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Objectives

1. Give an overview of IgE-mediated gastrointestinal food
allergies (FA)

2. Discuss the diagnosis and management of IgE-
mediated FA



Food allergic disorders

Gastrointestinal food allergies
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IgE-mediated Mixed IgE/non-IgE-mediated Non-IgE-mediated
Immediate Eosinophilic esophagitis FPIAP
hypersensitivity/anaphylaxis Eosinophilic gastritis FPE, Celiac disease
OAS Eosinophilic colitis FPIES
FDEIAn

IgE-mediated

Cell-mediated (?)

Nutrients 2020, 12, 2086



Sensitization to class | and class Il allergens is associated
with different clinical symptoms

Primary sensitization via the Respiratory sensitization followed by
gastrointestinal tract with digestion- cross-reactivity with easily digestible
resident food allergens food allergens
Class | food Class Il food
allergy allergy
Dizziness
Respiratory Contact urticaria
symptoms:
Wheezing Itchy mouth
Rhinoconjunctivitis Swelling of lips,
mouth, tongue,
i 5 g throat
Sk'"u?t::::i:ms’ S (Angioedema)
Rhinitis
Aniglosdena Rhinoconjunctivitis
. Cardiovascular Sore throat
Systenilc BN symptoms: Ra:': c:sl‘:(;f Eosinophilic
anaphylaxis Low blood pressure Py, . esophagitis
Loss of
consciousness
Digestive ~ Atopic dermatitis |
symptoms: (eczema)
Abdominal pain
Vomiting
Diarrhea
Mild to severe allergic Mostly mild symptoms (Pollen-
symptoms ‘ food allergy syndrome)

Front Immunol. 2021 Sep 23:12:742732.



“ Secondary or tertiary lymphoid structures

Food allergens R

Mechanisms of
allergic sensitization

Broad range
of effector functi

to IgE

Co-stimulatory
signals + cytokines

e
Direct CRS
to IgE

signals + IL-4, IL-14, IL-21

DC maturation
and migration
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Key questions for an allergy-focused history

 Age at symptom onset

* Presenting symptoms—type and severity

« Speed of symptom onset and duration of symptoms
« Treatment for previous reactions

« Food(s) suspected

« Quantity of food

« Reproducibility of reactions

* Food processing

« Route of exposure

« Involvement of co-factors

« Setting of the reaction

« Potential for cross-reactivity

« Dietary history

* Previous/current food elimination

« Dietary adequacy

« History of concomitant atopic and other diseases
« Family history of atopic disease



Typical IgE-mediated form of food allergy

Infancy
within minutes to 1-2 h

Cutaneous: urticaria, angioedema,

erythema, pruritus

Gastrointestinal: vomiting, abdominal pain

Respiratory: persistent cough, hoarse voice, wheeze,
stridor, respiratory distress, nasal congestion

« Anaphylaxis
« Worsening of atopic dermatitis



Food-dependent,

(FDEIA)

Korea

Grape 2% : - Wheat 57%

hrimp 18%
Sy (n=175)

Japan

exercise-induced anaphylaxis

& Tev #
- e o B

i) LURMALLL AL
®,0 ©

Increased gastrointestinal
permeability

Hlstamlne v
PAF
Leukotrienes

Prostaglandins

More structurally
intact food allergens

anf o

4 Threshold for the causative food
4 Severity of reaction

Mast cells
degranulation

IgE-mediated cross-linking
of FceRI receptors

Foods 2023,12,3768



Pollen-food allergy syndrome in children

Neurological
anxiety, feeling of “impending
doom”, headache

Cardiovascular

dizziness/lightheadedness,
pale/blue color, weak pulse,
fainting, hypotension, shock,
loss of consciousness

Respiratory

coughing, wheezing,
shortness of breath,
chest pain or tightness,
throat tightness, trouble
swallowing, hoarse voice,

