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Asthma Treatment: Concepts evolution

BIOLOGICAL AGENTS
(Anti-IgE; anti-IL-5)

|

«Precision Medicine» PHENOTYPE

Ongoing therapy; extrafine ICS DISTAL
«One size fit all» CCS/LABA INFLAMMATION

Anti-leukotrienes

Inhaled CSS as ONGOING
«Cornestone» INFLAMMATION

treatment |
Short-acting

B2 agonists REMODELING
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Matucci A. Vultaggio A, et al. SIAIC — Terrasini 2010
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Exacerbation risk in severe asthma is stratified by inflammatory phenotype using
Longitudinal measures of sputum eosinophils.
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Lung eosinophils and impaired lung function

Elevated sputum eosinophil counts are associated with decreased lung function
(FEV,) assessed by bronchial hyperresponsiveness tests?

20
. ceg s ee, e - y =—0.33 x +0.56
10 . ® ) .. r=-0.40
p <0.0001

1 10 100 1,000 10,000
Sputum eosinophils (10°%/q)

PC20 FEV, methacholine (mg/ml)

FEV, = forced expiratory volume in 1 second.
1. Louis R, et al. Allergy 2002; 57:907-912.



Asthma Intrinsic Asthma

IL-4

C IL-5 L5 4

7/ “:A IL-3 IL-3 A‘A E[
A GM-CSF ‘ r GM-CSF

IL-5

v

v

ion Chronic airways inflammation

Ricci M., Matucci A., Rossi O. (1998)
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MIGRAZIONE POLMONARE DEGLI EOSINOFILI

Circolo ematico Progenitori degli eosinofil
Midollo osseo (CDIIL-3R)

Flogosi

Eosinafilo in fase di migrazione Fotassina

Romagnani S., Matucci A., Rossi O. — Asma Bronchiale SEE Ed. 2004




SEVERAL CELLS PRODUCE IL-5

ILC2 TH2 Mast Cell NKT Cell Eosinophil

W1 gy, 8
/s “"fafiﬂf .
Ne Signal
Eosinophil © " Differentiation and maturation

Cell migration
Release of mediators
_Inhibition of apoptosis J

Varricchi G., Senna G., Loffredo S., et al. Frontiers Immunology (2017) (modified)



EOSINOPHIL (IL-5 PATHWAY)

AS TARGET

= Mepolizumab
IL-5 *® Reslizumab

A

IL-5R
= Benralizumab

(PGD2R)



IL-5-receptor: A KEY TARGET

BENRALIZUMAB: IgG1k anti-IL-5Ra chain

Cytotoxic mediators

Sz 9=
LoR =

Benralizumab

Mechanisms of action:

= Neutralizing activity of IL-5 by blocking IL-5-receptor

= Eosinophil/basophil apoptosis (ADCC) not inducing degranulation
= Low expression of IL-5R do not abrogate ADCC

Matucci A.; Vultaggio A. Master in Allergologia; Napoli 2015



IL-5: TARGET FOR BIOLOGICAL AGENTS
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(Reslizumab
Mepolizumab)
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| Sunival and prolferation Matucci A.; Vultaggio A. SIAAIC; Firenze 2017
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The NEW ENGLAND JOURNAL of MEDICINE

Mepolizumab for Prednisone-Dependent

Asthma with Sputum Eosinophilia
Parameswaran Nair, M.D., Ph.D., Marcia M.M. Pizzichini, M.D., Ph.D.,
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No. at Risk
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| : : : Placebo 10 9 7 7 5 4 3 2
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N Engl ] Med 2009;360:985-93



Sensitivity and Specificity (ROC Curve) of Different Biomarkers
for the Diagnosis of Eosinophilic Inflammation
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[T | Figure 1 Receiver operating characteristics curve analyses of the
L/ » S W b g . .
-] , : sensitivity and the specificity of blood eosinophils (eos), FE,, and
gl - serum periostin (in-house) for the diagnosis of eosinophilic
r i inflammation. AUC, area under the curve.
|
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Wagener AH, et al. Thorax 2015,70:115-120.
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Elevated blood eosinophils are associated
with elevated sputum eosinophils

Increasing the blood eosinophil cut-off value increases the
positive predictive value for sputum eosinophilia'

> 150 45.2
> 300 65.6
> 450 89.2

High blood eosinophil cut-off values are predictive of
high sputum eosinophil counts!

Fowler SJ, et al. J Allergy Clin Immunol 2015; 135:822—



What is the Relationship of Blood Eosinophils
to Severe Asthma Exacerbations ?

