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Allergic Rhinitis: Burden

« High cost to individuals and society
— $3-4 billion in direct costs in the United States per year

— Individuals with Allergic Rhinitis (AR) spend an average
of $650 annually on AR-related medical and pharmacy
services

http://www.aaaai.org/about-aaaai/newsroom/allergy-statistics, accessed 1/2024
,% I Anededn ecen of Meltzer et al. Ann Allergy Asthma Immunol 2011.
Tkacz JP. Immunology 2021
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Allergic Rhinitis: Allergies really are getting worse

e “Advances and lengthening of pollen seasons (+20 d) and increases in pollen concentrations
(+21%) across North America, which are strongly coupled to observed warming.

e Human forcing of the climate system contributed ~50% (interquartile range: 19-84%) of the trend in
pollen seasons and ~8% (4—14%) of the trend in pollen concentrations.

e For Grass pollen (Poaceae), now the season is March through November (2)

e “The pollen season started earlier for spring pollinating trees and grass with rising spring temperatures
and short earlier springs. (3)

1) Lo Et. al 2019 “Pollen Calendars and Maps of allergenic pollen in North America Aerobiologia 35 (4) 613-633

2) Levetin E “Aeroallergens and climate change in Tulsa OK, Long term trends in the south central united states.
Frontiers in Allergy 2, 726445

3) W.R.L. Anderegg, J.T. Abatzoglou, L.D.L. Anderegg, L. Bielory, P.L. Kinney, & L. Ziska, Anthropogenic climate change
is worsening North American pollen seasons, Proc. Natl. Acad. Sci. U.S.A. 118 (7) e2013284118,
https://doi.org/10.1073/pnas.2013284118 (2021).



When to refer to an Allergist/Immunologist:

* Individuals for whom the diagnosis is in question
* Individuals with significant environmental exposures
* Individuals failing medical management

* Individuals with co-morbidities such as asthma or sleep
apnea

* Individuals interested in allergen-specific immunotherapy
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Alpha Gal: Tick, tick, tick...boom

A unique allergy to non-primate mammalian meat
(and derived-products) that is associated with
tick bites and is due to a specific IgE antibody to
the oligosaccharide galactose-a-1,3-galactose
(alpha-gal)
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The Alpha Gal Story

e |Initially a case series of 70 cases

o

@)

@)

Cetuximab: a chimeric mouse human IgG1 monoclonal antibody against EGFR
Used for Colorectal Cancer and SCC of head and neck
Manufacturer labeling supported a 3% rate of “Severe Hypersensitivity”

The mouse line that produces the med expresses the gene for alpha 1,3 galactosyltransferase,
which produced a pattern of glycosylation of the cetuximab that cross reacted with the
preformed A-Gal IgE.

Regional Variation noted
m Tennessee and North Carolina had 22% severe hypersensitivity reaction.
m The Northeast had a lower than 1% rate of similar reactions

“The explanation for the regional distribution of IgE antibodies against alpha gal is not clear... the
regional exposures that might be relevant include histoplasmosis, ameba, tick bites,
coccidioidomycosis, nematodes or cestodes.”

Chung, TA Platts-Mills et. al. Cetuximab-Induced Anaphylaxis and IgE Specific for Galactose Alpha
1,3 Galactose. New England Journal of Medicine, 2008.



D The Alpha Gal Story

Incidence rates (per 1,000,000 persons)
0
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Fig. A, B: States where anaphylactic reactions to cetuximab were reported in 2006. C: Cases of Delayed

Anaphylaxis to Red Meat.
Commins et. Al. 2011 The relevance of tick bites to the production of IgE antibodies to the mammalian

oligosaccharide galactose a-1-3 galactose. JACI 2011



D The Alpha Gal Story

CDC: Distribution of RMSF



Characteristics of The Allergy:
Presentation

e Timelines
o Immediate (within minutes)
o Delayed: 3-6 hours is what is best described.

m The suspicion is that since the antigen is absorbed into chylomicrons before entering circulation, as the
chylomicron is processed, the antigen is released into circulation.

m Likely a glycolipid which directly cross links IgE for activation 3
o Overnight is also described
e Urticaria, angioedema or anaphylaxis
e Unusually, Gl symptoms (cramping) and syncope or presyncope without urticaria or angioedema
e Patients whose symptoms are restricted to abdominal pain 2
e First Dose Reaction with Cetuximab
e Gelatin in vaccines, IV colloids, heparin or porcine heart valves are all possible exposures

1) Steinke, et. Al. The Alpha Gal Story: Lessons learned from connecting the dots Clinical Reviews in Allergy and Immunology. 2015

2) Wilson, Platts-Mills Alpha Gal and other findings that have informed our understanding of anaphylaxis Annals of Allergy, Asthma and Immunology 2020

3) Roman-Carrasco P Only aGal bound to lipids, but not to proteins, is transported across enterocytes as an IgE reactive molecule that can induce effector cell activation. Allergy
2019; 74: pp. 1956-1968.



