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Objectives

Describe the epidemiology and underlying pathophysiology of asthma

Compare biologic treatments options for asthma (e.g. anti-IgE, IL-5
antagonists, and IL-4 receptor antagonist)

Review published guideline recommendations regarding asthma
management with biologics




Key Questions

What is the comparative efficacy regarding biologics for the treatment
of severe/uncontrolled asthma?

What is the comparative tolerability of adverse effects for all the
biologics? Are there any updates/changes to safety profiles?




Pre-Test

What biologic was recently approved for children 6 years and older?

A) Dupilumab (Dupixent®)
B) Benralizumab (Fasenra®)

C) Reslizumab (Cingair®)

D) Mepolizumab (Nucala®)




Pre-Test

In most clinical trials, quality of life scores were significantly improved
with asthma biologics.

True

False




Pre-Test

There is unanimous consensus with eosinophil count cut-off for asthma
biologics throughout guidelines.

True

False




Background

Definition
o Chronic lung disease associated with inflammation and airway narrowing.

o Airway inflammation, reversible airflow obstruction, and bronchial hyperresponsiveness.

Epidemiology
° 510 10% of population or 22 million Americans suffer from asthma

> Associated with increased mortality, hospitalizations, costs

o Severe asthma accounts for ~50% of all costs associated with asthma

o 10 to 20% do not achieve control with current standards of care.
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Background

Etiology
o Environmental allergens (e.g. dander, dust mites, fungi, pollen)

° Irritants

> Occupational exposure

° Viral respiratory tract infections

o Exercise

> Perinatal factors (maternal/prenatal exposure to tobacco smoke)
° GERD

o Aspirin



Background

Pathophysiology

> Imbalance and shift towards generating more Th2 cytokines (mediators of
allergic inflammation)

> Varying degrees of inflammation (exaggerated response) to stimuli

o Chronic airway inflammation associated with increased bronchial
hyperresponsiveness

> Wheezing, shortness of breath, coughing after exposure to allergens, environmental irritants,
viruses, cold air, or exercise.

o Uncontrolled asthma, partially reversible due to airway remodeling



Background
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Medication Management

Biologic therapies are considered as “add-on” to standard of care for
asthma if uncontrolled/severe.

o Standard of care: high dose ICS + LABA

Targets type 2 phenotype inflammation.
o Usually responsive to ICS therapy, but some cases refractory.

T-helper 2 (Th2) cells produce interleukins (IL)-4, IL-5, IL-13 = IgE

Biologics target IgE, interleukins, or respective receptor, disrupting
signaling cascade.

What are interleukins?

What is IgE?



Targets for current and pipeline biologics

The discovery that asthma is a heterogeneous disease has paved the way for new, targeted biologic therapies.
Omalizumab, which targets immunoglobulin E (IgE), was the first to be approved over a decade ago and at least six
biologics that target interleukins have now reached human trials.
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Mechanism of Action

IgE binder: Omalizumab
> reduces free Igk binding to IgE receptor on mast cells and basophils

IL-5 binder: Reslizumab and mepolizumab
° inhibits IL-5 signaling, reduces the production and survival of eosinophils

IL-5 receptor blocker: Benralizumab
° inhibits IL-5 signaling, reduces the production and survival of eosinophils

IL-4Ra subunit binder on receptor: Dupilumab
° inhibits IL-4 and IL-13 signaling



Omalizumab

(Xolair®)

Mechanism of Action: IgE binder

Indication

> Moderate to severe persistent asthma (=6 years),
chronic idiopathic urticaria (=12 years)

o Adults with nasal polyps (inadequate response to
nasal corticosteroids)**New indication as of Dec
2020.

Administration
° SubQ, provider’s office

Age and Dosing:
° 26 years old, 75 mg to 375 mg every 2 or 4 weeks.

