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Eosinophil Biology - Nature and Origin
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Kim and Jung. Immune Netw 2020; 20(3):e24.

Be IL-5R Pe IL-5R
Bone SR B S LS ldls FetuluLalu il
marrow GATA1 GATA-1 IL-3 12
PUA C/EBPe GM-CSF XER
C/EBP PU.1 IL-5 &
Siglec-F CCR3
cD11b
N
Siglec-F
Blood
stream p2-integrin
Br-integrin CCR3
ICAM-1 y VCAM-1 MadCAM-1
Eotaxin
ILC2 ® o oo
0 ‘ _— ‘0 - ® o o, @ < Epithelial cells, stromal cells
\ A 4 ® P ®
- = . v/,
\ \ Afs w Rt
| | = A3 J
Tissue ,' =
Stomach Adipose Lung Mammary Thymus Uterus
Intestine tissue gland

Interleukin-5

< 5% of WBC
< 500/nl

Resident leucocytes :
Gl tract +++



Eosinophil Biology - Receptors

Innate immunity

Chemokine receptors
CCR1, CCR3, CCR5, CCR6,
CCR8, CCR9, CXCR2, CXCR4

Fc receptors
* FcaR

*  FcyRI-I

*  FceRI-lI

Golgi apparatus

Granules

» Cationic proteins: MBP, EPX,
ECP, EDN

» Cytokines: IL2, IL4, IL5, IL6,
IL10, IL12, IL13, IFNy,
GMCSF, TGFB, TNF

» Growth factors: NGF, PDGF,
SCF, VEGF, EGF, APRIL

» Chemokines: CCL3, CCL5,
CCL7, CCLS8, CCL11, CCL13,
CXCL1, CXCL10, CXCL12

* Enzymes

Diny N et al. Front Immunol, 27 April 2017.

Pattern
recognition
receptors

Mitochondria

Nucleus

I Adhesion receptors I

Complement receptors I

Lipid bodies

* Leukotrienes

» Thromboxane
Prostaglandins
Platelet activating
factor
15-HETE

Cytokine and growth
factor receptors

Sombrero
vesicles

Receptors for lipid mediators
* PAF receptor

+ prostaglandin D2 receptor 1, 2
+ prostaglandin E2 receptor 2, 4
* leukotriene B4 receptor

Trafficking

IL-5Ra
ST2 (IL-33R)



IL-5 In Eosinophil Development and Life Cycle

When eosinophils leave the marrow, they are not yet fully mature.
Their final development and functional properties are influenced
by microenvironmental cues.
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Adapted from Travers J, Rothenberg ME. Mucosal Immunol. 2015;8:464.



Eosinophil Biology - Mediators

Mitochondria

Chemokine receptors
CCR1, CCR3, CCR5, CCR6,
CCR8, CCR9, CXCR2, CXCR4

Adhesion receptors

Complement receptors

Fc receptors
* FcaR

*  FcyRI-I

*  FceRI-lI

Lipid bodies

* Leukotrienes

» Thromboxane
Prostaglandins
Platelet activating
factor
15-HETE

Golgi apparatus

Granules Cytokine and growu:
» Cationic proteins: MBP, EPX, factor receptors
ECP, EDN

» Cytokines: IL2, IL4, IL5, IL6,
IL10, IL12, IL13, IFNy,
GMCSF, TGFB, TNF

» Growth factors: NGF, PDGF,

Sombrero
vesicles

gﬁF, Vﬁ_GF. EC%':_3AZI§II:5 Receptors for lipid mediators

. emokines: ; ) * PAF receptor

CCL7, CCL8, CCL11, CCL13, | | Patten . prostaglandin D2 receptor 1,2 | Charcot Leyden
CXCL1, CXCL10, CXCL12 recognition « prostaglandin E2 receptor 2, 4 cristals

* Enzymes receptors Nucleus « leukotriene B4 receptor

Diny N et al. Front Immunol, 27 April 2017.



