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Abstract

Purpose Peanut allergy and its current management, involving peanut avoidance and use of rescue medication
during instances of accidental exposure, are burdensome to patients and their caregivers and can be a source of
stress, uncertainty, and restriction. Physicians may also be frustrated with a lack of effective and safe treatments other
than avoidance in the current management of peanut allergy. Efficacy, determined using double-blind, placebo-
controlled food challenges (DBPCFCs), of oral immunotherapy with peanut (Arachis hypogaea) allergen powder-dnfp
(PTAH; Palforzia®) was demonstrated versus placebo in children and adolescents aged 4 to 17 years in multiple phase
3 trials; continued benefit of PTAH was shown in a follow-on trial. The DBPCFC is a reproducible, rigorous, and clinically
meaningful assessment accepted by regulatory authorities to evaluate the level of tolerance as an endpoint for
accidental exposures to peanut in real life. It also provides useful clinical and patient-relevant information, including
the amount of peanut protein an individual with peanut allergy can consume without experiencing dose-limiting
symptoms, severity of symptoms, and organs affected upon ingestion of peanut protein. We explored symptoms of
peanut exposure during DBPCFCs from phase 3 and follow-on trials of PTAH to further characterize treatment efficacy
from a perspective relevant to patients, caregivers, and clinicians.

Methods Symptom data recorded during screening and/or exit DBPCFCs from participants aged 4 to 17 years
receiving PTAH or placebo were examined post hoc across three PTAH trials (PALISADE [ARC003], ARC0O04 [PALISADE
follow-on], and ARTEMIS [ARCO10]). The maximum peanut protein administered as a single dose during DBPCFCs was
1000 mg (PALISADE and ARTEMIS) and 2000 mg (ARC004). Symptoms were classified by system organ class (SOC) and
maximum severity. Endpoints were changes in symptom severity and freedom from symptoms (ie, asymptomatic)
during DBPCFC. Relative risk (RR) was calculated for symptom severity by SOC and freedom from symptoms between
groups; descriptive statistics were used to summarize all other data.
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dnfp, Food challenge

Results The risk of any respiratory (RR 0.42 [0.30-0.60], P< 0.0001), gastrointestinal (RR 0.34 [0.26-0.44], P<0.0001),
cardiovascular/neurological (RR 0.17 [0.08-0.39], P<0.001), or dermatological (RR 0.33 [0.22-0.50], P< 0.0001)
symptoms was significantly lower in participants treated with PTAH versus placebo upon exposure to peanut at

the end of the PALISADE trial (ie, exit DBPCFC). Compared with placebo-treated participants (23.4%), the majority
(76.3%) of PTAH-treated participants had no symptoms at the exit DBPCFC when tested at the peanut protein dose
not tolerated (ie, reactive dose) during the screening DBPCFC. Significantly higher proportions of PTAH-treated
participants were asymptomatic at doses < 100 mg in the exit DBPCFC compared with placebo-treated participants
(PALISADE: 69.35% vs 12.10%, RR 5.73 [95% confidence interval (Cl) 3.55-9.26]; P<0.0001; ARTEMIS: 67.42% vs 13.95%,
RR 4.83 [95% Cl 2.28-10.25]; P<0.0001); findings were similar at peanut protein doses < 1000 mg (PALISADE: RR
15.56 [95% Cl 5.05-47.94]; P<0.0001; ARTEMIS: RR 34.74 [95% Cl 2.19-551.03]; P<0.0001). In ARC004, as the period
of PTAH maintenance became longer, greater proportions of participants were asymptomatic at doses of peanut
protein < 1000 mg in the exit DBPCFC (from 37.63% after ~6 months of maintenance treatment [exit DBPCFC of
PALISADE] to 45.54% after~ 13 months and 58.06% after ~ 20 months of overall PTAH maintenance treatment).

Conclusions PTAH significantly reduced symptom severity due to exposure to peanut, which is clinically relevant.
When exposed to peanut, participants with peanut allergy treated with PTAH rarely had moderate or severe
respiratory or cardiovascular/neurological symptoms. Oral immunotherapy with PTAH appears to reduce frequency
and severity of allergic reactions in individuals with peanut allergy after accidental exposure to peanut and may
enable them and their families to have an improved quality of life.

Trial registration ClinicalTrials.gov, NCT02635776, registered 17 December 2015, https://clinicaltrials.gov/ct2/show/
NCT026357767term=AR101&draw=2&rank=7; ClinicalTrials.gov, NCT02993107, registered 08 December 2016,
https://clinicaltrials.gov/ct2/show/NCT02993107?term=AR101&draw=2&rank=6; ClinicalTrials.gov, NCT03201003,
registered 22 June 2017, https://clinicaltrials.gov/ct2/show/NCT03201003? term = AR101&draw = 2&rank=9
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Background

Peanut allergy is generally a lifelong condition than can
lead to life-threatening reactions and/or substantial
symptom burden upon accidental ingestion of peanuts in
some individuals [1, 2]. Although the standard of care for
peanut allergy to reduce accidental exposure is peanut
avoidance, avoidance itself can be a major source of
stress, uncertainty, and restrictions [3—6]. Peanut allergy
negatively impacts allergy-specific and general quality of
life in individuals with peanut allergy and their caregivers
[7]. In the Peanut Allergy Burden Study, about two-
thirds of participants indicated that their daily living was
at least “somewhat” impaired as a result of their peanut
allergy; findings from the Allergy to Peanuts imPacting
Emotions And Life (APPEAL) surveys showed a majority
of respondents were frustrated and many felt anxious/
tense, worry, or fear due to living with peanut allergy [7,
8].

Peanut is a common food globally, and the risk of
accidental exposure is an important issue [9]. Traces
of peanut protein range from 2.8 to 49,000 parts per
million (or mg/kg) in packaged nutrition bars with
advisories or noted to contain peanut as a minor
ingredient [9, 10]. The median amount of peanut
protein triggering a reaction is reported to be 125 mg
[11]. Patients may underutilize rescue medication in

response to an allergic reaction due to lack of knowledge
or fear surrounding epinephrine administration, and
healthcare providers may underprescribe epinephrine
in high-risk patients [12]. Furthermore, caregivers
may not recognize signs/symptoms of severe allergic
reactions  warranting epinephrine administration
because of variable presentations [13]. Previously, the
lack of effective treatments other than avoidance in
the current management of peanut allergy was likely
frustrating to some physicians [14]. As a consequence of
these shortcomings, patients may be motivated to seek
treatment to mitigate or reduce risks associated with
their peanut allergy [15].

