Current Allergy and Asthma Reports (2024) 24:173-197
https://doi.org/10.1007/511882-024-01132-2

REVIEW q

Check for
updates

A Review of Shared Decision-Making, Published Protocols,
and Post-desensitization Strategies in Oral Immunotherapy (OIT)

Susan Laubach'? - Edwin H. Kim? - Matthew Greenhawt* - Sally Bailey>* - Aikaterini Anagnostou’®

Accepted: 5 February 2024 / Published online: 5 March 2024
© The Author(s) 2024

Abstract

Purpose of Review The aim of this review is to highlight key published oral immunotherapy (OIT) protocols and post-
desensitization strategies for the major food allergens and to cover important concepts to consider when evaluating OIT for
food-allergic patients. Shared decision-making should help identify patient and family values which will help influence the
type of evidence-based protocol and maintenance strategy to use.

Recent Findings With food OIT emerging as a treatment option, there is a pressing need for patients, physicians, and other
providers to have a nuanced understanding of the management choices available to them. There are now randomized con-
trolled trials (RCT) of OIT for peanut, egg, milk, and wheat, and reports of cohorts of patients who have undergone OIT
for tree nuts and sesame clinically. The current published protocols contain significant diversity in terms of starting dose,
build-up schedule, maintenance dose, and even the product used for desensitization. Emerging data can help direct the long-
term maintenance strategy for patients on OIT.

Summary Based on patient and family values elicited through the shared decision-making process, an OIT protocol may be
selected that balances the level of desensitization, potential side effects, frequency of clinic visits, and potential to induce sustained
unresponsiveness, among other factors. Once maintenance dosing is reached, most patients will need to maintain regular exposure
to the food allergen to remain desensitized. The option to transition to commercial food products with equivalent amounts of food
protein as the OIT maintenance dose would simplify the dosing process and perhaps improve palatability as well. Less frequent
or decreased OIT dosing can provide practical benefits but may affect the level of desensitization and safety for some patients.

Keywords Food allergy - Oral immunotherapy - Shared decision-making - Dose escalation - Maintenance therapy

Introduction FDA approved the first OIT product to treat peanut allergy

in 2020, although the Joint Task Force of the American
The first report of oral immunotherapy (OIT) for food  Allergy & Immunology organizations does not yet have a
allergy was published over 100 years ago [1], although the = practice parameter or guidelines on OIT. The European
bulk of OIT research derives from the past 20 years. The
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Academy of Allergy and Clinical Immunology recom-
mends that OIT be offered to patients with milk, egg, or
peanut allergy because they conclude that “trials have
found substantial benefit...in terms of efficacy” for OIT
to these foods [2]. The Canadian Society of Allergy and
Clinical Immunology recommends that OIT be available
to patients who want it, through shared decision-making
with their Allergist/Immunologist [3], while the Australa-
sian Society of Clinical Immunology and Allergy does not
routinely recommend OIT.

There is strong evidence in favor of the safety and effi-
cacy of OIT. In a recent meta-analysis, 8 high-quality ran-
domized clinical trials (RCTs) for peanut, 6 for hen’s egg
(HE), and 4 for cow’s milk (CM) were identified, and the
data supports the efficacy of OIT to induce desensitization
for peanut, HE, and CM, and sustained unresponsiveness
(SU) for peanut and HE [4]. Adverse reactions during OIT
occur more frequently than during avoidance; however,
these reactions are typically mild, and few patients dis-
continue OIT because of them [5]. Small studies on mul-
tiple-food OIT have suggested a similar safety and efficacy
profile [6, 7]. The effects of OIT may be dependent on the
starting or maintenance dose (or goal), duration, and fre-
quency of dosing as well as patient-specific factors, such
as age and food-specific IgE levels [8].

The goal of this review is to discuss (a) important con-
cepts to consider during shared decision-making with
patients/families, (b) representative-published OIT pro-
tocols for specific foods, and (c) the course of OIT after
maintenance is reached. Other forms of food immunother-
apy and emerging food allergy treatments are outside the
scope of this review but have been reviewed elsewhere [9],
as have practical considerations for the implementation of
OIT in clinical practice [10].

Addressing Misinformation in Food OIT

Because food allergy treatment is such a new paradigm
shift in management, there is a dearth of evidence-based
materials to help educate patients and very limited evi-
dence regarding baseline patient knowledge and under-
standing of OIT [11, 12]. Food-allergic caregivers have
high levels of trust in on-line information, but limited abil-
ity to discern if sources are reputable or the information
is valid [3, 11, 13, 14]. Multiple online sources exist that
describe or discuss food OIT and related issues, without
any medical oversight or use of evidence-based infor-
mation. There is a risk that low-quality and inaccurate
information may help cement confirmation bias and other
cognitive biases, which can negatively impact patients, and
potentially motivate them to discredit reliable information
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if it contradicts their previously held beliefs [15-17]. For
instance, information or advice on OIT from a celebrity
figure may carry more influence than from a medical
professional. Or an individual may only accept as true,
information that supports their existing belief that OIT is
curative. Recent studies have highlighted the poor quality
of information found online for food allergy and anaphy-
laxis [18]. Altogether, these issues and potential negative
influences on perception are all compounded by a lack of
reputable and evidence-based educational information for
the caregivers. No standardized OIT educational materials
exist, and only two decision aids related to food OIT are
currently available [19, 20].

Clinicians are tasked with staying up-to-date with current
evidence-based information and communicating such evi-
dence in a clear manner to patients. However, this traditional
information exchange is now rivalled by online sources of
information which are often unvetted and can be biased, out-
dated, incorrect, or lacking in context [17, 21]. For example,
food OIT is often presented as a curative form of treatment
or discussed in online forums as part of a personal experi-
ence or patient journey that may be completely irrelevant
to a different patient. Additionally, incorrect advice may be
provided on how to address OIT-related medical issues by
individuals who may have no medical background or exper-
tise in this area. Individuals often place high trust in non-
medical professionals; anecdotal stories may garner atten-
tion and emotional responses though these experiences do
not generalize or apply to the majority of cases [16, 18]. Cli-
nicians are at risk of having their evidence-based OIT exper-
tise muted by these unvetted online sources of information.
To best help our patients, clinicians need better educational
materials on food OIT which can be easily implemented into
daily clinical practice.

Shared Decision-Making in Food
Allergy Therapy

With food OIT emerging as a therapy option, there is a
pressing need for patients to have a nuanced understanding
of their diagnosis and the choices available to them. Shared
decision-making is a key component of any patient-
physician interaction. It is a mutual process during which
patients and allergists explore food OIT-related goals and
risks/benefits of different available treatment options (for
example, avoidance versus OIT), with the aim to provide
the option that best fits each individual’s needs [22, 23].
In addition to the traditional option of strict food allergen
avoidance and now the option of food OIT, other options
are being developed, including biologics (e.g., anti-IgE
therapy) and other forms of immunotherapy [15]. As other
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therapies become available, comparative-efficacy research
will be useful, and a good understanding of different options
will be required from patients and healthcare professionals,
including information on risks and side effects for each
treatment, eligibility criteria, time commitment, and cost. All
these areas can be addressed during the OIT consultation,
with the physician carefully describing the process of OIT,
the risks and benefits of this intervention, in addition to how
OIT performs compared with food avoidance in terms of
protection from accidental exposures, severity of allergic
reactions, and quality of life outcomes. The family’s and
patient’s aims and preferences need to be explored in detail
so the physician can obtain a better understanding of the
goals of therapy and how OIT would fit in the family’s
everyday life. The physician will also need to ensure the
patient is eligible for this therapy; uncontrolled asthma and
a history of EoE, for example, would be contraindications
to this treatment.

Decision aids are tools that can help caregivers in the
shared decision-making process to clarify their values and
understand their therapy options, including expected OIT
outcomes, side effects, and how treatment impacts overall
prognosis [19, 24]. They are not stand-alone tools for mak-
ing a decision but are meant to supplement the allergist’s
encounter. Only two decision aids exist currently in food
allergy; both address food OIT [19, 20]. Clinicians can use
these tools during or after the consultation, and patients
can spend time at home familiarizing themselves with the
decision aids and bringing questions and discussion points
back to the allergist at their next visit. Creation of additional
such tools will help standardize the information provided,
which can reduce clinician-level variability in what families
are told, reducing the potential for bias and ensuring every
patient receives high-quality, consistent education about
their disease state and management options.

Protocols from Key Research Studies of OIT

Once a patient or caregiver decides to pursue OIT, a spe-
cific protocol should be selected. Many high-quality stud-
ies exist for peanut, egg, and milk OIT, and while some
foods have only been studied in a few trials or observational
studies, this review includes many of the relevant, existing
studies for the top allergens. There is significant diversity
in published protocols, in terms of starting dose, build-up
schedule, maintenance dose, and even the food product used
for desensitization. Based on the patient and family values
elicited through the shared decision-making process, an OIT
protocol may be selected that balances the level of desen-
sitization, potential side effects, frequency of clinic visits,
and potential to induce SU, among other factors. A sum-
mary of representative OIT protocols for the most common

food allergens is shown in Table 1. The included studies are
not an exhaustive list of all published studies, but seminal
RCT and open-label studies that highlight the diversity of
protocols. When studies used similar protocols, we highlight
the study with the strongest data; for example, we include a
Phase 3 double-blind placebo-controlled (DBPC) RCT [25]
rather than Phase 1 or 2 trials. We tried to include reports
that highlight the diversity of starting dose and mainte-
nance doses. When less than 3 RCT exist for a food, we also
include non-randomized reports. The reader is directed to
review the specific studies or one of several meta-analyses
of HE, CM, and peanut OIT for more granular details about
these trials [4, 5, 26].