Cell/mL

Adjusted RR

201-300 0,94
301-400 1,08
401-500 1,15
501-600 1,34
601-700 1,71
701-800 1,49
801-900 1,58
901-1000 2,02
>1000 2,32

0507 1 15 2 25
Adjusted RR

Price DB; et al. Lancet Resp Med 2015; 3:849-58
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Comparison of anti-interleukin-5 therapies in patients with severe
asthma: global and indirect meta-analyses of randomized placebo-

controlled trials

Y. Cabon', N. Molinari'2, G. Marin’, I. Vachier®, A. S. Gamez®, P. Chanez® and A. Bourdin®?

Overall exacerbation rate ratio

Resivs Plb = ——4——

Ban100vs Plb - l—i—!:
Ben2vs Plb S P —
Ban20vs Plb l—‘—"
Mep10Ovs Plb {  +——4—
Mep250 vs Plb - I—i—!
Mep7Sve Plb o  ———
Mep?50vs Plb | ——4——

|
Favor o treatment 0.5

Clinical & Expenmental Allergy, 47, 129-138;2017
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- 068[048;004]
- 1.23(0.76; 193]
- 0.7[0.44;1.08]
- 0.55[0.37;083]
- 063[04:1.03]
- 0.55[0.38;079]
- 0.51[0.34:0.77)

- 0.46[0.3:068]

Favor to placebo

Eosinophilic exacerbation rate ratio

Ben100vs Plb =
Ben2 vs Plb 4
Ben20 vs Plb =
Mep100 vs Plb
Mep250vs Plb <
Mep75vs Plb 4

Mep7S0vs Plb — |

Res3vs Plb =

B

Favor to treatment 0.5 1.0

— 06]0.27,1.28]

'k 114[052;247]

- 085[03;1.38]
~ 0.54[0.31;097]
- 062[0.3;1.3]

- 0.54[0.32;0.06]
- 049[023:1.02)

~ 0.46[0.26:082]

2.0 Favor to placebo



Reduced Clinical Exacerbation Rates vs Placebo

[ Study 3082! ] [ Study 3083! ] [ Pooled data! ]
50% reduction 59% reduction 54% reduction
vs placebo; vs placebo; vs placebo;
= p <0.0001 p <0.0001 p <0.0001
% e 2,50 7 1
- § 2,00 ' ' '
s 2 4% 2,11
oy -
E 5 150 4 E&L 1,81
5 %
S & 1,00 -
5 = 0,9
Y = 050 - ’ 0,86 0,84
52
= O
g ~ 0,00 = 1 1 T 1
< Placebo Reslizumab Placebo Reslizumab Placebo Reslizumab
(3 mg/kg) (3 mg/kg) (3 mg/kg)

Reslizumab significantly reduced the annual exacerbation rate in patients with inadequately

controlled asthma and active eosinophilic airway inflammation!

Castro M, et al. Lancet Respir Med 2015; 3:355-366



Reslizumab on Rescue Systemic Corticosteroid Use 1n
Patients With Asthma and Elevated Blood Eosinophils

Placebo Reslizumab
(n=476) (n=477)

OCS prescribed™® (%) 48% 29%
New prescriptions 1.0 0.5
per patient. (mean n) (p<0.0001) {p<0.0001}
Tot rescue OCS 611 mg/patient 254 mg/patient
(p<0.0001) (p<0.0001)
$E 8007 gyymgipatient
= 700 -
S8 600 - !
Eg§ 500-
_E_ 5 400 - 254mg/patient
ﬁ = 300 -
= E 200 -
s 9 100 -
=8 0
Placebo Reslizumab
(N=476) J.0mg'kg Q4W
(n=477)

Castro M, et al. Lancet Respir Med 2015; 3:355-366.



Reslizumab for Inadequately Controlled
Asthma With Elevated Blood Eosinophil Levels

Leif Bjermer, et al.
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CHEST 2016; 150(4):789-798



Reslizumab for Inadequately Controlled
Asthma With Elevated Blood Eosinophil Levels

Leif Bjermer, et al.

m FPlacebo (n = 105)

0.4 4 & Reslizumab 0.3 ma/kg (n = 103)
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Reslizumab for Inadequately Controlled
Asthma With Elevated Blood Eosinophil Levels

Leif Bjermer, et al.

e-Table 2 ] Efficacy Endpoints Over 16 Weeks (All Measures Included)

Variable

Placebo

Reslizumab Reslizumab

0.3 mg/kg

FEV;, L (primary endpoint)

n
LS mean (SE)
A (95% CI)?

