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	1. Food immunotherapy
Suravat Homvises,  MD.
 


	2. Outline
• Definition
• Immune  mechanisms
• Efficacy of food immunotherapy
• Routes
• Considerations and contraindications
• Adjunctive therapy
• Anti-IgE mAb (Omalizumab)
• Modified allergens
• Probiotics
• Low-dose oral immunotherapy
 


	3. • Prevalence of  food allergy has increased in frequency and severity over last 2 decades
• Disease has significant individual, social, and economic burdens
• Although avoiding food allergens is mainly practiced for FA management in most
countries, severe reactions may occur in more than one-third of food allergic children
• Avoidance is difficult to practice with common foods, and requires constant vigilance
and affects the quality of life
Introduction
Ozdemir PG, Ebisawa M, et al. Allergy Asthma Immunol Res 2023;15:125-44.
 


	4. Definition
Burks AW, Sampson  HA, et al. J Allergy Clin Immunol 2018;141:1-9.
 


	5. Typical schematic for  food immunotherapy
Burks AW, Sampson HA, et al. J Allergy Clin Immunol 2018;141:1-9.
 


	6. Immune mechanisms
1. Normal  epithelial permeability allows some uptake of food Ag and MAMPs (microbe-associated
molecular pattern). Homeostasis is maintained by epithelial-cytokine-conditioned DCs and macrophages
that convert dietary vitamin A to retinoic acid, which aids induction of Treg with IL-10 and TGF-β
1
Brandtzaeg P. Nat Rev Gastroenterol Hepatol 2010;7:380-400.
 


	7. Immune mechanisms
2. Minor  barrier defect results in increased uptake of Ag and MAMPs but with maintained homeostasis
3. Epithelium is activated and Ag and MAMP uptake is enhanced both by increased permeability and
apical receptor expression. Vicious circle develops.
Brandtzaeg P. Nat Rev Gastroenterol Hepatol 2010;7:380-400.
2 3
 


	8. Immune mechanisms
• Food  protein allergen is captured by dendritic cell
• DC migrates to nearby mesenteric lymph nodes
and produces TGF-β, IL-10, and IL-27, which
induce secretion of IgA and IgG4 by B cells and
generation of Tregs
• Tregs express CCR9 and α4β7, the homing
molecules that direct them to migrate to the gut
• Tregs secrete IL-10 and TGF-β that further induce
and reinforce tolerance
Gernez Y, Nowak-Wegrzyn A. J Allergy Clin Immunol Pract 2017;5:250-72.
 


	9. Immune mechanisms
Jones SM,  Burks AW, Dupont C. J Allergy Clin Immunol 2014;133:318-23.
• Decrease of Th2 cells to respond to allergens
• Increase Treg activity through changes in FOXP3
gene and its demethylation
• IL-10 released by Treg cells decreases the
production of antigen sIgE, increases IgG4
production, and inhibits DC to prevent activation
of effector cells.
• Breg cells produce more IL-10 during FA-AIT,
increasing IgG4 production and inhibiting IgE-
mediated mast cell activation
• Mast cell and basophil activation can also be
suppressed by IgG4
 


	10. • First weeks  to months - initial desensitization
• FcεRI internalization of allergen-bound IgE
• Reduces membrane-bound specific IgE
• Re-arrangement of the cytoskeleton
• Hyporeactivity of mast cells and basophils
Immunological changes
Eiwegger T, et al. Allergy 2019;74:2355-67.
 


	11. • Months to  years - consolidation
• Significant reduction of basophil activation
• Induction of allergen-specific regulatory
T cells and B cells
• Induction of allergen-specific blocking
antibodies mainly of the IgG4 type
• Slow reduction of allergen-specific IgE
Immunological changes
Eiwegger T, et al. Allergy 2019;74:2355-67.
 


