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Review article

Food allergies can pose significant risks and profoundly 
impact the quality of life of children and their families, mak-
ing them a major public health concern. Allergen avoidance 
has been the traditional mainstay of treatment; however, 
recent research has focused on various approaches to food 
allergen immunotherapy. This review summarizes the 
recent advancements in oral, sublingual, and epicutaneous 
immunotherapies, highlighting their respective advantages 
and disadvantages. The ultimate goal of food allergen 
immunotherapy is to maximize efficacy while minimizing 
risks, leading to the exploration of strategies such as low-
dose immunotherapy and the use of biologics. When 
selecting candidates for immunotherapy among patients 
with food allergies, factors such as allergen characteristics, 
the likelihood of natural resolution, age, symptom severity, 
and impact on quality of life require consideration, and an 
individualized approach should be adopted to determine 
the most suitable treatment method.

Key words: Food allergy, Oral immunotherapy, Sublin-
gual immunotherapy, Epicutaneous immunotherapy

Key message
· To enhance the safety of food allergen immunotherapy, 

alternative approaches such as sublingual immunotherapy, 
epicutaneous immunotherapy, low-dose oral immunothe-
rapy (OIT), and omalizumab with OIT are being explored. 

· Factors such as causative allergen type, natural outgrowth, 
symptom severity, and patient age should be considered. 

· Individualized food allergen immunotherapy plans should 
be established to determine the most beneficial treatment for 
each patient.

Introduction

In recent decades, the prevalence of food allergies has 
increased worldwide.1-6) Food allergies mostly begin in early 
childhood and can present with severe life-threatening 
symptoms, such as anaphylaxis, making them a significant 
public health concern.7,8) Parents of children with food 
allergies often experience concern and anxiety about school 
or daycare meals and accidental food consumption as well 
as a fear of when severe allergic reactions may occur. These 
concerns can significantly restrict daily life and diminish 
its quality.9-11) Despite the importance of managing food 
allergies, treatment remains a challenging task compared 
to that of other allergic conditions, and active treatments 
beyond avoidance have been limited.7,12) 

The learning early about peanut allergy (LEAP) study 
published in 2015 revealed that the early introduction of 
peanuts decreased the frequency of peanut allergies.13) By 
demonstrating that food allergies can be prevented through 
early food introduction, the LEAP study provides valuable 
insight into the underlying mechanisms of food allergies. 
Consequently, the demand for the proactive treatment 
of immunoglobulin E (IgE)-mediated food allergies has 
remained steady.14,15) 

In 2020, peanut allergen powder-dnfp (Palforzia [PTAH]), 
an immunotherapy drug for peanut allergies, received 
approval from the U.S. Food and Drug Administration.16) 
This marked the official recognition of oral immunotherapy 
(OIT) for food allergies and was a key moment in the food 
allergy field. In Korea, OIT using heated milk/egg was 
recognized as a safe and effective medical technology by 
the New Health Technology Assessment Committee of the 
Ministry of Health and Welfare in March 2022 (no. 2022-63). 
Based on this information, we reviewed and summarized 
recent studies on food allergen immunotherapy to guide the 
identification of applicable treatments in the clinical setting 
in Korea. 
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Recent studies of food allergen immunotherapy

1. Oral immunotherapy

1) Peanut OIT
The PALISADE study published in 2018 was a large phase 

3 trial of the peanut allergy OIT drug AR101.16) Based on its 
findings, AR101 (later officially named PTAH) was the first 
Food and Drug Administration–approved drug for peanut 
allergy in the United States (US). The study included 551 
patients aged 4–55 years with peanut allergy confirmed 
by allergic symptoms at a dose of 100 mg or less of peanut 
protein (approximately one-third of a peanut kernel) during 
a baseline oral food challenge (OFC). The participants 
received either AR101 or placebo. On day 1, participants 
under went an initial dose-escalation phase from 0.5 mg to 
6 mg. Subsequently, they proceeded to an increasing-dose 
phase during which the dosage was gradually increased 
every 2 weeks from 3 mg to 300 mg. This was followed by a 
24-week maintenance phase at a constant dosage of 300 mg. 
The trial lasted approximately 12 months. After 52 weeks, 
67.2% of the actively treated participants (versus 4% in the 
placebo group) were able to consume a single dose of 600 
mg or more of peanut protein without experiencing allergic 
symptoms. No statistically significant difference was 
observed between the AR101- and placebo-treated groups 
in the adult group (≥18 years). Adverse events (AEs) were 
reported in 98.7% of the AR101 group versus 95.2% of the 
placebo group, with severe AEs occurring in 4.3% of the 
AR101 group and 0.8% of the placebo group. 

