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Abbreviation Key

AD: Atopic dermatitis

BP: Bullous pemphigoid .
CAT: COPD assessment test .
COPD: Chronic obstructive pulmonary disease .
CRSWwNP: Chronic rhinosinusitis with nasal polyps -
CSU: Chronic spontaneous urticaria .
EGPA: Eosinophilic granulomatosis with )
polyangiitis

EoE: Eosinophilic esophagitis .

FeNO: Fractional exhaled nitric oxide
FEV: Forced expiratory volume

FVC: Forced vital capacity

GINA: Global Initiative for Asthma

GOLD: Global Initiative for Chronic Obstructive
Lung Disease .

HES: Hypereosinophilic syndrome .

ICS: Inhaled corticosteroid

IgE: Immunoglobulin E

IL: Interleukin

IV: Intravenous

LABA: Long-acting beta agonist

LAMA: Long-acting muscarinic antagonist

MMRC: Modified Medical Research Council
dyspnea score

OCS: Oral corticosteroid

PN: Prurigo nodularis

QOL.: Quality of life

SABA: Short-acting beta agonist
SQ: Subcutaneous

TSLP: Thymic stromal lymphopoietin
UTI: Urinary tract infection
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Learning Objectives

At the end of this session, learners should be able to:

RECOGNIZE THE
PATHOPHYSIOLOGY OF
ASTHMA AND COPD IN
RELATION TO
BIOLOGIC THERAPY.

OUTLINE CURRENT
GUIDELINE
RECOMMENDATIONS
FOR BIOLOGIC USE IN
ASTHMA AND COPD.

IDENTIFY BIOLOGIC
TARGETS AND KEY
CLINICAL DATA
SUPPORTING THEIR
USE.

COMPARE AVAILABLE SELECT APPROPRIATE
BIOLOGIC THERAPIES BIOLOGIC TREATMENT
BASED ON STRATEGIES BASED ON
MECHANISM, PATIENT CASE
INDICATION, AND SCENARIOS.

EFFICACY.

»'« ADVOCATEHEALTH



—ﬁ

Objective 1:

Recognize the pathophysiology of asthma and COPD in
relation to biologic therapy.
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Genetic factors Environmental factors

~ Asthma Pathophysiology

Atopy:
predisposition to allergic
hypersensitivity in airways

J

First exposure to triggers
sensitizes helper T cells

)

Stimulation of B-cells produce IgE, which bind to
mast cell surfaces

l Vascular permeability =
edema of airway mucosa
Activated Helper T cells and IgE-sensitized mast cells
lline the airways e cells release Goblet cell hyperplasia = Airway
Allergens /\ inflammatory increased mucus secretion obstruction
i mediators
1 Early _y cross-link Bronchial smooth muscle
response IgEs on mast contraction
Second (0-2 hours) cells
exposure to .
o B Late Maturation of Asthma
response Activated mast granutér ECE
(3-4 hours) i cells and helper (i.e. eosinophils) T
T C:-'lts E?I::SE l Airways —> Bronchiole constriction
ytoki . .
EO_SIHOPh'IS N Fyes ——> Conjunctivitis
migrate to:

Nose =——> Rhinitis
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Sinyor B, et al. Pathophysiology of Asthma. NCBI. 2023.



Inflammatory mechanisms and pathobiologic features leading to severe asthma

| Inflammatory mechanisms associated with granulocytic inflammation
T

ype 2 inflammation Non-type 2 inflammation

' [ Irritants, pollutants, microbes, and viruses ]

Asthma
Inflammation

.| . - : ==

Thaicell
GATA3

KIT

5
A RN ETERTD)
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Hyperresponsiveness, remodeling, mucus production, and smooth-muscle constriction and hypertrophy + ADVOCATEHEALTH

Israel E, et al. Severe and Difficult-to-Treat Asthma. N/H. 2017.




Environment insult to lungs

Genetic susceptibility (smoking, pollution, infection, etc.

COPD

i
Lung inflammation
oxidative stress, inflammatory
cytokines, protease function

/\

Continuous injury to Proteolytic destruction of
bronchial tree lung parenchyma

_, Pathophysiology

A
I \ r \
Infiltration of ?oll:i)fle;c iie“n D;?:VhaOf decreased dfC"etase? irreversible
inflammatory protreratio : y alrway structural enlargeme‘nt
I =mucus epithilial elasticity support of alveoli
cells production cells l l /\
l \/ Air AirWay Hyper_
Airway Mucus trapped in trappingin  narrowing infiltrated R;Etsi:asd
fibrosis airways lungs and collapse  lungs
\ J \ J
! Y
Chronic bronchitis Emphysema
\ /
Y
COPD

Curtis J, et al. Understanding COPD. Respiratory Care. 2023.
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Eosinophil-predominant COPD

‘
Allergens  Smoke Pathogens =

e

Dendritic cell IL-33

IL-13

Mast cell

Appleton L, et al. Personalized COPD Care. JCM. 2024.

oLyl s
. ™

Neutrophil-predominant COPD

, . - Cigarette
Pathogens = 9

Dendritic cell Goblet cell

Macr_gp_hage

ILC3
IL-1, IL-8
IL-18, TNF

Neu1rophll

Neutrophil elastase
Matrix Metalloproteinase

COPD
Inflammation

vf= ADVOCATEHEALTH




Onset

Cause

Inflammation Type

Reversibility of Airflow Limitation

Symptoms

Response to ICS

Biomarkers

Imaging

Asthma vs. COPD
eeaure | aswa | co0

Often in childhood or early adulthood

Allergens, genetics, environmental triggers

Eosinophilic, Type 2-high
Reversible with bronchodilators

Episodic wheezing, chest tightness, cough,
dyspnea

Good response

M Eosinophils, 1 IgE, ™ FeNO

Normal or hyperinflation

Simmalee K, et al. Exploring the Pathogenesis and Clinical Implications of Asthma and COPD. Frontiers in Medicine. 2025.

