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Background: Atopic dermatitis (AD, eczema) is driven by a
combination of skin barrier defects, immune dysregulation, and
extrinsic stimuli such as allergens, irritants, and microbes. The
role of environmental allergens (aeroallergens) in triggering AD
remains unclear.
Objective: We systematically synthesized evidence regarding the
benefits and harms of allergen immunotherapy (AIT) for AD.
Methods: As part of the 2022 American Academy of Allergy,
Asthma & Immunology/American College of Allergy, Asthma
and Immunology Joint Task Force on Practice Parameters AD
Guideline update, we searched the MEDLINE, EMBASE,
CENTRAL, CINAHL, LILACS, Global Resource for Eczema
Trials, and Web of Science databases from inception to
December 2021 for randomized controlled trials comparing
subcutaneous immunotherapy (SCIT), sublingual
immunotherapy (SLIT), and/or no AIT (placebo or standard
care) for guideline panel–defined patient-important outcomes:
AD severity, itch, AD-related quality of life (QoL), flares, and
adverse events. Raters independently screened, extracted data,
and assessed risk of bias in duplicate. We synthesized
intervention effects using frequentist and Bayesian random-
effects models. The GRADE approach determined the quality of
evidence.
Results: Twenty-three randomized controlled trials including
1957 adult and pediatric patients sensitized primarily to house
dust mite showed that add-on SCIT and SLIT have similar
relative and absolute effects and likely result in important
improvements in AD severity, defined as a 50% reduction in
SCORing Atopic Dermatitis (risk ratio [95% confidence
interval] 1.53 [1.31-1.78]; 26% vs 40%, absolute difference
14%) and QoL, defined as an improvement in Dermatology Life
Quality Index by 4 points or more (risk ratio [95% confidence
interval] 1.44 [1.03-2.01]; 39% vs 56%, absolute difference
17%; both outcomes moderate certainty). Both routes of AIT
increased adverse events (risk ratio [95% confidence interval]
1.61 [1.44-1.79]; 66% with SCIT vs 41% with placebo; 13%
with SLIT vs 8% with placebo; high certainty). AIT’s effect on
sleep disturbance and eczema flares was very uncertain.
Subgroup and sensitivity analyses were consistent with the main
findings.
Conclusions: SCIT and SLIT to aeroallergens, particularly
house dust mite, can similarly and importantly improve AD
severity and QoL. SCIT increases adverse effects more than
SLIT. These findings support a multidisciplinary and shared
decision-making approach to optimally managing AD. (J
Allergy Clin Immunol 2023;151:147-58.)

Key words: Atopic dermatitis (atopic eczema), allergy, allergen
immunotherapy (AIT), aeroallergen, house dust mite, subcutaneous
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Atopic dermatitis (AD), also referred to as atopic eczema,
flexural eczema, or neurodermatitis, is a chronic and relapsing
disease characterized by intense itching and skin inflammation.1

It affects 15% to 20% of children and 3% to 5% of adults.2

Some world regions report increasing prevalence.3 Direct costs
of AD in theUnited States are estimated to bemore than $5 billion
per year.4 Especially when lesions are visible and symptoms are
not controlled, AD negatively impacts quality of life (QoL),
emotional health, and socialization.5

AD pathogenesis is driven by a combination of intrinsic skin
barrier defects, immune dysregulation, and extrinsic stimuli like
allergens, irritants, and microbes.2,6,7 However, the precise role
that environmental allergens (aeroallergens like house dust mite
[HDM] or pollens) play in driving AD remains unclear. For
example, AD’s strong association with allergic rhinitis, allergic
asthma, and allergic sensitization to dust mites8-11 has not led to
robust treatments for AD that specifically address allergy.

Allergen immunotherapy (AIT), also called specific desensiti-
zation, allergen-specific immunotherapy, or hyposensitization,
involves the administration of increasing amounts of a specific
allergen to an allergic patient in order to (temporarily) induce
tolerance to it.12-14 AIT includes subcutaneous immunotherapy
(SCIT) and sublingual immunotherapy (SLIT). Both are well es-
tablished as safe and effective treatments to address allergies to
aeroallergens for allergic rhinitis and allergic asthma, and they
also have possible long-term disease-modifying benefits.15,16 Pre-
vious studies of AIT for AD, however, found mixed results, so the
benefits and harms remain uncertain.17-20 As part of the American
Academy of Allergy, Asthma & Immunology (AAAAI)/Amer-
ican College of Allergy, Asthma and Immunology (ACAAI) Joint
Task Force on Practice Parameters 2022 AD guideline update, we
systematically reviewed the effectiveness and safety of AIT
(SCIT and SLIT) versus no AIT (placebo or standard care) for
patients with AD.
METHODS
We conducted this systematic review according to Cochrane21 and Grading

of Recommendations, Assessment, Development, and Evaluation (GRADE)

guidance,22 registered it (https://osf.io/cqngx/?view_only5625970c13c064

12f86318fe934f17c34), and report it according to the Preferred Reporting

Items for Systematic Reviews and Meta-analysis (PRISMA).23 This work is

linked to the development of the 2022 AAAAI/ACAAI Joint Task Force on
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Practice Parameters AD Management Guidelines24 and new evidence on

bleach bath,25 diet,26 topical, and systemic treatments.
Search strategy and selection criteria
We searched the MEDLINE, EMBASE, CENTRAL, CINAHL, LILACS,

andGlobal Resource for EczemaTrials (GREAT) databases, without language

restrictions, from database inception until August 2021, followed by forward

and backward citation analysis using all databases in Web of Science to

December 12, 2021, for published or unpublished randomized controlled trials

(RCTs) comparing the efficacy and/or safety of AIT for the treatment of AD

against no AIT (placebo or standard care) (see Supplement E1 in the Online

Repository at www.jacionline.org). We then manually searched reference lists

of relevant studies and review articles, and we discussed with the guideline

panel to find and monitor for other relevant references.
Data collection
We screened, independently and in duplicate, titles and abstracts, and

reviewed full texts of potentially eligible records using Covidence systematic

review software (Veritas Health Innovation,Melbourne, Australia). Reviewers

extracted data independently and in duplicate using standardized prepiloted

forms. We resolved disagreements by consensus and involved a third reviewer

(D.K.C. or J.J.Y.N.) if necessary. We collected information on study

identifiers, design, setting, population characteristics, intervention and

comparator characteristics, outcomes, and sources of funding. In the case of

multiple records pertaining to the same trial, we collected all relevant data and

analyzed them as a single study. We cross-referenced data from published

reports with results available on corresponding clinical trial registries. In cases

of discrepancies, we used the most complete data set. Conversely, if a single

record reported on more than 1 randomized trial, we treated each trial as a

separate study in the analysis.
Outcomes
We focused on outcomes that the 2022 AAAAI/ACAAI AD guideline

panel of patients and caregivers, front-line clinicians, and allergy and AD

experts24 deemed, after consideration of the Harmonizing OutcomeMeasures

for Eczema (HOME) initiative,27-29 to be important to patients: clinician-

reported severity (eg, validated scales such as the clinician-adjudicated do-

mains of SCORing Atopic Dermatitis [SCORAD]27,28 or Eczema Area and

Severity Index were prioritized over investigator global assessment),

patient-reported severity (eg, patient-oriented eczema measure30), itch, sleep,
eczema-related QoL (eg, Dermatology Life Quality Index [DLQI]31), and

adverse events. Supplement E2 in the Online Repository at www.jacionline.

org provides further details.
Risk of bias assessment
Reviewers independently and in duplicate rated risk of bias per outcome for

each study using version 1 of the CLARITY-revised Cochrane Risk of Bias

tool as being at low risk of bias, probably low risk of bias, probably high risk of

bias, or high risk of bias.32,33 We considered a study to be at high risk of bias if

at least 1 domain was high or probably high risk. If discrepancies remained

after discussion, a third reviewer (D.K.C. or J.J.Y.N.) resolved them.
Data analysis
We analyzed outcomes according to the intention-to-treat principle

(patients analyzed according to the arm to which they were originally

assigned). In the main analyses, we performed pairwise meta-analysis using

DerSimonian-Laird random effects models. Because we anticipated vari-

ability in the baseline severity of AD across included studies, we calculated the

probability to improve by panel-defined patient-important differences—for

example, a 50% reduction from baseline in clinician-reported severity.

Supplement E2 provides additional details. For harm outcomes in which there

were insufficient data among the AD trials to generate an informative estimate

to support development of recommendations, we judged that adverse effects of

AITwould be similar when used to treat allergic rhinitis and allergic asthma,

and therefore, following GRADE and recent guidance,34,35 we supplemented

the AD harm estimates with those systematically reviewed36-42 from these 2

related conditions. We pooled dichotomous outcomes using risk ratio (RR)

with accompanying 95% confidence interval (CI).