° Dose and frequency determined by baseline total
IgE levels prior to treatment and body weight

Available forms:
o Vial (150 mg), prefilled syringe (75 mg and 150
mg)

> Vial: use within 4 hours of reconstitution (room
temp) or 8 hours (refrigerated)
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12 years and older with
asthma

Pretreatment x Body Weight
SRR - 3060 k 60—70 k 70—90 k 90—-150k
(IU/mL) Freq. g g g g

(mg)

Dose

=30—-100

>100—-200

=200-300

>300—400 225

>400—-500 2 300

>500—-600 weeks 300 Insufficient Data
=>600—700 375 to Recommend a Dose

*Dosing frequency:

EI Subcutaneous doses to be administered every 4 weeks
[[] Subcutaneous doses to be administered every 2 weeks




6 to <12 years old with asthma

Pre-treatment , Body Weight
Serum IgE Dostig
(IU/mL) Freq. |20-25|>25-30|>30-40|>40-50|>50-60|>60-70|>70-80|=80-90 [>90-125[>125-150

kg | kg kg kg kg kg kg kg kg kg

Dose (mg
30-100 |75 75 75 150 150 150 150 150 300 300
>100-200 150 150 150 300 300 300 300 300 | 225 300
>200-300 Every 150 150 225 300 300 | 225 225 225 300 375
>300-400 OSSO0 225 225 225 300 300
>400-500 Weeks 11995300 | 225 225 300 300 375
>500-600 300 300 | 225 300 300 375
>600-700 300 | 225 225 300 375
>700-800 225 225 300 375
>800-900 225 225 300 375
>900-1000 EVery | 225 300 375 »
2 Insufficient Data to Recommend a Dose

>1000-1100 Weaks | 225 300 . 375
>1100-1200 300 300
>1200-1300 300 375

*Dosing frequency:

D Subcutaneous doses to be administered every 4 weeks

[[] Subcutaneous doses to be administered every 2 weeks




Mepolizumab

(Nucala®)

Mechanism of action: IL-5 binder

Indication

o Severe asthma (eosinophilic phenotype),
eosinophilic granulomatosis with polyangiitis
(blood vessel inflammation)

Administration: SubQ, either in clinic or at
home

Age and Dosing:

° 6 to 11 years: 40 mg every 4 weeks
o **3pproved in 2019

o >12 years: 100 mg every 4 weeks

Available forms: 100 mg/mL lyophilized

powder (vial), 100 mg Autoinjector (only for
12 years and older)

Vial: Use within 8 hours of reconstitution
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Reslizumab

(Cingair®)

Mechanism of action: IL-5 binder

Indication

o Severe asthma in adults with an eosinophilic
phenotype

Administration
o |V infusion over 20 to 50 minutes

Age and Dosing
o 218 years old: 3 mg/kg once every 4 weeks

Available forms
> 100 mg/10 mL solution (vial)

o Store refrigerated
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Benralizumab

(Fasenra®)

Mechanism of action: IL-5 receptor blocker

Indication

o Severe asthma in adults and children with
eosinophilic phenotype

Administration
o SubQ, either in clinic or at home

Age and Dosing

o >12 years: 30 mg every 4 weeks for the first 3
doses, and then once every 8 weeks.

Available forms
o Prefilled syringe, 30 mg/mL solution

o Autoinjector, 30 mg/mL pen

o Store refrigerated, can be stored at room
temperature for up to 14 days.

> Let medication warm to room temperature for
30 minutes before injection.
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Dupilumab

(Dupixent®)

Mechanism of action: IL-4Ra subunit binder

Indication

> Moderate to severe asthma in adults and children with
an eosinophilic phenotype

> Atopic dermatitis

Administration
° SubQ, self administer

Age and Dosing
> Dose dependent on severity of asthma

> Moderate/severe asthma
° Initial: 400 mg or 600 mg
°  Maintenance: 200 mg or 300 mg once every other week

> Steroid dependent asthma/comorbid moderate to severe

atopic dermatitis
o Initial: 600 mg
° Maintenance: 300 mg once every other week

Available forms
> 300 mg/2 mL PF syringe/pen, 200 mg/1.14 mL PF syringe

o Store refrigerated, can be stored at room temperature
for up to 14 days.

> Let medication warm to room temperature:
° 45 minutes for 300 mg
° 30 minutes for 200 mg
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Treatment Considerations

Pregnancy/breastfeeding
> Adverse events have not been observed in animal reproduction studies

> Molecules are known to cross the placenta/breast milk

o Uncontrolled asthma is associated with adverse events on pregnancy
(increased risk of preeclampsia, preterm birth, low birth weight infants)

> Weigh pros/cons, shared decision making

No renal/liver dose adjustments

Live vaccines
> Dupilumab, package insert states to avoid live vaccines

o Expert opinion from AAAI: “there is no evidence of increased risk of infection
with dupilumab and no specific rationale to avoid live viral vaccines during
treatment.”