Subsequently, a multicenter, phase 3 peanut OIT study 
using AR101 was conducted in children aged 4–17 in Europe. 
After 9 months of treatment, at the exit food challenge test 
with 1,000 mg of peanut protein, 58% of the AR101 group 
and 2% of the placebo group tolerated it.17) Vickery et al.18) 
conducted an open-label follow-up study of the PALISADE 
study and demonstrated that long-term daily treatment 
with PTAH led to improved efficacy compared to nondaily 
treatment. Overall, 83% of the participants experienced 
mild to moderate AEs, and the safety profile was superior 
in the daily treatment versus nondaily treatment group. 
Subsequently, the researchers reported a subgroup analysis 
of participants from the PALISADE-ARC004 study (aged 
4–17 years) who received 300 mg of PTAH daily during the 
maintenance phase for approximately 1.5 years (group A) or 
2 years (group B). In group A, 48.1% achieved desensitization 
to 2,000 mg of peanut protein, whereas in group B, 80.8% 
achieved desensitization.19) 

In the recent IMPACT trial, patients aged 1–3 years were 
treated with a maintenance dose of 2,000 mg for 134 weeks. 
The study demonstrated more robust results than previous 
studies. At 134 weeks, the median cumulative tolerated 
dose was 5,005 mg in the treatment group and 5 mg in 

the placebo group (P<0.0001). Furthermore, “remission,” 
defined as passing a double-blind placebo-controlled 
food challenge of 5,000 mg after discontinuing treatment 
for 26 weeks, was achieved in 21% of the treatment group 
versus 2% of the placebo group. At 160 weeks, the median 
cumulative tolerated dose in the treatment group was 755 
mg.20)

2) Cow’s milk OIT
Cow’s milk OIT has a higher rate of severe AEs than 

other food allergen immunotherapies. When undergoing 
immunotherapy with a maintenance dose of 100 mL of 
milk for 1 year, up to 43% of participants in the treatment 
group experienced AEs requiring the use of epinephrine.21) 

Several recent studies aimed to improve the safety of cow’s 
milk OIT using low-dose milk or heated/baked milk in OIT 
protocols. Ogura et al.22) conducted a study of milk, egg, and 
wheat OIT by dividing the participants into 100% or 25% 
dose groups. The study found no significant difference in 
efficacy between the low- and high-dose groups; however, 
AEs were less frequent in the low-dose group. 

Miura et al.23) conducted OIT using 3 mL of milk for 1, 2, 
or 3 years. Short-term unresponsiveness (StU) was observed 
after a 2-week milk avoidance period in the treatment group 
as follows: 27% at 1 year, 52% at 2 years, and 61% at 3 years. 
The percentage of patients in the control group was 13%. In 
the treatment group, anaphylaxis was observed after three 
of 164 OIT administrations (2%) conducted in a hospital 
setting and after eight of 19,861 OIT administrations (0.04%) 
conducted at home. A study of milk OIT compared milk 
heated at 125°C for 30 s and unheated milk. This study 
involved the administration of a low dose of milk (3 mL) for 
1 year. One year later, 35% and 18% of the heated-milk group 
and 50% and 31% of the unheated-milk group passed the 
3 mL and 25 mL OFCs, respectively. The rates of moderate 
to severe symptoms and respiratory symptoms per ad-
ministered dose were significantly lower in the heated-milk 
versus unheated-milk group (0.7% and 1.2% vs. 1.4% and 
2.6%, respectively; P<0.001).24) 

Another study used baked milk for immunotherapy. 
Therein, researchers added premeasured OIT powder to a 
cupcake or muffin batter and baked the mixture at 350°F 
for 30 minutes. Eleven of the 15 (73%) baked milk OIT 
participants reached the primary endpoint, tolerating 4,044 
mg of baked milk protein after 12 months compared with 
0 of 15 (0%) in the placebo group. Dose-related reactions 
were common; however, >95% of the reactions in both 
groups were mild.25) Another aimed to reduce the risk of 
milk OIT by using omalizumab as an adjuvant therapy.26) 
When used as monotherapy, omalizumab induced patient 
tolerance to ≥6,000 mg of cow’s milk protein in 34.8% of 
patients tested by OFC. When omalizumab was combined 
with milk OIT, 83.0% of patients achieved desensitization. 
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The discontinuation of omalizumab resulted in more AEs 
(P=0.013) and anaphylaxis (P=0.001) compared to continued 
omalizumab treatment. Anaphylaxis was observed in 
36.4% of patients who discontinued omalizumab, with a 
higher occurrence after sudden (50.0%) rather than gradual 
(12.5%) discontinuation. 