Z ‘Llp;‘&- oral nasal congestion
mucosa
redness, swelling,
itching Gastrointestinal

nausea, stomach pain or
cramps, vomiting, diarrhea

Skin
hives, swelling, itching
warmth, redness

Sym torﬁS)
Y P L

~.Chemicals *

Clin Exp Pediatr. 2020 Dec; 63(12): 463-468.
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7738766/

Pollen food
cross-reactivity

@ DO O 50

Apple Peach Plum Pear Cherry Apricot Almond

Rosaceae

gy ‘u R ) v : g, .
A\ 2w s Ess &
Carrot Celery Parsley Caraway Fennel Coriander Aniseedi Soybean Peanut Hazelnut
Apiaceae : Fabaceae . Betulaceae

. (old Leguminosae) !
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Cantaloupe Honeydew Watermelon Zucchini Cucumber Banana

Cucurbitaceae . Musaceae

\teeps@ O =&

Celery Carrot Parsley Caraway Fennel Coriander Aniseed Bell ! Black

 Solanaceae | Piperaceae

; E{‘ Apiaceae ! pepper ! pepper
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Mustard Cauliflower Cabbage Broccoli | Garlic Onion | Peach

Brassicaceae Liliaceae Rosaceae
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i f‘ & . — e
| /' Cantaloupe Honeydew Watermelon Peanut White potato Tomato
& Cucurbitaceae  Fabaceae : Solanaceae

Orchard



Allergic sensitization

to a-Gal

Onset of symptoms: 2-6
hrs after meat ingestion

slgE for a-Gal If : >2

IlU/mL or more than 2% of
the total IgE

SPT: is not helpful

ALLERGIC SENSITIZATION

a-Gal

memory
B cell

l

7/

anti a-Gal IgE
N

\/

\

naive T
cell

iNKT cell

basophil

a-Gal
' glycolipid

ALLERGIC REACTION

a-Gal bound to:

- proteins
\ - -lipids
......... \\v"‘/ ) B
. lipid =
micelle ©
. ‘ SN0, dietary lipids
3 lipase 3-,. K .,-:
. ."00000’./
SeREteiine., a-Gal containing
. lipids
’ r 1 X / a-Gal
o0
‘\ , W|WOO
‘\‘ -.(30
', | lacteal P ¥,
¥ vein

Front Allergy. 2021 Dec 16:2:783279



Risk of reactions in the a-Gal syndrome

Food

Beef, pork, and other meat,
and also innards, of
non-primate mammals

Dairy, including
milk and cheese

Gelatin-containing foods

Medications/Biologic Therapies

[ Cetuximab

Gelatin plasma expanders]

[ Anti-venom (e.g. — CroFab)]

[ Bovine/porcine heart va Ives]

Gelatin-containing vaccines
(e.g. — Zostavax, MMR)

Pancreatic enzy.me replacement
(e.g. —pancrelipase & others)

]
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Co-factors that may increase
the risk or severity of reactions

J Allergy Clin Immunol Pract 2020;8:15-23



Diagnosis of food allergy

e Clinical features

e Skin Prick Test (SPT)

« Specific IgE measurement

e Basophil activation test (BATP

* Oral Food challenge (OFC)



IgE-mediated
food allergy

EACCI guideline

Suspected IgE-mediated food allergy
Based on the CLINICAL HISTORY

* Clear history of reaction
to the specific food

¢ Equivocal history
* Contradictory history/SPT

* No history of reaction to
the specific food
* No evidence of IgE

* |gE sensitization on SPT and/or slgE sensitization on SPT
and/or slgE 4 [ and/or slgE
/ (I T
I |
I 1 I
I 1 1
[ |
[ | [
Detectable IgE to | 1o I
informative | |
component 1 ! !
1= 4 |
| | |
| | |
I | |
Positive BAT I | : I
| : I 1
[ 1
S |
| Positive OFC | | OFC indeterminate | | Negative OFC |
e g
L L 2R ' P - v
Diagnosis of IgE-mediated |~ - Excluded IgE-mediated food

FOOD ALLERGY

allergy

Allergy. 2023;78:3057-3076.