Usually after age 40

Smoking, air pollution, occupational
exposure

Neutrophilic, Type 2-low
Irreversible or partially reversible

Persistent cough, sputum production,
dyspnea

Limited response
™ Neutrophils, normal IgE, J, FeNO

Emphysema, airway thickening
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Knowledge check #1 .

TJ, a 58-year-old man presents with shortness of breath and
a chronic productive cough that has worsened over the past
several years. He reports a 40-pack-year smoking history. On
physical exam, you note prolonged expiratory phase an
decreased breath sounds. Pulmonary function testing shows
an FEV/FVC ratio of 0.60 that is not fully reversible after
bronchodilator administration.

4 )
Which diagnosis best fits this patient's presentation?
A. Asthma
B. COPD

o %

»'s ADVOCATEHEALTH
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Objective 2:

Outline current guideline recommendations for biologic
use in asthma and COPD.
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Vaccines

What is a biologic? gum

Biologics are medications derived “Monoclonal
from living organism cells ' antibodies
J

oHuman
oAnimal
oMicroorganisms

Concerns
oUsually injectable only

oCost $$5%

oBiosimilars
oSpecialty pharmacies only

Stem cells
4

»'« ADVOCATEHEALTH

Biologics. Cleveland Clinic. 2024.
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GINA 2025

Adults & adolescents
12+ years

Personalized asthma management

Assess, Adjust, Review
fer individual patient neads

TRACK 1: |
I and

Using ICS-formoterol as the reliever”

reduces the risk of exacerbafions

comparad with using a SABA reliever,

and is a simpler regimen

TRACK 2: Allemative

and RELIEVER
Before considenng a regimean
wilh SABA relievear, check if the
patient is likety o adhare to daly
comtrofier treatment

2025 Global Strategy for Asthma Management and Prevention. GINA. 2025.

Symploms

Exacerbations

Side-effects

Comorbidities

Lung function

Consider biomarkers

Patient (and parenticaregiver) satisfaction

STEP 4
STEP 3 MART® with
MART" with me'_:ium-duaa
AR low-dose mantenance maintenance
AlR-only*: low-dose ICS-formoterol as needed ICS-formotarol ICS-formoterc]

RELIEVER: As-needed low-dose ICS-formoteral®

STEP 3
STEP 2 Low dose
STEP 1 Low dosa l"&“m:“
Rebevar only, i SABA, mainienance 1CS
lake ICS with each dosa

RELIEVER: as-neadad |IC5-SABA®, or as-neaded SABA

Confamabon of dagnosis il necessany

Sympom control & modifiable risk factors
‘Comeorbidities

Inhaler technique & adberence

Patient {and parent‘canegiver) preferences and goals

Tresstment of modifiable rsk faclors and comordiies
Non-pharmacological sirategies

Asthma medications mcuding 105

Edducabon & skills trasng, acton plan

STEP 4
Medium dose
maintenance
ICS-LABA

anti-IgE, nb-ILS/5R,
anti-IL4Ra, ant-TSLP
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Severe and Uncontrolled Asthma

Severe asthma

. Require GINA level 5 medications for What is FEV; percent
control or remain uncontrolled predicted?

o High dose ICS with LABA £ LAMA

"Forced expiratory volume per 1

Uncontrolled asthma second”

e 2 or more exacerbations requiring OCS in Reversible with bronchodilator:
last year increase in FEV; by 12% or 0.2 L

« Exacerbations requiring escalation of care

» Persistent FEV; <80% predicted Goal: > 80%

2025 Global Strategy for Asthma Management and Prevention. GINA. 2025. i ADVOCATE H EALTH

Chhabra s, et al. Clinical Implication of Spirometry in Asthma. Lung India. 2015.



Add-on Biologic Considerations

- Biologic

Type 2 Phenotype

HIGH IgE, FeNO

Allergic Asthma IgE, IL-4, IL-5, and IL-13 Sediie elliany S e IgE, TSLP
. - . . IL-5, IL-5R,
Eosinophilic Asthma IL-4, IL-5, and IL-13 HIGH blood eosinophils, FeNO
IL-4, TSLP
Type 2 Low Phenotype
Neutrophilic Asthma None identifiable Low eosmgphﬂs, and FeNO none
variable IgE
Paucigranulocytic Asthma None identifiable =2/ CRCT TS IR ALY none
normal IgE
»'« ADVOCATEHEALTH

2025 Global Strategy for Asthma Management and Prevention. GINA. 2025.



Add-on Biologic Considerations

. Biologic . .

