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ABSTRACT

Introduction: Oral immunotherapy (OIT) is effective at inducing desensitization in food-allergic indivi-
duals, and is a valid therapeutic option for those allergic to peanut, cow’s milk and egg. However, there
is a high rate of dose-related adverse events, and at least one fatality to OIT has been reported.
Areas covered: We provide an update on the broader framework of issues which will impact on the
availability and uptake of OIT.

Expert opinion: The need for standardized products remains controversial. A licensed product exists
for peanut-OIT, but OIT can also be safely achieved using peanut-containing foods at much lower cost.
For other allergens, OIT can only be done with non-pharma products — something which has been done
safely for over 2 decades. There is a need to develop personalized protocols for OIT, particularly for the
20% of patients unable to tolerate standard OIT. Cost-effectiveness is dependent on improved quality of
life, but evidence for this is currently lacking, and is a key evidence gap. OIT is likely to be cost-effective,
particularly if noncommercial products are used. There may be a trade-off: in patients with lower
reaction thresholds, a commercial product may be needed for initial updosing, until a level of
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desensitization is achieved when they can be switched to natural food products.

1. Introduction

Oral immunotherapy (OIT) offers a viable disease-modifying
treatment strategy for food-allergic individuals, in contrast to
traditional approaches to the management of food allergy
(allergen avoidance, the provision of rescue medication for
accidental reactions, and interval reassessment for possible
resolution). The aim of OIT is to increase the reaction threshold
to which any given food-allergic individual reacts (Figure 1). It
was originally hoped that OIT would offer a ‘cure’ for food
allergy, however data now shows that treatment — which in
general is successful in around 80% of individuals — results in
an increase in reaction threshold (the amount of the food
allergen which triggers a reaction) and may moderate the
severity of any ensuing reaction - however, this is dependent
on ongoing maintenance dosing[1]. Sustained unresponsive-
ness, where the desensitization effect persists without the
need for ongoing maintenance dosing, occurs only in the
minority of treated patients, although this may be increased
through longer duration of treatment[2].

The first product for peanut-OIT was approved in the USA and
Europe in 2020. [3,4] However, OIT using semi-standardized pro-
tocols with food products available from the supermarket is not
unusual in many countries [5,6]. There is ongoing debate as to
whether the former option, using a food product produced to
pharmaceutical-grade, according to GMP (Good Manufacturing
Practice), is needed when other cheaper but less standardized
non-pharma food products are available. More concerningly,
existing OIT protocols fail in around 20% of patients, with the
majority experiencing at least mild dose-related adverse events

(AEs) at some stage [1,6]. Some individuals will experience ana-
phylaxis, and at least one death has been reported in a child
undergoing OIT to cow’s milk[7]. The question therefore is: is it
worth it?

2. Historical and current context

Adverse reactions to food have been reported for at least 2
millennia. The Greek philosopher Hippocrates (circa 400 BC)
described individuals who were unable to tolerate cheese, in
contrast to the majority[8]; whether this was related to what
we now classify as allergy is unknown - cheese contains
histamine which can mimic allergic symptoms in some indivi-
duals. Moses Maimonides, a Jewish physician, scholar and
philosopher in 12" century Spain, provided written medical
advice to the son of Al-Nasir Salah al-Din Yusuf ibn Ayyub (also
known as Saladin), the first sultan of both Egypt and Syria),
advising him to avoid milk, nuts and legumes which had been
causing food-related asthmal9]. However, it was only in the
last century that there has been recognition of food allergy as
an immune-mediated disease, as opposed to a nonimmune
mediated adverse reaction for food. In fact, wider recognition
of food allergy is relatively recent: it was only in 2000 that
mandatory labeling of foods containing allergens was intro-
duced in Europe[10], with equivalent legislation passed in the
USA through the Food Allergen Labeling and Consumer
Protection Act (FALCPA) in 2004. [11]

Food immunotherapy is not a new concept. The first suc-
cessful report of OIT was published in 1908, and described

CONTACT Paul J Turner @ p.turner@imperial.ac.uk e National Heart & Lung Institute, Imperial College London, Norfolk Place, London W2 1PG, UK

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0001-9862-5161
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/1744666X.2022.2053675&domain=pdf&date_stamp=2022-03-28

364 S. NAGENDRAN ET AL.

Article highlights

o OIT can achieve desensitization in 50-80% of food-allergic individuals,
but there are concerns as to longer-term efficacy. Adverse events are
common including anaphylaxis, and at least one fatality has been
reported.

e The need for standardized products (as opposed to standardized
protocols using foods) is controversial.

o Cost-effectiveness is dependent on improved quality of life, but
evidence for this is currently lacking, and is a key evidence gap.

e OIT is very likely to become a routine therapeutic option in food
allergy, but strategies are needed to address issues of accessibility
and equity, so OIT dones not further increase existing disparities in
healthcare delivery for food-allergic individuals.

o International consensus is needed to agree the reporting of safety
and efficacy data, to aid comparisons between studies and facilitate
the development of personalized protocols to improve safety
outcomes.

desensitization in a 13-year-old boy with egg allergy[12].
However, OIT has only been evaluated as a potential treat-
ment modality in food allergy for the last 20 years, despite
allergen immunotherapy being established for the treatment
of venom allergy and allergic rhinitis for many more decades.
In general, this has been due to a paucity of large clinical trials
evaluating allergen immunotherapy for food allergy, although
in some countries (Italy, Spain), OIT (for food allergy) has been
undertaken for some years on the basis of small case series
rather than extensive clinical trials data [13,14]. This might be
because of an initial focus on using injected allergen extracts
(in the same way these are used to treat allergic disease due
to venom and aeroallergens), rather than considering the oral
route as an valid means of administering immunotherapy. In
1997, Nelson et al. reported a small, double-blind, placebo-
controlled trial using subcutaneous injection of peanut extract

in 12 peanut-allergic adults; while the intervention did result
in a level of desensitization, systemic reactions were common
and it was concluded that the protocol would not be suitable
for future use[15]. This is likely to have led to a switch to
research using the oral route as the preferred means of admin-
istration, which in turn has led to the establishment of OIT in
some countries (notably, Italy and Spain) as part of routine
clinical care, for some allergens (e.g. cow’s milk, egg), with
national guidelines published from national specialist societies
[16]. In Japan, OIT was still regarded as a research intervention
in national guidelines from 2011, but the latest 2020 guideline
provides detailed guidance as to the implementation of OIT in
clinical practice[17]. The European Academy of Allergy and
Clinical Immunology (EAACI) Food Allergy guideline did not
recommend OIT for routine clinical use in 2014, [18] but did
publish a specific guideline recommending OIT could ‘be per-
formed in research centers or in clinical centers with an exten-
sive experience’ in 2018. [19] National guidelines in Canada
were published in 2020 which also promote the safe use of
OIT in routine clinical practice[20].