Asthma Biologic Therapies
Contraindications / Warnings

Contraindications
o Hypersensitivity to medication or any component of the formulation.

Boxed warnings
> Anaphylactic/hypersensitivity reactions

° Omalizumab
o Occurred after the 1st dose and in some cases >1 year after treatment.

> Observe patients for 2 hours after the first 3 injections and 30 minutes after subsequent
injections.

o Reslizumab
> Observed during or within 20 minutes after completion of infusion

> May occur as early as the second dose. Observe patients for an appropriate period after
administration.



Omalizumab Anaphylaxis Risk

Defined as “skin or mucosal involvement, airway compromise and/or
reduced blood pressure with or without associated symptoms...”

Mechanism
o Several hypothesis including allergies to polysorbate

o Concurrent immunotherapy

Incidence: 0.09% to 0.2%
o Majority of anaphylaxis events occurred within the first 3 injections (78%)

o Typically occurs within the first 2 hours after injection
° 39% of reactions occurred within the first 30 minutes



Clinical Practice Guidelines

Asthma
o Global Initiative for Asthma (GINA)
o National Heart, Lung, and Blood Institute (EPR-3)
o European Respiratory Society/American Thoracic Society (ERS/ATS)
o National Institute of Clinical and Health Excellence (NICE)




STEPWISE APPROACH TO PROCRLI/ S THM A
CONTROL ASTHMA SYMPTOMS
AND REDUCE RISK

UL Consider
¥ possibility of
Severe Asthma

.. W - —

PREFERRED | STEP 1 STEP 2
CONTROLLER
CHOICE
Low dose ICS
Other | Consider low Leukotriene receptor antagonists (LTRA)
controller dose ICS Low dose theophylline*
options
RELIEVER

As-needed short-acting beta,-agonist (SABA) As-ngeded SABA or

low dose ICS/formoterol*

*Not for children <12 years
**For children 6-11 years, the preferred Step 3 treatment is medium dose ICS

#For patients prescribed BDP/formoterol or BUD/ formoterol maintenance and reliever therapy

+ Tiotroiium bi mist inhaler is an add-on treatment for iatients =12 iears with a history of exacerbations



GINA 2019 Difficult to Treat

& Severe Asthma
AmiigE

What factorsimay predict good
response {o anfi-igE?

* Blood eosinophils =260/ul ++
» FebO =20 pph +

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

Is the patient eligible for anti-igE
(for severe allergic asthma)?
+ Sensitization on skin prick
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within dosage range @

= Exacerbations in last year ©
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NHLBI/EPR-3 2007 Asthma

STEPWISE APPROACH FOR MANAGING ASTHMA LONG TERM
The stepwise approach tailors the selection of medication to the level of asthma severity {sea page 5) or asthma control (see page 6).
The stepwise approach is meant to help, not replace, the clinical decisionmaking neaded to meet individual patient neads.

STEP UP IF NEEDED (first, check medication adherence, inhaler technigue, environmental control, and comorbidities)

ASSESS
COMTROL: .
STEP DOWN IF POSSIBLE (and asthma is well controlled for at least 3 months)
STEP S =TEP &
At each step: Patient education, ervironmental control, and mahagement of comorbidities
Intermittent - Persistent Asthma: Daily Mddication
Asthma i Consult with asthma specialist if step 4 care or higher is required. Consider consultation at step 3.
Preferred SABA* as needed low-dose IC5* . low-dose IC5* : medium-dose high-dose 1C5* high-dose IC5*
Treatment® : : -+ b L+ i
: : I LABA* D+ - LABA® . LABA®
! oR : LABA® - AND :
E. ° medium-dose ICS* : consider "Tal. .
- _ : : : : . omalizumab for  COrHcosteroid™
TR Alternative : ;. cromelyn, LTRA® : low-dose ICS® : medum-dose ICS5*E patients who . AND
ol Treatment™® . or theophylline® :© + : t . have allergies™ | consider
5 : : : either LTRA* > either LTRA® : : omalizumab for
-4 : ' : theophylline,® : theocohylline ¥ ! patients who
™ : : : or zileuton . or zileutont 1 . hawve allergies™
L . ,
Consider subcutaneous allergen immunatherapy
for patients who hawve persistent, allergic asthma* 1

® SARA* as needed for symptoms. The intensity of treatment depends on severity of symptoms: up to T treatments
Cluick-Relief every 20 minutes as needed. Short course of ol systemic corticosteroids may be needed.
Medication ® Caution: Use of SABA =2 days/week for symptom relief {not to prevent EIB*) generally indicates inadequate control
and the need to step up treabment.