Type 2 Phenotype

HIGH IgE, FeNO

. Omalizumab (Xolair®)
RIS Csime 35 Ik, U, e [ positive allergy skin tests IgE, TSLP Tezepelumab-ekko (Tezspire®)
Mepolizumab (Nucala®)
IL-5. IL-SR Benralizumab (Fasenra®)
Eosinophilic Asthma IL-4, IL-5, and IL-13 HIGH blood eosinophils, FeNO ! ’ Reslizumab (Cinqair®)
IL-4, TSLP . .
Dupilumab (Dupixent®)
Tezepelumab-ekko (Tezspire®)
Type 2 Low Phenotype
Neutrophilic Asthma None identifiable Low eosmc.>phlls, and FeNO none none
variable IgE
Paucigranulocytic Asthma None identifiable =2/ CRCT TS IR ALY none none
normal IgE
»'« ADVOCATEHEALTH

2025 Global Strategy for Asthma Management and Prevention. GINA. 2025.



Eligibility

Bd Anti-IgE (omalizumab)
Is the patient eligible for anti-IgE for severe allergic asthma?™
= Sensitization on skin prick testing or specific IgE
+ Total serum IgE and weight within dosage range

+ Exacerbations in last year

no

Anti-IL5/ Anti-IL5R (benralizumab, mepolizumab, reslizumab)
Is the patient eligible for anti-IL5/anti-IL5R for severe eosinophilic asthma?™
+ Exacerbations in last year

Pl

+ Blood eosinophils, e.g. 2150/ul or 2300/pl

no

Is the patient eligible for anti-IL4Rc for severe eosinophilic/Type 2 asthma?™
+ Exacerbations in last year

+ Blood eosinophils 2150 and =1500/pl, or FeNO 225 ppb,
or taking maintenance OCS

no |’
| |mo

Anti-TSLP (tezepelumab)
Is the patient eligible for anti-TSLP for severe asthma?”*
= Exacerbations in last year

2025 Global Strategy for Asthma Management and Prevention. GINA. 2025.

Asthma Guideline Biologic Use

Predictors of good asthma response

What factors may predict good
asthma response to anti-IgE?

+ Blood eosinophils 2260/pl ++
* FeNO =20 ppb +

+ Allergen-driven symptoms +
+ Childhood-onset asthma +

What factors may predict good
asthma response to anti-IL5/5R?

« Higher blood eosinophils +++

+ More exacerbations in
previous year +++

+ Adult-onset of asthma ++
+ Nasal polyposis ++

What factors may predict good
asthma response to anti-IL4Rot?

+ Higher blood eosinophils +++
« Higher FeNO +++

What factors may predict good
asthma response to anti-TSLP?

« Higher blood eosinophils +++
+ Higher FeNO +++

»'« ADVOCATEHEALTH




Knowledge check #2 .

AB, an 11-year-old patient with a 5-year history of asthma
Bre_sents for follow-up due to persistent symptoms despite
eing on high-dose ICS-formoterol maintenance therapy. The
patient reports frequent nighttime awakenings and daily use of
rescue inhalers. The provider now wants to consider biologic

therapy.
/"Which asthma phenotype best fits I
T . this clinical presentation?
'IFo?atl)%rEat]%Slefllrglfjlngs A. Allergic asthma
Allergy skin testing: Negative B.  Eosinophilic asthma
Elo[\(l)g eé)zsinoghils: 320 cells/pL & hysn e et
eNO: pp

\D.  Asthma-COPD overlap %

»'« ADVOCATEHEALTH
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GOLD ABE Assessment Tool

Spirometrically
confirmed diagnosis

Assessment of

airflow obstruction

Post-bronchodilator
FEV1/FVC< 0.7

| exacerbations
-
EXACERBATION
HISTORY
FEV1
GRADE (% predicted) (PER YEAR)
2 2 moderate
GOLD1 >80 exacerbations or E
21 leading to
GOLD 2 50-79 hospitalization
o
GOLD 3 30-49 Oorl modfarate
exacerbations A B
(not leading to
GOLD 4 <30 hospitalization)
A Y, /

Assessment of
symptoms/risk of

mMRCO-1 | mMRC=22
CAT<10J CAT 2 10/

SYMPTOMS

2025 Report Global Strategy for the Diagnosis, Management, and Prevention of COPD. GOLD. 2025.
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Initial Pharmacological Treatment

> 2 moderate GROUP E
exacerbations or LABA + LAMA*
> 1 leading to
hospitalization consider LABA+LAMA+ICS* if blood eos > 300
W, Y.
Ofor Irmoderate GROUP A GROUP B
exacerbations -
(not leading to A bronchodilator LABA + LAMA*
hospital admission)
A Y
mMRC 0-1, CAT < 10 J mMRC > 2, CAT > 10 J
*single inhaler therapy may be more convenient and effective than multiple inhalers
Exacerbations refers to the number of exacerbations per year
"= ADVOCATEHEALTH

2025 Report Global Strategy for the Diagnosis, Management, and Prevention of COPD. GOLD. 2025.



GOLD Guideline Directed Biologic Use l

Minimal guidance in 2025 report!

Anti IL-4/13 (dupilumab) Anti IL-5 (mepolizumab)

e COPD and chronic bronchitis e 2 or more exacerbations in
e 2 or more moderate or 1 the last year

severe exacerbations in the e Elevated eosinophils

last year, despite triple

therapy

e Eosinophils = 300 cells/pL

»'« ADVOCATEHEALTH

2025 Report Global Strategy for the Diagnosis, Management, and Prevention of COPD. GOLD. 2025.



Knowledge check #3 .