Skin Prick Test




Food-specific slgE highly predictive of clinical
reactivity

Diagnostic Decision Positive Predictive = Negative Predictive
Allergen Level kU,/L® Sensitivity (%) Specificity (%) Value (%) Value (%)
Egg white'® 7 61 95 98 38
Infants <2 yr'® 0.35 91 77 95 68
Ovomucoid for baked egg™ 10.8 55 96 88 80
Cow's milk'® 15 57 94 95 53
Infants <1 yr'" 5 30 99 95 64
Casein for baked milk'™ 20.2 30 95 69 78
Peanut'® 14 57 99 99 36
Fish'™ 20 25 100 99 89
Soybean'® 30 44 94 73 82
Wheat'® 26 61 92 74 87
Tree nuts'™ 15 Other values were not calculated and are 95
not available.

akU,/L = allergen-specific kilo units per liter.



Multiplex solid-phase immunoassays
Component resolved diagnosis (CRD)

ISAC
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A

ISACET12i ALEX2



Peanut allergy

ALEX?
ALLERGEN LIST macroarragdx.com

LEGUMES & NUTS Peanut allergen components

St LU LS Common name Scientific name Component Ll Tl Arah?2

Extract code designation Ara hl Arah8

c 513 Macadamia Macadamia integrifolia mﬁﬁ 25 Albumin

e 2 Pea pisumsatvum
e P R p o i
o S T F L P
e SR T P T I
c a7 Peanut Arachis hypogaea Aahs 25Abumin
S S R P T DI
e e T F R T
C f803  Peanut  Aachishypogaea  Aanfs  Oleosn

Peanut




Cross-reactivity Cfoss-reactwlty ?
sbl
K .

Mild symptoms (e.g. OAS)

oo-allergy 3

% 5
T > &

Legumin _‘Pcé
% nslTP Arah3
“ Arah9 )
Mild or severe symptoms

Mild or severe symptoms
Marker allergens for ?

\ﬁ’ ow/no clinical clinically relevant

significance sensitization

Bet v 1-related
Arah8

Vicilin
Arahl

Profilin

-’:Q\y
m \l' Arahs

Mild symptoms (e.g. OAS)

2S albumins

https://www.meduniwien.ac.at/ipa/med-biotech/mb/research.html



Primary Food Allergy Cross Reactive Food Risk (varies with region)

Crustacean Shellfish Other Crustaceans ~75%

Common primary food allergies p-— o e v s o
‘ t L. Yl

and their cross-reactivity \ <

Crustaceans >70%
(Crab, Shrimp, Lobster)

&

4
Other Finned Bony Fish ~50%
Cartilaginous Fish <5%

(Dogfish, Ray, Shark)

f,A_/'
@’v_ﬁi%/.

Tree Nuts (co-allergy) N ~33%

Lupine @%‘ ~20%

Sesame (co-allergy) ﬁgp 10-15%
- @

Green Bean, Pea, Soy 5-20%

== S P

Other Legumes

If Soy % §~5. Peanut & ¥ >75%
If Chick Pea \38@ Lentil, Pea i,e’ %A >50%

Tree Nuts B Other Tree Nuts 15-33%

O et e Sesame (co-allergy) 10-15%

If Walnut Pecan %‘ ~66-75%

If Pecan Walnut >95%
If Cashew Pistachio % 'y ~66-83%
If Pistachio Cashew (\\J o >95%
(] &5
If Peanut and Tree Nut Sesame (co-allergy) o §-B 50%
Milk (Cow) Milk (Sheep, Goat) >90%
F3 B A
i \ o5
7 (|
Milk (Camel, Mare) <5%

y

~10-20%

J Allergy Clin Immunol Pract 2021;9:82-99

<25%




Basophil activation test (BAT)

