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Background: Peanut allergy is common, life-threatening, and without therapeutic options. We
evaluated peanut epicutaneous immunotherapy (EPIT) by using Viaskin Peanut for peanut allergy
treatment.

Objective: We sought to evaluate the clinical, safety, and immunologic effects of EPIT for

the treatment of peanut allergy. Methods: In this multicenter, double-blind, randomized, placebo-
controlled study, 74 participants with peanut allergy (ages 4-25 years) were treated with placebo
(n = 25), Viaskin Peanut 100 pg (VP100; n = 24) or Viaskin Peanut 250 ug (VP250; n = 25; DBV
Technologies, Montrouge, France). The primary outcome was treatment success after 52 weeks,
which was defined as passing a 5044-mg protein oral food challenge or achieving a 10-fold or
greater increase in successfully consumed dose from baseline to week 52. Adverse reactions and
mechanistic changes were assessed.

Results: At week 52, treatment success was achieved in 3 (12%) placebo-treated participants, 11
(46%) VP100 participants, and 12 (48%) VP250 participants (2= .005 and 2= .003, respectively,
compared with placebo; VP100 vs VVP250, P = .48). Median change in successfully consumed
doses were 0, 43, and 130 mg of protein in the placebo, VP100, and VVP250 groups, respectively
(placebo vs VP100, P=.014; placebo vs VP250, £=.003). Treatment success was higher among
younger children (P=.03; age, 4-11 vs >11 years). Overall, 14.4% of placebo doses and

79.8% of VP100 and VVP250 doses resulted in reactions, predominantly local patch-site and mild
reactions (P =.003). Increases in peanut-specific 1gG,4 levels and 1gG4/IgE ratios were observed
in peanut EPIT-treated participants, along with trends toward reduced basophil activation and
peanut-specific Ty2 cytokines.

Conclusions: Peanut EPIT administration was safe and associated with a modest treatment
response after 52 weeks, with the highest responses among younger children. This, when coupled
with a high adherence and retention rate and significant changes in immune pathways, supports
further investigation of this novel therapy.

Keywords
Peanut hypersensitivity ; food allergy ; immunotherapy ; IgE ; desensitization ; epicutaneous

Peanut allergy is the most common life-threatening food allergy, with an overall prevalence
of 0.5% to 1%22 and a 3-fold increase noted from 1997—2008.2 In addition to being a

key culprit in food-induced mortality, peanut allergy is associated with reduced quality of
life and health economic effect.3-> Currently, there is no US Food and Drug Administration—
approved treatment for peanut allergy, with management consisting of a peanut-free diet

and access to self-injectable epinephrine. Despite active avoidance, the risk of an adverse
reaction from exposure is ongoing.”:8 For all these reasons, an effective treatment for peanut
allergy would be highly desirable.

Recent efforts have focused on development of allergen-specific immunotherapeutic
approaches to treat peanut allergy.>-1® These approaches are designed to alter immunologic
responses to induce short-term desensitization (elimination of reactivity while receiving
therapy) and longer-term sustained unresponsiveness (elimination of reactivity while off
therapy). Subcutaneous immunotherapy has proved to be unsafe for the treatment of peanut
allergy.16:17 Sublingual immunotherapy has been demonstrated to induce modest clinical
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benefits while being well tolerated.10-12.18.19 Oral immunotherapy (OIT) has been shown
to induce desensitization in most participants and sustained unresponsiveness in a minority,
although adverse reactions are common,:11,14,20-22

Epicutaneous immunotherapy (EPIT) is an emerging modality for the treatment of food
allergy. Epicutaneous delivery of antigen has shown benefits when used to treat grass
pollen allergy in adults.23:24 Murine studies indicate that epicutaneously applied antigen
modulates T2 immune responses2® through antigen-driven activation of dendritic cells
with subsequent immune modulation through trafficking to lymph nodes.26:27 A pilot
study of milk EPIT in 19 infants with milk allergy and children showed trends toward
clinical efficacy with acceptable safety in participants treated for 3 months.28 A phase |
study of peanut EPIT demonstrated safety and tolerability by using Viaskin Peanut (DBV
Technologies, Montrouge, France) during a 2-week treatment period.® The purpose of
the current study was to further evaluate peanut EPIT delivered by means of Viaskin
Peanut, specifically evaluating clinical desensitization, safety, and immunomodulation after
52 weeks of blinded treatment.

