Asthma school (2022.10.29)

Biologics X{ %}l 2.7



Lessons from patients with severe asthma
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Disease burden of severe asthma

Qualitative studies
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Disease burden of severe asthma

Qualitative studies
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Disease burden of severe asthma

* Qualitative studies (Korea)

TABLE 6 Theme cluster 4: perception of severe asthma

Theme 4.1: gaps in disease perception among patients
‘| suffered from severe cold last month” (Patient 6)
“There is nothing more important than this (asthma). But | may look fine to them. Then, who will accept
it as a disability?” (Patient 11)
Theme 4.2: gaps between patients and health professionals
‘I have not heard about severe asthma... | guess that my doctor made the diagnosis (of severe asthma]
for my severe bronchitis” (Patient 5]

 Few of patients clearly recognized that they had severe asthma.
— Most participants were unfamiliar with the term “severe asthma”

- Little opportunity to get information about severe asthma.

Song WJ et al. ERJ Open Res 2021;7:00528.



Treatment burden of severe asthma

 Qualitative studies

Foster JM et al. Eur Respir J 2017;50:1700765.



Treatment burden of severe asthma

Q. Ultimately, what led your decision not to take biologic therapies?

My insurance company wouldn’t pay for it and | couldn’t afford the out-of-pocket with the whole price.
Cost, how it would be, you know...
Cost | would say...

« BiologicsE AtESHA| ZStAHLE, =Est= 0|7 (H|E)

Gelhorn HL et al. Patient Prefer Adherence 2019:13:1253-68.



Assessment of severe asthma

Questionnaire | Item | Symptom Iiﬁ‘nci:::tiitgn ETn?;i:c:al
ACQ 7 ++ + _
AQLQ 32 +++ +4++ +
SGRQ 50 +++ +++ +
SAQ 16 + +++ ++

Asthma Control Questionnaire (ACQ),

Asthma Quality of Life Questionnaire (AQLQ)
St. George's Respiratory Questionnaire (SGRQ),
Severe Asthma Questionnaire (SAQ)

Need for multidimensional assessment

Patients’ satisfaction > modest improvement in quality of life questionnaire of RCT

Clark VL et al. J Asthma Allergy 2021;14:245-258.



Severe Asthma Questionnaire

1. My social life. For example, visiting friends, walking with friends, talking with
friends, going to bars/restaurants, and parties.

2. My personal life. For example, washing, dressing, looking after myself, love life.

3. My leisure activities. For example, walking for pleasure, sports, exercise,
travelling, taking vacations.

4. My jobs around the house. For example, housework, shopping, home maintenance,
gardening.

5. My work or education. For example, missing days, can’t do all | want to do.

6. My family life - how it affects me. For example, caring for children, family
responsibilities.

7. My family life - how it affects others. For example, others taking time off work,
problems with childcare, family members becoming upset.

8. Depression. For example, feeling sad, fed up, blue.

9. Irritable. For example, snap at people, get angrier than | should.

10. Anxiety in general. For example, worry about things, always on edge.

11. Worry that asthma may get worse. For example, medicines no longer help, more
frequent attacks.

12. Worry about long-term side effects of medicines. For example, worry about
cataracts, diabetes, bone fracture.

13. Getting tired. For example, feeling tired for no reason, waking in the morning
feeling tired.

14. Problems at night. For example, difficulty going to sleep, being woken very easily,
waking often at night.

15. The way | look. For example, my weight, my skin bruises easily, using medicines
in public, other people judging me

16. Problems with food. For example, | find | get very hungry, | just can’t stop eating,
stomach problems (e.g. pain, bloating, etc.)

#. interpretation of mean in relation to quality of life, 1=very, very difficult (worst possible); 2=very difficult; 3=difficult; 4=moderately difficult;
5=slightly difficult; 6=very slightly difficult [just noticeable); 7=no problem.

Hyland ME et al. Eur Respir J 2018;52:1800618.



Assessment of comorbidity

Chronic rhinosinusitis with nasal polyp (CRSWNP)

inflammatory diseases

Proportion of severe asthma patients
with coexisting disease

Allergic rhinitis _

~60%

AERD ~15%

0 20 40 60 80 100

* Asthma often coexists with other type 2 °

CRSWNP often coexists with other type
2 inflammatory diseases

Proportion of CRSWNP patients with
coexisting disease

Asthma ~50%
Allergic rhinitis ~75%
AERD ~21%
0 2IO 4IO 6I0 8I0 1(I)O

Heffler E et al. J Allergy Clin Immunol Pract 2019;7:1462-1468.
Khan A et al. Rhinology 2019;57:32-42.