Peanut OIT Protocols

Of all food OIT, the most high-quality data exists for OIT
to peanut [4]. The variety in protocols is more narrow, so
we highlight 5 RCT and one open-label high-dose study
for review [25, 27-31]. Protocols uniformly used dry-
roasted, partially defatted peanut flour from Golden Peanut
(Alpharetta, Ga) [27-29, 31], Byrd Mill (Ashland, Va) [30,
32], or the now FDA-approved characterized peanut pow-
der known as AR101 [25, 33], mixed in a semi-solid vehi-
cle such as chocolate pudding or applesauce. Most studies
excluded subjects with a history of severe anaphylaxis with
hypoxia or hypotension, although some studies did not [30,
31]. Eosinophilic esophagitis (EoE) was an exclusion criteria
in some studies [25, 27, 28], and the discontinuation rate
due to chronic GI symptoms was < 6% where reported [25,
27, 29, 34]. Subjects were typically school-aged, although
two studies focused on preschool children which both sug-
gested that SU may be more likely in this age group [29,
34]. Two studies included some adults but reported minimal
data specific to this population making it hard to analyze for
statistical significance [25, 35].

Most protocols included an initial dose escalation (IDE)
starting with 0.1 mg or 0.5 mg peanut protein and doubling
doses every 30 min up to 6 mg [25, 28, 29]. Others con-
ducted an oral food challenge (OFC) to determine the reac-
tive dose (RD), on which the starting dose for the build-up
phase was based [27, 30], and one protocol started with a
single dose of 2 mg without an IDE or OFC to start desen-
sitization [31]. Build-up uniformly occurred under obser-
vation every 2 weeks, with daily dosing at home after the
dose was tolerated in clinic, without premedication, where
reported [25, 27, 29, 31]. The maintenance dose clustered
into either low-dose (< 300 mg) [25, 29, 30] or high-dose
(20004000 mg) [27-29], although one protocol used an
intermediate maintenance dose of 800 mg [31]. One study
in preschool children compared 300 mg vs 3000 mg main-
tenance doses and found similar end-point efficacy with a
lower drop-out rate for those on the lower maintenance dose

@ Springer



Current Allergy and Asthma Reports (2024) 24:173-197

176

Ksdorq uo
HOH IM | (8n1p)
sswoydwAs (3w) Jusiuod
1D druoIyd urayoxd 9,06
0} anp M oy
MAIPYIM 1dg %69 Sw g 0y jnuead pazy 1D¥
(TLEMT) SA %] ‘QIOAJS Syoom dn sesop -19)oRIRyO 401 0d9d ‘810C
BEY %8°0 5A %€y (TLEVOD) %6L ¥C 00¢ T A1oag 1T Surqnop ¢ Sw g0 1014V 6L1-L1) 19 L1-v) CLE HAVSI'TVd
(v
Ksdorq uo ‘eporeydry
Hod Y | 1d7 paxmbeor ‘0D nuedd
‘swoyduwiAs (s1UaA9 JO uap[on) S[0NU0d
1D oruoIyd %6°0) s109[qns ysiy Sw g 1oy ynuead payojew
0} onp JO %¢ 'suon (LT/€T) %9L 01 dn urw panejop ¥S1 ‘osop
MAIPYIIM -0BAI 9I9AS Mol (0Z/L1) 0€ A1oAd Arented -ysy L1 jooyosaxd
s100(qns ou ‘grerapowt %G8 ‘[e101 Syoom ysiy $3sop ‘parseor O'8y—1'¢) 9S0Op-mo] 1D0¥ 0ddda
(LEID) %Y'S (I12/9€) %L1 (LE/OE) %18 AN 000€ $A 00€ cArag  Lgmor/]  Sungnop . Swi [ Ay %21 P (6T-8'1) €T 0T :PAN0e Lg  SLTOT AIIIA
[sasop
(€6L°LT/L) (v
%1101 ‘eporeydyy
pazaoym ‘0D IMuedq
(66/120) udp[oD)
%TT ‘[sasop anoy ynuead QATIOR 0]
(€6LL1/T) panejop JOAO-SSOID
%10°0] 1dg Arenxed [onuod JOAO-SSOIO
s109[qns Syoom ‘paseol (6¥9¢ (€91-1'8) 0S “oAnoe 109 ‘v10T
AN (66/1) %1 %16-18 14 008 €T Arag 6 ON Swg Apus %T1  —S€0) 6°LE €Tl 6viw0I66  mojsoudeuy
muedq (e)
s309[qns jo
uon.rodoad LIO 0} 9np =@an
pajaodax JJeI UONIBAI  dUBUI)UIBW (SY93m) (A1 19e) uopeedsd  (urajoad (38uea) (38uea)
swo)duwiAs  JIIAIS/)eIIPOW Sunpear  doueuduiewr  (urjoad Swr) dn-pping Jo dduUBUNUIBUI asop Sun) asop uepaw uelpdw IO 2AnOR
g0y  Jo sixe[dydeuy JUDIJ 0)duwil], Jdueuuie]y Aduanbaiy 0} sdag enmuy  Sunaeys  pasnnpoid (/NN ASIS SIedL urdgdy  Jo dquiny adAyApmg

SUQZI9[[e POOJ UOWIWIOD JSOW Y} J0J s[0d0301d 1 JO dAaneIudsaidar jo Arewrwng | a|qel

pringer

AQs



177

Current Allergy and Asthma Reports (2024) 24:173-197

Sw g
winwiruru
‘ad £q
paurwu
-19)19p
asop
Sunres
uoy ‘qy
QUIWLIR)AP
01241 (VD
-e[nuInd ‘enoreydy
Sw 00T ‘0D INuedq
0} dn Sw D40 uap[on)
(SR Surmp Inoy ynuead
QIOAS SISOP Sunies @y uo panejep
(8811/0€) §950p paseq Aprensed as0p-y3y
%67 ‘1dg syo00f Syoom 01 Pim Sw ‘parseol (44 [oqe-uado
%0 -ans (1/8) %S (L1/eD) %L (1L-09) TS 006€ 7 Arong 9z Dd0Dddd 0S8l ApusH %1 (895-0)S79 T L8 S *TT0T suedq
PpareIs[oy
Jrepueg Surppnd
skep uo Q1e[0207O
Sw 0o Jes-0)
—000€ -Kpeal,,
0} dn uayp 240 e ojur
‘1 Kkep Surmp poxIut (A
uo Suw (@ ‘pUB[YSY)
(Bw 00€ 01 asop Kuedwo)
00€ < 1o > dn smoy QAT A PIAg
1dq %0 5 DJ0 Sw DJO0 Anud T K1oA9 -oeal Q) woly
opeID YIM Q¢ PAILId0) Surmp asop asop | uo  (ureyord 908
S[onuod (1¢/S) (1€/80) %¥L dATIORAX ‘Sw ¢ poseq “1©) %T1) (401 LOY
%971 "SA s109f  ‘oourUUIBW uo paseq) syoom ym Sur Sw Inoy nuead L12-69) (4O1 0d9dd ‘6102
AN -ans (0€/L) %ET paydeal %08 (95-0v) T8 0sc—¢cl T Kroag €€ MeIs DAO 0€-S'0  paIseorysIT 68 8678%) 99 1€ wpung
s309[qns jo
uon.rodoad LIO 03 3np (Fan
pajaodax JJeI UONIBAI  dUBUI)UIBW (SY93m) (A 19ye) uopeedsa  (urajoad (38uea) (38uea)
swo)dwiAs IIIAIS/)eIIPOW Suryoeax  doueuurewr (upjoad Swr) dn-pping Jo IduBUIUIBW Jsop Su) Isop ueIpow ueIpow  LJO 2AnOE
g0y  Jo sixe[dydeuy JUDIJ 0)duwil], Jdueuuie]y Aduanbaiy 0} sdayg enmuy  Supaeys  pasnynpoid (/NN ASIS SIedf urddy  Jo dquiny adAyApmg

(Ponunuod) | [qeL,

pringer

As



Current Allergy and Asthma Reports (2024) 24:173-197

178

1opmod
330 3w
(0s-9
J3uer)
S8l
9sop HAI
UBIPIN
‘3w (oG 01
dn utw
0¢€ £19A0
Surqnop
rewr
Sunrwoa (sjuaAd -1xoxdde
10/pue ured 9SIOAPE 0) ue Aq
[eurwopqe anp 110 pamor[oy 1opmod Sur
JUNTULIJUT panunuodSIp ‘ropmod [ ur uroyord
0] anp %G 1) syjuowt MH mex Swr g :(s10n
sypuow 7T £q %8 Sw 10 -poid poog
[SESEMWEN] ‘sypuowt O] s [4-92Q) 19p
MIPYIA £q 3w 000z uesoq -mod (MH) (Ir1ee 1049 0dda
O¥/€) %S'L O¥/1) %ST paydeal %6y (014 0091 syeom b AN Suisoq  Sw gp() ANMym 330 mey —-L'€) €01 (81-9) (U4 ‘TI0T syang
(HH) 332 suay (q)
(vD
‘enareydy
‘0D nuedq
uap[oD)
Q10A98(%() A) 1oy nuead Tooyosaxd
%S ‘deropowt Swog panejop 1D¥ Dddd
(%8 M) % 01 dn urw Arenred ‘(retn
‘1dg paxmbar (LLI Syeom 0¢g K10A0 ‘paiseol 01 L€ LOVIIAD
(96/€) %€ (%0 A) %TT 96/65) %19 0¢ 000¢ 7 Arag AN S9s0p ¢ Sw 0 Apusi %21 (261-80) v -9 €€ 96 TT0T sauof
s309[qns jo
uonaodoxd LIO 03 9np ("@AD
pajaodax JJeI UONIBAI  dUBUI)UIBW (SY93m) (A 19ye) uopeedsa  (urajoad (38uea) (38uea)
swo)dwiAS  JIIAIS/I)BIIPOW Suryoeax  doueuurewr (upjoad Swr) dn-pping Jo IduBUIUIBW Jsop Su) Isop ueIpow ueIpow  LJO 2AnOE
g0y  Jo sixe[dydeuy JUDIJ 0)duwil], Jdueuuie]y Aduanbaiy 0} sdayg enmuy  Supaeys  pasnynpoid (/NN ASIS SIedf urddy  Jo dquiny adAyApmg

