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Epicutaneous peanut patch device for the treatment of peanut allergy
Alexandra Langlois*a, François Graham*a,b and Philippe Bégina,b

aDepartment of Allergy and Immunology, Centre Hospitalier Universitaire Sainte-Justine, Montreal, QC, Canada; bDepartment of Allergy and
Immunology, Centre Hospitalier de l’Université de Montréal, Hôpital Notre-Dame, Montreal, QC, Canada

ABSTRACT
Introduction: Food allergy prevalence has increased in recent decades, which has mobilized efforts to
develop treatment alternatives. Epicutaneous immunotherapy (EPIT) is a novel method that involves
transdermal administration of peanut allergen with the objective to induce tolerance. Recent clinical
trials have shown its efficacy at increasing the eliciting dose in children with a favorable safety profile.
Areas covered: This review covers the proposed mechanism of action of EPIT in murine models and
humans, efficacy and safety data from clinical trials with peanut EPIT, and a discussion on its potential
role in the future management of peanut allergy.
Expert opinion: With the recent completion of pivotal trials for peanut EPIT and upcoming marketing,
the main question for clinicians and food allergic patients is how to define its role in the management
of peanut allergy and how it compares to oral immunotherapy (OIT). Like OIT, EPIT seems to promote
immunological tolerance over time. However, EPIT could lack the rapid mast-cell desensitization
induced by the progressive intake of food in OIT, which explains differences in short-term outcomes
and safety profiles. Head-to-head and long-term comparison of real-life efficacy with regards to
sustained unresponsiveness will help define its place in the food allergy arsenal.
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1. Introduction

Peanut is the food allergen that is most frequently associated
with fatal anaphylaxis (55% of cases) [1]. Its prevalence has
tripled since the early 1990s, now affecting up to 1% of the
general population and up to 2% of children in westernized
countries [2–6]. It most often develops in early childhood and
tends to persist over time with only 20% of cases resolving
naturally by 12 years of age [7]. The burden of the disease
derives mostly from the psycho-social impact for patients and
families, which is greater than that of type I diabetes or lupus
[8]. Even in the absence of reactions, the constant need to
check foods and environment can lead to hypervigilance and
anxiety, which can significantly limit social interactions [9].

The management of peanut allergy is currently shifting
from a relatively passive approach based on avoidance and
periodic monitoring of the natural evolution to a more proac-
tive approach aimed at promoting oral tolerance. New guide-
lines now recommend early peanut introduction in the diet of
at-risk children to prevent sensitization and/or development of
clinical reactivity [10,11]. Oral immunotherapy, which involves
the progressive introduction of minute to regular daily por-
tions of peanut in the patient’s diet under medical supervision,
is increasingly recognized as an effective method to induce
desensitization and possibly even remission in some patients
[12,13]. While exciting, these changes in practice come with
major challenges in terms of healthcare delivery. The lack of
specialized resources is probably the main barrier for effective
implementation and universal access. Many specialized

centers are already saturated from the current demand for
oral food challenges just to remove false labels of food allergy
(either outgrown or misdiagnosed) [14].

In this context, the development of an effective, safe, user-
friendly and easily implementable alternative solution to pro-
mote oral tolerance to food allergens would be welcome. One
such solution could be epicutaneous immunotherapy (EPIT),
which consists of the continuous administration of an allergen
through the skin using a patch device to induce immunologi-
cal tolerance. Viaskin® Peanut was developed by DBV
Technology in France and is the first EPIT device to have
completed a clinical development program with two pivotal
phase 3 trials having completed the collection of their primary
outcome measures (NCT02916446, NCT02636699). It could
potentially become the first product approved by the FDA
and the EMA for the treatment of peanut allergy. The goal of
this manuscript is to review the proposed mechanism of
action of epicutaneous immunotherapy, review the clinical
trials, appraise the current evidence for its indication in the
treatment of peanut allergy, and discuss its potential role and
place in the future arsenal for management of peanut allergy.

2. Historical perspectives

While often perceived as new, the epicutaneous route is, in
fact, one of the oldest approaches to immunotherapy. When
Edward Jenner first tested his smallpox vaccine through
abraded skin in 1796, he himself was replicating the process
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of variolation (inoculation with actual smallpox) which had
been practiced under various forms in China since the six-
teenth century, if not earlier [15,16]. Its first use to treat
environmental allergies dates back to 1921, when EPIT to
horses was conducted in asthmatic patients by Vallery-Radot
[17]. Further work in the 1950s–1960s in France and other
European countries used a scarification technique called
‘quadrille ruling’ described by Blamoutier [18,19]. It showed
superiority over subcutaneous immunotherapy in the treat-
ment of pollen allergy [20]. After a long period of absence
from the scientific literature, it was ‘rediscovered’ in the early
2000s for the treatment of environmental and food allergies
[21,22]. At that time, one project intended to develop a ready-
to-use atopy patch test for delayed milk hypersensitivity
[23,24]. This led to the development of what is now used as
an EPIT patch device for food allergens [25–27].