TJ, a 58-year-old man presents with COPD returns to clinic
for a follow up after complaining of uncontrolled shortness of
breath. He has had 2 exacerbations in the past year that
required hospitalization and oral corticosteroids. He is
currently on LABA-LAMA-ICS inhaled therapy. The physician
has ordered labs to determine if TJ is a candidate for biologic
treatment.

/Is TJ a candidate for biologic N
treatment?
Laboratory findings: A Vi
Total IgE: 24 1U/mL 5 No
Blood eosinophils: 422 cells/uL ' _ _
\C' Not enough information /

»'« ADVOCATEHEALTH
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Objective 3:

|dentify biologic targets and key clinical data supporting
their use.
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Inflammatory mechanisms and pathobiologic features leading to severe asthma

Inflammatory mechanisms associated with granulocytic inflammation

Type 2 inflammation Non-type 2 inflammation O I M b
! [ Irritants, pollutants, microbes, and viruses ] : m a IZ u m a
| | .
J (Xolair®)

115 [ OXCI2 ) Binds to free IgE and
[] (Gwcst prevents it from
, \ o binding to its receptor
=K Fuy | on mast cells and
ol | basophils

(45 Ts)
L G G
1o, ¥ (03,4520 9)

!

Hyperresponsiveness, remodeling, mucus production, and smooth-muscle constriction and hypertrophy + ADVOCATEHEALTH

Israel E, et al. Severe and Difficult-to-Treat Asthma. NIH. 2017.




Mechanism

Indications

Dosing

Pharmacokinetics

Warnings/Precautions

Safety

Pearls

Omalizumab (Xolair®) - Anti IgE

. Binds to free IgE and prevents it from binding to its receptor on mast cells and basophils
. Reduces allergic inflammation and downregulates FceRI receptor expression on effector cells

Moderate-to-severe persistent allergic asthma (26 years)
. With positive skin or in vitro reactivity to perennial aeroallergens
. Inadequately controlled with inhaled corticosteroids

75-600 mg SQ every 2—4 weeks
. Dose based on baseline serum IgE level and body weight

. Metabolism: Proteolytic degradation (not CYP-mediated)
. Elimination Half-life: ~26 days

Boxed Warning: Anaphylaxis
. Malignancy

. Serum sickness

. Helminth infections

Common (1-10%): Injection site reactions, headache, arthralgia, fatigue, dizziness
Rare but serious: Anaphylaxis, vasculitis, cardiovascular and cerebrovascular events

. Refrigerate mproom temperature max 2 days
. No routine lab monitoring needed
. False elevation in serum IgE

Xolair (omalizumab) [package insert]. South San Francisco, CA; Gentech USA, Inc; Revised 02/2024.




Omalizumab Dosing > 12 Years

Body Weight (Ib/kg)
Pre-treatment 1 L S— 66-132 b >132-154 b >154-198 b »198-330 Ib
Serum IgE (1U/mL) 5 TIEqREncy (30-60 kg) (>60-70 kg) (>70-90 kg) (»90-150 kg)
Dose (mg)
>30-100 150 150 150 300
»100-200 - 300 300 300 225
»200-300 300 225 225 300
»300-400 225 225 300
»400-500 Every 300 300
Y500-600 S 300 375
Insufficient data to recommend a dose
»600-700 85
[1 Subcutaneous doses to be administered every 4 weeks Subcutaneous doses to be administered every 2 weeks

»'« ADVOCATEHEALTH

Xolair (omalizumab) [package insert]. South San Francisco, CA; Gentech USA, Inc; Revised 02/2024.



Mechanism

Indications

Dosing

Pharmacokinetics

Warnings/Precautions

Safety

Pearls

Omalizumab (Xolair®) - Anti IgE

. Binds to free IgE and prevents it from binding to its receptor on mast cells and basophils
. Reduces allergic inflammation and downregulates FceRI receptor expression on effector cells

Moderate-to-severe persistent allergic asthma (26 years)
. With positive skin or in vitro reactivity to perennial aeroallergens
. Inadequately controlled with inhaled corticosteroids

75-600 mg SQ every 2—4 weeks
. Dose based on baseline serum IgE level and body weight

. Metabolism: Proteolytic degradation (not CYP-mediated)
. Elimination Half-life: ~26 days

Boxed Warning: Anaphylaxis
. Malignancy

. Serum sickness

. Helminth infections

Common (1-10%): Injection site reactions, headache, arthralgia, fatigue, dizziness
Rare but serious: Anaphylaxis, vasculitis, cardiovascular and cerebrovascular events

. Refrigerate maproom temperature max 2 days
. No routine lab monitoring needed
. False elevation in serum IgE

Xolair (omalizumab) [package insert]. South San Francisco, CA; Gentech USA, Inc; Revised 02/2024.




Soler M., et al. (2001)

Evaluate the efficacy, safety and corticosteroid-sparing effect of omalizumab
administered subcutaneously in allergic asthma.

» Omalizumab or * Mean age 40 * Reduction in * Similar compared to
placebo SQ every 2 - Baseline FEV, pred exacerbations (58% placebo
or 4 weeks for 7 70% at week 16 and 52% e Headache
months : at week 24), p<0.001 .. .
 Baseline IgE 21- S _ ¢ Injection site
 Based on body 814 1U/mL (avg 215) * Reduction in steroid e
weight and serum requirement, p<0.001
IgE levels

« Steroid phases:
tapered to lowest
effective dose after
16 weeks

Conclusion: Omalizumab is efficacious in reducing exacerbations and steroid use in patients
with allergic asthma. +ADVOCATEHEALTH

Soler M, et al. The Anti-IgE Antibody Omalizumab Reduces Exacerbations in Allergic Asthmatics. ERJ. 2001.



