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Purpose of review

Allergen immunotherapy (AIT) is increasingly popular as a treatment strategy for food allergy.
Unfortunately, there is significant heterogeneity in reported outcomes, specifically in the dose-thresholds
selected for evaluation and the symptoms used to define a “tolerated dose”. These considerations are often
investigator-driven and do not consider patient perspectives.

Recent findings
A systematic review by the EAACI CO-FAITH taskforce recently flagged the need to better standardize and
harmonize outcomes used in clinical trials of food-AlT. Using less objective symptoms to define dose-limiting

symptoms can underestimate the reaction threshold determined at baseline food challenge. As a
consequence, this can overestimate the efficacy of food-AlT by 15%. In this review, we perform an
individual patient data (IPD) meta-analysis using data from three randomized-controlled trials and one real-
world registry, to evaluate how the definition of dose “tolerance” impacts upon reported desensitization

rates.

Summary

This analysis provides insight into how clinical efficacy rates for food-AlT are impacted by using different
dose thresholds and definitions for when a dose might be consider tolerated. Using more patient-centric
outcomes may be a more useful metric to harmonize reporting of outcomes and inform clinical practice,
paving the way towards reaching a consensus on outcome reporting in trials of food-AlT.
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The landscape of immunoglobulin E (IgE)-mediated
food allergy has dramatically shifted in recent dec-
ades. Current data suggests that 2-3% of the global
paediatric population have a food allergy [1-3].
Food allergy is the most common cause of poten-
tially life-threatening anaphylaxis in children and
adults under the age of 60years [4]. Accidental
reactions are common [5-7]. As a result, food allergy
has a significant adverse impact on health-related
quality-of-life of both affected individuals and their
caregivers. The impact of food allergy extends
beyond the individual, affecting industry and gov-
ernment policy and resulting in significant public
health burden [8]. A 2013 analysis estimated the
annual economic cost of food allergy in the USA at
$24.8 billion [9].
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Outcomes in food allergy research

KEY POINTS

e There is significant variation in reported efficacy
outcomes in clinical trials of food allergy treatments,
which hampers comparisons between protocols and
different treatment modalities.

e These considerations are often investigator-driven and
do not consider patient perspectives.

e Using more rigid, less conservative definitions for dose-
limiting symptoms (where subjective symptoms such as
abdominal pain are considered “tolerated”)
overestimates efficacy.

e However, using absence of any symptoms to define a
tolerated dose underestimates efficacy.

e Defining a tolerated dose by the absence of
bothersome or nontransient mild symptoms might be
more meaningful to patients than definitions which are
based on no symptoms or absence of dose-limiting
symptoms

Another significant shift has been in the strat-
egies used to manage food allergy. Until recently, this
had been restricted to dietary allergen avoidance and
provision of rescue medication (e.g., injectable adre-
naline [epinephrine]) for treatment of anaphylaxis.
Arguably, these are arisk management strategy rather
than a treatment. Food allergen immunotherapy
(AIT) has become increasingly popular as a disease-
moditying treatment. Oral immunotherapy (OIT) for
cow’s milk and hen’s egg is offered routinely in some
countries (Spain, Italy) and gaining wider acceptance
elsewhere, while a commercial product for peanut-
OIT has been approved for clinical use in the USA and
Europe [10]. Studies to date have generally deter-
mined AIT “success” by an individual’s ability to
“tolerate” a specified dose at oral food challenge
(FC) following treatment [11™]. In this review, we
summarize the rationale for this, how efficacy out-
comes have varied considerably in previous studies
and the challenges this causes when counselling
food-allergic individuals and their caregivers as to
efficacy outcomes and the best form of AIT for any
given patient.