3. Proposed mechanisms of action of epicutaneous
immunotherapy

3.1. Allergen delivery and capture by antigen presenting
cells

3.1.1. Delivery systems
Various systems have been developed for the transdermal
administration of antigens, none of which has been compared
head-to-head. Examples include solid-in-oil nanodispersion
patches [28–30], polyester web patches with adsorbed aller-
gen extract (Medanz Medical GmbH (Starnberg, Germany))
[22] and microarray patches fractionally coated with
a powder allergen mixture [31]. The Viaskin® patch consists
of an occlusive patch made of an adhesive polyester crown
with electrosprayed antigen on its central polyethylene cham-
ber. Once applied on the skin, condensation forms, the aller-
gen is solubilized, and its absorption in the stratum corneum is
facilitated (Figure 1) [25,27].

3.1.2. Skin preparation
Skin preparation techniques have been used to increase transder-
mal uptake of allergens used for EPIT. They include tape-stripping

[21], micro-needles [32], and laser-microperforations [31,33]. With
these methods, the allergen rapidly diffuses directly into the der-
mis [27]. The effect of applying epicutaneous patches on intact vs
stripped skin was assessed byMondoulet et al. [34]. The intact-skin
group showed a decrease in peanut-specific IgE and an increase in
peanut-specific IgG2a, whereas the stripped-skin group had
increased IgE and no change in IgG2a after 8 weeks of treatment.
The stripped-skin group also showed significantly more histamine
release upon subsequent peanut challenge. The intact-skin group
displayed histamine release similar to the naïve and non-sensitized
group [34].

3.1.3. Patch application site
These findings reconcile the concept of EPIT with the dual-
allergen exposure hypothesis, which stipulates that eczema-
tous skin could be an important source of sensitization to food
allergens [35] (Figure 2). If and when approved for clinical use,
patients should probably avoid applying the patch on areas of
skin with active eczema, as this could theoretically worsen
rather than improve their food allergy. The site of application
might also hold an important role as demonstrated by com-
paring inter-scapular upper back, inner upper arm, outer
upper thigh and abdomen skin biopsies in healthy individuals
[36]. The upper back demonstrated more TH2, Th17, Th22 and
Treg markers with the highest concentration of dendritic and
Langerhans cell infiltrates.

3.1.4. Antigen capture and migration
In 2011, Dioszeghy et al. tracked the absorption steps of Alexa
488-labeled ovalbumin administered with an epicutaneous
patch in ovalbumin-sensitized mice [27]. After 2 h of applica-
tion of the patch, only negligible amounts of ovalbumin could
be detected in the dermis or lymph nodes, demonstrating the
impermeability of intact skin to the allergen (Figure 2). After
48 h of application, the allergen was detected in the epider-
mis, dermis and lymph nodes. Over 90% of ovalbumin-positive
cells in the epidermis and 99.5% of cells in the dermis were
either CD11b, CD11c or B220 positive, showing that the aller-
gen was specifically captured by antigen presenting cells.

Figure 1. The peanut epicutaneous patch is occlusive and solubilizes the allergen. The allergen is dried and electrosprayed on the surface of the condensation
chamber. The skin’s natural water loss solubilizes the allergen and facilitates passage through the stratum corneum. Langerhans cells residing in the epidermis will
take up and process the allergen, migrate to the lymph node and present it to T cells. Image used with permission from DBV technologies. https://www.dbv-
technologies.com/viaskin-platform.
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Interestingly, dendritic cells (DCs) from sensitized mice were
found to capture the allergen faster and more effectively than
naïve mice which may reflect effects of histamine-release from
degranulating mast cells [37]. The number of ovalbumin-
carrying DCs peaked and rapidly decreased in the epidermis
at 6 h and then in the dermis at 24 h. They also peaked at 24
h in the lymph nodes and decreased slowly afterward.

3.2. Modulation of T cell response

Mice studies have shown that over time, EPIT down-regulates
the Th2 response at the site of patch application, in lymph
nodes, and systemically. In mice models of ovalbumin EPIT,
splenocytes showed a significant decrease in IL-4, IL-5, IL-13,
IL-10, and IFN-γ after culture with ovalbumin when compared
to sham and control mice [27]. Similar results were found in
other studies in mice [25,38–40]. In a study of 74 children and
adults treated with peanut-EPIT, Jones et al. used CD154 assay

to identify peanut-specific T cells and while results were not
statistically significant, they did report a trend for a decrease in
IL-4 and IL-13 in subjects treated with peanut EPIT at a dose of
250 µg [41].