Inflammatory mechanisms and pathobiologic features leading to severe asthma

Inflammatory mechanisms associated with granulocytic inflammation

u
Type 2 inflammation Non-type 2 inflammation M p I b
‘ [ Irritants, pollutants, microbes, and viruses ] e o IZ u m a

/ 3l (Nucala®)
IL-33 (16 ]~ cxcas |

\ e EESG Binds to IL-5, which

I1L-23

S reduces eosinophil

B £ il levels and
,B” % ) \ cell . .
cel : ~~ ) inflammation

KIT i ]
ully ; /A TNF-a
V<
RN EYEYTT)

!

Hyperresponsiveness, remodeling, mucus production, and smooth-muscle constriction and hypertrophy + ADVOCATEHEALTH

Israel E, et al. Severe and Difficult-to-Treat Asthma. NI/H. 2017.
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Eosinophil-predominant COPD Neutrophil-predominant COPD

i, : - Ci tt
Allergens  Smoke Pathogens Pathogens = Igarctie

Dendritic cell Goblet cell

Dendritic cell 133 S |
* Macrophage

IL-13

o bk

o mepolizumab i IL-17
Mast cell / ||;5/ Th2 |L7 ILC3

IL-4 IL-1, IL-8
IL-1 3J \ IL-18, TNF
Eosinophil " Th1/

=@ TH17

. IL-1
TN L-13
B-cell differentiation Neu1rophll
Neutrophil elastase
Matrix Metalloproteinase

Airway smooth muscle remodeling

Appleton L, et al. Personalized COPD Care. JCM. 2024.

Mepolizumab
(Nucala®)

Binds to IL-5, which
reduces eosinophil levels
and inflammation

vf= ADVOCATEHEALTH




Mechanism Binds to IL-5, which reduces eosinophil levels and inflammation

. Severe eosinophilic asthma (26 years)

neiegtogs . COPD with eosinophilic phenotype

6—11 years: 40 mg SQ every 4 weeks

Dosing >12 years: 100 mg SQ every 4 weeks

Metabolism: Proteolytic degradation (not CYP-mediated)

Elaipacotineye Elimination Half-life: ~20 days

. Hypersensitivity reactions

Warnings/Precautions . .
gs/ . Herpes zoster infection

Safet . ee
y Rare but serious: Hypersensitivity and herpes zoster
. Refrigerate maproom temperature max 7 days
Pearls . o
. No routine lab monitoring

Nucala (mepolizumab) [package insert]. Philadelphia, PA; GlaxoSmithKline LLC; Revised 08/2025.

Mepolizumab (Nucala®) - Anti IL-5

Common (>10%): Headache, injection site reactions, back pain, fatigue, influenza, UTI

»'s ADVOCATEHEALTH




MENSA Phase 3 study (2014)

Evaluate efficacy in minimizing exacerbations and safety of mepolizumab in
patients with severe eosinophilic asthma.

* Mepolizumab100 » Age 12-82 e Exacerbations vs » Similar compared
mg SQ or 75 mg IV - Baseline FEV, pred placebo, p<0.001: to placebo
vs placebo every 4 60% *53% (SQ) * Headache
weeks for 32 weeks . Baseline « 47% (IV) « Injection site
eosinophils ~300 e Improved asthma reactions
cells/uL QOL scores, p<0.001 * Nasopharyngitis
« Baseline IgE ~150 T
IU/mL
* At least 2
exacerbations

Conclusion: Mepolizumab is efficacious in reducing exacerbations and improving quality of
life in patients with eosinophilic asthma.
»'« ADVOCATEHEALTH

Ortega H, et al. MENSA. NEJM. 2014.



MATINEE Phase 3 study (2025)

Evaluate the efficacy and safet of mepolizumab in patients with COPD and
eosinophilic inflammation (=300 cells/uL), receiving triple inhaled therapy.

* Mepolizumab 100 * At least 2 moderate » Decreased  Similar compared to
mg SQ every 4 or 1 severe exacerbations by placebo
weeks or placebo for exacerbation in the 21%, p=0.01 « Headache
52 to 104 weeks last year * |ncreased time to o Nasopharyngitis
* 72% smokers first exacerbation by
« Majority moderate to 98 days, p=0.009
severe airway
obstruction

(FEV; 30-80%)
» Baseline eosinophils
~480 cells/pL

Conclusion: Mepolizumab is efficacious in reducing frequency and time to exacerbations and
hospitalizati ' PD pati ith inophils 2 lIs/uL.
ospitalizations in COPD patients with eosinophils 2300 cells/u +ADVOCATEHEALTH

Sciurba F, et al. MATINEE. NEJM. 2025.



Inflammatory mechanisms and pathobiologic features leading to severe asthma

Inflammatory mechanisms associated with granulocytic inflammation

Type 2 inflammation Non-type 2 inflammation R I 1 b

Antigens ' [ Irritants, pollutants, microbes, and viruses ]

/ 3l (Cinqair®)

a2 | " IL-33 [[IL-G]] %CXCLS%
o - . TGF-B GM-CSF

P \ IL23 Binds to IL-5, which

p -

~ reduces eosinophil
ﬁ levels and inflammation

IL-4,5,and 13
‘B ~t
cell

\ -

A\
IgE\
omalizuma

’
£, (i3, 4,5,and9)

!

