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Abstract

Food allergy continues to laesignificant public health conaeffor which tere are no
approved treatments and management strategies primarily include allergen avaithnc
pharmacolegical measures for accidental expostasl allergy is thought to result from
either a failure to establish oral tolerance or tleakdwn of existing oral tolerance,
therefore, gperimental preventative and treatment strategies are now aimed at inducing
specific oraktolerance. This may occur in infancy prior to the development of feogyall
through the optimal timing of dietary exposure (primary oral tolerance induction) or as a

treatment for established food allergy through oral immunotherapy (secondanieraide
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induction).Trials examining the effectiveness of early dietary allergen exposure to prevent
food allergy have iglded promising results for peanut allergy but not so for other allergens,
although the results akveralrials are yet to be publishedlthough infant feeding

guidelines no longer advise to avoid allergenic foods and exposure to food allerggnis orall
an important'step in inducing food tolerance by the immune system, evidence regarding the
optimal timing, dose and form of these foods into the infant’s diet is ladkikewise, oral
immunotherapy trials appear promising for inducing desensitisatioeverwthe long term
efficacy ingachieving sustained desensitisation and optimal protocols to achieue this

unknown.More.research is needed in this emerging field.

Word count' 3998

Introduction

Food allergy continues to laesignificant publichealth concernThe prevalence of food
allergies has.inereased in recent decdti€?) with a recent study suggestitige epidemic is
yet to reach, its peaks hospitalisations for foeidduced anaphylaxis continue to ri¢é)

There are noapproved treatments for food allergy and management strategies primarily
include allergen avoidance aptdarmacological measurés symptom control following
accidental exposuréncludingantihistamine for mild reactionsand intramusculaadrenaline
for those that are severf@espite vigilant effortdy most accidental exposures may still
occur and families can experience significant anxiety around dietary choices and fear of
severe reactions resulg in reduced quality of life. (5)

A proportion of children with food allergy will outgrow the disorder indicating thalt or
tolerance.can.develop in previously allergic individuals. This is dependent on the type of
allergen therehild is allergic to, with studies on the natural history of foedll
demonstratingsthat tolerance develops more frequently in egg and milk alheligiduals
compared.to’peanut (6-8). Oral tolerance is the active inhibition of imnmspenses to food
proteins previeusly encounterdy the gastrointestinal tract afubd allergy is thought to
result from either a failure to establish oral tolerance or the bogakdf existing oral
tolerancg9, 10). Therefore, xperimental preventative and treatment strategies are now
aimed at inducing specific oral tolerance. This may occur in infancy prior to thepmesit

of food allergy through the optimal timing of dietary exposure (primary oral tolerance
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induction) or as a treatment for established food allergy through oral immurmthera
(seondary oral tolenace induction)This article reviews the literature surrounding specific

oral tolerance inductioim children

The Development of Food Allergy and InductionQvil Tolerance

Food allergy iglassically associated with an imbalance between Th1/Th2 responses.
Individuals;who have not acquired tolerance to a specific food during early childhood exhibi
a Th2 response which is associated withtland IL-13 cytokine-dependent inflammation

and subsequent B cell production of IgE antibodies. Food alleaiparacterised by elevated
levels of faedspecific IgE antibodies in conjunction with clinical reactivity, as well as

increased Th2 'cells and low regulatory T cell cytokine responses to the all@rjen

Oral tolerance is the active inhibition of cellular and humoral immune responses to food
antigens. This inhibition occurs through several mechanisms including the production of
regulatory T.cells and the deletion of antiggrecific T cells. In studies of the natural history
of food allergy.the development of tolerance is associated with a decrease spéodc:

IgE antiboedies and concurrent increase in IgG4 antibodiizd 8). Tolerant children exhilbi

a Thl predominant cytokine responses, low or absent IgE antibodies andctioicelty

react to the allergefi0, 14). Allergen specific therapiesm to induceoral tolerance which

can be also be measurietmunomodulatory responses, such as reduced IgE antibodies and

increassin IgG4 and regutory T cellswhich suppress the allergic response.

With an increased understanding of oral immune tolerance together with results f
epidemiolagical studieand recent clinical triaJsurrentguidelines concerning the

prevention of foad allergieirough allergen avoidandeve been called into question. Burks
et al. suggestedhat increased understanding of the mechanisms involved in tolerance has
shifted thesfecus of treatment and prevention towards inducing tolerance, through allergen
exposureX5). There is emerging evidence to suggest that exposure to the propef dose
antigen during,a.critical period in early life is important for the shaping of the appropriate
immune response to foods (16).