T cell phenotypic changes following EPIT have been con-
firmed at the epigenetic level in mice using DNA methylation
studies that showed persistent hypermethylation (suppressing
expression) of the Gata3 promoter (marker for Th2 cells) as
well as hypomethylation of the T regulatory cell (Treg)-Specific
determining region (TSDR) of Foxp3 in CD4+ T cells (marker for
natural Tregs) [39].

In peanut-sensitized mice, EPIT induces both natural Tregs
(CD4+CD25+Foxp3+) as well as Th3, inducible Tregs
(CD4+CD25+TGFβ+) [38]. The protective effect of EPIT on oeso-
phageal eosinophilic infiltration after peanut feeding was lost
when Tregs were depleted with anti-CD25 antibodies.
Conversely, adoptive transfer of CD4+CD25+Tregs from EPIT-
treated mice effectively prevented eosinophilic oesophageal

Figure 2. Proposed mechanisms of action in EPIT.
a. Epicutaneous absorption. Left panel: With intact skin, APCs actively take up the antigen across the skin barrier after epicutaneous application and migrate to lymph node for antigen
presentation. Right panel: In eczematous skin, skin barrier function is lost, and the allergen readily enters the dermis. Innate inflammatory signals activate DCs before their migration to the
lymph node where they will deliver pro-Th2 signaling. b. Modulation of immune responses. Over time, EPIT induces proliferation and differentiation of T cells. This gives rise to Tregs that
play a key function in immunotherapy and will subsequently modulate different innate cells, T cell subsets (Th1, Th2, and Tfh) and memory B cells. Eventually, these B cells will increase
production of blocking antibodies (IgG4) and decrease the production of IgE. c. Migration of regulatory T cells. Tregs induced by EPIT will exit the lymph node and reach their target
organs according to their homing receptors.

EXPERT REVIEW OF CLINICAL IMMUNOLOGY 3



infiltration in receiving peanut-sensitized mice. These suppres-
sive capacities appeared to be imparted by CTLA-4 and were
IL-10 independent [38,42]. Recently it has been reported that
Langerhans cells (LCs) play a crucial role in the development
of Tregs. Depleting LCs in OVA-sensitized mice prior to oval-
bumin epicutaneous immunotherapy failed to induce Tregs.
This later translated in anaphylaxis after OVA challenge while
the control group did not react [43].

Another similar study demonstrated the lack of successful
desensitization with EPIT when it was paired with an anti-TGF-β
antibody, supporting a role for LAP+Foxp3− Th3 regulatory cells
[44]. Importantly, the authors readily showed that transfer of
ovalbumin-specific but not of non-specific LAP+ Treg cells pre-
vented systemic mast cell degranulation after the oral challenge
of mice passively sensitized to ovalbumin. This shows that Tregs
can directly suppress mast cell activation in an allergen-specific
manner independently of humoral changes with treatment.
Interestingly, the LAP+Foxp3− Th3 cells exhibited gastrointest-
inal homing markers CCR6 and CCR9 despite being generated
through the skin.

3.3. Modulation of the humoral response

To effectively protect against IgE-mediated anaphylaxis,
changes in T cell response must translate to changes in
peanut-specific humoral response. The humoral response
observed with EPIT to peanut is the same as that seen
with all other forms of immunotherapy, regardless of the
route or the allergen. It is characterized by an initial increase
followed by a decrease in allergen-specific IgE and increases
in peanut-specific IgG4 levels and IgG4/IgE ratio. These find-
ings are highlighted in recent clinical trials with peanut EPIT
[41,45–48]. The initial rise is possibly due to an expansion of
the effector/memory B cell compartment, followed by its
progressive depletion, and possible replacement by a new
population producing competing protective blocking anti-
bodies (IgG4, IgG1 and IgA) which will increase in parallel to
changes in IgE [40,42,49–51]. It is likely that Tregs play a role
in this modulation of the humoral response although further
studies are needed to elucidate the exact mechanisms sur-
rounding the changes in allergen-specific B cell biology.

3.4. Head-to-head comparison with OIT in mice models

Two recent experiments conducted on peanut-sensitized mice
compared EPIT (100 µg for 8 weeks) to OIT (5 mg maintenance
for week 3 to 8) [39,42]. Both approaches induced protection
from eosinophilic infiltrate and generation of Tregs. Both
approaches also yielded similar changes in IgE and IgG2a
levels. However, EPIT induced significantly more Tregs and
Th3 cells, and persistent changes in DNA methylation of
Gata3 and Foxp3 TSDR were also only seen in the EPIT group.

