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BT — Ewcaymywka octoyysio

Bronchial Thermoplasty

- a endoscopic treatment for severe asthma -
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BT — Ewcaymywka ctoyyscio

Bronchial thermoplasty is the 15t licensed non-pharmacological treatment for severe
asthma

Cox PG, Miller J, Mitzner W, Leff AR. Radiofrequency ablation of airway smooth muscle
for sustained treatment of asthma: preliminary investigations. Eur Respir J, 24(4), 659-
663 (2004).

*The first description of the development of bronchial thermoplasty as procedure to
reduce the amount of airway smooth muscle in severe asthma through the local

application of thermal energy to the airways with the aim of improving asthma control

» Bronchial thermoplasty is licensed for the treatment of asthma in the USA, Europe, China
and in many other countries.

» The FDA gave premarket approval (PMA) for the Alair® bronchial thermoplasty system as a
treatment of severe persistent asthma in patients 18 years and older whose asthma is not
well controlled with ICS and LABA in 2010.

» In the European Union, the ‘Alair’ bronchial thermoplasty system has a CE Mark for the
treatment of asthma in patients 18 years and older.
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Several mechanisms of action of BT have been proposed, including alterations to the
structure or function of airway smooth muscle and/or other airway cells and structures
including epithelial cells, nerves, extracellular matrix and inflammatory cells.

Reduced airway smooth muscle mass

Altered airway smooth muscle function, reduced airway smooth muscle contractility

Altered airway epithelial cells, glands, nerves, extracellular matrix components

Effects on inflammation? (reduced inflammatory cytokine secretion from airway smooth muscle)

The mechanism of action of this relatively new, endoscopic treatment for asthma
Is incompletely understood.....
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> Reduced airway smooth muscle mass
» Altered airway smooth muscle function, reduced airway smooth muscle contractility

Altered Airway Smooth Muscle
12 Weeks Post-Treatment (Canine Model)

UNTREATED TREATED

Smooth muscle present Smooth muscle largely absent

Danek et al. J Appl Physiol. 2004; 97: 1946-1953
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» Reduced airway smooth muscle mass
» Altered airway smooth muscle function, reduced airway smooth muscle contractility

Effect of bronchial thermoplasty on ASM area
(confirmation in n = 15 severe refractory asthmatics)
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» Reduced airway smooth muscle mass
» Altered airway smooth muscle function, reduced airway smooth muscle contractility

Long-Term Effects of Bronchial Thermoplasty on Airway Smooth Muscle and
Reticular Basement Membrane Thickness in Severe Asthma

A
g% e Before BT =27 mo P
2 30 p= L Before BT 3 weeks post BT >27 months post BT
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» Reduced airway smooth muscle mass
» Altered airway smooth muscle function, reduced airway smooth muscle contractility

Eur Respir J. 2018 May 24,51(5). pii: 1701680. doi: 10.118313553003.01630-2017. Print 2018 May.

In vitro, in silico and in vivo study challenges the impact of bronchial
thermoplasty on acute airway smooth muscle mass loss.
Chernyavsky ILT2 Russell RJ*2, Saunders RM®2, Morris GE*, Berair R®, Singapuri A%, Chachi L® Mansur AHZ,

Howarth PH®, Dennison P®, Chaudhuri B2, Bicknell 57, Rose FRAJ®, Siddiqui 52 Brook BS'%", Brightling
EB.'H_

# Author information

Abstract

Bronchial thermoplasty is a treatment for asthma. It is currently unclear whether its
histopathological impact is sufficiently explained by the proportion of airway wall that is exposed to
temperatures necessary to affect cell survival Airway smooth muscle and bronchial epithelial cells
were exposed to media (37-70°C) for 10 s to mimic thermoplasty. In silico we developed a
mathematical model of airway heat distribution post-thermoplasty. In vivo we determined airway
smooth muscle mass and epithelial integrity pre- and post-thermoplasty in 14 patients with severe
asthma.in vitro airvay smooth muscle and epithelial cell number decreased significantly following
the addition of media heated to =65°C._ In silico simulations showed a heterogeneous heat
distribution that was amplified in larger airways, with <10% of the airway wall heated to =60°C in
airways with an inner radius of ~4 mm. In vivo at 6 weeks post-thermoplasty, there was an
improvement in asthma control (measured wia Asthma Control Questionnaire-6; mean difference
0.7, 95% Cl 0.1-1.3; p=0.03), airway smooth muscle mass decreased (absolute median reduction
5%, interquartile range (IQR) 0-10; p=0.03) and epithelial integrity increased (14%, 1QR 6-29;
p=0.007). Neither of the latter two outcomes was related to improved asthma control.integrated in
vitro and in sifico modelling sugaest that the reduction in airway smooth muscle post-thermoplasty
cannot be fully explained by acute heating, and nor did this reduction confer a greater
improvement in asthma control.
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» Altered airway epithelial cells, glands, nerves, extracellular matrix components

