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Abstract

Peanut allergy is a leading cause of severe food reactions. This meta-analysis evaluates the efficacy and safety of epicutaneous
immunotherapy (EPIT) compared to placebo for peanut-allergic individuals. After prospectively registering on PROSPERO,
we searched three databases (PubMed, Google Scholar, and Cochrane CENTRAL) and 2 trial registries till September 2023.
Analysis was conducted via RevMan where data was computed using risk ratios (RR). The Cochrane Risk of Bias tool and
GRADE criteria were used to appraise and evaluate the evidence. From 4927 records, six multicenter randomized placebo-
controlled trials comprising 1453 participants were included. The 250 ug EPIT group had a significant increase in successful
desensitization compared to placebo (RR: 2.13 (95% C.I: 1.72, 2.64), P<0.01, I*=0%), while the 100 ug EPIT group did
not (RR: 1.54 (95% C.I: 0.92, 2.58), P=0.10, I?=0%) (moderate certainty evidence). Moreover, there was a significant
increase in local (RR: 1.69 (95% C.I: 1.06, 2.68), P=0.03, I*=89%) and systemic adverse events (RR: 1.75 (95% C.I: 1.14,
2.69), P=0.01, I*=0%) with EPIT. Additionally, individuals administered EPIT have an increased probability of requiring
rescue medications like epinephrine (RR: 1.91 (95% C.I: 1.12, 3.28), P=0.02, I’=0%) and topical corticosteroids (RR: 1.49
(95% C.I: 1.29, 1.73), P<0.01, I’=0%) to treat adverse events. The association of adverse events post-treatment including
anaphylaxis (RR: 2.31 (95% C.I: 1.00, 5.33), P=0.05, P= 36%), skin/subcutaneous disorders like erythema or vesicles (RR:
0.93 (95% C.1: 0.79, 1.08), P=0.33, P= 0%), and respiratory disorders like dyspnea or wheezing (RR: 0.94 (95% C.I: 0.77,
1.15), P=0.55, > =0%) with EPIT is inconclusive. EPIT, although effective in desensitization, is linked to an increased risk
of adverse events. PROSPERO registration: CRD42023466600.

Keywords Allergen desensitization - Epicutaneous immunotherapy - Immunotherapy for allergy - Peanut allergy -
Peanut protein

Introduction

Key Messages ' . The prevalence of food allergy has become an escalating
e Peanut allergy can cause fatal food reactions and is usually not concern for families, clinicians, and policymakers since it

outgrown, unlike other food allergies. 11 .
o Epicutaneous immunotherapy improves desensitization to peanut affects millions worldwide [1]. Reports suggest that over

protein but is associated with a variety of adverse events. 10% of individuals in Western countries experience some
e Epicutaneous immunotherapy exhibits no significantly increased form of food allergy, with children being the most vulnerable

risk of anaphylaxis. However, the calculated P-value of 0.05

warrants caution.
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[2]. At its core, food allergy represents the immune sys-
tem’s reaction to proteins in food [1]. Notably, shellfish,
cow’s milk, eggs, and peanuts are the most common culprits
behind such allergic responses [1, 3]. While many children
outgrow milk and egg allergies, the persistence of peanut or
nut allergies throughout life poses a significant challenge,
with only one in five children managing to outgrow the con-
dition and tolerate peanuts later in life [4].

Peanut allergy is the leading cause of fatal food reactions,
including anaphylaxis, even in individuals with a history of
mild reactions [5]. The global prevalence of peanut allergy
is rising, particularly in developed nations, affecting 25% of
children with food allergies making it a significant health
concern [6]. Presently, researchers have identified 18 peanut
allergens, with Ara hl, Ara h2, and Ara h3 being the most
common ones [7, 8]. These allergens induce the production
of specific immunoglobulin E (IgE) antibodies in exposed
individuals, triggering an allergic reaction [7]. The resulting
symptoms may manifest as pruritus, urticaria, rash, swelling
of the lips and tongue, angioedema, syncope, and abdominal
cramps, leading to potentially life-threatening situations [9].

Managing peanut allergy primarily revolves around
avoiding peanuts altogether [4]. However, the omnipres-
ence of trace amounts of peanut or peanut protein in food
makes complete avoidance virtually impossible, presenting
a constant challenge for those affected by the allergy. A pos-
sible preventive measure in dealing with peanut allergy is the
early exposure of peanuts among high-risk infants (infants
with severe eczema, or a family history of peanut allergy)
which can reduce the risk of developing peanut allergy [10,
12]. Immunotherapy offers another avenue for improving
the condition. Oral immunotherapy constitutes the daily
ingestion of peanut allergen, gradually increasing the doses
over several months to enhance allergen tolerance [13]. The
downsides of oral immunotherapy include logistic pitfalls
such as missed patient appointments and an increased risk
of anaphylaxis and gastrointestinal events [14, 15].