Alpha Gal: So it’s just another food
B llergy, Right?

- “Clinicians should consider alpha-gal syndrome in the differential diagnosis
of patients with unexplained Gl symptoms of abdominal pain, diarrhea,
nausea, and vomiting, particularly those who live or have lived in an alpha-
gal-prevalent area (Figure 2). Such patients should undergo serum testing
for alpha-gal IgE antibodies....”

- “While GI complaints are not uncommon as part of an allergic reaction, 3-
20% of patients with AGS report abdominal pain, nausea, emesis, diarrhea,
heartburn in isolation of cutaneous, cardiovascular or other
signs/symptoms”

Clinical Gastroenterology and Hepatology 2023;21:891-896 CLINICAL PRACTICE UPDATE AGA Clinical Practice Update on Alpha-Gal Syndrome
for the GI Clinician: Commentary Sarah K. McGill,1 Jana G. Hashash,2,3 and Thomas A. Platts-Mills

Commins SP. Diagnosis & management of alpha-gal syndrome: lessons from 2,500 patients. Expert Rev Clin Immunol. 2020 Jul;16(7):667-677.
doi: 10.1080/1744666X.2020.1782745. Epub 2020 Jul 8. PMID: 32571129; PMCID: PMC8344025.



Characteristics of The Allergy:
Diagnosis

(A)100- (B)100 -
At alpha gal of 1.5 and o I
; i 85 - :
alpha gal:total IgE ratio of 3 ;
~ 0.6%, these figures 19 ;
suggest you approach a g 6- 3 65-
50%/50% probability, akin T z 5%
to other food challenge 2 50 8 %0-
3 % 3
thresholds. £ 4- g 40-
35- o i
I This may represent a % 5
level below which there -y Z
may be an argument to 10 - - FIGURE 3 Probability of meat allergy
challenge 8 =g RS RN R 0 ! | , ! ! . with increasing IgE to alpha-gal (A) and
012345678910 00 05 10 15 20 25 30  alpha-galtotal IgE ratio (B) [Colour figure
Alpha-gal Alpha-gal ratio (%) can be viewed at wileyonlinelibrary.com)

Brown Bars Mine for Clarity

Mabelane et. Al. Predictive values of alpha gal IgE levels and alpha-gal IgE: Total IgE ratio and oral food challenge proven meat
allergy in a population with a high prevalence of reported meat allergy. Pediatric Allergy and Immunology 2018.




D Treatment

Everyone gets epi pens.

e |f abdominal only symptoms, unlikely to need more than tick avoidance,
observation and trending out levels, which usually fade.

e If systemic symptoms, absolutely refer them over
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Food Allergy
Therapies

% I American Academy of
Allergy Asthma & Immunology




Oral Immunotherapy

* Involves daily ingestion of food allergen with incremental up dosing under allergist
supervision until goal maintenance dose is reached.

« Clinical trial meta-analyses suggest OIT successful desensitization rates range up
to 84%.

* In addition to avoidance, oral immunotherapy (OIT) for peanut is an option for
children (4-17 yo).

* Indicated for use in IgE-mediated food allergy only
« FDA approved product for peanut OIT in 2020

Sampson HA. JACI-In Practice 2013;1:15-21.
American Academy of .
Allergy Asthma & Immunology Pouessel G, Lezmi G. World Allergy Organ J. 2023, 16(2):100747

https://www.fda.gov/news-events/press-announcements/fda-approves-first-drug-treatment-peanut-allergy-children




Palforzia

» Peanut OIT product approved by the FDA in January 2020, following pivotal
Phase 3 trial’

« Approved for the treatment of peanut allergic individuals age 4-17 years?
« Should be taken with initial dose and updosing in a healthcare setting?
« Peanut should be avoided while taking Palforzia?

» Does not cure peanut allergy but reduces the risk of allergic reactions after
accidental ingestion of peanut?