The drive toward larger clinical trials has come from the
availability of more research funding (for example, through
the CoFAR initiative) or due to the potential for commercia-
lization (and thus profit-generation) of a standardized pro-
duct (AR101) for OIT (Aimmune Therapeutics, CAM-Allergy,
Prota Therapeutics, Alladapt, among others). This has
resulted in larger datasets which have now formally demon-
strated the efficacy (and relative safety) of oral immunother-
apy in the clinical trials setting. The first systematic review of
OIT were published in 2010, [21] but as more trials (with
more robust methodology) have been published, the quality
and quantity of evidence has also increased (Figure 2). [22-
27] In 2020, the Food and Drug Administration (FDA)
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Figure 1. Population-based dose-distribution curve for reaction thresholds derived from 1306 double-blind placebo-controlled food challenges (DBPCFC) to peanut.
Red dotted line shows (as an example) ED3s, the eliciting dose which will trigger an objective allergic reaction in 35% of peanut-allergic individuals, in this case
100 mg which is approximately a half peanut. Data from Houben et al, Food Chem Toxicol. 2020 Dec;146:111,831. doi: 10.1016/j.fct.2020.111831.
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Figure 2. Number of participants (receiving OIT) in randomized controlled trials (RCTs) of OIT reported in the literature since 2010. [26,27] The publication of various
commercially-funded multicenter Phase 3 RCTs after 2017 for peanut have significantly increased the evidence base for OIT.

approved AR101 (now called Palforzia®) for peanut-OIT, [3]
with the European marketing authorization following later
that year. [4] In 2021, Palforzia was approved by the National
Institute for Health and Care Excellence in the United
Kingdom (UK) for use in the state-funded health system -
making the UK the first country to offer a commercial pro-
duct for OIT through a state-funded healthcare system[28].
However, there remains significant uncertainty in implemen-
tation and the treatment is not yet widely available in
the UK.

Currently, Palforzia is the only commercial product avail-
able for OIT, specifically for peanut allergy. Palforzia is
essentially defatted peanut flour which is produced, char-
acterized and aliquoted according to GMP. As might be
expected, some clinicians, predominantly in North America
but also in the UK, have begun to offer their patients
peanut-OIT using peanut flour at the same time as
Palforzia was being considered by regulatory authorities.
Data published from the USA has demonstrated that this
approach is entirely feasible[5]. This has resulted in signifi-
cant debate as to whether a cheaper, non-pharma grade
product or even food should be used for OIT when
a commercial, but significantly more expensive pharma-
grade product is available (see section 6).

3. Food ladders and OIT

The recent fatality reported in Canada [7] brings a spotlight to
the issue of whether the use of ‘food-ladders’ is a form of
immunotherapy. ‘Food-ladders’ refer to ‘the process of gradu-
ally reintroducing food allergens into an individual’s diet,” with
‘a step-wise progression from extensively heated/processed to
less processed food’ which also takes into consideration the
actual dose of allergen presented[29]. Food-ladders were ori-
ginally proposed for use in egg- and milk-allergic children with
non-lgE-mediated food allergy (and thus not at risk of anaphy-
laxis), on the basis that many children with this form of food
allergy outgrow the allergy over time, and often tolerate more
processed forms of the allergen e.g. baked milk, baked egg
[29]. However, over time, they have also been used in children
with IgE-mediated food allergy and thus at risk of anaphylaxis
[30-32]. Such an approach in younger children may well be
justified when undertaken by experienced staff with

appropriate patient supervision, and is supported by epide-
miological data which shows that infants and preschool chil-
dren are relatively protected from severe outcomes in
anaphylaxis [33,34].

Up to 70% of children with food allergy to egg or cow’s
milk are able to tolerate the allergen when presented in
a baked food matrix, such as a cake or biscuit [35,36]. This
does not seem to be related to the dose of allergen, but
rather, due to heat-processing in the presence of a matrix
such as wheat, which alters the allergenicity of the protein
[37]. The introduction of baked egg or milk into the diet of
a child who is shown to tolerate it is not immunotherapy
(although potentially, doing so may hasten resolution of that
food allergy — but such data are currently lacking). [36]

However, the slow and gradual introduction of foods using
a ‘food-ladder’ which are not otherwise tolerated in normal
serving amounts at the time of introduction is arguably a form
of OIT[32]. After all, food is being introduced by the oral route
to induce desensitization in an individual who is not already
tolerant to that food. Indeed, a joint statement from the
Canadian and British national allergy societies following the
death of a 9 year old child undergoing OIT using ‘baked milk’
implies that the egg/milk ladder is an alternative to OIT in
younger children with IgE-mediated disease[38]. Those allergic
to ‘baked egg’ or ‘baked milk’ often report delayed and more
severe reactions[39], perhaps because the matrix also slows
allergen absorption which allows more allergen to be eaten
prior to symptoms. This highlights the inherent risks of using
baked foods for OIT compared to native allergen where
absorption is more predictable.

4. Outcome measures used to evaluate OIT

Different studies have utilized different outcome measures in
defining successful OIT. [1,40] These range from ‘tolerance’ to
a specific dose of allergen to composite outcomes which
include a certain-fold increase on ‘tolerance’ due to treatment.
In addition, there are significant data gaps relating to longer-
term outcomes and the impact of ceasing regular mainte-
nance dosing (i.e. presence of sustained unresponsiveness).
As a result, those undertaking systematic reviews and meta-
analyses often group ‘desensitization’ outcomes together,
even though success may be defined in some studies as
tolerance to 300 mg peanut protein (about 1%2 peanuts),
while in others, a far more stringent definition may be used
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e.g. tolerance to 5000 mg peanut protein. There is also no
consensus as to what ‘tolerance’ means, with most studies
defining a tolerated dose as one in which no objective symp-
toms occur; thus, a patient experiencing pruritus, nausea and
abdominal pain to a dose would often be considered to have
‘tolerated’ that dose. Of note, the first approved commercial
preparation for peanut-OIT (Palforzia) has been perceived by
some as allowing patients to become ‘bite-proof’ to peanut
exposure (a fairly ambiguous term, since a ‘bite’ of a food that
does not contain peanut as an ingredient is very different from
a bite of a confectionery item containing peanut butter). In the
studies evaluating Palforzia, this translates to a ‘tolerated’ dose
of 1000 mg peanut protein, which is likely to be more peanut
than one might be exposed to in a ‘bite.’ However, there are
instances when more peanut might be present, as evidenced
by a case of fatal anaphylaxis to a curry which had been
intentionally adulterated with peanut flour instead of almond
[41]. Such cases are fortunately rare, and hopefully becoming
less likely given the successful prosecutions for manslaughter
of those responsible.