Epicutaneous immunotherapy (EPIT) has also demon-
strated the ability to enhance allergen tolerance. In EPIT,
the allergen is delivered through multiple applications to the
skin, via dermal patches also known as “peanut patches,”
where it is taken up by the skin’s dendritic cells and migrates
towards the lymph nodes. Since the allergen is exposed
to non-vascularized skin layers, systemic absorption is
avoided contributing to the intervention’s safety profile [16].
Recently, multiple randomized controlled trials have inves-
tigated the safety and efficacy of EPIT for peanut allergy
providing an array of evidence. While various systematic
reviews and meta-analyses [17-19] have examined the use
of EPIT for diverse allergies or compared different treat-
ments for peanut-specific allergies such as oral or sublingual
immunotherapy, none has specifically analyzed the use of
EPIT for peanut allergies.
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In light of the mounting evidence and the need to con-
solidate existing knowledge, this systematic review and
meta-analysis was undertaken to comprehensively assess the
safety and efficacy of EPIT specifically for peanut allergy.

Methods

This systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for Systematic
Review and Meta-Analyses (PRISMA) statement [20] and
was registered on PROSPERO, an international prospective
register of systematic reviews (CRD42023466600).

Eligibility Criteria

Double-blind randomized control trials studying the effects of
EPIT on individuals with peanut allergies were included. Any
review articles, editorials, case reports, or non-randomized
trials were excluded. We placed no restrictions on the age
of the population or the age of diagnosis of peanut allergy.
Studies enrolling participants with a clinically diagnosed pea-
nut allergy with a current allergic status through skin prick
tests, positive provocation tests, or heightened IgE levels were
included. Since we investigated the efficacy and safety of
EPIT, the intervention had to be a peanut patch in one group
and a placebo in the other group. Our outcomes to investi-
gate were (1) desensitization to peanut protein, (2) incidence
of anaphylaxis, (3) local adverse events (any patch site skin
reaction such as erythema, infiltration, papules, or vesicles),
(4) systemic adverse events (defined according to the World
Allergy Organization’s grading system of side effects [21] and
further included anaphylaxis, skin and subcutaneous, immune
system, eye, infectious, gastrointestinal, and respiratory dis-
orders), (5) any serious adverse events related to systemic
adverse events (anaphylaxis, death, disability, life-threatening
events, or events requiring immediate medical intervention),
certain specific adverse events after treatment such as (6) skin
and subcutaneous tissue disorders (urticaria, eczema, general-
ized pruritus, dermatitis limited to or exceeding the limits of
the patch application area), (7) infections (upper and lower
respiratory tract infections, nasopharyngitis, gastroenteritis, ear
infections, conjunctivitis, pneumonia, tonsillitis, varicella, oral
herpes, cellulitis, hand-foot-and-mouth disease, pharyngitis,
impetigo, sinusitis, bronchitis, infectious diarrhea, giardiasis,
lice infestation, and vulvar infections), (8) respiratory disorders
(sneezing, nasal congestion, rhinorrhea, respiratory infections,
laryngeal symptoms, and wheezing), and (9) eye disorders
(eye swelling, periorbital edema, increased lacrimation, eye
pruritus, ocular hyperemia, eye irritation, eye discharge, and
conjunctivitis), along with the (10) use of epinephrine, (11)
use of corticosteroids, and (12) changes in serum-specific
IgE and immunoglobulin G4 (IgG4) levels after treatment.
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Desensitization to peanut protein was defined and based on
the initial eliciting dose used in each study. The criteria to
assess desensitization for each study are described in Table 1.
Systemic adverse events can be further described as any acute
system allergic reactions that are not associated with the food
challenge. All adverse events were noted as a result of expo-
sure to the treatment. Some of these were directly related to
the study drug and some to accidental ingestion of peanuts or
any other allergen.