These results must, however, be interpreted with caution as
it is difficult to interpret and compare the dosages used in
mice to their equivalent in humans. In OIT clinical studies,
participants have received up to 3000 mg of peanut protein,
which is 12,000 times more than the dosage in peanut epicu-
taneous patch devices. In this study, the dosage for OIT (5 mg)
was only 50 times greater than that of EPIT (100 µg). It is

therefore unclear whether the differences in Treg phenotype
were due solely to the mode of administration or to the
dosage.

4. Peanut epicutaneous immunotherapy clinical
trials

4.1. Clinical trials: evidence of efficacy

There are five randomized controlled trials (RCTs) assessing
the efficacy and safety of peanut EPIT [41,45,46,48,52]. Trials
results are summarized in Table 1. Only four of these studies
have been published in peer-reviewed journals, one of which
provides safety data [52], and three which provide both effi-
cacy and safety data [41,46,48].

Initial efficacy data came from a pilot study by Dupont et al.
in France in 2014 published in the form of an abstract
(ARACHILD) [45]. The study involved 54 patients aged 5 to
17, who were randomly allocated to peanut patch with 100
µg of peanut protein or placebo for 6 months, with a switch to
active treatment in both groups for an additional 12 months.
Primary outcome was defined as a 10-fold increase in cumu-
lative reactive dose (CRD) and/or reaching 1000 mg peanut
protein CRD at the exit double-blind placebo-controlled food
challenge (DBPCFC). Overall, 40% of patients in the active
treatment group reached the primary outcome. However, the
authors noticed that the subgroup of patients aged 5–11 (n =
15) had a higher response rate of 67%. These children also had
a significant increase of CRD from 24.27 mg of peanut protein
at baseline to 357.7 mg of peanut protein after 18 months (p <
0.001).

A second large study funded by the National Institute of
Allergy and Infectious Diseases (NIAID) was performed by
Jones and colleagues and completed in 2016 (COFAR 6) [41].
This was a double-blind placebo-controlled phase 2 RCT invol-
ving 74 subjects aged 4 to 25 years in five centers in the USA.
Twenty-four were treated with Viaskin 100 µg (VP100), 25 with
Viaskin 250 µg (VP250), and 25 with placebo. Primary outcome
was defined as passing a 5044-mg peanut protein OFC or a 10-
fold or greater increase in successfully consumed dose (SCD)
compared to baseline after 52 weeks. Three patients (12%) in
the placebo group met the primary outcome, 11 (46%) in the
VP100 group, and 12 (48%) in the VP250 group (p = 0.005 and
P = 0.003, respectively, when compared to placebo). The
median change in SCD was 0, 45, and 130 mg of peanut
protein in the placebo group, VP100 group, and VP250
group, respectively, which was statistically significant. In addi-
tion, treatment success was higher in patients 11 years or
younger with 10 (59%) in the VP100 group, and 11 (61%) in
the VP250 group. However, post hoc analysis looking at
patients who had an SCD of at least 1044 mg of peanut
protein at 52 weeks did not reveal a statistically significant
difference between placebo (12%), VP100 (12.5%), and VP250
(28%). A stricter definition involving an SCD of at least
1044 mg of peanut protein in addition to a 10-fold increase
in SCD led to only two patients in the placebo group (8%), two
in the VP100 group (8.3%), and four in the VP250 group (16%),
which was not statistically significant for all comparisons.
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In 2017, Sampson et al. published results from a phase 2b
RCT involving 221 subjects aged 6 to 55 from 22 tertiary
referral centers in North America and Europe (VIPES) [53].
Patients had peanut allergy confirmed by a DBPCFC to peanut
with an eliciting dose of 300 mg of peanut protein or less.
Patients were randomly allocated to use a daily Viaskin peanut
patch containing 50 µg (n = 53), 100 µg (n = 56), or 250 µg (n
= 56) of peanut protein or placebo (n = 56). Primary outcome
was defined as a 10-fold increase in eliciting dose and/or
reaching 1000 mg of peanut protein at DBPCFC after 12
months. Fourteen patients (25%) in the placebo group met
the primary outcome, and 28 in the VP250 group (50%), which
was a significant difference (p = 0.01). Stratified analysis by
age revealed that 53.6% of children in the group 6 to 11 years
with the 250 µg patch responded at 12 months compared to
19.4% with the placebo patch (p = 0.008). When looking at
adolescent and adult age groups there was no significant
difference when comparing the treatment group (250
µg patch) to placebo. Of note, the 25% response in the
placebo group was much higher than expected (projected
rate of 10%) in this study. The authors question whether the
10-fold increase in eliciting dose primary outcome may not
have been stringent enough, considering possible variability
of individual eliciting doses in patients with low peanut
thresholds, especially when starting with very low quantities
of peanut protein as in the PRACTALL food challenge protocol
(1 mg of peanut protein) [54].