Primary OralTolerance Induction — Prevention of food allergy
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Early preventative strategies to curb the rise in food allergies were aimed at allergen
avoidance, specificallpnaternal allergeavoidance during pregnanayndlactation and the
delayed introduction of allergens into the infant’s diet. These avoidance polaiedased

on little scientific evidence and subsequent observational studies have shown that these
measures arevineffectivim fact, delayed introduction of allergenic foods into the infant’s
diethas now been shown to increase the risk of food allergy (through an RCT for peanut
allergy and observational studies for egg, wheat and cow’s anilk)t is postulated that

there is amoptimakindow of oral allergen exposure to induce immune tolerance (17-20).
The “dualallergen exposure” Ippthesigoroposes that sensitisation to food allergens occurs
through low-dose cutaneous exposure in infants with skin barrier dysfunction, such as
eczemalt has‘been shown that exposure of infant’s inflamed skin to peanut protein in topical
creams is associated with an increased rigieahut allergy (21)-o0od tolerance is
subsequently induced by exposure to allergens through the omhlrmlitherefore the
development of food allergy depends on the timing and balanced&®tutaneous and oral
exposure Z2). Considerable interest now surrounds the hypothesis the early introduction of
allergens into.the infant’s di&till induceoraltolerance and therefore prevent the

development'effood allergy.

RCTs on the prevention of peanut allergy through early dietary exposure

Table 1 summarises recent randomised controlled trials and those currently in progress
investigating whether early introduction of solids can prevent food all€hgyLEAP study

is a randomised opdabelled trialwhichaimed to determine whether the gartroduction

of dietary peanut, as opposed to peanut avoidance, can prevent peanut allergy. Infants
consideredo be at high risk of peanut allergy on the basis of having egg allergy, severe
eczema or both.were recruited betweelrldmonths of agdRartcipantswere stratified based

on their SPTresponse to peanut (Omm versimidy, SPT>4mm excluded) and within the
strata weresrandomised to either consume 6g of peanut protein per week or no consumpti
until 5 years'of age. In SPT negative children, the prevalence of peanut allergy in
consumption'vs. no consumption group was 1.9% and 13.7% respectively (p<0.0001) which
represents a risk reduction in peanut allergy of 86%. In SPT 1-4mm children, thepceval

of peanut allergyvasalsolower in peanut consumption versus no consumption group (10.6%
and 35.3% repectivelyp=0.004), representing a risk reduction of 70%. Immunological

markers also differed between the peanut consumption and no consumptioragfolipa-
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135  up. Both the mean SPT wheals and number of markedly elevated ppaniiic IgE levels

136  were higher in the avoidance group. In contrast, the peanut consumption group had higher
137  peanut IgG and IgG4 levelsmieasuresghat areassociated with toleran¢g3).

138

139  Althoughrthis'study has received much attention, questions remain as to how these findings
140  can be implemented at the population level. Due to the increasing problem of peagyt aller
141  and few available preventative strategies, the accompanying editorial called for widespread
142 screeningof at rislnfants. It proposed that infants at risk of peanut allergy should undergo
143  SPT and those wha@anonsensitised should include peanut into their diet whilst those with
144  mild sensitisatiorshould undergo a food challenge prior to incorporating peanut into the diet.
145  (24) However applying these recommendations at the population level pose significant

146  barriers. Using'the HealthNuts population-based sample of 5276 infants, Kbalifound

147  that16% of the population would require screening yet would miss 23% peanut allergy cases
148  at the population level. (259everal questions remain that the LEAP trial and current research
149  are yet unable to answemhd effectiveness of early peanut introductiosensitised infants

150  with SPT >.4mmris not knownas these infants were presumed to be already peanut allergic
151  and excluded from the LEAP studyPT as a screening step in those who areghtriskis

152  controversial'and there is general consensus that population based SPT screedibg woul
153  both prohibitively expensive and possibly lead to over-diagnosis of food allergy. Finally,

154  not known whether early introduction of peanut is an &ffegreventative strategy in those

155  who are not considered at higkk as the LEAP study only included infants with a history of
156  egg allergy or severe eczema

157

158  RCTson the prevention of egg allergy through early dietary exposure

159

160  Two studiés.have addressed whether early introduction of egg into the infamgsadiet

161  effective measure to prevent egg allergy. The STAR trial recruitedrisigimfants with

162 moderatesevere eczema at 4 months of age and randomised them to receive either 0.9g of
163  egg proteinspavder or placebo (rice powder) per day from 4 to 8 months ofTdge.