The main aim of food-AlIT is to increase the reaction
threshold for a food-allergic individual, which in
theory would increase the amount that person can
be exposed to without reacting [10]. Evidence also
suggests that treatment results in reactions of lower
severity, where these occur [12]. In some patients, the
reduction in risk of accidental exposures may be
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sufficient [13], however for others, the aim is to
achieve a degree of dietary normalization or even
ability to eat the allergen ad libitum [14]. Unfortu-
nately, achieving the latter (something often
described as “tolerance”) is uncommon, and thus
food-AlT cannot at this time be considered a curative
therapy [10]. If the primary aim is to reduce risk of
accidental reactions, then the most relevant efficacy
outcome should be a reduction in accidental reac-
tions, something which has been described as “field
efficacy”. The United States Food and Drug Admin-
istration (FDA) defines this as “the rate and/or
severity of reactions to food exposures encountered
outside a controlled clinical setting” [15]. However,
the risk of accidental reactions is dependent on expo-
sure: different patients follow different levels of diet-
ary avoidance — something which may well change
following treatment. To assess rate of accidental reac-
tions pre and post-AIT would require an initial obser-
vation period of at least 2-3 years (in order to capture
sufficient events) and then a similar period of mon-
itoring after treatment. Data capture and correcting
for confounding by changes in dietary avoidance
would be challenging. All these factors mean that
using rate of accidental reactions as an outcome
measure is not feasible in clinical trials [16].

To address these issues, both the FDA and Euro-
pean Medicines Agency (EMA) have accepted the use
of a double-blind, placebo-controlled food challenge
(DBPCEFC) as a surrogate marker of efficacy in trials of
food-AIT [15-18]. The FC can provide evidence of both
an increase in reaction threshold and a decrease in
symptom severity to any given level of exposure, in a
controlled setting. However, such outcomes are not
necessarily considered patient-centric: while adopting
shared decision-making has rightly become a standard
for consenting patients to food-AlT, efficacy data
(“tolerance to 600 mg food protein”) does not always
translate into clear and tangible patient benefits [19].
Studies have sought to overcome this by reporting
changes in health-related quality-of-life (HRQL), usu-
ally by parent proxy (especially in children under
12years) [11*]; however, the inclusion of patient/
caregiver perspectives remains insufficient, and this
is a high-priority gap [20]. Indeed, some large clinical
trials have failed to demonstrate consistent evidence
of improved HRQL with peanut-OIT across age groups
[21,22]. This has resulted in some health-economic
assessments recommending against implementation
of OIT in routine practice [23,24].

Most trials have utilized FC outcomes (such as desen-
sitization or absence of “dose limiting symptoms”) to
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with interquartile range. Figure reproduced from reference [1

a specific dose of allergen as the primary outcome (see
Fig. 1) [11™]. However, there is no consensus as to
what that specific allergen dose should be, nor how to
define what symptoms are “dose limiting”. This has
led to significant heterogeneity in outcomes used
[11**]. Furthermore, these are investigator-driven
outcomes (e.g., informed by international consensus
criteria on how to conduct DBPCFC) which do not
prioritize patient or caregiver considerations. While
other allergic diseases (such as eczema) have estab-
lished core outcome sets (COS), there is no current
COS for food allergy. The EU-funded Core Outcome
Measures for Food Allergy (COMFA) initiative aimed
to establish a COS for food-AlT trials, but was only
partially successful: only two outcomes, “allergic
symptoms” and “quality of life” achieved consensus
for inclusion as ‘core’ outcomes, with no agreement
in terms of efficacy outcomes related to desensitiza-
tion [257].

The criteria used to define whether a dose is
tolerated, that is absence of any “dose limiting
symptoms” also varies between studies; indeed,
some studies fail to clarify their definition of a
“tolerated” dose altogether [26,27]. Changing the
symptom-threshold required for a dose to be con-
sidered “tolerated” can have a very significant
impact on reaction threshold. Figure 2 illustrates
this issue — the vast majority of allergic patients
do not experience an all-or-nothing response at
FC; rather, symptoms evolve from mild and often
subjective symptoms (such as oral pruritus) at low
levels of allergen exposure. At each subsequent dose,
the patient may develop new symptoms until expe-
riencing sufficient features to fulfil predefined chal-
lenge-stop criteria.