METHODS

Study design and participant selection

This multicenter, randomized, double-blind, placebo-controlled, phase Il study compared 2
doses of Viaskin Peanut versus placebo in children and young adults with peanut allergy.
The primary end point was the proportion of participants with a successful outcome after 52
weeks of blinded treatment, with treatment success defined as either passing a double-blind,
placebo-controlled oral food challenge (OFC) with 5044 mg of peanut protein at week 52 or
by a 10-fold or greater increase in the successfully consumed dose (SCD) of peanut protein
compared with the baseline OFC. Secondary end points included comparison of the 100-
and 250-pg Viaskin Peanut doses, safety, and modulation of immune parameters.

Inclusion criteria included the following: (1) 4 to 25 years of age, (2) physician-diagnosed
peanut allergy or a convincing clinical history of peanut allergy, (3) positive skin prick
test (SPT) response to peanut (wheal size >3 mm greater than that elicited by the saline
control) or peanut-specific IgE level of greater than 0.35 kilounits of antibody (kU)/L,
and (4) positive baseline OFC result to a cumulative dose of 1044 mg or less peanut
protein. Subjects with a history of severe anaphylaxis (previous hypotension, neurologic
compromise, or mechanical ventilation) to peanut were excluded. See Table E1 in this
article’s Online Repository at www.jacionline.org for detailed inclusion/exclusion criteria.

Enrollment and randomization

Participants were randomly assigned to double-blind peanut EPIT by using Viaskin Peanut
100 pg (VP100), Viaskin Peanut 250 pg (VP250), or placebo (1:1:1) at each of 5 clinical
Consortium of Food Allergy Research (CoFAR) sites (75 total participants). The study was
blinded through 52 weeks (Fig 1). Enrollment and randomization of younger participants
(ages 4-<6 years) was paused after the first 10 participants were enrolled for a predetermined
interim Data Safety Monitoring Board (DSMB) safety review after 35 days of dosing.
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Study product

The Viaskin Peanut patch used for this study is comprised of an epicutaneous delivery
system containing a dry deposit of a formulation of peanut protein extract manufactured by
DBV Technologies SA. The peanut extract is an unmodified lyophilized product derived
from the extraction and freeze-drying of defatted peanut flour made from raw peanuts. A
liquid formulation of the extract is then deposited on the backing of an occlusive chamber by
using electrospraying. The Viaskin patch has a diameter of 26 mm, with an inner diameter
of 18 mm containing the peanut protein. The matching Viaskin placebo is the same device
devoid of any peanut protein but containing excipients included in the active patch.

EPIT dosing protocol

The Viaskin patch, plus optional Tegaderm covering, was placed on the upper arm (age
>11 years) or the interscapular space (4-11 years) in a clockwise rotation by using 1 of
6 application sites at 24-hour intervals. Graduated dosing was performed with the same
strength patch by increasing the time worn as follows: week 1, 3 h/d; week 2, 6 h/d; and
week 3, 12 h/d. This was followed by patch application for 24 h/d beginning on day 22.

Participants were monitored in the research unit on days 1 and 2 for adverse reactions.

If significant local reactions (ie, grade 3 or grade 4 skin reactions; see Table E2 in this
article’s Online Repository at www.jacionline.org for grading criteria) occurred, participants
were instructed to remove the patch immediately and contact the study team for further
instructions regarding subsequent patch application. For persistent patch-site reactions, the
patch was removed, and the participant was instructed to apply the patch for the length of
time that it was tolerated for the following 3 days, followed by an increase in duration of
patch application every 3 to 4 days until tolerated for a 24-hour period.

Usual medications, including topical corticosteroids and calcineurin inhibitors, were
continued but not within 1 inch of the patch site. Oral and topical antihistamines and topical
1% hydrocortisone were approved for the treatment of patch-site reactions, with more potent
topical steroids reserved for limited use with more bothersome reactions.

Adherence and safety assessments

Participants were contacted by telephone monthly and returned to the research unit at the
start of weeks 2 to 4 and at completion of weeks 12, 24, 36, and 52 to review tolerability of
the study drug, adherence, and any adverse events.

Adherence to daily dosing was assessed by using 2 methods. Participants maintained daily
diary logs, recording the date and time of patch application and removal during the first

6 months of therapy. Thereafter, dosing logs were only used to record missed doses,

doses removed prematurely, or doses associated with adverse symptoms. Dosing logs were
reviewed by study personnel at each visit. Participants were also instructed to return all used
and unused patches at each visit.

Participants were also monitored for patch-site reactions during scheduled visits and as
needed if symptoms were reported. Skin changes at the patch site were scored as grade 0
to 4 by using a standardized scoring system (see Table E2). Symptoms extending outside
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of the patch site or involving systemic reactions were recorded, and the severity of allergic
reactions was reported by using a customized grading system (see Table E3 in this article’s
Online Repository at www.jacionline.org).