American Academy of 1\ s . .
% I Allergy Asthma & lmmunology 2V|cke,ry BP et al. N Engl J Med. 2018;379(21):1991-2001

www.palforzia.com



Biologics: Anti-IgE
» Anti-lgE: Omalizumab is the best studied biologic in the setting of food allergy

« Shown in Phase 2 studies to improve the speed and efficacy of
desensitization to single or multiple foods when used an adjuvant to OIT'-3

* Most common approach is to use a modified asthma-based dosing of
omalizumab*
« However, monthly dosing has been studied and shown to facilitate
desensitization to multiple foods®

1Andorf S et al. Lancet Gastroenterol Hepatol. 2018;3(2):85-94.

2Andorf S et al. EClinicalMedicine. 2019;7:27-38.
% I American Academy of 3MacGinnitie AJ et al. J Allergy Clin Immunol. 2017;139(3):873-881.€8.
Allergy Asthma & Immunology 4Sindher SB et al. Ann Allergy Asthma Immunol. 2023;131(1):29-36.
5Sindher SB et al. 2022;77(6):1873-1884.




OUtMATCH Study (NCT03881696)

« Stage 1 results of the Phase 3 OUtMATCH trial (NCT03881696):

* Omalizumab allowed ~2/3 of participants to consume 1000 mg of
peanut, egg, milk, walnut, hazelnut, or wheat

» Lower protection observed for consuming cashew (41% could consume
1000 mg)

% I American Academy of
Allergy Asthma & Immunology

Wood RA et al. Omalizumab for the Treatment of Multiple Food Allergies. N Engl J Med. 2024 Mar 7;390(10):889-899



FDA Approval of Omalizumab for Food Allergy

Omalizumab approved by the FDA (2024) for immunoglobulin E-mediated food
allergy in individuals 1 year or older with allergies to one or more foods

* To be used in conjunction with food allergen avoidance
* Not approved as an emergency treatment and does not replace epinephrine

» Should not be used by individuals who have a history of hypersensitivity
reactions to omalizumab or its components

% | American Academy of
Allergy Asthma & Immunology
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Eosinophilic Esophagitis

» Best understood as a food triggered inflammatory process (Ala Celiac

Disease)
* Primary eosinophilic gastrointestinal disorders (EGIDs) are characterized by

eosinophilic infiltrate into the gastrointestinal tissue in the absence of
another demonstrable cause

« The manifestations of EGID vary based on the anatomical location within the

gastrointestinal tract and can vary by age:
o Young children: vomiting, nausea, abdominal pain, failure to thrive

o Older patients: weight loss, dysphagia, food impaction

Im I ey J Allergy Clin Immunol Pract . 2018 Sep-Oct;6(5):1483-1495.
merican Acaaemy Ol
Allergy Asthma & Immunology Gastroenterology. 2018;155(4):1022. Epub 2018 Sep 6.




EOSinOphﬂiC ESOphagitiS ® No real role for food allergy testing

©  Empiric Elimination: It’s usually
milk/dairy products
O Scope to prove it
® Treatment
o PPI
O Budesonide Slurries/Eohilia
O  Dupilumab (2024)

Kliewer KL, Gonsalves N, Dellon ES, Katzka DA, Abonia JP, Aceves SS, Arva NC, Besse
JA, Bonis PA, Caldwell JM, Capocelli KE, Chehade M, Cianferoni A, Collins MH, Falk GW,
Gupta SK, Hirano |, Krischer JP, Leung J, Martin LJ, Menard-Katcher P, Mukkada VA,
Peterson KA, Shoda T, Rudman Spergel AK, Spergel JM, Yang GY, Zhang X, Furuta GT,
Rothenberg ME. One-food versus six-food elimination diet therapy for the treatment of
eosinophilic oesophagitis: a multicentre, randomised, open-label trial. Lancet
Gastroenterol Hepatol. 2023 May;8(5):408-421. doi: 10.1016/S2468-1253(23)00012-2.
Epub 2023 Feb 28. PMID: 36863390; PMCID: PMC10102869.
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Maintenance and Reliever Therapy with ICS-Formoterol=
MART, Steps 3-5

* Alow dose ICS-Formoterol is used as the patient’s maintenance treatment and as needed for symptom
relief

* |CS-Formoterol Combination reduces severe exacerbations compared with ICS or ICS-LABA plus SABA
reliever ( Sobieraj et al, JAMA 2018)

* Outranked all other treatments as the most efficacious in meta-analysis (JACI Practice 2023)