Unless otherwise specified, time points chosen for analysis reflect the

longest duration of continuous treatment with the intervention with all

outcome data available. We conducted prespecified subgroup analyses with

tests for interaction and appraised statistically significant findings using

ICEMAN,43 including the following: severity of the disease; age (hypothe-

sized to be more effective with younger age); route of allergenic immuno-

therapy administration (SCIT hypothesized to be more effective than SLIT);

duration of treatment (hypothesized to be more effective with time); type of

allergen (dust mites hypothesized to be more effective vs pollen or animal al-

lergens); risk of bias (high risk of bias hypothesized to report larger benefits

and less harms compared to low risk of bias); and funding source (industry-

sponsored studies hypothesized to report larger benefits and less harms

compared to nonindustry or mixed funding). The panel requested additional

subgroup analyses by geography (no direction specified), allergen sensitiza-

tion pattern (monosensitized to bemore effective than polysensitized), and co-

interventions (presence of background topical therapies hypothesized to be

more effective than monotherapy).

Sensitivity analyses included using Hartung-Knapp-Sidik-Jonkman

models,44 using ratio of means (RoM)45,46 and mean differences after convert-

ing within-group changes in continuous outcomes to a common scale using

GRADE guidance,45,46 using fixed-effect meta-analysis, leaving out any one

study, and restricting estimates to studies with a sample size of 70 or greater;

and performing Bayesian analyses using blocked hybrid Metropolis-Hastings

sampling with Gibbs updates, 4 chains, a minimum of 10,000-sample burn-in,

50,000 Markov chain Monte Carlo samples, thinning of 100, informative het-

erogeneity hyperpriors,47,48 and model inspection (trace plots, autocorrelation

plots, histograms, kernel density estimates, acceptance, Gelman-Rubin statis-

tics) to inform posterior distribution mean estimates of effect and associated

95% credible intervals. We performed the analyses using Stata 14.3 and Stata

17.0 (StataCorp, College Station, Tex), and R 4.0.2 (R Project; www.r-project.

org).
Certainty of evidence
The GRADE approach, in which randomized trials start as high-certainty

evidence but then can be rated down to moderate, low, or very low for risk of

bias, imprecision, inconsistency, indirectness, and publication bias informed

http://www.jacionline.org
http://www.jacionline.org
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Identification of new studies via databases and registers

Records identified from:
Databases (n = 16,645)

Records removed before screening:
Duplicate records (n = 3,904)

Records screened
(n = 12,741)

Records excluded
(n = 10,558)

Reports sought for retrieval
(n = 2,183)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 2,183)

Reports excluded (n = 2160):
Topical Interventions (n =  659)

Wrong patient population (n =  592) 
Wrong Study Design (n =  202) 
Wrong intervention (n =  148) 

Duplicate (n = 286)
Wrong route of administration (n =  100) 

Wrong outcomes (n = 90)
Wrong comparator (n =  28)

Ongoing study (n =  26)
Conference abstract without
relevant information (n =  24) 
Published same study in two

different journals (n =  3)
Abstract withdrawn (n =  2)

New studies included in review 
(n = 23)

FIG 1. Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA).
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our evaluation of certainty (quality) of evidence.22,49 We used a minimally

contextualized approach in which we rated our certainty in whether effects

were greater or less than minimal important differences50 established by the

guideline panel. We evaluated inconsistency on the basis of similarity of point

estimates and degree of overlap of CIs,51 with less emphasis on I2, which can

be misleading when analyzing continuous outcomes or estimates with narrow

CIs.51-53 We assessed publication bias using the GRADE approach, including

inspecting for small-study effects through funnel plots, and evaluating the

relation between study findings and funding. We evaluated risk of bias due

to missing participant data by sensitivity analysis using plausible worst-case

scenarios.54,55

We present the findings using standardized language expressing the

magnitude of effect estimates and certainty of the body of evidence.49,56 We

created tables summarizing the findings tables using GRADEpro GDT

(McMaster University and Evidence Prime, Hamilton, Ontario, Canada).
RESULTS
The systematic search initially yielded 12,741 unique records,

with 23 RCTs (n5 1957 patients)57-78 (EUCTR2005-004675-37)
reported in 26 records (Fig 1).

Table I summarizes the study characteristics of included RCTs.
The trials were conducted in 13 countries across 4 continents
(Asia, Europe, North America, South America) and in general
included a mixture of children, adolescents, and adults (median
of study mean ages, 19 years; range of means, 4-34 years), about
half of whomwherewomen, with baseline moderate to severe AD
(median on SCORAD scale27 [0-103, higher worse], 42; range of
means, 12-64). Most RCTs (n 5 15) used placebo controls. The
studies added either AIT or placebo to standard care with topical
treatments (eg, midpotency topical steroids or topical calcineurin
inhibitors). SCIT and SLIT comprised an approximately equal
proportion of the included RCTs. Most studies desensitized pa-
tients to HDM allergens (Dermatophagoides pteronyssinus [Der
p] and/or Dermatophagoides farinae [Der f]), and 4 (17%)
RCTs either addressed pollens or did not specify the allergen or
allergens used. The reports described the doses used to be based
on efficacy in allergic rhinitis. AIT was provided for a median
(range) of mean duration among studies of 12 (3-36) months.
SLITwas administered as liquid extracts (eg, Staloral [Greer, Le-
noir, NC], SLITone [ALK, Horsholm, Denmark], Chanallergen
[Zheijang Wolwo, Huzhou, China]) in all studies.

Applicable to all outcomes analyzed, 10 studies were at high or
probably high risk of bias as a result of a lack of blinding (9
studies57,58,60,61,69,71,73,74,78) or missing outcome data (2
studies62,74) (see Fig E1 in the Online Repository at www.
jacionline.org). One study67 reported QoL data from post hoc an-
alyses of a subgroup showing statistically significant results, but
not the nonsignificant results from the main analysis, leading
this study’s outcome to be at high risk for selective reporting
bias. We did not detect effect modification by risk of bias for
any outcome (see Table E2 in the Online Repository). There
was no strong evidence of publication bias (see Fig E2 in the
Online Repository).
Effects of interventions
Table II presents the GRADE summary of findings.
AD severity. Twenty-two RCTs57-74,76-78 (EUCTR2005-

004675-37) (n 5 1801) compared AIT versus no AIT and ad-
dressed a combination of clinician-reported AD severity and
patient-reported itch and sleep disturbance. AIT likely improved
the probability to reduce baseline AD severity by 50% or more

http://www.jacionline.org
http://www.jacionline.org


TABLE I. Characteristics of included studies

Study Country

Sample

size

Age (years),

mean (SD)

%

Women

Baseline

severity

AIT

route

Allergen (brand)

[organism]

Starting dose

[final dose]

Background

therapy

Polysensitized

allowed?

Funding

source

Di Rienzo 201457 Italy 57 11.3 (4.4) 37 Mild, moderate SLIT HDM (SLITone)

[Der f, Der p]

NR; 200 STU

[0.9 1 0.4 mg

Der f 1 p 1 1 2]103

Moisturizers Yes Industry (ALK)

EUCTR2005-

004675-37104
Germany 152 29.2 (9.4) 49 Mild to severe SCIT HDM (Alutard SQ)

[Der f, Der p]

NR; 4.9 mg Der

p 1 1 6.9 mg Der f 1

TCS/TCI Yes Industry (ALK)

Galli 199458 Italy 34 4.2 (2.6) 42 Mild to severe SLIT HDM [Der p] NR [250 STU] Topicals Yes NR

Glover 199259 United

Kingdom

26 10.3 (2.8) 42 Severe SCIT HDM [Der p] 4 Noon units12,105

[400 Noon units]

Topicals, OAH Yes Mixed

(Beecham)

Hajdu 202160 Hungary 14 19.0 (8.3) 50 Mild, moderate SLIT HDM (Staloral)

[Der p, Der f]

NR [300 IR] Topicals, OAH No Government

Huang 202161 China 440 7.3 (2.6) 38 Mild to severe SLIT HDM (Chanllergen)

[Der f]

0.04 mg protein

[40 mg protein]

Topicals, OAH Yes Mixed

(Zhejiang Bio)

Kaufman 197462 United States 52 19.3 (13.1) 54 Mild to severe SCIT HDM, dander,

molds,

pollens

0.1 PNU15 [400 PNU] Topicals, OAH Yes Industry

(Dome Las)

Langer 202163 Brazil 91 19.6 (14.3) 91 Moderate, severe SLIT HDM [Der p] 3E-7 mg Der

p 1 1 2 [0.3 mg

Der p 1 1 2]

Topicals,

DMARDs

Yes Mixed

(IPI-ASAC

Brasil)

Leroy 199264 Belgium 24 31.1 (13.5) 44 Moderate, severe IDT HDM [Der p] 60 mg 1 240 mg

Ab [60 mg

1 240 mg Ab]

Topicals,

OAH, OCS

Yes Industry

(Baxter)

Liu 201965 China 239 31.5 (10.8) 52 Mild, moderate SLIT HDM

(Chanllergen)

[Der f]

0.04 mg protein

[40-80 mg protein]

Topicals,

OAH, Abx

Yes Mixed

(Zhejiang Bio)

Luna-Pech 201366 Mexico 68 Range

4-10 years

NR Moderate, severe SLIT HDM [Der p] NR NR No NR

Novak 201267 Germany 168 33.8 (11.6) 46 Moderate, severe SCIT HDM (Depigold)

[Der f, Der p]

2 DPP units

[50 DPP units]