Eosinophil-mediated endothelial cytotoxicity (in vitro)

Shah, Circulation 1990; 81: 1081



Eosinophil-mediated endothelial toxicity (in vivo)

Ventricttathrombus i’ Subendocardial
“fibrosis

Adventitia

EOSINOPHILS

Torcida, Front Cardiovasc Med 2023; Sep 27:10:1256862



Eosinophils contribute to pathogenesis of various diseases

Secondary hypereosinophilia Eosinophil-related disorders Hypereosinophilic syndromes

Eosinophils may be responsible for
damage in addition to that caused by
the underlying disease

» Parasitic infections
(endomyocardial fibrosis)

» Adverse drug reactions : DRESS
(eosinophilic myocarditis)

« Malignancies

e Solid tumors
(adenocarcinoma)

 Haemopathies
(T-cell ymphoma)

Eosinophils are 1 of several cells and
mediators responsible for damage

* Pulmonary: severe eosinophilic
asthma, eosinophilic
granulomatosis with polyangiitis
(EGPA), allergic broncho-
pulmonary aspergillosis

« Cutaneous: atopic dermatitis,
chronic spontaneous urticaria,
bullous pemphigoid

 Digestive: eosinophilic
oesophagitis, inflammatory bowel
disease, etc.

Eosinophils are the predominant if
not the only cell type responsible
for the damage

Persistent blood and/or
tissue hypereosinophilia
associated with
eosinophil-mediated
organ damage and
dysfunction



Eosinophils in asthma

Asano et al, Allergy. 2020;75:3087-3099.
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Eosinophils as pathogenic cells

Epithelial damage
IBDs, asthma, CRSwWNP,
atopic dermatitis, EGPA

Remodelling and fibrosis

IL13

Asthma, EoE, IBDs

TGFR

Mucus plugging
Asthma, CRSWNP

Type 2 inflammation

|
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Hypereosinophilia of Undetermined Significance

e Unexplained hypereosinophilia Recommendations
e Persisting for 5 years or more e Follow-up for eos-mediated complications
e In the absence of clinical complications e No treatment

No observed difference in surface expression of eosinophil activation markers
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Chen et al. J Allergy Clin Immunol 2014;133(4):1195.



Hypereosinophilia

Hypereosinophilia: Blood, Counts x 16/L Blood

Hypereosinophilia [>1.50A A1 OAAA |1 JWw AAOAOI ET AOET 1O xEOE A
minimum time interval of 2 weeks

Eosinophilia 0.5-15
Normal 0.05z 0.5 (1% 6% WBC)

Paucity of intact eosinophils

The percentage of eosinophils >20% of all nuclediede marrowcells
AND/OR

o 2 9PN 2

) ¥
T
A '

Pathologist is of the opinion thatssue eosinophil infiltration is excessiy
compared with the normal physiological range, compared with other
inflammatory cells or both

AND/OR

A specific eosinophil granule protestain demonstrates extensive
extracellular deposition indicative of local eosinophil activation and
degranulation even in the absence of local eosinophil infiltration

Adaptedfrom Valent et al Allergy 2023 Jan;78(1):459.



Pathogenic mechanisms of hypereosinophilia

Increased presence of
eosinophilopoietic factors driving
polyclonal eosinophil expansion

pe IL-SR I I— _5 Pe IL-5R
C/EBPa > >
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s PUY C/EBPL GM-CSF 5
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Bone marrow Siglec-F CCR3

Somatic mutation driving
clonal eosinophil expansion




Common causes of hypereosinophilia
Drug hypersensitivity

Parasitic infection: helminthiasis, scabies

Neoplasm: solid tumor, hematological malignancy




DRESS: drug reaction with eosinophilia and systemic symptoms

Table 3  Demographic, Clinical, and Treatment
Characteristics Associated with DRESS