Effect of bronchial thermoplasty on
submucosal and ASM-associated nerve
endings (PGP immunostaining)
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» Effects on inflammation? (reduced inflammatory cytokine secretion from airway smooth muscle)

Persistent Eosinophil Suppression and Improved Asthma

1 Year Pre-BT
A. Blood Eosinophils

1 Year Post-BT
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Control 1 Year After Bronchial Thermoplasty

Indices of Asthma Control 1 Year Pre and Post BT
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Ryan, Fowler, Niven. J Allergy Clin Immunol. 2016 Jul;138(1):308-310

*p<0.05
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» The mechanism of action of this relatively new, endoscopic treatment for asthma is incompletely
understood.....

Bronchial thermoplasty triggers global redistribution of clustered flow patterns, wherein structural changes to
the treated central airways lead to a re-opening cascade in the small airways and significant improvement in
lung function via reduced spatial heterogeneity of flow patterns

We report a probable mechanism of action for bronchial thermoplasty: alteration of lung-wide
flow patterns in response to structural alteration of the treated central airways.

generate synthetic airway & lung structure
/ using statistical fits \

(C) simulated lung 1 (C) simulated lung 25

x25 independent simulated
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+ Randomized, double-blind, sham-
controlled study

« N=190 (190 BT, 98 sham)

+ Evaluate safety and effectiveness in
patients with severe persistent asthma

. |- S + 4 clinical studies in patients
RISA - Evaluate safety and reduction in with asthma
2004-2010 medications and asthma symptoms .
in patients with severe, refractory » 3 randomized, controlled,
asthma clinical studies, with 1 sham-
controlled
+ Randomized, controlled study
- N=55 » Jyears of follow-up
+ Evaluate safety and reduction in patients with . ] .
moderate to severe asthma « All BT studies published in top

peer-reviewed journals

+ Non-randomized, prospective study
« N=16 .
AIR2 = Asthma Int tion R h2
+ Evaluate safety in patients with mild RISA = RSBSS;C; .ﬁ“gi’;;?g A:;,?:;C
to severe asthma AIR = Asthma Intervention Research
2001 2003 2005 2007 2008 20M 2013

1. Castro et al., AJRCCM 2010; Castro et al., AnnAAI 2011; Wechsler et al., JACI 2013
2. Pavord et al., AJRCCM 2007; Pavord et al., AnnAA 2013

3. Cox et al., NEJM 2007; Thomson et al., BMC Pulmonary Medicine 2011

4. Cox et al., AJRCCM 2006; Cox et al., AJRCCM 2010
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» BT feasibility study

" 16 patients mild-moderate asthma

- Well tolerated
. Improvement in BHR / PC20

" Improvement in asthma symptoms
. Stable FEV 1 ?
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Cox et al., AJRCCM 2006
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» AIR study

" 112 patients (56 BT) with moderate to severe asthma

" RCT design, efficacy / safety

- Endpoints analyzed after discontinuation of LABA
BT Control
Numbers (% female) 56 (56%) 56 (57%)
Age, yrs 39 42
FEV1, % pred 72 76
PC,, metacholine, mg/mi 0.25 0.35
Oral corticosteroid (OCS) use none none
ICS use (equivalent becl), mcg/dg 1351 1264
LABA use (equivalent Salm), mcg/dg 111 105

Cox et al., NEJM 2007
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» AIR study

Mild Exacerbations (no./subject/wk)

primary endpoint

0.5 Il Bronchial-thermoplasty group [J Control group

0.4
0.3
0.2

0.14

0.0
Baseline 3 Months 6 Months 12 Months

j«—————— After Treatment ————=

Mild exacerbation change: -0,16 (BT) vs +0,04 (control)

secondary endpoints

Il Bronchial-thermoplasty group, ICS and LABA [ Control group, ICS and LABA Wl Bronchial-thermoplasty group, 1CS alone [ Control group, ICS alone