Data Sources and Literature Search

A systematic literature search across prominent databases
such as PubMed (MEDLINE), Google Scholar, Cochrane
CENTRAL, and clinical trial registries such as ClinicalTri-
als.gov and the International Clinical Trials Registry was
conducted for relevant studies from inception to September
2023 without any language restrictions. Trial registries were
searched to find data that has not been reported in peer-
reviewed literature. An assessment of protocols published
in trial registries sheds light on selective reporting biases.
The search strategy employed specific and pertinent key-
words such as “epicutaneous immunotherapy” and “peanut
allergy”. The detailed search strategy is mentioned in Supple-
mentary Table S1. Additionally, the references of each of the
retrieved studies were examined to identify other studies that
conformed to our inclusion criteria. Two of the study authors
(U.S.B and M.M.N) independently searched through the lit-
erature. The screening process began by assessing the stud-
ies based on their title and abstract, allowing for a preliminary
evaluation of their relevance. Subsequently, those studies that
passed the initial screening underwent a comprehensive exami-
nation, with their full texts retrieved and critically appraised.
The assessment closely followed the predetermined inclusion
and exclusion criteria, ensuring that only the most suitable
articles were ultimately selected. All the selected studies were
imported to EndNote X9 (Thomson Reuters, Toronto, Ontario,
Canada), and duplicates were identified and removed.

Data Extraction

In order to extract data, an extraction sheet was designed for
this review on Excel (Microsoft, USA). Two of the study
authors (U.S.B and M.M.N) independently extracted data
from the selected studies. To avoid errors, the same two
authors reviewed each other’s extraction. In case of any dis-
agreement, a third author made the final decision (S.A.F).
Data extracted included (1) study and population character-
istics (including the number of patients randomized, num-
ber of patients lost at follow-ups, age, type of study, study
duration, and baseline IgE and IgG4 levels), (2) the EPIT
dose, (3) previous medical history of participants, and (4)
outcomes, including baseline and post-intervention values.

Risk of Bias Assessment

Two authors (U.S.B and M.M.N) independently assessed
the quality of the included randomized controlled trials
using the Cochrane Risk of Bias tool for randomized con-
trolled trials [22]. This assessment involved categorizing
each trial as having either a low, high, or unclear risk of
bias. For trials to be considered as having a low risk of bias,
they must meet specific criteria. Random sequence genera-
tion; adequate allocation concealment and blinding of par-
ticipants, treatment administrators, and outcome assessors;
and unbiased and complete reporting are crucial factors in
determining the level of bias. Trials that effectively imple-
ment these measures are classified as having a low risk of
bias, indicating a higher level of methodological rigor and
reliability in their findings.

The certainty of evidence was determined using the
Grading of Recommendations, Assessment, Development,
and Evaluation (GRADE) approach [23]. This included an
assessment of the overall risk of bias, imprecision (95%
confidence interval (CI) relative to the clinical significance
threshold), inconsistency (2 cutoff of 50%), indirectness
(study population), and publication bias. Although no formal
calculations were made to assess the publication bias due to
the limited number of included studies, a visual inspection
of funnel plots for each outcome was performed.

Data Synthesis and Statistical Analysis

Outcomes were analyzed based on the intention-to-treat
population. For continuous outcomes, when the data was
provided with a median and range, approximation methods
were used to determine the mean and standard deviation
[24]. On the other hand, for dichotomous outcomes, we used
the risk ratio (RR) for analysis. Data were analyzed using the
RevMan software (Review Manager version 5.3.5, The Nor-
dic Cochrane Centre, Copenhagen). Effect sizes and 95% C.I
for the intervention were calculated using a random-effects
or fixed-effects model depending upon the heterogeneity
score across studies. When the observed heterogeneity was
greater than 50%, the random-effects model was adopted. In
other circumstances, the fixed-effects model was preferred
to control invariant omitted variables. Forest plots were
generated to evaluate the effect of EPIT on each of the out-
comes. Leave-one-out sensitivity analysis was conducted to
assess if any single study disproportionately influenced the
results and resulted in an increase in heterogeneity. Hetero-
geneity was assessed using the Cochrane Q statistic; P <0.1
indicates significant heterogeneity. Heterogeneity across
the trials was also evaluated by the I test, and the scale
was set as a value <25% which means low risk, 25-75%
means moderate risk, and > 75% means high risk. A P-value
of < 0.05 was considered significant in all cases.
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Table 1 (continued)

How was the

Medical
history

Mean peanut-specific IgE  Mean peanut-specific

(SD) (kU/L)

Mean age (SD) (years)

Number of

Dose of

Duration
of study
(weeks)

Author (years) Trial design Study

primary outcome

IgG4 (SD) (mg/L)

participants

EPIT (ng)

location

(desensitization)

defined?