* Both budesonide and formoterol contribute to reduction in severe exacerbations ( Rabe et al, Lancet 2006-

replaced)
1 257 uee Asneededterbutaline
2 | e As-needed formoterol
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Terbutaline 1138 1028 958 901 846 814 729
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SUCRA for reduction in risk of Budesonide- 1107 1036 994 941 912 886 795
severe asthma exacerbation formaterok
(J Allergy Clin Immunol Pract 2023;11:762-72)




GINA 2023 Recommended Strategy for Personalized Asthma Management for adults and adolescents, 212 years of age

Treatment Step 1 Step 2 NEE] Step 4 Step 5
Controller and Preferred Add-on LAMA
Reliever R et [ e e el Low dose maintenance Medium dose maintenance Consider high dose ICS/Formoterol
ICS/Formoterol ICS/Formoterol Refer for phenotypic assessment for
(Track 1) biologic
Reliever As-needed low dose ICS/Formoterol
Controller and Add-on LAMA
Alternative Reliever Take ICS whenever SABA taken Low dose maintenance ICS Low dose maintenance Me.dlum/h|gh dose Consider high dose ICS/LABA
ICS/LABA maintenance ICS/LABA Refer for phenotypic assessment for
(Track 2) biologic
Reliever As-needed low dose ICS/Formoterol

NAEPP EPR-4 Recommended Strategy for Personalized Asthma Management for adults and adolescents, 212 years of age

Intermittent Asthma Persistent Asthma: Maintenance Medications

Step 5

Treatment Step 1 Step 3 Step 4

low-dose ICS low-dose X medium to high-dose ICS
medium-dose ICS/formoterol
Preferred OR ICS/ formoterol daily and b v :
low-dose ICS prn daily and prn H P LABA + LAMA high-dose ICS
+
212 SABA :
medium-dose ICS . . LABA + LAMA
i d to high-d ICS
years of age as required OR medium-dose ICS meaium +0|_AliA ose .
Alternative LTRA low dose ICS + OR 0CsS
+ LABA or LAMA or LTRA
or or high-dose ICS + LTRA
LABA or LAMA or LTRA
Reliever PRN SABA
Other considerations Consider subcutaneous immunotherapy for patients with persistent allergic asthma Consider treatment with biologics

ICS=Inhaled Corticosteroids, LABA= Long-acting beta agonist, LAMA= Long-acting muscarinic Antagonist, LTRA- Leukotriene receptor antagonist, MART= maintenance and reliever
therapy, OCS= Oral Corticosteroids, SABA= short acting beta agonist. (Tables created by Barbara Ariue, adapted from GINA 2023 and NAEPP EPR-4 2021 Guidelines)



GINA 2023 Recommended Strategy for Personalized Asthma Management for children 6-11 years of age

Treatment

Preferred Controller

Other Controller Options

Reliever

Take low dose ICS whenever
SABA taken

Consider daily low dose ICS

Daily low dose ICS

Daily LTRA or low dose ICS taken

whenever SABA taken

dose ICS, OR low dose
ICS/formoterol MART

Low dose ICS + LTRA

Low dose ICS/LABA OR medium

low dose ICS/formoterol
MART

Add tiotropium OR add LTRA

As-needed SABA or ICS/Formoterol for MART

Medium dose ICS/LABA OR

Refer for phenotypic assessment +

higher dose ICS/LABA OR add-on

biologic therapy

As last resort, consider add-on low
dose OCS, but consider side effects

NAEPP EPR-4 Recommended Strategy for Personalized Asthma Management for children 5-11 years of age

Treatment

Intermittent Asthma

Step 1

Persistent Asthma: Daily Medications

Step 4

high-dose ICS
jum- high-dose ICS +
low-dose ICS/formoterol medium-dose '8
Preferred low-dose ICS dail d ICS/formoterol + LABA
afly and prn daily and prn LABA +
0OCs
5-11 SABA
years of age as required medium-dose ICS medium-dose ICS high-dose ICS
OR + high-dose ICS +
Alternative LTRA low-dose ICS LABA + LTRA
aF or LTRA +
LABA or LTRA LTRA 0OCs
Reliever PRN SABA
Other treatment considerations Consider subcutaneous immunotherapy for patients with persistent allergic asthma For 26 years of age: consider treatment with biologics

ICS=Inhaled Corticosteroids, LABA= Long-acting beta agonist, LAMA= Long-acting Muscarinic Antagonist, LTRA- Leukotriene receptor antagonist, MART= maintenance and reliever therapy, OCS= Oral Corticosteroids,
SABA= short acting beta agonist. (Tables created by Barbara Ariue adapted from GINA 2023 and NAEPP EPR-4 2021 Guidelines)