Predetermined rules for potential discontinuation of dosing included occurrence of systemic
reactions during any stage of dosing, occurrence of any grade 4 patch-site reaction, more
than 3 episodes of grade 3 patch-site reactions, or 2 or more consecutive grade 3 patch-site
reactions. Adverse events, serious adverse events, and accidental exposures to peanut were
reported throughout the study.

At study entry, an OFC was conducted to a cumulative amount of 1044 mg of peanut protein
administered in doses every 15 minutes by using a modified PRACTALL Protocol.?° The
OFC was repeated at week 52 to a cumulative dose of 5044 mg of peanut protein (see the
Methods section in this article’s Online Repository at www.jacionline.org).

SPTs using the GREERPick device with peanut extract (Greer Laboratories, Lenoir, NC)
and saline and histamine controls were performed at enroliment and 24 and 52 weeks after
study entry, as previously described.10

In vitro assays

Ethics

Mechanistic studies were conducted to assess the immunomodulatory effect of peanut EPIT
by using serial testing of a variety of immune parameters. Serum peanut-specific IgE

and 1gG4 levels were measured by using the ImmunoCAP 250 (Thermo Fisher Scientific,
Waltham, Mass). Basophil activation was measured based on CD63 upregulation by using
flow cytometry in response to peanut extract stimulation of whole blood.19 Peanut-specific
T-cell activation and phenotype were assessed by using flow cytometry with CD154 as

an activation marker and intracellular staining for 1L-4, IL-13, IFN--y, and IL-10 (see the
Methods section in this article’s Online Repository).

Institutional review boards at each clinical site approved the protocol and consent forms.
The study was conducted under a US Food and Drug Administration investigational new
drug application and monitored by the National Institute of Allergy and Infectious Diseases
DSMB. Written informed consent was obtained from parents/guardians, with assent of those
more than 7 years of age.

Statistical analysis

The target sample size of 75 participants (randomized 1:1:1 and stratified by site) was
selected to provide 95% power, assuming a 5% success rate for the primary end point in the
placebo arm compared with 50% in each of the active arms. Power was determined by using
a 1-sided exact unconditional binomial test (Barnard) with an a value of .0125 for each
comparison of active to placebo treatment. Alternate success definitions were also compared
between the active and placebo arms by using the Barnard test. Continuous variables
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were contrasted between treatment groups by using the Kruskal-Wallis test, followed by
Wilcoxon rank sum tests for pairwise group comparisons. Safety data were contrasted
between treatment groups by using the percentage of doses per participant and performed
by using the Kruskal-Wallis test, followed by Wilcoxon rank sum tests for pairwise group
comparisons.

Immunologic, activated basophil, and T-cell studies were contrasted between treatment
groups over time by using repeated-measures models, accounting for within-participant
correlation by using a Toeplitz covariance structure. Logq transformations were applied as
needed.

Prespecified exploratory analyses were performed to assess the effect of age on treatment
effect by using logistic regression models for binary outcomes and Spearman correlations
and linear regression models for continuous outcomes. The primary end point (VP250 vs
placebo and VVP100 vs placebo) was assessed at the .0125 significance level, mechanistic
analyses were assessed at the .01 significance level to control for the multiplicity of
analyses, and all other exploratory analyses were assessed at the .05 level. Primary end

point Pvalues were computed with StatXact (version 10; Cytel, Cambridge, Mass). All other
analyses were performed with SAS (version 9.3 or higher; SAS Institute, Cary, NC).

Study population

The CONSORT diagram is represented in Fig 1: 169 participants were screened, 84 had

a baseline OFC, 75 were randomized, and 74 received study treatment, with 1 participant
withdrawing after randomization but before treatment initiation. The analysis population
consists of 74 treated participants (25 in the placebo group, 24 in the VP100 group,

and 25 in the VP250 group). As shown in Table I, the majority of participants were

male (62.2%), and the median age was 8.2 years (range, 4—-20 years). There were no
significant differences in baseline demographic characteristics, comorbid atopic diseases,
or immunologic measurements across treatment groups. The median baseline peanut SPT
response was 12.8 mm, the median peanut IgE level was 78.2 kU /L, and the median SCD
was 44 mg of peanut protein.

Three placebo-treated participants withdrew/discontinued dosing (2 because of anxiety
before the week 52 OFC and 1 because of noncompliance), as did 3 participants from
the VP100 group (1 because of grade 3/4 patch reactions, 1 because of non—-study-related
syncopal episodes, and 1 because of non—study-related illness). All of these participants
were considered failures for the primary end point.