Assessment of comorbidity

e Allergic bronchopulmonary aspergillosis (ABPA)

* GINA guideline for assessment of severe asthma

— Consider fungal precipitins and/or HRCT
— Consider AERD, ABPA, chronic rhinosinusitis, nasal polyposis, atopic dermatitis

 Modified ISHAM criteria

Presence of all the following:

1. Asthma.
2. Aspergillus-specific IgE > 0.35 kUA/L
3. Serum total IgE > 500 IlU/mL ( ¢ > 1000 IU/mL)

And at least 2 of the following:

1. A. fumigatus specific IgG > 27 mgA/L

2. Bronchiectasis on CT chest ( € chest radiograph favoring ABPA)
3. Peripheral blood eosinophilia > 500 cells/pL.

Saxena P et al. J Allergy Clin Immunol Pract 2021;9:328-35.



Treatment goals

EAACI guideline

Phenotypic traits

(exacerbations, lung function
decline/fixed airway obstruction,

co-morbidities)

Biomarkers

(eosinophils, FeNO, D

total and specific igE)

Outcomes

(exacerbations, lung function,

OCSJ/ICS reduction, asthma

control, co-morbidity control, ‘>
QolL) and safety

Start the
biological that
suits best the
patient: triple
pillar decision

(phenotype,
biomarker,

outcome)

SHETCD)
decision-making:
preset individual

treatment goals
to define
response

-

i

Assess efficacy

after 4-6 months
(pre-established
individual
cut-offs
for the selected
outcomes —
shared decision

making)

Continue while continuously monitoring safety

Re-assess airway

: . : Persistent
Suboptimal inflammation easinophilic
response (induced sputum) R aramatian

and AHR

Neutrophilic No
inflammation inflammation

Stop the biological

and consider options
for non-T2 asthma (low-dose
macrolides, dual bronchodilators,
bronchial thermoplasty, etc.)

WV ¥ N ¥ N ¥

Collect RWE using validated tools (registries, RELEVANT

criteria, health economics) as a basis for guidelines update

1. Check adherence
to the overall asthma
management plan

2. Eosinophilia
is not driven
by the pathway targeted
by the biological used

3. Inadequate dosing

4. Development
of neutralizing ADA

5. Other immune
mechanisms
(autoimmunity, immune
complexes, ILC2)

v Preset individual treatment goals to define treatment response

Shared-decision making
to achieve individual
goals

Switch to a biological
targeting a different
pathway

Switch to a biological
targeting the same
pathway but with
a different mechanism
or route
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Switch to any other
biological

Stop the biological
and refer to specialized
clinic

Agache | et al. Allergy 2021,76:14-44.



Treatment goals

 No defined criteria for a good response.

Severe asthma exacerbations
Asthma control

Quality of life

Safety (adverse events)

Critical

Lung function (FEV,)

Decrease in ICS dose and OCS dose Important
Rescue medication use

FeNO, sputum and blood eosinophils Low importance

v’ Preset individual treatment goals to define treatment response

Agache | et al. Allergy 2021,76:14-44.



Case 1l

 34/F C.C: dyspnea

* Allergic rhinitis (5 years)

e Total IgE: 245 IU/mL
Specific Igk to Dp/Df: 18.8/25.0, Cat 9.7, Dog 6.3, Birch 1.9 IlU/mL
Blood eosinophils: 980/uL
FeNO: 99 ppb
MPT: PC20=0.1 mg/mL

* Allergic asthma with CRScNP
: Eosinophilic + atopic

 Uncontrolled asthma and allergic rhinitis

: Consider add-on biologics



Case 1

* Omalizumab 300mg SQ start

Ath 50% MEZO| A T X

5th SpiromEtry (BTPS)
FVC Liters
FEV1 Liters

FEV1/FVC %

FeNO: 153 ppb

6th Spirometry (BTPS)
FVC Liters
FEV1 Liters

FEV1/FVC %
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PRED

3.71
2.92
78

PRE-RX
BEST Y%PRED
3.75 101
2.69 92

72
PRE-RX
BEST %PRED
2.63 71
1.48 51
56

POST-RX
BEST %PRED
4.02 108
3.08 105
76
POST-RX
BEST %PRED
2.75 74
1.56 54
57



Case 1

Dupilumab 300mg SQ monthly start <> 2| 22600 mgE 0 2 7

1st “BIO| £0H L7 (ACT5 > 22)

ath “2rHIMA O 2” (0CS withdrawal, ACT 25)

6th Monthly injection
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PRE-RX
. 0
7th Splrometry (BTPS) PRED BEST %oPRED
FVC Liters 3.71 419 113
FEV1 Liters 2.92 3.24 111
FEV1/FVC % 78 77

FeNO: 58 ppb
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Biologic treatment eligibility

