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» Several asthma therapies discussed in this talk have limited
age-ranges approved by the FDA. | will do my best to call this out.
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Asthma: definition & burden

e Chronic inflammatory disease of the airways occurring at any
age, and characterized by airflow obstruction that leads to
cough, wheezing, dyspnea and chest tightness.

* Prevalence in children worldwide = 14%

> 6 million US children affected, leading to:
>3 million physician visits,
 >160,000 hospitalizations, and
* >14 million missed days of school per year

&) Seattle Children’s - UW Medicine

OOOOOOOOOOOOOOOOOOOOOOOOOO SCHOOL OF MEDICINE




Asthma: heterogeneous and variable

e Multiple phenotypes and endotypes across patients

- Early vs. late onset, mild vs. severe, intermittent vs. persistent
« Eosinophilic vs. non-eosinophilic, obese vs. non-obese

e Multiple triggers within one patient
 \Viruses, allergens, activity, stress, air quality and temperature

e Age-dependent changes in physiology
- Airway growth

* Inconsistent delivery of pharmacotherapy to site of disease
« Access, adherence, device technique, particle size
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» Discuss asthma heterogeneity - phenotypes & endotypes

« Solidify the importance of importance of appropriate inhaled drug
device technique

» Improve confidence with delivering effective “step-up” therapy for
poorly controlled patients

* Review established treatments for pediatric asthma and introduce
new therapies, including: long-acting anticholinergic agents, biologic
agents, and digital health
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Asthma: heterogeneous and variable

 Phenotype — interaction of genetics and environment to
generate observable, overlapping characteristics
- Early vs. Late onset
 Triggers (exercise-induced, viral, atopic, etc.)
« Symptom frequency (intermittent, persistent) and severity (FEV1)
« Associated comorbidities (obesity, smoking, etc.)

 Endotype — underlying cellular pathobiology
« T-helper lypmphocyte type 2 (Th2)-high or Th2-low
« Eosinophilic vs. neutrophilic vs. mixed
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Asthma: heterogeneous and variable

Asthma

Symptoms (wheezing, chest tightness, shortness of breath), Reversible airway obstruction

Type 2 High
IL-4, IL-5, IL-13, GM-CSF

Type 2 Low

Atopy/Allergy

Early Age of Onset ' Later Age of Onset

Eosinophilia

Neutrophilia Pauci-
Granulocytic

CS Responsive .
(generally mild/moderate) - Type 1 High Smoking

Asthmatic related

Granulomatosis Type 1/Th17 High?

Severe Asthma

Obesity
Related



Asthma: heterogenous and variable
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Asthma: heterogeneous and variable
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Asthma: tried and true treatments

« Short-acting beta-agonists
 Inhaled corticosteroids

* Long-acting beta-agonists
» Leukotriene modifiers

* Anticholinergics

* Antihistamines

« Systemic corticosteroids
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Asthma: tried and true treatments
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Inhaled drug delive

Even under ideal conditions, it’s less than ideal

i i
30-60% 15-30% 5-10%



Inhaled drug delive
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Inhaled drug delivery

Nebulizers

*Require compressor, tubing, drug
chamber, delivery interface

Mask held in contact with face
Mouthpiece with lips closed
*No “blow by”
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Inhaled drug delivery

Metered Dose Inhalers (MDls)

*Propellant delivers drug plume from
pressurized canister

*Spacer always recommended

«+Mask for patients <7-8yrs
6 tidal breaths

«+Mouthpiece once able
« One large breath and hold
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Inhaled drug delivery

J ProAir RespiClick
(albuterol sulfate) )

RespiClick
terol sulfate)

With Dose Counter

Combivent®
(albuterol /
ipratroprium)

Spiriva®
(tiotroprium)

PrOAr |

e
il

QAR

% (beclomethasone dipropionate HFA)
T et Actoted Iottin Aaosd

Breath Actuated MDIs &
Respimat® soft plume

*Require low inspiratory flow
rates

*Not used with spacers
Limited pediatric data
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Inhaled drug delivery