ERS/ATS 2017 Asthma

TABLE 9 Potential phenotype-targeted therapies in severe asthma”

Characteristic Associations Specifically targeted treatments
Severe allergic asthma Blood and sputum eosinophils Anti-IgE (adults and children)
High serum IgE Anti-1L-4/IL-13
High FeNO Anti-IL-4 receptor
Eosinophilic asthma Blood and sputum eosinophils Anti-IL-5
Recurrent exacerbations Anti-1L-4/IL-13
High FeNO Anti-IL-4 receptor
Neutrophilic asthma' Corticosteroid insensitivity Anti-|1L-8
Bacterial infections CXCR2 antagonists

Anti-LTB4 [adults and children)
Macrolides [adults and children)

Chronic airflow obstruction Airway wall remodelling as increased airway wall Anti-I1L-13
thickness Bronchial thermoplasty
Recurrent exacerbations Sputum eosinophils in sputum Anti-IL5
Reduced response to ICS and/or OCS Anti-IgE (adults and children)
Corticosteroid insensitivity Increased neutrophils in sputum® p38 MAPK inhibitors

Theophylline (adults and children]
Macrolides (adults and children)

FeNoO: exhaled nitric oxide fraction; IL: interleukin; LTB4: leukotriene B4; ICS: inhaled corticosteroid; OCS: oral corticosteroid; MAPK: mitogen-
activated protein kinase. *: Unless otherwise stated, these potential treatments apply to adults; *: neutrophilic asthma is rare in children.




Update ERS/ATS 2020 Asthma

Should a monoclonal anti-IL-5 antibody be used in adults and children with severe asthma?

> We suggest an anti-IL-5 st_rateﬁy as add-on therapy for adult patients with severe uncontrolled
asthma with an eosinophilic phenotype and for those with severe corticosteroid-dependent
asthma (conditional/low)

Should a measurement of a specific biomarker be used to guide initiation of treatment with
a monoclonal anti-IL-5 or IL-5Ra antibody in adults and children with severe asthma?

> We suggest that a blood eosinophil cut-point >150 cells/uL can be used to guide anti-IL-5
initiation in adult patients with severe asthma and a history of prior asthma exacerbations
(conditional/low)

Should a measurement of a specific biomarker be used, in addition to total IgE level, to
guide initiation of treatment with a monoclonal anti-Igk antibody in adults and children
with severe asthma?

° We sucﬁest using a blood eosinophil cut-off 2260 cells/pLto identify adolescents (>12 years)
and adults with severe allergic asthma more likely to benefit from anti-Igk treatment

Should a monoclonal anti-IL-4Ra be used in adults and children with severe asthma?

> We suggest dupilumab as add-on therapy for adult patients with severe eosinophilic asthma
and for those with severe corticosteroid-dependent asthma regardless of eosinophil levels
(conditional/low)



NICE Asthma 2019
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NICE Asthma 2019

Biologics reserved for patients with difficult/severe asthma, currently on
optimized standard therapy.

> Defined as a full trial of and documented compliance with high dose ICS,
LABA, LTRAs, theophylline, oral corticosteroids, and smoking cessation if
clinically appropriate.




NICE Asthma 2019

Allergic IgE mediated asthma

o Omalizumab

o 24 courses of oral corticosteroids in the previous year

Eosinophilic asthma
o Mepolizumab

> blood eosinophil count is 2300 cells/uL in previous 12 months

o 24 or more asthma exacerbations needing systemic corticosteroids in the previous 12 months or

o continuous oral corticosteroids of at least the equivalent of prednisolone 5 mg per day over the previous 6 months
o Reslizumab

> blood eosinophil count 2400 cells/uL

o 23 severe asthma exacerbations needing systemic corticosteroids in the past 12 months
> Benralizumab

> blood eosinophil count 2300 cells/ulL
o 24 or more exacerbations needing systemic corticosteroids in the previous 12 months

o continuous oral corticosteroids of at least the equivalent of prednisolone 5 mg per day over the previous 6 months

o Dupilumab not mentioned in the NICE asthma guidelines



Studies Regarding Asthma
Biologics




Minimal Clinically Important
Difference (MCID)

Asthma

° Lung function (FEV1)
> Changes of 100—200 mL in FEV1 are clinically important.