164  prevalence of.egg allergy at-h2onths was lower in the intervention arm compared to the

165 placebo but did not reach statistical significance (33% and 51% respgqbivel11).

166  Unexpectedly, a high proportion of infants reacted to the study powdstly at the first

167  exposure. 31% (15/49) of infants in the intervention group reported an allergiomgadihe

168  egg powder, including 1 case of anaphylaxis and 8% (3/37) of the placebaegotgu to
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the rice powderAs a result, thigrial was terminated earlyhich may haveesultedn
insufficient powelto detect a statistically significant effeatthough the current results
suggest a trend towards allergy preventloomunological assessment showed that infants
who consumed egg protein had significantly higher IgG4 levels at followiph are
markers of tolerancé26).

The results of the HEAP study are only available in abstractdbtiis point in timeln this

study, 184infants receivemhsteurise@gg white powder 3 times a week compared to 199
infants in the placebo group wieceivedrice powder starting at 4-6 months until 12 months

of age. Early consumption of pasteurised egg was not effective in preventing egg allergy. In
contrasto the/STAR trial, this study was populatibased anihfantswere screened for pre
existing egg allergy. Despite this, three of 184 infants reacted to the egg povidér at f
exposurancluding one episode of anaphylaxis7). Three other studies are currently in
progress, STEP and BEAT assessing egg allerdyPaeventADALL assessing egg, peanut

and milk allergy; the results are eagerly anticipated.

RCTs on the,prevention of food allergy through early dietary exposure

The recently_published EAT study compared the early introduction of 6 allergenic foods
(peanut, egg, cow’s milk, sesame, fish and wheat) from 3 months of age to standard
introductiaon of solids from 6 months of age in exclusively breastfed infants, withitharpr
outcome being reduced food allergy. (2Bjfortunately, he study failed to show a

significant reduction in food allergy at 1-3 years of age with food allecgurring in 7.1%

of the standard-introduction group compared 5.6% of the early-introduction group
(p=0.32).This may be reflective of poor compliance in the early introduction group (only
42% consumed the target doses of the allergenic foods), or because the age at allergen
introductionsinthe intervention and control groups may not have been different enough to

have a bioloegical effect.

Implications

Importantly, the EAT study found that the early introduction of solids at the populetiein
was safeand did not negatively impact breastfeeding rates, a concern held by some

community groups. (29) However, an unexpectedly high number of adversewesnts
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203 reported in the STAR triahnd to a lesser extent HEAP. In the STAR trial a significant

204 number of infants reacted to egg protein on their first known exposure, suggesting that
205  sensitisation to egg had occurred prior to 4-6 months of age, possibly in utero, during

206 breastfeeding oria cutaneous exposure. This may be reflective of population differences,
207 EAT waspopulation-based whereas STAR comprised of high risk infantsn&ltesly, the

208 form that the foad was administered may play an important role in safety. Reapkarc

209 egg was used in EAT with few adverse events reported however pasteurised egg protein
210 powder which is more allergenic was administered in both STAR and HEAP where more
211 adverse events were seen.

212

213 Although infant feeding guidelines no longer advise to avoid allergenic foodsimfahés

214  diet (30)evidence regarding the optimal timing, dose and form of these foods into the

215 infant'sdiet islacking. Exposure to food allergens orally is an important step in inducing
216  food tolerance by the immune system and the early introduction of both egg and peanut is
217  associated.with immune tolerance induction pathways demonstrated by highspéuotfo:

218  1gG4 levels.in.consumption groups compared to avoidance groups in both LEAP and STAR.
219  However itis'not clear from current studies what age is optimal for exposure to allergenic
220  solids ta prevent allergy, nor the minimum dose required.