Hyperresponsiveness, remodeling, mucus production, and smooth-muscle constriction and hypertrophy + ADVOCATEHEALTH

Israel E, et al. Severe and Difficult-to-Treat Asthma. NI/H. 2017.




Mechanism Binds to IL-5, which reduces eosinophil levels and inflammation
Indications Asthma (218 years; eosinophilic)
Dosing 3 mg/kg IV infusion every 4 weeks (infuse over 20-50 minutes)

. Metabolism: Proteolytic degradation (not CYP-mediated)

Pharmacokinetics *  Elimination Half-life: ~24 days

Boxed Warning: Anaphylaxis (0.3%)
Warnings/Precautions . Malignancy
. Helminth infections

Reslizumab (Cinqgair®) - Anti IL-5

Common (>2%): Oropharyngeal pain, elevated creatine phosphokinase (CPK), myalgias, musculoskeletal

Safety pain
Rare but serious: Anaphylaxis, malignancy

. Only IV infusion

Pearls *  Weight based dosing

Cingair (reslizumab) [package insert]. West Chester, PA; Teva Respiratory LLC; Revised 02/2020.

»'s ADVOCATEHEALTH




BREATH Phase 3 study (2016)

Characterize the effect of reslizumab on FEV, in uncontrolled asthma with
eosinophils 2400 cells/uL.

* Reslizumab 0.3 or 3.0 * Age 12-75 * FEV; improvement vs + Similar compared to
mg/kg IV or placebo « Around 50% had placebo: placebo
every 4 weeks for 16 exacerbation within last + 0.3 mg/kg: +0.115 L « Asthma worsening
weeks year (p=0.0237) - Headache
» Baseline FEV; predicted * 3.0 mg/kg: +0.16 L + Nasopharyngitis
70% (p=0.0018)
 Baseline eosinophils * Improved QOL scores,
~600 cells/uL p<0.05
* Reduced SABA rescue
use, p<0.02

Conclusion: Reslizumab is efficacious in improving lung function and quality of life in asthma
patients with eosinophils 2400 cells/uL.

»'« ADVOCATEHEALTH

Bjermer L, et al. BREATH. CHEST. 2016.



Inflammatory mechanisms and pathobiologic features leading to severe asthma

Inflammatory mechanisms associated with granulocytic inflammation

Type 2 inflammation Non-type 2 inflammation

Antigens ' Irritants, pollutants, microbes, and viruses ]

A

IL-33 [ILG] CXCLs}

é/Tch“eAu ; l (TGFB]  (Gm-CsF)
\ , IL-23

ol LC2

{cATas]e N\ p :
a5 R ;hu | ﬁ»

% ’ﬁ reslizumab ™ TS cell
ce|| N\

mepollzumab
\< KIT

IgE-\ 17\ JLIFN-y

omalizumab

7“

l

Hyperresponsiveness, remodeling, mucus production, and smooth-muscle constriction and hypertrophy

Israel E, et al. Severe and Difficult-to-Treat Asthma. NIH. 2017.

Benralizumab
(Fasenra®)

Binds to IL-5 receptors,
which reduces
eosinophil levels and
inflammation
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Benralizumab (Fasenra®)- Anti IL-5

Mechanism Binds to IL-5 receptor, which reduces eosinophil levels and inflammation
Indications Asthma (=6 years; eosinophilic)
6-11 years:

<35 kg: 10 mg SQ every 4 weeks x 3 doses, then every 8 weeks
235 kg: 30 mg SQ every 4 weeks x 3 doses, then every 8 weeks
>12 years: 30 mg SQ every 4 weeks x 3 doses, then every 8 weeks

Dosing

. Metabolism: Proteolytic degradation (not CYP-mediated)

AL UGS . Elimination Half-life: ~15.5 days

C Hypersensitivity reactions: anaphylaxis, angioedema, urticaria, rash

Warnings/Precautions . . .
gs/ . Helminth infections

Common (1-10%): headache, fever, pharyngitis

SISt Rare but serious: hypersensitivity and helminth

. Refrigeratems room temp max 14 days

Pearls . o
. No routine lab monitoring

»'s ADVOCATEHEALTH

Fasenra (benralizumab) [package insert]. Sodertalje, Sweden. AstraZeneca AB; Revised 09/2024.



SIROCCO Phase 3 study (2016)

Evaluate the efficacy and safety of benralizumab in patients with severe
asthma, uncontrolled on high-dose ICS and LABA.

* Benralizumab 30 mg SQ * Age 12-75 * Reduced annual  Similar compared to
every 4 or 8 weeks vs « Medium-high dose ICS exacerbations vs placebo
placebo for 48 weeks for 21 year placebo, p<0.0001: « Similar between both
- Baseline FEV; predicted » Every 4 weeks: 45% dosing schedules
~56% » Every 8 weeks: 51% * Arthritis
* Average 3 exacerbations * Improved FEV, up to » Upper respiratory
per year +0.159 L (p=0.0018) infection, sinusitis
* Headache

Conclusion: Benralizumab every 4 or 8 weeks is efficacious in reducing annual exacerbations
and improving lung function in patients with severe uncontrolled asthma.

»'« ADVOCATEHEALTH

Bleecker E, et al. SIROCCO. The Lancet. 2016.