The same centers completed an open-label 2-year exten-
sion involving 97 children and 74 adolescents/adults of the
original study (OLFUS-VIPES) [46,53]. All patients enrolled
were transitioned to the 250 µg patch. Per protocol
response rate at 12 and 24 months was, respectively, 89/
149 (59.7%) and 80/124 (64.5%). Of note, 31.6% of patients
in the extension discontinued for various reasons (withdra-
wal of consent, loss to follow-up, investigator’s decision,
noncompliance), including two (1.2%) because of adverse
events. In the children subgroup, the per-protocol response
rate at 12 and 24 months was, respectively, 63.3% and
68.4%. Twenty-one children 6 to 11 underwent treatment
with the 250 µg for 3 consecutive years (phase 2b trial and
2-year extension) with a response rate of 57.1% at 1 year,
80% at 2 years, and 83.3% at 3 years. At the end of the
study, 61% of these children had an eliciting dose of at least
1000 mg of peanut protein. Although additional years of
treatment with peanut EPIT seem to be of additional benefit,
interpretation requires caution since there was no placebo
group after 1 year. This said, from a conceptual point of
view, it is quite plausible considering that the sustained
tolerogenic effects of most other methods of allergen immu-
notherapy occur over years [55–57].

Interestingly, there were 29 participants (21 children and 8
adolescents/adults) who were unresponsive to an eliciting
dose of ≥1000 mg peanut protein. Of these, 25 were enrolled
in a sustained unresponsiveness study, where they discontin-
ued the patch, were instructed to keep avoiding peanut for 2
months and repeated the DBPCFC [58]. Twenty (80%) were still
unresponsive to the cumulative dose of ≥1000 mg and the
remaining five (20%) reached a cumulative dose of 1000 mg

before reacting. The immunological changes in peanut-
specific IgE and IgG4 remained unchanged after stopping
the patch for 2 months.

Finally, results from a large phase 3 RCT (PEPITES) were
recently published [48]. This was a DBPC phase 3 RCT invol-
ving 356 peanut-allergic subjects age 4 to 11 recruited in
Australia, Europe, and North America. All patients had positive
DBPCFC with an eliciting dose (ED) ≤300 mg peanut protein
and were randomized (2:1) to VP250 or placebo for 12 months.
Primary endpoint was the difference in response rate between
placebo and VP250 group, defined as patients with ED
≥300 mg peanut protein (baseline ED ≤10 mg peanut protein)
or ED ≥1000 mg peanut protein (baseline ED >10 mg peanut
protein) at 12-month DBPCFC. The placebo group had
a response rate of 13.6% compared to 35.3% for the active
treatment group (p = 0.00001). Baseline median CRD was
144 mg peanut protein in both groups and increased signifi-
cantly to 444 mg peanut protein in the VP250 group after 12
months of treatment, compared to no change (144 mg peanut
protein) in the placebo group (p < 0.001). An open-label
extension of this study is currently underway to assess long-
term efficacy and safety outcomes in this larger cohort
(PEOPLE study, NCT03013517).

4.2. Clinical trials: evidence of safety

Four major RCTs have assessed the safety of peanut epicuta-
neous patches for a total of over 500 patients in the treatment
group (Table 1) [41,46,48,52], with the majority of reactions
being local and mild, and decreasing over time. Rarely, mild to
moderate systemic reactions related to the peanut patch have
been described [41,46,48]. Overall withdrawal rates due to
treatment emergent adverse events (TEAEs) are around 1–2%
[41,46,48,52]. For comparison, withdrawal rates due to adverse
events vary between 10% and 20% in peanut OIT trials
[59–64].

Jones et al. performed a phase 1b safety study in 2016 that
included 100 peanut-allergic subjects between 6 and 50 years
of age at five clinical sites in the USA (PEP01.09) [52]. Eighty
patients were randomized to apply Viaskin® peanut patches
with 20, 100, 250, and 500 µg of peanut protein and 20
received placebo. Only adults received the 500 µg dose.
Patches were placed for 24 or 48-h intervals for a period of 2
weeks. Doses were increased sequentially using an interactive
Web-based response system. Eighty-four percent (84%) and
60% of patients on active treatment and placebo, respectively,
reported at least one local adverse reaction. The majority of
local reactions were mild to moderate and lasted longer in the
treatment group compared to the placebo group. The main
local reactions at the site of patch application involved prur-
itus (82.5% in treatment compared to 50% in placebo),
erythema (70% in treatment group compared to 25% in pla-
cebo), edema (47.5% in treatment group compared to 5% in
placebo), and urticaria (50% in treatment group compared to
15% in placebo). Two patients in the active treatment group
had systemic symptoms related to the peanut patch. No
severe TEAEs were reported and no epinephrine was used.
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Withdrawal rate due to TEAEs in the placebo group was 1/20
(5%) compared to 2/80 (2.5%) in the treatment group.