221

222 Secondary Oral Tolerance Induction — Treatment of food allergy

223

224  In established food allergy where tvémaryinduction of oral tolerance has failed, emerging
225 therapies are using similar mechanistic principles of regulardinse allergen exposure as a
226  treatment for a food allergyhe primary goal of oral immunotherapy is to induce non-

227  responsiveness the immune system whea-exposed to the allergen by inducing

228 immunomaodulatory responses whilppress the allergic response. This can result in either
229 desensitisanrorsustained unresponsivendsssensitigtion is defined as a change in the
230 thresholddese=of an ingested food allergen necessary to cause allergic symptoms, a state
231 dependent:on the ongoing antigen exposui@kBts of desensitisation include increased

232 1gG4 and reduced IgE as well as decreased activation and release of inflammatory mediators
233 by mast cells and basoph({23, 31). By contrasgustained unresponsivenésshe induction
234  of long-term immunological changes associated with the ability to ingest a fdomlitvi

235 symptoms and without ongoing theragoyd has recently begmoposed in preference to

236 tolerancewhen describing immunotherapy outcomes (F&e mechanisms dhis tolerance
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induction include the active modulation of the immune response to promote regulatdry T cel
development and immunological skewing away from a Th2 responsg1(133), with the
addition of regulatory B cells recently found to significantly affect immune toteran food
allergies(34, 35).

Oral immunotherapy trials

Tables 2-4summarise characteristio§ OIT trialsfor peanut (12), egb) and milk (10).
Collectively.the data shows that OIT trials vary in study degigstocols and outcomeshe
majority of studies were small with less than 5Qipgrants; 4 peanut, 3 egg ananilk

studies had20 or fewer participar{&6-43).0OIT protocolsvaried in terms of the buidp

and maintenance time period, maintenance dose and amount of food required to be tolerated
atfollow-up OFC to declardesensitisation and tolerancgtandardisation dDIT protocols

is lacking and w are yet to discovehe optimal induction and maintenance scheduling and

whether they differ by patient age or underlying severity of disease. (44)

Outcomes of,Ol T studies: Desensitisation versus sustained unresponsiveness

All studies reported high rates of desensitisation, defined as the ability to pass a food
challenge at conclusion of the OIT protocol. Desensitisation following peanut OlTdrange
from 62% to 100%, egg OIT 57% to 94% and milk OIT 36% to 90%. However, the long-
term implications of this are largely unknown because few studies evaluated sustained
unresponsiveness which is the continued tolerance following a period of allergemagoida
after successful desensitisation. peanut OIT sustained unresponsivernveas achieved in
14% to 50% participants following avoidance for 2 weeks to 3 months (38, 4d Was as
high as 82%.ia recenstudy that used an adjuvant probidbcachieve sustained
unresponsivenessdter 25 weeks avoidancd®). For egg OIT sustained unresponsiveness
was achievedsin around 30% of participants following up to 3 months of continued avoidance
(40, 49, 50)~In other words, after discontinuing the therapy, egg allergy recurred in 70% of
children following 3 months of egg aveidce(50). Similar results are reported for mik1).

At this stage it is unclear whether the therapy needs to be continued lifelongtaima

tolerance.

Adverse events

This article is protected by copyright. All rights reserved



271

272 Adverse reactions during OIT are common and have contributed to participant drop-out i
273 some studiesAdverse reactionamong those who continue wi T areoften mild and

274  usuallymanaged with antihistamingsoweversevere reactions also occur one milk OIT,

275  47% of participants reported moderate adverse readg@ysvhilst in anothetargemilk

276 OIT, 46% of participants (n=280) required epinephrine during the induction phase and 15%
277  of participantsequired epinephrine use at home. (B8yerse eventduring egg OIT have

278 occurred in as many as 70%participantgn=14/20) with mostequiring premedications.

279  (41) In a study,of 50 children examining the safety of egg OIT, 26% of children required
280 adrenaline, Predictors of more frequent and severe reactions to egg Oldnderlying

281  asthma, high eggIgE and lower tteshold dose on baseline DBPCFC. (Bdyerse

282  reactionsarea significant barrier for bringing OIT to clizal practice.