n %
Age (years)
Mean = SD (range) 40.7 = 20.9 (0.1-84) -
Sex
Male 87/165 53
Female 78/165 47
Onset (weeks)*
Mean = SD (range) 3.9 = 2.3 (0.5-16) —
[Skin rash 167/172 97 |
Maculopapular rash 101/167 60
Generalized erythematous rash 90/167 54 ,
Facial edema 65/167 39 Hypereosinophilia (>0.7 X 10° L™%)  114/172 66
Internal organ involvement 151/172 88 EosinophiLs (109 |_—1)
| Liver 142/151 94 | 3
Elevation of liver function 84/142 59 Mean = SD (range) 3.5 + 4.1 (0.4-30)
tests Fever >38.5°C 111/172 64
Hepatomegaly 17/142 12 Lymphadenopath 96/172 56
Kidney 12/151 8 Atypical lymphocytes 47/172 27
t“"g l . ;; i:i ;’ HHV-6 infection
entral nervous system .
Heart 3/151 ) Det.ec'tlon 70/172 41
Positive 56/70 80
Treatment
Corticosteroids 134/172 78
Intravenous immunoglobulin 16/172 9

Cacoub et al. Am J Med 2011; 124: 588-597.



(lassification of DRESS cases m = 172

No cass Possible Probable Defimite Hb of Cases
Dnags n= 13 (&%) n = 35 [20%) n= 77 (&5%) n = &7 (2%} n {%)
Abacavir'® " i 1 5 (3}
—3 [ Allpurina™ 1 5 B 5 19 (11} |
Amoxicilin plus cavulanic acd 1 1(0.6)
Amitriptyling™** 2 Z(1)
Atovarstatin™ 1 1 (0.8)
Bspirin™ 1 1 (0.5)
Captopril® _ 1 1 [0.5)
| Carbamazepine® 15243553 3 10 20 14 &7 (27}
Cefadrmal™ 1 1 (0.6)
Caleooih®™ 1 1 [0.5)
Chlorambucil™ 1 1 (0L.5)
Clomipraming®” 1 1 [0.8)
Clopidogrel™ 1 1 [0.8)
Codeine phosphats®* 1 1 {0.6)
Cotrimasazale/cefixime™ 1 1 [0.5]
) Cyanamide™ 1 1 (0.5)
Anti- Dapscne™ ™ 8 4 (2)
. ; Maphemylsulfone™ 1 1 [0.8)
Epileptics Efalizumab™ 1 1 (0.5)
Esomeprazole™ 1 1 [0.5)
43% Hydraxychloroguine™™ 2 (1)
Thruprofan®. z z (1)
Imatinih™® 1 1 [0.5)
[ Camotriging™ " 3 3 z 2 10 (8) |
Maxilleting™* 2 E] 5 [3)
Minpcycling®™ ™ 2 1 3 (2)
Maviraping™ 3 3 2 E[5)
ing!™* 1 1 (0.5)
img 108 1 2 3 (2}
ATAT 3 4 3 10 (5) |
Phemylbutazanet s 1 1 [0.6)
ning an amina™" 1 1 [U.
Salazomlfapyridine™ 1 1 Z (1)
Sodium meglumine ipxitzlamate®? 1 1 [0.8)
Sodium valproate/ethoswdmide™ 1 1 {0.6)
Spironolactone’™® 1 1 [0.5]
Streptomycin'®® 1 1 (0.5)
Stromtium ranelate™ 1 1 Z (1
Sulfalazing®® ™. 178-12% 3 2 5 1o (&) |
Sulfamethm@zole " z Z (1)
Tribenoside™ 1 1 [0.5)
¥ancomycin* 71 1 z 1 4 [2)

Zonisamide*® 1 1 (0.5)



Helminthiasis

Toxocara Canis (larva migrans)
Trichinella Spiralis

Fasciola Hepatica

Ascaris

Strongyloides
Ancylostoma
Paragonimus
Filariasis
Schistosoma
Etc ...
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Common causes of hypereosinophilia




Myeloproliferative Disorders

ILS

Primary, clonal hypereosinophilia @ @)\

CJEBP IL 5

e systemic mastocytosis e s

e myelomonocytic leukemia FAB M4
e chronic myeloid leukemia

e chronic eosinophilic leukemia
mature eosinophils in chronic phase
specific cytogenetic abnormalities (e.g. F/P rearrangement)
possible blastic/acute progression