 FEligibility criteria

Anti-IgE

Predictor of good response to anti-IlggE? —

. .. . . -
Is the pa_ttlen_t eligible _for a_ntl IgE _for severe g!lerglc asthma’ « Blood eosinophils >260/pL ++
e Sensitization on skin prick testing or specific IgE
) o * FeNO 220 ppb +
 Total serum IgE and weight within dosage range .
« Exacerbations in last year * Allergen-driven symptoms +
y » Childhood-onset asthma +
! Choose one if
] . eligible;
Anti-IL5/Anti-IL5R redicion of | t I T
. .. . : redictor of good response to anti- :
s the patient eligible for anti-IL5/anti-IL5R for severe : J =SPon — least 4
. -  Higher blood eosinophils +++ months and

eosinophilic asthma? : : :

. : « More exacerbations in previous year +++ 2SSeSS
« Exacerbations in last year

Blood ) il >150/ul or >300/uL. « Adult-onset of asthma ++ response
ood eosinophils, e.g. 2 uL or 2 U - Nasal polyposis ++
Anti-ILAR

Is the patient eligible for anti-IL4R for severe Predictor of good response to anti-IL4AR?
eosinophilic/Type 2 asthma? - Higher blood eosinophils +++
« Exacerbations in last year * Higher FeNO+++

*Blood eosinophils:150/uL — 1500/pL or FeNO 225 ppb
or taking maintenance OCS

GINA 2022



Biologic treatment eligibility

e 68 (53%) patients were eligible for both omalizumab and mepolizumab.

Omalizumab

Dupilumab
omalizumab Mepolizumab
Benralizumab

Reslizumab

Omalizumab eligible

- Mepolizumab eligible

Benralizumab eligible

.....

. Reslizumab eligible

Jeimy S et al. Allergy Asthma Clin Immunol 2018;14:68
Akenroye A et al. J Allergy Clin Immunol 2020;145:1295-1297.



Indication of biologics in Korea

* Omalizumab is the only drug approved for insurance coverage of severe asthma.
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Selection of biologics

Severe asthma despite
high-dose IGs + LABA and
adequate management

« Determine blood eosinophil counts and FENO
« Assess coexisting conditions (e.g., severe atopic dermatitis,
CRSwNP, allergic rhinitis, eosinophilic pneumonia, EGPA)

Severe asthma (without daily OGs) |- =

Blood eosinophils Blood eosinophils Blood eosinophils
<150 cells/ul 150 to 1500 cells/ul >1500 cells/pl
| v
* * Current or historic
evidence of
increased blood
eosinophil count?

OG-dependent severe asthma

FEno <25 ppb FENnO =25 ppb
l l Integrate clinical

characteristics,
biomarkers, and
coexisting conditions

Rule out parasitic
infections, hemato-
logic diseases, and

other hypereosin-
ophilic conditions

Allergic asthma
and perennial allergy?

Allergic asthma
and perennial allergy?

Yes No Yes No Yes No
| : : : v l :
Anti-IgE Anti-TSLP Anti-Igt, || Anti-IL-4Ra Anti-IgE, Anti-IL-5 Anti-IL-4Ra, | | Anti-IL-4Ra
or anti-IL-4Re, or anti-1L-4Ra, or anti-IL-5,
anti-TSLP or anti-TSLP anti-IL-5, anti-1L-5R or
anti-TSLP anti-IL-5R, anti-IL-5R
or I
anti-TSLP ¢

Listed in alphabetical (and numerical) order

Brusselle GG et al. N Engl J Med 2022;386:157-171.



Indirect comparison of biologics

Study

Comparison

Population

Methodology

Findings

Exacerbations (rate ratio for
first named)

FEV, (L)

Comments

Cockle et al”*

Iftikhar et al”’

Bourdin et al™"

Busse et al’’

Bateman et al’”

Mepolizumab vs omalizumab

Benralizumab vs dupilumab
vs lebrikizumab vs
mepolizumab vs
reslizumab vs tralokinumab

Benralizumab vs other
anti—IL-5

Mepolizumab vs
benralizumab and
reslizumab

Dupilumab vs all other
available biologics

RCT in patients with severe
asthma and an exacerbation
history. Overlap (eligible
for both) and trial
population. No biomarker
matching

Heterogeneous but inclusive,
with all placebo- controlled
RCTs with data on FEV,,
ACQ, and AQLQ included.
No biomarker matching

Severe asthma with an
exacerbation history and
selection (and matching) on
basis of blood eosinophils
(varying criteria)

Severe eosinophilic asthma.
Matching by baseline
blood eosinophils and prior
exacerbation history

Patients with moderate to
severe eosinophilic asthma
and an exacerbation history
selected from QUEST
phase 3 study to match the
populations in comparator
trials

Indirect treatment comparison
(Bayesian framework)

Systematic review and
network meta-analysis

Systematic review and
matching-adjusted indirect
comparison

Eligible studies selected from
Cochrane review followed
by indirect treatment
comparison