Efficacy of peanut EPIT

Table Il presents results for the primary end point. For the placebo group, 3 (12.0%)
participants met the primary end point compared with 11 (45.8%) for the VP100 group and
12 (48.0%) for the VP250 group. Only 1 participant (placebo) passed the week 52 OFC.
Comparison of the treatment groups revealed significant differences between the placebo-
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treated participants and both active treatment arms (£=.005 and £ =.003, respectively), with
no difference between the VP100 and VVP250 groups (P =.48).

Post hoc analyses were undertaken to assess 2 additional efficacy end points (Table I1).
First, we compared the proportion of participants in each group who had an SCD of at
least 1044 mg of protein at the week 52 OFC, which was achieved in 3 (12.0%) placebo-
treated participants, 3 (12.5%) VP100-treated participants, and 7 (28.0%) VP250-treated
participants (£ = not significant for all comparisons). Second, we compared the humber of
participants who had an SCD of at least 1044 mg of protein plus at least a 10-fold increase
in SCD at the week 52 OFC, revealing that only 2 (8.0%) placebo-treated participants,

2 (8.3%) VP100-treated participants, and 4 (16.0%) VVP250-treated participants met this
stricter definition of success (P = not significant for all comparisons).

Table 111 shows the SCD for the week 52 OFC, as well as the change in SCD from baseline
(Fig 2, A). The placebo group had a median change in SCD of 0 mg of protein (interquartile
range [IQR], —40.0 to 1.0) compared with median changes of 43 mg of protein (IQR, 0.0

to 140) in the VP100 group and 130 mg of protein (IQR, 30 to 600) in the VP250 group.
Median change in SCD was significantly different among the 3 treatment groups (£ = 0.003,
Kruskal-Wallis test), as well as between the placebo and VP100 and VVP250 groups (placebo
vs VP100, P=.014; placebo vs VP250, £=.003; VP100 vs VP250, £=.41).

As a preplanned exploratory analysis, we assessed the potential effects of age on outcomes
(Fig 2, B, and Table IV and see Table E4 in this article’s Online Repository at
www.jacionline.org). We fit a model with the primary end point as the outcome with age as
a continuous variable and with age as a dichotomous variable when comparing participants
11 years or younger with those older than 11 years. Both approaches revealed a statistically
significant age-by-treatment interaction, with a successful outcome being more common

in younger participants (P = .03, dichotomous analysis; £=.006, continuous model). In

the subgroup of participants 11 years or younger, treatment success was achieved in 1

(6%) placebo-treated child, 10 (59%) VP100-treated children, and 11 (61%) VP250-treated
children (P=.0006 and £ =.0003, respectively, compared with placebo; VP100 vs VVP250, P
=.98).

Logistic regression analysis was performed to determine whether any additional baseline
factors other than age predicted treatment success (see Table E5 in this article’s Online
Repository at www.jacionline.org). Only an SCD of less than 44 mg at baseline was
statistically associated with a successful outcome (P =.0001). This association might only
reflect that a lower baseline SCD results in easier attainment of the primary end point;
baseline SCD was not significantly correlated with change in SCD from baseline to week
52. Notably, the presence or severity of atopic dermatitis at baseline was not predictive of
treatment response.

Safety and adherence

Table V presents dosing symptoms by dose, participant, and percentage of doses per
participant for each treatment. Overall, 14.4% of placebo doses resulted in a reaction
compared with 79.8% of VP100 and VVP250 doses. The majority of reactions were mild
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and limited to the patch site. Grade 2 or greater patch-site reactions occurred with 1.6%
of placebo doses (no grade 3 or 4 reactions) compared with 18.7% of VP100 doses and
23.4% of VVP250 doses. One grade 4 patch-site reaction occurred with the VP100 dose in
a 12-year-old participant 34 days after enrollment. Reactions extending past the patch site
occurred with 1.5% of placebo doses, 8.9% of VP100 doses, and 16.2% of VVP250 doses.

Non—patch-site reactions were uncommon, reported in 0.2% of placebo and VVP100

doses and 0.1% of VVP250 doses. One participant in the VP100 dose group experienced
systemic hives that lasted 2 to 4 hours and responded to oral antihistamines. The most
commonly reported treatment was topical corticosteroids, followed by oral antihistamines.
No epinephrine was used for the treatment of dosing symptoms.

The median percentage of doses per participant with a patch-site reaction was 1.6% for
placebo-treated participants compared with 92.8% for VVP100-treated participants and 96.1%
for VP250-treated participants, whereas for non—patch-site reactions, the median was 0%
doses per participant for all groups. The median percentage of doses per participant with a
treated reaction was 0% for the placebo group compared with 8.9% for the VP100 group and
16.2% for the VP250 group.