	12. Approaches to food  allergy therapy
Gernez Y, Nowak-Wegrzyn A. J Allergy Clin Immunol Pract 2017;5:250-72.
 


	13. Efficacy
• Peanut
• DEVIL  study
• PALISADE study
• PPOIT-003 study
• IMPACT study
• ARTEMIS study
• Cow’s milk
• ORIMA study
• Hen’s egg
• CoFAR study
• Wheat
 


	14. Peanut OIT
  


	15. P - Children  aged 9 to 36 months with PN allergy
I - Peanut early OIT (E-OIT) at goal maintenance doses of 300 or
3000 mg/d
C - Standard care
O - Sustained unresponsiveness at 4 weeks after stopping E-OIT
• ITT - 29 of 37 (78%) achieved 4-SU, PP - 29 of 32 (91%) achieved 4-SU
• Peanut-sIgE levels significantly declined in E-OIT-treated children (RR 19.42; 95% CI, 8.7-43.7; P <.001)
Vickery BP, et al. J Allergy Clin Immunol 2017;139:173-81 e8.
The DEVIL study
 


	16. P - Children  aged 4-17 years with PN allergy
I - Peanut OIT at goal maintenance doses of 300 mg/d for 24 weeks
C - Placebo
O – Desensitization of 300, 600 and 1000 mg/d
• Desensitization - 250 (67.2%) of 372 active
group were able to ingest at least 600 mg of
peanut protein, compared with 5 (4%) of 124
placebo group, yielded 63.2% differences
(95%CI, 53.0 to 73.3; P<0.001)
PALISADE study
63.2%
76.6% 50.3%
Investigators PGoC, et al. N Engl J Med 2018;379:1991-2001.
 


	17. • 98.7% of  active group and 95.2% of placebo group had an adverse event during intervention
• 34.7% of active group had events with a highest severity of mild, and 59.7% had events with a
highest severity of moderate, as compared with 50.0% and 44.4%, respectively, in placebo group
Investigators PGoC, et al. N Engl J Med 2018;379:1991-2001.
 


	18. • 77 (58%)  of 132 AR101 group tolerated 1000 mg peanut protein versus 1 (2%) of 43 placebo
group (difference 56.0% [95% CI 44.1-65.2], p<0.0001)
P - European children aged 4-17 years with PN allergy
I - Peanut OIT at goal maintenance doses of 300 mg/d for 24 weeks
C - Placebo
O – Desensitization
ARTEMIS study
J OBH, et al. Lancet Child Adolesc Health 2020;4:728-39.
 


	19. • Adverse events  were reported by almost all participants
• Maximum severity of adverse events reported was mild or moderate for most participants who
received AR101 (mild, 66 [50%] of 132 participants)
J OBH, et al. Lancet Child Adolesc Health 2020;4:728-39.
 


	20. P - Children  aged 1-10 years with PN allergy
I - Probiotics and peanut OIT (PPOIT)
C - Placebo
O - Sustained unresponsiveness at 8 weeks of 4950 mg/d
• 36 (46%) of 79 PPOIT group and 42 (51%) of 83 OIT group achieved SU compared with 2 (5%) of
39 placebo group (risk difference 40-44%)
• No difference between PPOIT and OIT
Loke P, et al. Lancet Child Adolesc Health 2022;6:171-84.
PPOIT-003
 


	21. • Treatment-related AEs  were reported in 72 (91%) of 79 PPOIT group, 73 (88%) of 83 OIT group, and
28 (72%) of 39 placebo group
• Exposure-adjusted incidence of AEs was 10.58 in PPOIT group, 11.36 in OIT, and 2.09 in placebo
group (ratio 0.92 for PPOIT vs OIT, p=0.042) with differences in gastrointestinal symptoms and in
children aged 1–5 years
Loke P, et al. Lancet Child Adolesc Health 2022;6:171-84.
PPOIT-003
 


	22. • Desensitization -  at week 134, 68 (71%) of 96
received peanut OIT compared with 1 (2%) of 50
who received placebo
• Median cumulative tolerated dose during week
134 was 5005 mg (IQR 3755–5005) for peanut
oral immunotherapy versus 5 mg (0–105) for
placebo (p<0·0001)
P - Children aged 12 to <48 months with PN allergy
I - Peanut OIT 2000 mg/d for 134 weeks
C - Placebo
O - Desensitization at wk 134, remission after discontinuation at wk 160
Jones SM, et al. Lancet 2022;399:359-71.
IMPACT study
 


	23. • Remission -  at week 160, 20 (21%) of 96 receiving peanut OIT compared with 1 (2%) of 50 placebo
• Median cumulative tolerated dose during week 160 was 755 mg (IQR 0–2755) for peanut oral
immunotherapy and 0 mg (0–55) for placebo (p<0·0001)
• Most participants (98% with peanut OIT vs 80% placebo) had at least one dosing reaction, predominantly
mild to moderate and occurring more frequently in OIT group
• 35 OIT dosing events with moderate symptoms were treated with epinephrine in 21 OIT participants
Jones SM, et al. Lancet 2022;399:359-71.
 