Systematic review followed
by Bucher indirect
treatment comparison

Overlap: Rate ratio 0.66
(0.37, 1.19)

Trial: Rate ratio 0.63 (0.45,
0.89)

Only reslizumab (0.64; 0.53,
0.78) and dupilumab (0.37;
0.17, 0.8) were significant
vs placebo

0.94 (0.78, 1.13) vs
mepolizumab

No comparison possible with
reslizumab because
populations too different

Significant benefit vs
benralizumab at all
eosinophil thresholds
(0.55-0.66) vs reslizumab
0.55 (0.36-0.85)

vs benralizumab 0.46 (0.32,
0.67)

vs mepolizumab 0.72 (0.57,
0.92)

vs reslizumab 0.62 (0.48,
0.79)

vs omalizumab 0.73 (0.38,
1.42)

Not provide conclusive results with criticism to methodology

Overlap: —0.1 L (—6.35,
4.36)
Trial: 0.24 (—3.61, 4.1)

Dupilumab (0.16) >
reslizumab (0.14) >
benralizumab (0.13) >
mepolizumab (0.1) >
lebrikizumab (0.1) >
tralokinumab (0.07)

0.03 (—0.06, 0.12) vs
mepolizumab

No comparison possible with
reslizumab

No significant differences vs
benralizumab at all
eosinophil thresholds.

Benralizumab > reslizumab
in those with eosinophils
>400 (0.11; 0.01, 0.2)

vs benralizumab 0.12 (0.02,
0.22)

vs mepolizumab 0.08 (—0.08,
0.24)

vs reslizumab 0.08 (—0.02,
0.18)

vs omalizumab 0.06 (—0.04,
0.17)

Pavord ID et al. J Allergy Clin Immunol Pract 2022;10:410-4109.

Only trials using standard
dosing compared

Included studies before and
after importance of
stratification by type-2
biomarkers was recognized

Included phase 2b DREAM
study for mepolizumab but
only phase 3 studies for
benralizumab

Phase 2b DREAM study not
mcluded. Matches the 2
key predictive variables

Could not be fully matched
with mepolizumab because
of historical criteria for
mepolizumab trials.
Omalizumab comparison
was the ITT population,
with no type-2 biomarker
stratification



Indirect comparison of biologics

(mL) in patients with blood
v eosinophils >0.3 x 107/L

Mepolizumab Benralizumab Reslizumab Dupilumab Omalizumab
Variable MENSA® SIRIUS® CALIMA® SIROCCO'® ZONDA™' Castro et al® QUEST? VENTURE'? EXTRA’
Blood eosinophils (cells/ =150 and/or =150 and/or =300 =300 >150 >400 Unselected Unselected Unselected
mm° ) =300 1n last >300 in last
year year
No. of patients 580 135 881 805 148 953 1902 210 850
Placebo exacerbation rate (/y) 1.75 2.12 0.93 1.33 1.83 1.8-2.1 0.87-0.97 1.60 0.88
% reduction in exacerbations 53 38 28 51 55 50-59 46-47.7 59.3 25
with active treatment
% reduction in exacerbations 61 0 vs 7 patients —23 63 93 31-34 46.8 NA NA
resulting in hospitalization
Improvement in pre-BD FEV, 98 114 116 159 112 90-126 130-140 220 NA
(mL)
Improvement in post-BD 138 128 NA NA NA NA NA NA NA
FEV, (mL)
Reduction in ACQ score 0.44 0.52 0.1 0.29 0.55 0.2-0.27 0.31-0.34 0.47 0.36
Reduction in SGRQ score 7 5.8 NA NA NA NA NA NA NA
Injection-site reactions 3vs9 NA 2vs3 2vs3 2vs2 NA 7.9 vs 16.8 4vs9 3.1vs 1.2
(placebo vs active %)
OCS-sparing effect (active vs NA 50 vs O NA NA 75 vs 25 NA NA 70.1 vs 41.9 NA
B o -
,' ’ Exacerbation reduction (%) in 61 NA 28 51 NA NA 66-67 NA 328
: patients with blood
i eosinophils >0.3 x 10°/L
i Improvement in pre-BD FEV, 202 NA 116 159 NA NA 210-240 NA 40l
1
1
1

v" Dupilumab: greater improvement in exacerbations and FEV, (eosinophils > 300/uL)

Pavord ID et al. J Allergy Clin Immunol Pract 2022;10:410-4109.