Primary (clonal) hypereosinophilia

Cl Myeloid/lymphoid neoplasms with
~  eosinophilia and rearrangement of
— PDGFRA, PDGFRB, or FGFR1, or with

PCM1-JAK?2 (revised WHO classif)
77777 T o Clonal eosinophil expansion
Suspect in presence of: DIAGNOSIS reached by :
* Male gender  PCR for the FIP1L1-PDGFRA fusion

 Elevated serum vit. B12 and/or tryptase  « FISH for CHIC2 locus (deleted)V
* Enlarged spleen
e Corticosteroid resistance

Cools et al, New Engl J Med 2003; 348(13):1201.



Primary (clonal) hypereosinophilia

Tyrosine kinase fusio

genes in MLNTK

Reiter & Gotlib, Blood 2017:129, 704.
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Malignancies with reactive hypereosinophilia

Reactive, polyclonal hypereosinophilia @ = @ = 5

BONE MARROW
1 IL-5

e Solid tumors
— Adenocarcinomas (lung, di gest i ve t ract, cervi X

e Hematological malignancies
— Hodgkin Lymphoma (often low-grade eosinophilia)
— Non-Hodgkin Lymphoma (T cell lymphoma +++)

cutaneous T cell lymphoma (Sezary syndrome)
adult T cell leukemia/lymphoma (HTLV - ATLL)
angioimmunoblastic T cell lymphoma



Hypereosinophilia and Hypereosinophilic Syndrome

Hypereosinophilia Blood, Counts x L Blood Hypereosinophilicsyndrome(s)

Eosinophilia 0.5-15 Organ damageand/or dysfunction attributable to tissue HE
AND

Hypereosinophilia Tissue

Pathologist is of the opinion thaissue eosinophil infiltration ig
excessiveompared with the normal physiological range,
compared with other inflammatory cells or both

AND/OR

Adapted from Valent et al. Allergy 2023 Jan;78(1):47-59



End-organ damage and clinical manifestations in HES

Neurological General

embolic stroke, encephalitis, 1 fatigue, myalgia, weight loss, fever
peripheral neuropathy Ocular

retinal micro-emboli, choroidal inflammation
Pulmonary S | i
. . . ¢ ino-nasal cavities
asthma, eos. lung infiltrates, fibrosis, PAH ;

vascular cuffing, pulmonary embolism , | chronic rhino-sinusitis, polyposis

Cardiac

myocarditis, intracavitary thrombus, subendocardial
fibrosis, valve entrapment, pericarditis

Hepatic
hepatitis, cholangitis

Renal/Urinary

interstitial nephritis, glomerulopathy,
thrombotic microangiopathy, cystitis

Hematological
splenomegaly, lymphadenopathy

Dermatologic

pruritis, eczema, dermatitis, urticaria,
erythroderma, bullous lesions

Gastrointestinal
(gastro-)enteritis, colitis

Soft tissue / Rheumatological Vascular
angioedema, fasciitis, myositis, synovitis, " 3 R4 art/ven thrombosis, microvascular damage,
arthritis Raynaud’s, digital necros

arterial dissection, vasculitis

Cogan & Roufosse. Expert Rev Hematol 2012;5:275. Roufosse F et al. UpToDate.



Hypereosinophilia and Hypereosinophilic Syndrome

Hypereosinophilia Blood, Counts x L Blood Hypereosinophilisyndrome(s)
Hypereosinophilia| > 1.5NE O2 NRSR 2y xH R S Criteria forblood and tissue Hfilfilled
a minimum time interval of 2 weeks AND
Eosinophilia 0.5-1.5 Organ damagand/or dysfunction attributable to tissue HE
Normal 0.05¢ 0.5 (1% 6% WBC) ANID
H : hilia Ti Exclusion obther disordersor conditions as maineasonfor
ypereosinophilia Tissue R —