1473-6322 Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

] with permission.

To reduce inter- and intra-clinician variation in
determining challenge-stopping symptoms, many
trials have used the 2012 PRACTALL consensus cri-
teria [28] (which have just been recently updated)
[29]. Whilst this has added a level of objective repro-
ducibility to determine reaction thresholds, in prac-
tice, patients often experience symptoms that cause
discomfort before they reach this stage — particularly
oropharyngeal and gastrointestinal symptoms (such
as throat tightness, nausea and abdominal pain) [29].
Even when PRACTALL is used, interpretation of
symptoms is dependent on clinicians’ and patients’
prior experiences [28-30]. Some criteria have there-
fore required a lower level of objective symptoms to
define “dose-limiting” (Table S1, Supplemental Dig-
ital Content, http://links.lww.com/COAI/A42) [31],
but this can adversely impact both objectivity and
reproducibility of the DBPCFC as an assessment tool
[32]. Indeed, a publication from the Consortium for
Food Allergy Research (CoFAR) states that the FDA
and CoFAR investigators determined that a previous
grading system [33] to describe adverse events asso-
ciated with procedures specific to food allergy studies
(such as oral FCs and OIT dosing) “was too subjective
for widescale use,” resulting in the development of a
system that incorporates objective signs and symp-
toms [31]. Using an individual patient data (IPD)
meta-analysis, we previously demonstrated that the
use of less-objective stopping criteria could poten-
tially over-estimate the efficacy of OIT (as determined
by tolerating a specified allergen dose) by 15% [32].
This was predominantly due to the use of less objec-
tive symptoms underestimating the baseline reaction
threshold, leading to an overestimate of treatment
effect.
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Typical evolution of symptoms during a food challenge. Doses 1 and 2 do not cause any symptoms and are thus
fully “tolerated”. Dose 3 causes transient throat tightness. Dose 4 causes transient mild lip oedema and a recurrence of throat

tightness — which might be considered “dose-limiting” according to definitions from the Consortium for Food Allergy Research
(CoFAR) [31,33] but not PRACTALL [28]. Even with the onset of abdominal discomfort after dose 6, the challenge continues
with dose 7 after which the abdominal pain which becomes persistent and thus PRACTALL challenge-stop criteria are met.

To further explore how different definitions for
dose-limiting symptoms impact efficacy, we under-
took a further IPD meta-analysis using data from
three peanut-OIT randomized-controlled trials
[34-36] and a registry of patients undergoing pea-
nut-OIT in a real-world setting (Table S2, Supple-
mental Digital Content, http://links.lww.com/
COAI/A43). Symptoms during both baseline and
post-OIT food challenges were then re-evaluated by
2 independent assessors according to the following
definitions:

(1) No dose-limiting symptoms (DLS): Maximum
dose at which no dose-limiting symptoms
occurred according to PRACTALL or equivalent.
Under this definition, symptoms not considered
dose-limiting, such as isolated abdominal pain
or nausea, or mild skin symptoms, would be
considered “tolerated”.

No activity limiting symptoms: The highest
dose without any “activity-limiting symptoms”
which equates to the dose before the presence of
grade 2+ CoFAR symptoms [33].

No nontransient symptoms: The highest dose
at which there are no symptoms, except for
transient mild (grade 14+ COFAR) symptoms

)

3)
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[33]. Under this definition, mild COFAR grade
symptoms, such as an itchy mouth or throat,
occurring for <20 min would be considered
“tolerated”.

No observed adverse event level (NOAEL)
(objective): The highest dose before onset of
any objective symptoms or signs. Under this
definition, any degree of subjective symptoms
(including significant abdominal pain) would
be considered “tolerated”.