There is a concern that in the presence of ‘cofactors’
(such as an intercurrent infection, use of medicines such
as non-steroidal anti-inflammatory medication or exercise),
a person’s reaction threshold may fall by an average of 50%
and more in some individuals; thus, tolerance to 1000 mg
on a ‘good day’ in the absence of co-factors may be insuffi-
cient protection when co-factors are present[42]. We
recently reported results from a systematic review and indi-
vidual participant data meta-analysis of studies, summarizing
challenge data from over 3151 peanut-allergic participants
who underwent double-blind, placebo-controlled food chal-
lenge (DBPCFC) to peanut, including 534 of whom subse-
quently underwent a second peanut challenge without any
disease-modifying intervention[43]. Reaction thresholds within
individuals varied by up to 3 logs, although this variation was
limited to only a half-log change in 71.2% (95% Cl, 56.2% to
82.6%) of individuals (Figure 3). Thus, the change in threshold
reported due to cofactors is well-within the inherent varia-
bility reported for reaction thresholds during DBPCFC, with
the possible exception of food-dependent, exercise-induced
anaphylaxis. In addition, these data provide a rationale for
a minimum 10-fold increase in reaction threshold in OIT
studies, since any change less than this could be due to
inherent variability in the reaction threshold determined at
food challenge.

Whether this also holds true in the context of OIT is
unknown. Reactions in patients established on maintenance
OIT for peanut allergy have often been associated with co-
factors such as concomitant viral illness, tiredness and men-
struation as well as exercise [44,45], and the degree to which
these cofactors alter reaction thresholds resulting in reactions
to normally-tolerated OIT doses is unclear[46]. This scenario
highlights the need for longer-term, real-world efficacy data
following OIT, to evaluate the impact of cofactors on acciden-
tal reactions and whether this changes after OIT.

There is also a lack of consistency in the defining and report-
ing dose-related AEs, which prevents a meaningful pooled ana-
lysis of treatment safety across studies [1,6]. For example, in the

STOP-2 study, a UK Research Council-funded study of peanut OIT
which has now resulted in the commercialization of peanut
immunotherapy in at least one UK center, the authors did not
report rates of anaphylaxis[47]. One study participant self-
administered intramuscular adrenaline on two occasions due to
dose-related wheezing, and wheezing as an AE occurred after
0.41% of doses in 22% of (49) participants. Yet in a subsequent
meta-analysis, it was reported that only a single participant in the
study had dose-related anaphylaxis[48].

The outcomes reported in clinical trials may not correspond
to what patients (and their carers) want (Table 1). Rather than
achieve a specific level of desensitization, patients may prefer
to increase protection from accidental exposures to allergen,
both in relation to any reaction and reducing the risk of
a severe reaction. However, longer-term data is lacking in
terms of OIT resulting in a reduction of symptoms due to
accidental reactions to the trigger food following OIT, as high-
lighted in 2 recent cost-effectiveness analyses [28,49]. Given
up to 50% of patients who undergo OIT report significant and
ongoing taste aversion to the food they are allergic to (even
during maintenance, following initial OIT)[5], sustained unre-
sponsiveness may arguably also be a key outcome for patients
following OIT.

Only a relative minority of studies have evaluated
changes in health-related quality of life (HRQL) outcomes
in participants undergoing food OIT, and those that have
done tend to use surrogate reports e.g. parent-reported
outcomes, rather than direct-evaluation of HRQL in the
participants undergoing OIT - in whom HRQL may be
impacted by low grade but persisting treatment-related
AEs and the need to take a daily dose of the food they
are aversive to[1]. This tendency to evaluate HRQL in par-
ents rather than young people was highlighted as
a criticism by the UK’'s National Institute for Health and
Care Excellence in their recent appraisal of Palforzia[28].
Indeed, it has been previously reported that there is dis-
cordance between changes in HRQL following food chal-
lenge in parents versus that reported by the young person
themselves[50]. The lack of current consensus on outcomes -
including patient-reported outcome measures (PROMs) — is
something currently being addressed through an EAACI
taskforce (CO-FAITH, Clinical Outcomes in food-AlT trials
Harmonization project). [51]

5. Outcomes from systematic reviews of OIT

The most recent systematic review of OIT was undertaken
by the GA’LEN Food Allergy Guidelines Group and pub-
lished in December 2021. [27] A summary of the analysis
appears in Table 2. Following peanut-OIT, treated patients
are six times more likely than controls to tolerate a single
dose of 300 mg peanut protein (approximately 1% peanuts,
number needed to treat (NNT 2) and 17 times more likely to
tolerate 1000 mg peanut protein (about 5 peanuts, NNT 2).
Similar success for desensitization was found for OIT to egg
and cow’s milk (also NNT 2). Thus, for every 2 patients
treated with OIT, 1 patient will achieve successful desensiti-
zation. However, 1 patient (not necessarily the same



2nd reaction is to a lower dose

EXPERT REVIEW OF CLINICAL IMMUNOLOGY e 367

2nd reaction is to a higher dose

N weighting
BOPI ] 19 4%
ARCO001 = 26 5%
PALISADE 116 22%
ARTEMIS = 40 8%
STOP-2 = 45 8%
TRACE = = 76 14%
POISED = 22 4%
Purington etal = 16 3%
VIPES = 56 1%
PEPITES —“.-———— 18 22%
OVERALL = + 534  100%
>150mg overall = —._’-._.-.- 113
<150mg overall ¢ P 421
<50mg overall = <l o P 213
<15mg overall = ——*——— 101
<5mg overall = — el P e - 56

Log-fold change in eliciting dose between challenges

Figure 3. Reproducibility of reaction thresholds determined at food challenge. Violin plot of the distributions of log change in reaction thresholds (from initial
DBPCFC to repeat FC) for study participants within each included cohort. A half-log change in ED is equivalent to a shift in reaction threshold by 2 dosing increments
when a PRACTALL-based semilog regimen is used. The red dashed line represents the median, and the red dotted line represents the interquartile range.
Reproduced from Patel et al [43] under the terms of the Creative Commons Attribution 4.0 International License.

individual) will experience adverse reactions, at least with
OIT to hen’s egg or cow’s milk.