Inflammatory mechanisms and pathobiologic features leading to severe asthma

Inflammatory mechanisms associated with granulocytic inflammation
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Hyperresponsiveness, remodeling, mucus production, and smooth-muscle constriction and hypertrophy

Israel E, et al. Severe and Difficult-to-Treat Asthma. NI/H. 2017.

Dupilumab
(Dupixent®)

Binds to the IL-4
receptor alpha (IL-4Ra),
blocking signaling from
both IL-4 and IL-13

vg= ADVOCATEHEALTH




Eosinophil-predominant COPD
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B-cell differentiation

Appleton L, et al. Personalized COPD Care. JCM. 2024.

Neutrophil-predominant COPD
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Dupilumab
(Dupixent®)

Binds to the IL-4 receptor
alpha (IL-4Ra), blocking
signaling from both IL-4
and IL-13
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Dupllumab (Dupixent®)- Anti IL-4/13

Binds to the IL-4 receptor alpha (IL-4Ra), blocking signaling from both IL-4 and IL-13
. Reduces IgE production, eosinophil recruitment, and inflammatory cytokine release

Mechanism

Indications

Dosing

Pharmacokinetics

Warnings/Precautions

Safety

Pearls

. Asthma (=6 years; eosinophilic or steroid-dependent)
. COPD with Type 2 Inflammation

Children <12 years: 300 mg SQ every 4 weeks (<30kg), 200 mg SQ every other week (>30 kg)
Ages 12 and up: 400 mg SQ load, then 200 mg SQ every other week OR 600 mg SQ load, then 300 mg SQ every other week

Metabolism: Proteolytic degradation (not CYP-mediated)
Elimination Half-life: ~21-25 days

U Live vaccines

J Helminth infections

© Hypersensitivity

. Conjunctivitis and keratitis

U New onset psoriasis, eosinophilic conditions, arthritis

Common (>10%): eosinophilia, viral infections, injection site reaction, upper respiratory infection
Rare but serious: hypersensitivity reactions

. Refrigerate W room temperature max 14 days
. No routine lab monitoring
. Many FDA indications

Dupixent (dupilumab) [package insert]. Tarrytown, NY; Regeneron Pharmaceuticals, Inc; Revised 06/2025.



LIBERTY ASTHMA QUEST Phase 3 study (2018)

Evaluate the efficacy and safety of dupilumab, in patients with uncontrolled
asthma.

* Dupilumab 200 or 300 * 212 years old * Reduced exacerbations  Similar compared to
mg SQ every 2 weeks or - Baseline FEV; predicted vs placebo, p<0.001: placebo
placebo for 52 weeks 58% « 200 mg: 47.7% « Similar between 200 mg
* 50% using high dose ICS « 300 mg: 46% and 300 mg
- Baseline eosinophils « Improved FEV, +0.32 L at * Injection site reaction
~370 cells/pL week 12 (200 mg), * Headache
« High exhaled nitric oxide p<0.001 « Nasopharyngitis
(avg 35) * No difference in
conjunctivitis compared
to placebo

Conclusion: Dupilumab 200 mg and 300 mg every 2 weeks is efficacious in reducing
exacerbations and improving lung function in patients with uncontrolled asthma.

»'« ADVOCATEHEALTH

Castro M, et al. LIBERTY ASTHMA QUEST. NEJM. 2018.



BOREAS Phase 3 study (2023)

Evaluate the efficacy and safety of dupilumab in patients with COPD and suspected
type 2 inflammation, indicated by blood eosinophils 2300 cells/pL on inhaled triple
therapy.

* Dupilumab 300 mg * Average age 65 * Reduced  Similar compared to
SQ every 2 weeks or « 70% former smokers exacerbations by placebo
placebo for 52 weeks « Baseline 30%, p<0001 . |njection site reaction
eosinophils ~400 * Improved FEV, « Headache
cells/uL +0.160 L at week 12, » Upper respiratory
- Baseline FEV; ~50% :O<0-001d oL infections
- ~2 exacerbations in * Improve
the last year (p=0.002) and
symptoms scores
(p=0.001)

Conclusion: Dupilumab is efficacious in reducing exacerbations and improving lung function
and quality of life in patients with COPD and eosinophils 2300 cells/j.-.
ADVOCATEHEALTH

Bhatt S, et al. BOREAS. NEJM. 2023.



Inflammatory mechanisms and pathobiologic features leading to severe asthma

Inflammatory mechanisms associated with granulocytic inflammation

Type 2 inflammation
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Hyperresponsiveness, remodeling, mucus production, and smooth-muscle constriction and hypertrophy

Tezepelumab-
ekko (Tezspire®)

Blocks TSLP, prevents
activation of multiple
inflammatory pathways,
including eosinophilic,
neutrophilic, and non-
type 2 inflammation
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Tezepelumab-ekko (Tezspire®) - Anti TSLP

Mechanism

Indications

Dosing

Pharmacokinetics

Warnings/Precautions

Safety

Pearls

Blocks thymic stromal lymphopoietin (TSLP), prevents activation multiple inflammatory pathways, including
eosinophilic, neutrophilic, and non-type 2 inflammation

Severe asthma (212 years)

210 mg SQ every 4 weeks

Metabolism: Proteolytic degradation (not CYP-mediated)
Elimination Half-life: ~26 days

Live vaccines
Helminth infections
Hypersensitivity reactions: Rash, allergic conjunctivitis, and rare anaphylaxis

Common (>3%): pharyngitis, arthralgia, back pain, injection site reaction
Rare but serious: hypersensitivity reactions

Refrigerate mmproom temperature max 30 days
No routine lab monitoring

»'s ADVOCATEHEALTH

Tezspire (tezepelumab-ekko) [package insert]. Sodertélje, Sweden. AstraZeneca AB; Revised 05/2023.