Antibody staining for S r—
Deliver to lab identification of basophils | —
within 24 hours and activation markers — |
B -
Flow cytometry
Blood collected —_— Unactivated Activated
in anticoagulant Media  anti-Ige Food extract ‘T e *F ~
alone (increasing doses) _,1"’ ‘,1"’
Conduct assay with desired 1 “1 avi )%
food extract and controls 1 4 o
- o °
e I PO “ @
Mast cell activation test (MAT) CD63 CD63

Add plasma
or serum from

test subject
_

Add food extract

. Antibody staining for
or controls g

activation markers —— T~

> S

Flow cytometry

Mast cell
at rest Mast cell Mast cell

coated with IgE degranulation

(J Allergy Clin Immunol Pract 2022;10:1-9)



Oral food challenge (OFC)

Four Dose Protocol

Six Dose Protocol

Divide the serving as outlined below.
Dose 1 = 1/12" of the total serving
Dose 2 = 1/6™ of the total serving
Dose 3 = 1/4 of the total serving
Dose 4 = 1/2 of the total serving

Dose 1 = 1% of total dose
Dose 2 = 4% of total dose
Dose 3 = 10% of total dose
Dose 4 = 20% of total dose
Dose 5 = 30% of total dose
Dose 6 = 35% of total dose

BOX 2. An example of preparation for oral food challenge for IgE-mediated
wheat allergy and calculation of doses consumed

1. Weigh* 10 g (2 teaspoonst = 10 mL) wheat flour.

2. Mix in 5 g (1 teaspoon = 5 mL) sugar.

3. Mix ingredients in applesauce for a total weight of 100f g (1/2 cup less 3 teaspoon or 115
mL).

4. Record timing, amount ingested, and any objective/subjective symptoms.

Cumulative dosing§:

Amount of challenge Amount of wheat
Time (min) % of total food food, g flour, g
00 0.1% 0.1 0.01
05 0.5% 0.5 0.05
20 1% 1 0.1
35 4% 4 0.4
50 10% 10 1
60 20% 20 2
70 20% 20 2
80 20% 20 2
90 24.4% 244 2.44

Total 100% 100 g 10g

J Allergy Clin Immunol Pract 2020;8:75-90



Indications for an OFC

- Identify foods causing acute reactions for initial diagnosis of food allergy and for
monitoring resolution of food allergy
- Determine whether food allergens associated with chronic conditions such as atopic

dermatitis or allergic eosinophilic esophagitis will cause immediate reactions

- Expand the diet in persons with multiple dietary restrictions, usually because of subjective
complaints such as headaches or hyperactive behavior

- Assess the status of tolerance to cross-reactive foods

- Assess the effect of food processing on food tolerability, eg, fruits and vegetables that

may be tolerated in cooked form in the pollen-food allergy syndrome

J Allergy Clin Immunol 2009;123:5365-83.



Handheld Devices Promising for Detecting Food
Allergens




r

/—C Avoidance >

¢ Avoid offending and cross-reactive foods
¢ Read food labels carefully

e Be aware of food allergens in meals

» Be aware of cofactor(s)

D

_

/

A

o Self-carry self-injectable adrenaline

¢ Know how and when to use adrenaline

e Check proficiency of adrenaline use at every
clinic visit

Management checklist of food allergy (4As)

S Adrenaline )j

_4

4As Management Checklist for Food allergy

#

/—C Action plan )

¢ Self-carry an anaphylaxis card or other food
allergy identification document

o Self-carry a written action plan

¢ Health care service providers should inform
patients and emergency contact persons

4

~

Vs

e |Implement multidisciplinary approaches to
care involving allergists, nutritionist,
patients, and and their families

e Consider Immunotherapy and/or biologic
therapies P

( )
S

ON [Ted o

{ Advanced treatments h

Asian Pac J Allergy Immunol. 2022 Dec;40(4):308-320.