> Asthma Control Questionnaire (ACQ)

o Changes of 20.5 are clinically important

o Quality of Life
> AQLQ: Changes of 0.5 are clinically important

> SGRQ: Changes of 24 are clinically important




Clinical Trials Review

Omalizumab for asthma in adults and children (Review)

P Adults and children (n= 6,382) with asthma
I Omalizumab (SQ)
C Placebo

Primary

- Asthma exacerbation “events” (hospital/ED admits, days lost from
work/school, unscheduled doctor visits, medication increase)

- Reduction/termination of steroid (inhaled, oral, both)

Secondary:

- Health-related quality of life (HRQoL), rescue medication use, FEV1,

PEF, adverse events

T >8 to 60 weeks
Meta-analyses (MA) of 25 RCTs



Clinical Trials Review

Asthma exacerbations — steroid stable phase
o Omalizumab produced significantly fewer exacerbations overall (10 studies,
OR 0.55, 95% Cl 0.46 to 0.65)

o Significant reductions in patients with moderate to severe asthma on ICS (7
studies, OR 0.50, 95% CI 0.42 to 0.60)

> No significant differences seen in severe asthma with background ICS * oral
steroid.
° 1CS (2 studies, OR 1.00, 95% CI 0.50 to 1.99)
o Oral steroid (1 study, OR 1.65, 95% Cl 0.66 to 4.13)

° Omalizumab produced significant reductions in odds of hospitalization for
moderate/severe asthma (4 studies, OR 0.16, 95% Cl 0.06 to 0.42)



Clinical Trials Review

Reduction/termination of steroid

> Inhaled steroid

> Omalizumab patients with moderate/severe asthma were significantly more likely to reduce or
completely stop ICS (4 studies, OR 2.5, 95% Cl 2.00 to 3.13).

> Benefit uncertain for severe asthma subgroup (1 study, OR 1.55, 95% CI 0.80 to 2.98)

> QOral steroid

> No significant differences noted with withdrawing (1 study, OR 1.18, 95% Cl 0.53 to 2.64) or
reducing doses (69% vs. 75%, p=0.675).




Clinical Trials Review

Quality of Life — AQLQ scores

o Steroid stable: omalizumab produced significantly greater improvement in

AQLQ scores from baseline (6 studies, MD 0.31, 95% Cl 0.23 to 0.39) but did
not meet MCID.

o Steroid reduction: omalizumab produced significantly higher number of
patients who achieved at least 0.5 in AQLQ scores above baseline in the
severe subgroup: 57.5% vs. 38.6%, p<0.01 (1 study)




Clinical Trials Review

Adverse events

> No more or less likely to have unwanted side effects overall.

o Significantly fewer serious adverse reactions with omalizumab (15 studies, OR
0.72,95% Cl 0.57 to 0.91), 12 = 7%.

o Significantly more likely to have skin reactions at injection site with omalizumab
(9 studies, OR 1.72, 95% Cl 1.33 to 2.24), 1>°=42%.

> No significant differences in mortality (4 studies, OR 0.19, 95%CI 0.02 to 1.67)
> Anaphylaxis, malignancies, cardiovascular events not discussed within review.




Clinical Trials Review

Authors’ Conclusions

> Omalizumab is both safe and effective in patients with uncontrolled
moderate to severe asthma.

> Insufficient evidence of benefit in patients with severe OCS-dependent
asthma.

> Unclear if the cost of medication is justified by the modest ICS dose
reductions.




Clinical Trials Review

Anti-IL5 therapies for asthma (Review)

P Adults and children (n= 6,000) with asthma currently on ICS +/- second
controller (LABA) for at least 16 weeks.

I IL-5 antagonists (e.g. mepolizumab, reslizumab, benralizumab)
C Placebo
(0 Primary: “clinically significant” asthma exacerbations (23 days of systemic

corticosteroids + hospitalization)
Secondary: HRQoL, lung function test (e.g. FEV1), adverse events

T > 16 weeks

S Meta-analyses (MA) of 13 RCTs



Clinical Trials Review

Clinically significant asthma exacerbations
o Qverall, reduced rates by 50%.

o Significantly reduced rates requiring ED/hospitalizations with mepolizumab
SQ. (2 studies, RR 0.36, 95% CI 0.20 to 0.66) and benralizumab (2 studies, RR
0.68,95% Cl 0.47 to0 0.98)

o Mepolizumab (IV) and reslizumab, not significant.