3) Egg OIT
Low-dose and heated forms of immunotherapy have also 

been used to treat egg allergies. Kim et al.27) reported that, 
among children allergic to unbaked eggs but tolerant of 
baked eggs, those treated with egg OIT were significantly 
more likely to achieve sustained unresponsiveness (SU) than 
children who ingested baked eggs after a discontinuation 
period of 8–10 weeks. A comparison of high-dose (6,200 mg) 
and low-dose (1,550 mg) egg OIT revealed no signifi cant 
difference in SU rates at 1 year (20% in the high-dose group 
vs. 26.9% in the low-dose group) (P=0.743). However, the 
rate of AEs was lower in the low-dose (8.74%) versus high-
dose (10.9%, P<0.05) group.22) Palosuo et al.28) conducted a 
study in which 6- to 17-year-old patients with egg allergies 
were treated with raw egg white powder (1 g of egg white 
protein) for 8 months; a desensitization rate of 44% was 
achieved. They reported that subjects with high egg white-
specific IgE concentrations and sensitization to multiple egg 
allergen components at baseline benefited from prolonged 
treatment. 

Recent clinical trial results of OIT for peanut, milk, and 

egg allergies are presented in Table 1.

2. Sublingual immunotherapy
Various immunotherapy delivery modalities have been 

studied for immunotherapy (Table 2). Sublingual immu-
notherapy (SLIT) for food allergies involves the daily 
placement of a glycerinated food allergen under the tongue 
to achieve desensitization. SLIT has been attempted for 
treating cow’s milk allergy and pollen-food allergy syn-
dromes, but it has mainly been studied in the context of 
peanut allergy.29) A study of 40 participants aged 12–37 
years compared peanut SLIT with placebo. During the 
44-week treatment period at a maintenance dose of 1,386 
µg, 70% of the participants in the treatment group met the 
responder criteria by passing a 5,000-mg OFC or increasing 
their tolerated peanut dose by more than 10-fold compared 
to baseline. The most common AE was oropharyngeal 
itching; excluding this symptom, 94.7% of the participants 
were symptom-free.30) 

In children aged 1–11 years with peanut allergy, daily 
SLIT with 2 mg of peanut protein (equivalent to 1/150th of 
a peanut) was administered for up to 5 years. In this study, 
67% of children tolerated at least 750 mg of peanut protein 
(equivalent to 2.5 peanuts). The median successfully con-
sumed dose (SCD) was 1,750 mg, and no AEs requiring 
epinephrine occurred. Subsequently, when the SLIT dose 
was increased to 4 mg, 70% of the patients tolerated 750 mg 
of peanut protein, and the median SCD increased to 2,350 

Table 1. Recent studies of food allergen oral immunotherapy
Allergen/Study Age (yr) Numbers by group Maintenance dose, procedure Duration Efficacy Safety

Peanut
Vickery et al.,  201816)  

(PALISADE)
4–55 (4–17 yr)

OIT: N=372
Placebo: N=124
(18–55 yr)
OIT: N=42
Placebo: N=14

300 mg of peanut protein 1 Yr (4-17 yr)
Desensitization to ≥600 mg
 OIT: 67.2%
 Placebo: 4.0%
(18-55 yr) No effect

Any AE/Severe AE
OIT: 98.7%/4.3%
Placebo: 95.2%/0.8% 

O'B Hourihane et al.,
    202017) (ARTEMIS)

4–17 OIT: N=132
Placebo: N=43

300 mg of peanut protein 9 Mo Desensitized to 1,000 mg 
OIT: 58%
Placebo: 2% 

Any AE/Severe AE
 OIT: 99%/0%
 Placebo: 98%/0%

Vickery et al., 202118)

(ARC004; PALISADE 
follow-on study)

4–17 Daily dosing
PTAH Naive: N=72
Cohort 1: N=103
Cohort 3A: N=26
Nondaily dosing
Cohort 2: N=38
Cohort 3B: N=32
Cohort 3C: N=21

300 mg of peanut protein, 
Daily dosing PTAH (AR101) 
vs. nondaily dosing PTAH

28–56 Wk Desensitized to 2,000 mg 
Daily dosing
PTAH Naive: 51.4%
Cohort 1: 48.5%
Cohort 3A: 80.8%
Nondaily dosing
Cohort 2: 36.8%
Cohort 3B: 45.4%
Cohort 3C: 42.9%