Among patients and families of children who have
peanut allergy, a goal of therapy (particularly those
pursuing peanut oral immunotherapy) is to be protected
from cross-contamination and to reduce the severity
of reactions following an accidental exposure; thus,
management with the oral immunotherapy, peanut
(Arachis hypogaea) allergen powder-dnfp (PTAH;
Palforzia®), is one strategy [2, 16-18]. The efficacy of
PTAH was established versus placebo using double-
blind, placebo-controlled food challenges (DBPCECs)
in children/adolescents in multiple phase 3 trials,
and the effects of continued maintenance treatment
with PTAH were demonstrated in a follow-on trial
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[19-22]. The DBPCEFC is used as the reference standard
for the diagnosis of food allergy symptoms and a negative
reaction in response to a challenge dose can help rule
out food allergy [23]. Results from screening and exit
peanut DBPCFCs in the PTAH and placebo groups
of these clinical trials provide insight into the extent of
desensitization that can be achieved with PTAH oral
immunotherapy. Additionally, the DBPCFC provides
useful clinical information, including the amount of
peanut protein a patient can consume without dose-
limiting symptoms and, if symptoms are present, the
severity and organs affected [24].

Results from the DBPCEC, including the severity of
symptoms and organs affected as well as the percentage of
patients remaining asymptomatic (ie, free of symptoms)
during the exit DBPCFC in clinical trials, are considered
patient-relevant and clinically important information
for the clinician [25]. To the best of our knowledge, this
post hoc analysis was the first study to specifically focus
on characterizing treatment efficacy from different trials
from a perspective relevant to patients, caregivers, and
clinicians.

PALISADE (ARC003)
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Methods

Screening and exit DBPCFC data from participants
aged 4 to 17 years in the PALISADE (ARC003), ARC004
(PALISADE follow-on), and ARTEMIS (ARCO010)
trials who received PTAH or placebo were examined
post hoc (Fig. 1). Challenge or maximum single peanut
protein doses were prespecified for each trial. During the
DBPCEFCs, peanut protein doses were tested sequentially
up to the challenge or maximum single peanut protein
dose prespecified for the screening or exit DBPCFC in
each trial. To be eligible for trial participation, individuals
were required to experience dose-limiting symptoms
at or before the prespecified challenge dose of peanut
protein in the screening DBPCFC for PALISADE and
ARTEMIS. Only participants from PALISADE were
eligible for ARC004.

PALISADE was a 12-month, double-blind, randomized,
placebo-controlled trial evaluating efficacy and safety
of PTAH in individuals with peanut allergy in North
America and Europe [21]. A maximum single challenge
dose of 100 mg of peanut protein (cumulative dose of
144 mg) was tested in the screening DBPCFC, and the

ARC004 (ARC003 Follow-on)

Double-blind, randomized, placebo-controlled trial

PALISADE trial end

Screening est?;:::on + ozgg (rinagily
DBPCFC ~6 months ~6 months
~12 months
ARTEMIS (ARC010)

Exit DBPCFC

Open-label trial

1
1
H 300 mg
once daily

~28 wks

Exit DBPCFC
Cohort 1°

Exit DBPCFC
300 mg once daily

~56 wks

Cohort 3A°

Double-blind, randomized, placebo-controlled trial

Screening D‘iss 300 anl
escalation + once daily
DBPCFC ~6 months ~3 months
~9 months

Exit DBPCFC

Endpoint: Reduction of symptom severity

+ Maximum severity at any dose of peanut protein in the exit
DBPCFC by system organ class (respiratory, gastrointestinal,
cardiovascular/neurological, dermatological) in PALISADE

Maximum severity of symptoms at the reactive dose of peanut protein
in the screening DBPCFC compared with the same dose in the exit
DBPCFC in PALISADE

Endpoint: Freedom from symptoms

Freedom from symptoms at any dose of peanut protein in the exit
DBPCFC (<1000 mg) in PALISADE, ARC004, and ARTEMIS

Freedom from symptoms at <100 mg of peanut protein in the exit
DBPCFC in PALISADE and ARTEMIS

Fig. 1 Trial Design for PALISADE, ARC004, and ARTEMIS. Symptom data were recorded from the DBPCFCs across three PTAH trials of participants
aged 4 to 17 years who received PTAH or placebo. Endpoints that were examined post hoc focused on evaluating freedom from symptoms

and the reduction of symptom severity over time. °The maximum single peanut protein dose tested for the primary clinical efficacy endpoint

in PALISADE was 1000 mg in Europe (cumulative amount: 2043 mg) and 600 mg in North America (cumulative amount: 1043 mg). °Following
PALISADE, participants treated with PTAH entering ARC004 could be allocated into one of five extended maintenance cohorts. Cohorts 1 and
3A were daily dosing cohorts and are evaluated in this analysis; the nondaily dosing cohorts (2, 3B, 3C) were not included. DBPCFC double-blind,
placebo-controlled food challenge, PTAH peanut (Arachis hypogaea) allergen powder-dnfp
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maximum single peanut protein dose tested during
the exit DBPCFC was 1000 mg in Europe (cumulative
dose of 2043 mg) and 600 mg in North America
(cumulative dose of 1043 mg). Participants in PALISADE
received ~6 months of dose escalation and ~6 months
of maintenance therapy with PTAH 300 mg or placebo
equivalent once daily. To give practical understanding
of PTAH therapy in the context of potential real-world
exposure, one peanut kernel (of which two are in a usual
peanut pod) equates to about 250-300 mg of peanut
protein; thus, PTAH 300 mg is equal to approximately
one peanut kernel [26].