In Sampson et al.’s phase 2b RCT (VIPES) [46] involving 221
peanut-allergic patients, the percentage of patients with any
TEAEs was similar among patients with 50 µg patch (100%),
100 µg patch (98.2%), 250 µg patch (100%), and placebo
(92.9%). TEAEs related to the investigational drug were twice
as frequent in the treatment group (96.4% in the 250
µg group) when compared to the placebo group (48.2%).
Twenty serious TEAEs were recorded in 17 patients, although
none were related to the study drug. Local skin reactions were
the most frequent reactions, generally occurring during the
first months of treatment and decreasing over time. Twenty-
five percent (25%) of patients had more generalized TEAEs,
mainly cutaneous reactions extending beyond the border of
the patch. One patient presented non-serious anaphylaxis
possibly related to therapy. Discontinuation rate due to
TEAEs in the treatment group was 3/165 (1.8%) in the phase
2b trial: one for an AE unrelated to peanut patch, and the two
others (1.2%) for local dermatitis at patch site application.

In the 74 participants of COFAR 6 [41], 79.8% of doses
(VP100 and VP250) caused TEAEs compared to 14.4% of pla-
cebo doses. Most reactions were local grade 1 or grade 2
reactions, meaning they did not significantly extend beyond
the patch area. The median percentage of doses causing local
patch site reactions per participant was 1.6% for placebo,
92.8% for the VP100 group, and 96.1% for the VP250 group.
Some reactions extended around the patch site in 1.5% of
placebo doses compared to 8.9% of VP100 doses and 16% of
VP250 doses. One patient in the VP100 presented systemic
urticaria, which responded to antihistamines and lasted 2–4 h.
No epinephrine was used. Three severe adverse events were
unrelated to the study drug. Withdrawal rate due to TEAS
related to investigational product was low, with no patients
in the placebo group and 1/49 (2%) in the treatment group.

Similarly, the most common TEAEs in the PEPITES trial [48]
were local application site reactions (mainly grade 1 or 2),
which were generally observed during the first month of
application and decreased subsequently. Five (2.1%) partici-
pants in the treatment group had grade 4 reactions. TEAEs
were balanced between the treatment (95.4% of patients) and
placebo group (89% of patients). Overall, systemic reactions
were identified in both treatment (7.6%) and placebo groups
(6.8%) and described as mild to moderate intensity (no cardi-
ovascular or respiratory compromise). Three patients in the
treatment group presented mild to moderate anaphylaxis
treated with epinephrine at home (serious TEAEs); these reac-
tions were deemed treatment-related by investigators, and
two of these patients discontinued the study.
Discontinuation rate was 10.5% in the treatment group and
9.3% in the placebo group; 1.7% of withdrawals in the treat-
ment group were due to TEAEs.

4.3. Clinical trials: evidence on quality of life

Although Quality of Life (the Food Allergy Quality of Life
Questionnaire (FAQLQ)/Food Allergy Independent Measure
(FAIM)) at Month 12 and Month 24 compared to Day 1 was

assessed in OLFUS-VIPES (NCT01955109) results have not been
published yet.

A recent study reporting results of the semi-structured
interview with caregivers of patients undergoing OIT and
EPIT suggested that increasing peanut threshold to protect
against accidental reactions would improve quality of life [65].

4.4. Ongoing studies

Multiple studies are ongoing to provide additional data on the
efficacy and safety profile of peanut EPIT in different age
groups.

● PEOPLE is an open-label extension study of patients who
completed the PEPITES study (NCT03013517). Patients
will undergo treatment with VP250 for 2 years if already
on active treatment or for 3 years if previously on pla-
cebo in the PEPITES study. The primary endpoint will be
to evaluate the percentage of patients achieving an ED ≥

1,000 mg after 24 months of additional treatment.
● REALISE is an ongoing phase 3 RCT (NCT02916446) to

evaluate the safety of Viaskin® peanut in children 4–11
years. Subjects are randomized to placebo or VP250 for 6
months, followed by active treatment for up to 3 years.
The primary outcome measures of the study are adverse
events (AEs), TEAEs and SAEs.

● EPITOPE is a phase 3 multi-center RCT (NCT03211247)
that aims to determine the efficacy of Viaskin® peanut in
children 1–3 years of age after 12 months of treatment.