The percentage of eosinophils >20% of all nucle&ieae

marrow cells
AND/OR

Pathologist is of the opinion thaissue eosinophil infiltration is
excessiveompared with the normal physiological range,
compared with other inflammatory cells or both

AND/OR

A specific eosinophil granule protestain demonstrates
extensive extracellular deposition indicative of local eosinop
activation and degranulation even in the absence of local
eosinophil infiltration

Tissue/organrestricted HES

Organdamage and/odysfunctionattributable to tissue HE
AND

Adapted from Valent et al. Allergy 2023 Jan;78(1):47-59



Idiopathic chronic eosinophilic pneumonia
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Diagnosticcriteria

n Ongoingrespiratorysymptoms usually> 2weeksduration

n Bloodeos> 1000/mntand/or BALE0s> 25 (40)% and/apulmonaryeosinophilia
n Pulmonaryinfiltrates, usuallywith a peripheralpredominance

n Exclusion obther knowncauses otosinophilidungdisease

Crowe et al. Therapeutics and Clinical Risk Management 2019;15: 397. Suzuki et al. Allergology International 2019; 68: 413.



Pathogenesis of hypereosinophilia in HES

Increased presence of
eosinophilopoietic factors driving
polyclonal eosinophil expansion

IL-5

Somatic mutation driving
clonal eosinophil expansion

IL-SR IL-5R

>
102

GATA XBP!

PU GM-CSF
C/EBP IL-S :
Bone marrow Siglec-F

IL-3

CCR3

Familial hypereosinophilia: mapped
to cytokine gene cluster 5931-¢33 UNKNOWN



Lymphoid variant HES

Lymphocyte phenotyping Intracellular cytokines (FC)
105 1 33.8% 24.6% [LYMPHOS CD3-CD4+]
- " 5038,
- I TCR gene rearrangement pattern (PCR)
1 » 1%
5 - \ 14002 \
8 . :\ ‘: "J':' I : 6600 | |
o AME //m, - monoclonal
. . | .' 33'0% y T ’ ; J::;;—_ﬂ\/—‘ 522':‘164 :
a@ e e 10t 08 T e W e e
CD4 FITC-A
Suspect in presence of: DIAGNOSIS reached by :
* Predominant cutaneous manifestations * Lymphocyte (T cell) phenotyping
« Serum hypergglobulinemia (IgG, IgM) « PCR/NGS for TCR gene rearrangement pattern
* Angioedema, fasciitis, tenosynovitis « Serum TARC (CCL17) measurement

Cogan et al, New Engl J Med 1994; 330(8):535.



HES variants: pathogenic classification

FIP1L1-PDGFRA
_ Other cytogeneticrearr( PDGF RA/ B, FGFR1, o), mut .
variant HES Constellation of myeloproliferative features

Myeloid

Idiopathic

HES (~70%)

Clonal CD3-CD4+ T cells
_ Other phenotypic abN (CD3+TCRa/b+CD4-CD8-, CD3+CD4+CD7- ...)
variant HES - - -

Constellation of type 2 inflammation markers

Lymphoid




HES variants: clinical classification

Organ- Chronic eosinophilic pneumonia
restricted Eosinophilic dermatitis
disease Eosinophilic gastroenteritis ...

Episodic
angioedema

Gleich’s syndrome
Angioedema, fever !

High IgM with
eosinophilia

Multi-organ
(systemic)
disease




HES variants: overlapping classifications

Lymphoid

Organ- variant HES
restricted

disease ‘

,“4 Myeloid variant
’~ HES
Episodic
angioedema

with V —

eosinophilia

Multi-organ ldiopathic HES
(systemic)

disease



FIP1L1-PDGFRA and lungs

M, 69

Invalidatingcoughsince4 years interferingwith sleepand
daily activitiesincludingmeals(g S Q A0S5K U
Nodyspnea

Routineblood test unremarkableexceptHYPEReosinophilia [ SR
5180/mn?¥ o

PFT:

TLCO/VA 48%educeddiffusion)