Topicals, OAH Yes Industry

(LETI pharma)

Pajno 200768 Italy 56 10.5 (2.8) 52 Mild to severe SLIT HDM

[Der f, Der p]

1E-3 mg Der p 1

1 2 [1 mg Der

p 1 1 2]

TCS, OAH Yes Industry

(Stallergenes)

Qin 201469 China 107 27.3 (8.2) 41 Moderate SLIT HDM

(Chanllergen)

[Der f]

0.04 mg protein

[80 mg protein]

TCS, OAH Yes Industry

(Zhejiang Bio)

Ring 198270 Germany 2 10 100 Severe SCIT Grass NR Topicals Yes NR

SanchezCaraballo

201271
Colombia 65 9.4 (5.2) 50 Mild to severe SCIT HDM

[Der f, Der p]

2 DPP units

[50 DPP units]

Topicals, OAH Yes NR

Silny 200672 Poland 20 Range

5-40 years

75 Moderate, severe SCIT HDM or grass NR Topicals Yes Industry

(Nexter)

Slavyanskaya

201373
Russia 61 Range

5-17 years

NR Moderate SLIT NR 1 mg (NOS) ‘‘Basic therapy’’

NOS

NR NR

Song 202074 South Korea 60 8.8 (2.7) 48 Mild to severe SLIT HDM (Staloral)

[Der p, Der f]

NR (300 IR?) NR Yes NR

Warner 197875 United

Kingdom

20 NR NR NR SCIT HDM (Migen)

[Der p]

4 Noon units

[400 Noon units]

NR Yes Industry

(Beechams)

Wen 199276 China 56 24.8 (8.1) 33 NR SCIT HDM [Der f] 0.4 mg/mL protein

[19 mg/mL protein]

NR NR NR

Werfel 200677 Germany 89 NR 53 Moderate, severe SCIT HDM

(Alutard SQ)

[Der f, Der p]

0.1 mg Der p

1 f 1 [1-1.4 mg

Der p 1 f 1]

Topicals, OAH Yes Industry (ALK)

Yu 202178 China 96 26.5 (4.5) 55 Mild, moderate SLIT HDM

(Chanllergen)

[Der f]

0.04 mg protein

[40-80 mg protein]

TCS, OAH Yes Industry

(Zheijang Bio)

DPP, Depigmented polymerized units; IDT, intradermal immunotherapy; IR, index of reacitivy; NOS, not otherwise specified; NR, not reported; OAH, oral antihistamine; OIT, oral

immunotherapy; PNU, protein nitrogen units; RAST, radioallergosorbent test; SPT, skin prick test; STU, Stallergenes units; TCI, topical calcineurin inhibitors; TCS, topical

corticosteroids; Topicals, topical steroids, calcineurin inhibitors, and/or topical antibiotics.

See Supplement E1 for details.
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compared to no AIT (40% vs 26%, RR 1.53 [95% CI, 1.31-1.78],
moderate certainty, Fig 2) with similar estimates of effect for
SCIT and SLIT (Pinteraction 5 .63). Median (range) time to effect
was 5 (1-12) months. In sensitivity analyses, the corresponding
pooled relative AD severity among patients receiving AIT
compared to no AIT was a RoM 0.67 (95% CI, 0.59-0.76) (see
Fig E3 and Table E1 in the Online Repository at www.
jacionline.org).

AD-related QoL. Eight RCTs60,63,65,67-69,74,78 (n5 629) ad-
dressed the impact of AIT versus no AIT on health-related QoL
(measured using DLQI and a minimally important difference of
479). AIT probably improved DLQI by 4 or more points compared
to no AIT (56% vs 39%, RR 1.44 [95% CI, 1.03-2.01], moderate
certainty, Fig 3). The corresponding pooled relative AD-related
QoL among patients receiving AIT compared to no AIT was a
RoM 0.75 (95% CI, 0.64-0.89) (Fig E3, Table E2).

Itch. Three RCTs59,63,64 (n 5 113) addressed AIT’s impact
versus no AIT on itch (pruritus). AIT may reduce itch by 50%
from baseline compared to no AIT, but the evidence is uncertain
(25% vs 19%, RR 1.29 [95% CI, 0.84-1.98], low certainty, Fig 4).
Findings were similar when the data were interpreted using fixed
effect analyses (RR 1.43 [95% CI, 0.95-2.17], Table E2) or,
because itch is a domain within SCORAD, a Bayesian approach
assuming itch would improve similarly to the overall AD severity
intervention effects (28% vs 19%, RR 1.46 [95% credible inter-
val, 1.12-1.89], Fig 4). The corresponding pooled relative itch
severity among patients receiving AIT compared to no AIT was
a RoM of 0.79 (95% CI, 0.64-0.99, Fig E3, Table E2).

http://www.jacionline.org
http://www.jacionline.org


TABLE II. Summary of findings for AIT using SCIT or SLIT compared to no AIT for AD

Outcome

No. of

participants

(no. of studies)

Relative effect

(95% CI)

Absolute effects (95% CI) for:

Certainty

Plain-language

summary

Without AIT

(placebo) With AIT Difference

AD severity,

improvement of 50%

from baseline

(SCORAD [0-103,

higher worse],

combination of

clinician-reported

severity and patient-

reported sleep

disturbance and itch)

1801 (22 RCTs) RR 1.53

(1.31-1.78),

RoM 0.67

(0.59-0.86)

26% 40% (34-46) 14% more

(8 to 20 more)

444�
Moderate*

AIT using

SCIT or

SLIT probably

results in an

important

improvement

in AD severity.

QoL improvement in

DLQI, MID (4 or

more; scale 0-30,

higher worse)

629 (8 RCTs) RR 1.44

(1.03-2.01),

RoM 0.75

(0.64-0.89)

39% 56% (40-79) 17% more

(1 to 40 more)

444�
Moderate*�

AIT using SCIT

or SLIT

probably

results in an

important

improvement

in AD-related

QoL.

Flares leading to

systemic steroid

therapy

165 (4 RCTs) RR 0.94

(0.30-2.94)

22% 20% (7-65) 2% fewer

(15 fewer to

43 more)

4���
Very low*�

The effect of

AIT on AD

flares is highly

uncertain.

Adverse events 1041 (12 RCTs)

(AIT in ARC

and asthma

reviews

[87 RCTs])

RR 1.61

(1.44-1.79)

SCIT 41%,

SLIT 8%

SCIT 66%

(59-73),

SLIT 13%

(12-14)

SCIT 25% more

(18 to 32 more),

SLIT 5% more

(4 to 6 more)

4444

High

AIT increases

adverse events.

Systemic reactions 857 (11 RCTs)

(AIT in ARC

and asthma

reviews

[59 RCTs])

RR 1.37

(1.15-1.64)

SCIT 8%,

SLIT 0.1%106

SCIT 11%

(9-13),

SLIT 0.14%

(0.12-0.16)

SCIT 3% more

(1 to 5 more),

SLIT 0.04%

more (0.02

to 0.06 more)

444�
Moderate§

AIT using SCIT

probably

results in an

important

increase in

systemic

allergic

reactions

and probably

has little to no

increase with

SLIT.

Adverse events causing

therapy

discontinuation

1608 (14 RCTs)

(AIT in ARC

reviews

[14 RCTs])

RR 1.39

(0.94-2.05)

SCIT 7%

SLIT 0.9%

10% (7-14)

1.2% (0.8-1.8)

3% more

(0.4 fewer

to 7 more)

0.3% more

(0.05 fewer

to 0.9 more)

444�
Moderate�

AIT using

SCIT likely

increases

adverse events

causing

discontinuation

SLIT results in

little to no

increase in

adverse events

causing

discontinuation.

Population was AD or atopic eczema. Intervention was AIT by SCIT or SLIT. Comparison was no AIT. The risk in the intervention group (and its 95% CI) is based on the assumed

risk in the comparison group and the relative effect of the intervention (and its 95% CI). Baseline risks are median of the control arms among the included trials unless otherwise

specified.

ARC, Allergic rhinitis (and/or conjunctivitis); MID, minimally important difference. GRADE Working Group grades of evidence are as follows: High, we are very confident that

the true effect lies close to that of the estimate of the effect; moderate, we are moderately confident in the effect estimate: the true effect is likely close to the estimate of the effect,

but there is a possibility that it is substantially different; low, our confidence in the effect estimate is limited, and the true effect may be substantially different from the estimate of

the effect; and very low, we have very little confidence in the effect estimate, so the true effect is likely to be substantially different from the estimate of effect.

*Risk of bias. Multiple studies were at risk of bias as a result of outcome assessors and/or patients not always being blinded to group allocation, and as a result of missing outcome

data. Although we did not find a significant difference between studies that had high or low risk of bias, we conservatively chose to rate down the certainty of the evidence.

�Indirectness. Because all but 1 RCT used SLIT, the evidence is more indirect for SCIT, and overall certainty could be lower. The improvements in SCORAD, however, supported

not rating down.