	24. Jones SM, et  al. Lancet 2022;399:359-71.
• Peanut OIT decreased peanut-specific and Ara h2-sIgE, SPT, and basophil activation, and increased
peanut- and Ara h2-sIgG4 at weeks 134 and 160
• Younger age and lower baseline peanut-sIgE was predictive of remission
IMPACT study
 


	25. Cow’s milk OIT
  


	26. • Higher rates  of negative OFC 7/14 (50%) in OIT group compared with control group 0/14 (0%) (p<0.01)
• Higher cow's milk intake threshold (77.1 ± 35.1 vs. 8.6 ± 10.5 mL, p<0.01) and percent change in cow's
milk intake threshold (3090% ± 2808% vs. 443% ± 1114%, p<0.01) compared to control group
P - Children aged 3-12 years with CM allergy
I - CM OIT 100 mL/day for 1 year
C - Placebo
O - Desensitization at 1 year
Maeda M, et al. Allergol Int 2021;70:223-8.
ORIMA study
 


	27. • Adverse events  were reported in 12/14 patients in OIT group
• Cow's milk-sIgE level decreased 1 year after the study [14.0 ± 4.0 vs. 8.6 ± 3.1 UA/ mL, p=0.02]
and 2 years after the study [8.6 ± 3.1 vs. 4.6 ± 1.4 UA/mL, p=0.03]
Maeda M, et al. Allergol Int 2021;70:223-8.
 


	28. Hen’s egg OIT
  


	29. • Desensitization -  22/40 (55%) in OIT group and none in placebo after 10 months, 30/40 (75%) in OIT
group after 22 months
• Sustained unresponsiveness at 24 months - 11/40 (28%) in OIT group
• Median cumulative dose at 10 months was 5 g (0.25-5) in OIT group vs 0.05 g (0-2.75) in placebo group
P - Children aged 5-11 years with egg allergy
I - Egg OIT for 10 and 22 months
C - Placebo
O - Sustained unresponsiveness at 22 months, Desensitization
5 g of EW powder at 10 months and 10 g at 22 months
Burks AW, et al. N Engl J Med 2012;367:233-43.
CoFAR study
 


	30. • Small wheal  diameters on SPT and increases in egg-sIgG4 antibody levels were associated with
passing OFC at 24 months
• Adverse events occurred most frequently in OIT dosing. Rates of adverse events were highest
during the first 10 months of oral immunotherapy. No severe adverse events occurred.
Burks AW, et al. N Engl J Med 2012;367:233-43.
CoFAR study
 


	31. Wheat OIT
  


	32. Nowak-Wegrzyn A, et  al. J Allergy Clin Immunol 2019;143:651-61 e9.
 


	33. • At year  1, 12 (52.2%) of 23 low-dose VWG OIT group and 0 (0%) of 23 placebo group achieved
4443 mg of WP or greater (P<0.0001)
• At year 2, 7 (30.4%) of 23 low-dose VWG OIT group achieved SCD of 7443 mg of WP
• 3 (13%) of 23 low-dose VWG achieved sustained unresponsiveness 8 to 10 weeks off therapy
Nowak-Wegrzyn A, et al. J Allergy Clin Immunol 2019;143:651-61 e9.
 


	34. • Median wheat  sIgG4 levels were significantly greater in the low-dose VWG OIT group at week
12 (P =0.04), week 26 (P =0.002), and week 52 (P =0.0005)
• No significant differences in wheat sIgE levels between low-dose VWG OIT and placebo group
at any study visit
Nowak-Wegrzyn A, et al. J Allergy Clin Immunol 2019;143:651-61 e9.
 


	35. • After 1  year, 69% in OIT group and 9% control group passed 53-mg OFC. (p=0.002)
• 25% in OIT group and 0% in control group achieved STU 400-mg (P =0.07)
P - Children aged 5-18 years
with history of wheat anaphylaxis
I - Low dose wheat OIT 53 mg/d
C - Standard care (avoidance)
O - Short-term unresponsiveness
53 mg at 1 year
Nagakura KI, et al. Pediatr Allergy Immunol 2020;31:371-9.
 