Device

Optimal peak inhalation flow rate (PIFR)

for powder dispersion
_ Respimat®, pMDI Lower is better
Clickhaler™ > 20 L/min
Handihaler™®
Swinghaler"
Twincaps ™
Diskus " > 30 L/min
Ellipta*
Turbuhaler™
Twisthaler
Jenuair ™ > 45 L/min
Breezhaler " > 50 L/min
Diskhaler" > 60 L/min

TWisthaIer ®

Diskus® Ellipta®

&\ Seattle Children’s

HOSPITAL - RESEARCH - FOUNDATION

Dry Powder Inhalers
(DPls)

*Require higher inspiratory
flow rates

*Must be held at optimal
angle

Do not use with spacer
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Global Initiative for Asthma (GINA) Guidelines

Sympiom conrol & nsk facors
{nchuding lung funcson)
Inhaler technique & adherence
Patient pretference

Symploms
Exacerbations
Side-etiects Asthma medicalons
Pasent satisiacton Non-pharmacologcal stralegies
Lung functon Treat moditiable risk {aciors
STEP1
]
Low dose ICS
Consdor low Leoukotrion e rocoptor antaganists (L TRA)
ahse (CS Low dose theophyline * ’ 2 :
fors theopn® | |
As-needed short-actng betas-agonist (SABA) As-needed SABA or

low dose IS/ formoterol*




The pediatric asthma yardstick

Practical recommendations for a sustained step-up in asthma therapy for children
with inadequately controlled asthma

Bradley E. Chipps, MD *; Leonard B. Bacharier, MD ; Judith R. Farrar, PhD ¥; Daniel J. Jackson, MD ;
Kevin R. Murphy, MD ! Wanda Phipatanakul, MD, MS ¥; Stanley ]. Szefler, MD *;
W. Gerald Teague, MD **; Robert S. Zeiger, MD, PhD '

Annals of Allergy Asthma and Immunology, 2018




The Pediatric Asthma Yardstick

Adolescents

Stepping up from GINA STEP 1 to STEP 2 - PATIENT PROFILE:
Notwell controlled asthma according to a validated instrument (eg, ACT, ACQ,
CATAQ) for = 2 month; asthma symptoms or needs prn SABA = 2x/wk (but not
—_— daily) or who wakes due to asthma = 1x/mo. Also consider for adolescent
with infrequent asthma symptoms, but at risk for exacerbations (eg, = 1
exacerbation requiring OCS, ED visit, or hospitalization in pastyear)*

Daily low-dose ICS
OR prn ICS (given at same time as SABA)
OR LTRA

1-3-month therapeutic trial with
reassessment at 2-5 weeks

Stepping up from GINA STEP 2 to STEP 3 - PATIENT PROFILE:
Poorly or not well controlled asthma according to a carefully docume nted
history and/or validated instrument (eg, ACT, ACQ, cATAQ) for =1 mo or =

Consider referral to
asthma specialist

2 exacerbations requiring OCS in pastyear, preferred tfor
mild, persistent asthma (ie, low dose ICS monotherapy) and optimal
adherence™

lentprofles ...

Switch to low-dose ICS/LABA
OR increase ICS dose
OR add LTRA

3-month therapeutic trial with
reassessment at 2-5 weeks

Stepping up from GINA STEP 3 to STEP 4 - PATIENT PROFILE:
Poorly or not well controlled asthma according to a carefully documented
history and/or validated instrument (eg, ACT, ACQ, cATAQ) for = 1 mo or
who experienced a severe exacerbation requiring OCS, an ED visit, or
hospitalization while on Step 3 therapy (ie, low dose ICS/LABA, medium
dose ICS, or ICS+LTRA) and optimal adherence®