RV 191% (hyperinflation)
FEV1/FVC 82,4% (NO obstruction)

Histamine provocation test : PC20 0,5 mg/mb(ked
hyperreactivity
FeNO 7 ppb (normal)

NOresponseo Medrol64 mgdayX X



Chronic invalidating cough and hypereosinophilia

Present case Chung et al. [8] Kobayashi et al. [9] Barker et al. [7] Messie et al. [10]

Sex/age at presentation, years M/65 M/54 M/42 M/55 M/57
Cough

Duration of cough as 4 years 2 years 1 year 7 months 2.5 years

isolated sym
Delay betwe A

eaios] 1Hese patients all had a FIP1L1-PDGFRA fusion gene |, ——

Impact on g d sleep

PFT results Treatment: Glivec (imatinib mesylate) 100 mg/d

Thoracic im

peripheral micro- puUlmonary airways patchy broncho- CInl
nodular infiltrate centric consolidation
Sputum/BAL fluid cytology ND/20% Eo, 26% Neu ND/25% Eo numerous Eo/ND ND/ND ND/ND
Bronchial biopsy ND GCH, Eo stromal GCH, mild-moderate = ND ND
inflammation submucosal Eo
inflammation
Response to ICS NoR NoR PR ND ND

Oral CS: max. dose/response  MPDN 64 mg/NoR PDN 40 mg/PR PDN 30 mg/PR ND ND




Distribution of hypereosinophilic conditions

HES/IgG4RD
2%

HES/EGPA
7%

Lymphocytic HE/HES

Idiopathic HES 6%
46% prs
o Clonal HE/HES

7%

Lefévre et al. on behalf of the French Eosinophil Network CEREO. Presented at the 12t Biennial Symposium of the International Eosinophil Society; Hamilton, ON; July 2023.



Practical Approach to Hypereosinophilia 1

Blood eosinophil count = 1500/ml

Look for known causes of hypereosinophilia
and
Look for eosinophil-mediated complications
oif persistent hypereosinophilia

Features suggesting myeloid Drug history - withdrawal
malignancy on CBC & differential Travel history

Increased neutrophils, monocytes Risk factors for malignancy

Anemia, thrombocytopenia .
Parasite serology

Blasts Assess necessity | oo les f i
Circulating myeloid precursors for urgent ool (blood, _ur|ne) Samples lor parasites
. . Routine blood chemistry
eosinophil-

Serum IgE, vitamin B12, troponin

lowering strategies

Bone marrow aspirate and biopsy Thoracic and abdominal CT-scan
Karyoype EKG, Echocardiogram Underlying disease ?
Cytogenetics (bcr -abl, c-kit) PFT
(other imaging, endoscopic, and
histological investigations as indicated)

NO YES

1. Treat as indicated
2. Add corticosteroids if
rapid eosinophil lowering
is warranted

Follow-up : ensure
eosinophils normalized

/N

Evaluate for HES < NO YES




Practical Approach to Hypereosinophilia 2

Evaluate for HES

Assessment for HES variants

RT-PCR and FISH for F/P
T cell phenotype
PCR for TCR gene rearrangement
BM biopsy and Karyotype

Assessment for eosinophil-mediated HE of
complications if not yet done undetermined

significance
F/Ppos / \ F/Pneg ,7'

.. . . /
Empirical anti-parasitic treatment ~ #

Imatinib Watch and wait if asymptomatic.
100-400 mg/d _ Corticosteroids (CS)
plus Corticosteroids early if 0.5-1 mg/kg/d ; then progressive tapering
cardiac involvement Second-line agents for CS-non-
Tx goal : cytogenetic remission responders and for CS-sparing




Classical treatment options according to disease variant

HES VARIANT

HES VARIANT subset

First line treatment

Second line treatment

Myeloid HES

FIP1L1-PDGFRA+ HES

Imatinib mesylate 100 mg/d
PDN 1 mg/kg first days

Other TKI: dasatinib, nilotinib, sorafenib

AARAAARAARAS

Specialist referral; ASCT

Myeloid/lymphoid
neoplasm with eosinophilia
and PDGFRA, PDGFRB,
FGFR1, or PCM1-JAK2
rearrangement