	36. Peanut OIT
Ozdemir PG,  Ebisawa M, et al. Allergy
Asthma Immunol Res 2023;15:125-44.
 


	37. CM OIT
Ozdemir PG,  Ebisawa M, et al. Allergy Asthma Immunol Res 2023;15:125-44.
 


	38. Egg OIT
Ozdemir PG,  Ebisawa M, et al. Allergy Asthma Immunol Res 2023;15:125-44.
 


	39. Wheat OIT
  


	40. de Silva D,  Nowak-Wegrzyn A, et al. Allergy 2022;77:1852-62.
 


	41. de Silva D,  Nowak-Wegrzyn A, et al. Allergy 2022;77:1852-62.
 


	42. Peanut OIT
de Silva  D, Nowak-Wegrzyn A, et al. Allergy 2022;77:1852-62.
Desensitization
Desensitization
SU
Desensitization
 


	43. Cow’s milk and  hen’s egg OIT
Desensitization
SU
Desensitization
de Silva D, Nowak-Wegrzyn A, et al. Allergy 2022;77:1852-62.
 


	44. de Silva D,  Nowak-Wegrzyn A, et al. Allergy 2022;77:1852-62.
• OIT increased tolerance for peanut (RR 9.9), CM (RR 5.7) and HE allergy (RR 8.9)
• NNT to increase tolerance to single dose of 300 mg or 1000 mg peanut protein was 2
• OIT did not increase adverse reactions (RR 1.1, 1.0-1.2) or severe reactions in peanut allergy
(RR 1.6, 0.7-3.5)
• OIT may increase (mild) adverse reactions in CM (RR 3.9) and HE allergy (RR 7.0)
• EPIT increased tolerance for peanut (RR 2.6)
 


	45. Routes
• Oral immunotherapy
•  Sublingual immunotherapy
• Epicutaneous immunotherapy
 


	46. Limitations of oral  immunotherapy
• Many questions including optimal maintenance dose, frequency of maintenance
dosing, and OIT duration
• No consensus on the uniform reporting of efficacy and safety outcomes because of
heterogeneity in clinical protocols. It is difficult to compare and combine data from
different studies of small sizes.
• No standardized criteria for selecting optimal candidates for OIT and no biomarkers
that reliably predict favorable outcomes
Gernez Y, Nowak-Wegrzyn A. J Allergy Clin Immunol Pract 2017;5:250-72.
 


	47. Routes
Gernez Y, Nowak-Wegrzyn  A. J Allergy Clin Immunol Pract 2017;5:250-72.
 


	48. Gernez Y, Nowak-Wegrzyn  A. J Allergy Clin Immunol Pract 2017;5:250-72.
 


	49. Considerations before initiating  OIT
Ozdemir PG, Ebisawa M, et al. Allergy Asthma Immunol Res 2023;15:125-44.
 


	50. Considerations before initiating  OIT
Pajno GB, et al. Allergy 2018;73:799-815.
 


	51. Pajno GB, et  al. Allergy 2018;73:799-815.
 


	52. Contraindications
• Absolute:
• Poor  adherence
• Uncontrolled or severe asthma
• Active malignant neoplasia(s)
• Active systemic, autoimmune disorders
• Active EoE or other gastrointestinal
eosinophilic disorders
• Initiation during pregnancy
• Relative: only be used with caution
when benefits outweigh potential risks
• Severe systemic illness or severe medical
conditions (cardiovascular diseases)
• Systemic autoimmune disorders in
remission/organ specific (i.e. thyroiditis)
• Uncontrolled active atopic dermatitis
• Chronic urticaria
• Drugs: Beta-blockers, ACE inhibitors
• Mastocytosis
Pajno GB, et al. Allergy 2018;73:799-815.
 


	53. Leonard SA, et  al. J Allergy Clin Immunol 2021;147:1-13.
 


	54. General instructions for  home dosing
• Take dose around the same time every day with a meal
• Observe patient for at least 1-2 hours after dose
• Avoid exercise and heat exposure (hot showers, baths, etc) right before and 3 h after dose
• Contact physician for dosing instructions if doses are missed
• Monitor patient closely during menstrual cycle, especially if exercise or illness factors are
present
• Avoid taking NSAIDs or consuming alcohol around the time of dose
Leonard SA, et al. J Allergy Clin Immunol 2021;147:1-13.
 