Continue to optimize medicati

+  Increase to medium, then high dose ICS/LABA, AND/OR

- Add tiotropium soft mist inhaler, AND/OR

= Switch ICS to small particle ICS, OR

- AddLTRAto ICS, OR

- Budesonide/formoterol as controller and reliever (not approved in
US for this indication)

Length of therapeutic trial determined
individually by desired outcome (usually
reduction in exacerbations) and clinical urgency

Stepping up from GINA STEP 4 to STEP 5 - PATIENT PROFILE:
Difficult-to-treat asthma: Poorly or not well controlled asthma according to a
carefully documented history and/or validated instrument (eg, ACT, ACQ,
CATAQ) for = 2 mo or who experienced a severe exacerbation requiring OCS,

an ED visit, or hospitalization while on Step 4 therapy (ie, medium or high Asthma
dose ICS/LABA, medium dose ICS +tiotropium and/or LTRA) and optimal specialist care
adherence* required

Biologic therapy should be considered as i '
described in the text -

3-month therapeutic trial with
interval reassessment




The Pediatric Asthma Yardstick

‘Young Children

STEP 2

STEP 4

STEP 3

Continue daily controller

Double the daily low

Daily low

Preferred
Controller

Other
Controller
Options

dose ICS

dose ICS

Low dose ICS+LTRA

nd refer to specialist for
assessment

Add LTRA; increase
ICS frequency; add
intermittent ICS

Reliever

As needed short-acting B,-agonist

ICS = inhaled corticosteroids
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Stepping-Up: infants and young children

Fitzpatrick et al. J Allergy Clin Immunol, Dec 2016
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Stepping-Up: infants and young children

Fitzpatrick et al. J Allergy Clin Immunol, Dec 2016
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Episodic ICS in preschool wheeze

Zeiger et al. NEJM, Nov 2011

e 278 children, age 1-4.5yrs B Time to First Exacerbation

« Randomized trial - =
« Budesonide 0.5mg neb daily, or
« 1mg neb BID x7 days when sick

« Rate of exacerbations needing

Daily regimen

on
o
1

Intermittent
regimen

o
L=
1

o
o
1

Patients without a Course
of Prednisolone (%)

prednisone similar (and low) ol e
 Time to first exacerbation same Dl s pe————
0 S0 100 150 200 250 300 350 400
. Symptom pattern,_parental Days
missed work not different No. at Risk
Intermittent regimen 139 114 100 29 728 71 64 S0

Daily regimen 139 114 93 B4 74 66 54 4D



The Pediatric Asthma Yardstick

STEP S5
- STEP 4 Refer for add-on Tx
School-age Children (e.5., anti-gE)
STEP 3 Medium or high
dose ICS/LABA
Low dose
STEP 2 / ICS/LABA for ages
=212 yr
STEP 1 Low dose ICS
Medium dose ICS
Preferred
for ages 6-11 yr
Controller’_____q ________ | __g____y __________________
Consider LTRA; or low Medium-high Add Add tiotropium;*
Other low dose dose dose ICS; or iotropium;* o add low dose OCS
Controller ICS theophylline low dose igh dose
Options ICS+LTRA; or ICS+LTRA; or
low dose ICS+ high dose ICS+
theophylline theophylline
Relie As needed short-acting As needed short-acting B,-agonist
. B,-agonist or low dose ICS/LABA**
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Stepping-Up: school age - adolescent

Lemanske et al. NEJM, Mar 2010

- 182 children, 6-17 years
B Probability of Best Response

- Mild persistent asthma with
poor control wor
- Low dose daily ICS
(fluticasone 100mcg BID) 'CSﬁ
- Randomized, 3x cross-over
A 250mcg fluticasone . .
+ 50 mcg salmeterol 00 01 02 03 04 05 06

+ 5-1 Omg Singulair Probability of Best Response




Stepping-Up: school age - adolescent

Lemanske et al. NEJM, Mar 2010

[ LABA ICS [ LTRA B Age
A Race or Ethnic Group
6-11Yr
Non-Hispanic White (N=113)
(N=67)
Hispanic White 12-17 Yr
(N=39) (N=50)
I 1 I 1

I I
Black 0.0 0.1 0.2 0.3 0.4 0.5 0.6
(N=45) Probability of Best Response
Other
(N=12) | | ,

: : . . . Differential response by

T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Probability of Best Response race/ethnic group was statistically
significant, by age group was not.