7 ICSand LABA

P=0.01

AQLQ Score

ICS Alone

P<0.001 p_gog3 P=0.003

b

Baseline 3 Mo Baseline 3 Mo 6Mo 12 Mo

AQLQ change: +1,3 (BT) vs +0,6 (control)

ACQ Score

3.0

2.5+

2.0+

15+

10+

054

0.0~

ICS and LABA

P=0.05

Baseline 3 Mo

ICS Alone

P<0.001
P<0.001 p=0.001

Baseline 3 Mo 6Mo  12Mo

ACQ change -1,2 (BT) vs -0,5 (control)

Cox et al., NEJM 2007
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» AIR study

other endpoints

Pulmonary function test

. No change in airway hyperresponsiveness

. No change in FEV1

Safety
. Peri-procedural SAE — admissions: 10,9 % vs 3,7%

. Peri-procedural AE (dyspnoe, wheeze etc) were common.

. No difference in (S)AE during follow-up.

Cox et al., NEJM 2007
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> RISA trial

. 34 patients (15 BT) with severe asthma

" RCT, safety / efficacy

. Steroid stable / wean phase
BT Control
Numbers (% female) 15 (60) 17 (41)
Age, yrs 39 42
FEV1, % pred 62 66
PC,, metacholine, mg/ml 0.19 0.31
Oral corticosteroid (OCS) use: Number 8 7
Dosis, mg/dg 14 19
ICS use (equivalent FLU), mcg/dg 1167 1059
LABA use (equivalent Salm), mcg/dg 111 106
ACQ 2.83 2.23
AQLQ 3.96 4.74

Pavord et al., AJRCCM 2007
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> RISA trial RISA trial: efficacy
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22 Weeks 52 Weeks 22 Weeks 52 Weeks

- Reduction in rescue medication use
- Improvement in FEV1 in steroid stable phase

Steroid wean phase
- OCS dose reduction of 63.5% vs 26,2% for BT vs control

- |CS dose reduction of 28.6% vs 20% for BT vs control
Pavord et al., AJRCCM 2007
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> RISA trial RISA trial: safety

Treatment period

" SAE — admissions: 15,6% vs 0%

- 7 hospitalization in 4 patients

- 2 segmental atelectasis of which 1 required bronchoscopy

Post-treatment period

. No difference between treatment groups in SAE

Pavord et al., AJRCCM 2007
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» RISA trial - 5 yr FU

14 10
13
@ Treatment Period 9
12 . Treatment Period
11 - M Post-Treatment Period 8
10 H Post-Treatment Period
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12months  Year 1 Year2 Vear3 Year 4 Year 5 Baseline Yearl Year 2 Year 3 Year4 Year 5
prior to BT
Hospitalizations Emergency Department Visits

Stable FEV1 - No long term effect on chest X-ray

Pavord et al, Ann Allergy Asthma Immunol 2013
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» AIR2 pivotal trial

- 288 patients (190 BT) with moderate — severe asthma
. RCT, double-blind, sham-controlled, ITT

BT Control
Numbers (% female) 190 (57,4) 98 (61,2)
Age, yrs 40,7 40,6
FEV1, % pred 77,8 79,7
PC,; metacholine, mg/ml 0.27 0.31
Oral corticosteroid (OCS) use: Number (%) 7(3,7) 1(1,0)
Dosis, mg/dg 6,4 5,0
ICS use (equivalent FLU), mcg/dg 1960 1834
LABA use (equivalent Salm), mcg/dg 116,8 110,3
ACQ 213 2,09
AQLQ 4,30 432

Castro et al., AJRCCM 2010
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» AIR2 pivotal trial

Health care utilization

0.9 -
*
08 1 (] sham
S 0.7 - t W BT
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_% 0.6 1
®
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S 03 -
>
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2
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X  mm | L
Severe Unscheduled Emergency Room  Hospitalizations
Exacerbations Physician Office Visits

Visits
36% risk reduction in severe exacerbations
84% risk reduction in ED visitis;

Castro et al., AJRCCM 2010
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» AIR2 pivotal trial