�Imprecision. We noted wide CIs that included important benefit and harm (all instances of note), and low information size (flare).
§Indirectness. Systemic allergic reactions captured in the studies were a mix of immediate (eg, generalized urticaria and anaphylaxis) and delayed (anaphylaxis or eczematous

eruptions). Information from non-AD populations (rhinitis and asthma) provide increased confidence in the estimate—more so for urticarial and anaphylactic allergic systemic

reactions than for the potential eczematous eruptions that might also occur in AD with AIT.
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Author, year

SLIT
DiRienzo 2014
Galli 1994
Hajdu K 2021
Huang 2021
Langer 2021
Liu 2019
Luna-Pech 2013
Pajno 2007
Qin 2014
Slavyanskaya 2013
Song 2021
Yu N 2021
Subtotal

SCIT
EUCTR2005-004675-37 2005
Glover 1992
Kaufman 1994
Leroy 1992
Novak 2012
Ring 1982
SanchezCaraballo 2012
Silny 2006
Wen 1992
Werfel 2006
Subtotal

Overall 1.53 (1.31, 1.78)

1.45 (1.25, 1.69)

1.52 (0.48, 4.77)

1.82 (0.90, 3.66)

3.66 (1.97, 6.78)

1.02 (0.42, 2.43)

2.11 (0.94, 4.73)

1.97 (1.06, 3.66)
1.31 (0.97, 1.78)

2.34 (0.49, 11.13)
5.00 (0.70, 35.50)

1.49 (1.01, 2.21)

1.88 (0.66, 5.31)

3.41 (0.82, 14.24)

3.00 (0.44, 20.44)

1.75 (0.93, 3.30)

1.86 (0.78, 4.43)

1.51 (0.42, 5.48)

1.44 (1.04, 2.01)

1.74 (1.15, 2.64)

0.84 (0.52, 1.36)

1.25 (0.69, 2.27)

5.96 (0.32, 109.52)

1.24 (0.86, 1.77)

RR (95% CI)

3.00 (0.24, 37.67)

490/1115

332/759

5/11

23/38

64/107

6/13

14/31

20/35
103/169

5/31
5/10

88/309

9/16

9/29

4/8

18/39

19/53

5/21

35/45

158/356

21/76

Events,

10/16

3/26

23/31

Treatment

1/1

189/686

130/440

3/10

6/18

9/55

5/11

6/28

9/31
26/56

2/29
1/10

25/131

3/10

2/22

1/6

10/38

5/26

3/19

21/39

59/246

25/76

Events,

9/18

0/22

18/30

Control

0/1

100.00

71.66

1.70

4.17

5.20

2.82

3.24

5.15
14.24

0.94
0.60

10.36

2.04

1.11

0.63

5.01

2.86

1.36

13.04

28.34

7.66

%

5.48

0.28

11.76

Weight

0.36

1.53 (1.31, 1.78)

1.45 (1.25, 1.69)

1.52 (0.48, 4.77)

1.82 (0.90, 3.66)

3.66 (1.97, 6.78)

1.02 (0.42, 2.43)

2.11 (0.94, 4.73)

1.97 (1.06, 3.66)
1.31 (0.97, 1.78)

2.34 (0.49, 11.13)
5.00 (0.70, 35.50)

1.49 (1.01, 2.21)

1.88 (0.66, 5.31)

3.41 (0.82, 14.24)

3.00 (0.44, 20.44)

1.75 (0.93, 3.30)

1.86 (0.78, 4.43)

1.51 (0.42, 5.48)

1.44 (1.04, 2.01)

1.74 (1.15, 2.64)

0.84 (0.52, 1.36)

1.25 (0.69, 2.27)

5.96 (0.32, 109.52)

1.24 (0.86, 1.77)

RR (95% CI)

3.00 (0.24, 37.67)

490/1115

332/759

5/11

23/38

64/107

6/13

14/31

20/35
103/169

5/31
5/10

88/309

9/16

9/29

4/8

18/39

19/53

5/21

35/45

158/356

21/76

Events,

10/16

3/26

23/31

Treatment

1/1

Favors no AIT Favors AIT 
1.2 .5 2 5

FIG 2. Impact of AIT on AD (eczema) severity. Meta-analysis of probabilty to improve by 50% from baseline.
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Sleep disturbance. One study63 (n5 66) reported sleep loss
on a visual analog scale (0 to 10, higher worse) as an estimated
mean (SD) change from baseline of 22.81 (2.42) in the AIT
group and22.74 (2.58) in the no-AIT group for a between group
mean (95% CI) difference of 20.07 (21.28 to 1.14, Fig E3).
Another RCT59 collected data on sleep disturbance but did not
report the data. The effect of AIT compared to no AIT on sleep
loss in patients with AD is therefore very uncertain (very low-
certainty evidence).

AD flares. Four RCTs62,64,68,71 (n 5 165) addressed flares
leading to systemic corticosteroid therapy. The effect of AIT,
compared to no AIT, was very uncertain (20% vs 22%, RR 0.94
[95% CI, 0.30-2.94], very low certainty, Fig E3).

Adverse events. Adverse events estimated from the AD
trials alone were often insufficient to meaningfully inform
decision making and were therefore pooled in frequentist and
Bayesian frameworks35 with systematic reviews of AIT used
similarly for allergic rhinitis and asthma36-42 (Fig 5, Fig E3).

Twelve RCTs57-59,64,65,67-69,71,72,78 (EUCTR2005-004675-37)
(n 5 1041) in AD and 87 RCTs in rhinitis and asthma36-42 ad-
dressed adverse events from AITand were described as primarily
local reactions. The local reactions in SCIT were primarily re-
ported as injection site reactions. The local reactions in SLIT
were primarily oropharyngeal symptoms, such as transient pruri-
tus and irritation. Compared to placebo, AIT increased local
adverse events (RR 1.65 [95% CI, 1.48-1.64], high certainty)
with similar relative effects for SCIT and SLIT (Pinteraction 5
.42) and different absolute effects (SCIT, 66% vs 41%; SLIT,
13% vs 8%).

Eleven RCTs57,59,64,65,67-72,78 (n5 857) in AD and 59 RCTs in
rhinitis and asthma36-42 addressed systemic allergic events from
AIT. Compared to placebo, AIT increased systemic reactions
(RR 1.37 [95% CI, 1.15-1.64], moderate certainty) with similar
relative effects for SCIT and SLIT (Pinteraction5 .18) but different
absolute effects (SCIT, 11% vs 8%; SLIT, 0.14% vs 0.1%). One
reason we rated the certainty of the evidence down is because
the systemic reactions reported in the AD studies were a mix of
immediate (eg, generalized urticaria and anaphylaxis) and de-
layed reactions (eg, eczematous eruptions). Information from
non-AD populations (rhinitis and asthma) provide increased con-
fidence in the estimate for urticarial and anaphylactic allergic sys-
temic reactions rather than the potential eczematous eruptions
that might also occur in AD with AIT, and therefore the overall
certainty of the evidence was rated down to moderate.

Fourteen RCTs57-59,61,63-65,67-69,71,77,78 (EUCTR2005-004675-
37) (n5 1608) in AD and 14 RCTs in rhinitis39,40 (no robust sys-
tematic review examined AIT’s effect on this outcome in asthma)
addressed adverse events causing discontinuation from AIT.
Compared to placebo, AIT probably increased adverse effects se-
vere enough to cause discontinuation (RR 1.39 [95% CI, 0.94-
2.05], moderate certainty) with similar relative effects for SCIT
and SLIT Pinteraction 5 .38), but different absolute effects (SCIT,
10% with SCIT vs 7% with placebo; SLIT, 1.2% with SLIT vs
0.9% with placebo).



Overall

Subtotal

Hajdu K 2021

Author, year

Song 2021

Langer 2021

Yu N 2021

Liu 2019

Novak 2012

Qin 2014

Subtotal

SLIT

SCIT

Pajno 2007

1.44 (1.05, 1.96)

1.44 (1.00, 2.08)

1.50 (0.40, 5.65)

RR (95% CI)

1.36 (0.59, 3.10)

0.89 (0.66, 1.19)

3.04 (1.58, 5.89)

1.18 (0.90, 1.55)

1.53 (0.96, 2.44)
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9/21

24/35

25/39

105/169

Events,

32/47

28/45

32/47

8/26

99/239

87/212

2/6

Control

6/19

24/31

8/38

30/57

Events,

12/27

16/39

12/27

1/22

100.00
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%
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Favors no AIT Favors AIT

FIG 3. Impact of AIT on AD (eczema)-related QoL. Improvement measured by DLQI by minimally important

difference of 4.
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FIG 4. AIT impact on itch (pruritus).
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Atopic dermatitis, asthma, ARC

Atopic dermatitis

Systemic AE

Atopic dermatitis, asthma, ARC

Atopic dermatitis

AE discontinuation

Atopic dermatitis, ARC

Atopic dermatitis

Population pooled effect

12

11

14

RCTs

AD

Number

87
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ARC RCTs

asthma and

Number

Frequentist
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Frequentist

Bayesian

Analysis

1.61 (1.44, 1.79)
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FIG 5. AIT impact on adverse events.
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Additional analyses
The findings were supported by sensitivity analyses including

fixed effect models, Bayesian analyses, excluding any one study,
making plausible assumptions for missing outcome data, using
different analytic approaches (eg, RoM), restricting analyses to
RCTs with a sample size of 70 or more, and using Hartung-
Knapp-Sidik-Jonkman models (Table E2).