Exposure-adjusted AE/parti-
cipant-year

Daily dosing
12.94 to 17.54
Nondaily dosing
25.95 to 42.49

Fernandez-Rivas et al.,   
202219) (PALISADE-
ARC004 post hoc 
longitudinal explora-
tory analysis)

4–17 Group A (28-wk maintenance): 
N=110

Group B (56-wk maintenance): 
N=32

300 mg of peanut protein, 28-
wk vs. 56-wk maintenance

2 Yr Desensitized to 2,000 mg 
Group A: 48.1%
Group B: 80.8%

Exposure-adjusted AE
(PALISADE, ARC004)
Group A: 20.7%, 12.8%
Group B: 31.8%, 17.5%

Jones et al., 202220)  
    (IMPACT Trial)

1–3 OIT: N=96
Placebo: N=50

2,000 mg of peanut protein 134 Wk Desensitized to 5,000 mg 
OIT group: 71%
Placebo group: 2%
Remission: 21% vs 2%

Any AE/ Severe AE
OIT: 98%/5%
Placebo: 80%/0%

(Contiuned)
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mg, indicating improved efficacy. Similar AE levels were 
observed with an increased SLIT dose (4 mg).31,32)

3. Epicutaneous immunotherapy
Epicutaneous immunotherapy (EPIT) involves applying a 

patch to the skin with peanut protein electrostatically ad-
hering to the inner portion of the patch. This allows for the 
solubilization of peanuts by sweat and the opening of skin 
pores, facilitating the passive transfer of peanuts to skin-
based Langerhans cells with a minimal risk of systemic 
absorption. EPIT has been attempted for both milk and 
peanut allergies, with recent research predominantly focus-
ing on the latter.33,34) 

A multicenter double-blind randomized placebo-control-
led study was conducted in 2017, involving 74 participants 
aged 4–25 years. This study evaluated the efficacy of 
Viaskin Peanut (DBV Technologies, Montrouge, France) 
patches at doses of 100 µg and 250 µg as well as a placebo 
patch over a treatment period of 52 weeks. It aimed to 
assess the ability of participants to pass an OFC of 5,044 mg 
of peanut protein or achieve an SCD of at least 10 times the 
baseline value. The response rate was significantly higher in 
the Viaskin Peanut 100 µg (46%) and Viaskin Peanut 250 µg 
(48%) groups than in the placebo (12%) group. The success 
rate was higher in the younger age group (4–11 years) than 
in the older age group (>11 years). AEs were reported in 

Table 1. Recent studies of food allergen oral immunotherapy (Contined)
Allergen/Study Age (yr) Numbers by group Maintenance dose, procedure Duration Efficacy Safety

Cow’s milk
Ogura et al., 202022) 3–15 Low-dose OIT: N=13

High-dose OIT: N=13
Low dose: 850 mg
High-dose: 3,400 mg of CMP

1 Yr StU (2 wk) to 3,400 mg 
Low-dose OIT: 15.4%
High-dose OIT: 7.7%

Any AE per dose 
Low-dose OIT: 10.3%
High-dose OIT: 15.4$

Maeda et al., 202121)

   (ORIMA)
3–12 OIT: N=14

Control: N=14
100 mL of cow’s milk vs. avoi-

dance
1 Yr Negative OFC (100 mL)

OIT: 50% 
Control: 0%

Any AE/AE requiring epinephrine
OIT: 86%/43%
Control: 21%/0%

Miura et al., 202123) 5–9 Low-dose OIT: N=36
Control: N=16

3 mL of cow’s milk, 1 yr vs. 2 yr 
vs. 3yr

3 Yr 25 mL StU (2 wk) 
LOIT: 1 yr 27%
2 yr 52%
3 yr 61% 
Control: 13%

Anaphylaxis
Hospital phase: 2%
Home phase: 0.04%

Nagakura et al.,  
202124)

5–11 HM-OIT: N=17
UM-OIT: N=16

3 mL of cow’s milk, Heated 
milk vs. unheated milk

1 Yr Desensitized to 3 mL/ 25 mL
HM-OIT: 35%/18%
UM-OIT: 50%/31%

Mild/moderate/severe AE per 
home dose

HM-OIT : 7.4%/0.7%/0.02%
UM-OIT: 8.1%/1.4%/0.0%

Ibáñez-Sandín et al., 
   202126)