AQLQ Score

6.0
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» AIR2 pivotal trial

safety

Treatment period
. SAE — admissions: 8,4 % vs 2,0%
- 19 hospitalization

. 3 segmental atelectasis, 1 hemoptysis

Castro et al., AJRCCM 2010
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» AIR2 pivotal trial - 5 yr FU

Severe Exacerbation Rates
1.2
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o -

48% reduction

o
=

Rates of Severe Exacerbations
(Events/Subject/Year)
(=]
o
-u—.—-
+
—_——
+
-I—(,r:’ﬂ—

0.2
0 :
12-Mo Year1l Year2 Year3 Yeard Year5 Average
Before over 5
BT Years
- Stable FEV1

Wechsler et al, 2013 JACI (AIR2)
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» PAS2: FDA Registry: 3 yrs FU

FDA requirements for durability of response and safety

Prospective, open-label, observational multicenter study US (23)
and Canada (4) centers

284 subjects enrolled from April, 2011 to Oct, 2014

Comparison of the first 190 PAS2 subjects to the 190 BT-
treated subjects in the AIR2 trial

5 years FU completed in 2020

Chupp G, et al, Eur Respir J 2017
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> PAS2: FDA Registry: 3 yrs FU Baseline Patient Characteristics
PAS2 AIR2

Characteristic N=190 N=190

Age (years) 45.87 + 11.39 (190) 40.69 + 11.89 (190)°

Female 616% (117/190) 57 4% (109/190)

Body Mass Index [kg/m?] 32,50 +7.72 (190) 29.29 = 6.16 (190)°

AQLQ 417 = 1.33 (190) 430 £ 1.17 (190)

Severe Asthma o o R

ERSATS) 94 7% (180/190) 82.1% (156/190)

ICS (ug/day) 2301.04 + 807.46 (189) 1960'7;493 74519

LABA (ug/day) 106.87 = 39.36 (189) | 116.8 + 34.39 (189)°

SABA (puffs/day) 238 + 1.48 (182 224 129 (168
18.9% (36/190 4.2% (8/190)*

0

OCS (% and mg/day) 9.13 £ 2.66 (35) 11.88 £ 15.51 (8)

Omalizumab 15.8% (30/190) 1.1% (2/190)"

(% and mg/day) 266.83 + 88.67 (30) 350.00 +35.36 (2)

PAS2 enrolled subjects who may have had poorer asthma control than AIR2 subjects.
» 94.7% of PAS2 subjects are considered severe asthmatics based on ERS/ATS Guidelines
Compared to AIR2, PAS2 patients at baseline
» were older
» had a higher BMI
» had higher rates of severe exacerbations and hospitalizations
» had increased steroid exposure (higher ICS doses, higher % on maintenance OCS)
Chupp G, et al, Eur Respir J 2017
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» PAS2: FDA Registry: 3 yrs FU Results to 3 Years
Severe Exacerbations ER Visits Hospitalizations

90% A%, 25%

70% 1 30% l 20%
o P } 25% | T 15% I
Sl S S o E——
@ } i 15% 10% 1—=
2 30% )

20% { 10% * 5% |

5% I T

10%
0%

: ﬂﬂll,l'u . D% 1 I
Prior12  Year1 Year2  Year3 Prior 12 Year1 Year2 Year3 FI:'E:?nrtrE Yearl Year2 Year3d

Months Months
BmPAS2 4AIR2 mPASZ AAIRZ2 BmPASZ aAIR2

» Data from the real world PAS2 patients (n=190) confirm the results from AIR2 in more severe asthmatics

» At Year 3 after BT, the percentage of PAS2 subjects with severe exacerbations, hospitalizations and ER
visits decreased significantly by 45%, 55% and 40% respectively (all p<0.005)

Chupp G, et al, Eur Respir J 2017
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» PAS2: FDA Registry: 3 yrs FU Results to 3 Years

Medication usage

3 Years

2069.711158.2
157)*

2 Years

1981.£1051.1
164

Baseline

2301.0 £807.5
189

Medication
ICS Dose (pg/day)

2108.51938.3 (175)

LABA Dose (ug/day)  106.9+39.4 (189)  106.2450.7 (172) 104.2+49.8 (156) 104.9+53.5 (149)