Long-acting beta agonists (LABAS)

Multiple meta-analyses now indicate LABAs are safe when used in
combination with ICS across all ages studied.

Black box warning removed by FDA December 2017

WARNV G

data from controlled clini 3 suggest that
LABA increase the asthma-related hospitali pediatric and
adolescent patients



Szefler et al. J Allergy Clin Immunol, Feb 2017

401 children, age 6-11yrs

High dose ICS, or medium
dose ICS + LABA/LTRA

Tiotroprium 2.5 or 5mcg, or

placebo x 4 months
Primary endpoint = peak
and trough FEV,

1° endpoint: peak FEV_3;
response at Week 12

A139 mL p<0.001

»*

Adjusted mean (mL)

Spgdaily 2.5 pg daily

Additional endpoint: peak FEVy g gy
% predicted response at Week 12

A6.3% p<0.001

AS MO N AE
QAv.0 70 i-) UV :‘\
f

Adjusted mean %
predicted response

TioR TioR Placebo R
5 pg daily 2.5 pg daily daily

| Comparable safety in all treatment arms |




Vrijlandt EJ, et al. Lancet Respir Med, Feb 2018

102 children, age 1-5yrs
Daily ICS

Tiotroprium 2.5 or Smcg,
or placebo x 4 months

Trend in reduction of time
to first exacerbation or
worsening

No difference in daily
symptoms

A
604 — Placeho
— Tiotropium 2.5 pg HR 0-4E (95% 0 0-19-1.21; p=0.12)
—— Tiotropium 5 pg HR 0-37 (95% C1 0.13-1.06; p-0-06)
¥ >
£
3
<~
3
E 20
" 3 [—
ES IJ I [
0 [ I [
1 | | | | | | 1
0 15 30 45 60 75 Q0 105 120
Number at risk
Placebo 34 30 Z 26 3 2 2 2
Tiotropivm 25pg 36 35 33 32 31 31 30 29
Tictropium Spg 31 sl 30 30 29 28 28 26



Short-term ICS dose increase

Jackson et al. NEJM, March 2018

« 254 children, 5-11 years

« Randomized Trial —

« Flovent 44mcg BID, no increase
» Increase to 220mcg BID with illness

Significant slowing of
growth velocity seen in
5-7 year old age group

Table 2. Outcomes.*

QOutcomes

Primary outcome
No. of exacerbations per year (95% Cl)
Secondary outcomes

No. of emergency department or urgent care
visits per year (95% Cl)

No. of hospitalizations

Low-Dose Group
(N=127)

0.37 (0.25 to 0.55)

0.47 (0.31 t0 0.72)

0

High-Dose Group Treatment Effect
(N=127) (95% Cl)y P Value
0.48 (0.33 t0 0.70) 1.3 (0.8t02.1) 0.30
0.64 (0.42 to 0.96) 1.3 (0.8 to 2.4) 0.30
4 — 0.12




 Omalizumab (Xolair®)

Mepolizumab (Nucala®),

e Anti- IgE

 FDA approved > 6yrs
« SQ injection, 2-4 weeks

IgE must be in range

(=

Benralizumab (Fasenra®)
e Anti- IL-5 (eosinophils)
« FDA approved > 12yrs
« SQ injection, 4 weeks

« Evidence of eosinophilia
(blood, FeNO, sputum)