Rates of AEs are affected by the way studies report data; if
different studies report AEs differently, this hampers compar-
isons between studies. In the PALISADE study, patients receiv-
ing the top dose of active peanut OIT (but not yet established
on maintenance) were five times as likely to have systemic
allergic reactions (8.7% vs. 1.7%) as those on placebo. [52]
However, anaphylaxis events in PALISADE were recategorized
as ‘systemic allergic reactions’ unless symptoms included
documented hypotension or hypoxia. Therefore, it is not so
straightforward to compare rates of anaphylaxis in PALISADE
with other studies which have reported anaphylaxis more
explicitly, while some studies (e.g. STOP-ll) do not report
anaphylaxis at all[47].

The GA’LEN systematic review reported that peanut-OIT
may not increase the rate of adverse reactions or severe
adverse reactions compared to control. This may seem odd,
given that the 2 seminal studies which evaluated Palforzia
reported that 99% of participants receiving OIT has AEs:
however, there was similarly a very high rate of AEs in the
control groups too (Table 3). [52,53] In those reporting AEs
in the active OIT group, the most common symptoms were
gastrointestinal (abdominal pain, nausea, vomiting), occur-
ring in around half of treated subjects. Around 1 in 5
patients on OIT withdrew during both studies, with about
half of those withdrawing due to dose-related AEs - a rate
substantially higher than those in the control groups.
Systemic allergic reactions and use of rescue adrenaline
were 4 and 2 times higher in the active versus control
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Table 1. Challenges associated with patient-desired outcome measures for food
allergy desensitization. Reproduced from Duca et al [1] under the terms of the
Creative Commons Attribution 4.0 International License.

Table 2. Summary of OIT outcomes evaluated by the GA?LEN [27] and PACE [48]
systematic reviews/meta-analyses.

Relative risk Certainty of  No of studies
Outcome measure Challenges: Outcome (95% CI) NNT evidence (participants)
Reduce risk associated with ‘trace’ e What is the actual risk associated COW’S MILK (GAZLEN group)[27]
and/or more significant with ‘traces’- Do ‘traces’ cause severe Desensitization 5.7 2 Moderate 7
accidental exposures reactions? (1.9 to 16.7) (n = 249)
o What level of desensitization is pro- Adverse reactions 3.9 2 Low 6
tective, given the intra- and inter- (2.1 to 7.5) (n =210)
person variability in eliciting dose? Severe adverse 7.0 N/A  Very low 4
e Can this level of desensitization be reactions® (0.4 to (n = 204)
achieved without ongoing mainte- 124.8)
nance dosing, which is associated with ~ HEN’S EGG (GA’LEN group)[27]
ongoing risk of adverse events? Desensitization 8.9 2 Moderate 6
e s such a strategy cost-effective? (4.4 to0 18.0) (n = 259)
R R . ) Adverse reactions 7.0 2 Moderate 6
Desensitization to allow e This is likely to require ongoing (24 10 19.8) (n = 291)
consumption ad libitum consumption of ma{ntenapce dosgs. Severe adverse 34 N/A Very low 4
" hat are the complnce s e actos 0510 199 =2
. - PEANUT (GA“LEN group)[27]
symptoms) a:soaated with long-term Desensitization 9.9 2 High 7
D Ir??clarl]'\terlczrr]rcr\e:treatment cost-effective? (45 t021.4) (n =1023)
9 ’ Tolerance to 300 mg 5.7 2 Moderate 5
Longer-term efficacy i.e. tolerance e s this achievable? PN protein (4.0 t0 7.9) (n = 820)
or even ‘cure’ e Could we develop predictors of sus- Tolerance to 1000 mg 16.6 2 High 5
tained unresponsiveness? PN protein (8.0 to 34.4) (n = 906)
. ) Adverse reactions 1.1 N/A  Low 7
Improve HRQL measures o What are the drivers of improved (1.0 to 1.2) (n = 953)
HRQL, despite an increase rate of Severe adverse 16 N/A Low 6
allergic reactions with treatment? reactions (0.7 to 3.5) (n = 950)
e How mugh does HRQL improve PEANUT (PACE systematic review)[48]
through |ncreased knowledge/aware: Anaphylaxis 3.1 7 High 9
ness/self-efficacy rather than desensi- (1.8 10 5.6) (n = 891)
tization? Rescue adrenaline 22 22 High 9
(1.3 to 3.8) (n = 984)
Severe adverse events 19 18 Moderate 12
(1.0 to 3.7) (n = 1041)

groups. These rates are not clearly reflected in the GA’LEN
analysis, since the authors reported the proportion of parti-
cipants reported at least one treatment-related AE: thus,
someone reporting just a single AE to placebo during
a study is equivalent to a participant on OIT who experi-
enced frequent adverse reactions during OIT. This accounts
for the discordant conclusions between the GA2LEN review
and a systematic review and meta-analysis by Chu et al,
who reported high-certainty evidence for a three-fold
greater risk of anaphylaxis (risk ratio, RR, 3.1 [95%CI 1 - 8-
5 - 6]) and two-fold higher rate of rescue adrenaline use (RR
2.2 [95%Cl 1.3-3.8] high-certainty) in patients undergoing
peanut-OIT. OIT also doubled the rate of non-anaphylaxis
reactions reported[48].

Sincludes one study on epicutaneous immunotherapy with zero events (and
thus did not affect outcome estimate).

95%Cl = 95% confidence interval; N/A = not applicable as no statistically
significant difference. NNT = number needed to treat.

The GA’LEN analysis also reported peanut OIT to be asso-
ciated with fewer AEs compared to OIT with egg or cow’s milk
[27]. Whether this is due to the use of standardized allergen
formulations for peanut but not egg/milk is not known,
although this claim may be made by clinicians with potential
financial conflicts of interest. Arguably, the protein concentra-
tion of fresh cow’s milk is as standardized as the commercial
products used for peanut-OIT, yet OIT to cow’s milk results in

Table 3. Adverse events in people aged 4 to 17 years participating in the PALISADE [52] and ARTEMIS [53] studies evaluating Palforzia in peanut-allergic children.