NAVIGATOR Phase 3 study (2021)

Evaluate the efficacy and safety of tezepelumab in adults and adolescents with
severe, uncontrolled asthma.

* Tezepelumab 210 » Ages 12-80 years e Improved FEV, by * Similar compared
mg SQ every 4 « 75% on high dose +0.13 L, p<0.001 to placebo
weeks or placebo ICS « Reduced » Upper respiratory
for 52 weeks - Baseline FEV, exacerbations by infection

predicted 62% 56%, p<0.001 * Injection site
* 59% had exhaled « Improved QOL and reactions
nitric oxide >25 ppb asthma symptom » Headache
- Variable baseline scores, p<0.001

eosinophils and IgE

Conclusion: Tezepelumab is efficacious in reducing exacerbations and improving lung

function and quality of life in patients with uncontrolled asthma independent of eosinophils.
»'= ADVOCATEHEALTH

Menzies-Gow A, et al. NAVIGATOR. NEJM. 2021.
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Objective 4:

Compare available biologic therapies based on
mechanism, indication, and efficacy.
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Biologics — Counseling Points .

 Remove from fridge at least 30 minutes before injection

« Administer SQ - inject into thigh, abdomen, or back of
upper arm

* Injection angle
Pen==» 90 degrees
Syringe = 45 degrees

* When to hold biologic treatment
Live vaccines (dupilumab and tezepelumab)

« 3 - 6 months for optimal improvement

v« ADVOCATEHEALTH



Omalizumab (Xolair®)

Mepolizumab (Nucala®)

Comparing Biologics

Benralizumab (Fasenra®)

Reslizumab (Cingair®)

Dupilumab (Dupixent®)

Tezepelumab-ekko

(Tezspire®)

Target Anti IgE Anti IL-5 Anti IL-5 receptor Anti IL-5 Anti IL-4 receptor (IL-4/13) Anti TSLP
FDA age approval 26 26 26 218 26 >12
for asthma (years)
Severe Severe eosinophilic
Asthma/COPD Moderate-severe persistent and . . Severe Severe or steroid-
. . . eosinophilic asthma, . - . - Severe asthma
indication allergic asthma X o eosinophilic asthma eosinophilic asthma dependent asthma, COPD
eosinophilic COPD . R .
with Type 2 inflammation
Biomarkers for Ige 30-1500 IU/mL Eos 150-1500 cells/pL
> > >
asthma FeNO > 20 ppb Eos > 150 cells/pL Eos > 300 cells/uL Eos > 150 cells/uL FeNO > 25 ppb None
75 mg/0.5 mL: pen, syringe .
1 L: b b . 2 1.1 L:
. 150 mg/mL: pen, U0 ) pin syringe 10 mg/0.5 mL: syringe* - i . Am 210 mg/1.91 mL:
Formulations ) I vial . 100 mg/10 mL: vial pen, syringe o e
syringe, vial AT ST 30 mg/mL: syringe*, pen SO P il [, ST pen, syringe*, vial
300 mg/2 mL: pen, syringe &/%. ssyring & “pen, syring
Administration sQ sQ sQ IV (clinic only) sQ sQ
AD
Food Allergy (IgE) HES CR:::ENP
Other indications CRSWNP CRSwWNP EGPA None None
CsuU EGPA PN
CSU
BP

*vials and pre-filled syringes should be prepped and administered by HCP only

Xolair (omalizumab) [package insert]. South San Francisco, CA; Gentech USA, Inc; Revised 02/2024.
Nucala (mepolizumab) [package insert]. Philadelphia, PA; GlaxoSmithKline LLC; Revised 08/2025.
Fasenra (benralizumab) [package insert]. Sédertélje, Sweden. AstraZeneca AB; Revised 09/2024.

Cinqair (reslizumab) [package insert]. West Chester, PA; Teva Respiratory LLC; Revised 02/2020.

Dupixent (dupilumab) [package insert]. Tarrytown, NY; Regeneron Pharmaceuticals, Inc; Revised 06/2025.
Tezspire (tezepelumab-ekko) [package insert]. Sédertélje, Sweden. AstraZeneca AB; Revised 05/2023.




Knowledge check #4 .

AB, an 11-year-old patient with a 5-year history of asthma presents
for follow-up due to persistent symptoms despite being on high-
dose ICS-formoterol maintenance therapy. The patient reports
frequent nighttime awakenings and daily use of rescue inhalers.
The provider now wants to consider biologic therapy.

LabOratOry flnd I ngS: ﬁ:or this_p?tizflt,I Wl‘llicf’l) c()f tlrletfo:ll?r\:ving V\io)uld be \
Total IgE: 150 IU/mL appropriate biologics? (select all that apply
Allergy skin testing: Negative A.  Omalizumab (Xolair®)
Blood eosinophils: 320 cells/uL B.  Dupilumab (Dupixent®)
\Ij\/eel\ilg(?]:ti3§7pkpgb C. Tezepc?lumab—ekko (Tezspire®)
QD. Benralizumab (Fasenra®) /

»'« ADVOCATEHEALTH
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