—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— -



Indirect comparison of biologics

Clinical trial Sinus 24%° Sinus 52%° Polyp1 and Polyp 2"’/ Synapse~°
Population Adults with bilateral CRSNP and symptoms Adults with corticosteroid- refractory Patients with CRSNP with
despite topical CS. Surgery or systemic CS CRSNP previous surgery and in
in last 2 y need of repeat
Intervention Dupilumab 300 mg subcutaneously every 2 Omalizumab by subcutaneous injection every Mepolizumab 100 mg
wk 2-4 wk, dose based on weight and serum subcutaneously every 4
IgE wk
Duration 24 wk 52 wk 24 wk 52 wk

Reduction in nasal
polyp score (0-
8)

Reduction in
congestion
score (0-3)

Recovery of sense

of smell
(USPIT 0-40)
Improvement in
SNOT-22 score
(0-110)
Reduction in need
for OCS

2.06 (baseline 5.6)

0.89 (baseline 2.3)

10.6 (baseline

14.7)

21.1 (baseline 48)

74%

1.8 (baseline 6.1)

0.87 (baseline 2.5)

10.5 (baseline
13.5)

17.4 (baseline
50.2)

0.59-1.14 (baseline 6.2 and 6.4)

0.5-0.55 (baseline 2.4 and 2.3)

3.8-3.9 (baseline 12.8 and 12.8)

15-16.1 (baseline 59.8 and 59.2)

62.5%

v" Dupilumab: greatest positive impact across a range of outcome measures (CRSWNP)

Pavord ID et al. J Allergy Clin Immunol Pract 2022;10:410-4109.

0.73 (baseline 5.4)

3.14* (baseline 8.9)

—0.377 (baseline 9.6)

16.5 (baseline 63.7)

25% mepolizumab, 37%
placebo



Selection of biologics

Dupilumab
Yes Anti-IL-5
| Regular OCS .| Symptomatic CRSNP
use "| and/or atopic dermatitis :
No Anfl-IL-S
Dupilumab
Assess for
hyper-
> Blood eos » eosinophilic
>1500 syndromes
Anti-IL-5
Dupilumab
Yes Anti-IL-5
Severe asthma with: Blood eos
* Documented adherence to Ba 500-1500 Symptomatic CRSNP Anti-IL-5
moderate or high-dose or maximum i and/or atopic dermatitis | . Dubilumab
- upiluma
tolerated dose ICS/LABA
* 2 or more exacerbations in the last
year and/or regular OCS use Dupilumab
Yes Anti-IL-5 Dupilumab
Anti-IL-5
Blood eos Symptomatic CRSNP m
> > : "
150-500 and/or atopic dermatitis N - Dupilumab or
ENO
Anti-IL-5
Anti-IL-5
- Dupilumab
5 oob Dupilumab
22 Anti-IgE
Blood eos
—>
> <150 Feno .
2 oot Yes Anti-IgE
. . . e Allergen-provoked asthma <
* First named biologic is preferred. w3 No biologic

; Second named biologics is alternative.

Pavord ID et al. J Allergy Clin Immunol Pract 2022;10:410-4109.



Switching biologics

e Switched to dupilumab from anti-IgE or anti-IL-5/IL-5 receptor because of insufficient outcome
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Mummler C et al. J Allergy Clin Immunol Pract 2021;9:1177-85.



Switching biologics

e Switched to dupilumab from anti-IgE or anti-IL-5/IL-5 receptor because of insufficient outcome

Classification of response to dupilumab

Group n =38

Responder group, n (% of all patients) n =29 (76%)
ACT score increase (=3 points), 12 (32) FEno category Nonresponder Responder Total
FEV, increase (>150 mL) 24 (63) L T
OCS reduction (>50%) 7 (47) FENO < 25 ppb 5 3 2
Response of comorbidities 10 (26) Total 9 26 35
Nonresponder group n =9 (24%)
ACT score reduction (>3 points) 2 (5)
FEV, reduction (>150 mL) 3 (8)
OCS increase (>50%) 4 (27)
Increase 1n exacerbations 1 (3)

v No significant differences in clinical characteristics between responders and nonresponders.

v’ Patients with high FeNO (> 25) were more often responders than patients with low FeNO (P < 0.05).

Mummler C et al. J Allergy Clin Immunol Pract 2021;9:1177-85.



Switching biologics

e Efficacy of reslizumab in patients with inadequate response to omalizumab (n = 25, 24 weeks)

\ 4

P=.002

P<.001

IA A A

AN N AN
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_| A\
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25+
24—
23+ i B e R Y s e

P<.001

21+
20-
194
184
174
164

ACT
FEV,

154
14+

134
129
11
104
9=
8—

7= L
6~
5= - .

T T T T
Baseline Week 4 Week 12 Week 24

v" Only 2 of 29 patients developed severe exacerbation (no hospitalization).
v’ 15/25 patients (60%) were at controlled (ACT = 20 and no exacerbations).
v’ Patients receiving daily OCS significantly decreased from 72.4% to 52.0% (P = 0.019).