PALISADE([52] ARTEMIS[53]

. ¢ . ith ad Palforzia Placebo Palforzia Placebo
Proportion of participants with adverse events (AE) (n = 372) (n = 124) (n = 132) (n = 43)
>1 treatment-emergent AE 99% 95% 99% 98%

o Mild 35% 50% 35% 56%
o Moderate 60% 44% 60% 42%
e Severe or higher 4% 1% 4% 0
>1 anaphylaxis episode
(]
Mild 6% 1% 6% 2%
¢ Moderate 8% 2% 6% 0
e Severe 0.3% 2% 0 0
Withdrawal due to treatment-emergent AEs 12% 2% 1% 2%




a 4-fold increase in likelihood of AEs and 7-fold increase in
anaphylaxis compared to controls[27].

Due to a relatively small number of studies reporting
HRQL measures (and often only parent-proxy measures),
there remains an absence of high-quality evidence relating
to the impact of OIT on HRQL. In a systematic review by the
EAACI guidelines group[26], only one study was included
with respect to HRQL outcomes. The most recent systematic
review published (GA’LEN) also highlighted a lack of data
relating to outcomes on quality of life as a major short-
coming[27].

6. Cost-effectiveness analyses

Two cost-effectiveness analyses have been published for
peanut-OIT, specifically for Palforzia (Aimmune
Therapeutics): one by the Institute for Clinical and
Economic Review (ICER) in 2019 [49,54] and another by
the UK’s National Institute for Health and Care Excellence
(NICE). [28] In addition, Shaker and Greenhawt published
a cost-effective analysis of Palforzia (then called AR101)
independent of industry funding in 2019. [55]

The ICER analysis concluded that “the long-term cost-
effectiveness of AR101 is

dependent on the prices at which [this] come to market.”
Using an estimated price of $4,200/year for Palforzia, the
incremental cost-effectiveness ratio was $88,000/QALY. [49]
The report also highlighted the very significant evidence gap
in terms of longer-term outcomes, something which is an
issue with all OIT studies, concluding that while ‘there is
hope that the rates of systemic allergic reactions, [adrenaline]
use, and reactions to accidental exposure will decrease with
continued therapy, this remains to be demonstrated’[54].

The NICE assessment, commissioned by the UK Departments
of Health and Social Care, concluded that ‘Palforzia is likely to be
a cost-effective use of [UK Health] resources, and therefore
recommended it for routine NHS use’ on the basis that the
‘most plausible incremental cost-effectiveness ratios ... would
be around £20,000 per QALY gained’ - less than the threshold
used by NICE to recommend treatments[28]. However, this eva-
luation did not include the cost of setting up OIT in the UK
healthcare system. In addition, the process used to evaluate
HRQL impact differed from that normally used: due to the
absence of appropriate longitudinal HRQL data from interven-
tion studies (evaluating the change in HRQL over time), NICE
instead reviewed cross-sectional data evaluating HRQL in OIT-
treated vs non-treated individuals. This would have skewed
outcomes in favor of OIT for several reasons: first, data would
only have been collected from individuals in whom OIT was
successful. Second, such a methodology cannot control for
the benefits of participating in a clinical trial. These can be
considerable, particularly for trials of OIT. We recently
reported that around one third of the improvement in
HRQL with OIT can be ascribed to the screening process
(including experiencing a reaction during a controlled food
challenge under medical supervision) [56] - something
which is consistent with other published data relating to
the impact of a positive food challenge on HRQL. [57,58]
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The cost of Palforzia was not initially disclosed in the public
record, but subsequently reported as GBP £10.12 per day (irre-
spective of dose). [28] This is not lower than the estimate used
by ICER, [54] and therefore does not explain the lower incre-
mental cost-effectiveness ratio for Palforzia in the NICE assess-
ment compared to that undertaken by ICER. The more likely
reason is an overestimate by NICE of the impact of OIT on
HRQL. In reaching its conclusion, NICE has paved the way for
the UK became the first country in the world where Palforzia is
recommended for use within a state-funded health system
(albeit with a numerical cap on the number of patients who
can be treated) - although OIT with noncommercial products
through publicly-funded health systems has long been estab-
lished in countries such as Spain, Italy and Israel. Unsurprisingly,
using food products rather than commercial products offers
significantly greater cost-effectiveness in the modeling, with
a cost-effectiveness analyses reporting an incremental cost-
effectiveness ratio of $2463 per QALY. [59] In a further analysis,
introducing OIT to preschool-aged peanut-allergic children was
cost-effectiveness compared to the conventional approach of
dietary avoidance and provision of rescue medication[60].

7. Benefits versus risks

We have summarized the benefits and risks of OIT in Table 4,
using a ‘SWOT' analysis. There remain a number of unresolved
challenges:

e Patients likely to gain most from OIT are also those likely to
experience AEs including anaphylaxis: studies generally
indicate that the individuals most likely to achieve
desensitization and experience a relatively adverse
event-free treatment course are those with lower levels
of IgE-sensitization and higher clinical reaction thresh-
olds at food challenge [1,2,6,61]. In contrast, OIT studies
in children with allergy to cow’s milk and hen’s egg
demonstrate that those with more frequent and severe
reactions to OIT tend to have higher IgE-sensitization
and lower clinical reaction thresholds [62-64]. Thus, the
very individuals most likely to benefit from OIT (due to
a higher risk of anaphylaxis from accidental reactions)
are those less likely to tolerate OIT and more likely to
withdraw due to adverse reactions. This might, in prac-
tice, result in a skewing of patients considered for OIT
toward ‘easier’ patients, particularly if there is an incen-
tive to deliver OIT based on numbers alone rather than
to target those patients most likely to benefit from OIT,
impacting adversely on equity of access to OIT.

e Optimal duration of treatment: for other forms of aller-
gen immunotherapy (e.g. to venom or aeroallergens), it
is well established that a treatment duration of 3-5 years
is required to achieve longer-term tolerance. Few studies
have assessed this for OIT, and those that have report
disappointing outcomes[2]. There is very little data look-
ing at longer-term adherence to treatment (affected by
taste aversion) in young people after the first year of OIT,
but our experience is that taste aversion is a common
issue and there is a real demand to reduce the frequency
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Table 4. Table outlining the perceived strengths, weaknesses, opportunities and
threats (SWOT) of OIT.