Subgroup analyses showed no relative effect modification
among outcomes for age, drug administration route (SCIT vs
SLIT), AIT duration, country of study conduct, latitude from
equator, baseline AD severity, comparator (placebo or unblinded
standard care), dust mite species used, monoallergen versus
multiallergen AIT, formulation, commercial versus noncommer-
cial funding, monosensitized versus polysensitized patients,
source of funding, published versus unpublished report, or risk
of bias (Table E2).

DISCUSSION
This systematic review of 23 RCTs including 1957 patients

with AD shows with moderate certainty that AIT importantly
improves AD severity and QoL. The relative benefits were similar
among SCITand SLIT, among children and adults, and across AD
severities. SCIT likely and importantly increases adverse events
(primarily injection site reactions followed by systemic reactions
and adverse events important enough to cause drug discontinu-
ation), whereas the small increase in adverse events (primarily
transient oropharyngeal reactions) with SLITmay be, on average,
unimportant. The impact of immunotherapy on long-term AD
control, flares, and patient-reported AD severity (and the specific
domains of itch and sleep quality) are less certain. The overall
evidence is best for immunotherapy to HDM rather than other
environmental allergens, though the specific species (Der p and/or
Der f) and formulations did not modify the effects seen. AIT took
months to take effect.

Our findings support an important role for allergy in contrib-
uting to AD outcomes. Allergens such as HDM may drive innate
and adaptive inflammatory processes through specific cellular and
humoral mechanisms80,81 beyond contributing to epidermal bar-
rier disruption via their allergen-intrinsic enzymatic activity82-85

and direct innate cell activation.86-88 These mechanisms could
lead to the elaboration of multiple cytokines including IL-4 and
IL-13 from T cells, and local production of thymic stromal lym-
phopoietin, IL-25, IL-33, and granulocyte-macrophage colony-
stimulating factor89-91 by multiple cellular sources that promote
skin inflammation and itch. Conversely, AIT’s multiple anti-
inflammatory, immunomodulatory, and protolerogenic mecha-
nisms,92-94 including induction of IL-10 production by innate
cells, epithelial repair, and modulation of the JAK-STAT
pathway,95 might explain the clinical benefits observed in this
meta-analysis. Additional research is needed to better understand
the mechanisms by which allergens and AITaffect AD and might
interact with the other factors that drive disease.

The clinical implications of our findings suggest that the
effectiveness, wide availability, safety in pregnancy,15,96,97 and
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relatively low cost of AIT compared to some other modalities
must be carefully considered against its harms (likely similar to
those for rhinitis and asthma98) and well-recognized burdens in
terms of time commitment and inconveniences (eg, daily SLIT
dosing or weekly to monthly SCIT injections). Second, an estab-
lished role for allergy in AD implies that optimal AD outcomes
might be best achieved through multidisciplinary care. Differen-
tiating allergy from clinically irrelevant sensitization in AD, how-
ever, can be challenging and could be addressed using a
combination of clinical history (eg, exacerbation after allergen
exposure), considering the most likely relevant allergen expo-
sures in a patient’s environment, and judicious testing. Third,
the improvements in AD’s severity (SCORAD, a combination
of clinical-reported severity and patient-reported itch and sleep
disturbance) being on a relative scale implies that the magnitude
of absolute changes on the SCORAD scalewill vary depending on
the baseline AD severity, albeit the AAAAI/ACAAI guideline
panel, and studies suggest a reduction in SCORAD by 50% is
likely to be important for many patients with AD. Those with
milder AD, however, might accept a smaller absolute magnitude
of AD improvement depending on if they also importantly expe-
rience allergic rhinitis and/or allergic asthma and would expect all
conditions to improve with AIT. Clinicians and decision makers
will have to carefully navigate these common and probably
preference-sensitive scenarios in order to optimally treat patients
with AD.

Our findings of moderate- to high-certainty evidence in 5 of 8
patient-important outcomes suggests that future research should
clarify the impact of AITon long-term AD control and flares, and
whether patient-reported AD severity (eg, using a patient-
oriented eczema measure), itch, and sleep disturbance fully align
with those captured by SCORAD’s total score.99 Robust RCTs
are required to clarify the effect of AIT using allergens other
than HDM, optimal dose, or formulations such as sublingual tab-
lets on short-term (months) and long-term (years) AD outcomes.
Many patients might also favor AIT should it prove capable of
inducing long-term improvements in disease, including remis-
sion, similar to how it has for allergic rhinitis and asthma.100,101

Sample size estimates informed by our study’s findings suggest
a 352-participant RCT or RCTs might robustly address these
now open questions (see Supplement E3 in the Online Repository
at www.jacionline.org).

Strengths of this review include using structured GRADE and
Cochrane methods, incorporating multidisciplinary and patient
and caregiver perspectives through the AAAAI/ACAAI 2022
guideline panel and its patient partners, and performing a
comprehensive search to synthesize 10 more RCTs and over
1200 more patients compared to previous systematic reviews,
which were unable to draw clear conclusions regarding efficacy
and safety.17-20

There are potential limitations. First, not all populations had the
same baseline severity of AD. We addressed this using relative
changes from baseline, a common measure among modern AD
trials, along with structured assessment and tests for interaction to
evaluate for credible effect modifiers. (We found none.) Second, we
included conference abstracts,102 which some might question the
appropriateness of, although their inclusion might mitigate against
publication bias, and we found no modification of our estimates by
including them. Third, the data are sparse for some outcomes like
itch, sleep, and flares, which we addressed using structured
appraisal of imprecision using GRADE, Bayesian sensitivity
analyses, standardized language to express uncertainty, and
directed calls for future research. Future studies should ensure
that all patient-important outcomes are reported and that when
collected, all measures are fully reported. For example, if total
SCORAD is captured, then the subdomains objective SCORAD,
itch, and sleep should also be reported. Similarly, although we
did not detect differences in effects between studies at high versus
low risk of bias, we opted to conservatively rate down the certainty
of the evidence to moderate. Fourth, time-to-effect analyses are
crude estimates, and future studies must formally address this.
Fifth, there was sparse direct AD evidence addressing adverse
events, which we addressed by incorporating AIT’s extensive
safety data from rhinitis and asthma using frequentist and Bayesian
frameworks; we found similar adverse event rates across indica-
tions. Future studies should clearly document whether systemic re-
actions after AIT for AD are immediate (eg, anaphylaxis) or
delayed (eg, eczematous eruption or AD flare). Sixth, no study ad-
dressed AIT’s potential long-term immunomodulatory effects.

This synthesis of current best evidence shows that aeroallergen
AIT improves AD outcomes in patient-important ways that must
be balanced by a modest increase in harms; some may be
important for SCIT but unimportant for SLIT. These findings
support patients, caregivers, clinicians, and other decision makers
in achieving optimal AD care.
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RCTs including 1957 patients shows that adjunctive AIT im-
proves AD (eczema) severity and QoL. High-certainty evidence
shows that AIT increases adverse events.
REFERENCES

1. Weidinger S, Novak N. Atopic dermatitis. Lancet 2016;387:1109-22.

2. Boguniewicz M, Fonacier L, Guttman-Yassky E, Ong PY, Silverberg J, Farrar JR.

Atopic dermatitis yardstick: practical recommendations for an evolving therapeu-

tic landscape. Ann Allergy Asthma Immunol 2018;120:10-22.e2.

3. Deckers IA, McLean S, Linssen S, Mommers M, van Schayck CP, Sheikh A.

Investigating international time trends in the incidence and prevalence of atopic

eczema, 1990-2010: a systematic review of epidemiological studies. PLoS One

2012;7:e39803.

4. Mancini AJ, Kaulback K, Chamlin SL. The socioeconomic impact of atopic

dermatitis in the United States: a systematic review. Pediatr Dermatol 2008;25:

1-6.

5. Patel KR, Immaneni S, Singam V, Rastogi S, Silverberg JI. Association between

atopic dermatitis, depression, and suicidal ideation: a systematic review and

meta-analysis. J Am Acad Dermatol 2019;80:402-10.

6. Schneider L, Tilles S, Lio P, Boguniewicz M, Beck L, LeBovidge J, et al. Atopic

dermatitis: a practice parameter update, 2012. J Allergy Clin Immunol 2013;131:

295-9.e1-27.

7. Boguniewicz M, Leung DY. Atopic dermatitis: a disease of altered skin barrier

and immune dysregulation. Immunol Rev 2011;242:233-46.

8. Tupker RA, De Monchy JG, Coenraads PJ, Homan A, van der Meer JB. Induction

of atopic dermatitis by inhalation of house dust mite. J Allergy Clin Immunol

1996;97:1064-70.