6.3–
13.2

N=58
OMB discontinued: N=22
OMB continued: N=16

Omalizumab + ≥6,000 mg of 
CMP, omalizumab: 4 mo 
before OIT: omalizumab 
discontinued vs. continued

1 Yr Desensitization to ≥6,000 
mg of CMP

OMB: 34.8%
OMB-OIT: 83.0%

Any AE/anaphylaxis
OMB discontinued: 59.1%/36.4%
OMB continued: 25.1%/ 0%

Dantzer et al., 202225) 3–18 BMOIT: N=15
Placebo: N=15

2,000 mg of BMP 1 Yr Desensitization to 4,044 mg 
of BMP

BMOIT: 73%
Placebo: 0%

Any AE/AE requiring epinephrine
BMOIT: 42%/0.1%
Placebo: 2%/0%

Egg
Kim et al., 202027) 3–16 BE-R: N=27

OIT-R: N=23
OIT-A: N=39

2,000 mg of egg white protein 2 Yr SU (8-10 wk) to at least 4,444 
mg of egg white protein

BE-R: 11.1%
OIT-R: 43.5%
OIT-A: 17.9%

Any AE
BE-R: 2.8%
OIT-R: 3.9%
OIT-A: 12.6%

Ogura et al., 202022) 3–15 Low-dose OIT: N=25
High-dose OIT: N=26

Low dose: 1,550 mg 
High dose: 6,200 mg of whole 

egg protein

1 Yr StU (2 wk) to 6,200 mg of 
whole egg protein

Low-dose OIT: 20%
High-dose OIT: 26.9%

Any AE
Low-dose OIT: 8.74%
High-dose OIT: 10.9%

Palosuo et al.,  202128) 6–17 OIT: N=32
Control: N=18

1,000 mg of egg white protein 
vs avoidance, 8 mo vs. 18 mo 
of OIT

8 Mo and 
18 mo

Desensitization to 1,000 mg 
of egg white protein

8 mo of OIT: 44%
18 mo of OIT: 72%
Control: 4.8%

Any AE in build-up phase: 82%
Severe AE: 0%

Multifood
    Sindher, 202243) 2–25 Low-dose mOIT: N=30

High-dose mOIT: N=30
Low dose: 300 mg 
High dose: 1,200 mg of total 

pro tein (2–5 allergens), pre-
treated with 3 doses Omali-
zumab

18 Wk IgG4/IgE ratio increase from 
baseline ≥25% for at least 2 
allergens

Low-dose mOIT: 70%
High-dose mOIT: 70%

Any AE/treated AE
Low-dose mOIT: 19.4%/3.6%
High-dose mOIT: 16.8%/3.9%

OIT, oral immunotherapy; AE, adverse event; PTAH, peanut allergen powder; StU, short-term unresponsiveness; OFC, oral food challenge; LOIT, low-dose OIT; 
HM-OIT, heated milk oral immunotherapy; UM-OIT, unheated milk oral immunotherapy; OMB, omalizumab; CMP, cow’s milk protein; BMOIT, baked milk oral 
immunotherapy; BMP, baked milk protein; SU, sustained unresponsiveness; OMB, omalizumab; BE-R, baked egg-randomized; OIT-R, egg OIT-randomized; OIT-A, 
egg OIT-assigned; mOIT, multifood oral immunotherapy.  
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79.8% and 14.4% of the experimental and placebo groups, 
respectively; however, most were local patch-site reactions 
and generally mild.35) 

In the PEPITES study conducted in 2019, children aged 
4–11 years were treated with a 250-µg patch for 1 year 
and compared to placebo. The response rate was 35.3%.36) 
Recently, the EPITOPE study focused on peanut EPIT 
in children aged 1–3 years. The same criteria used in the 
PEPITES study were applied to determine efficacy, and the 
responder rate improved to 67%. Treatment-related ana-
phylaxis occurred in 1.6% of the patients in the EPIT group 
versus none of the patients in the placebo group.37) The 
recent EPIT studies are summarized in Table 2.