Chronic eosinophilic
leukemia, NOS

Suspected M-HES

Hematologist referral for
targeted treatment and/or
inclusion in clinical trial

Corticosteroid
(may be refractory)

Hydroxyurea
Imatinib mes 400-800 mg/d
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(Peg-) IFN-alpha H
JAK inhibitors H
[MMF, CPA, AZA, MTX] H
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Lymphoid HES

Idiopathic HES

CD3-CD4+ L-HES

Suspected L-HES

Corticosteroid:

Systemic and topic if
applicable (skin lesions,
bronchial and/or digestive
involvement)

(Peg-) IFN-alpha

JAK inhibitors
Alemtuzumab

[CSA, MMF, CPA, AZA, MTX]

(Peg-) IFN-alpha

Alemtuzumab
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[CSA, MMF, CPA, AZA, MTX]

Taton et al, ERS Monograph: Eosinophilic Lung Diseases. EDU-0302-2020.R1

Imatinib

Interferon-alpha

Hydroxyurea



Interruption of classical treatment options
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Ogbogu et al. J Allergy Clin Immunol 2009;124(6):1319.
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Critical role of IL-5 In eosinophil biology
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Airway epithelial cells
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Eosinophilopoiesis

Pellaia et al. Front Physiol 2019; 10: 1514.



IL-5 (R) as therapeutic targets in eosinophilic disorders

N
\ {
\ Functional responses !

« Differentiation
« Survival
* Priming

Simon et al. Int Arch Allergy Immunol 2020;181:11-23



200622 RCT: Mepolizumab 300 mg for HES
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Roufosse et al, J Allergy Clin Immunol 2020;146:1397.




200622 RCT: Mepolizumab 300 mg for HES

PATIENTS

FLARES

FLARES

Proportion of patients who experienced a flare or
withdrew* during the study period

J

100
® Placebo
o0 P=0.002 ® Mepolizumab
60

40

150% reduction

20 28%

Proportion of patients (%)

Odds ratio (95% CIl) mepolizumab versus placebo:

0.28 (0.12, 0.64); P=0.003

Roufosse et al, J Allergy Clin Immunol 2020;146:1397.

Cumulative number of flares
during the study period

Annualized rate of flares

Cumulative number of flares

| — Placebo

— Mepolizumab 300 mg SC

Weeks since first dose

Adjusted mean rate

0.50

B Placebo
®  Mepolizumab

166% reduction

Rate ratio (95% CI) mepolizumab versus

placebo: 0.34 (0.19, 0.63); P<0.001




FDA Approves First Drug to Treat Group of Rare
Blood Disorders in Nearly 14 Years

For Inmediate Release:  September 25, 2020

Today, the U.S. Food and Drug Administration approved Nucala (mepolizumab) for adults
and children aged 12 years and older with hypereosinophilic syndrome (HES) for six
months or longer without another identifiable non-blood related cause of the disease. The
new indication for Nucala is the first approval for HES patients in nearly 14 years.

*In NOV 2021, the European Medicines Agency (EMA) approved Nucala (mepolizumab) as an
add-on treatment for adult patients with inadequately controlled hypereosinophilic syndrome
without an identifiable non-haematologic secondary cause.



OCS - sparing with anti-1L-5

Mepolizumab 750 mg IV

Prednisone dose at end of study

Rothenberg et al, New Engl J Med 2008; 358(12): 1215.
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200622 Impact of Mepolizumab on Fatigue

< 1500 EOS

1500-2499 EOS
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Mepolizumab 300 mg SC

(n=26)

Rothenberg et al, JACI In Practice 2022; 10(9):2367.
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Anti-IL-5 and HES: Practical approach to treatment

HES VARIANT HES VARIANT subset First line treatment Second line treatment

\

Suspected M-HES Corticosteroid Hydroxyurea Eosinophil-
(may be refractory) Imatinib mes 400-800 mg/d targeted therapy:
(Peg-) IFN-alpha Anti-IL-5
JAKipF" _ - (Anti-IL-5R)
r Qfl A ] (Dexpramipexol)

