this review, along with our associated
NMA investigating all systemic interventions for AD, is the first
comprehensive synthesis comparing all the available interven-
tions for AD. Our review also involved a multidisciplinary
guideline panel including content experts, frontline clinicians,
and patients with AD or their caregivers.'” The panel defined the
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clinical questions, selected patient-important outcomes, and
selected the subgroups for analysis, ensuring the applicability to
this review clinical practice. Furthermore, we interpreted the re-
sults using standardized approaches (GRADE and Instrument
for assessing the Credibility of Effect Modification Analyses)
and fully met requirements for using GRADE.”*®

Potential limitations of this review include the large nature of
this review, incorporating more than 55 years of trials, meaning
that it is possible that some trials, primarily very early and small
studies of TCS, may have been missed. We are confident,
however, that the included evidence (43,123 patients in 219
RCTs) represents the large majority of the available evidence,
which we ensured by seeking unpublished data from pharmaceu-
tical registries and company websites and cross-referencing
previous systematic reviews of individual (sub)classes of the
medications addressed here.®®?” Second, we excluded studies
with split-body designs, which could contain relevant informa-
tion. As AD is recognized as a systemic, rather than purely cuta-
neous, disease, we believe that split-body designs have significant
limitations in sample size, in maintaining blinding, and in
adequately assessing efficacy and adverse events (eg, it may be
difficult to attribute a systemic adverse event to a single interven-
tion when a patient is using multiple agents). Similarly, for cross-
over trials, we mitigated risks for carryover and period biases per
Cochrane guidance'' by including data from the first period at the
potential cost of some information loss from subsequent periods.
This potential limitation is likely mitigated by the large number of
included patients and RCTs.

This systematic review and NMA, representing a rigorous
synthesis of the cumulative knowledge addressing topical AD
treatments to date, assesses efficacy and safety data of treatments
and categorizes them according to certainty (quality) of evidence
to inform optimal selection of topical treatments for managing
AD. Considering that AD is the most common chronic inflam-
matory skin disorder globally, our findings have important and
immediate implications for achieving optimal AD outcomes.
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