NOAEL (any): Under this definition, any symp-
toms — irrespective of severity or duration -
would be considered “not tolerated”.

(4)

®)

Some food-AlIT studies have also included the
requirement for a minimum 10-fold or even 100-fold
increase in maximum tolerated dose to define treat-
ment success [37]. These were therefore included as a
composite measure for the first three definitions.
Inter-rater agreement in evaluating reaction thresh-
olds using these definitions was also assessed. There
was complete agreement for the “NOAEL (any)”
threshold (xk=1.00), and “excellent” agreement for
the other definitions used: “No DLS"” (xk=0.97),
“No activity-limiting symptoms” (k =0.98) “NOAEL
(objective)” (k =0.97), “No nontransient symptoms”
(k=0.82).

Results from the analysis are shown in Table 1.
The use of more rigid, less conservative definitions
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72 (28/39) 62 (24/39) 72 (28/39) 62 (24/39) 67 (26/39) 56 (22/39) 69 (27/39) 21 (8/39)

85 (33/39)

[TT

for dose-limiting symptoms overestimates efficacy,
in that some participants will experience symptoms
(such as abdominal discomfort) which are “toler-
ated” but were they to occur at home, would cause
anxiety and probably prompt treatment. Using “no
symptoms” as the definition for tolerance might
also be expected to over-estimate efficacy, since this
under-estimates baseline reaction threshold [32].
However, following AIT, many patients continue
to experience mild transient symptoms such as oral
pruritus to low doses, thus classifying these low-
grade symptoms as “not tolerated” actually under-
estimates efficacy. Indeed, continuing to experience
such symptoms to low levels of exposure can serve as
a useful “early warning” against further consump-
tion of a potentially-contaminated food. Therefore,
it is probably unreasonable to classify mild transient
symptoms as “not tolerated”. In support of this, a
survey of 857 patients who had undergone OIT and
their parents suggested that experiencing mild
symptoms only to the triggering allergen is an
acceptable patient-related outcome in the wvast
majority of respondents [38"].

The analysis also clearly demonstrates that
headline efficacy will vary depending on the dose
chosen for evaluation of primary outcome: choos-
ing a higher dose confers greater protection, but
fewer patients achieve that outcome: particularly if
other requirements (such as a minimum 10-fold
increase in threshold) are also needed (Fig. 3). The
PEPITES trial studied epicutaneous immunother-
apy for peanut allergy, and in subjects reacting to
<3mg at baseline FC required at least a 100-fold
increase in reaction threshold to achieve the pri-
mary outcome (reacting to >300mg peanut pro-
tein after treatment) [37]. While a 100-fold
increase is clearly a much more rigid definition
of treatment success (and impossible to demon-
strate in those who react to >30mg since the food
challenge does not usually include sufficiently
high a top dose), it may be appropriate to have
“tolerance to 300mg peanut protein” (approxi-
mately 1'/> peanuts) as a primary outcome of effi-
cacy in peanut-allergic individuals who are low-
dose reactors.

Informed consent is a critical and legally-mandated
step towards both participation in a clinical trial
and/or receiving a clinical intervention. Given that
food-AIT is becoming routine, it may no longer be
ethical for studies of food-AIT to include a placebo
group [39]. Providing a meaningful interpretation
of expected clinical efficacy is therefore needed.
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or 100-fold increase to no required minimum.
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Historically, this might have involved simply telling
patients and their caregivers that the treatment is
80% successful. However, such a statement fails to
provide the necessary detail in terms of what “suc-
cess” means, specifically what amount of the food
allergen might be consumed and what symptoms
might be experienced. It is possible to communicate
this in a format that is understandable by the major-
ity of potential patients and their families (see Fig. 4)
[40].

Furthermore, as we move towards different
modalities of food-AlIT being available (rather than
just being limited to OIT), with or without adjunct
treatment with a biologic such as anti-IgE therapy
[41], it will become increasingly important to com-
pare relative efficacy across different treatment pro-
tocols. Unless action is taken now to ensure certain
efficacy outcomes are used in all studies, advising
patients as to the best treatment option for them
will become almost impossible.