Significant differences were observed for any dosing reaction, patch-site reactions, duration
of reaction, doses requiring treatment, and severity of the patch-site reaction. Pairwise group
comparisons identified all of the above as being lower in the placebo group compared

with the VP100 and VVP250 treatment groups. No statistically significant differences were
observed between the VP100 and VVP250 groups (see Table E6 in this article’s Online
Repository at www.jacionline.org). Three unrelated severe adverse events were observed
during the study: syncopal episodes, abdominal pain, and migraine headache.

Reported compliance with treatment was overall excellent. A total of 26,372 doses were
expected, with 25,611 (97.1%) administered: 97.0% in the 4- to 11-year-olds and 97.4% in
those older than 11 years.

Immunologic outcomes

Fig 3 shows immunoglobulin results by treatment at baseline and weeks 12, 24, and 52.
When assessing global treatment effects over time, significant differences were observed
between treatment groups for log,o peanut 1gG4 levels (P < .0001) and logyg peanut 19G4/
peanut IgE ratios (£ < .0001). In particular, participants receiving active treatment had
increases in both peanut 1gGy4 levels (Fig 3, B) and 1gG4/IgE ratios(Fig 3, C) when compared
with those receiving placebo. No differences over time between treatments were seen for
logyg peanut IgE levels (P = .37), total IgE levels (P=.54), or percentage of peanut IgE (P=
.23).

Fig 4 shows peanut SPT results by treatment at baseline and weeks 24 and 52. A significant
difference was not observed between treatment groups (P =.17). However, when the change
in SPT response was examined from baseline to week 52, an apparent dose effect was noted,
with a reduction in SPT size in the VP250 group (median, -2.5 [IQR, -7.5 t0 0.5]; P=.02)
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but not within the VP100 (median, —3.25 [IQR, =7.0 to 3.0]; A= .07) or placebo (median,
-2.0 [IQR, -5.0 to 1.5]; £=.27) groups.

When assessing global treatment effects on peanut-induced basophil activation, significant
differences were observed at a stimulant dose of 0.01 ug (P < .0001) but not at higher doses.
These data are consistent with a shift in threshold of reactivity to peanut rather than a loss of
reactivity to peanut. This effect at a dose of 0.01 ug was evident beginning at 12 weeks for
both the VP100 and VVP250 treatment groups (see Fig E1 in this article’s Online Repository
at www.jacionline.org).

T-cell studies are summarized in Table E7 in this article’s Online Repository at
www.jacionline.org. At baseline, 50% and 42% of peanut-responsive CD154*CD4* T cells
were positive for IL-4 and IL-13, respectively, compared with 3% positive for IFN-y and
4% positive for IL-10. Statistical analysis for these studies applied a more stringent P value
of .01 because of the number of tests performed. No T-cell results reached this level of
significance, but a global treatment effect over time on IL-4- and IL-13-producing cells
trended toward significance (P=.059 and £ =.040 for IL-4 and IL-13, respectively).
Median frequencies of IL-4— and IL-13—producing T cells were lower compared with those
in placebo-treated subjects at the VP250 dose but not at the VP100 dose.

Finally, data were analyzed to assess for relationships between baseline age and mechanistic
outcomes at week 52. Independent of treatment group, lower age at baseline was correlated
with an increasing peanut 1gG4/IgE ratio (rho = -0.31, £=.010), as well as with larger
decreases from baseline in percentages of CD63™ cells for stimulant levels of 0.1 pg and
0.01 ug (rho = 0.33 and 0.31, respectively; £<.01). Within groups, for VP100 participants,
lower age at baseline correlated with higher week 52 peanut 1gG4 levels (rho = -0.57, P=
.005) and greater change from baseline to week 52 in peanut 1gG4/IgE ratios (rho = —-0.56,
P=.007). Correlations between baseline age and other mechanistic factors at week 52 were
not significant for the other treatment groups.

DISCUSSION

Exploration for effective treatment options for peanut and other common food allergies
remains on the forefront of priorities for clinicians and researchers. EPIT has shown promise
in murine studies and early clinical trials as a potential therapeutic option. This multicenter,
randomized, controlled trial is the first to comprehensively evaluate the clinical, safety, and
immunologic effects of EPIT for the treatment of peanut allergy.

Our findings indicate that peanut EPIT delivered through the Viaskin Peanut patch is safe

in our study population of children with peanut allergy, which excluded only children

who have experienced severe anaphylaxis. Our findings also indicate that peanut EPIT is
potentially effective, with evidence of immune modulation consistent with other forms of
immunotherapy. Our findings demonstrate a modest but statistically significant treatment
effect, which manifested as a 10-fold or greater increase in OFC SCD from baseline to
week 52 among active treatment groups compared with placebo. The effect of treatment was
more evident in the younger age group (66% of the VP250 group and 59% of the VVP100
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group compared with 6% of the placebo group), with little or no effect demonstrated in
participants older than 11 years. In addition, we did not demonstrate significant treatment
effects when considering other potentially meaningful outcomes in a post hoc analysis, such
as the proportion of participants achieving an SCD of 1044 mg or greater or those with both
a 10-fold increase and an SCD of 1044 mg or greater, and in fact, only 1 subject passed the
full 52-week OFC, and that subject was receiving placebo.