5. Conclusion

EPIT is an emerging modality of peanut immunotherapy which
has shown efficacy in increasing peanut reaction threshold in
children over time. The underlying mechanism most likely
relies on the generation of Tregs and modulation of innate,
cellular and humoral immunity. Clinical trials to date have
shown an excellent safety profile with low withdrawal rates
albeit only a modest increase in CRD after 12 months of
treatment.

6. Expert opinion

With the upcoming marketing of EPIT products, determining
their place in the management of food allergy will likely prove
a challenge to clinicians and patients. While studies have
demonstrated the efficacy of peanut EPIT at raising the reac-
tion threshold, its clinical role in real life setting is still unde-
termined. Importantly, it is unclear how it compares to other
emerging options such as oral immunotherapy. The lack of
head-to-head trials makes it hard to compare the two
approaches, as different studies may use different endpoints
or DBPCFC stopping rules. Another problem is that response is
generally defined by the change in threshold, which may be
due to a combination of different mechanisms with different
clinical significances. The lack of a universal vocabulary to
describe these concepts makes it even more difficult to pre-
sent a theoretical framework to discuss the interpretation of
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the available data. For instance, the word desensitization can
be used to describe both the internalization of IgE on mast
cells (Figure 3) with exposure to allergens or the clinical state
of increased reaction threshold regardless of underlying
mechanism.

In the following discussion, we will refer to end-organmast cell
desensitization as the immune mechanism by which allergen-IgE
complexes are internalized by mast cells and basophils when
membrane-bound IgE encounter their specific allergen [66]. This
is assumed to be the main mechanism implicated in rush desensi-
tization procedures for IgE-mediated allergy (e.g. penicillin or
carboplatin) and is well described inmousemodels of food allergy
[66]. Once internalized, the IgE-allergen complex is digested and
the empty Fcε receptor is recycled to the surface (Figure 3). Mast
cells can carry between 200,000 and 500,000 IgE antibodies on
their surface and binding of 2000 of these will generally lead to
50% degranulation [67]. The key is to start the allergen low
enough not to trigger degranulation. With IgE internalization,
the reaction threshold increases thus allowing progression to the
next dose and so on, until mast cells are sufficiently disarmed of
the specific IgE to tolerate the target maintenance dose. This is
a temporary state because with discontinuation of allergen doses,
circulating IgE will be able to rearm mast cells and basophils in
sufficient density to trigger reactions again.

End-organ mast cell desensitization is presumably the main
mechanism responsible for the initial rapid increase in thresh-
old seen in the first months of OIT. Clinically, this protection
can be captured by an early decrease in allergen-specific
basophil activation, which precedes changes in IgE and IgG4
[68]. And just as would be expected with desensitization
procedures to antibiotics, constant exposure is required to
maintain this temporary state of protection.

Over time, changes in the cellular and humoral responses
can be seen in most individuals undergoing OIT, which sug-
gests the underlying allergy itself has changed. Similarly to
environmental allergen or hymenoptera venom immunother-
apy, the key waiting period to see most of these changes
seems to be 3–5 years, although the clinical impact is variable
[69–71]. In their NEJM paper on egg OIT, Burks and colleagues
report that after 2 years, only 28% of participants achieved
sustained unresponsiveness (SU), which was defined as a lack
of reaction to a 10 g challenge (two eggs) after discontinuing
daily dosing for 4–6 weeks [72]. However, one should note
that all subjects could tolerate a greater dose than on their
initial challenge at study entry. This suggests that, even if not
fully ‘unresponsive’, at least part of the acquired tolerance
remains sustained for a majority of patients [72]. In these
patients, oral tolerance is probably the result of a mix of end-

organ mast-cell desensitization (temporary) and active
immune modulation (sustained).

In view of the current gaps in the literature, it is interesting
to consider EPIT data with this theoretical framework in mind.
With EPIT, there is no or very little systemic exposure to the
allergen and the dose (250 µg) does not increase over time.
The only basophil activation test (BAT) data available shows
limited suppression of basophil activation in the first year [41].
Considering this, end-organ mast cell desensitization does not
seem to play a major role in the mechanism of EPIT. At best,
one could say that it induces local mast cell desensitization
directly under the patch. This is supported by the rapid
decrease in local urticaria at the patch site observed in the
first few weeks of treatment.

The corollary is that, if changes in reaction threshold in EPIT
are not explained by end-organ mast-cell desensitization, then
it follows that they are probably the result of immune mod-
ulation. And if changes in threshold from EPIT are indeed the
result of active immune changes, then one would expect
these changes to be sustained with treatment discontinuation.
It is unfortunate that SU was not systematically tested in all
previous EPIT trials, but there is one publication (OLFUS) to
that regard which is encouraging. In the only report to evalu-
ate SU in EPIT, of 25 treatment responders (CRD >1000 mg), 20
(80%) maintained their reaction threshold above 1000 mg
after discontinuing treatment for 2 months and the remaining
5 did reach 1000 mg on the challenge before reacting [58].