Oral tolerance induction

= | -
E i= =8 Exposure to allergen through
E [ 4 astro-intestinal tract
© ol g LGHF-TERM TDLEMCE
g K I\ High dose - cﬂnt_lnluecf consumption
- 5” (age-appropriate portion) ad libitum
z €t . P
ke i==5 Oral, sublingual,epicutaneous
= b |mmunﬂtheraw DESENSITISATION
2 \ ’ SUSTAINED UNRESPONSIVENESS
o L Very low dose of allergen continued consumption following
= S followed by updosing and _
O ) maintenance dose specific schedule
g £ L L:. L o
[N
t Biologics

Anti-IgE (omalizumab)
Anti-IL33 (etokimab)
Anti-IL4Ra (dupilumab)

Foods 2022, 11,3386. h



Oral Immunotherapy (OIT)

Oral immunotherapy

:[ Screening ):( OIT up-dosing J:( OIT maintenance OIT W|thdrawal

: Food I ' Food Food
: challenge chaHenge challenge

| |
| |
| |
: : (No treatment)
| |
|

|

|

|

|

|

|
|
|
|
|
|

®
v

I
I
I
I
I
I
¥
[ Desensitization ] Sustained
unresponsiveness




Sequential immune mechanisms of OIT

7/
4
4
4

Baseline

] Early Initiation

Eosmophlls
7 Basophils

-
- LIS

Epigenetic o2
modiﬁcation Dﬁ
L L10° \ 20
N Nalve
_r :;gl es ) Exhaustlon/Deletlon \ A T Ce"S
g S \ Th2 cells
differentiation

\
Treg cells N
differentiation S
4 ;’( ); iy
Naive ) "
T cells <
N

N

Late Initiation |

J AllergyClin Immunol 2018;141:491-8.



Humoral mechanisms of OIT

IgE Memory B cells IgG and IgA

R B

Memor _&- /@'\ il /@--@\
B cells ’ \gQQ \@\@9\\ \"Q\Q \©
C @ Th2 C @ TH
@ Breg
) . X%
W W GE ¢

& ;.“fv’
4 : < '
Inhibition

Allergen

% ¥ W

Baseline » Initiation » Consolidation




Oral Immunotherapy (OIT)

Efficacy and Effectiveness

“ oIT
E @ PROs

The only specific FA treatment I ‘ I
: : Not clearly demonstrated

Increase of the allergen
reactivity threshold efficacy in adults
Desensitization is often achieved Demonstrated efficacy only for

cow’s milk, egg, peanut

Front. Immunol. 12:636612.

SU may be possibly achieved

Adherence is mandatory
Allergen-specific immune

response modulation

SU is not demonstrated

Omalizumab as adjuvant

Lack of biomarkers of efficacy
therapy

EFFICACY and EFFECTIVENESS




Oral Immunotherapy (OIT)

)

Adverse reactions are frequent
and they include anaphylaxis

Safety

el Y

Mainly mild reactions

Low anaphylaxis risk

Eosinophilic esophagitis is a
possible complication
Long-term gastrointestinal

complications are rare Poor data on long-term safety
Omalizumab may improve Omalizumab protective role is
safety

short-lasting

Front. Immunol. 12:636612.



Palforzia
Peanut (Arachis hypogaea)
Allergen Powder-dnfp

une-

) THERAPEUTICS

Nestlé Health Science Company

INITIAL DOSE UP-DOSING MAINTENANCE

ESCALATION (IN OFFICE) (AT HOME)
(IN OFFICE)

« an OIT product
* FDA approval: Jan 31 2020
« Patients 4-17 years of age

o —" —

'::'""'F" 1 e | - j)

.v-":-'.’.-':"’ ..,.."‘ .;-;"'.
” P T D\
e e Eed
O P ~6 MONTHS

>, -, - h . .
:‘/"" Tt | (Each level = Up-Dosing approximately
::;::—-'f_ﬂ.-», e ~4 hours every 2 weeks in office, followed by ONGOING
A A i~