The VIPES trial (a phase Ilb study with Viaskin Peanut) had similar findings with regard
to age, also finding that younger participants achieved more benefit from EPIT when
compared with older participants.39 This suggests that responses to immunotherapy might
be more robust in younger patients, as also seen in other studies of both food allergens and
aeroallergens.3132 Food immunotherapy studies are currently ongoing in younger children,
which might help shed further light on this topic, and future studies of EPIT might help to
determine whether the poorer responses in older participants are more related to inadequate
doses or immunologic differences between younger and older participants.

Adherence to treatment was high in this study, with 97% of expected doses administered
through week 52 and only 1 withdrawal caused by local cutaneous grade 3/4 reactions. This
finding is similar to the greater than 96% adherence rate reported in the phase | peanut EPIT
trial of 100 participants (ages 6-50 years), in which only 3 participants discontinued the trial
because of treatment-related reactions.1®

The safety of peanut EPIT with Viaskin Peanut was extensively evaluated in this trial.
Although patch-site reactions were very common and occurred more frequently in the active
treatment groups compared with the placebo group, most were mild (<grade 2). A small
proportion of participants (18.9% overall) had non—patch-site reactions that were also mostly
mild and responsive to oral antihistamines or topical corticosteroids. No reactions required
epinephrine.

It is important to consider these results in the context of other therapies under study for the
treatment of peanut allergy. EPIT with Viaskin Peanut was generally well tolerated after 1
year of treatment and induced a modest but statistically significant increase in OFC SCD,
with a median increase of 130 mg of protein (approximately 1/2 peanut) in the VP250
group and 43 mg of protein in the VP100 group. In comparison, OIT is associated with
more adverse reactions, including anaphylaxis, but has been shown to induce robust changes
in challenge thresholds of 5,000 to 10,000 mg.911.14.21.33.34 gyplingual immunotherapy is
associated with fewer adverse reactions than OIT, but changes in challenge SCD are also
more modest, with our CoFAR study of a similar design demonstrating a change in SCD

of approximately 500 mg.19.1218 The current EPIT study will extend treatment through 130
weeks, thus providing an important opportunity to assess adherence and clinical efficacy
with more extended treatment. This essential balance between safety and efficacy will be of
key importance in evaluating these therapies because they move toward clinical use in the
coming years.

This is the first study of peanut EPIT to comprehensively evaluate immunologic mechanisms
associated with treatment. The immunomodulation noted with active treatment, including
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increases in peanut-specific 1gGy4 levels and 1gG,4/IgE ratios, is consistent with changes
seen with other forms of food immunotherapy.11:14:33-36 The trends seen in both basophil
and T-cell responses suggest that exposure to peanut through intact skin might modulate
TH2 responses and basophil reactivity. Future analyses at week 130 will determine whether
prolonged treatment leads to further downregulation of these responses.

This study is limited by several factors. It is possible that the primary end point, allowing
for just a 10-fold change in challenge threshold, was not sufficiently stringent. Exclusion of
participants with a prior history of severe anaphylaxis, as in all other food immunotherapy
trials that include double-blind, placebo-controlled food challenges in children to date, might
influence the results of the study, especially those related to safety and tolerability end
points. Although age effects appear to be important, the study was not designed to detect
an age effect independent of a treatment effect. The mechanistic studies while using novel
T-cell assays were limited in scope based on blood volume. We also acknowledge that
blinding of the intervention might have been compromised by the differential rate of patch-
site reactions noted between the placebo and active treatment groups. However, because
patch-site reactions were seen in all groups, it is unlikely that the patch-site reactions
influenced the intervention during the conduct of the blinded portion of the study.