283

284  Adverse reactions during OIT may also have unintended consequBafm@e. the

285 development of OIT protocols, patients were advised that allergen avoidandewad,t

286 treatment forfeod allergy and even mild symptoms from accidental iogestere to be

287 feared andiavoided to minimize the risk of a more severe allergic reactions. Bastanbst

288  OIT protocols report a high rate of adverse events including allergic reactions involving the
289  respiratory system requiring epinephrine. There is concern that by advisinggatien

290 continue OIT despite the development of allergic symptoms involving the airway, eoald s
291 the wrong.message that allergic reactions to food are acceptable. As such, an unexpected
292 adverse sideffect of OIT protocols might bilne desensitisation of patients and families to
293  signs of allergic reactions rather than the development of tolerance to the food itself. With the
294  paradigm shift in thinking about allergen avoidance as unnecessary for allergy previenti
295 must be ensureithat allergen avoidance remains central to the care of those with confirmed
296 food allergy.and'who are at risk of anaphylaxi4) (

297

298  Limitationsofeurrent OIT trials

299

300 Only a few studies compared OIT to a placéd) 48-50, 55-57). It is well known that food

301 allergy is transient in some individuals with an estimated 20% of children allergic to peanut
302 and 80% allergic to egg and milk expected to naturally develop tolerance (6, 8, 58-60).

303 Therefore, ithout an adequate control arinis difficult to ascertainwhetherthe treatment

304 effect wasentirelydue toOIT itself, or what would have occurred incidentally considering
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the natural history of food allergy. In studies with a comparison group, either placebo or
allergenavoidanceit is evident that OIT is superior the control, Hhough desensitisation

occurs in up to 1% of participantsn the control arms some studie&8, 50, 57).

In one study“(not included in the summary tables because results were presented for egg and
milk OIT combinel) developmenof tolerance in the control arm was the same as the OIT

arm 36% and 35% respectivglgsl). In addition, arrent OIT studies argenerally not
controlledior factors that are known to predict the development of tolerancexdraple,

egg allergic.infants who are able to tolerate baked egg are more likely to deletapde

and this underlying phenotype mayaract withthe effectivenessf®IT (7). Samples als

varied in age/afactor that is also know to influence the natural histtogaéllergy.(58)

Only oneOIT study accountetbr factors that are associated with the natural development of
toleranceandrandomised participants basea age ¥ and < 5 yeajsand SPT wheal size (>

or < 10mm) (48).

Mechanism.and:biomarkers

Food allegy is the consequence of either a failure to establish oral tolerance or an
interruption of-existing tolerance, resulting in dysregulated Th2 responses aadiaten
hypersensitivity reactions upon antigen re-exposure. A decrease in the Th2 phenotype is
important for the success of OIT, with patients who have successfully undergone peanut OIT
(45) and egg OIT (41) from two separate studies showing that shift away from ©kiheyt
production by peripheral blood mononuclear cells. More recent evidence supports that
impairment in regulatgr T cell induction and innate immunity might contribute to Th2
polarization in food allergic patients. Syetdl. highlighted the importance for the induction
of allergenspecific Tregs, which correlated with clinical reactivity in a phase 1 f6)yf

23 participantstundergoing peanut OIT over a 24-month period. In patients who regained
sensitivity tespeanuts, the FOXP3 gene in antigen induced regulatmils became
methylateds«compared patients who remained tolerant after 6 months post immapmpothe
staying de-methylateduggesting cellular changes in immune responses may precede

humoral immune modulation.

However, there is a clear lack of biomarkers or standardized guidelines for assessing the

likely long-term effectiveness of OIT in inducing tolerance. Desensitization is seen to be
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associated with changes in a number of immunological parameters, indicativeufe
modulation. In patients who have undergone egg OIT, patients who were able to tolerate
significantly higher doses of egg protein than noted at entry had decreased skae test si
reduced egg specific IgE levels, and increased 1gG4 164€ls62) More recently, findings
from milk-and peanut OIT trials have found that there is no significant difference igEh
levels after immunotherapy. However both milk and peanut specific IgG4 levelscsigtiyf
increased(23, 46, 63, 64A metaanalyses of 21 trials indicates that desensitinas
associated with a significant reduction in skin prick test responses to the relevant food (mean
difference—2.96 mm, 95% CI 4.4:45) and an increase in specific IgG4 levels (average
increase 19.9 ug/ml, 95% CI 17.1-22.6). The majority of studies, however, do not report a
reduction in' allergesspecific IgE(65). These findings suggest that IgE may not be a useful
marker of resolution and is more closely linked to persistent all&rgy/challenge remains

to identify those that best predict loctegyrm effectiveness.