De Llano LAP et al. J Allergy Clin Immunol Pract 2019;7:2277-83.



Switching biologics

* Benefit of switching to mepolizumab from omalizumab in severe eosinophilic asthma

50 -

40 -

30 -+

20 -

Proportion of patients (%)

— 50% |Exacerbations + + | + | + - + | + | + - - - + - - - -
>100mL |FEY, + |+ |+ -+ ]|+ | - -1+ + | - -+ | - - -
>(0.5 |ACQ-5 + + - == - - - + - + - - + - -
>4 |SGRQ + | -+ |+ ]+ | - -+ -1+ |+ | - - - |+ | -

v’ 137/145 (94%) were identified as responders (at least 1 outcomes)

: 120 (83%) for at least 2, 92 (63%) for at least 3, and 45 (31%) were responders for all 4 efficacy outcomes.

Liu MC et al. Respir Res 2021;22:144.



Case 2

 56/F
 C.C: cough, chest discomfort
 Asthma (10 years), nasal polyp op. (2nd)
 Total IgE: 221 IU/mL
MAST: all negative
Blood eosinophils: 790/uL
FeNO: 73 ppb
* Asthma with CRSWNP

. Eosinophilic + nonatopic + comorbidity



Case 2

PRE-RX POST-RX
Spirometry (BTPS) PRED BEST %PRED BEST %PRED
FVC Liters 3.19 3.08 97 3.29 103
FEV1 Liters 2.38 217 91 2.49 105
FEV1/FVC % 74 71 76

e Recurrent respiratory symptoms and anosmia shortly after OCS Chronic inflammation with many eosinophilic infiltration.



Case 2

Reslizumab for 2month

— Targeting eosinophils

- Partly controlled respiratory symptoms, persistent anosmia

Switching to dupilumab
“HM7t F HCF (1month)
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Biologics for AERD

* Aspirin-exacerbated respiratory disease (AERD)

Subjective response to biologic therapy in AERD

Unknown |
Improved, no persistent symptoms —_—
Improved, persistent symptoms [—
Minimal response r—
No response —
Worsened H®
0% 20% 40% 60% 80%

B Anti—IL-5/IL-5Ro. B Anti—IL-4Ra = Anti-IgE

v Anti-IL-4Ra: significant reduction in SNOT-22 scores,
corticosteroid bursts, antibiotics use

Percentage of Patients

Patient Reported Efficacy of Biologic Agents in A*E*R;[’)k

100 - ,
[ B Very Well
O OK
80 B Not at all
Not Sure
60=
40-
20+
0-

1
Omalizumab Mepolizumab/Reslizumab Benralizumab
n=10 n=23 n=4

Dupilumab
n=42

Biologic Agent

**** OR 17.58 [95% CI: 5.68-54.35, p =.001 ], Generalized Estimating Equation

v Dupilumab worked “very well” (OR 17.58)

Wangberg H et al. J Allergy Clin Immunol Pract 2022;10:478-484.
Mullur J et al. Ann Allergy Asthma Immunol 2022;128:575-582.



Case 3

 50/F
 Asthma (20 years); recurrent admission for asthma AE

e Stable since triple therapy for 3 years

HX| ZS O 2R oL, Z3U AL ZAE R Q2 0 0| &

* Refer for biologics treatment
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Case 3

T Varable | Resut

Blood eosinophil 1,490 (cells/pL)
Total IgE 2,385 (IlU/mL)
Aspergillus fumigatus Igk 23.2 (KU/L)
Aspergillus fumigatus 1gG > 200 (U/mL)
Sputum AFB culture Negative

m=) ABPA



Case 3

* Discontinuation of OCS because of side effects

 Omalizumab 450mg for 2month, followed by dupilumab 300mg for 6months (monthly administered)

* FEV1 (%): 45 - 46
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Biologic treatment of ABPA

Use of monoclonal antibodies for allergic
bronchopulmonary aspergillosis in
patients with asthma and cystic fibrosis:
literature review

e 32 studies (30 studies with asthma), 161 patients (median age 50.3 years, 1:1 F:M)

 Omalizumab: 17 studies (104 patients), Mepolizumab: 9 studies (32 patients)
Dupilumab: 2 studies (21 patients), Benralizumab: 2 studies (2 patients)

 ABPA using the diagnostic criteria either by Patterson or the ISHAM.

* All patients had failed to respond adequately to steroids and antifungal therapies.

* Biologics improved acute exacerbations, ACT scores, pulmonary function, total IgE, and OCS requirement.

 Evidence comes mainly from case series or case report (no RCT).

Eraso IC et al. Ther Adv Respir Dis 2020;14:1753466620961648.



Biologic treatment of ABPA

Table 3. Treatment with Omalizumab in patients with ABPA and asthma.