	55. General instructions for  home dosing
• Hold dose and contact physician if
• >2 doses have been missed
• Patient has a fever or signs of a viral illness or infection
• Asthma flares or is not under control
• More than mild environmental/seasonal allergy symptoms are not under control
• Significant medical event (surgery, hospitalization, etc) or a traumatic life event has occurred
Leonard SA, et al. J Allergy Clin Immunol 2021;147:1-13.
 


	56. Augmenting factors
• Lower  the threshold for reactions, increase severity, and reverse acquired tolerance
• Increased basal metabolic rate caused by exercise, acute infections, or fever
• Menstruation
• Nonsteroidal anti-inflammatory drugs
• Alcohol
• Stress
• Suboptimal control of asthma and pollen allergy
• Fasting
Leonard SA, et al. J Allergy Clin Immunol 2021;147:1-13.
 


	57. Dose modification and  responses to
OIT-associated symptoms
Leonard SA, et al. J Allergy Clin Immunol 2021;147:1-13.
 


	58. • Omalizumab (anti-IgE  mAb) results in
• Formation of IgE-anti-IgE antibody complexes
• Downregulation of FCεRI expression
• Altered antigen presentation, resulting in depletion of Th2 cells.
• Treatment with the anti-IgE/OIT combination cause allergen desensitization through
• Downregulation of FcεRI expression in basophils
• Reduction in sIgE levels
• Increase in IgG4 levels
OIT and anti-IgE therapy
Zuberbier T, et al. J Allergy Clin Immunol Pract 2023;11:1134-46.
 


	59. OIT and anti-IgE  therapy
Zuberbier T, et al. J Allergy Clin Immunol Pract 2023;11:1134-46.
 


	60. • Increase of  tolerated dose to multiple foods in patients receiving OMA+OIT versus placebo
• Patients (n=108) receiving OMA+OIT (OMA duration 16 weeks) were able to significantly
tolerate 2 g (RR 1.72; P=0.007) and 4 g (RR 1.79; P=0.01) of 2 or more foods during OFC
at 36 weeks
Zuberbier T, et al. J Allergy Clin Immunol Pract 2023;11:1134-46.
 


	61. • Increase of  tolerated dose to different foods in patients receiving OMA+OIT versus pre-OMA
• Cow’s milk and eggs after 13 weeks’ treatment (RR 16.40; P=0.004)
• Peanut at 32 weeks (RR 31.00; P =0.01) (OMA duration 24 weeks)
Zuberbier T, et al. J Allergy Clin Immunol Pract 2023;11:1134-46.
 


	62. • Successful desensitization  with OMA+OIT
versus placebo+OIT
• Peanut (OMA duration 19 weeks) at 25 and
41 weeks (RR 6.08; P=0.007)
• Increase of tolerated dose and successful
desensitization with OMA+OIT versus pre-OMA
• CM (OMA duration 10–20 weeks) at 9-17
weeks (RR 9.23; P<0.001) and 24 weeks
(RR 19.97; P=0.002)
• Peanut (RR 25.00; P= 0.001)
Zuberbier T, et al. J Allergy Clin Immunol Pract 2023;11:1134-46.
 


	63. OIT and modified  allergens
• Baked egg
• Baked milk
 


	64. P - Children  aged 1-18 years with egg allergy
I – Baked egg OIT (maximum maintenance dose in first year
2.5 g of BE and increased to 3.8 g BE after 1-year BE OFC)
C - None
O – Desensitization
Bird JA, et al. J Allergy Clin Immunol Pract 2019;7:667-9 e4.
 


	65. • 8 subjects  completed 12 months of BE OIT, and 7 subjects passed the 3.8 g BE OFC
• After additional year of daily 3.8 g BE, 6 subjects were challenged and 5 passed 6 g LCE OFC
• Baked egg OIT may lead to desensitization to lightly cooked egg in baked egg-reactive children
Bird JA, et al. J Allergy Clin Immunol Pract 2019;7:667-9 e4.
 