ARCO004 was a 24-month (total duration, including
the parent trial duration), open-label, follow-on trial
of PALISADE to explore alternate dosing interval
regimens and extended maintenance with PTAH [20].
Among the five extended maintenance cohorts enrolled
in ARCO004 of participants who had received PTAH in
PALISADE and continued PTAH therapy in ARCO004,
only the cohorts receiving daily PTAH (Cohort 1 and
Cohort 3A) were included in this post hoc analysis.
Participants in Cohort 1 received PTAH 300 mg once
daily for ~7 months (ie, ~ 13 months overall maintenance
treatment), and participants in Cohort 3A received
PTAH 300 mg once daily for ~ 14 months (ie, ~ 20 months
overall maintenance treatment). A maximum single
challenge dose of 2000 mg (cumulative dose of 4043 mg)
of peanut protein was tested during the exit DBPCFC in
ARCO004.

ARTEMIS was a 9-month, double-blind, randomized,
placebo-controlled trial evaluating efficacy and safety of
PTAH in children and adolescents with peanut allergy in
Europe [22]. A maximum single challenge dose of 300 mg
peanut protein (cumulative dose of 444 mg) was tested in
the screening DBPCFC, and the maximum single dose of
peanut protein tested at the exit DBPCFC in ARTEMIS
was 1000 mg (cumulative dose of 2043 mg). Participants
in ARTEMIS received~6 months of dose escalation
followed by~3 months maintenance therapy of PTAH
300 mg or placebo equivalent once daily.

Eligibility criteria varied across the three trials. In
PALISADE, eligible participants were between the ages
of 4 and 55 years, had clinical history of allergy to peanut
or peanut-containing foods, dose-limiting symptoms at
or before the 100-mg challenge dose of peanut protein at
the screening DBPCFC, and had serum immunoglobulin
E (IgE) to peanut of >0.35 KUA/L and/or a peanut skin
prick test (SPT) wheal diameter >3 mm compared with
control. Eligible participants who completed PALISADE
and gave written informed consent were enrolled in the
ARCO004 trial. In the ARTEMIS trial, eligible participants
were between the ages of 4 and 17 years, had clinical
history of allergy to peanut or peanut-containing foods,
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had dose-limiting symptoms at or before the 300-
mg challenge dose of peanut protein at the screening
DBPCEC, serum IgE to peanut of >0.35 kUA/L and/or
a peanut SPT wheal diameter >3 mm compared with
control. Additional study design details for PALISADE,
ARCO004, and ARTEMIS have been previously reported
[20-22].

In this analysis, the DBPCFC was used to demonstrate
accidental peanut exposure in the real world (ie,
simulation of exposure to peanut), and results from the
screening and exit DBPCFC were used to provide insight
into the amount of peanut protein a participant could
safely consume before and after treatment. Endpoints
were change in symptom severity and freedom from any
symptoms during DBPCFC. The maximum tolerated
dose (ie, single highest tolerated dose) was the highest
peanut protein dose given during a titrated DBPCFC
that elicited no symptoms or symptoms that were not
considered dose-limiting (ie, clearly indicative of an
allergic reaction; Fig. 2). The reactive dose was the peanut
protein dose at which a participant showed dose-limiting
symptoms and was one dose level after the maximum
tolerated dose.

Change of symptom severity to peanut was assessed
using maximum severity at any dose of peanut protein
in the exit DBPCFC by system organ class (SOC) in the
PALISADE trial and maximum severity of symptoms
at the reactive dose of peanut protein in the screening
DBPCFC compared with the same dose in the exit
DBPCEFC in the PALISADE trial. Severity of symptoms
presenting during the DBPCFC were assessed using
the PRACTALL (ie, dose-limiting symptoms) and the
Consortium of Food Allergy Research (CoFAR) grading
systems (ie, severity) for allergic reactions during the
trial [20-22, 27]. The CoFAR grading system for allergic
reactions defines five grades in ascending order of
severity: mild (grade 1), moderate (grade 2), severe (grade
3), life-threatening (grade 4), and death (grade 5), each
with specific definitions based on timing, limitations
in activity, and presenting symptoms [27]. Severity of
symptoms was also determined based on investigator’s
judgment. Maximum symptom severity was assessed
and reported as no symptoms, mild, moderate, or
severe, and grouped by the following SOCs: respiratory,
gastrointestinal (GI), cardiovascular/neurological, and
dermatological. Maximum severity of symptoms was also
assessed at the reactive dose in the screening DBPCFC
and compared with the same dose in the exit DBPCFC
for the PALISADE trial to evaluate dose-dependent
changes of symptom severity at a patient-individual dose
of peanut protein. For participants who reacted to a lower
peanut protein dose during the exit DBPCFC than the
screening DBPCFC, data from screening DBPCFC were
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Fig. 2 Example to lllustrate the Reactive Dose. Step-up challenge dosing schedule for screening and exit DBPCFC for the PALISADE trial. Participants
who were in the ARTEMIS (ARC010) trial had a maximum screening DBPCFC dose of 300 mg. Participants who tolerated doses of peanut protein
had subsequently higher doses until a reactive dose was reached. The prior dose to the reactive dose was defined as the single highest tolerated
dose, or maximum tolerated dose. DBPCFC double-blind, placebo-controlled food challenge

classified as “with replacement” (WR). The maximum
severity of symptoms reported during the screening
DBPCFC was used as the exit DBPCFC maximum
symptom severity because the reactive dose was lower
during the exit DBPCFC than at the screening DBPCFC.
Freedom from any symptoms to peanut was assessed
at doses <100 mg of peanut protein in the exit DBPCFC
in PALISADE and ARTEMIS and at doses <1000 mg of
peanut protein in the exit DBPCFC in the PALISADE,
ARCO004, and ARTEMIS trials. Freedom from any
symptoms indicated participants were asymptomatic to
peanut exposure at the tested peanut protein dose.