9. Davidson WF, Leung DYM, Beck LA, Berin CM, Boguniewicz M, Busse WW,

et al. Report from the National Institute of Allergy and Infectious Diseases

http://www.jacionline.org
http://Flaticon.com
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref1
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref2
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref2
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref2
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref3
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref3
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref3
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref3
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref4
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref4
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref4
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref5
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref5
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref5
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref6
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref6
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref6
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref7
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref7
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref8
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref8
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref8
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref9
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref9


J ALLERGY CLIN IMMUNOL

VOLUME 151, NUMBER 1

YEPES-NU~NEZ ET AL 157
workshop on ‘‘Atopic dermatitis and the atopic march: mechanisms and

interventions.’’ J Allergy Clin Immunol 2019;143:894-913.

10. Hill DA, Spergel JM. The atopic march: critical evidence and clinical relevance.

Ann Allergy Asthma Immunol 2018;120:131-7.

11. Bumbacea RS, Corcea SL, Ali S, Dinica LC, Fanfaret IS, Boda D. Mite allergy

and atopic dermatitis: is there a clear link? Exp Ther Med 2020;20:3554-60.

12. Noon L. Prophylactic inoculation against hay fever. Lancet 1911;177:1572-3.

13. Freeman J. Further observations on the treatment of hay fever by hypodermic in-

oculations of pollen vaccine. Lancet 1911;178:814-7.

14. Bousquet J, Lockey R, Malling HJ. Allergen immunotherapy: therapeutic vac-

cines for allergic diseases. A WHO position paper. J Allergy Clin Immunol

1998;102:558-62.

15. Cox L, Nelson H, Lockey R, Calabria C, Chacko T, Finegold I, et al. Allergen

immunotherapy: a practice parameter third update. J Allergy Clin Immunol

2011;127:S1-55.

16. Greenhawt M, Oppenheimer J, Nelson M, Nelson H, Lockey R, Lieberman P,

et al. Sublingual immunotherapy: a focused allergen immunotherapy practice

parameter update. Ann Allergy Asthma Immunol 2017;118:276-82.e2.

17. Bae JM, Choi YY, Park CO, Chung KY, Lee KH. Efficacy of allergen-specific

immunotherapy for atopic dermatitis: a systematic review and meta-analysis of

randomized controlled trials. J Allergy Clin Immunol 2013;132:110-7.

18. Tam H, Calderon MA, Manikam L, Nankervis H, Garcia Nunez I, Williams HC,

et al. Specific allergen immunotherapy for the treatment of atopic eczema. Co-

chrane Database Syst Rev 2016;2:CD008774.

19. Gendelman SR, Lang DM. Specific immunotherapy in the treatment of atopic

dermatitis: a systematic review using the GRADE system. Ann Allergy Asthma

Immunol 2013;111:555-61.

20. Gendelman SR, Lang DM. Sublingual immunotherapy in the treatment of atopic

dermatitis: a systematic review using the GRADE system. Curr Allergy Asthma

Rep 2015;15:498.

21. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al, editors.

Cochrane handbook for systematic reviews of interventions. 2nd ed. Chichester:

Wiley; 2019.

22. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al.

GRADE: an emerging consensus on rating quality of evidence and strength of

recommendations. BMJ 2008;336:924-6.

23. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,

et al. The PRISMA 2020 statement: an updated guideline for reporting systematic

reviews. J Clin Epidemiol 2021;134:178-89.

24. Agarwal A, Chen L, Capozza K, Roberts A, Golden DBK, Shaker MS, et al.

Trustworthy patient-centered guidelines: insights from atopic dermatitis and a

proposal for the future. J Allergy Clin Immunol Pract 2022.

25. Bakaa L, Pernica JM, Couban RJ, Tackett KJ, Burkhart CN, Leins L, et al. Bleach

baths for atopic dermatitis: a systematic review and meta-analysis. Ann Allergy

Asthma Immunol 2022.

26. Oykhman P, Dookie J, Al-Rammahy H, De Benedetto A, Asiniwasis RN, LeBo-

vidge J, et al. Dietary elimination for the treatment of atopic dermatitis: a system-

atic review and meta-analysis. J Allergy Clin Immunol Pract 2022.

27. Schmitt J, Langan S, Deckert S, Svensson A, von Kobyletzki L, Thomas K, et al.

Assessment of clinical signs of atopic dermatitis: a systematic review and recom-

mendation. J Allergy Clin Immunol 2013;132:1337-47.

28. Schmitt J, Spuls PI, Thomas KS, Simpson E, Furue M, Deckert S, et al. The Har-

monising Outcome Measures for Eczema (HOME) statement to assess clinical

signs of atopic eczema in trials. J Allergy Clin Immunol 2014;134:800-7.

29. Williams HC, Schmitt J, Thomas KS, Spuls PI, Simpson EL, Apfelbacher CJ,

et al. The HOME Core outcome set for clinical trials of atopic dermatitis.

J Allergy Clin Immunol 2022.

30. Charman CR, Venn AJ, Williams HC. The patient-oriented eczema measure:

development and initial validation of a new tool for measuring atopic eczema

severity from the patients’ perspective. Arch Dermatol 2004;140:1513-9.

31. Finlay AY, Khan GK. Dermatology Life Quality Index (DLQI)—a simple prac-

tical measure for routine clinical use. Clin Exp Dermatol 1994;19:210-6.

32. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The

Cochrane Collaboration’s tool for assessing risk of bias in randomised trials.

BMJ 2011;343:d5928.

33. Akl EA, Sun X, Busse JW, Johnston BC, Briel M, Mulla S, et al. Specific instruc-

tions for estimating unclearly reported blinding status in randomized trials were

reliable and valid. J Clin Epidemiol 2012;65:262-7.

34. Guyatt GH, Oxman AD, Kunz R, Woodcock J, Brozek J, Helfand M, et al.

GRADE guidelines: 8. Rating the quality of evidence—indirectness. J Clin Epi-

demiol 2011;64:1303-10.

35. Cornelius VR, Phillips R. Improving the analysis of adverse event data in ran-

domized controlled trials. J Clin Epidemiol 2021.
36. Fortescue R, Kew KM, Leung MST. Sublingual immunotherapy for asthma. Co-

chrane Database Syst Rev 2020;9:CD011293.

37. Dhami S, Nurmatov U, Arasi S, Khan T, Asaria M, Zaman H, et al. Allergen

immunotherapy for allergic rhinoconjunctivitis: a systematic review and meta-

analysis. Allergy 2017;72:1597-631.

38. Dhami S, Kakourou A, Asamoah F, Agache I, Lau S, Jutel M, et al. Allergen

immunotherapy for allergic asthma: a systematic review and meta-analysis. Al-

lergy 2017;72:1825-48.

39. Calderon MA, Penagos M, Sheikh A, Canonica GW, Durham S. Sublingual

immunotherapy for treating allergic conjunctivitis. Cochrane Database Syst Rev

2011;7:CD007685.

40. Radulovic S, Calderon MA, Wilson D, Durham S. Sublingual immunotherapy for

allergic rhinitis. Cochrane Database Syst Rev 2010;12:CD002893.

41. Abramson MJ, Puy RM, Weiner JM. Injection allergen immunotherapy for

asthma. Cochrane Database Syst Rev 2010;8:CD001186.

42. Calderon MA, Alves B, Jacobson M, Hurwitz B, Sheikh A, Durham S. Allergen

injection immunotherapy for seasonal allergic rhinitis. Cochrane Database Syst

Rev 2007;1:CD001936.

43. Schandelmaier S, Briel M, Varadhan R, Schmid CH, Devasenapathy N, Hayward

RA, et al. Development of the instrument to assess the credibility of effect modi-

fication analyses (ICEMAN) in randomized controlled trials and meta-analyses.

CMAJ 2020;192:E901-6.

44. IntHout J, Ioannidis JP, Borm GF. The Hartung-Knapp-Sidik-Jonkman method

for random effects meta-analysis is straightforward and considerably outperforms

the standard DerSimonian-Laird method. BMC Med Res Methodol 2014;14:25.

45. Thorlund K, Walter SD, Johnston BC, Furukawa TA, Guyatt GH. Pooling health-

related quality of life outcomes in meta-analysis-a tutorial and review of methods

for enhancing interpretability. Res Synth Methods 2011;2:188-203.

46. Guyatt GH, Thorlund K, Oxman AD, Walter SD, Patrick D, Furukawa TA, et al.

GRADE guidelines: 13. Preparing summary of findings tables and evidence

profiles-continuous outcomes. J Clin Epidemiol 2013;66:173-83.

47. Turner RM, Jackson D, Wei Y, Thompson SG, Higgins JPT. Predictive distribu-

tions for between-study heterogeneity and simple methods for their application in

Bayesian meta-analysis. Stat Med 2015;34:984-98.

48. Rhodes KM, Turner RM, White IR, Jackson D, Spiegelhalter DJ, Higgins JPT.

Implementing informative priors for heterogeneity in meta-analysis using meta-

regression and pseudo data. Stat Med 2016;35:5495-511.

49. Chu DK, Golden DBK, Guyatt GH. Translating evidence to optimize patient care

using GRADE. J Allergy Clin Immunol Pract 2021;9:4221-30.

50. Zeng L, Brignardello-Petersen R, Hultcrantz M, Siemieniuk RAC, Santesso N,

Traversy G, et al. GRADE guidelines 32: GRADE offers guidance on choosing

targets of GRADE certainty of evidence ratings. J Clin Epidemiol 2021;137:

163-75.