(Ponunuod) | [qeL,

pringer

AQs



179

Current Allergy and Asthma Reports (2024) 24:173-197

uony
-DA12SGO
A£apun
pa421s1
(oam -unupo
10d 330 ¢ asop g3
(eSuer) 0) spuodsax o1l ([[oA pue  urWngeAO
uestt -100) joom oy MH paxIu) 0$1-9°9) LOY
AN %0 %0T $A %08 (1%-S7) L'0€ Tad 0p9'cr e skep 9| 181 ON Sw /70 dH mey €11 L1-P) ¥'8 0l ‘€107 NS
UONEOYISSL[d Tendsoy
s, uosdwreg ur Juriqnop
Iod uonsagur agesop ¢ B[[IUBA
[eIUdpIdIE 0] m Sur [IIM PAIOARY
SUOT)OBAI $—¢ -Jeuo)e uors (e[nurioy
apels pey (59 830 (%05-01 = -[nwe  juejur paseq
S[OTU0D %0¢ :o3uer) ‘T [Tews e 0} qu [—doip qH mel -proe ourwe
‘suonoeal —¢ (¢ Sem LN spuodsa110o 1) swoy pam| Jo T 0G|
opeI3 pey URIPIN AySnox Treydsoy je gH merx -1pun pue gy mer
(€S/0¥) %SL *QoURURJUIRW uors[nud Ay ur JO sasop (T JO W Gr)
£SUOIORAI payoear HH mel 1o dwoy Suneresss G10°0)  uoIs[nwe gy (5°S€-6'8) 10Y ‘€107
AN G apeid %0 QAR %0 YT Joquop e ApPom Amors 97 ON dorp 1 mer panipupy ogec (T01-9) 99 01  ouodey o[PQ
s309[qns jo
uon.rodoad LIO 03 3np (Fan
pajaodax JJeI UONIBAI  dUBUI)UIBW (SY93m) (A 19ye) uopeedsa  (urajoad (38uea) (38uea)
swo)dwiAs IIIAIS/)eIIPOW Suryoeax  doueuurewr (upjoad Swr) dn-pping Jo IduBUIUIBW Jsop Su) Isop ueIpow ueIpow  LJO 2AnOE
g0y  Jo sixe[dydeuy JUDIJ 0)duwil], Jdueuuie]y Aduanbaiy 0} sdayg enmuy  Supaeys  pasnynpoid (/NN ASIS SIedf urddy  Jo dquiny adAyApmg

(Ponunuod) | [qeL,

pringer

As



Current Allergy and Asthma Reports (2024) 24:173-197

180

sioyine
1ad (€002
eoreINEd Aq
1020301d UO

MIPYIIM paseq (1op
pue 110 01 (339 -mod gH A1p
sixe[Aydeue MeI /] sasop Sw o1 Ur
Jo soposido ¢ ‘xoxdde 0} Pa4.12sqo urdjoxd 330
pey 109[gns Ay judreAanbo) ou ‘Qwoy Sw Sw gzy) 10p @or-7L) 1D¥
AN 9uo (81/1) %S %98 AN 00LT e skep y—¢b 9¢ ON Sth0'0  -mod gH A1 S6l ar-vs 81 ‘LIOT UseNV
K[oAn
-0adsax
T/0A S¥T
pue 9°¢ jo
S[oA9] 3
“MH PeY
syuoned
0M) S, SSaNSIp
‘dn-pyinq K1oyexdsar,, se Syoom |
Surmp PIYISSR[O IoMm < papasu (3w 8087)
(Sunrwoa aseyd dn-prinq UQIPTIYD € urojoxd
pue ured ur SuonoealI Jo ‘SYPIM 6 %8/ 1589]
[eurwopqe) (6L/S) %E€9 1000301d urojoxd Je Surejuod
SUOnIeaI *asop Sw $01¢ 194 “Adl MHA Bu pue M\ ozIs
o1doe e 19yje dn-pring Surmp Sw 08¢ Jo wnipaw Auo
pareadar Surmp ssansip 08¢ JO asop 9S0p A1} 0) Juoreamnba
QIOAJS-UOU dsar priua oATIR[NWIND 191p oY) Ul -e[nwno) st (uredg “prp
105 Apms pue ‘eLrednin © pajeId[o) uonoLNSAI Sw op1 -Ope[[BA ‘VS
) woxy SOIUIY 10§ UIp[IYo 330 ou 0) dn utwa DASOAO)
UMBIPYIIM surydourdo QoURUIUTRW JSOW AOUIS snid y 8§ 0T 1900 MH parelp
1M (%1) paxmbarx payoear (uerpour) K10A9 339 1 ALN ym uoAI3 -Kyop (Qs) ueaw 1Y ‘ST0T
USIPIYo OM, (0g/m) %€ (0£/82) %£6 skep ¢'z¢  rPoURURIUTRIN Aproom Suniress 6 SsOp T Sur 80’0 JoSw o9 (S¥T-1) ¥'9 6D 8L 0¢ 0JI3pNISH
s309[qns jo
uon.rodoad LIO 03 3np (Fan
pajaodax JJeI UONIBAI  dUBUI)UIBW (SY93m) (A 19ye) uopeedsa  (urajoad (38uea) (38uea)
swo)dwiAs IIIAIS/)eIIPOW Suryoeax  doueuurewr (upjoad Swr) dn-pping Jo IduBUIUIBW Jsop Su) Isop ueIpow ueIpow  LJO 2AnOE
g0y  Jo sixe[dydeuy JUDIJ 0)duwil], Jdueuuie]y Aduanbaiy 0} sdayg enmuy  Supaeys  pasnynpoid (/NN ASIS SIedf urddy  Jo dquiny adAyApmg

(Ponunuod) | [qeL,

pringer

AQs



181

Current Allergy and Asthma Reports (2024) 24:173-197

1opmod
MHA Jo
Sw 0001
0} dn ‘Kep
10d sosop
¢—€ 10} 1opmod
um Og M
QouruLUIEL L2 (e p) 11e)S poke[op
(04O JO syjuow qi pe snid %081 Sw ‘dno13
XSO Dd€q Sutmp € pue 110 ‘skep -1 paustqnd Bmﬁmﬂ :0dD -ofrexed
JTUOIYD 0} 1) stxejAydeue ysni 10je K109A0 339 J0U (050} momo_u. -ddd M Io)udnNW
anp pan 0] anp panun 1opmod MH Po[quIBIdS | -oxd—AJuo ‘Y 3O Surmnp Sw 0008 = JIe)s e[ LIO ysn1
-UnuoosIp -uoosIp 309l Sw 0001 < snyd zopmod 1000301d 01/1 s ay jo ropmod MH 9102 7T ‘1rels 1DY ‘810T
(Sv/¥) %8'8  -ans (Sv/2) %¥'v  PAILIdNOI %00T AN MAE Sw 001 U Qg ysmy ouoN Supels WO/l MBISWOE00l T 6'SE (T1-9) L -Awdo€zisy  0yedeN-yoI
urojoxd
MH Sw
808¢C Jo
asop e
0) skep urjoxd
G I9AO Ma
Kep 1od Sw ¢
SIS0Op G- asop
‘(04O wmnw
-dda -TuIN
ur LN eseyd
uo paseq dn
asop -pInq
11e38) ay) jo
240d49d asop
[0o0301d Jo asop [enmur
ysni 10y JS[ 0} ueIpow
(sosop Sunoear (Bw (uredg
syjuout w asoy 1oy 104! ‘PUPERIN “1S
Xs [D G panunuod ‘o3uer) urjoxd —€0 BOIPIIN UOIO
JLuoIYd 0) %16 ‘doueu juoned 1od MHF 3w ‘o3uer) -LONN AN LIO ysniI
anp pan SISOP JO %¢'[ -o)urewt S9s0p JO €00 urojoxd SHAOAO) q3]8 9sop-y3iy
-unuodsIp sy00lqns payoear (gS) ueow  wnwuIw MA Ma MH (SELT (ds 9o 109 *L10T
(€€ %€ Jo(cer) %9 (€€/19) %¥6  (PI-1) skep ¢ 808¢ moy | (6£6)9IT  LIOUSNY Sw gG/T pawIpAye@  -8T0) 9§ uUvAW Q[ 61 P3ueY-za1d
s309[qns jo
uon.rodoad LIO 03 3np (Fan
pajaodax JJeI UONIBAI  dUBUI)UIBW (SY93m) (A 19ye) uopeedsa  (urajoad (38uea) (38uea)
swo)dwiAs IIIAIS/)eIIPOW Suryoeax  doueuurewr (upjoad Swr) dn-pping Jo IduBUIUIBW Jsop Su) Isop ueIpow ueIpow  LJO 2AnOE
g0y  Jo sixe[dydeuy JUDIJ 0)duwil], Jdueuuie]y Aduanbaiy 0} sdayg enmuy  Supaeys  pasnynpoid (/NN ASIS SIedf urddy  Jo dquiny adAyApmg