PBO

EPIT

PBO

EPIT

PBO

EPIT PBO EPIT

Post-treatment

NR

0.5 (0.19)

68.5(36.09) 0.7 (0.24),

83.0(39.35),

10 (1.48), 11 (0.98)

56

112

50, 100, or
250

North 52

Phase 2b

Sampson et al

eliciting dose

0.4 (0.02),
and 0.6

0.11)

66.1

12 (1.30),
and 11.5

(1.30)

America

(2017) [29]

is> 1000 mg or

(34.56),
and 79.9
(33.63)

and Europe

10-fold greater

than the baseline
eliciting dose

Asthma,

36.50 NR NR

22.73

22.2(9.18)

24.7 (11.56)

20

50, 100, 250, 80
or 500

USA

Phase 1

Jones et al

eczema,
and

(38.18)

(29.24)

(2016) [30]

allergic
rhinitis

PBO placebo, EPIT epicutaneous immunotherapy, NR not reported

Since sufficient data according to dose was available for
the first outcome, i.e., desensitization to peanut protein,
we planned to perform a subgroup analysis to identify the
effect of the dosage of EPIT on desensitization to peanut
protein. Due to limited data, subgroups were not created for
the remaining outcomes.

Results
Search Results and Patient Characteristics

The initial search result produced 4927 studies, which,
after removing duplicated publications (such as meeting
abstracts, presentations, and protocols) (n=4846), pre-
viously published review articles (n=124), and studies
outside the scope of this research (n=16), yielded six
multicenter trials [25-30] for the final quantitative and
qualitative analysis (Fig. 1). Of note, eight articles were
excluded since they were long-term follow-ups or exten-
sions of the original trial.

The characteristics of the included studies are summa-
rized in Table 1. Most of these trials were conducted in the
USA (n=5), followed by Canada (n=3) and Europe (n=3).
A few of these trials (n =3) were simultaneously conducted
across continents. In most of the trials (n=4), the duration
of intervention was 52 weeks. The total number of partici-
pants included in our analysis was 1453 (n=1017 in EPIT
and n=436 in placebo). Most of the participants were chil-
dren with a mean age of 10 years and had a reported his-
tory of peanut allergy. In just one study [30], the population
included young adults as well (mean age between 22.2 and
24.7). It is worth noting that most participants experienced
disorders of the atopic triad (atopic dermatitis, asthma, and
allergy). Four of the included trials specified the type of
allergic disorders and noted four allergic disorders among
the study population. Among the included studies, all the
EPIT patches came from the same company (Viaskin, DBV
Technologies) that designed and supported the trials. Our
literature search did not reveal any studies utilizing EPIT
patches from any other company. Dosages for EPIT varied
from 50 to 250 pg with the most commonly used dose being
the 250 ug one. Three studies reported using the 100 pg
dose, while two reported using the 50 pug dose. Lastly, one
study reported the use of 500 ug dosages.

Baseline peanut-specific IgE levels differed greatly
between studies and ranged from a mean of 13.4 to 227.5
kU/L with the REALISE trial [26] reporting the highest lev-
els. On the other hand, baseline peanut-specific IgG4 levels
were similar between the studies with the highest reported
by the REALISE trial [26] (1.2 and 1.5 mg/L in the placebo
and intervention groups, respectively).

@ Springer
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Fig. 1 PRISMA flowchart of
the database literature search. Identification of studies via databases and registers
A total of 4927 articles were
yielded from 3 databases and
2 trial registries, which were ( (
then subjected to screening Records identified = 4,927 Records removed before
for duphcgt\lon a}nd eva?uated s PubMed (153) the screening:
on the basis of title, abstract, B « Duplicate records
and full-text review matching. A o Google Scholar (4,700) > P ~
total of six studies were finally "é Cochrane Library (74) rem9ved (n = 4,846)
selected for inclusion c < s : . - Review articles
3 Clinical Trial Registries (73) removed (n = 124)
m A 4
g Records screened on basis of Records excluded on basis
g Title/Abstract of Title/Abstract
5 (n=30) (n=14)
w =
Full-text articles
excluded with reasons
(n=10)
2 . .
E Full-text articles assessed for - Studies that were
S eligibility long-term follow-ups
] (n = 16) or extensions of the
w main trial (8)
« Studies not reporting
the outcome of
interest (2)
o
3 Studies included in the
3 quantitative synthesis
e (meta-analysis)
- (n=6)

Outcome data for each study is presented in Supplemen-
tary Tables S2 and S3.

Quality Assessment

All the studies assessed using the Cochrane Risk of Bias tool
1.0 showed an overall low risk of bias. All studies demon-
strated adequate allocation concealment, randomized treat-
ment allocation, blinding of participants and outcome asses-
sors, and complete reporting of outcomes (Supplementary
Figs. S1A, B). One study [30] had a high risk of bias for
the “other bias” category due to the small study duration.
A “high risk” was allocated since a small study duration of
just 3 weeks may not allow for the emergence of treatment-
related adverse events or allow sufficient time to explore

@ Springer

the efficacy of the treatment. Another study [25] had a high
risk of reporting bias since its protocol mentioned evaluating
quality of life, but this was not reported in the study.