Considerations

1. Efficacy and safety
Although OIT appears a promising treatment for pedi-

atric food allergies, safety concerns remain a significant 
barrier to its widespread use. According to a meta-analysis 
published in 2020, among children undergoing peanut OIT, 
AEs requiring epinephrine occurred in 7.6% of and 6.6% 
discontinued therapy due to AEs.38) Efforts are being made 

to improve the safety of food allergen immunotherapy. 
Clinical trials are underway of alternative administration 
methods such as SLIT and EPIT. SLIT studies of milk 
reported some effectiveness, although not as pronounced as 
that of OIT, with fewer AEs.39) 

Recent studies reported promising results for peanut 
SLIT, particularly in younger age groups and those with 
longer treatment durations. AEs associated with SLIT are 
mostly localized in the oropharynx.30-32) EPIT is another 
safe and easily administered immunotherapeutic method. 
However, it has the lowest efficacy of all methods.33-36) A 
recent study targeting children aged 1–3 years reported a 
high response rate, indicating promising potential.37) 

Patients who experience severe allergic reactions, even at 
very low doses, are at higher risk of developing anaphylaxis 
and may ultimately fail to respond to conventional-dose 
OIT. For such patients, the goal should be treating them 
in a manner that ensures that no symptoms occur during 
accidental exposure to allergens, thereby securing a mini-
mal safety level and improving their quality of life. This 
is the rationale for the development of low-dose OIT. 
Yanagida et al.40) reported low-dose OIT studies of milk and 
wheat. Patients with severe milk allergy were instructed to 
consume 3 mL of heated milk or 10 g of butter (equivalent 

Table 2. Recent studies of food allergen epicutaneous immunotherapy and sublingual immunotherapy 

Study Age 
(yr) Numbers by group Maintenance dose, 

procedure Duration Efficacy Safety

SLIT
Fleischer et 

al., 201330)
12–37 N=40 1,386 µg of peanut 

pro tein SLIT vs. pla-
cebo SLIT

44 Wk 
  and 
  68 wk

Passing a 5,000 mg OFC or at least ≥10 fold 
peanut powder than the baseline

Peanut SLIT: 70%
Placebo SLIT: 15%
Median SCD: 496 mg (44 wk) : 996 mg (68 wk)

AE beyond the oropharynx of all doses: 
4.8%

Kim et al.,  
201931)

1–11 N=48 2 mg of peanut protein 
SLIT

3–5 Yr Passing a 750 mg DBPCFC: 67%
Passing a 5,000 mg DBPCFC: 25%
Median SCD:1,750 mg

Oropharyngeal pruritis
(%) of all doses taken: 3.6%
Doses requiring epinephrine: 0%

Kim et al., 
202332)

1–11 N=54 4 mg of peanut protein 
SLIT

4 Yr Clinically significant desen sitization (SCD > 800 
mg): 70%

Full desensitization (SCD = 5,000 mg): 36%
Median SCD: 2,723 mg

Oropharyngeal itching and lip swelling 
(%) of all doses taken: 3.7% 

Skin symptoms: 0.1% 
Abdominal symptoms: 0.1% 
Doses requiring epinephrine: 0%

EPIT
Fleischer et 

al., 201936)

   (PEPITES)

4–11 Peanut patch: N=238
Placebo patch: N=118

250 µg of peanut pro-
tein patch

1 Yr Responder criterion
(1) Baseline eliciting dose 
≤10 mg; posttreatment eliciting dose ≥300 mg
(2) Baseline eliciting dose 
>10–300 mg; ≥1,000 mg
Responder rate
Peanut patch: 35.3%
Placebo patch: 13.6%  

Any AE/anaphylaxis
Peanut patch: 95.4%/3.4%
Placebo patch: 89%/0.4%

Greenhawt 
et al., 
202337)

   (EPITOPE)

1–3 Peanut patch: N=244
Placebo patch: N=118

100 µg/250 µg of pea-
nut protein patch

1 Yr Responder criterion
(1) Baseline eliciting dose 
≤10 mg; posttreatment eliciting dose ≥300 mg
(2) Baseline eliciting dose 
>10 mg; ≥1,000 mg
Responder rate
Peanut patch: 67%
Placebo patch: 33.5%

Any AE/treatment-related anaphylaxis
Peanut patch: 100%/1.6%
Placebo patch: 99.2%/0%

SLIT, sublingual immunotherapy; OFC, oral food challenge; SCD, successfully consumed dose; AE, adverse event; DBPCFC, double-blind placebo-controlled food 
challenge; EPIT, epicutaneous immunotherapy. 
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to 2.9 mL of cow’s milk) daily for 1 year. Patients with 
wheat allergies were instructed to consume 2 g of boiled 
udon noodles daily. In an OFC using 25 mL of heated milk 
or 15 g of boiled udon noodles, 45% and 56% of patients, 
respectively, passed. When comparing the incidence of 
AEs between low- and conventional-dose OIT groups, the 
former had fewer moderate or severe symptoms than the 
latter. Low-dose OIT may be a favorable option for patients 
with severe symptoms associated with food allergies. 