occur due to OIT, even when undertaken by experienced

Strengths

Weaknesses

o Achieves desensitization in around
80% of individuals treated with OIT

Facilitates dietary liberalization,
although taste aversion remains
a major barrier.
Achieves ‘psychological’ desensitiza-
tion which may confer more signifi-
cant long-term benefit, giving
individuals a greater sense of
control
Standardized products available for
peanut (but there is debate as to
whether this is needed)

Opportunities
o Personalized protocols (perhaps
combining different
immunotherapy interventions) to
reduce adverse events and
improve outcomes
Potential for sustained
unresponsiveness
Longer-term improvement in HRQL
Potential to treat multiple food
allergens with combination OIT or
using a single nut to induce desen-
sitization to cross-reactive allergens
Current data mainly relates to OIT in
children: can OIT also be performed
safely in adults?
What is the optimal age to inter-
vene with OIT?

OIT not tolerated in 10-20%, with
potential for anaphylaxis

Not a cure: ongoing treatment
effect requires ongoing dosing
which can be an issue when taste
aversion is present

Limited success in achieving SU,
particularly in those with higher
levels of IgE-sensitization

Low certainty evidence of cost-
effectiveness: increased rate of
reactions during OIT will increase
healthcare costs

Unclear whether reduction in acci-
dental reactions achieved.

Long term data lacking

Increased short-medium term
resource requirements

Real world outcomes may differ
from those reported in clinical trials

Threats

Life-threatening anaphylaxis/death
Might OIT increase risk-taking
behaviors, particularly in certain age
groups?

Cost may be prohibitive to many,
impacting on equity of access — and
may not be cost-effective at

a population level

Impact of food aversion on long-
term dietary behaviors

Lack of longer-term compliance may
increase future risk of anaphylaxis
Lack of understanding over what
‘treated’ food allergy implies in
terms of management e.g. in
schools and food businesses

Might OIT adversely interfere with
natural resolution, so that children
who would otherwise outgrow their
allergies instead remain dependent
on maintenance dosing?

physicians.

e Optimal age for starting OIT. Some studies of peanut-OIT
have reported a trend toward more successful outcomes
in younger children. Two studies have reported a higher
rate of sustained unresponsiveness in peanut-allergic
children under 4 years than has been seen in studies in
older children [65,66]. However, it is difficult to draw
conclusions due to low numbers of children under age
24 months in both studies, and lack of head-to-head
comparison with older participants. In the POISED study
(which included 22 adults), there were no differences in
safety or efficacy outcomes between adults and children
after 2 years, although as the authors note, ‘the study
was not designed to formally test the differences in
these age groups.’ [2] Commencing OIT earlier may be
advantageous in terms of reducing the risk of potential
taste aversion, thus increasing compliance and longer-
term success. Studies comparing outcomes in both
younger and older children within the same trial are
required to address this evidence gap.

Much of these uncertainties result from existing knowledge
gaps relating to longer-term outcomes of OIT (Box 1).

Importantly, there is a need to recognize that much of
the benefit from OIT may not result from ‘immune’ desen-
sitization, where the individual is able to ‘tolerate’ a higher
dose, but from ‘psychological’ desensitization. We have
previously described how the impact of food allergy on
HRQL can be understood and addressed through a similar
model to that underpinning cognitive behavioral therapy
[1]. The experience of OIT may positively impact on HRQL
through:

e The experience of a controlled reaction under medical
supervision, which can reset the patient and carer’s per-
ception of severity [56-58].

e The reality of a daily exposure to the food an individual is

of maintenance dosing to a minimum. Put simply, young
people do not want to have to take a dose of a food they
have a taste aversion to, every day for 3+ years. Longer-
term data are needed to evaluate strategies to reduce
the risk of withdrawing from OIT (with possible recur-
rence of food allergy with even higher levels of IgE-
sensitization due to the OIT, which might result in an
even greater risk of anaphylaxis compared to that pre-
sent before starting OIT).

e As demand for OIT increases, it is likely that there will be

a gap between supply and demand. In addition, there will
be a learning curve as more practitioners undertake OIT,
but without the benefit of prior experience. To an extent,
the use of standardized protocols (and perhaps standar-
dized products) might mitigate against this. However,
given that severe reactions to food are unpredictable,
this does little to address the learning curve faced by the
majority of clinicians who do not currently have experi-
ence of managing patients on OIT. It is therefore not an
unlikely scenario that further fatalities may tragically

allergic to will, in most, psychologically desensitize the
fear they have over having an allergic reaction, and thus
alter their perception of the likelihood of life-threatening
accidental reactions[1].

Where patients undergoing OIT have reactions, the
experience of self-managing these reactions (with or
without parental and/or medical supervision) will boost
their confidence in self-efficacy, i.e. their perceived cap-
abilities or knowledge to manage a situation - resulting
in an increased resilience when dealing with the chal-
lenges associated with food allergy[67]. This benefit may
well occur even in those patients who withdraw from
OIT, although published data are currently absent and
one concern (though lacking evidence) is that non-
completion of OIT could increase IgE-sensitization and
possibly increase the risk of more severe reactions at
future accidental exposures).

All these factors may mean that patients with multiple food
allergies can benefit from OIT to just one of their allergens —
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Longer term data on maintaining desensitization/inducing sustained unresponsiveness

Impact of OIT on longer-term HRQL and cost-effectiveness — and how this differs in those with multiple allergies but only desensitized to a single allergen
What degree of dietary liberalization can be achieved by OIT, and how might this vary by allergen?

Are standardized products needed, or are standardized protocols sufficient to ensure safe OIT protocols?

Can personalized protocols (and/or biomarkers) be identified to reduce adverse events and improve outcomes?

The current data mainly relates to OIT in children: can OIT also be performed safely in adults?

What is the optimal age to intervene with OIT? Are younger children more likely to tolerate OIT safely and/or achieve longer-term tolerance? Might OIT in this age

group adversely interfere with natural resolution, so that children who would otherwise have outgrown their food allergies over time (allowing ad lib exposure),

instead remain dependent on maintenance dosing?

o Current lack of understanding over what ‘treated’ food allergy implies in terms of management e.g. in schools and food businesses: how to communicate the
change in risk induced by OIT to others? Do treated patients still need to provided with rescue medication (e.g. injectable adrenaline/epinephrine)?

something which has not as yet been evaluated to our knowl-
edge. They also explain the great paradox of OIT: that despite
a higher rate of allergic reactions when someone is under-
going OIT (compared to allergen avoidance), there is clear and
increasing demand for OIT from patients and their families.