Statistical analyses

Descriptive statistics were reported for each treatment
group. Comparisons between treatment groups were
conducted using relative risk (RR), which was the
primary efficacy measure. The Cochran-Mantel-Haenszel
statistic was used to test for treatment difference between
screening and exit DBPCFC (if applicable) and difference
between treatment groups. Analyses were conducted in
the intention-to-treat population, wherein participants
who dropped out during the trial were considered “not
improved” For evaluations of maximum symptom
severity during DBPCFCs in PALISADE, exit DBPCFC
data were analyzed WR, as previously described.
Participants reacting to a lower peanut protein dose in

the exit DBPCFC compared with the screening DBPCFC
only occurred in the placebo group. The WR analysis also
reported participants with missing data and dropouts.

Results

Among the 499 participants who were 4 to 17 years of
age randomized to treatment in PALISADE, 374 were
assigned to PTAH (372 received at least one dose) and
125 were assigned to placebo (124 received at least one
dose); among these participants, 294 (79%) in the PTAH
group and 115 (92%) in the placebo group completed
the trial. Following completion of the PALISADE trial,
112 participants were enrolled in Cohort 1 and 31 were
enrolled in Cohort 3A. Of these participants in the
ARCO004 trial, 102 (91%) in Cohort 1 and 26 (84%) in
Cohort 3A completed the trial. Lastly, in ARTEMIS,
among the 175 participants randomized to treatment,
132 were assigned to PTAH and 43 were assigned to
placebo. All participants received at least one dose of
study treatment. Following ~9 months of therapy, 106
(80%) in the PTAH group and 40 (93%) in the placebo
group completed the trial (Fig. 1).

The risk of any respiratory, GI, cardiovascular/
neurological, or dermatological symptoms was
significantly lower in participants treated with PTAH
upon exposure to peanut at the end of the PALISADE
trial (Fig. 3). Participants who received PTAH versus
placebo had an RR of 0.42 (95% confidence interval [CI]



Blumchen et al. Allergy, Asthma & Clinical Inmunology (2023) 19:21

A 100 —— T
- 0.3% s% | 0.8%
90 (n=1) o= (n=1)
80 1.6%
(n=6)
g 0
% 60
§
g 4 (n=319) 66.1%
S a0 (n=82)
20
10
0
PTAH Placebo
RR*®=0.42 (95% CI: 0.30-0.60)
P<0.0001
100 — ?n_ﬁz/‘,) - 0.5%
20 - _ (n=1)
2.29% 4.8%
80 P (n=6)
g T
% 60
S 97.3%
g %0 (n=362) 86.3%
] =107
€ 40 (n )
& 30
20
10
0
PTAH Placebo

RR"=0.17 (95% CI: 0.08-0.39)
P<0.001

No symptoms

= Mild

Page 6 of 11

B 0 o0s% f—2
30.6%
80 4.8% (n=38)
(n=18)
g 70
o 60
§ 50
g 81.7%
£ 40 (n=304)
©
Q30 46%
20 (n=57)
10
0
PTAH Placebo
RR*=0.34 (95% Cl: 0.26-0.44)
P<0.0001
100 r—
0.3% T
2 Bl 2.4%
o e 2
1.6%
80 (n=6)
< 70
X
w60
c
.
£ 40 Ul 69.4%
D‘? 30 (n=86)
20
10
0
PTAH Placebo
RR*=0.33 (95% Cl: 0.22-0.50)
P<0.0001
Moderate M Severe

Fig. 3 Maximum Symptom Severity at Exit DBPCFC in PALISADE by SOC. A Respiratory symptoms. B Gastrointestinal symptoms. C Cardiovascular/
neurological symptoms. D Dermatological symptoms. Maximum severity was assessed at any dose of peanut protein in the exit DBPCFC by SOC in
the PALISADE trial within the PTAH-treated and the placebo-treated participants. °RR for symptoms of any severity, PTAH vs placebo. C/ confidence
interval, DBPCFC double-blind, placebo-controlled food challenge, PTAH peanut (Arachis hypogaea) allergen powder-dnfp, RR relative risk, SOC

system organ class

0.30-0.60; P<0.0001) for respiratory symptoms (Fig. 3A),
an RR of 0.34 (95% CI 0.26-0.44; P<0.0001) for GI
symptoms (Fig. 3B), an RR of 0.17 (95% CI 0.08-0.39;
P<0.001) for cardiovascular/neurological symptoms
(Fig. 3C), and an RR 0f 0.33 (95% CI 0.22-0.50; P < 0.0001)
for dermatological symptoms (Fig. 3D). Participants
receiving PTAH versus placebo had lower proportions of
severe symptoms across SOCs at the exit DBPCFC.

Compared with placebo-treated participants (n=29,
23.4%), the majority of PTAH-treated participants
(n=284, 76.3%) had no symptoms in the exit DBPCFC
at the reactive dose in the screening DBPCFC within
the PALISADE trial (Table 1). No PTAH-treated
participants had severe symptoms in the exit DBPCEC.
Dose-dependent reductions in symptom severity at
a participant-specific dose of peanut protein were
observed.

In PALISADE and ARTEMIS, significantly higher
proportions of PTAH-treated participants were
asymptomatic upon exposure to low doses (<100 mg)
of peanut protein in the exit DBPCFC compared with

placebo-treated  participants  (PALISADE: 69.35%
vs 12.10%, RR 5.73 [95% CI 3.55-9.26]; P<0.0001;
ARTEMIS: 67.42% vs 13.95%, RR 4.83 [95% CI 2.28-
10.25]; P<0.0001; Fig. 4). At all doses<1000 mg,
significantly higher proportions of PTAH-treated
participants completed the exit DBPCFC without
reporting any symptoms compared with placebo-
treated participants in PALISADE (37.63% [n=140] vs
2.42% [n=3], RR 15.56 [95% CI 5.05-47.94]; P<0.0001)
after~6 months of overall PTAH maintenance, and
ARTEMIS (39.39% [n=>52] vs 0%, RR 34.74 [95% CI
2.19-551.03]; P<0.0001; Fig. 5A) after~3 months
of overall PTAH maintenance. Within ARC004, the
proportion of participants with no symptoms in a
simulation of accidental exposure to peanut (given
doses of peanut protein<1000 mg) with longer
maintenance treatment was numerically higher at
45.54% (n=>51) after ~7 months of ongoing maintenance
treatment (~13 months total of PTAH maintenance
treatment) and 58.06% (n=18) after~14 months of