Al 8 J - . 2 weeks of daily at-home dosing)

e =
'-;.':'::'.n' 0.5mg Tmg ‘ 1.5mg ‘ 3mg ‘ 6 mg i 6 mg ‘ 12 mg 20 mg v 40mg | 80mg | 120mg | 160 mg ‘ 200 mg | 240 mg v 300 mgr\ 300 mg
= ) O R R I LI NN B IR B e

2x1mg - 1x20mg  3x20mg 2x20mg
3x1mg 6x1mg Ixiomg 1X20mg  2x20mg  4x20mg ixioomg  1x100mg 2x100mg S 00 me T

I



DEVELOPMENT STAGE
PROGRAM & INDICATION DISCOVERY  PRE-CLINICAL PHASE 1 PHASE 2 PHASE 3

Ages 4-11 years

Viaskin™ Peanut
(DBV712) Ages 1-3 years
Peanut Allergy

Adolescents & Adults
Viaskin™ Milk
(DBV135)

FOOD Cow's Milk Allergy
ALLERGY

Ages 2-17 years

Eosinophilic Esophagitis® Ages 4-17 years

Non-IgE Mediated Cow's
Milk Allergy Diagnostic Tool
(DBV1605)

With Nestlé Health Science

Ages 6 months - 5 years

Viaskin™ Egg
(DBVI1502)
Hen's Egg Allergy

AUTOIMMUNE &

INFLAMMATORY Multiple Programs
DISORDERS

‘ |
| |
|
i
|
I I & ~‘/‘

VACCINES Multiple Programs

*Early-stage development based on studies with Viaskin™ Milk for cow's milk allergy.

N\
dbv

technologies

Epicutaneous
Immunotherapy (EPIT)



The Role of Biologics in the Treatment of Food Allergy

XOLAIR is the only FDA-approved treatment to
reduce allergic reactions, including severe
reactions such as anaphylaxis, following accidental
exposure to one or more foods

16 Feb 2024
Patients >= 1 years old

Mast CQ
or Basophi

FceRl o
Ligelizumab
Omalizumab
Quilizumab

W
olair
Omalizumab

FOR SUBCUTANEOUS USE 75 mg = 150 mg = 300 mg

Prefilled syringe

Not actual size.

Needle cap

Needle-shield Viewing window, label, Plunger
and expiration date

75 mg 150 mg 300 mg
Look for a blue Look for a purple Look for a gray
needle-shield needle-shield plunger rod




e T T DUPIXENT 2):

e BE L - (dupilumab) Injection

C IL:ARe Recruitl IL-4Ra IL4Re [ Recruit B 1 13Ra1
000000000 00000000 0000009000000 0000000000 0000fP0 000000 000005E00000 0P 000000000 zoomg zoomg
L ]

0000000 00G0 00000000 006000000000000006000EXPO0 00 EOOC0000000000000000000FPOCOOC OO0

WEIGHT-BASED DOSING AND OPTION TO ADMINISTER AT HOME OR IN OFFICE'
« FDA approved for EOE Weight-tiered dosage regimen'’

L] May 2 02 2 : > -I 2 years O O 15 to <30 kg Every 2 weeks 1 fﬁodo mga -
pre-fitlled pen or syringe
 Jan 2024: >= 1 years .,
J Y 30 to <40 kg Every 2 weeks 300 mg

1 pre-filled pen or syringe
1+ YEAR OF AGE
No loading dose 240 kg¢ Every week 300 mg®

1 pre-filled pen or syringe

*200 mg=1.14 mL solution.'

®300 mg=2 mL solution.’

“The recommended dosage of 300 mg QW for pediatric subjects 1to 11 years of age weighing 240 kg is based on modeled pharmacokinetic data to provide comparable
exposures to the 300 mg QW dosage in adult and pediatric subjects 12 years of age and older weighing 240 kg with EoE.
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Key Companies in the Food Allergy Treatment Market
eimmene ), NOVARTIS @lnnoUp @ COUR

O VEDANTA  Genentech Q Rh e}

de BIOSCIENCES A Member of the Roche Group

REGENERON cg\allergy (lﬂwgglm(l[)t