8. The future of OIT

In considering the future landscapes of OIT provision, we have
utilized a PESTLE framework to focus on the external environ-
ment into which OIT has been introduced.

Political context: Political interventions are increasingly
common in the recognition and prioritization of health
conditions, and remain central to facilitating outcomes
that individuals themselves cannot achieve. In terms of
food allergy, political intervention and lobbying has been
instrumental in achieving legislative changes which might
reduce the risk of accidental reactions e.g. in food labeling,
allergen declaration by catering establishments, manage-
ment of food-allergic children in schools etc. Recent exam-
ples include ‘Natasha’s Law’ in the UK (October 2021), which
mandated comprehensive allergen labeling of prepacked
foods from catering outlets (known as prepacked foods for
direct sales, PPDS); [68] and the Food Allergy Safety,
Treatment, Education & Research (FASTER) Act in the USA,
[69] which amended FALCPA to include mandatory disclo-
sure of sesame as an ingredient in prepacked foods, and
facilitated data collection to improve the study of food
allergy in the USA. Other legislative changes have facilitated
the introduction of ‘spare’ adrenaline auto-injectors into
schools [70,71]. With respect to OIT, it is likely that the
views of patient representative organizations were an
important factor in the decision by NICE to approve
Palforzia for use in the UK health system[28].

However, there continues to be a real concern as to
whether the approval of a standardized product for OIT
might result in a situation where only standardized pro-
ducts can be used for OIT. [72] As raised by Perkin, while
standardized products might reduce the risk of dosing-
errors, ‘the issuing of [for example] peanut flour to
a patient with peanut allergy may result in the peanut
being deemed an unlicensed medicinal product by regu-
latory organizations in some countries. Once a product
such as [Palforzia] appears, such regulators will insist that

a licensed product be used when it is available, thus
preventing the ongoing use of peanut flour itself.” [73]
Use of commercial products significantly increases the
cost of OIT, impacting on cost-effectiveness: this is
a major issue, given that the cost of the raw material is
just ‘peanuts.” Furthermore, there is no evidence that sys-
temic reactions during OIT are commonly due to dosing
errors. Rates of adverse reactions to Palforzia in the clin-
ical trials are not dissimilar to those studies using non-
commercial, less standardized products [5,72] (although it
can be argued that in the research setting, there is greater
diligence over dosing than might be the case with ‘real
world’ OIT — something which could be mitigated against
through adequate clinical supervision). For some food
allergens such as cow’s milk, it is unlikely that
a commercial product for OIT will offer greater standardi-
zation than supermarket-sourced fresh cow’s milk. Thus, it
is likely that political process will significantly impact on
the future of OIT.

Economic: Even prior to the COVID-19 pandemic,
healthcare systems across the globe were subject to
increasing pressures to meet rising demand amid limited
resources, resulting in unsustainable healthcare spending
[74]. As such, cost-effectiveness is a key barrier to the
implementation of OIT. The rate of fatal food anaphylaxis
is fortunately very rare[75]: However, this means that OIT
cannot be justified on reducing the risk of fatal outcomes
from food allergy. Instead, cost-effectiveness is dependent
on improvements in HRQL. OIT is likely to be cost-effective
if it can be undertaken for a cost of around $4000 per
annum (assuming OIT reduces the risk of anaphylaxis, can
achieve longer-term sustained unresponsiveness and
results in improved HRQL[55]. The recent NICE assessment
in the UK has demonstrated that higher costs might be
tolerated within a public health setting, although crucially
the NICE evaluation did not include the cost of establish-
ing OIT service provision within the health system[28].

Social: The management of food allergy has remained
largely unchanged for over three decades. However, aller-
gen avoidance is not a treatment strategy. OIT provides
a fundamental sea-change in management, and is likely to
be socially desirable as highlighted in a recent Research
Prioritization exercise[76]. However, while recent media
attention has increased awareness of the risks and impact
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1. Creating choice awareness

¢ Identify all possible options
without a priori assumption for
preferences

T~

¢ Adjust or elaborate new options
based on mutual understanding

Ny
/ |

3. Exploring patient preferences

¢ Determine “what matters most” to
patient

* Discuss patient’s experience with past
management strategy

Clarify goals and expectations with
treatment

Explore fears

2. Discussing relevant options

¢ Provide a detailed description of
each clinical option and what it

entails

an unbiased manner

matters most » to patient

Present current medical evidence in

e Put emphasis on aspects « that

Figure 4. The 3 steps of a shared-decision making process. Reproduced from Graham et al [83] under the terms of the Creative Commons Attribution 4.0

International License.

of food allergy, much of this is focused on nut allergies to
the detriment of those with non-nut allergies (such as to
cow’s milk), [77,78] and whom may be at greater risk of
severe, truly life-threatening reactions[34]. There are already
significant socioeconomic and ethnic disparities in the pro-
vision of care to those with food allergy[79]. The introduc-
tion of OIT into routine clinical practice must not be allowed
to further exacerbate this.

Technology: OIT has not progressed much since the first
description of OIT appeared in the literature over 100 years
ago[12]. In many, there may not be a need to develop OIT
further, due to satisfactory efficacy in at least half of indivi-
duals. However, there is a clear need to improve efficacy
and minimize AEs in those who do not tolerate OIT well.
This may be achieved through various strategies including
the use of adjuvants such as anti-IgE monoclonals, or by
combining OIT with other forms of allergen immunotherapy
including the use of other routes of allergen exposure
(sublingual, epicutaneous) and T-cell directed peptide-
based vaccines[6].

In addition, the adoption of technology and advanced tools
for data analysis may improve cost-effectiveness by identifying
predictors of safe and efficacious OIT, and potentially allowing
remote monitoring of individuals undergoing OIT to reduce
the burden on healthcare systems and minimize costs of
treatment (including loss of earnings due to hospital visits).