In summary, peanut EPIT with Viaskin Peanut is generally well tolerated and associated
with modest but statistically significant clinical and immunologic responses after 52
weeks of active treatment, with the greatest effect noted among the younger participants.
Adherence and study retention were high, and although local reactions are common, EPIT
appears safe in this study of children with peanut allergy. Additional time on therapy

is needed to determine whether the modest clinical changes noted will be enhanced

after a longer duration of therapy and will provide clinically meaningful protection from
anaphylaxis. These results will be forthcoming, with open-label dosing of participants
through 130 weeks in the continuation phase of this study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations used

CoFAR Consortium of Food Allergy Research

CPE Crude peanut extract

DSMB Data Safety Monitoring Board

EPIT Epicutaneous immunotherapy

IQOR Interquartile range

kUa Kilounits of antibody

OFC Double-blind, placebo-controlled oral food challenge

oIT Oral immunotherapy

SCD Successfully consumed dose

SPT Skin prick test

VP100 Viaskin Peanut 100 pg

VP250 Viaskin Peanut 250 pug
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Key messages

. Peanut EPIT is associated with modest treatment response in children with
peanut allergy after 52 weeks of blinded therapy, with a higher response noted
among younger children.

. The vast majority of children treated with peanut EPIT had mild patch-site
reactions; none had serious reactions, and none required epinephrine with
dosing.

. Immunologic changes were associated with peanut EPIT and were similar to
changes noted with other forms of immunotherapy for food allergy.
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2 Allergy to placebo allergen in OFC
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1 In build-up phase of allergen immunotherapy
4 Other

(N=75)

Began Dosing

v

Placebo (N=25)
Age 4 to <6 years, N=2

Withdrew from Study (N=1)
Family emergency (N=1)

(N=74)

A

VP100 (N=24)
Age 4 to <6 years, N=2

VP250 (N=25)
Age 4 to <6 years, N=6

Discontinued Dosing (N=2)
{ » Non-compliance (N=1)
Anxiety about OFC (N=1)

\ 4

Discontinued Dosing (N=3)
Patch site reactions (N=1)
Increased syncope (N=1)
Unrelated illness (N=1)

4

Completed Week 52 OFC (N=22)
Age 4 to <6 years, N=2
Declined Week 52 OFC (N=1)

FIG 1.

Completed Week 52 OFC (N=21)
Age 4 to <6 years, N=2

4

Completed Week 52 OFC (N=25)
Age 4 to <6 years, N=6

CONSORT diagram. Enrollment and randomization of younger participants aged 4 to less
than 6 years was conducted as in the full study population, as indicated. Enrollment was
paused after the first 10 participants were enrolled for a predetermined interim DSMB safety
review after 35 days (21 days of escalation and 14 days of maintenance) of dosing to

ensure tolerability of the study product. Because of completed study enrollment, no further
participants in the 4- to less than 6-year-old age range were enrolled after the DSMB review.
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FIG 3.
Immune mechanistic assessments over time by treatment group. A, Change in peanut-

specific IgE levels over time. No significant differences over time were seen between
treatment groups (P = .37). B, Change in peanut-specific 1gG4 levels over time. A significant
difference over time was seen between treatment groups (£ < .0001), with a larger increase
noted among the active Viaskin Peanut groups compared with the placebo group. C, Change
in the peanut 1gG,4/IgE ratio over time. A significant difference over time was seen between
treatment groups (P < .0001), with a larger increase noted among the active Viaskin Peanut
groups compared with the placebo group. Solid lines represent median values, and hatched
lines represent the upper and lower IQR.

J Allergy Clin Immunol. Author manuscript; available in PMC 2021 November 23.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Jones et al.

Page 19

Placebo VP100 VP250
40 -
SO
e N
N
RS
\ .
30 -
E ;
g 4
=
(]
()
[t
=L
]
=20
1
g
(/2]
s
c
©
[]
o
10 -
0 - .
T T T T T T T T T

Baseline Week 24 Week 52Baseline  Week 24 Week 52Baseline  Week 24 Week 52
Visit
FIG 4.
SPT results over time by treatment group. No significant difference was noted among
treatment groups over time; however, when examined within a treatment group, a decrease in
SPT size was noted in the \VP250 group (P = .02). Solid lines represent median values, and
hatched lines represent the upper and lower IQR.

J Allergy Clin Immunol. Author manuscript; available in PMC 2021 November 23.



Page 20

Jones et al.

‘("2 x 361) + (000T x Y961) rejnwioy Buimo)oy ays yum

1w Jad sweiboueu 03 Ja)1| Jad VN woly sjans) 361 Buiisauod pue Jayjijiw Jad sweiboueu 03 4oy Jad Apogrue Jo swelbijjiw wody sjans| 796 Buiiaauod Aq parejnofes sem onel 361/796| :Egn_qN

'So11s1I810RIRYD Buljaseq Aue ul sdnoib Juawieal) Usamiag Saoualayip Juedliubis AjJediisiiels ou aiam alay ]
¥