Quality of life
o Modest improvements seen with all three interventions but did not exceed
MCID for ACQ and AQLQ.

Lung function

o All therapies produced a small but statistically significant improvement in
mean pre-bronchodilator FEV1 (between 80 mL and 110 mL).



Clinical Trials Review

Adverse events leading to discontinuation
> No differences compared to placebo with mepolizumab, reslizumab

o Benralizumab: significantly more patients discontinued than placebo. (3
studies, RR 2.15, 95% Cl 1.02 to 4.57, 1°=0%)

Authors’ conclusions

o Support the use of IL-5 therapies as an adjunct to standard of care (at least

medium dose ICS) in individuals with severe/uncontrolled eosinophilic
asthma.

° Further investigation regarding safety concerns with benralizumab.



OSU Drug Use and Management

2018 class update on asthma biologics
o 15 RCTS, 2 observational studies, 5 systematic reviews.

° N=12,638 patients

Comparative efficacy for benralizumab vs. reslizumab and mepolizumab

Comparative tolerability and frequency of adverse events for
benralizumab, reslizumab, and mepolizumab

Benefits and harms with omalizumab with moderate to severe allergic
asthma




Clinical Trials Review

Asthma exacerbations requiring oral corticosteroids
> All three IL-5 antagonists produced statistically significant reductions in
exacerbation rates.
o Benralizumab — 3 studies, rate ratio 0.62, 95% Cl 0.55 to 0.70
° Mepolizumab — 2 studies, rate ratio 0.45, 95% Cl 0.36 to 0.55
o Reslizumab — 2 studies, rate ratio 0.43, 95% Cl 0.33 to 0.55

Exacerbations requiring ED or hospital admission
> Mepolizumab and benralizumab significantly reduced exacerbations requiring
ED/hospital admission.
° Mepolizumab: 2 studies, RR 0.36, 95% Cl 0.20 to 0.66
o Benralizumab: 2 studies, RR: 0.69, 95% Cl 0.56 to 0.85

> Reslizumab did not significantly reduce exacerbations that required ED/hospitalization (rate ratio, 0.67,
95% Cl 0.39 to 1.17).

° Omalizumab produced significantly reduced exacerbation rates requiring ED
visits, office visits, hospitalizations (16% vs 26%, odds ratio 0.55, 95% Cl 0.42 to
0.60).




Clinical Trials Review

Quality of Life
> Mepolizumab produced both statistically and clinical improvements in SGRQ
scores. (MD -7.40, 95% Cl -9.5 to -5.29)
> Others used AQLQ scores
> Benralizumab - MD 0.23,95% Cl 0.11 to 0.35
> Reslizumab — MD 0.28, 95% CI 0.17 to 0.39
> Omalizumab - MD 0.31, 95% CI 0.23 to 0.39

Adverse events

> Benralizumab produced significantly lower rates of serious adverse events
vs. placebo (5 studies, 11% vs. 14%, relative risk 0.78, 95% Cl 0.64 to 0.96,
12=0%).

> No difference in discontinuations due to adverse events with benralizumab
vs. placebo (4 studies, 2.2% vs. 1.0%, RR 1.84, 95% Cl 0.92 to 3.68).

> No differences noted between mepolizumab, reslizumab vs. placebo.




Clinical Trials Review

Category | ICER: Therapies for Treatment of Asthma Associated with Type 2
Inflammation: Effectiveness, Values, and Value-Based Price Benchmarks
P Adult and children patients ages 6 and older with moderate to severe,

uncontrolled asthma with type 2 inflammation % allergic asthma on daily ICS
therapy

| Omalizumab, Mepolizumab, Reslizumab, Benralizumab, Dupilumab

C Daily ICS + additional controller therapy

(0] Qol (AQLQ), asthma control (ACQ/ACT), asthma exacerbations (3+ days of
systemic corticosteroids * ER visit/hospitalization)

T >24 weeks in duration

S Systematic review of 18 RCTs



Clinical Trials Review

Asthma exacerbations
o All 5 biologics had significant improvement with asthma exacerbation rates

o Reduced the annual exacerbation rate ~50%

Treatment Rate Ratio (95% ClI)
Omalizumab 0.52 (0.37-0.73)
Mepolizumab 0.45 (0.36-0.55)
Reslizumab 0.43 (0.33-0.55)
Benralizumab 0.59 (0.51-0.68)
DT B0 o0 V-2 0.44 (0.34-0.58)
DT B0 ol -3 0.40 (0.31-0.53)



Clinical Trials Review

Quality of Life (AQLQ)
> Of the biologics that reported AQLQ outcomes, all four had modest
improvement with quality of life.