Legal: The potential impact of legislation has already been
discussed above. There are, however, important lessons to be
drawn from the interaction between law and health policy.
Legislation requires certainty, and thus there can be a lack of
flexibility to respond and adapt to new clinical data and
technologies. This has already been shown to create

challenges with respect to allergen labeling and allergen risk
assessment/management[80]. Caution will therefore be
needed in negotiating the gray zone of foodstuffs being
used for OIT, to prevent more harm than good from being
achieved. Existing legislation in many countries already
requires fair and equitable access to all patient populations
in state-funded healthcare systems; there is a risk that the
rollout of OIT may adversely impact existing healthcare dispa-
rities in allergy provision [1,79]. Given that OIT is not without
risk, and at least 2 fatalities have now been reported due to
participation in OIT (one at initial food challenge[81], and one
during treatment [7]), it is important for there to be
a consensus in terms of what must be discussed during the
consent procedure to ensure informed consent can be docu-
mented[82].

Environmental influences: The human diet is increas-
ingly moving toward a plant-based diet: this is expected
to increase exposure to allergens, whether in the form of
new (novel) allergens (a danger also posed by the intro-
duction of alternative animal-based proteins such as
insects) or changes in the use of existing proteins resulting
in much higher exposures than before. An example of the
latter is the introduction of high-protein foods containing
pea protein, which have resulted in an increase in pea
protein-related allergic reactions in those not previously
known to be pea-allergic. Thus, it is likely that OIT will
have to respond, in due course, to changes in dietary con-
sumption and the evolving patterns of food allergy. A clear
example of this can be seen in China and elsewhere, where
the introduction of cow’s milk into the diet has been asso-
ciated with a significant increase in anaphylaxis presenta-
tions to hospital[83].



9. Conclusion

The uptake of OIT has the potential to radically change the
management of food allergy. Successful desensitization can be
achieved with relative ease in around 50% of patients, with
a further 20-30% likely to benefit if AEs can be managed well.
However, around 1 in 5 are unlikely to tolerate OIT: these tend to
be the patients with higher levels of IgE-sensitization and lower
clinical reaction thresholds - but also the same individuals who
have most to benefit from OIT. Persisting desensitization might
be achieved through longer durations of treatment, but is unli-
kely to offer a cure with current protocols without ongoing
maintenance dosing (although this might not need to be daily).

Given this complex balance, any decision to commence OIT
must be through a shared decision making process [82,84,85],
with clear dialogue between clinicians and the food-allergic
individual, and their families to support them (Figure 4). When
the individual concerned is a child or young person, it is essential
to fully involve them in the decision process. Clinicians must
ensure that patients’ goals are clearly defined at the outset,
and that they have the most up-to-date information available
to consider the risks and benefits, something which can be
challenging to achieve in a busy clinic setting. However, this
approach promotes a rigorous informed consent process, allow-
ing families the space to clearly outline their goals and prefer-
ences, and time to come to the right decision.

10. Expert opinion

Oral immunotherapy (OIT) for food allergy presents an
opportunity for clinicians to actually treat food allergy,
rather than just provide advice in terms of allergen avoid-
ance and management of accidental reactions. The exten-
sive evaluation of OIT over the past decade has paved the
way for this shift toward a more dynamic, interventional
approach, modifying the disease trajectory through immu-
nomodulation. However, successful desensitization is limited
to 80% and dependent upon ongoing dosing, which can be
an issue due to taste aversion (common) and the potential
for dose-related anaphylaxis (uncommon) even years after
starting OIT [1,6].

The need for standardized products remains controversial
[72,73]. There is now a single product licensed in Europe and
North America for peanut (Palforzia), but OIT using peanut-
containing foods can also be done at a fraction of the cost. For
other allergens, OIT can only be done using non-pharma
grade products (i.e. food), but for some foods e.g. cow’s milk
pharma-grade products for OIT are unlikely to confer a useful
level of standardization compared to fresh milk. More impor-
tant is the need for standardized protocols and to avoid
complex food matrices which can increase the unpredictabil-
ity of absorption and potentially increase the risk of severe
events. At least one fatality has been reported to OIT (using
a baked matrix containing cow’s milk), in a 9 year old child in
whom OIT was being undertaken using a ‘milk-ladder’
approach[7]. Our own experience and perspective is that
using baked foods for OIT can result in more unpredictable
reactions, although this seems to be less of an issue in pre-
school-aged children [30,31]. The trend toward using baked
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foods as part of a ‘food ladder’ for OIT in older children -
particularly without the rigorous medical supervision used
for standard OIT - is therefore concerning, as this is wrongly
perceived as a low-risk intervention.

Around 1 in 5 food-allergic patients are unlikely to tolerate
OIT: these are often ‘more allergic’ patients who have most to
benefit from treatment[6]. Research is needed to develop
personalized protocols for this group, perhaps using adjuvant
therapies or using immunotherapy products administered via
non-oral routes, to improve safety and outcomes.

The barriers to widespread implementation of OIT are
significant but not insurmountable: OIT is a resource-
intensive treatment and dose-related allergic reactions
including anaphylaxis are common. There are increasing
pressures on healthcare systems to meet rising demand
amid limited resources, even prior to the COVID-19 pan-
demic. Deaths from food allergy are fortunately a very rare
event, but as a result, OIT is extremely unlikely to reduce
food allergy mortality. Cost-effectiveness is therefore depen-
dent on improvements in quality of life — and data relating to
these outcomes are currently very limited. This is a key evi-
dence gap which needs to be addressed, if a strong eco-
nomic case for OIT is to be made.

However, OIT is likely to be cost-effective in most patients,
particularly if noncommercial products can be used. There
may be a trade-off: in those patients with lower reaction
thresholds, a commercial product may be needed to provide
the very low doses of allergen needed for initial updosing,
until patients reach a level of desensitization where they can
be switched to foods containing the relevant allergen.
However, such a protocol limits the potential for commercial
profit, and thus reduces the incentive for commercial funding
to develop the field further. This risk could be addressed
through enhanced noncommercial funding of multicenter,
collaborative studies.

Over the next 5 years, we envisage that OIT will become far
more mainstream as a therapeutic option in food allergy, but
the healthcare community needs to proactively address the
issues of accessibility and equity, so that it does not exacer-
bate existing disparities in healthcare provision for food-
allergic individuals. An urgent international consensus is
needed to facilitate the analysis of real-world safety and effi-
cacy data, allowing the development of personalized protocols
to improve outcomes for patients while minimizing AEs.
Although the current delivery of OIT may not yet be ideal,
the concept and outcomes of treatment are well worth further
exploration, investment and development.
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