P value

103
0.127 (0.0547)

101
0.238 (0.0553)
0.111 (0.012, 0.211)

.0283

0.286 (0.0546)
0.159 (0.060, 0.258)

.0018

FVC, L
n
LS mean (SE)
A (95% CI)?
P value

103
0.173 (0.0610)

101 102
0.217 (0.0620) 0.302 (0.0610)
0.044 (-0.062, 0.150) 0.129 (0.023, 0.235)
4147° .0173°

FEF.5.750, L/S
n
LS mean (SE)

A (95% CI)?
P value

103
~0.142
(0.1342)

101 102
~0.117 (0.1360) 0.091 (0.1342)

0.025 (-0.214, 0.263)
.8400°

0.233 (-0.006, 0.471)
.0559°"

CHEST 2016; 150(4):789-798



Small airway inflammation is poorly
controlled

bronchi Large
(>2mm)

bronchioles

0-7

|
<—|— © CONDUCTING

terminal bronchioles

E respiratory bronchioles

O

'&_‘ District

% alveolar ducts Poorly reached
1% -3 alveolar sacs by ICS

Demoly F., Eur Res Rev 2012



Reslizumab treatment in patients unselected for eosinophil count produced
only modest effects on FEV1 compared to placebo (68 ml)

o
T

o
Cad

LS mean (£ SE) change in
FEV, from baseline (L)
(-

Jonathan Corren, €t al.

o

ha

At Placebo
== Heslizumab 3.0 ma/kg

CHEST 2016; 150(4):799-810



Lung function: Reslizumab improved FEV,

Reslizumab significantly improved FEV, in patients with blood eos> 400 cells/pl
0.45 -

0.40
0.35

0.30 A 0.27

0.25 -

0.20 -+

0.15 -

0.10

0.05 -

Treatment difference vs placebo in FEV, (L)

<100 >100 < 200 =200 < 300 =300 < 400 =400
Baseline eosinophils count strata (cells/uL)

Placebo n=16 n==65 n==37 n=44 n=>54 =27 n =68 n=13

Reslizumab n=62 n=282 n=158 n=186 n=239 n=105 n=275 n=69

Pvalue  .6537 1202 5122 2401 .2579 2818 5422 0436

Corren J et al. CHEST 2016;150(4):799-810



Reslizumab for Inadequately Controlled
Asthma With Elevated Blood Eosinophil Levels

Leif Bjermer, et al.
Placebo Reslizumab

Favors Favors n/N 3.0 mg/kg
Placebo Reslizumab n/N
Overall 16 weeks ! & 103/105 102/106
EOS count <500 | w 43/44 40/40
(cells/pL): 5509 —a 60/61  62/63
<600 : ” 54/56  62/62
2600 : = 49/49  40/41
<700 : . 7072 7777
2700 : = 33/33 25/26
<800 ! = 78/80 82/82
>800 : - 25125  20/21
|
-0.1 0 0.1 0.2 0.3 04

LS mean difference (L)

CHEST 2016; 150(4):789-798



Could clinical response to anti-IL-5 mAbs depend
on eosinophil count in peripheral blood ?

What is the best choice?

EFFICACY

Peripheral blood
600 400 300 200 150 100 " aosmaphils



RESLIZUMAB STRUCTURE AND BIOLOGICAL/CLINICAL CONSEQUENCES

CDR of
mIgG2a
v 4 EOSINOPHIL
w,,:,[L'\S - ‘; U‘\}}
/ S
higG4

fixed | In vitro data showed that Reslizumab:
» Do no fixed Complement » Binds strongly to free IL-5 with a high
e Do not form ICC - _
ind C affinity (K; = 81 pM)
* Do not induce ADC  Inhibits IL-5 binding to cell-surface
receptors (IC;, = 0.5 nM)
« Strongly inhibits cell growth stimulated

Egan RW, et al. Arzneimittelforschung 1999; 49:779-790
Jiang X-R, et al. Nat Rev Drug Disc 2011;10:101



Is there a rationale for chosing a biological
agent for asthma treatment ?

1IgE 11gE and Eosinophils 1 Eosinophils
Inflammation; Inflammation; Inflammation;
symptoms symptoms symptoms

Anti-IgE Anti-IL-5/R

Matucci A, Vultaggio A. Nowair 2017



Asthma: developments in targeted EXPErT |
therapy | REVIEWS

Matucci, Vultaggio, Ridolo, Maggi, Canonica & Rossi

Expert Rev. Clin. Immunol. 8(1), 13-15 (2012)

linical ph “*
Gl PhEHE e Cellular inflammatory LLLIT

Mild, moderate, severe phenotypes Molecular phenotypes

obese, exercise, IL-5, IL-13, periostin, ...
occupational Eosinophils, neutrophils

Phenotype-directed therapies
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