(Ponunuod) | [qeL,

pringer

As



Current Allergy and Asthma Reports (2024) 24:173-197

(AD) A s;mo) (9)

&uo
skep 7—1 [pndsoy
KI19A9 el Q:.ﬁ—:—ﬁ_ L0000 = u1 %Nv\mu\s
so0>d 100= 000"  pozumdssed  PaAIdSqO wo=d d(0'Lee dn-pjing
AN (29/9) »L61da d:(T9/Ly) %SL >d (Ly—1) 8T  TWOE 00 APPoM %0 (6T€-L) STI  20qp 225 SW IT°Q - TOvL 6-9) L 199 ‘g wianvd
dn-prinq auoy jp
swoy swoy wp sn1d
skep -1 £rep (9€1-€0) [pndsoy-ut
K1oa0 MH %gsnid  Gg qendsoy Apyoom
pozunoysed  paAIdsqo (Tt 6 (or'se dn-pjing
AN (9U/1) %8°¢ -1da 9T/ %96 (TT-6'9) €6 TWOE ‘00€E  APIPoM %0€  (PSI-LT) §9  2dogpaag  Sw [1°Q - -0F0) 06T (L'8-1'9)69 Ic /[ unnd
(uroyoxd
Sw )
MH Pzt
-mojsed
painyipun
Jo T
0 01 dn
sasop §
JIOAO UTW
0¢ £19A0
sasop
Q[qnop
‘MH pazt
-moysed 0102 [onuod
aseyd Jouon ‘owored uon SA (19)U0
dnpring -njos -opeinyf) -BAIOSQO uo paseq
porrad Surmp 100eM uredg ow 7| uroped)
s[on uononpur skep z—1 SISOp 810 0001/1 ‘BIOUS[BA e 110 11O “1O¥
QIOAIS -uod (SZ/v) ueIpaw K19n0 MH (oSuer) ® Jo Ju ‘ud[[InD paels 1 AVOLAS
(suonoearx %91 SA skep pozumajsed  Apyoom 10 ueIpow I Pim woly A (00°S+0T [oNu0d  GTOT ZOUNJA
AN 0Th/ST) %S € (9L/¥9) %TH8 WDl Twogo0oce /pue e (6T¢-L) 96 Suniels  Sw[Q pezumsed  —7T'0) Y9 (6-9) L ST/TT ‘88 -up.Iegy
s309[qns jo
uon.rodoad LIO 03 3np (Fan
pajaodax JJeI UONIBAI  dUBUI)UIBW (SY93m) (A 19ye) uopeedsa  (urajoad (38uea) (38uea) )
swo)dwiAs IIIAIS/)eIIPOW Suryoeax  doueuurewr (upjoad Swr) dn-pping Jo IduBUIUIBW Jsop Su) Isop ueIpow ueIpow  LJO 2AnOE X
g0y  Jo sixe[dydeuy JUDIJ 0)duwil], Jdueuuie]y Aduanbaiy 0} sdayg enmuy  Supaeys  pasnynpoid (/NN ASIS SIedf urddy  Jo dquiny adAyApmg Qmul

182

(ponunuoo) [ oqeL &l



183

Current Allergy and Asthma Reports (2024) 24:173-197

JuswIIeAn)
Surnnbax
jou ured
[eurwopqe
Pl yoq
‘swoydwAs
paje[aI-1D
Ie jo
€/C 10}
pajunodse
dnoi3
QATIO® Ul
sy00[qns

2 1\

AN

Sursop-owoy
Suump g pue
HAI Sutmp
7—(sasop jo
%1) s10lqns
o =u%l¢

%L

[°qe[
-uado %0071
puE dA1IOR JO

(€1/21) %6

%9¢€

91018

[4Y

(Tuy/Sw
£€) TW GI

skep
11— A1oAaq 8

PpajeId[0)
Jrowoy
je Kep

19710 AIoAT

TWOST 001 <

Sw gl
Jo asop
winwiu
B 9)BI9[0)
0} pey
syuedron
-1ed
‘(B £°86
‘9sS0p 9AT)
-e[AWND)
Sw g
Jo wnw
-Ixew
B 0} unu
0¢ K19A0
S9s0p
Surqnop
Korewr
-1xoxdde
‘urajord
D 0
Sw 0
ym Sur
-11e)s Kep
[ Joro
Sosop §
WD
panipun
WOz 03
dn ‘uon

-a[p Or-I

Jo sdoip
S ynm
Sunueys
WD 30
suonnyrp
LJjo
rendsoy
ur skep
01 19A0
S9SOp 9¢

Sw 470

uon
-nrp
NO
OI:T 3o
sdoip ¢

(17201
Y1€-98%
‘o3uer)

WD
paropmod

yeyuou A1 /8N §°H€

T

WD /VNAS8 <

(L1-9
d3uer ‘¢'¢

as)€e

LI=¢

[porrodax
elep
[ewrur
‘Toqe-uado
91 1D¥
oddad

€161

0¢

oqooeld 1oy
[°qe] uado
juonbosqns
P 1Y
2dgd ‘800
yediryg

LY
£800¢ 03uo|

s309[qns jo
uon.odoad

pajaodax
swioyduwiAs

qoH

LIO 03 3np

EITARI () iR]EN
219A95/9)BIDPOW
Jo sixejAydeuy

dueUUIBW
Suryoeaa
UG

(SY93m)
durUIUIBWL

0)duwil], Jdueuuie]y Aduanbaiy

(AT 1913%)
(urjoad Swr) dn-ppinqg jJo JIduUBUNUIERWLL
0} sdayg

(Fan
uoneeIs?

asop
[enug

(ug0ad
Sur) asop
gunae)s

(38uea)
ueIpaw

pasn jonpoid (/0 ASS

(38uea)
ueIpow
saeak ur gy

LIO 2Apoe

Jo JdqunN adAyApmg

(Ponunuod) | [qeL,

pringer

As



Current Allergy and Asthma Reports (2024) 24:173-197

184

g
01 dn Tu
S0 wm
Sunies
urr og WO (ueour)
bkepp qugo |4l hre):|
AN %ET %88 C T 00T AR EEIIY T¢  ursesopg  Bw /9] WD —/+ 891 owgr—L 91 ‘ET0T T
(Tu
ured 1=
[eurwopqe sdoip 0qooeld Joy
0} onp 7§ Q010 00 1°qe] uado
pue [T skep ur Apjoom WD [1oqer uado juonbosqns
uo L[O pon ‘woy ge1jo WD 011109 LUINIOX |
-unuodsIp 1e skep domp 1 ysalj %SC /N1 odda  0ddd ‘TroT
(82/0) %L %0 %98 €C W07 €T A1eag 9¢T ON ‘8w 900 pazimaised 00 <01 L0 19 81 °8C IsoAueg
WD
panyipun
TS
0} dn
‘uonnyip
00T:T
Joquy
s Sur
-1ress JND
suonnyip
¢ Jo skep O
C Ion0 0011 (L8 1D¥ 1102
AN PBL %06 91 T 00T Apjoapy 91 sesop Ol Jo W | WO —C£e) ST (085999 0¢ [[210)1BTA]
LOY
Pajonuod
WD -0qooe[d
STl (Chza pur[g-o[3urs
AN (S1/€) %0T BLL 81 T 00¢ Appeom 81 ON jodomp NO —-8'8) L'CE (44 ST 0107 ouleq
s309[qns jo
uon.rodoad LIO 03 3np (Fan
pajaodax JJeI UONIBAI  dUBUI)UIBW (SY93m) (A 19ye) uopeedsa  (urajoad (38uea) (38uea)
swo)dwiAs IIIAIS/)eIIPOW Suryoeax  doueuurewr (upjoad Swr) dn-pping Jo IduBUIUIBW Jsop Su) Isop ueIpow ueIpow  LJO 2AnOE
g0y  Jo sixe[dydeuy JUDIJ 0)duwil], Jdueuuie]y Aduanbaiy 0} sdayg enmuy  Supaeys  pasnynpoid (/NN ASIS SIedf urddy  Jo dquiny adAyApmg