While more data is needed to confirm this hypothesis, if
EPIT did induce a sustained change in the allergic response
rather than temporary desensitization, the implication would
be important. This would mean that rather than looking at the
evolution of the reaction threshold, the more appropriate
comparator between OIT and EPIT would be rates of SU.
Interestingly, just as with SU in OIT, the success rate of EPIT
have been shown to increase significantly after 3 years of
treatment (OLFUS-VIPES) [46]. This said, this was based on
a small number of patients who underwent the uncontrolled
extension of the phase 2 trial. It remains to be seen whether
these results will be confirmed in currently ongoing long-term
open-label studies.

While the lack of systemic exposure to peanut allergen in EPIT
potentially explains the lack of end-organ mast cell desensitiza-
tion, it also explains its good safety profile, which is its main
advantage. Another significant advantage is the low amount of
clinical resources it requires. Drastically higher success rates of
peanut OIT reported in toddlers suggest there may be a window
of opportunity early after diagnosis where an immunotherapy
program could be more effective at inducing SU [60]. Because of
this knowledge, there is a significant pressure on allergist and
parents to start treatment early, but current resources and treat-
ment capacity are insufficient. Peanut EPIT might allow to safely
and rapidly initiate therapy in those young children, potentially
even before consultation with an allergist. Ongoing trials focus-
ing on this population should provide valuable insight. This may
be particularly relevant in areas where there are significant issues
with access to specialized care [73].

For subjects above 11 years of age, efficacy has been lower.
This could be explained by dosage considerations, different

Figure 3. Mast cell desensitization. With progressive exposure to the allergen,
food-specific IgE are internalized and degraded. IgE to other allergens bind the
high-affinity IgE receptor (FcεR) now vacant on mast cell surface. On further
exposure to the food allergen, there is insufficient food-specific IgE to trigger
a reaction.
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stage in disease evolution, or the fact that the patch was
applied at a different, potentially less immunogenic site in
this age group (upper inner arm). New studies will be needed
for this age group.

While the limited need for specialized care is a potential
advantage of EPIT, another important gap of knowledge is
how to best monitor treatment response in the real-life set-
ting. Periodic challenges would defeat the advantage of EPIT
of ‘not needing specialized resources’. This said, if the
response is not monitored, the patients cannot know whether
they are protected or not. The benefit of quality of life and
decreased hypervigilance then become less clear. Worse, it
could lead to over-confidence in the patch’s protective effect
and unsafe voluntary exposure to the allergen. Eventual use of
BAT assay in the clinic to follow change from baseline reactiv-
ity could be an interesting avenue, but more data are needed
before it can be used in this particular setting.

In the end, the decision between OIT and EPIT will most
likely depend on patients/parents’ objectives. If their goal is to
achieve rapid protection or introduction of high amounts of
peanut in the diet, desensitization with OIT would appear to
be the best option at the moment. However, for those with
safety concerns or logistic limitations who wish to increase
their threshold over time with minimal risks of systemic aller-
gic reactions, EPIT could become a valid option.

Finally, an interesting question to answer will be how OIT and
EPIT can work together rather than compete. One potential such
application would be in patients with particularly severe allergies
for which the allergist or the patient is not ready to undertake
OIT. EPIT could potentially offer a safe bridge to decrease base-
line reactivity, potentially generating blocking antibodies or pea-
nut-specific Tregs, before attempting desensitization with OIT.

7. Five-year view

With results from ongoing trials, and the marketing of a first
EPIT product for peanut, the next five years will be highly
determinant for the future of EPIT in food allergy. By then,
real-life head-to-head trials with OIT and large cohorts tested
for SU will surely help better define its role and place in the
management of peanut allergy. Market cost of this new pro-
duct, which is unknown at the moment, will be determinant in
establishing its place in the food allergy management arsenal.

Key issues

● Preliminary data from RCTs indicate that peanut EPIT may be
a promising avenue to increase peanut reaction threshold in
peanut allergic children.

● Animal models have shown that the efficacy is dependent
on the generation of allergen-specific T regulatory cells.

● Potential advantages of EPIT over OIT:

● more favorable safety profile with low rate of systemic
reactions.

● low withdrawal rates.
● minimal clinical resources required.

● Potential disadvantages of EPIT compared to OIT:

● longer treatment needed to achieve comparable levels of
protection.

● lack of clinical indicator of when protection is achieved
(self-evident with OIT as daily dose increases).

● lack of data concerning improvement in Quality of Life.
● More data is needed to determine optimal age group for

initiation of therapy, application site, duration of treatment,
and effect on quality of life.
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