Pre-treatment clinical variables

Post-treatment clinical variables

Study ID Type of study Sample Gender Age Blood Total IgE (IU/ FEV1 Frequency Antifungal Follow- Total Total IgE [IU/ FEV1 (% Frequency Systemic Antifungal
Eosinophils mL) (%predicted of acute treatment up eosinophil mL]) predicted of acute steroids treatment
(Absolute or L] exacerbations time count or L] exacerbations
count (cell/pL)
(cells/pL) or
percentage)
Koutsokera Case series 11 bMé&F 27.8 430 cells/pL 889 39.5% NI NI Tyr NI NI NI NI No change NI
et al.® (21.8-37.7) (180-560) (715.5-2991.5] [33-59)
Unal'e Case series 15 IMEF 48.26 692 cells/pL 1380 42.51% [SD NI Itraconazole 3yr NI NI 54.11% Reduced Suspended NI
[SD +-9.92= [SD +-34é]k (647 -3339]b +-12.94)= (SD
+-17.18)=
Cunha Case report 1 F 53 NI NI 24% NI NI Tyr 108 477 35.6% Reduced Suspended NI
et al?
Aguiar Case report 1 M 45 570 cells/pL 2674 58% NI No 6mo 20016090 1683 1600 68% 78% Reduced Reduced MN.A.
et al.ll 12mo 1950 Suspended
18 mo
Homma Case report 1 M 51 1358 cells/pL 1500 58% NI Itraconazole 4mo 988 964 972 609 55.9% Reduced Reduced Discontinued
et al.1” 12mo 54.7% by 50% [toxicity]
Aydin et al.* Case series 14 TMTE L4 .7 7.35% [SD 10546.93 59% (SD 2.718D+-1.5) Itraconazole Tyr NI 769 71% Reduced Reduced NI
(SD +-2.15] (SD +-555.62) +-19.40) [456-2030]b<
+-13.01) to 1616
(1348-1808)bd
Evans Case report 1 F 32 NI 22,893 NI Iltraconazole 1yr NI NI 60% Reduced Suspended NI
et al.’s
Voskamp Randomized, 13 4M9IF 59 500 cells/pL 2314 73.2% NI Itraconazole 4mo NI NI 72% (SD Reduced NI NI
et al.’® double [376-7840) [47-138] +-22.5]
blinded,
Cross over
trial

Eraso IC et al. Ther Adv Respir Dis 2020;14:1753466620961648.



Biologic treatment of ABPA

Table 5. Treatment with dupilumab in patients with ABPA and asthma.

Pre-treatment clinical variables

Post-treatment clinical variables

Study ID Typeof Sample Gender Age Previous Absolute Total IgE FEV1(%  Frequency Antifungal Follow- Total Total IgE FEV1 [%pre- Frequency Systemic Antifungal Adverse
study biologic eos- (TU/mL]) predicted of acute ex- treatment up time eosinophil  [IU/mL) dicted) of acute steroids treatment effects
treatment inophil orL) acerbations count exacerbations
count or asthma (cell/pL) or asthma
[cell/pL) control test control test
Ramonell Case 3 F 60 Omali- 1620 561 1.51L NI NI émonths 1090 [4mo] 380 (3mo]  2.18L [(99%] Improved Discontinued NI hyper-
et al.?" series zumab and (58%]) eosinophilia
Mepoli-
zumab
F 21 Mepoli- 1040 = 2000 2.75L NI ltraconazole 3months 160 384 2.82L(97%) Improved Discontinued NI MNo
zumab (95%]
M 33 No 1750 11.290 1.97L NI Voriconazole 3months 690 1637 2.33L [56%])  Asthma NI NI Hyper-
[37%]) exacerbation eosinophilia
after onset
dupilumab
Corren PostHoc 18 NI NI NI NI 3383 2.00L 2.28(1.53)2¢ NI 13 NI 691,5 26w 2.26 52 Improved NI NI Injection-
et al.? analysis (1480-50000 [68%]2 months (323-2617)F w 2.33¢ site
ofan reaction
RCT'(35)

Eraso IC et al. Ther Adv Respir Dis 2020;14:1753466620961648.