Future directions

Although clinical desensitization and immune modulation have been demonstrated, th
strength of the current evidence from early clinical trial designs is insufficient to change
practice Theresremais many unanswered questiomish regards to OITWe are yet to
discover the optimal induction and maintenance scheduling and wttetkediffer by

patient ageunderlying severity of disease levels of immunological biomarkers is not
known whether these early positive findings willreplicatedwhen tested itrials with

larger numbers of participants. Little is known about post-immunotherapy outcomes and
whether OIT needs to be loigrm or even indefinite or what the likelihood of allergic
relapse igollowing cessation of treatmenthese issues will be difficult to tease out because
recruitment.ofood allergic patients into double-blind study piaits can be difficult. This is
due to therrisk®af anaphylaxis to these patients both from challenges required to ealidate

criteriaas well-as outcome measures also from the therapy itsgd4).

Although the‘rapid growth in publications outlining partial succesns frarious OIT

protocols offers an exciting development and real hope for patsetistantially more data

on longterm safety and effectiveness are required before widespread adoption in clinic is
likely. In addition,a note of extreme caution needs to be sounded because of the risks

inherent to study participantShis includes both anaphylaxis ahe risk that patients
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themselvesnight attempt initiation of OIT protocols at home without appropriate medical
supervision. Of further concern is the wide variation in protocol methodologies|as\ied
lack of standardization of outcome measures. The persistent heterogeneity diesigdy

and quality will ultimately curtail the ability to formally assess the overall effectiveness of
OIT pratecolstacross multiple centresregulatory requirement before such therapies could
be safely considered for routine clinical ({4é).

Conclusion

Currenttherapeutic strategies are focused on harnessing oral tolerance to modulate the
allergic response using antigen specific modalities. The realization that antigen exposure may
drive tolerance’is being explored in prophylactic and therapeutic trialsddrallergy. lis

too early to say whether food allergy can be prevented early in life theaulgldietary

exposure, although early studies for peanut allergy prevention are proriitgt. OIT for

the treatment of food allergy continues to prove more effective than avoidance diets,
evidence peintsimore to a phenomenon of transient desensitization rather thimrfong-
tolerance ltjis possible that many years of OIT may be required to inducetéony-

tolerance inpatients with food allergyiore data on longermsafety and effectiveness

required before widespread adoption in clinic.
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Table 1. Randomised controlled trials investigation the intervention of early introduction of allengkrsifallergy pregntion

L

11

Trial Allergen Sample | Population Intervention Outcome Results
size
LEAP (Learning Early| Peanut 628 Infants aged 4.1 Participants stratified by SPT, Omm Peanut allergy | SPT Omm: prevalence of peanut
About Peanut allergy) months with severe | wheal (n=530) and-Zmm wheal (n=98) at age 5 years | allergy in consumption vs. no
Du Toit 2015(23) eczema and/or egg | (SPT>4mm excluded). Infants randomlyOFC) consumption group was 1.9% an
allergy. assigned to no peanut consumption of 13.7% respectively (p<0.0001)
consumption of 6g of peanut protein pger SPT 4mm: prevalence of peanu
week until 5 years of age. allergy in consmption vs. no
consumption group was 10.6% a
35.3% respectively (p=0.004)
EAT (Enquiring about| Peanut, egg| 1162 Populationbased. Infants randomised to standard Food allergy Prevalence of food allergy was
Tolerancesstudy) cow’s milk, Exclusively breast introduction (exclusive breastfeeding | between 1 and 3 7.1% of those in the standard
Perkin 201§28) sesame, fed 3 month old until 6 months of agéllowed by solids | years of age introducton group and 5.6% of th
fish, wheat infants introduction at the parents discretion | (OFC). earlyintroduction group (p=0.32).
n=595) or early introduction (2g of eagh
allergen protein twice weekly=567)
HEAP (Hen’s-Egg Egg 406 Populationbased Pasteurized egg white powder (n=184| Egg allergy at | Intervention: egg allergy n=2
Allergy Prevention) versus placebo (n=199) 3 times a weekage 12months. | Control:egg allergy n=1
Bachell 201527) starting at age-6 months until age 12 | (slg and OFC)| (Results in abstract form)
months under a concurrent efyge diet.
STAR (Solids Timing | Egg 86 Infantsage <4 0.99g pasteurized raw whole egg powd| Egg allergy at | Prevalence ofgg allergy wa83%