Blumchen et al. Allergy, Asthma & Clinical Inmunology (2023) 19:21 Page 7 of 11

Table 1 Maximum Symptom Severity at Reactive Doses During Screening and Exit DBPCFC in PALISADE

Maximum symptom severity PTAH Placebo
(Grade)
Screening DBPCFC® Exit (WRb) Screening DBPCFC® n (%)  Exit (WRb)
n (%) DBPCFC n (%) DBPCFCn
(%)
None (0) 0(0) 284 (76.3) 0(0) 29 (234)
Mild (1) 109 (29.3) 1103) 35(28.2) 44 (35.5)
Moderate (2) 216 (58.1) 1(0.3) 80 (64.5) 38 (30.6)
Severe (3) 47 (12.6) 0(0) 9(7.3) 5(4)
Missing 0(0) 76 (20.4) 0(0) 8(6.5)
Total 372 (100) 372 (100) 124 (100) 124 (100)

2 Participants were required to experience dose-limiting symptoms at or before 100 mg

B WR, or “with replacement;” indicates participants who reacted to a lower dose during the exit DBPCFC compared with the screening DBPCFC and assigned with their
maximum symptom severity during the screening DBPCFC reactive dose—this only occurred in the placebo group. The exit WR analysis also reports missing data and
dropouts; the analysis does not replace missing data or dropouts

DBPCFC double-blind, placebo-controlled food challenge, PTAH peanut (Arachis hypogaea) allergen powder-dnfp, WR with replacement
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Fig. 4 Participants Asymptomatic at Peanut Protein Doses < 100 mg in the Exit DBPCFC. Freedom from symptoms up to 100 mg of peanut
protein in randomized, controlled trials only. Freedom from symptoms indicated participants were asymptomatic to peanut exposure during
the entire DBPCFC. “RR (PTAH vs placebo) for any symptoms in the intention-to-treat population. C/ confidence interval, DBPCFC double-blind,
placebo-controlled food challenge, PTAH peanut (Arachis hypogaea) allergen powder-dnfp, RR relative risk
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ongoing maintenance treatment (~20 months total of
maintenance treatment; Fig. 5B).

Discussion

Overall, the severity and frequency of symptoms
presenting upon controlled peanut exposure (ie, the
DBPCFC) were significantly (P<0.0001) reduced in
participants who received PTAH compared with those
who received placebo. PTAH-treated participants
exposed to peanut had reduced rates of moderate and
severe cardiovascular/neurological symptoms, and
respiratory symptoms were almost absent; reduced
symptom severity was observed across multiple organ
systems. Participants who received PTAH were 2.38
times less likely to suffer from respiratory symptoms, 2.96
times less likely to suffer from GI symptoms, 5.75 times
less likely to suffer from cardiovascular/neurological
symptoms, and 3.00 times less likely to suffer from
dermatological symptoms compared with participants
who received placebo.

Cardiovascular/neurological ~ (eg,  confusion or
unconsciousness) and respiratory (eg, dyspnea or
wheezing) symptoms may indicate conditions that
increase the risk of morbidity and mortality acutely and
therefore be of greater relevance to patients, caregivers,
and healthcare providers when evaluating the efficacy
of treatments for peanut allergy [28, 29]. One study
found that children with allergic diseases associated
with respiratory issues, such as wheezing and asthma,
had reduced health-related quality of life [30]. PTAH
not only reduced the proportion of individuals with
severe symptoms across all symptoms by SOC, rates of
mild and moderate reactions observed during screening
DBPCFC were also reduced and the majority of PTAH-
treated participants had no symptoms to peanut
exposure by the end of the PALISADE trial. These data
provide perspective on what can be expected from
PTAH treatment (and subsequent planning of mitigation
strategies) and are likely reassuring to individuals
with peanut allergy and/or their caregivers, as well as
clinicians.

Significantly higher proportions of participants treated
with PTAH were asymptomatic during DBPCEC versus
those treated with placebo across trials, regardless
of maximum peanut dose ingested. Compared with
the proportion of PTAH-treated participants in the
PALISADE and ARTEMIS trials who could tolerate
peanut protein without dose-limiting symptoms (ie, mild
symptoms permitted), the proportion of participants
who were asymptomatic to peanut protein in this analysis
were lower, owing to differences in defining endpoints
from a clinical trial versus patient-relevant perspective.
Considering that a median dose of 125 mg of peanut
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protein has been reported to be an estimate for the
amount of peanut protein that will trigger an allergic
reaction, PTAH-treated participants were identified to be
4.83 to 5.73 times more likely to tolerate a dose of at least
100 mg of peanut protein without symptoms, and thus,
potentially less likely to react upon accidental exposure
to low quantities of peanut [11]. Participants receiving
PTAH in PALISADE and ARTEMIS were also 15.56
and 34.74 times, respectively, more likely to tolerate
peanut protein exposure up to 1000 mg and remain
asymptomatic versus participants receiving placebo. Of
note, all participants in the PALISADE trial were required
to experience dose-limiting symptoms at or before
100 mg, which explains why the number of participants
with no symptoms is zero in PTAH and placebo groups
in the screening DBPCFC. Improvement in symptom
freedom was also seen as participants remained on
PTAH maintenance therapy over time. In PALISADE,
37.63% of participants who received~6 months of
PTAH maintenance were asymptomatic at the exit
DBPCEC trial. As this population of participants entered
into ARCO004, rates of asymptomatic participants
further improved. Over 45% of participants tolerated
up to 1000 mg of peanut protein without symptoms
at~13 months of PTAH maintenance, and rates
improved even further at~20 months (58.1%) during
the exit DBPCFC. This finding supports that longer
maintenance treatment provided continued protection
from allergic symptoms in response to peanut exposure.
Overall, more granular assessment of changes in
symptoms and symptom presentation at the end
of treatment between PTAH- and placebo-treated
participants in trials supports primary trial findings and
provides added clinical context for patients, caregivers,
and healthcare providers. PALISADE showed ~67% of
children and adolescents with peanut allergy in the PTAH
group could tolerate at least 600 mg of peanut protein
(approximately two whole peanut kernels) during the
exit DBPCFC [21]; ARC004 demonstrated that continued
daily treatment with PTAH resulted in continued efficacy
[20]. ARTEMIS showed that the median single highest
dose tolerated by children with peanut allergy increased
100 times in more than half the participants (58%)
who received PTAH compared with placebo (2%) [22].
Although regulatory agencies interested in capturing
efficacy and safety of an intervention accurately in a
clinical trial setting have provided guidance for use
of food challenges to objectively assess the degree of
desensitization, these practices may not always apply or
be used in the clinical setting [31]. What may be more
relevant to individuals with peanut allergy and their
caregivers than the degree of desensitization achieved
from PTAH to a specific dose of peanut protein may
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be an understanding of how likely it is for PTAH to
provide protection against accidental peanut exposure
(ie, remain asymptomatic with exposure) and to what
degree symptoms (and type of symptoms) might be
expected upon accidental exposure. Addressing concerns
related to accidental peanut exposure can subsequently
lead to improvements in health-related quality of life,
particularly behaviors (although individuals taking PTAH
must continue a peanut-avoidant diet) and emotions (ie,
fear, anxiety, and worry) associated with avoiding severe
and potentially fatal allergic reactions [17, 22, 32].