ACT (points)

Biologic treatment of ABPA

e Case report: 49/F with ABPA Patient perspective
a N N “‘After nearly 50 years of breathlessness, therapy with
S (11111 S (1T dupilumab changed my life from one day to the next:
E to breathe without resistance is really a new quality
£ o of life! Perhaps there are two things in my case,
0 : _ which are special to this success. First, [ am doing
& & S & N@*’: I T S S \m\""*‘; & at minimum one hour of sport each day (bicycling,
rowing) since 35 years, even when this was hard
b Fevt - v - to practice. And second: I lost, after starting with

dupilumab and stopping cortisone, 17 kg of weight

- /\/\ within three months with a fasting cure. Altogether,
o this is giving me a reliable and hopeful perspective

i A¥
el =
20 , : : : . : : , : . for my future.
s° s s s s & & s s s s &
o o o & ¥ o « o o o W o
C FeNO Eosinophil count IgE
80 Benralizumab Omalizumab Dupilumab . Benralizumab Omalizumak Dupilumab 8000 Benralizumal b Omalizumab Dupilumab
_ 60= 6000
o — 1.0= =
a = E
Z Qe 3
o 40- = 2 4000+
z Q W
@ W 0.5 o
L
20+ 2000+
0 L] 1 L] 1 1 0.0 1 _— 1 L 1 1 0 L] 1 L] L] 1
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v Switching to dupilumab: complete resolution of pulmonary symptoms, exacerbations and withdrawal of OCS.

Mummler C et al. Allergy Asthma Clin Immunol 2020;16:55.



Case 4

« 23/M
 Asthma (7 years), nasal polyp op (2nd)
 C.C:Tingling sense, gait disturbance (1 week)
 NCV: suggestive of mononeuritis multiplex.
Blood eosinophils: 21,890/ulL
PNS: sinusitis
Chest CT: septal thickening with multiple lung nodule

PANCA: negative

e Diagnosis: Eosinophilic granulomatosis with polyangiitis (EGPA)

 Remission induction: steroid + cyclophosphamide pulse (4th) with PO




Case 4

* OCS maintenance and tapering

§ Reslizumab 100mg IV

OCS (mg) Eosinophils (/uL)
35 1400
| ] i 111
30 1200
25 1000

Azathioprine
20 800

15 600

10 400
| | | 200

20/01 20/02 20/03 20/04 20/05 20/06 20/08 20/09 20/11 21/01 21/02 21/03 21/04 21/06 21/08 21/10 21/12 22/06 22/08

S,

I OCS —Blood eosinophils



Biologic treatment of EGPA

* Relapsing or refractory EGPA taking a stable dose of OCS

RCT (300mg) (n=136) Multicenter observational study (n=203)
il CLINICAL BENEFIT: DEFINITION 1 K A B 25 o Overal
Remission (BVAS 0 and <4 mg/d GC) . 2 “I] > So0mament
250% reducti(c))rn in GC dose 5 § 101999 l l s o
relap':(;-free : B : : " " ,J) H)? U% TH
N Q>

Q i) ©

Months of follow-up

78% MEPOLIZUMAB vs 32% PLACEBO

N g 1407 T 1200- o Overal
e T 0o “w] Tl vl . |.1 era
CLINICAL BENEFIT: DEFINITION 2 = 100 (}, % 54 o | o 100mg/month
g 804 %%% %’ %’ %% £ 800+ 0 300mg/month
Remission (BVAS 0 and 7.5 mg/d GC) 2 60- £ soofo]
or S 40- % avod [ |®
250% reduction in GC dose < 20- B O R i
or e — oL 996 096 990 %0
. N % © O o N " © &
relapse L Malis o TollaW-Up Months of follow-up
87% MEPOLIZUMAB vs 53% PLACEBO : : :
1 x s y v' Mepolizumab 100mg is also effective.

Steinfeld J et al. J Allergy Clin Immunol 2019;143:2170-2177.
Bettiol A et al. Arthritis Rheumatol 2022:;74:295-306.



Biologic treatment of EGPA

e Steroid sparing effects from reslizumab (n=8) and benralizumab (n=10)

Means of Outcome Variables at Start and End of Trial Participation (N = 8)

Outcome variable Start of trial EOT® One-tailed test
(week 0)° (week 0-EOT),”
P values

Prednisone (mg) 17.5 8.12 .049

Absolute 187.5 87.5 19"
eosinophils
(cells/uL)

FEV; (% predicted) 31.47 76.06 17

FeNO (ppb) 33.37 56.37 32°

AQLQ 5.97 5.74 16

ACQ-7 1.23 1.32 35

BVAS 8.25 4.24 04

IgE (kU/L) 504.85 550.05 23P

Prednisone dose (mg)
B R NN W
u o u o u o

o

Prednisone Use By Study Period

Mean OCS
11.6
Mean OCS
6.3
Pre Wash-in Treatment Post

Period

v 5 patients: withdrawal OCS

Manka LA et al. Ann Allergy Asthma Immunol 2021126:696-701.
Guntur BP et al. J Allergy Clin Immunol Pract 2021;9:1186-93.



Summary

 Understanding disease and treatment burden of severe asthma
 Assessment of severe asthma: phenotype and biomarker

* Set individual treatment goal

e Selection of biologics depending on phenotype, biomarker, and goal (+ cost)

* Switching biologics when ineffective

* Application of biologics to ABPA, CRSWNP (AERD), and EGPA
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