INCORPORATING THE PATIENT VOICE

Understanding what outcomes from food-AIT are
meaningful to patients is going to require direct
engagement with patient groups. Experience from
the COMFA project has demonstrated that this may
be challenging [25%]. However, patient/caregiver
engagement must be a key step in reaching con-
sensus on what the optimal outcomes for F-AIT
interventions should be. To address this, the CO-
FAITH taskforce undertook a prospective cross-sec-
tional international study to understand caregiver
perspectives on the burden of FA, their mindset
towards the treatment, and prioritize potential clin-
ically relevant outcomes for them. 857 patients and/
or their caregivers were recruited, all of whom has
undergone AIT to either milk (42%), peanut (40%)
or egg (19%) [38™]. A data-driven analysis demon-
strated that patients/caregivers could be categorized
into a number of clusters depending on whether
their motivation for food-AIT was to achieve

80% tolerated 4g milk protein

No
symptoms

=5

120 mLs
(1 glass)

R
(VTN T

Up to 30mins of symptoms

ORAL FOOD CHALLENGE TO MILK

“After 1 year of immunotherapy, 20% of patients had no symptoms after drinking 120mL
(about 1 cup) of cow’s milk and 5% had no symptoms after drinking 250mLs. Allergic
reactions requiring medication to treat the reaction, including anaphylaxis, occurred in 20%
of patients after drinking 120mLs, and in 55% after 250mLs. Mild to moderate symptoms
not requiring medication, e.g. up to 30 minutes of nausea or skin itching, were reported by

“After 1 year of immunotherapy, 80% of patients could drink a glass of cow’s milk without a

20% e.g. nausea oritch
60%
GOOD
EXPLANATION
60% of patients who drank 120mLs of milk.”
POOR
EXPLANATION reaction requiring medication.”

45% tolerated 8g milk protein

l’( No
In symptoms
250 mLs
(2 glasses) ro

PR
ouep W

Up to 30mins of symptoms
e.g. nausea or itch

FIGURE 4. Communicating efficacy outcomes from trials of F-AIT can be done effectively. Figure reproduced from [40] with

permission.
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“protection from accidental exposures”, “improve
socialization” with respect to food consumption,
“normalization” (being able to forget about their
allergy and no longer needing to carry rescue med-
ication) or a combination of these. Interestingly,
while 70% of the cohort felt that an important
patient-reported outcome would be eating a small
serving of the allergen with no symptoms, this
increased to 90% if mild symptoms would be toler-
able. This suggests that defining a tolerated dose by
the absence of bothersome or nontransient mild
symptoms might be more meaningful to patients
than definitions which are based on no symptoms
(NOAEL) or absence of dose-limiting symptoms
such as PRACTALL or CoFAR [33].

To allow patients and their caregivers to truly grasp
the potential benefit of food-AIT, they need to
understand how treatment success has been defined
in clinical trials, including what constitutes a “tol-
erated dose”, how this translates to “field efficacy”,
i.e. real-life protection against unintended allergen
exposure — and in turn, how this compares to their
expectations and goals for treatment. As we move
towards being able to offer a range of different treat-
ment modalities to patients, we need to be able
compare efficacy across different studies — some-
thing that can only be done if studies report “tol-
erance” to a specific dose or doses in a consistent
way. Effective discussions with patients will also
require better understanding of the actual risks of
treatment. While this review has focussed on defin-
ing treatment “success”, significant heterogeneity
also exists across studies in reporting adverse events.
Consensus is needed on how best to report both
efficacy and safety outcomes, with input from stake-
holders including patients/caregivers. Reaching
consensus will pave the way for clinicians to help
their patients to make truly informed decisions
about embarking on treatments for food allergy.
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