Several limitations should be considered. Both
subjective (ie, abdominal discomfort/pain, nausea, and
headache) and objective (ie, changes in spirometry and
hypotension) symptoms were included in this analysis,
and analyses of symptoms by participant subjectivity
(ie, symptoms) or objectivity (ie, signs) could not be
clearly differentiated. The type of symptoms reported
by participants could also vary over time (eg, from GI
to dermatological symptoms). The analysis did not
differentiate symptoms within an organ system, such
as upper versus lower respiratory symptoms. Analyses
of relationships, such as correlations or associations
between the level of desensitization after peanut
exposure and subsequent symptom presentation, were
not performed. Since these trials required participants
to undergo a screening DBPCFC prior to enrollment,
further study may be warranted in this area to identify
specific outcomes and evaluate real-world efficacy where
patients are unlikely to undergo oral food challenges
prior to starting oral immunotherapy. Lastly, the number
of participants with longer-term maintenance treatment
in the ARC004 data analysis was small (ie, N=31 for
patients with 56 weeks of open-label maintenance
treatment in Cohort 3A); further study may be warranted
in a larger sample size to better distinguish the results of
long-term PTAH maintenance therapy.

In conclusion, PTAH demonstrated dose-independent
and dose-dependent reduction of symptom severity
after exposure to peanut. When exposed to peanut,
participants treated with PTAH rarely had moderate
or severe respiratory or cardiovascular/neurological
symptoms. More than one-third of the participants
showed no symptoms upon exposure of up to 1000 mg of
peanut protein after treatment with PTAH in comparison
to none of the placebo-treated participants. Oral
immunotherapy with PTAH seems to reduce the risk and
severity of allergic reactions after accidental exposure to
peanut in individuals with peanut allergy and may enable
them and their families to have an improved quality of
life. We believe that this is the first analysis to specifically
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focus on characterizing treatment efficacy from the
perspective of patients, caregivers, and clinicians.

Abbreviations
@ Confidence interval

CoFAR Consortium of Food Allergy Research

DBPCFC  Double-blind, placebo-controlled food challenge
Gl Gastrointestinal

PTAH Peanut (Arachis hypogaea) allergen powder-dnfp
RR Relative risk

SOC System organ class

WR With replacement

Acknowledgements

The authors wish to acknowledge the ARC003 (PALISADE), ARC004, and
ARCO10 (ARTEMIS) Research Groups, as well as the investigative center trial
staff, the trial participants, and their families. Medical writing/editorial support
was provided by Stevin Joseph, PharmD, and Cheryl Casterline, MA (Peloton
Advantage, LLC, and OPEN Health Company, Parsippany, NJ), and funded by
the study sponsor.

Author contributions

KBI, AK, LK, KBe, AA, CV, SB, RR, DN, SZ, and GDT were involved in the
conception of the study design; RR, DN, and SZ contributed to the acquisition
and interpretation of study data; KBI, SB, RR, DN, SZ, and GDT analyzed the
study data. All authors participated in the drafting of the manuscript, provided
final approval of the submitted version, and agree to be held accountable for
all aspects of the work. All authors read and approved the final manuscript.

Funding
This study was sponsored by Aimmune Therapeutics, a Nestlé Health Science
company.

Availability of data and materials
All relevant data are within the manuscript. Clarification requests around the
manuscript and its data can be made to the corresponding author.

Declarations

Ethics approval and consent to participate

All individual trials received approval from institutional review boards or
independent ethics committees and were conducted in accordance with the
International Council for Harmonisation guidelines for Good Clinical Practice
and the Declaration of Helsinki.

Consent for publication
Written informed consent or assent (as appropriate) was obtained from each
participant and/or their caregiver before trial entry.

Competing interests

KBI reports personal fees and/or grants and/or nonfinancial support from
Aimmune Therapeutics, a Nestlé Health Science company, DBV Technologies,
HiPP GmbH, Novartis, Allergy Therapeutics, HAL Allergy, ALK, Allergopharma,
Nestlé, and Bausch 4+ Lomb, outside the submitted work and other financial
and nonfinancial interests from the German Society for Pediatric Allergology
& Environmental Medicine (GPA), German Society for Allergology & Clinical
Immunology (DGKJ), the German Society for Pediatric Pneumology (GPP),
and the German Society of Pneumology (DGP). AK reports study funding,
medical writing, honoraria, expert testimony, support for attending meetings/
travel, and participation on a data safety monitoring board or advisory

board from Aimmune Therapeutics, a Nestlé Health Science company.