The GRADE assessment was performed to evaluate the
certainty of the evidence for each outcome as shown by Sup-
plementary Table S4.

Results of Meta-Analysis

Desensitization

This outcome was reported by four different studies [25,
27-29] with two different doses of EPIT 100 ug and 250 pg,

and therefore, a subgroup analysis was performed (Fig. 2).
When compared to placebo, 100 pg dose of EPIT showed no
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EPIT Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Bvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 250 mg
Fleischer 20149 84 238 16 118 196% 2.601[1.60, 4.24] I
Greenhawt 2023 163 244 40 118 494% 1.87 [1.51, 2.57] ——
Jones 2017 7 24 3 25 27% 2.33[0.63, 8.01]
Sampson 2017 28 a6 14 86 12.8% 2.00[1.18,3.38] —
Subtotal (95% CI) 563 317  84.5% 2.13[1.72, 2.64] <
Total events 282 73
Heterogeneity: Chi®=1.06, df=3(P=079); F=0%
Testfor overall effect: Z2=6.95 (P = 0.00001)
1.1.2 100 mg
Jones 2017 3 24 3 25 27% 1.04[0.23, 4.66]
Sampsoaon 2017 23 a6 14 a6 12.8% 1.64 [0.95, 2.85] T
Subtotal (95% CI) 80 81 15.5% 1.54 [0.92, 2.58] i
Total events 26 17
Heterogeneity: Chi®=0.31,df=1(P=0.458); F=0%
Test for averall effect Z=1.63(F=0.10)
Total (95% CI) 643 398 100.0% 2.04 [1.68, 2.49] L 2
Total events ana an
Heterogeneity: Chif= 2.44, df=5 (P = 0.78); F= 0% 052 D=5 é é

Testfor overall effect: £=7.08 (P = 0.00001)

Favours Placeho Favours EPIT

Testfor subaroun differences: Chi*=1.31, df=1 (P =0.258), F=23.7%

Fig.2 Forest plot showing desensitization to peanut allergy after epicutaneous immunotherapy (EPIT) versus placebo for peanut allergy. The
figure illustrates that the high dose of EPIT demonstrates significant desensitization

conclusive difference in desensitization (RR: 1.54 (95% C.I:
0.92, 2.58), P=0.10, 12=0%), whereas the patient cohort
administered 250 pg of EPIT demonstrated a significant ben-
efit in achieving successful desensitization (RR: 2.13 (95%
C.I: 1.72,2.64), P<0.01, P= 0%) (P-interaction=0.25).
No significant statistical heterogeneity was observed over-
all (’=0%, P=0.78) although clinically, due to the varying
dose of EPIT, heterogeneity is present between the included
studies prompting us to initially create the subgroups. Cer-
tainty assessment concluded no serious risk of bias, incon-
sistency, indirectness, or publication bias. However, mod-
erately serious imprecision yielded an overall certainty of
evidence for this outcome as moderate.

Anaphylaxis

This outcome was reported by five of the included trials
[25-27, 29, 30]. A total of 36 events (3.9%) occurred
among the 912 participants allocated to EPIT while five
events (1.2%) occurred among 411 participants receiv-
ing placebo. The study by Jones et al. [28] reported zero
events of anaphylaxis in either group. Pooled analysis of
the studies (Fig. 3) indicated a non-significant increase in
the incidence of anaphylaxis in subjects receiving EPIT,
compared to placebo (RR: 2.31 (95% C.I: 1.00, 5.33),
P=0.05, = 36%]; however, of note, this result indicates
a trend towards harm. Certainty assessment yielded no

EPIT Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Fleischer 2018 a 238 1 118 181% 3.97[0.50, 31.34] N e —
Greenhawt 2023 4 244 o 118 TE% 4.37[0.24, 8053
Jones 2016 I an 1 20 26.8% 0.09[0.00, 2.058] b
FPongracic 2022 24 294 3 499  A0.5% 2.69[0.83, 8.79] —
Sampsaon 2017 0 a6 1] a6 Mot estimahle
Total (95% CI) 912 411 100.0% 2.31[1.00, 5.33] S
Total events 36 ]
Heterogeneity: Chi*= 4.65, df= 3 (P = 0.20); F= 36% 7 }IZIDS 011 1=D 260

Testfor overall effect: £=1.97 (P =0.05)

Favours EPIT Favours Placebo

Fig. 3 Forest plot showing the incidence of anaphylaxis to peanut allergen after epicutaneous immunotherapy (EPIT) versus placebo for peanut

allergy
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serious inconsistency, indirectness, imprecision, or pub-
lication bias. However, a moderately serious overall risk
of bias resulted in an overall certainty of evidence for this
outcome as moderate.