Seattle Children’s -~ UW Medicine

HOSPITAL RESEARCH FOUNDATION OOOOOOOOOOOOOOOO




Digital Health

Sleurs K, et al. Allergy, Jul 2019

/1+ available Asthma “apps” for iOS and Android
80% by medical tech companies, 18% by MDs
80% free, 20% language other than English

2/3 offer disease self-monitoring, 50% with graphs / trends
6 with dose-sensing devices, 50% with reminder alerts
60% shareable with health care provider
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Digital health

* |In Dec 2018, SCH launched a partnership with Propeller
Health for remote monitoring of asthma care

* No cost to families, no smart phone required
» Eligible patients
« Persistent asthma with poor control

« >2 ED or urgent care visits
« Hospitalized in last year

remotecare@seattlechildrens.org
seattlechildrens.propellerhealth.com




Final Thoughts

» Pediatric asthma therapy requires personalization
 Differential response to therapy between patients is
almost universal

« Evaluating symptoms, environmental factors, adherence
and device technique at every visit is critical, as disease
can change within each patient over time
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Final Thoughts

 For young children —
« Mild symptoms may be managed with daily or intermittent ICS
« LTRA may be considered, with evaluation of response
« More severe symptoms require daily ICS, with escalation of dose

 For older children & adolescents —
« Daily ICS is gold standard for initial therapy
« Poor control is most likely to respond to addition of LABA
« Certain ethnic groups may respond better to higher ICS or LTRA
 Tiotroprium should be considered in difficult to control asthma



Questions
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Extra slides
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ICS & Growth

CAMP Research Group. NEJM Oct 2000

cmlyear

N QO A N O ®

-

-

Females

P, Bud vs Plbo=0.007
P, Ned vs Plbo=0.95

P, Bud vs Plbo, ages 5-10 = <0.001

—— Budesonide

P, Bud vs Plbo, ages 11-15 = 0.54

6 8 10 12 i4 1s

Age (years)

i ~ Nedocromil - i = Placebo

cmlyear

(=

Males
9 - P, Bud vs Plbo=<0.001
a4 P, Ned vs Plbo=0.96
, X5
6 4
5 4
4 4
3 4
2 4
1 4 P, BudvsPlbo, ages 5-11 = <0.001
g P, Bud vs Plbo, ages 12-15 = 0.57
6 8 10 12 i4 16 18
Age (years)
—— Budesonice il = Nedocromil e Placebo
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ICS & Growth

Kelly HW et al. NEJM Sept 2012

B Height Difference, Budesonide vs. Placebo

Budesonide vs. Placebo Height Difference
(cm)

T T T T T T

o 2 4 6 g 10 12 14 16
Years since Randomization
Mean Age (yr) 9 11 13 25
No. of Participants
Budesonide 311 296 281 281
Placebo 418 306 383 377
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Long-acting beta agonists (LABAS)

Rate ratio

Jorup C, et al. Eur Respir J, Jan 2018 (5% 01

P — 0.26 (0.16-0.42)
@ 0.16 (0.05-0.46)

° Multiple studies have o iy
evaluated the use of
|ICS+LABA as maintenance
plus rescue therapy in
adolescents and adults

0.65(0.52-0.81)
0.15(0.07-0.35)

0.55 (0.45-0.69)
0.21(0.09-0.49)

0.511(0.42-0.61)
= 0.76 (0.43-1.32)

0.67 (0.56-0.81)
— 0.68(0.39-1.18)

—9—
+
—o—
—._
+
—._
—o— 0.71(0.57-0.88)
—— 0.75 (0.44-1.31)
—o—
—.—
——
_._
-
-

 Time to first exacerbation
and symptoms reduced, ® Adolescents
similar acute events @ Adults

0.61(0.50-0.75)
0.58 (0.34-0.98)

0.80(0.66-0.97)
= 0.65(0.39-1.10)

0.611(0.56-0.66)
0.42(0.33-0.54)

T T | T K I5d K
0.25 05 075 1 15 225
Rate ratio