> Did not meet MCID.

Treatment Difference (95% Cl)

Omalizumab 0.26 (0.05-0.47)

Mepolizumab NR

Reslizumab 0.28 (0.17-0.39)

Benralizumab 0.23 (0.11-0.35)

DI El Ol T8 0.29 (0.15-0.44)

DI EL e 1Ry - 0.26 (0.12-0.40)

AQLQ: Asthma Quality of Life Questionnaire, NR: not reported



Clinical Trials Review

Symptoms (ACQ)

> Clinically modest reductions in symptoms for the biologics (except for
omalizumab, not reported).

o Did not meet MCID.

Treatment Difference (95% Cl)
Omalizumab NR
Mepolizumab -0.42 (-0.56 t0 -0.28)
Reslizumab -0.27 (-0.36 t0 -0.19)
Benralizumab -0.23 (-0.34 t0 -0.12)
DI EL iR - -0.39 (-0.53 to -0.25)
DT EL e in - -0.22 (-0.36 to -0.08)

ACQ: Asthma Control Questionnaire




Clinical Trials Review

Risk of Serious Adverse Events
o All' 5 biologics well tolerated

° Only omalizumab (RR: 0.72, 95% CI: 0.57 to 0.91) and mepolizumab (RR:
0.63, 95% Cl: 0.41 to 0.97) were statistically significant.

Treatment Risk Ratio (95% Cl)
Omalizumab 0.72 (0.57-0.91)
Mepolizumab 0.63 (0.41-0.97)
Reslizumab 0.79(0.51-1.22)
Benralizumab 0.80 (0.60-1.06)
NI EL e[ Ry T-8 0.93 (0.59-1.47)
NI EL R T8 1.03 (0.67-1.61)




Clinical Trials Review

How effective are these treatments compared to standard of care?
o Reduced asthma exacerbations

o Reduced oral corticosteroid use

o Asthma control - modest benefit, did not reach clinically important
difference

o Quality of life — modest benefit, did not reach clinically important difference




Clinical Trials Review

All five biologics exceeded the commonly accepted
thresholds for cost-effectiveness (e.g. $50,000 to $150,000
per QALY gained) when compared to standard of care.

Aligning costs with added benefits, current net prices would
need to be discounted at least 50%.

Cost per $325.000/ $344,000/ $391.000/ $371,000/ $351,000/
QALY gained QALY QALY QALY QALY QALY
Annual $28.900 $29.500 $28.900 $27.800 $31.000
net price*



Conclusions

Biologic therapies for asthma are considered to be “add-ons” to standard of
care for asthma if uncontrolled/severe.

Significant improvements in clinical outcomes (e.g. exacerbation rates, lung
function, quality of life) with no significant increases in adverse events or

mortality seen with asthma biologics.
o MCID not met for quality-of-life measures in most studies.




Post-Test

What biologic was recently approved for children 6 years and older?

A) Dupilumab (Dupixent®)
B) Benralizumab (Fasenra®)

C) Reslizumab (Cingair®)

D) Mepolizumab (Nucala®)




Post-Test

What biologic was recently approved for children 6 years and older?

A) Dupilumab (Dupixent®)
B) Benralizumab (Fasenra®)
C) Reslizumab (Cingair®)

D) Mepolizumab (Nucala®)




Post-Test

In most clinical trials, quality of life scores were significantly improved
with asthma biologics.

True

False




Post-Test

In most clinical trials, quality of life scores were significantly improved
with asthma biologics.

True but most did not meet MCID

False




Post-Test

There is unanimous consensus with eosinophil count cut-off for asthma
biologics throughout guidelines.

True

False




Post-Test

There is unanimous consensus with eosinophil count cut-off for asthma
biologics throughout guidelines.

True

False
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