Methods have been devised to enhance OIT safety by co-
administering biological agents, such as anti-IgE, during 
OIT induction or maintenance.26,41-43) Omalizumab used in 
conjunction with OIT showed better efficacy than omali-
zumab monotherapy; however, caution is required because of 
the higher incidence of anaphylaxis after its discontinuation. 
According to a recent meta-analysis, OIT with omalizumab 
showed significant increases in the tole rated dose of multi-
ple foods, desensitization, improvements in quality of life, 
and increases in immunoglobulin G4 levels compared with 
conventional OIT. No major safety concerns were ob served.44) 
Thus, omalizumab use in OIT can be considered, especially 
in the initial up-dosing phase, to enhance safety. Moreover, 
omalizumab could become a crucial tool for reducing the 
risks associated with immunotherapy, especially in patients 
experiencing severe anaphylactic reactions at low allergen 
thresholds, severe allergies to food staples, multiple food 
allergies, or concurrent comorbidities that complicate food 
allergy treatment. However, when omalizumab is discon-
tinued, clinicians should be cautious about the occurrence 
of AEs, and it is advisable to gradually taper rather than 
abruptly stop it.26) 

Recent research is also underway to explore OIT using 
ligelizumab and dupilumab in addition to omalizumab.45) 
However, biological agents have not yet been approved for 

the treatment of food allergies and pose cost-related issues. 
Recent studies examined the addition of probiotic adjuvants 
to peanut OIT. Both probiotic-augmented and conventional 
OIT effectively induced SU. The addition of probiotics did 
not enhance OIT efficacy; however, it may offer safety 
benefits, especially in preschool children, compared to OIT 
alone.46)

The efficacy and safety of various food allergen immuno-
therapy methods are shown in Fig. 1. Clinical trials of 
food allergen immunotherapy have varied in participant 
age, symptom severity, and maintenance immunotherapy 
dosage, making it challenging to quantitatively compare 
their effects and risks. Low-dose OIT and OIT plus omali-
zumab increased safety while maintaining higher efficacy 
rates than conventional OIT. There are no direct compa-
risons between SLIT and EPIT in the literature; however, 
2 review articles slightly favored EPIT for safety. While 
anaphylactic events occurred in the EPIT studies, AEs 
were predominantly localized to the application site on the 
skin.47,48)

2. Target foods for food allergen immunotherapy 
The selection of target foods for food allergen immuno-

therapy is also subject to various considerations. The im-
portance of common food allergens may vary across coun-
tries depending on dietary habits and culture and may 
differ in age group. According to a multicenter study in 
South Korea, the most common major food allergens among 
Korean children and adolescents (0–18 years old) were cow’s 
milk (28.1%), hen’s eggs (27.6%), wheat (7.9%), walnuts (7.3%), 
and peanuts (5.3%).49) Common causes of anaphylaxis in 
Korean children include milk (28.4%), egg whites (13.6%), 
walnuts (8.0%), wheat (7.2%), buckwheat (6.5%), and pea-
nuts (6.2%).50) Among Korean schoolchildren, the most 
common food allergens were peanuts, eggs, cow’s milk, and 
buckwheat.4) The impor tance of managing food allergies 
varies depending on the food’s characteristics. For example, 
milk is commonly found in many food products and can 
significantly restrict daily life, pose nutritional challenges, 
and cause anxiety in patients and their families, thereby 
significantly impairing their quality of life.51) Another con-
sideration is the natural course of food allergies, which 
can vary among food types. Milk and egg allergies tend to 
resolve as children mature, whereas peanut and tree nut 
allergies have lower natural resolution rates. However, 
according to recent studies, in the US, approximately 42% 
of children who develop a milk allergy do so by the age of 8 
years, whereas in Korea, approximately 50% of children who 
develop a milk allergy do so at a median age of 8.7. Among 
Japanese children, approximately 73% who develop an egg 
allergy do so by the age of 6 years, whereas among Korean 
children, approximately 50% who develop an egg allergy 
do so by the age of 5.6 years.52-54) Since recent research has 

Fig. 1. Various types of food allergen immunotherapies are 
currently being attempted, including oral, oral combined with 
biologics, oral with low doses of allergens for enhanced safety, 
sublingual, and epicutaneous. The safety and efficacy of these 
approaches reportedly vary, with better results observed in younger 
age groups. EPIT, epicutaneous immunotherapy; LOIT, low-dose 
oral immunotherapy; OIT, oral immunotherapy; OIT+OMB, oral 
immunotherapy with omalizumab; SLIT, sublingual immunotherapy 



www.e-cep.org https://doi.org/10.3345/cep.2023.00514 392

indicated that milk and egg allergies may persist longer than 
expected, immunotherapy should be considered a proactive 
treatment option in such cases. However, when choosing 
immunotherapy for foods with the potential for natural 
resolution, it is necessary to carefully weigh the benefits and 
risks and use an individualized approach for each patient. 
Additionally, the establishment of biomarkers that can 
predict the likelihood of natural outgrowth is required.