51. Guyatt GH, Oxman AD, Kunz R, Woodcock J, Brozek J, Helfand M, et al.

GRADE guidelines: 7. Rating the quality of evidence—inconsistency. J Clin Epi-

demiol 2011;64:1294-302.

52. R€ucker G, Schwarzer G, Carpenter JR, Schumacher M. Undue reliance on I2 in

assessing heterogeneity may mislead. BMC Med Res Methodol 2008;8:79.

53. Iorio A, Spencer FA, Falavigna M, Alba C, Lang E, Burnand B, et al. Use of

GRADE for assessment of evidence about prognosis: rating confidence in esti-

mates of event rates in broad categories of patients. BMJ 2015;350:h870.

54. Chaimani A, Mavridis D, Higgins JPT, Salanti G, White IR. Allowing for infor-

mative missingness in aggregate data meta-analysis with continuous or binary

outcomes: extensions to metamiss. Stata J 2018;18:716-40.

55. Guyatt GH, Ebrahim S, Alonso-Coello P, Johnston BC, Mathioudakis AG, Briel

M, et al. GRADE guidelines 17: assessing the risk of bias associated with missing

participant outcome data in a body of evidence. J Clin Epidemiol 2017;87:14-22.

56. Santesso N, Glenton C, Dahm P, Garner P, Akl EA, Alper B, et al. GRADE guide-

lines 26: informative statements to communicate the findings of systematic re-

views of interventions. J Clin Epidemiol 2020;119:126-35.

57. Di Rienzo V, Cadario G, Grieco T, Galluccio AG, Caffarelli C, Liotta G, et al.

Sublingual immunotherapy in mite-sensitized children with atopic dermatitis: a

randomized, open, parallel-group study. Ann Allergy Asthma Immunol 2014;

113:671-3.e1.

58. Galli E, Chini L, Nardi S, Benincori N, Panei P, Fraioli G, et al. Use of a specific

oral hyposensitization therapy to Dermatophagoides pteronyssinus in children

with atopic dermatitis. Allergol Immunopathol (Madr) 1994;22:18-22.

59. Glover MT, Atherton DJ. A double-blind controlled trial of hyposensitization to

Dermatophagoides pteronyssinus in children with atopic eczema. Clin Exp Al-

lergy 1992;22:440-6.

60. Hajdu K, Kapitany A, Dajnoki Z, Soltesz L, Barath S, Hendrik Z, et al. Improve-

ment of clinical and immunological parameters after allergen-specific immuno-

therapy in atopic dermatitis. J Eur Acad Dermatol Venereol 2021;35:1357-61.

http://refhub.elsevier.com/S0091-6749(22)01322-7/sref9
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref9
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref9
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref9
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref10
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref10
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref11
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref11
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref12
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref13
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref13
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref14
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref14
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref14
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref15
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref15
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref15
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref16
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref16
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref16
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref17
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref17
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref17
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref18
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref18
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref18
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref19
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref19
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref19
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref20
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref20
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref20
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref21
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref21
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref21
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref22
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref22
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref22
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref23
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref23
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref23
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref24
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref24
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref24
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref25
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref25
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref25
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref26
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref26
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref26
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref27
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref27
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref27
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref28
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref28
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref28
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref29
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref29
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref29
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref30
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref30
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref30
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref31
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref31
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref32
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref32
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref32
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref33
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref33
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref33
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref34
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref34
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref34
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref35
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref35
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref36
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref36
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref37
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref37
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref37
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref38
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref38
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref38
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref39
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref39
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref39
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref40
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref40
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref41
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref41
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref42
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref42
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref42
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref43
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref43
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref43
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref43
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref44
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref44
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref44
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref45
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref45
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref45
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref46
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref46
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref46
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref47
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref47
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref47
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref48
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref48
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref48
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref49
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref49
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref50
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref50
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref50
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref50
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref51
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref51
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref51
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref52
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref52
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref52
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref52
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref53
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref53
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref53
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref54
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref54
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref54
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref55
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref55
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref55
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref56
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref56
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref56
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref57
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref57
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref57
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref57
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref58
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref58
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref58
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref59
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref59
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref59
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref60
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref60
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref60


J ALLERGY CLIN IMMUNOL

JANUARY 2023

158 YEPES-NU~NEZ ET AL
61. Huang C, Tang J. Sublingual immunotherapy with Dermatophagoides farinae

drops for pediatric atopic dermatitis. Int J Dermatol 2021.

62. Kaufman HS, Roth HL. Hyposensitization with alum precipitated extracts in

atopic dermatitis: a placebo-controlled study. Ann Allergy 1974;32:321-30.

63. Langer SS, Cardili RN, Melo JML, Ferriani MPL, Moreno AS, Dias MM, et al.

Efficacy of house dust mite sublingual immunotherapy in patients with atopic

dermatitis: a randomized, double-blind, placebo-controlled trial. J Allergy Clin

Immunol Pract 2021.

64. Leroy BP, Boden G, Jacquemin MG, Lachapelle JM, Saint-Remy JM. Allergen–

antibody complexes in the treatment of atopic dermatitis: preliminary results of a

double-blind placebo-controlled study. Acta Derm Venereol Suppl (Stockh) 1992;

176:129-31.

65. Liu L, Chen J, Xu J, Yang Q, Gu C, Ni C, et al. Sublingual immunotherapy of

atopic dermatitis in mite-sensitized patients: a multi-centre, randomized,

double-blind, placebo-controlled study. Artif Cells Nanomed Biotechnol 2019;

47:3540-7.

66. Luna-Pech JA, Newton-Sanchez OA, Torres-Mendoza BM, Garcia-Cobas CY. Ef-

ficacy of sublingual immunotherapy in the severity of atopic dermatitis in chil-

dren with allergic sensitization to. Dermatophagoides pteronyssinus. Ann

Allergy Asthma Immunol 2013;111:A8.

67. Novak N, Bieber T, Hoffmann M, Folster-Holst R, Homey B, Werfel T, et al. Ef-

ficacy and safety of subcutaneous allergen-specific immunotherapy with depig-

mented polymerized mite extract in atopic dermatitis. J Allergy Clin Immunol

2012;130:925-31.e4.

68. Pajno GB, Caminiti L, Vita D, Barberio G, Salzano G, Lombardo F, et al. Sub-

lingual immunotherapy in mite-sensitized children with atopic dermatitis: a ran-

domized, double-blind, placebo-controlled study. J Allergy Clin Immunol 2007;

120:164-70.

69. Qin YE, Mao JR, Sang YC, Li WX. Clinical efficacy and compliance of sublin-

gual immunotherapy with Dermatophagoides farinae drops in patients with

atopic dermatitis. Int J Dermatol 2014;53:650-5.

70. Ring J. Successful hyposensitization treatment in atopic eczema: results of a trial

in monozygotic twins. Br J Dermatol 1982;107:597-602.

71. Sanchez Caraballo JM, Cardona Villa R. Clinical and immunological changes of

immunotherapy in patients with atopic dermatitis: randomized controlled trial.

ISRN Allergy 2012;2012:183983.

72. Silny W, Czarnecka-Operacz M. [Specific immunotherapy in the treatment of pa-

tients with atopic dermatitis—results of double blind placebo controlled study].

Pol Merkur Lekarski 2006;21:558-65.

73. Slavyanskaya TA, Derkach VV. Immunotherapy rationale in children with exac-

erbation of moderate atopic dermatitis. Allergy 2013;68:161.

74. Song KB. The therapeutic and preventive effect of sublingual immunotherapy in

mite-sensitized children with atopic dermatitis: a randomized, open, parallel

group study. London: EAACI; 2020. EAACI 2020.

75. Warner JO, Price JF, Soothill JF, Hey EN. Controlled trial of hyposensitisation

to Dermatophagoides pteronyssinus in children with asthma. Lancet 1978;2:

912-5.

76. Wen T, Wang E, Shen S, Jiang C, Tian R, Kang K, et al. Allergenic potency of

SMU-Df extract in comparison with VUS-Df extract. and diagnosis and immuno-

therapy for atopic dermatitis and rhinitis with SMU-Df extract in China. Arb Paul

Ehrlich Inst Bundesamt Sera Impfstoffe Frankf A M 1992;217-27.

77. Werfel T, Breuer K, Rueff F, Przybilla B, Worm M, Grewe M, et al. Usefulness of

specific immunotherapy in patients with atopic dermatitis and allergic sensitiza-

tion to house dust mites: a multi-centre, randomized, dose–response study. Al-

lergy 2006;61:202-5.

78. Yu N, Luo H, Liang D, Lu N. Sublingual immunotherapy in mite-sensitized pa-

tients with atopic dermatitis: a randomized controlled study. Postepy Dermatol

Alergol 2021;38:69-74.