Adverse Events

Pooled analysis (Fig. 4) showed that when compared to
placebo, patients receiving EPIT had a significantly high

risk of local adverse events (RR: 1.67 (95% C.1: 1.02, 2.76),
P=0.04, 12=9O%], and systemic adverse events (RR: 1.75
(95% C.I: 1.14, 2.69), P=0.01, I>=0%). The high hetero-
geneity for the local adverse events outcome fell to 23%
upon excluding the trial by Jones et al. [28]. The high het-
erogeneity may be attributed to the use of Tegaderm cov-
ering on the application site since this study was the only
one reporting its use. However, this association is unclear.
After removing this study, the risk of local adverse events

EPIT Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Fleischer 2019 137 238 32 118 216% 2121[1.85, 2.91] —
Greenhawt 2023 48 244 12 118 17.7% 1.93[1.07, 3.50] I —
Jones 2016 67 a0 12 20 2049% 1.401[0.96, 2.02] T
Jones 2017 47 49 22 25 231% 1.09[0.93,1.27] T
Pongracic 2022 64 294 g 99 16.7% 2.3901.24, 463 —
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remained significant (RR: 1.86 (95% C.I: 1.44, 2.39),
P <0.01). All trials reported serious adverse events; how-
ever, no significant serious adverse events were observed
in patients receiving EPIT (RR: 1.04 (95% C.I: 0.46, 2.36),
P=0.93, ’=0%]. None of the trials reported any incidence
of allergy-associated mortality (Supplementary Table S3).
Upon assessment of certainty, the evidence for local adverse
events has low certainty, while the evidence for systemic
and serious adverse events has a moderate level of certainty.

Skin and Subcutaneous Tissue Disorders

This outcome was reported by three studies [25, 27, 30]. A
total of 183 skin disorders (32.6%) were reported among
562 individuals receiving EPIT while 94 events (36.7%)
were reported among 256 individuals assigned to the pla-
cebo group. Analysis (Fig. 5) indicated no significant effect
between EPIT use and any ensuing skin reaction (RR: 0.93
(95% C.I: 0.79, 1.08), P=0.33, 12=0%). Overall, the cer-
tainty of evidence for this outcome is moderate.

Infection and Respiratory Disorders

Only four studies reported infection [25-27, 30] (Supple-
mentary Fig. S2) and three reported respiratory disorders
[25-27] (Supplementary Fig. S3). There was no significant
effect of the intervention on infections (RR: 0.99 (95% C.I:
0.88,1.12), P=0.88, P= 32%) or respiratory disorder (RR:
0.94 (95% C.1: 0.77, 1.15), P=0.55, I>=0%). Overall, the
certainty of evidence for this outcome is moderate.

Eye Disorders

Two trials [25, 27] reported eye disorders post-treatment
with 7.1% of individuals in the EPIT and 6.4% of individu-
als in the placebo group experiencing this condition. Our
analysis (RR: 1.10 (95% C.I: 0.62, 1.96), P=0.74, I’ =47%)
suggested that there is no conclusive effect of EPIT on eye
disorders (Supplementary Fig. S4). Overall, the certainty of
evidence for this outcome is moderate.

Use of Epinephrine

In the EPIT groups, 64 individuals (6.7%) reported using
epinephrine while 15 from the placebo group (3.4%)
reported using it. Two of the included studies reported that
neither group required epinephrine [28, 30]. Pooled data
(Fig. 6) from the six studies [25-30] indicated that indi-
viduals administered EPIT had a significantly increased
probability of using epinephrine compared to placebo (RR:
1.91 (95% C.I: 1.12, 3.28), P=0.02, I’=0%). Overall, the
certainty of evidence for this outcome is moderate.

Use of Corticosteroids

Two of the trials [25, 26] reported the use of corticosteroids
(Supplementary Fig. S5A, B). There is no conclusive evi-
dence that EPIT leads to an increased risk of requiring sys-
temic or inhaled corticosteroids (RR: 0.98 (95% C.1: 0.72,
1.32), P=0.88, I’=0%) while the risk of needing topical
corticosteroids is significantly higher with the EPIT group
(RR: 1.49 (95% C.I: 1.29, 1.73), P<0.01, > =0%). Overall,
the certainty of evidence for this outcome is moderate.