Patients with multiple food allergies present another 
challenging target for food allergen immunotherapy. A 
recent US population-based study reported that, among 
children with food allergies, 40% had multiple food al-
lergies, meaning that they were allergic to at least 2 different 
foods.55) Research on multifood OIT is limited, and studies 
to date often involved the combined use of omalizumab.41-43) 
The OUtMATCH study is a phase III multicenter rando-
mized double-blind placebo-controlled study that awaits the 
results of both omalizumab monotherapy and omalizumab-
facilitated OIT for multifood allergy. Another recent study 
identified various retail food equivalents for 7 allergens, 
namely peanuts, milk, eggs, wheat, cashew nuts, hazelnuts, 
and walnuts. This study provided valuable guidance for 
the dietary management of patients undergoing multifood 
OIT.56)

3. Age and severity 
The decision to initiate food allergen immunotherapy and 

the approach chosen may vary depending on patient age 
and symptom severity. Recent research has suggested that 
food allergen immunotherapy is more effective in younger 
age groups. The IMPACT trial involved administering OIT 
to young children aged 1–3 years and demonstrated AEs 
that were similar to the older OIT-treated cohort efficacy 
but with stronger desensitization and disease remission 
achieved in 21% of participants. Similarly, the EPITOPE 
trial targeted a younger age group (1–3 years) and showed 
better outcomes with peanut EPIT than in the older age 
group.9,37) However, children may be more likely than 
adults to outgrow allergies on their own, although the 
rate of spontaneous resolution varies depending on the 
specific food allergen. Therefore, determining the optimal 
timing for initiating food allergen immunotherapy may be 
challenging. For patients who experience severe symptoms, 
even with minimal exposure to the allergen, the goal may be 
to raise the threshold for the allergen that triggers allergic 
symptoms rather than achieving a completely unrestricted 
diet. For patients with such goals, it is desirable to choose 
immunotherapy methods that are safer than conventional 
OIT. 

In recent food allergy guidelines, based on high-certainty 
evidence, peanut OIT is recommended under specialist 
supervision with standardized evidence-based protocols 
using peanut products (or licensed pharmaceutical pro-

ducts, where appropriate) for selected children (aged 4 
years and older) with clinically diagnosed severe peanut 
allergies to increase their peanut tolerance. Additionally, 
for children aged 4–11 years with peanut allergies, EPIT 
is recommended with moderate certainty. For patients 
aged 4 years and older with egg and milk allergies, OIT is 
recommended with moderate-certainty evidence. Accord-
ing to these guidelines, there is currently insufficient evid-
ence to recommend or discourage the use of OIT for other 
food allergens, OIT combined with adjuvants, or alternative 
food allergen immunotherapy methods. The authors of the 
guidelines recently noted that positive immunotherapy 
results for peanut allergy in children under 4 years of age 
have been reported. However, considering the evidence 
of effectiveness, potential for outgrowing the allergy, and 
potential risks, they recommend allergen immunotherapy 
for the age group of 4 years and older. They also mentioned 
that clinicians may consider other age groups depending on 
the individual circumstances.57)

Conclusion

Various studies have recently aimed to develop effective 
and safe immunotherapy methods for food allergies. The 
optimal treatment approach for food allergies is likely 
to vary depending on factors such as the specific food 
allergen, natural course of the allergy, presence of accom-
panying allergies, age, and symptom severity. There are 
numerous challenges in food allergen immunotherapy 
research. Therefore, it is necessary to determine how 
to choose appropriate methods that are tailored to each 
patient’s treatment goals. In addition, the development of 
reliable biomarkers to aid in the selection of candidates for 
immunotherapy is essential. Specifically, for the treatment 
of multiple food allergies, we must explore methods such 
as adjuvants that can enhance therapeutic long-term safety 
and efficacy. While some food allergen immunotherapy 
methods may not yet be applicable in Korea, personalized 
and tailored approaches to food allergy treatment are 
believed to have the potential to improve patients’ quality of 
life and modify the natural course of allergies.
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