Short-acting beta

agonists (puffs/day) 2.4+1.5(182) 24+1.5(173) 2.41+1.5 (166) 2.4+1.5 (162)

OCS 18.9% (36/190) 8.9% (16/180) 11.8% (20/270) 10.2% (17/166)*

Leukotriene Modifiers  44.2% (84/190) 45.0% (81/180)  42.4% (72/170)  43.4% (72/166)
Omalizumab — Usage  15.8% (30/190) 14.4% (26/180)  14.1% (24/170)  14.5% (24/166)

‘ * - significantly different from baseline (p<0.05) ‘

Chupp G, et al, Eur Respir J 2017
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» PAS2: FDA Registry: 3 yrs FU Results to 3 Years

FEV, % predicted

90.0

88.0
86.0
840 4
820 4
80.0 -
78.0 4

76.0

74.0

720

70.0 - T T y . )
Baseline 6-Week Follow- 1-Year Follow- 2-Year Follow- 3-Year Follow-

up up up up
== PAS2 Pre-bronchodialator =—m= PASZ2 Post-bronchodialator
=fe— A |R2? Pre-bronchodialator = s= AIR2? Post-bronchodialator

» No effect on pulmonary function

Chupp G, et al, Eur Respir J 2017
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» Zuurnepaouata ano KAwikeEc pueAétec kat real life eursipia

Efficacy

BT clinical trials have shown beneficial effects 1n:

Exacerbations rates (AIR, AIR2)

Quality of Life (AIR, RISA and AIR2)
Asthma control (AIR, RISA)

No effect on FEV1 / PC20

‘real world’ PAS2 data mirror RCT results

RN N
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» Zuurnepaouata ano KAwikeEc pueAétec kat real life eursipia

Safety
. No mortality
. (S)AEs 1n treatment period, treatable/predictable
. No long term complications

= HRCT: 3% bronchiectasien
. No device related complications

. Pulmonary function tests: stable FEV1
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» BT Ongoing Clinical Studies

2014

2015

2016

2017

® BT PAS2 FDA mandated post market study (n=284)

2018 2019 |

BT 10 year FU study in
AIR, RISA and AIR2 patients (incl. SHAM)

In Planning |
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» How to plan?

» MDT / Registry: diagnose / phenotype patient

- Selection (compliance/co-morbidities)
- Response
- Adverse events

» ‘Stable’ on ICS/LABA +/- immunotherapy
» No exacerbation / infection 3 weeks before

» EXxclusion criteria
» Coagulopathy
» Bronchiectasis, ILD, EGPA, tracheamalacia
» Pacemaker / significant cardiac disease
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» How to prepare on the day of BT?

» Prednisolone 50mg 1dd 3 days before (total of 5 days)

History / physical examination
FEV1

\}
\}
» Nebulize salbutamol/ipratropium

» Endoscopy suite — TOP and pre-assesment
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\\

» Check- equipment

RF controller N
S

Incl. grounding patch 2.0mm RF delivery catheter
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> How to sedate?

Institute dependent: but cough!

» Local anesthesia (lidocain)

» Midazolam / fentanil
» Propafol / remifentanil TCI -> sedation specialist

» General anesthesa -> anesthesist
» Laryngeal mask
» Tube 8
> Rigid
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» How to perform?

Patient |D: D Procedure 1: Right Lower Lobe [:l Procedure 2; Left Lower Lobe DProoedure 3 Right & Left Upper Lobes
Treatment Date: Troatment Date: Treatment Date

j LB (Apicoposterior Segment)

RB' (Apical Segment)

Activations

LB* {Anterior Segment)

| "/
RB? (Anterior Segment) ; N 5_ = .;/__ -
Activations 2 [ /\\

Procedure 3

RB'(SupodorLowuLobo\
|Activations l 3

L

RB" (Anterior Baul;
|

RB* (Lateral Basal)
[Advm ’

Procedure 1
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» How to perform?

» Inspection (tracheamalacia, other abnormalities, BT effect)
» Don’t use suction -> swelling

» Bronchial wash (RUL/ML)
» Instructions to nurse

» Advance cathether -> basket just in/out of vision
» Retract per black stripe

» 40 — 100 activations / session -> register

» 45 — 60 minutes / BT
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> How to monitor?