for Allergy Research)
Palmer2013(26)

monthswith

moderatesevere

per day (n=49) versus placebo (n=37)

from age 48 months

12-months (SPT
and OKC)

in intervention group and 51% in
control group(RR 0.65, 95% ClI,
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eczema 0.381.11 p=0.11)
BEAT (Beating egg Egg 332 Infants age < 4 0.5g egg protein powder per day from| Egg Recruitmentomplete; results not
allergy trial)=(66) months with atopic | 6months until 12 months versus placepsensitisation published yet.
first degree relative (SPT) and
allergy
STEP(Startingstime Egg 820 Infants age & 1/3 teaspoon whole eggwder per day| Egg allergy Recruitment complete; results no
for egg protein}7) months with maternal from 4-6.5 months until 10 months (SPT and OFC) | published yet.
history of atopy. versus placebo at 12 months
PreventADALL(68) Egg, milk, | 2500 Populationbased Systematic introduction of egg, milk, | Food allergy Recruitment in progress
wheat and birth cohort. wheat and peanut by 4 months of age| and atopic
peanut and/or skin care versus placebo dermatitis
OFC: oral foad challenge; SPT: skin prick test;
Table 2:"Peanut OIT studies
Author Design Sample | Age Allergy at baseline | Maintenance| Duration | Peanut Outcome
sizé (years) Dose tolerated in
follow-up
OFC
Tang 201548) 5| DBPCT 56 1-10 Clinical history and| 2g 18 4q SU after 25 weeksavoidance: OIT
with adjuvant probiotic| (OIT SPT/sIgE months 82.1%, placebo 3.6%.
n=28) Desensitisation: OIT 89.7%, placebg
7.1%
Narisety 2015 | DBPCT 16 7-13 Clinical history and | 2g 12-18 10g SU after 4 weekavoidance: 25%
(38) (OIT/SLIT placebovs. SPT/sIgE plus OFG months
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SLIT/OIT placeb

to 1g peanut proteir

Bird 2015(36) Open label 9 4-16 DBPCFC 29 4 months | 5g Desensitisation: 100%
Vickery 2014 Open label 24 1-16 Clinical history and | Up to 4g Upto5 | 5g SU after 4wk avoidance: 50%
47 SPT/sIgE years
Anagnostou Randomisedrossover | 39 7-16 DBPCFC 800mg 6 months | 1.4g Desensitisation: OIT 62%, placebo
2014(55) trial 0%
Syed 201446) | | Open label OIT 43 4-55 DBPCFC 49 Upto2 |49 SU after 3 months avoidance®%?7

compared t@voidance | (OIT years DesensitisationOIT 87%, control0%

n=23)
Schneider 2013| Open label OIT with 13 8-16 DBPCFC 49 32 weeks| 8g Desensitisation: 92
(39 omalizumab
Varshney 2011.| DBPCT 25 2-10 Clinical history and| 4g 48 weeks| 5g DesensitisationOIT 100% placebo
(56) (oIt SPTI/sIgE 0%.
n=16)
Anagnostou Open label 22 4-18 OFC 800mg Up to 68 | 6.69 Desensitisation 64%
2011(69) weeks
Blumchen:2010 | Open label 23 3-14 DBPCFC 500mg Upto 22 | 49 64% reached maienance of 500mg
(45) months peanut (14/22)SU after 2 weeks
avoidance: 14% (3/32
Jones 200970)= | Open label 29 1-10 Clinical historyand | 1.8g Upto 36 | 3.99 Desensitisatior93%
SPT/sIgE months

Clark 200%37)/ | Open label 4 9-13 DBPCFC 800mg 10 weeks| 249 Desensitisation 75%

DBPCT: Doubleblind, placebecontrolled randomized triaDBPCFC: doubléblind placebecontrolled food challeng&)FC: oral food challeng®IT: oral immunotherapy;