(Ponunuod) | [qeL,

pringer

AQs



185

Current Allergy and Asthma Reports (2024) 24:173-197

skep
G I9A0
aig ysb
pasearour
asoq (uedef
‘uroyoxd NUS T §
jeaym ‘PrT 0D
Sw 00z “Iewolqe],
QI0A9S 01 dn curojoxd
ured PAISPISUOD Surpring jeaym Jo Sur
[eurtropqe SISOP (9LLS/E) Sw g 00¢¢ urejuod
druoIyd 03 %¥0°0 ‘1dg LLOL (0) Jet)y sa[poou LIO 9sop
anp maIp PIM pajean ue yim JBIYM 9SoU 001 -y31y ysn1
-m (87 sy00[qns (s1e0k swoy Sunieys -edef) uopn <-767) [oqe[ uado
Jo ) %S'S 81/D) %S°S (81/91) %68 zordn) og 002S e ApPam 0T sdars 01 Sw g papioq 8 00C 001 < (9€1-6'S) 6 81 ‘ST0T 0yeS
1eayM (P)
IND pamn|
-pun AN
1000° ‘(NH T
> d ‘IN[) Sosop I/ND T
%9CT ‘WH T0) IND Tw
SISOP %T'1 9 ="TwQg
:swoydwAs Ul PIAJOSSIP
qjuow | je K1oyendsax WH apmod IND
snieydosa SN S9sop W GO Jo yoxyoed |
ormyd %v'T ‘WH 10 ND 998 ¢ 10J
-ouIs0d SASOP %L°0 D TW ¢ W 0 Surkip-Aeids
Jo asneooq XS 9I0A9S  JO Jud[eAInbo ot pue 298 (¢ NN
LIO pon [9VeISPOIN oYy oy uon -d9a 103D, st (SyL-S'Tl) pajeayun
-unuossIp NN S9sop ~BZIISUIsap oy jo ND Sunedy TSS NN (8°01-€°9) 91 ‘WH
(dnos3 %SO'0'INH ~ PIAdIQOR (LT° ayow  Aqporedad (0€9¢ 1'9 ‘NN A
NN woly SISOP %700 =d) %6L NH TW 61 swoy Jrey ‘ropmod —-€¥)  (C11-C9) pareay 109 ‘1202
€€/ %€ sixeifydeny NN ‘%16 INH s oce JIND TW ¢ 1e A[Iuo 8 ON  JeleEIg D ‘WH 09S ‘WH 9L ‘IWH L1 €€ eanyedeN
s309[qns jo
uon.rodoad LIO 03 3np (Fan
pajaodax JJeI UONIBAI  dUBUI)UIBW (SY93m) (A 19ye) uopeedsa  (urajoad (38uea) (38uea)
swo)dwiAs IIIAIS/)eIIPOW Suryoeax  doueuurewr (upjoad Swr) dn-pping Jo IduBUIUIBW Jsop Su) Isop ueIpow ueIpow  LJO 2AnOE
g0y  Jo sixe[dydeuy JUDIJ 0)duwil], Jdueuuie]y Aduanbaiy 0} sdayg enmuy  Supaeys  pasnynpoid (/NN ASIS SIedf urddy  Jo dquiny adAyApmg

(Ponunuod) | [qeL,

pringer

As



Current Allergy and Asthma Reports (2024) 24:173-197

186

skep
G A10A9
woy je
SOSBAIOUL
Juanb
-asqns
‘Tendsoy
-ur [rep
BRI
Pa1Ind20
sdays ¢
IS ayL
‘Sw ¢g 0y [onuod
Qwoy JseaIoUL [eOLIOISTY
je skep doys-g M 110
dn-pyinq Sur G A1oA9 ‘940 urjoxd QSOp-MO[
-Inp PALINII0 uay) Jo asop JeoyMm Sw ¢G Jo [euon
L JO G ‘sasop ‘(aan pIoysaiy) urejuod (wo -BAIOSqO
%0 SA (LSSS/L) [evdsoy oy Jreyq §) sa[poou aAnoadsorq
%1°0 :s100[qns ur skep ("@ar pra uopn (ovee Lor ‘020
%0 O1/9) %1e  O1/F1) %88 AN Sweg  ¢xAreq  Supnpoun) g Sunmeyg  Sw/g paroq3z  —S'¥) €6 -89 L9 91 eansjeseN
I1)00[q QuLI
CH pue -ydourdo yym 9S0p A} UO
1dd andsap pajear arom Surpuadop
XS [D 1u9) %L0°0 pue —sdooos
-JIuI)uL I0 ‘QI0A9S 2IOM ‘sa[nsdeo
gog olanp  SISOP JO %100 ‘S[eIA UI
AMAIPYIIM :9s0p-ySTH pardst
9sop-y3iH ‘1do paxmbarx asop-ysiy -urupy
‘(170 10 QIOAQS dIoM 03 sdays 97 *AY[nq 00} St
%66 “Sur quou g 189K 9S0p-MO]| INofj 1eaym
-)IWOA sournydourde 01 sdoys Q0UIS QOUB)S
pue ured paxmnbar sasop €7 Adl -qns (%71L) asop
[europqe JO %80°0 pue ueIpow uroyoxd Surpnjoup JUIUOD Y3y 0y asop
pIiw 03 anp AV 210438 RLETN RN fasop-y3y JeIYM -asop-yS1y urajord-ySiy JOA0-SSOID y31y SA mo[
MAPYIM pasned sasop  9sop-yS1y 10}  I0J Of esop (asop-ysmy) 03 sdass g1 e st (DMA) oqooerd 1D ‘6102
9SOP-MO[ JO %10°0 -1 %LS “9sop -MOJ 10} 87,7 ‘(asop *9S0P-MO] uan|3 (101 (444 € asop UAZISIN
(€U %y Teo 9S0P-MOT  -MO[ 0] %€8  v€ ‘pp 01 dn -MO) Syl Syoam ¢ 03 sdais 1 sesop g Sw L(°Q ’IYM [RNA - 01T'C) 1788 “TY)L'S -MO[ET9p -emoN
s309[qns jo
uon.rodoad LIO 03 3np (aan
pajaodax JJeI UONIBAI  dUBUI)UIBW (SY93m) (A 19ye) uopeedsa  (urajoad (38uea) (38uea)
swo)dwiAs IIIAIS/)eIIPOW Suryoeax  doueuurewr (upjoad Swr) dn-pping Jo IduBUIUIBW Jsop Su) Isop ueIpow ueIpow  LJO 2AnOE
g0y  Jo sixe[dydeuy JUDIJ 0)duwil], Jdueuuie]y Aduanbaiy 0} sdayg enmuy  Supaeys  pasnynpoid (/NN ASIS SIedf urddy  Jo dquiny adAyApmg

(Ponunuod) | [qeL,

pringer

AQs



187

Current Allergy and Asthma Reports (2024) 24:173-197

payoear
asop urjord
Sw g1 I10Je
pasn sjnuem

SloyMm T
/3w Gz 101eM
[eIouIw YIIm

paxiu ‘paje
-IoUdT sem
Sw 0o¢ Jsed snouo
0} dn urw -Sowoy ©
0€-01 [nun 1opurIs
Qouru9) K1oA9 900 ® [onuod
-urew 0} dn (sosop UQAI3 ur punois [euOnEA
J[Inq uay) %1 >) dwoy sasop Aouy (AN -135q0
‘paseardop je 1dg %61 00CT uo 8—L M ‘KASUOIN Im 31040d
asoq (sesop %1 >) paurejurewt sKep oAn ‘so9q[[oM) (861 aATpoadsorg
"(65/€) %S omurd ut 1dg %07 (Ss/6v) %68 ¥ uayl ‘000% Aiypuo AN -ndesuod g SwQ  Jnoyinurem <0v9  L696L SS  ‘610T InzIfy
nuepy
SPad3s pue sjnu R, (3)
urajoxd
jeoyMm
Sw ] 03
dn urw
0T K100
PaI9IST
-unupe
S9sOp ¢ 19U
18I "AAl JIopeoR
uon ue JuLmp ur LJO pooj
-eorqnd Aq Kpoyeredas -n[nw jo
QdurUdUTRW paonp MITAJI JAT)
payoear -onur sem -oadsonoy
AN %0 (/0) %0 AN 000C Syoam g 91 010l  Ppooj yoeq Swgy IOy JeayM AN AN ¥ €70T udAN3N
s309[qns jo
uon.rodoad LIO 03 3np (Fan
pajaodax JJeI UONIBAI  dUBUI)UIBW (SY93m) (A 19ye) uopeedsa  (urajoad (38uea) (38uea)
swo)dwiAs IIIAIS/)eIIPOW Suryoeax  doueuurewr (upjoad Swr) dn-pping Jo IduBUIUIBW Jsop Su) Isop ueIpow ueIpow  LJO 2AnOE
g0y  Jo sixe[dydeuy JUDIJ 0)duwil], Jdueuuie]y Aduanbaiy 0} sdayg enmuy  Supaeys  pasnynpoid (/NN ASIS SIedf urddy  Jo dquiny adAyApmg

(Ponunuod) | [qeL,

pringer

As



Current Allergy and Asthma Reports (2024) 24:173-197

188

paynuapt
dLN
[hun 1o
Sw 096¢ SMAYSED
0} dn urtx Jroym Io
0€-01 (uroyo1d Sw
QouRUQ) K19A9 P71 surejuod [onu0d
-urew o) dn dLIN UQATIS 1oy Sw [euonea
J[ing uayy s Sosop 008 - AN -1esqo
pasearodp 0021 uo Suneys 8-C PIm ‘Kasuon )M 11040
asoq Qwoy paurejurewr A[yuowt sKep oA ‘s90q[1oM) aAnoadsolq
(0810 %Y %9 oI %81 (0s/vy) %88 (8TT—C) TS ua {000y Al yeeday 81  -MO3sU0D ¢ Sw g oy maysed 8=<SD¥ (801-T98 0S  ‘610Z InzIy
MmaIyse)
mnurem
Jo w01
0) dn utw
0T K100
PaIoISt
(spooy -urwpe
yorgm S9sOp
IB9[oun) €181
Hqod 10} “dn-p[ing 191U
uonen[eAd pue A1 Jruapedr
Ane3ou ue Jurmnp ul 1JO pooj
e pey Sur A1oreredos -n[nw jo
-JIWOA paonp MITAJI JAT)
JUSLINDAI -onur sem -oadsonoy
s yuoned | %0 (LT/VT) %68 4 00€~ SYoam 7 910101  poojyoey  Swg ol 8T F e AN LT ‘€T0T uakn3N
UaIpIIyd
[ooyosaxd
ur IO mu
(1o S u paysasur damn-nnuwr
MOYSBD 0Ot'¢/uroad JOAQU JT NI-Dnw Jo Ansi3ax
/murem uo 3¢ ‘moy 3 [ ) 71 ‘NL ‘aAT10adso1g
TE/D) %€ ae/m »e (1€/0€) %L6 AN 00€  SYeam $—¢ 1108 ON Swr-1 og/umods¢ TNASE0= G-1 Q8uIs 6T 1¢ ‘€202 dPIH
s309[qns jo
uon.rodoad LIO 03 3np (aan
pajaodax JJeI UONIBAI  dUBUI)UIBW (SY93m) (A 19ye) uopeedsa  (urajoad (38uea) (38uea)
swo)dwiAs IIIAIS/)eIIPOW Suryoeax  doueuurewr (upjoad Swr) dn-pping Jo IduBUIUIBW Jsop Su) Isop ueIpow ueIpow  LJO 2AnOE
g0y  Jo sixe[dydeuy JUDIJ 0)duwil], Jdueuuie]y Aduanbaiy 0} sdayg enmuy  Supaeys  pasnynpoid (/NN ASIS SIedf urddy  Jo dquiny adAyApmg