Serum Peanut-Specific IgE Levels

Changes in serum IgE levels differed across the trials. The
EPITOPE trial [25] demonstrated an increase in peanut-specific
IgE levels from the baseline to 3 months in both the EPIT and
placebo groups. However, at 12 months, the peanut IgE lev-
els decreased from baseline in EPIT participants whereas they
increased in the placebo group (median change: —0.71 and 2.03
kU/, respectively). The REALISE trial [26] investigated IgE
levels until 6 months and reported no appreciable increase in
these levels for the placebo group. This trial stated that although
the levels rose for the EPIT group until 3 months and then
decreased for the remaining 3 months, the overall decrease was
not below the baseline level. On the other hand, the PEPITES
[26] and VIPES trials [29] reported a similar trend for both the
placebo and EPIT groups over 12 months with respect to the
relative change in IgE levels (increase at 3 months and then
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Fig.5 Forest plot showing the incidence of skin and subcutaneous disorders after epicutaneous immunotherapy (EPIT) versus placebo for pea-

nut allergy
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Fig.6 Forest plot showing the need of rescue medications such as epinephrine to peanut allergen exposure after epicutaneous immunotherapy

(EPIT) versus placebo for peanut allergy

decrease). However, at 3 months, the EPIT groups had a larger
increase in IgE levels. Moreover, the CoFAR trial [28] reported
no significant differences between the two groups. Due to the
absence of original data for this outcome, a meta-analysis was
not performed.

Figure 7 shows the median change in peanut-specific IgE lev-
els over time in the EPIT group as reported by graphs from the
various included trials (according to their dosage). The 100 pg
EPIT dose in the CoFAR trial [28] reported the greatest change
in peanut IgE levels at 3 months while the least change was
reported by the EPITOPE trial which investigated the 250 pg
dose [25]. From 3 to 6 months, the median change in IgE levels
varied across the trials while after 6 months, most trials demon-
strated a further decrease in IgE levels.

Serum Peanut-Specific IgG4 Levels

The EPITOPE trial [25] reported an increase in 1gG4 levels
for both groups over the 12 months; however, the increase in
the EPIT group was steeper and greater than for the placebo
group. According to the VIPES, REALISE, and PEPITES tri-
als [26, 27, 29], the placebo group did not demonstrate much
difference over the course of the study whereas IgG4 levels
increased consistently for the EPIT group. Lastly, the CoFAR
study [28] mentioned that changes in IgG4 levels were signifi-
cant (P <0.01) between the groups and a large increase was
noted in the EPIT group. Due to the absence of original data
for this outcome, a meta-analysis was not performed.

Discussion

This systematic review and meta-analysis provides valuable
insight into the usage of EPIT for peanut allergy. Our results
show that the efficacy of EPIT in patients with peanut allergy
in our study concurs with the efficacy reported in previous

@ Springer

meta-analyses for other food allergies. de Silva et al. [19]
mentioned that EPIT probably increased the proportion of
individuals able to tolerate peanut protein during treatment.
However, they reported no increases in anaphylaxis and did
not include outcomes such as infections and respiratory disor-
ders along with the use of rescue medications in their analysis
due to their scarcity. The meta-analysis by Xiong et al. [17]
demonstrated that desensitization by EPIT for peanut allergy
has a substantial benefit but did not find a significant asso-
ciation with any treatment-related adverse events or systemic
adverse events. Additionally, they reported that the use of
rescue medication was similar in both groups. On the other
hand, our study which had a narrower inclusion criteria and
focused solely on EPIT with peanut allergy has demonstrated
a significant association between EPIT with these outcomes
(moderate-certainty evidence).

Although our included trials did not mention any long-
term outcomes, long-term follow-up publications of included
trials can be discussed. Brown-Whitehorn et al. in their clini-
cal communication [31] examined the longer-lasting effect
of EPIT in desensitized patients of the VIPES trial and found
that sustained unresponsiveness (unresponsiveness or lack
of remission for 2 or more years) to peanut protein after
long-term therapy with EPIT may be achievable for some
patients with the allergy. Similarly, the PEPITES open-label
extension called the PEOPLE study [32] reported that 77.8%
of the participants demonstrated sustained unresponsive-
ness until 38 months and had an eliciting dose greater than
1000 mg of peanut protein. Since data on sustained unre-
sponsiveness is scarce, we could not include the outcome
in our analysis. A sample analysis of the participants in the
PEPITES study conducted by Bastin et al. [33] concluded
that immunologic biomarker trajectories with EPIT are simi-
lar to those with other immunotherapy modalities indicat-
ing similar immunologic changes. Another study based on
the PEPITES and PEOPLE trial by DunnGalvin et al. [34]
investigating the food allergy quality of life changes after
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treatment with EPIT concluded that EPIT is associated with
significant quality of life improvements.