(vvv—0) v (vvv—0) v1 (rvv—0) v (rvv—0) v (ebues) uerpaw ‘(utaroid Bw) @S D40 auljaseq
(resv0)6€T  (8YSv0)L€T  (¥65-90)TCT  (L'Er—¥0) 69T (abBues) ueipaw ‘(95) onves 361 [esoy/36] Inuead
(69165-€T2) 267  (eviz-Ged)ely  (BOTS-T'19) ¢Sy  (vEEE—ETT) 09E (obBuey) uerpaw ‘(1/n3) 361 reloL
w150 9e  (Gp-90)5e  (9T0T-v0) Gz  (rT.56-50) 8€ (abues) ueipaw  ‘ones 3017901 1uead

(0'2=200) 20 (0e-€00) 50 (7'2-€00) 90 (02-200)TT (eBues) uerpaw ‘(7/6w) *9b) Inuead

(0etz—v'0)z8L (020z—250) 126 (0€T2—7'0) 9%8 (0°€T2—-8'0) 0'8S (abBues) uerpaw ‘(7/¥Nx) 361 Inuead

(56e-¢€) 8'CT (ggz-09) G2zt (02e-Sv) 81T (56e-¢) g€T (aBues) uelpsw ‘(ww) 1dS Inuead

(02-00) 00 (02-00) 00 (02-00)00 (02-00)00 (ebuey) Ueipaw ‘81005 [e10} SHITeWLBP d1doyy
(7'28) 19 (008) 0z (528) 1¢ (008) 0¢ ABis|[e pooy Jaui0
(7'18) 8¢ (0°09) 5T (8'sy) 1T (o) ¢t sjeap o1dopy
(7'ss) 7 (0zg) et (299) 91 (o'sp) et euyisy

(%) "ou ‘aseasip a1bis]e JBYIO

(e0z-TY) 28 Wyi-zv) 1L (9'9T-T'7) ¥'8 (e'0z-8'17) S8 (obBues) uepaw ‘(£) aby
(828) 82 (09e) 6 (L1¥) 01 (09¢) 6 aJewsad
(z'29) 9v (0v9) 9T (£'89) ¥T (0'v9) 9T aleN

(%) "ou ‘xas

[elol 0S¢dA 00TdA 0Qgade|d

.. dnoub Juswiean Aq sonsiisoereyd suljsseg

1319Vl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Allergy Clin Immunol. Author manuscript; available in PMC 2021 November 23.



Page 21

Jones et al.

"0GZdA SNSISA 00TdA ‘22" =d ‘0G2dA snsian ogaoeld ‘9z = ‘00TdA Shsian 0gadeld ‘G5 = :SIskjeue soy hwun\u

"0GZdA SNSISA 00TdA ‘21" =d ‘0G2dA shsian ogaoeld ‘2T = ‘00TdA Shsian 0gaoeld ‘45" = “m_mzm%uefman.k

"0G2d/\ SNSI9A O0TdA ‘8% = ‘052dA Snsian 0gade|d ‘€00 =of ‘00TdA SNsiaA 0gaoe|d ‘500" =o
*

"040 26 >29M 3y} passed pue Uuo1eal ou pey oym 193lgns pareali-oqaded T Ing [[e Ul duIjaseq Jan0 DS Ul 3Sealoul Ploj-0T © Sem 18W UOLI3NID SSa0ans ay | ulod pus Arewid

8'0T 8 097 14 €8 4 08 4 §8820NS
268 99 08 |4 8'T6 144 0¢6 €¢ alnjreq
#9UIISEq W04 3SEBIOUI PI0J-0T PUe Utaload Jo Bul y¥0T= AdS

9T € 08 L ST 3 et 3 $5890N3
ve8 19 02 8T §/8 4 088 [£4 ainjred

4 ursioud yo b v01= S
TSE 9z 08y T 8% 2 et € $5920NS

679 514 0¢s €T avs €T 088 44 ainjreq
. (qurod pus Arewd) $s820Ns JusWIIeRaL ]

80434 ON  1Udddd ON  1uddaad N Jus2J43d "ON

lelol 0G¢dA 00TdA 0Qgade|d

dnoub juawiea Aq synsal D40 2GS MM

r31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Allergy Clin Immunol. Author manuscript; available in PMC 2021 November 23.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Jones et al.

1 Week 52 SCD and change from baseline

Placebo VP100 VP250 Total
Week 52 SCD (mg of protein)
No. 22 21 25 68
Median 14 144 144 144
Minimum 1 44 0 0
Maximum 5044 2044 2044 5044
Change in SCD (mg of protein) *
No. 22 21 25 68
Median 0 43 130 40
Minimum -440 -300 -300 -440
Maximum 4600 2040 2040 4600

TABLE IlI.

Page 22

*
P=.003 comparing all 3 groups, P=.014 for placebo versus VP100, 2= .003 for placebo versus VP250, and P= .41 for VVP100 versus VP250.
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