(Ponunuod) | [qeL,

pringer

AQs



189

Current Allergy and Asthma Reports (2024) 24:173-197

UIPTIYDd
[ooyosaxd
ur L[O nu
[ oo ﬁ@umowcm Qan-nnu
Otg/ur01d JIOAQU JI NI-Dnw Jo Ansi3ax
S ¢ mop 3 g<Z10 L ‘NL ‘aAn}0adsorg
%0 %0 %001 AN 00€  SYPM H— 1osg ON Swol-1 8z/waoidSg TNIGED (-1 QIBuIs 1§ €T0T AP
ad
10 Sw
ge91 Jo
9s0p 2A1)
-e[nuwno
wmnur
Sw geg[ -Ixew
0y dn B 0} unu
aa it 0z £100
01 pIg/l paIa1st
o1 y/1 -urupe
0} q19/1 AIoM
01 PY/1 (es0p 2An
o1 mOT/T -e[nums
woiy QouBU Q) IJIM]) palels g9 AT}
syjuowt Apypuowr -ojurewt Sasop nupazey (6'0T-L'1 ‘sisAfeue ur -oadsoney
%0 %0 918 %Ye YT 91y 9sBaIoU] oysdais 1 Sursearouy Sw L0 punorn ¥OD §°S (6-€) S Pepn[OUL 001  0TOT ATeIOIN
nupzey
MAYSED
uonezifendsoy Swz¢o 191U
pue 1do ¢ Sur dn urw JTwpede ut
-1mbar gy 01 0T 1900 LIO pooy
UOIIOBAT QIIAIS Pa19)st -nnu jo
I 9] Surmp -urwpe MITAJI JAT)
1d7 paxmbaor S9sop -0adsonoy
AN (¥2/8) %ee (S€/60) %£8 LT 00¢~ Syoom ¢ 91 @ 01 € ISI] Sw g mol  YIEFLLT AN GE €707 udkn3N
UaIpIIyd
[ooyosaxd
(suore ur LJO nu
MIYSEI U0 T paisadur Qon-nnur
I ‘Moysed 0Ot'¢/uroad JOAQU JT NI-Dnw Jo Ansi3ax
/nurem uo S ¢ mop 3 ¢l I0 8 ‘N.L ‘aAT10adso1g
1°99/0) %€ (99/) %S'L (99/29) %¥6 AN 00€  SYom T 1108 ON Swor-1 gz/umods¢ TNISE0= (6—1) oI8uIs 86 199 ‘€202 dPIH
s309[qns jo
uon.rodoad LIO 03 3np (Fan
pajaodax JJeI UONIBAI  dUBUI)UIBW (SY93m) (A 19ye) uopeedsa  (urajoad (38uea) (38uea)
swo)dwiAs IIIAIS/)eIIPOW Suryoeax  doueuurewr (upjoad Swr) dn-pping Jo IduBUIUIBW Jsop Su) Isop ueIpow ueIpow  LJO 2AnOE
g0y  Jo sixe[dydeuy JUDIJ 0)duwil], Jdueuuie]y Aduanbaiy 0} sdayg enmuy  Supaeys  pasnynpoid (/NN ASIS SIedf urddy  Jo dquiny adAyApmg

(Ponunuod) | [qeL,

pringer

As



Current Allergy and Asthma Reports (2024) 24:173-197

Juiesas
ualIpriyo
Tooyosaxd
ur LIO nu
N[ u paysadur Qon-nnu
osg/uroxd JOAQU JT Jo Ansi3ax
3 1 mopg 3 G < Io (NL ‘oAnoadsold
%0 %0 %001 AN 00€  SYeam $—C 11018 ON Swol-1 gz/u@oidiz TNISE0=< (-1 o[3urs) | €T0T AIPIA
BIUBPEIBIAI
puouwiye
Sw ] 0) pe)lich)
dn urw orapeor
0C Aron0 ut LIO pooj
PaIoISt -nnu jo
-unupe MITAQI QAT
§9sOp |U®QmOb®N~
AN %0 (@) %001 L1 0€T~ $Yoam T 91 0101 €181 Swg IO Y1 F L6] AN T ‘€707 udakn3N
UQIP[IYO
Tooyosaid
ur 11O nu
N[ paysadur Qon-nnur
Opg/uroxd IOAQU JT Jo Ansi3ax
S ¢ mopg 3 G <10 (NI-Druw ‘aanodadsolg
%0 %0 %001 IN 00€  SYoam $—C [1018 ON Sw[-[ gz/umodig TNISE0< S} yoq) ¢ $€T0T AIPIA
puowrjy
(YN asop 19)UdD
[euyy) urw Jnuspedr
0z K109 ur . LIO pooj
PaIAIST -n[nu jo
9] Sump -urwpe MITAJI JAT)
1dg paxmbar Sasop -oadsoney
IN @0 %L1 (01/01) %001 9t 061~ Syoom ¢ 91 01 01 € ISIL] Swg Ino[q SLTF0€ AN 01  ‘€T0T uddn3N
s309[qns jo
uon.rodoad LIO 03 3np (Fan
pajaodax JJeI UONIBAI  dUBUI)UIBW (SY93m) (A 19ye) uopeedsa  (urajoad (38uea) (38uea) )
swo)dwiAs IIIAIS/)eIIPOW Suryoeax  doueuurewr (upjoad Swr) dn-pping Jo IduBUIUIBW Jsop Su) Isop ueIpow ueIpow  LJO 2AnOE X
g0y  Jo sixe[dydeuy JUDIJ 0)duwil], Jdueuuie]y Aduanbaiy 0} sdayg enmuy  Supaeys  pasnynpoid (/NN ASIS SIedf urddy  Jo dquiny adAyApmg Qmul

190

(ponunuoo) [ oqeL &l



191

Current Allergy and Asthma Reports (2024) 24:173-197

s1eak .4 1391 youd urys 74§ “AS] oyroads FS[s ‘UoneIASp pIepur)s (7§ TeLI) PI[[ONU0D PAZIWOPUEI [)Y “9TU[[BYD POOJ [BI0 D 4O ‘Paiodal jou YA 9Sop pajeIo[o) WNWIXLW (7L Yedn 0}
uonuu 7,77 ‘e3uer smrenbiojur yy ‘uoneresss asop [entur 77 ‘Teunsauronses 7o ‘sniSeydoss orydoursod o ‘pa[jonuos-0qade[d purjq-o[qnop DJgd ‘UOTOeaI ISIOAPE Y SUONRIAAIQQY

NDId 03 1o}
-sueln pue ¢ X
1dg Surnnbax
(IoueaWP
ur oSueyo
pue ‘Surysny Qwresos
[eroey ‘ured Sw /0 I9)U2D
[europqe) dn ur oTwepeor
sixe[Aydeue 0C K180 ur [JO pooj
QI0ADS UNIM | PaIA)ST -pnu jo
‘HdI MEEBU -urwpe MOITAJI IAT)
1d7 paxmbor S9sop -oadsonoy
AN O1/%) %ST (T1/6) %SL 8¢C SLE SYoam ¢ 91 ™ 01 €181 Swg ol 691 F¥'¥C AN Tl €707 uakniN
‘Sursop
Qwoy 0§
ALN Sur
-WIyuod
Kep 1od
SISOp €7
M skep
[euonippe
cuayL
‘Poyn
-uapt (1
oy} [hun
10 urojoxd (uroyo1d
Quresos Jwesas Jwt
%06 Aq Sw 008y 0bc=381)
asearoul 0} dn utwr uIyey, uay)
Apuour 09-ST1 ‘(ISdH)
Qoueud) uay) K19A9 JORINXD
-urew o) dn ‘ALN UAAIS Qwesas
mq uayy 1dg popaou (8w 000Y s Sur HAI ~ $esop L 0} urajoxd-ysiy
Paseadop owoy Je sid > 0) 0y7) 00C] uo -JIe)s € X Surpnpour dn s paziprepue)s LIO 1°9e[
asoq 9%¢°8 ‘Tendsoy renxed %66 paurejurewr A[puowt ‘Te1o) skep oAn pasn sasop 11 uadQ $6T0T
(09/) %L'S ursid %/°91 (09/€9) %88 (zs=S1) 9t uay 000 AL eedoy SeSOp ] -MO9SUOO T Sw ¢ Sw opg > AN -89 ¢L 09 uoysypeN
s393(qns jo
uontodoxd LIO 03 onp (Fan
pariodax 91 UOPIBAI  IdUBUUIEW (sy3am) (A1 19Yye)  uopeedsds  (upjoad (98uex) (33uea)
swo)dwAs I3AIS/I)BIIpPO Sunyoeaxr  doueuwduiewr  (uRjoad Sw) dn-pping Jo duUBUNUIBI asop Sur) asop uerpauw uelpaw  LJO dA10R
qoyg  Jo sixedydeuy JUDIdJ 0)dun], ddueuduiely Adoudnbaiy 0} sdn§ [enu]  Supae)s  pasnjonpoid (/NN) ASIS SIedL urdfy  Jo JdqunN ad£yApmg

(Ponunuod) | [qeL,

pringer

As



192

Current Allergy and Asthma Reports (2024) 24:173-197

[29]. Build-up lasted 612 months, but the duration did not
necessarily correlate with the final maintenance dose as evi-
denced by one study of low-dose OIT in which only 50%
of subjects reached the maintenance dose of 125-250 mg
peanut protein by 14 months [30].