Our systematic review and meta-analysis considered two
dosages of EPIT (100 and 250 pg) among the 4 (50, 100,
250, and 500 pg) which were used across studies to inves-
tigate desensitization. According to the analysis, the higher
dosage group (250 ug) demonstrated significantly greater
desensitization compared to placebo while the lower dosage
group (100 pg) did not offer any significant difference. Due
to the limited evidence for the remaining dosage groups, we
could not carry out an analysis specific to them.

Most participants in our analysis were children. Although
few children outgrow peanut allergy, peanut allergy is still
a concern for adults. None of the studies investigated the
ability of EPIT to induce desensitization in adults although
one of them investigated its safety in the adult population.
Since early exposure to the allergen has the greatest ability
to induce desensitization [10, 11], it is unclear if EPIT may
be of any benefit to adults.

It is pertinent to highlight that the included study by
Pongracic et al. [26] pointed to an association between mutations

in the filaggrin gene and local skin reactions resulting from
EPIT administration. This mutation may result in reduced or
no filaggrin protein which can result in a skin barrier defect.
Such mutations are genetic risk factors for atopic dermatitis [35].
Since local adverse events were significantly associated with
EPIT, prior screening for this mutation can help decide if peanut
allergy-affected individuals should opt for this treatment.
There are multiple strengths of this review. Firstly, this
review was conducted using multicenter randomized double-
blind placebo-control trials, most with a low risk of bias which
proves the reliability of our results. Moreover, there was low
heterogeneity between our studies for most outcomes. Further-
more, the certainty of evidence for the majority of outcomes
was moderate. This review is the first meta-analysis investigat-
ing the safety and efficacy of EPIT for peanut allergy specifi-
cally and includes a variety of outcomes while providing a dose-
based analysis on desensitization. There are a few limitations to
this review that the authors would like to highlight. Firstly, all
the EPIT patches came from the same company (Viaskin, DBV
Technologies) which was also involved in designing the trials.
Secondly, outcome data on serum peanut-specific IgE and IgG4
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levels were not quantifiable. These outcomes showed consider-
able variation across the studies. Another limitation is that there
was limited data available to differentiate between the cause of
the adverse events. Therefore, it is unclear if the adverse events
were triggered by the application of the product or by acciden-
tal exposures to peanut or any other allergen. Moreover, data
specific to each age bracket (i.e., pediatric and young adult)
was not available, and therefore, the efficacy of EPIT in differ-
ent age groups could not be investigated. Additionally, due to
a lack of data, we could not investigate the quality of life after
use of EPIT, an outcome which is integral for clinical trials in
food allergy [36]. Lastly, we could not establish if EPIT led to
sustained or prolonged unresponsiveness after initial treatment
due to limited data.

Although multiple immunotherapy routes are present (oral,
epicutaneous, and sublingual), studies comparing these therapies
with each other are rare. A cost-effectiveness analysis by Shaker
et al. [37] reported that EPIT costs less than oral immunotherapy
and is associated with fewer episodes of anaphylaxis but also
has lower quality-adjusted life years. Future trials should
compare these therapies directly with each other in order to
establish a superior treatment. Additionally, future studies
should report outcomes such as prolonged unresponsiveness,
serum peanut-specific IgE, and IgG4 levels for a quantifiable
analysis and investigate epicutaneous peanut patches from
other companies. Moreover, while our analysis shows a non-
significant association between EPIT and anaphylaxis, with a
P-value of 0.05, we recommend caution. By including additional
studies, this association can be further clarified.

Conclusion

In conclusion, EPIT for peanut allergy is effective in induc-
ing desensitization to peanut protein. Unfortunately, this
treatment is significantly associated with local and systemic
adverse events and the need for rescue medication such as
epinephrine and topical corticosteroids. As for respiratory
disorders, infections, and skin disorders, there are no signifi-
cantly increased risks of them after EPIT. EPIT exhibits no
significant effect on the risk of anaphylaxis; however, the
calculated P-value of 0.05 warrants caution. EPIT should be
administered keeping in mind the adverse events and genetic
predisposition reported in this study. There is no evidence
that EPIT protects people with peanut allergies from allergic
reactions, but EPIT increases the threshold of reactivity.
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