SLIT: sublingual immunotherapygU: Sustained unresponsiveness

1. Numberthat completedtudyprotocol(excludes dropouts)

Table 3: Egg OIT studies
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Author Design | Sample | Age Allergy at Maintenance Dose | Duration(months) Eggtolerated in | Outcome
size (years) | baseline follow-up OFC
Perezdbad{=Open 20 5-15 Clinical 32mL of Up to 24 32 mL of Desensitisation 60%
2015(41) label history and pasteurized EW and pasteurized EW
SPT/sIgE and | graded dietary
OFC exposure
Caminiti DBPCT | 31 4-11 DBPCFC 4g dehydrated EW | 4 months OIT, 3.7g egg white | Desensitisation: OIT 94%, placeb
2015(50) (OIT=17) followed by 6 months | plus 1 fresh egg | 0%
dietary exposures then onday 2 SU after 6 months ingestion then
3 months avoidance months avoidance: OIT 31%,
placebo 7%
Burks 20129"DBPCT | 55 5-11 Clinical 2g EWpowder 22 10g EW powder | DesensitisationOIT 75%, placebo
(49 (OIT=40) history and plus 1 whole 0%
SPT/sIgE cooked egg SU after 46wk avoidance 28%
(maintained for further 12 months
with continued dietary egg
exposure) placebo 0%
Vickery Qpen 8 3-13 Clinical 0.3-3.69 1850 10g egg SU 1 month afteceasingOIT 75%
2010(42) label history and
SPT/sIgE
Buchanan=={=Qpen 7 1-7 Clinical 0.39 24 10g powdered | Desensitisation 57%
2007(40) label history or sIgE EW and1 SU after 3 monthavoidance: 29%

scrambled egg

DBPCT: Doubleblind, placebo-controlled randomized trial; DBPCFC: double-blind placebo-controlled food challengegdWhite; OIT: oral

immunotherapy; SUSustained unresponsiveness
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Table 4: Milk\OIT studies

Author Design Sample | Age Allergy at Maintenance Duration(months) Amount milk Outcome
size (years) | baseline Dose tolerated in
follow-up OFC
Wood 2016| Omalizumab 57 7-32 DBPCFC 3.3g 24 10g Desensitistaion:
(71 DBPCT, open Omalizumab+OIT 89% OIT
label OIT only 71%
SU after 8 weeks
Omalizumab+OIT 48% OIT
only 36%
Yanagida_«{*Open label OIT 37 >5 OFC 3mL every 5 dayg 12 3mL and25mL Desensitisation t8 mI OIT
2015(57) compared to (OIT=12) 58.3% avoidance 3.8%
avoidance Desensitisation t85 mIOIT
33.3%, avoidancé%
Levy 2014 | Open label 280 >4 Clinical Up to240mL Up to 27 No OFC but Desensitisation: @6
(53 history, cow’s milk (7.2g tolerated 7.2¢g
SPT/slgEor CMP) CMP in OIT
OFC protocol
Salmivesi [ .DBPCT 28 6-14 OFC 6.49g CMP/ 6 monthdBPG-OIT | 200mL. No Desensitisation: 3%.
2012(72) (OIT=18) 200mL/day followed by 6 OFC,phone Maintained for 3 years
monthsopen OITfor | follow-up following daily consumption
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both groups 79%

Keet 2012 | Open label RCT | 30 6-17 DBPCFC 1-2¢g 15 8g CMP Desensitisation7(%
(73 SLIT vsSLIT and | (OIT=20) SU after 6wk avoidance 40%

oIt
Martorell Open label 60 2-3 DBPCFC 200 mL 12 200 mL DesensitisationOIT 90%,
2011(52) (randomised, OIT | (OIT=30) avoidance group 23%

vS. avoidance)
Pajno 2010 | Randomised, 30 4-10 DBPCFC 200 mL 4.5 200 mL DesensitisationOIT 67%
(74) placebecontrolled placebo 0%
Skripak DBPCRT 20 6-17 DBPCFC 500mg 23 weeks 8g CMP Median OFC threshold dose
2008(43 (OIT=13) increased from 40 to 56140

mg

Longo Open label 60 5-17 DBPCFC 150ml 1 year OIT group DesensitisationOIT 36%
2008(75) randomisedIT (OIT=30) toleratedl50ml | placebo 0%

VS. avoidance dose (no OFC)

Placebo:
DBPCFC
Meglio Open label 21 6-10 Clinical 200ml 6 months 200mL OIT dose| Desensitisation: 72%
2004(76) years history or (no OFC)
DBPCFC

CMP: cow's'milk protein; DBPCT: Doublklind, placebecontrolled randomized trial; DBPCFC: dowiind placebecontrolled food challenge; OFC: oral food challenge;

OIT: oral immunotherapy; SU: Sustainedresponsiveness
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