The majority of subjects experienced adverse events
(AEs) during build-up, although most AEs were mild and
were often similar to the rate reported by controls. The cri-
teria used to grade AEs varied; however, severe AEs were
reported in 0-23% of subjects, and 0-53% of subjects were
treated with epinephrine during OIT. In exit OFCs from all
studies, most subjects could tolerate higher doses than their
maintenance dose. One study was designed to investigate
the maximum tolerated dose (MTD) after OIT and found
that the majority of subjects were able to tolerate 3—4 times
their maintenance dose of 3900 mg [27].

Egg OIT Protocols

Over a dozen studies have been published on HE OIT in
children, and we chose 8 RCTs to represent a spectrum of
published protocols [36—43] which all included DBPCFCs
before and after desensitization to test efficacy. Some
excluded subjects with a history of severe reactions [37, 39,
41, 42]. One study only enrolled subjects with severe allergy
[36], and none of these subjects were able to reach mainte-
nance [36]. Protocols used either dehydrated egg powder
[37-39, 41, 42] or raw egg [36, 40, 43]. Most used egg white
(EW) [37, 38, 40—42], while others used a mix of EW and
yolk [36, 39, 43]. Please see Table 1 for details of the prod-
uct used for OIT in each trial.

The starting dose ranged from 0.03 to 0.27 mg protein.
About half of the protocols used an IDE [37, 40, 42], includ-
ing two rush [38, 41] protocols that reached the maintenance
dose in a few days. The protocols using an IDE built up to
30-140 mg EW protein on the first day, whereas the rush
protocols built up to 1000-3000 mg EW protein over 1-5
days. Apart from rush protocols, most protocols built up
every 1-2 weeks in clinic, although there were 4 protocols
that included home build-up [36, 39, 40, 43]. Two studies
using home build-up [36, 40] alternated lower (3—50%)
build-up at home every 1-6 days with larger (30-100%)
increases every 1-4 weeks in the hospital setting, whereas
the other two [39, 43] protocols increased doses entirely at
home. Two studies used very gradual home dosing (3-9%
every 1-6 days) with more than 50 dose increases (up to
181) at home resulting in 80-100% of subjects reaching
maintenance [40, 43]. One home-based protocol had sub-
jects increase the dose more rapidly (25-100% every 3-7
days) with 56-69% of subjects reaching maintenance [39].
The study mentioned above that only enrolled patients
with severe egg allergy increased by either 1 drop or 1 mL
(10-50% dose increase) every 5-6 days at home, but none
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of the subjects was able to reach maintenance [36]. One
study compared weekly observed build-up alone with small
home-dose build ups between larger observed increases and
found that more subjects on a combined clinic and home
dosing reached maintenance (96% vs 75%, p = 0.01) in a
shorter time (9 vs 18 weeks, p = 0.000) with lower rates
of epinephrine use (3.8% vs 9.1%, p < 0.05) compared to
weekly up-dosing alone [40].

Most protocols aimed to reach a maintenance dose
over 3—10 months of approximately 1000-4000 mg of egg
protein, or the equivalent of 1 egg, eaten every 1-3 days,
although higher rates of success could be achieved over
longer periods [42]. Two protocols used antihistamine pre-
medication during build-up, including one rush protocol [38,
43]. Most subjects experienced AEs, including a 4-6% rate
of anaphylaxis in most studies. One study with only low-
dose home build up reported no cases of anaphylaxis [43].
Two studies reported higher rates of anaphylaxis [36, 40],
but nothing about these studies stood out as factors affecting
anaphylaxis, other than the one that only enrolled subjects
with severe allergy, which reported 75% of subjects with
Grade 3 or 4 reactions *°. Of the studies that reported chronic
GI AEs, 3-9% of subjects dropped out due to these symp-
toms [37, 38, 41, 42].

Milk OIT Protocols

Seven [44-50] RCTs are reviewed for CM OIT, and most
were conducted in school-aged children although one
enrolled infants 7-12 months of age [49]. Some studies
excluded subjects who had a previous severe reaction to
CM [45, 47], whereas others exclusively studied children
with a history of anaphylaxis to CM [44, 50]. At baseline,
most subjects reacted to < 1 mL (~ 33 mg protein) of CM,
and all reacted to < 2 ounces (60 mL). Liquid CM was
used for desensitization in most protocols, often diluted to
1:10, 1:25, or even 1:100, except for one study [45] which
started with dry nonfat powdered CM and worked up to
liquid CM. One study compared unheated CM with heated
CM powder (prepared by heating CM at 125 °C for 30 s
and spray-drying for 3 seconds) [50] and concluded that heated
CM may have a better safety profile but may not induce as
optimal desensitization [50].

The starting doses varied from 1 to 5 drops of diluted [44,
46-48] CM up to 1 mL undiluted [49, 50] CM (20 drops =
1 mL [48]). About half of the protocols started with an IDE
[44, 45, 47, 49]. There was a wide range in terms of the IDE
protocol: most completed the IDE in 5-10 doses over 1-2
days, up to a dose of 1-2 mL of undiluted CM. One RCT in
children with severe milk anaphylaxis hospitalized subjects
for 10 days to complete 36 doses starting with 5 drops of
1:10 CM dilution building up to 20 mL undiluted CM [44].
After the IDE (or instead of an IDE), 2 protocols reached



Current Allergy and Asthma Reports (2024) 24:173-197

193

maintenance in 8-9 doses [45, 50], 3 reported 16—18 steps
[46, 47, 49], and 2 studies took > 100 doses [44, 48] to reach
maintenance. A significant number of studies had subjects
increase the dose at home as frequently as every few days
to monthly [44, 48, 50]. One used a combination of home
and observed dose increases [48]. The others increased the
dose weekly in clinic then had subjects continue that dose at
home daily [45-47, 49] except one which only dosed weekly
in clinic, without any home dosing [46]. Only two [44, 50]
of the 7 studies were premedicated with antihistamines. The
majority of protocols reached maintenance in 2—6 months
and two within 8—12 months [44, 50]. The majority of stud-
ies used 150-250 mL as the maintenance dose, and 2 used
low [45, 50] doses of 3—15 mL for maintenance. The major-
ity of studies had > 85% of subjects reach maintenance.
Only one study, in subjects with severe anaphylaxis to CM,
reported that most subjects failed to reach maintenance, even
after a full year of build-up by 1 mL every other day at home
[44]. Two studies [47, 48] reported high success (> 75% of
subjects) consuming CM ad lib after OIT.

Most subjects experienced AEs associated with dosing.
Five studies reported that > 75% of subjects experienced
AEs from OIT [44, 47-49]. One study of home up-dosing
only reported 20-32% of subjects with AEs [50]. The rate of
anaphylaxis was 0-7% [44, 47, 48], except for in the studies
with < 20 subjects [45, 46], in which the rate of anaphylaxis
ranged from 20 to 33%. Only two studies reported subjects
who developed chronic GI complaints, and this occurred
in 1-3 subjects (3—11%) per study [48, 50]. One subject
dropped out due to uncontrolled eczema [45].

Wheat OIT Protocols

There has been one RCT [51], one high-dose rush [52], and
a low-dose [53] observational protocol published for wheat
OIT in children. The RCT excluded a history of severe ana-
phylaxis whereas, in the open-label studies, 94-100% of
subjects had anaphylaxis to wheat. In the RCT conducted in
the USA, vital wheat gluten was used since its high protein
content allowed for smaller volumes than wheat flour. In
the open-label Japanese studies, boiled udon wheat noodles
were used as the investigational product.

All studies used an IDE of 8-10 doses over 1-5 days and
then reached maintenance in 15-20 steps after the IDE (8
steps only for the low-dose protocol). The Japanese protocols
used loratadine and montelukast as premedication and, after
the 5-day IDE, all updosing occurred at home. The starting
dose ranged from 0.07 mg wheat protein in the RCT to 2.8
mg in the low-dose and 50 mg in the high-dose protocols.
Build-up occurred every 5—14 days and took a median of
20-40 weeks (up to 2 years in the high-dose observational
study). The low-dose observational study built up to 53 mg,
the high-dose protocol to 5200 mg, and the RCT to 1445 mg

with the placebo arm crossing over to 2748 mg of wheat pro-
tein per day. More than 80% of subjects reached the main-
tenance dose, although only 57% of the placebo cross-over
subjects attained high-dose maintenance in the first year,
and some high-dose observational subjects required 2 years
to reach maintenance.