	66. P - Children  who are BE-tolerant but unbaked egg
reactive ages 3 to 16 years
I – Baked egg OIT for 2 years
C – Egg OIT for 2 years
O – Desensitization after 1 and 2 years, SU after 8-10
weeks discontinuation
Kim EH, et al. J Allergy Clin Immunol 2020;146:851-62 e10.
 


	67. Kim EH, et  al. J Allergy Clin Immunol 2020;146:851-62 e10.
• Children allergic to unbaked egg but tolerant to BE, those treated with egg OIT were
significantly more likely to achieve SU than were children ingesting BE
 


	68. P - Children  aged 3 to 18 years with baked milk allergy
I – Baked egg OIT for 12 months
C – Placebo
O – Desensitization after 12 months
• 11 of 15 (73%) tolerated the maximum
cumulative dose of 4044 mg of baked
milk protein compared with 0 of 15
(P<0.0001) in placebo group
• 12 of 15 (80%) tolerated at least 2044
mg of baked milk protein compared with
3 of 15 (20%) (P=0.003) in placebo group
Dantzer J, et al. J Allergy Clin Immunol 2022;149:1383-91 e17.
 


	69. OIT and probiotics
P  - Children aged 1 to 10 years with peanut allergy
I - Probiotic Lactobacillus rhamnosus and peanut OIT (P-POIT) for 18 months
C - Placebo
O - Sustained unresponsiveness after 2-5 weeks discontinuation
Tang ML, et al. J Allergy Clin Immunol 2015;135:737-44 e8.
 


	70. • Sustained unresponsiveness  was achieved in 23 (82.1%) of 28 PPOIT-treated participants and 1
(3.6%) of 28 placebo-treated participants (P<0.001)
• Relative RR of achieving possible sustained unresponsiveness with PPOIT was 23, providing an
NNT of 1.27
Tang ML, et al. J Allergy Clin Immunol 2015;135:737-44 e8.
 


	71. • High-risk patients,  such as patients with a high specific IgE level, history of severe
anaphylactic reactions, or a low threshold volume for causative foods
• Consider starting from step 0, which involves low-dose OFC
Low dose OIT
Yanagida N, Ebisawa M, et al. Allergol Int 2016;65:135-40.
 


	72. Low dose OIT
Yanagida  N, Ebisawa M, et al. Allergol Int 2016;65:135-40.
Admit 5 days
Day 1-2: OFC
Day 3: half of cumulated
dose twice daily
Day 4: double dose of day 3
Day 5: tolerated dose at day 4
 


	73. Tolerant
rates
Low dose
after 1  year
Middle dose
after 1 year
Cow’s milk 60% (6/10) 40% (4/10)
Egg 83% (5/6) 50% (3/6)
Wheat 80% (4/5) 20% (1/5)
Peanut 100% (5/5) 100% (5/5)
Low dose OIT
Yanagida N, Ebisawa M, et al. Allergol Int 2016;65:135-40.
 


	74. Ogura K, et  al. World Allergy Organ J 2020;13:100463.
• OIT target doses: 6200 mg of whole egg protein (scrambled egg, 50 g of raw egg), 3400 mg of
CM protein (100 mL of unheated milk), or 2600 mg of wheat protein (50 g of boiled pasta or
100 g of boiled udon noodle)
• Maximum ingestion doses at maintenance phase of OIT were divided into 100%-dose or 25%-
dose groups against short-term unresponsiveness (StU) dose
 


	75. StU rates 100%  dose
Year 1
25% dose
Year 1
100% dose
Year 2
25% dose
Year 2
Egg 26.9% 20.0% 30.8% 36.0%
Cow’s milk 7.7% 15.4% 7.7% 23.1%
Wheat 50.0% 16.7% 58.3% 58.3%
Ogura K, et al. World Allergy Organ J 2020;13:100463.
No statistically significant differences in StU between years 1 and 2
 


	76. Ogura K, et  al. World Allergy Organ J 2020;13:100463.
• Ratio of total adverse reactions per
total ingestion times in 25%-dose
OIT group was significantly lower
than 100%-dose OIT group
• Most of these allergic reactions
during both OITs were mild
• Most frequent adverse reactions
reported mild oral symptoms
• Gastrointestinal symptoms, including
oral symptoms, during HE, CM, and
wheat OIT was higher in 100%-
dose group than in 25%-dose group
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