Institute dependent

» 2-4 hr recovery

» Intensify nebulisations / steroids / Mg

» Controls (pulse, RR, O2 %) and physical examination
» [Post-BT FEV1 >80%]

» Ensure home medication (ICS/LABA/prednisolone)

» In doubt: admission O/N
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> Where BT is available?

PATIENTS
O

e Australia
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‘BT for severe asthma: the perfect candidate ?"

» g rmolou¢ aodeveic?

Pascal Chanez

At present non candidate

Controlled mild asthma
T2 related inflammatory phenotype

- Allergic / omalizumab
- Eosinophilic/anti-IL5

Non T2 related inflammatory phenotype

- Responsive to LAMA, macrolides

Too severe:

- numerous exacerbations/ high OCS requirement
- Low FEV1

- Little smooth muscle mass ?
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‘BT for severe asthma: the perfect candidate ?"

» g rmolou¢ aodeveic? Pascal Chanez

At present candidate

Severe uncontrolled asthma
If T2 related inflammatory phenotype

- Unresponsive to omalizumab

- Unresponsive to anti-IL5
- Definition of response ?

non T2 related inflammatory phenotype
combined with biologics ?
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‘BT for severe asthma: the perfect candidate ?"

» g rmolou¢ aodeveic?

Pascal Chanez

Phenotyping severe asthma

Clinical
approaches

Endotyping . Omalizumab

| Atopic  AntiTSLP

Unsupervised
clustering

A priori

hypothesis .
v Mepolizumab

_~E0s>300  pupilumab

Reversible ? TH2 Benr
Anti IL17 ow L E0s>400 o0
BMI —
Smooth Muscle / ) '
Thermoplast 4 Non . o
plasty N Periostin Lebrikizumab

Viral Exacerbation [ Neutrophilic ][ Paucigranulocvtic]

B—IFN
Azithromycine ITﬁermup|asl:v ? I

Anti CXCR2
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» Zg molou¢ aodeveic?

Severe uncontrolled asthma

v

l v Check and try to improve comorbidities; exposure; adherence and proper treatment [Step 4 GINA guidelines) |

-

l v Consider changing treatment strategy [i.e. single formoterol/ICS inhaler use) or device [MDI to DPI or vice versa) |

-
T2-HIGH ASTHMA | Assess phenotype clinical features) and endotype [biomarkers) | T2-LOW ASTHMA
I
v 4

T2-high asthma T2-low asthma
(Atopys, IgE >100 IU-mL"", Feno >30 ppb, blood EOS >300 pL=', sputum EOS >2%) [Atopy=, IgE <100 IU-mL"", Feno <30 ppb, blood EOS <300 pL™', sputum EOS <2%)
[ Allergic predominance (table 2) |—»{ Omalizumab | [0CS | »{ Macrolides? || CXCR2? |
— Blood EOS <200 pL-"
Neutrophilic asthma
—p{ Eosinophilic predominance [table 2) [—p{ Anti-IL-5 | [ OCS | | Anti-IL-4Ra | ) [sputum NEU >60%) [ |
- . Smoking o
Aspirin intolerance : '1:"‘“'“
""""" Severs allergic rinits |V hsthma associated with | ABHR?
remudeuing changes :. .................. A“.{ Mw I
R E | . oraniils] [065] ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,, Fied sirway
Allergic/eosinophilic overlap [table 2) }—b : : obstruction
[Anti-IL-4Ra? | [CRThZ antagonist? | am—— W
" Allergic bronchopulmonary mycosis : T »{ Weight loss |[Bariatric surgery?|
i |fungus-speciﬁc lgE or SPTO. I—I it U l_ T
i bronchiectasis, blood eosinophilia, : ’ I ocs I L l l ] l
! markedly elevated IgE] : Paucigranulocytic asthma
.................................................... P (sputum NEU <40%, EOS <2%)

Zervas E. et al ERJ Open Res. 2018 Mar 6;4(1)
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Mature technique but invasive and not yet widely available

Safe on short and long term, despite increased morbidity from asthma during
treatment

RCT and real life data show modest improvements in asthma quality of life and
reductions in severe exacerbations and emergency department visits

Mechanisms better described but not yet clearly understand

Best responder or real non candidate? Currently in T2-low asthma and in non-
responders to targeted therapy in T2-high asthma?

Cost effectiveness? Comparison with other innovative targeted therapies

The future of BT? Biomarkers of response?
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