In the RCT, up to 15.4% of doses during the first year
were associated with AEs, which decreased to 3.1% of doses
during the 2nd year of treatment. In the open-label studies,
26-30% of doses during the IDE were associated with AEs
but only 4-6.8% of doses overall. The rate of anaphylaxis was
< 0.05% of doses in all studies. Around 5-10% of subjects
withdrew due to chronic abdominal pain or vomiting, except
in the lowest-dose protocol in which no subjects withdrew.

After 2 years of 1445 mg OIT in the RCT, 13% achieved
SU 8 to 10 weeks off therapy. In the open-label studies,
61-69% passed an OFC to their maintenance dose after 2
weeks off OIT.

Tree Nut and Sesame OIT Protocols

There have not been any RCTs to individual tree nuts (TN),
perhaps due to the complexity of cross-reactivity between
different nuts. However, researchers in Israel have published
a series of reports on OIT for walnut [54], cashew [55], and
sesame [56] in which patients underwent an IDE over 1-2
days to identify their RD and then continued with 1-2 days
confirming their MTD and repeating this process of dose
escalation to a new MTD monthly for several cycles up to
a goal of 4000 mg of the food protein. They showed that
once reaching the 4000 mg dose, the daily dose could be
decreased to 1200 mg, and patients could still tolerate a 4000
mg OFC after 6 months.

Recently, several observational reports of multi-food OIT
for tree nuts have been published [6, 7]. One protocol con-
ducted desensitization to each TN sequentially [6], whereas
the other simultaneously dosed all relevant TN during a
single multi-TN OIT build-up [7]. To simplify dosing for
patients, one protocol [7] compounded the TN flour at local
pharmacies into capsules or instructed patients to freeze TN
milk into ice cubes which could be stored in the freezer for
up to 3 months. At higher doses, patients could purchase a
scale and weigh crushed whole TN. Although there were
fewer patients undergoing multi-TN OIT than single-TN
OIT in these studies, the rate of adverse reactions requiring
epinephrine was not different for patients on multi-TN OIT
versus single-TN OIT, suggesting that the safety of multi-TN
OIT may be similar to single-TN OIT.

The two real-world [6, 7] studies started OIT with 1-10
mg of TN protein, whereas the Israeli group started with 0.1
mg. A retrospective report of hazelnut OIT started at 0.7 mg
[57]. Most of the protocols used an IDE, with either 3 doses
[6] given in a single day up to 3—10 mg of protein, or a 14
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consecutive day IDE protocol [54-57] aimed at identifying
the MTD up to 160-360 mg of protein. In these latter proto-
cols, the MTD was then maintained for a month, and the pro-
tocol was repeated for several cycles until the 1635-4000 mg
dose was achieved, then the dose was dropped to 416—-1200
mg protein for maintenance. The other protocols [6, 7] built
up in 25-100% increments every 2—4 weeks over approxi-
mately 67 months to a maintenance dose of around 300
mg protein. Given high cross-reactivity between cashew/
pistachio and walnut/pecan, patients who underwent OIT for
cashew or walnut could substitute doses using pistachio or
pecan, respectively, either in clinic [7, 54, 55] or at home [6].

Higher rates of epinephrine use were reported during IDE
and MDT protocols [6, 54-56] (0-25%), and with walnut,
cashew, hazelnut, and sesame more than almond or maca-
damia nut, although there were only 4 reported subjects
undergoing OIT for almond and 1 for macadamia nut. The
rate of chronic GI AEs was similar as for other foods, and
between single-TN and multi-TN studies, around 3-6%,
when reported.

Post-desensitization Strategies

Just as there is significant variability in the build-up phase
of OIT, there is much uncertainty on the best strategy for
patients after reaching the maintenance therapy phase of
OIT. Similar to subcutaneous immunotherapy (SCIT) [58,
59], OIT has been shown to increase the percentage of
regulatory T cells (Tregs) in an allergen-dependent manner
[28] with downstream changes in allergen-specific IgE and
IgG4, basophil activation and skin prick testing, and Th2
cytokines [28, 60], although tolerance with OIT remains to
be proven. As a result, continued daily OIT is commonly
recommended. Unfortunately, this can be difficult for fami-
lies to sustain, and there is strong interest in more practical
long-term options.

Discontinuation of OIT

Several studies have shown the ability to achieve SU after
discontinuing OIT for short periods of time up to 1 month
[29, 42, 61, 62]. To understand whether long-term remission
could be possible after the completion of OIT, the Immune
Tolerance Network-sponsored IMPACT trial incorporated an
extended 26-week OIT avoidance period after the comple-
tion of peanut OIT in 1-4-year-old peanut-allergic children
[34]. After 134 weeks of peanut OIT with a 2000 mg mainte-
nance dose, 71% of actively treated subjects achieved desen-
sitization to 5000 mg compared to 2% of placebo-treated
subjects. After discontinuing OIT for 26 weeks, 21% of
active subjects again tolerated 5000 mg and were deemed
to be in remission compared to 2% of placebo subjects.
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Post-hoc analysis identified lower age at OIT initiation and
lower baseline peanut IgE as predictors of remission. In the
clinic, these data suggest that most peanut-allergic patients
will not be able to fully discontinue OIT outside of a subset
of the youngest patients.

Non-Daily Dosing Regimens

With consideration for the burden of OIT administration as
well as the risk inherent with each exposure to food allergen,
there would be a benefit to subjects with less frequent OIT
dosing. In an extension of the pivotal PALISADE trial [25],
the ARCO004 study investigated every other day and twice
weekly maintenance OIT dosing regimens in comparison to
continued daily dosing [63]. The study found that desensitiza-
tion rates declined on less than daily dosing with 72-92% of
daily dosing subjects desensitized to 1000 mg peanut com-
pared with 58-68% of non-daily dosing subjects. Daily dosing
was not only superior but also longer durations of daily dosing
appeared to result in increasing levels of desensitization. In
addition, exposure-adjusted AE rates were higher in non-daily
dosing regimens (25.95-42.49 AEs per subject-year) com-
pared to daily dosing (12.94-17.54 AEs per subject-year).
These data suggest that negative effects on efficacy and safety
might be expected with non-daily dosing regimens at least
when a 300 mg maintenance dose is utilized.

Reduced Dose Maintenance Therapy

While full discontinuation of therapy has not appeared fea-
sible for the majority of patients, the ability to transition to
a lower dose of OIT would likely provide improved safety
with the potential for less aversion and less treatment fatigue.
In the POISED study, peanut-allergic subjects were treated
with 4000 mg peanut OIT for 24 months, then either discon-
tinued from OIT or maintained with a lower 300 mg peanut
OIT dose for up to 12 months [35]. Similar to the IMPACT
trial, remission was achieved by only 20% of subjects after
26 weeks and 13% of subjects 52 weeks after OIT discon-
tinuation. Importantly, the reduction in maintenance dose
to 300 mg also resulted in decreased efficacy. While 83%
of subjects were fully desensitized, defined in the study as
tolerating 4000 mg during OFC, after completing OIT, this
percentage decreased to 54% 13 weeks after decreasing the
maintenance dose and 43% after 26 weeks. These data sug-
gest that lowering the OIT maintenance dose is likely to
influence the degree of desensitization with a loss of desen-
sitization expected for most.

Dietary Food Equivalents

The use of peanut and other food flours for OIT has been
convenient for dose measurement; however, these flours are
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not intended for direct ingestion. They require mixing with
a vehicle food prior to eating and can result in taste and
texture aversion. Transitioning to commercial food products
with equivalent amounts of food protein to the OIT mainte-
nance dose would simplify the dosing process and perhaps
improve palatability as well. Specific to the FDA-approved
Palforzia peanut OIT product, a food equivalent could also
provide considerable cost savings. Groetch et al. recently
published a simple-to-follow guide to selecting commercial
food equivalents for varying dose levels of the most com-
mon food allergens [64]. As an example, ingestion of 300
mg of peanut protein could be achieved through 1.5 cocktail
peanuts, Y tsp regular peanut butter, 3 Bamba snacks, or 4
Reese’s Pieces candies. Several key questions remain regard-
ing a transition to dietary food products that warrant fur-
ther study. First, it remains unclear if there is an ideal stage
of treatment to transition from an OIT product to a food.
Second, it is unknown whether equal amounts of protein in
OIT and dietary food have equivalent effects on the immune
system. Furthermore, a small study by Filep et al. suggested
that protein content and ratios of the key peanut components
may differ between different dietary options [65]. Overall,
the transition to dietary food products should be jointly dis-
cussed with the patient considering factors such as reaction
threshold, tolerance of OIT, adherence to treatment, cost,
access, and patient preference.

Conclusion

In summary, shared decision-making between the patient,
family, and clinician must rely on balanced, evidence-based
information to counteract the plethora of information fami-
lies may encounter on social media. Decision-aids may sup-
plement the one-on-one discussions physicians have with
families. Many protocols have been published for milk, egg,
and peanut OIT, and other foods to help guide physicians
in providing evidence-based care for their OIT patients. A
starting dose of around 0.1 mg protein, with or without an
IDE, escalating every 2—-4 weeks without premedication
seem to be general trends across these protocols. Typical
maintenance doses seem to cluster either around a low-dose
300-600 mg protein, or a high dose of 1200—4000 mg pro-
tein. Meta-analyses of the starting dose, steps to build-up,
and maintenance dose would help further guide physicians
to optimize the safety and efficacy of their chosen protocol.
Upon achieving maintenance dosing, most patients will need
to maintain exposure to the food allergen to remain desen-
sitized. Less frequent or decreased OIT dosing can provide
practical benefits but may affect desensitization. Switching
to food products may have benefits for some patients. Fur-
ther research is required.
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