Other disclosures include AbbVie, Aimmune Therapeutics, a Nestlé Health
Science company, Almirall, Galderma, Janssen/JNJ, Leo Pharma, Lilly, Medac,
Novartis, and Regeneron/Sanofi. LK reports study funding and medical



Blumchen et al. Allergy, Asthma & Clinical Inmunology (2023) 19:21

writing from Aimmune Therapeutics, a Nestlé Health Science company;
grants and/or personal fees from Allergopharma, Viatris, HAL Allergy, ALK-
Abello, LETI Pharma, Stallergenes, Quintiles, Sanofi, ASIT Biotech, Lofarma,
Allergy Therapeutics, AstraZeneca, GSK, ImmunoTek, Cassella-med, Novartis,
Regeneron Pharmaceuticals, and ROXALL Medizin GmbH; consulting fees
from Allergopharma, Viatris, LETI Pharma, Stallergenes, Sanofi, AstraZeneca,
and GSK; payment for expert testimony from GSK and Sanofi; other financial or
nonfinancial interests from AeDA, DGHNO, Deutsche Akademi fur Allergologie
und klinische immunologie, HNO-BV, GPA, and EAACI. KBe reports study
funding, medical writing, and processing charges (payment to institution)
from Aimmune Therapeutics, a Nestlé Health Science company; grants or
contracts to institution from ALK and DBV Technologies; consulting fees

from reports from Aimmune Therapeutics, a Nestlé Health Science company,
Bencard, DBV Technologies, and Novartis; payment or honoraria from
Aimmune Therapeutics, a Nestlé Health Science company, and Allergopharma;
participation on a Data Safety Monitoring Board or Advisory Board from
Aimmune Therapeutics, a Nestlé Health Science company, Bencard, DBV
Technologies, and Novartis; leadership or fiduciary role in other board, society,
committee unpaid from AGATE-Anaphylaxis Training and Education, German
Society for Pediatric Allergology & Environmental Medicin, German Society for
Allergology & Clinical Immunology (DGKJ), and German Allergy and Asthma
Association. AA reports grants from Aimmune Therapeutics, a Nestlé Health
Science company, during the conduct of the study; personal fees from DBV
Technologies; grants and personal fees from FARE; and personal fees from ALK,
outside the submitted work. CV reports study funding and medical writing
from Aimmune Therapeutics, a Nestlé Health Science company; honoraria

for presentation at the German Allergy Congress from DBV Technologies

and honoraria for presentation at the Congress of the German Pediatric
Society, press conference and launch symposium. SB reports study funding
and medical writing from Aimmune Therapeutics, a Nestlé Health Science
company. RR is an employee of Aimmune Therapeutics, a Nestlé Health
Science company. DN is an employee of Aimmune Therapeutics, a Nestlé
Health Science company. SZ is an employee of Aimmune Therapeutics, a
Nestlé Health Science company. GDT reports study funding and medical
writing from Aimmune Therapeutics, a Nestlé Health Science company;
funding to institution received for active research on Aimmune projects,
ARCO008, ARC004, and ARCO05; active member of Aimmune Therapeutics, a
Nestlé Health Science company, scientific board.

Author details

"Department of Children and Adolescent Medicine, Division of Allergology,
Pneumology and Cystic Fibrosis, University Hospital Frankfurt, Goethe
University Frankfurt, Frankfurt, Germany. *Elbe Kliniken Buxtehude,
Buxtehude, Germany. >Zentrum fiir Rhinologie und Allergologie Wiesbaden,
Wiesbaden, Germany. 4Charité—Universitatsmedizin Berlin, Berlin, Germany.
*Texas Children’s Hospital & Baylor College of Medicine, Houston, TX, USA.
®Department of Pediatric Pulmonology and Allergy, University Hospital Carl
Gustav Carus, Technical University of Dresden, Dresden, Germany. ” Aimmune
Therapeutics, a Nestlé Health Science Company, Munich, Germany. SAimmune
Therapeutics, a Nestlé Health Science Company, London, UK. °Guy’s and St
Thomas'NHS Foundation Trust, London, UK.

Received: 7 October 2022 Accepted: 2 January 2023
Published online: 13 March 2023

References

1. Wood RA. Oral immunotherapy for food allergy. J Investig Allergol Clin
Immunol. 2017;27(3):151-9.

2. Lieberman JA, Gupta RS, Knibb RC, Haselkorn T, Tilles S, Mack DP, et al.
The global burden of illness of peanut allergy: a comprehensive literature
review. Allergy. 2021,76(5):1367-84.

3. King RM, Knibb RC, Hourihane JO. Impact of peanut allergy on quality of
life, stress and anxiety in the family. Allergy. 2009;64(3):461-8.

4. Shaker MS, Schwartz J, Ferguson M. An update on the impact
of food allergy on anxiety and quality of life. Curr Opin Pediatr.
2017;29(4):497-502.

5. Bollinger ME, Dahlquist LM, Mudd K, Sonntag C, Dillinger L, McKenna K.
The impact of food allergy on the daily activities of children and their
families. Ann Allergy Asthma Immunol. 2006,96(3):415-21.

20.

21

22.

23.

24.

25.

Page 10 of 11

DunnGalvin A, Blumchen K, Timmermans F, Regent L, Schnadt S, Podesta
M, et al. APPEAL-1: a multiple-country European survey assessing the
psychosocial impact of peanut allergy. Allergy. 2020;75(11):2899-908.
Nowak-Wegrzyn A, Hass SL, Donelson SM, Robison D, Cameron A,
Etschmaier M, et al. The peanut allergy burden study: impact on

the quality of life of patients and caregivers. World Allergy Organ J.
2021;14(2):100512.

DunnGalvin A, Gallop K, Acaster S, Timmermans F, Regent L, Schnadt S,
et al. APPEAL-2: a pan-European qualitative study to explore the burden
of peanut-allergic children, teenagers and their caregivers. Clin Exp
Allergy. 2020;50(11):1238-48.

Remington BC, Baumert JL, Marx DB, Taylor SL. Quantitative risk
assessment of foods containing peanut advisory labeling. Food Chem
Toxicol. 2013;62:179-87.

Baumert JL, Taylor SL, Koppelman SJ. Quantitative assessment of the
safety benefits associated with increasing clinical Peanut thresholds
through immunotherapy. J Allergy Clin Immunol Pract. 2018;6(2):457-65.