79. Basra MK, Salek MS, Camilleri L, Sturkey R, Finlay AY. Determining the min-

imal clinically important difference and responsiveness of the Dermatology Life

Quality Index (DLQI): further data. Dermatology 2015;230:27-33.

80. Lechner A, Henkel FDR, Hartung F, Bohnacker S, Alessandrini F, Gubernatorova

EO, et al. Macrophages acquire a TNF-dependent inflammatory memory in

allergic asthma. J Allergy Clin Immunol 2021.

81. Kita H. How are airborne allergens remembered by the immune system? J Allergy

Clin Immunol 2022.

82. Chevigne A, Jacquet A. Emerging roles of the protease allergen Der p 1 in house

dust mite–induced airway inflammation. J Allergy Clin Immunol 2018;142:

398-400.

83. Cho HJ, Lee HJ, Kim SC, Kim K, Kim YS, Kim CH, et al. Protease-activated

receptor 2–dependent fluid secretion from airway submucosal glands by house

dust mite extract. J Allergy Clin Immunol 2012;129:529-35, 535.e1-5.
84. Fukunaga M, Gon Y, Nunomura S, Inoue T, Yoshioka M, Hashimoto S, et al. Pro-

tease-mediated house dust mite allergen-induced reactive oxygen species produc-

tion by neutrophils. Int Arch Allergy Immunol 2011;155(suppl 1):104-9.

85. Nakamura Y, Miyata M, Shimokawa N, Ohnuma Y, Katoh R, Ogawa H, et al.

House dust mite allergen Der f 1 can induce the activation of latent TGF-beta

via its protease activity. FEBS Lett 2009;583:2088-92.

86. Hammad H, Chieppa M, Perros F, Willart MA, Germain RN, Lambrecht BN.

House dust mite allergen induces asthma via Toll-like receptor 4 triggering of

airway structural cells. Nat Med 2009;15:410-6.

87. Kim DH, Choi E, Lee JS, Lee NR, Baek SY, Gu A, et al. House dust mite allergen

regulates constitutive apoptosis of normal and asthmatic neutrophils via Toll-like

receptor 4. PLoS One 2015;10:e0125983.

88. Barry J, Loh Z, Collison A, Mazzone S, Lalwani A, Zhang V, et al. Absence of

Toll–IL-1 receptor 8/single immunoglobulin IL-1 receptor–related molecule re-

duces house dust mite–induced allergic airway inflammation in mice. Am J Re-

spir Cell Mol Biol 2013;49:481-90.

89. Marschall P, Wei R, Segaud J, Yao W, Hener P, German BF, et al. Dual function of

Langerhans cells in skin TSLP-promoted TFH differentiation in mouse atopic

dermatitis. J Allergy Clin Immunol 2021;147:1778-94.

90. Nygaard U, Hvid M, Johansen C, Buchner M, Folster-Holst R, Deleuran M, et al.

TSLP, IL-31, IL-33 and sST2 are new biomarkers in endophenotypic profiling of

adult and childhood atopic dermatitis. J Eur Acad Dermatol Venereol 2016;30:

1930-8.

91. Chu DK, Llop-Guevara A, Walker TD, Flader K, Goncharova S, Boudreau JE,

et al. IL-33, but not thymic stromal lymphopoietin or IL-25, is central to

mite and peanut allergic sensitization. J Allergy Clin Immunol 2013;131:

187-200.e1-8.

92. Traidl S, Werfel T. [Allergen immunotherapy for atopic dermatitis]. Hautarzt

2021;72:1103-12.

93. Shamji MH, Durham SR. Mechanisms of allergen immunotherapy for inhaled al-

lergens and predictive biomarkers. J Allergy Clin Immunol 2017;140:1485-98.

94. Caminiti L, Panasiti I, Landi M, De Filippo M, Olcese R, Ciprandi G, et al.

Allergen immunotherapy in atopic dermatitis: light and shadow in children. Pe-

diatr Allergy Immunol 2020;31(suppl 26):46-8.

95. Golebski K, Layhadi JA, Sahiner U, Steveling-Klein EH, Lenormand MM, Li

RCY, et al. Induction of IL-10–producing type 2 innate lymphoid cells by allergen

immunotherapy is associated with clinical response. Immunity 2021;54:

291-307.e7.

96. Oykhman P, Kim HL, Ellis AK. Allergen immunotherapy in pregnancy. Allergy

Asthma Clin Immunol 2015;11:31.

97. Dykewicz MS, Wallace DV, Amrol DJ, Baroody FM, Bernstein JA, Craig TJ,

et al. Rhinitis 2020: a practice parameter update. J Allergy Clin Immunol

2020;146:721-67.

98. Bernstein DI, Epstein TG. Managing risk of anaphylaxis in patients receiving

allergen immunotherapy: assessing benefit versus risk. J Allergy Clin Immunol

2022;149:884-6.

99. Chopra R, Vakharia PP, Sacotte R, Patel N, Immaneni S, White T, et al. Relation-

ship between EASI and SCORAD severity assessments for atopic dermatitis.

J Allergy Clin Immunol 2017;140:1708-10.e1.

100. Penagos M, Durham SR. Allergen immunotherapy for long-term tolerance and

prevention. J Allergy Clin Immunol 2022;149:802-11.

101. Shamji MH, Sharif H, Layhadi JA, Zhu R, Kishore U, Renz H. Diverse immune

mechanisms of allergen immunotherapy for allergic rhinitis with and without

asthma. J Allergy Clin Immunol 2022;149:791-801.

102. Scherer RW, Saldanha IJ. How should systematic reviewers handle conference ab-

stracts? A view from the trenches. Syst Rev 2019;8:264.

103. Cadario G, Galluccio AG, Pezza M, Appino A, Milani M, Pecora S, et al.

Sublingual immunotherapy efficacy in patients with atopic dermatitis and house

dust mites sensitivity: a prospective pilot study. Curr Med Res Opin 2007;23:

2503-6.

104. Multicentre, randomised, double-blind, placebo-controlled parallel group study to

demonstrate the efficacy of a 12-month subcutaneous specific immunotherapy

with ALK-depot SQ Milbenmischung in patients with atopic dermatitis and

proven IgE-mediated sensitisation to house dust mites. Horsholm (Denmark):

ALK-Abell�o Arzneimittel GmbH; 2011:1-6.

105. Finegold I, Dockhorn RJ, Ein D, Dolen WK, Oppenheimer J, Potter LH. Immu-

notherapy throughout the decades: from Noon to now. Ann Allergy Asthma Im-

munol 2010;105:328-36.

106. Nolte H, Bernstein DI, Nelson HS, Kleine-Tebbe J, Sussman GL, Seitzberg D,

et al. Efficacy of house dust mite sublingual immunotherapy tablet in North

American adolescents and adults in a randomized, placebo-controlled trial.

J Allergy Clin Immunol 2016;138:1631-8.

http://refhub.elsevier.com/S0091-6749(22)01322-7/sref61
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref61
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref62
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref62
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref63
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref63
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref63
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref63
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref64
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref64
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref64
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref64
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref65
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref65
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref65
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref65
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref66
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref66
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref66
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref66
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref67
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref67
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref67
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref67
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref68
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref68
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref68
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref68
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref69
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref69
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref69
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref70
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref70
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref71
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref71
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref71
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref72
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref72
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref72
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref73
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref73
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref74
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref74
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref74
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref75
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref75
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref75
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref76
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref76
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref76
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref76
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref77
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref77
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref77
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref77
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref78
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref78
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref78
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref79
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref79
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref79
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref80
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref80
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref80
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref81
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref81
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref82
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref82
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref82
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref83
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref83
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref83
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref84
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref84
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref84
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref85
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref85
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref85
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref86
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref86
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref86
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref87
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref87
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref87
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref88
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref88
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref88
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref88
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref89
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref89
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref89
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref90
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref90
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref90
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref90
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref91
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref91
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref91
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref91
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref92
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref92
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref93
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref93
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref94
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref94
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref94
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref95
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref95
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref95
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref95
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref96
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref96
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref97
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref97
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref97
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref98
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref98
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref98
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref99
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref99
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref99
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref100
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref100
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref101
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref101
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref101
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref102
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref102
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref103
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref103
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref103
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref103
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref104
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref104
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref104
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref104
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref104
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref104
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref105
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref105
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref105
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref106
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref106
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref106
http://refhub.elsevier.com/S0091-6749(22)01322-7/sref106

	Allergen immunotherapy for atopic dermatitis: Systematic review and meta-analysis of benefits and harms
	Methods
	Search strategy and selection criteria
	Data collection
	Outcomes
	Risk of bias assessment
	Data analysis
	Certainty of evidence

	Results
	Effects of interventions
	AD severity
	AD-related QoL
	Itch
	Sleep disturbance
	AD flares
	Adverse events

	Additional analyses

	Discussion
	References