Types of Asthma
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(Hekking & Bel, JACI: In practice 2014)



Airway Inflammation in Severe Asthma and Targets of Biologic Therapy

Type 2 hlgh .o::. - : f /\ Witrie ovide - lcvr:'cc-:;tcecfs?li::is::“and oS0 m‘m’"m"
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Pavord, et al. J Allergy Clin Immunol Pract 2022: 10:410-9



TN Omalizumab (Xolair®)

Airway lumen Allergen o
2 0 Q®
R, OTG;OTlO 070707010}} Q) 070 OTOY07070YOY0T0YOTOYOITOYOIOYOITOrOlTOTOIGYOITOYO
e Humanized, monoclonal antibody (5% T —— ‘ ——_ i i -
murine)- Dendritic cell "4 Y . T
ol Activated
e Binds to the Fc portion of the IgE molecule. yﬁ : -
. Il 3,5, GM.CSF
o Forms soluble immune complexes that Geas. ‘(T % Mastcell
are cleared by phagocytic cells (2 i 14,913
omalizumab molecules per IgE B / Q iy
antibody). | | w“"““
) Fosinophil £ " Prostaglandins
o Cannot bind to cell surface expressed . § Cytokines (IL-3, 4)
U GM-CSF

IgE and precipitate degranulation of
effector cells (mast cells, eosinophils).

e Subcutaneous injection given in office or at o P o = -
home after 3 in-office injections. e e
e Dosed based on pre-treatment IgE level and o i
weight and administered every 2 to 4 weeks. © bt

Humbert et. al, 2014



D Dupilumab (Dupixent®)

Dupilumab
&
e Human monoclonal IgG4 antibody @ Y
that binds to IL-4R alpha subunit =
present on both IL-4 and IL-13 ﬁ/
receptors. _, .................. e, o

e Inhibits IL-4 and IL-13 cytokine-
induced inflammatory response
which involves proinflammatory
cytokines, chemokines, nitric oxide, Cytoplasm
and IgE.

e Administered subcutaneously at
home.

e Administered every 2 weeks.

(Casale, 2017)



Mepolizumab (Nucala®)

« Fully humanized IgG1 kappa MoA for mepolizumab
anti%ody against P-5. PP B
* IL-5 is responsible for growth, ~
maturation, recruitment, and Kseallziiiah »
survival of eosinophils. v *?
« Mepolizumab binds to IL-5 so that it > ik

cannot bind to the alpha chain of
IL-5 receptor on eosinophils.

« Subcutaneous injection available Eosinophil
as auto mgec;tort at can be glven at
home (auto injector only for 212
years of age).

« Administered every 4 weeks.

| eosinophilsﬁ
I

(Steinfeld et al., 2019)



> Benralizumab (Fasenra®)

e Humanized monoclonal antibody IgG1 Be',f,'::z';m:: S8
kappa antibody against IL-5 receptor \
alpha. A

e Benralizumab binds to to IL-5 receptor
g!pga on eosinophils so that IL-5 cannot
ind.

e Subcutaneous injection that must be
done in office or auto injector that can be
done at home.

e Administered every 4 weeks for the first 3
doses, then spaced out to every 8 weeks.

e Add-on maintenance treatment for
moderate to severe asthma:

o In patients aged 212 years to <65 years
(AstraZeneca Pharmaceuticals, 2019).

o And with an eosinophilic phenotype (Peripheral
eosinophilia with =300 cells/uL).

(Casale, 2017)



Airway Inflammation in Severe Asthma and Targets of Biologic Therapy

Tezspire
(Tezepelumab)

Anti-TSLP
monoclonal
antibody
Approved 2024

Charcot-Leiden crystals and
S MUC-5A cross-linking

Subepithelial
mucosal thickenlng

o TSP :

® 133 TsLPR #
Anti-IL-4 r-o.
Anti-IL-5/IL-5 r-ot
Anti-IgE

CCR-3
receptor > 9 Kit receptor

Eosinophil

Non-iL-5R-induced
eosinophil
maturation

Proteins
Leukotrienes

~E.

~

Bone marrow

Blood eosinophils , /\

Airway hyperresponsiveness
Airway smooth muscle hyperplasia

Pavord, et al. J Allergy Clin Immunol Pract 2022: 10:410-9
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Brandon Humble, M.D.

bhumble@allergyclinicoftulsa.com
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