. Deschildre A, Elegbede CF, Just J, Bruyere O, Van der Brempt X,

Papadopoulos A, et al. Peanut-allergic patients in the MIRABEL survey:
characteristics, allergists'dietary advice and lessons from real life. Clin Exp
Allergy. 2016;46(4):610-20.

Prince BT, Mikhail I, Stukus DR. Underuse of epinephrine for the treatment
of anaphylaxis: missed opportunities. J Asthma Allergy. 2018;11:143-51.
Glassberg B, Nowak-Wegrzyn A, Wang J. Factors contributing to underuse
of epinephrine autoinjectors in pediatric patients with food allergy. Ann
Allergy Asthma Immunol. 2021;126(2):175-9.

SharmaV, Jobrack J, Cerenzia W, Tilles S, Ryan R, Sih-Meynier R, et al. A
study to assess current approaches of allergists in European countries
diagnosing and managing children and adolescents with peanut allergy.
PLoS ONE. 2020;15(12):0241648.

Mantyla J, Thomander T, Hakulinen A, Kukkonen K, Palosuo K, Voutilainen
H, et al. The effect of oral immunotherapy treatment in severe IgE
mediated milk, peanut, and egg allergy in adults. Immun Inflamm Dis.
2018,6(2):307-11.

Chan ES, Dinakar C, Gonzales-Reyes E, Green TD, Gupta R, Jones D, et al.
Unmet needs of children with peanut allergy: Aligning the risks and the
evidence. Ann Allergy Asthma Immunol. 2020;124(5):479-86.

Blackman AC, Staggers KA, Kronisch L, Davis CM, Anagnostou A. Quality
of life improves significantly after real-world oral immunotherapy

for children with peanut allergy. Ann Allergy Asthma Immunol.
2020;125(2):196-201.e1.

Weinberger T, Sicherer S. Current perspectives on tree nut allergy: a
review. J Asthma Allergy. 2018;11:41-51.

Fernandez-Rivas M, Vereda A, Vickery BP, Sharma V, Nilsson C, Muraro

A, et al. Open-label follow-on study evaluating the efficacy, safety, and
quality of life with extended daily oral immunotherapy in children with
peanut allergy. Allergy. 2022;77(3):991-1003.

Vickery BP, Vereda A, Nilsson C, du Toit G, Shreffler WG, Burks AW, et al.
Continuous and daily oral immunotherapy for peanut allergy: results
from a 2-year open-label follow-on study. J Allergy Clin Immunol Pract.
2021,9(5):1879-89.e14.

Vickery BP, Vereda A, Casale TB, Beyer K, du Toit G, Investigators PGoC,
etal. AR101 oral immunotherapy for peanut allergy. N Engl J Med.
2018;379(21):1991-2001.

Obh J, Beyer K, Abbas A, Fernandez-Rivas M, Turner PJ, Blumchen K, et al.
Efficacy and safety of oral immunotherapy with AR101 in European
children with a peanut allergy (ARTEMIS): a multicentre, double-blind,
randomised, placebo-controlled phase 3 trial. Lancet Child Adolesc
Health. 2020;4(10):728-39.

Worm M, Reese |, Ballmer-Weber B, Beyer K, Bischoff SC, Bohle B, et al.
Update of the S2k guideline on the management of IgE-mediated food
allergies. Allergol Select. 2021;5:195-243.

van der Zee T, Dubois A, Kerkhof M, van der Heide S, Vlieg-Boerstra B.
The eliciting dose of peanut in double-blind, placebo-controlled food
challenges decreases with increasing age and specific IgE level in
children and young adults. J Allergy Clin Immunol. 2011;128(5):1031-6.
Hourihane JO, Grimshaw KE, Lewis SA, Briggs RA, Trewin JB, King RM,

et al. Does severity of low-dose, double-blind, placebo-controlled

food challenges reflect severity of allergic reactions to peanut in the
community? Clin Exp Allergy. 2005,35(9):1227-33.



Blumchen et al. Allergy, Asthma & Clinical Inmunology

26.

27.

28.

29.

30.

31

32.

(2023) 19:21

Dunlop JH. Oral immunotherapy for treatment of peanut allergy. J
Investig Med. 2020,68(6):1152-5.

Burks AW, Jones SM, Wood RA, Fleischer DM, Sicherer SH, Lindblad RW,
et al. Oral immunotherapy for treatment of egg allergy in children. N Eng
JMed. 2012;367(3):233-43.

Brown SG. Clinical features and severity grading of anaphylaxis. J Allergy
Clin Immunol. 2004;114(2):371-6.

Dribin TE, Schnadower D, Spergel JM, Campbell RL, Shaker M,

Neuman MI, et al. Severity grading system for acute allergic

reactions: a multidisciplinary Delphi study. J Allergy Clin Immunol.
2021,148(1):173-81.

Kim SK, Jo MW, Kim SH. Health-related quality of life by allergy symptoms
in elementary school students. Health Qual Life Outcomes. 2018;16(1):93.
FDA Briefing Document, Allergenic Products Advisory Committee:
Clinical Development of Allergen Immunotherapies for the Treatment of
Food Allergy. 2016. https://fda.report/media/97000/January-21--2016--
Allergenic-Products-Advisory-Committee-Meeting-Summary-Minutes.
pdf

Blumchen K, Trendelenburg V, Ahrens F, Gruebl A, Hamelmann E, Hansen
G, et al. Efficacy, safety, and quality of life in a multicenter, randomized,
placebo-controlled trial of low-dose peanut oral immunotherapy in
children with peanut allergy. J Allergy Clin Immunol Pract. 2019;7(2):479-
91.e10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://fda.report/media/97000/January-21--2016--Allergenic-Products-Advisory-Committee-Meeting-Summary-Minutes.pdf
https://fda.report/media/97000/January-21--2016--Allergenic-Products-Advisory-Committee-Meeting-Summary-Minutes.pdf
https://fda.report/media/97000/January-21--2016--Allergenic-Products-Advisory-Committee-Meeting-Summary-Minutes.pdf

	Post hoc analysis examining symptom severity reduction and symptom absence during food challenges in individuals who underwent oral immunotherapy for peanut allergy: results from three trials
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Statistical analyses

	Results
	Discussion
	Acknowledgements
	References