(Anti-siglec-8)
Qv

Lymphoid HES CD3-CD4+ L-HES Corticosteroid: ?:( ep:/n{g-) IFN-alpha
Systemic a JAK inhibitors
_ applicable (. Alemtuzumab
Suspected L-HES bronchial anc, wrdigesti [CSA, MMF, CPA, AZA, MTX]
L involve
Idiopathic HES Organ_specmc: lu ngs Hydroxyurea

(Peg-) IFN-alpha

Imatinib mes 400-800 mg/d
Alemtuzumab

[CSA, MMF, CPA, AZA, MTX]




Take home messages

Hypereosinophilia can be seen in blood and/or tissues; their presence Iin these
compartments are not necessarily correlated

In most cases, hypereosinophilia is due to a detectable underlying cause, such as an
adverse drug reaction or a parasitic infection

If a common etiology is not found despite thorough evaluation, existence of a
nypereosinophilic syndrome should be considered

A careful search for complications of persistent HE should be conducted, in parallel
with additional testing for HES variants

For FIP1L1-PDGFRA associated HE, Imatinib mesylate is first choice, with a potential
for cure

For all other patients, corticosteroid treatment is often efficacious, but initiation of
eosinophil-targeted therapy (anti-IL-5) should be considered in CS-dependent
patients to reduce morbidity
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CONDITIONS DE REMBOURSEMENT EN BELGIQUE

Nucala est remboursé si le bénéficiaire souffre du
syndrome hyperéosinophilique (HES), est 3gé de 18 ans ou
plus et répond aux € conditions cumulatives:

O

Le bénéficiaire souffre du syndrome hyperéosinophilique
(HES) tel que décrit par les critéres suivants :

° Avoir présenté, a au moins deux reprises par le passé,
une éosinophilie sanguine d’au moins 1500 éosinophiles/pl et/ou
une éosinophilie sanguine d’au moins 1000 éosinophiles/pl associée
a une éosinophilie tissulaire vérifiée par une analyse histologique.

+)

° Présenter au moins une lésion et/ou dysfonctionnement
d’organe ou des tissus attribuable a I'éosinophilie.

+)

° Exclusion d’autres troubles ou conditions pouvant mener
a une hyperéosinophilie, tels que des infections parasitaires
ou des reactions médicamenteuses.

12,

Le bénéficiaire n’est pas atteint d’'une forme de syndrome
hyperéosinophilique impliquant une mutation des génes
PDGFRA ou PDGFRB ou une autre anomalie cytogénétique
impliquée dans I'expansion éosinophilique pouvant étre
ciblée par un traitement spécifique.

3

Le bénéficiaire doit avoir présenté, au moins 3 un moment durant
les 12 mois précédant I'instauration de cette spécialité, un taux
sanguin d’au moins 1000 éosinophiles/pL, et/ou une éosinophilie
tissulaire vérifiée par une analyse histologique.

o

Le bénéficiaire doit avoir présenté au moins 2 poussées de |a
maladie ayant nécessité une adaptation du traitement au cours
des 12 derniers mois précédant I'instauration de Ia spécialité
3 base de mépolizumab.

O

Le bénéficiaire doit en outre répondre 3 au moins
une des conditions suivantes:

o Etre cortico-dépendant ou nécessiter des cures répétées de
corticostéroides. Un bénéficiaire cortico-dépendant est un bénéficiaire
traité avec des corticostéroides oraux a la dose quotidienne de =2 4 mg
méthylprednisolone, ou 2 5 mg prednisolone depuis au moins 6 mois.

° Présenter une contre-indication pour les corticostéroides
systémiques ou nécessiter, pour le contréle de la maladie,
un traitement de fond associé a une toxicité inacceptable
selon le médecin spécialiste traitant.

° Présenter une intolérance avérée ou une réponse insuffisante a
un traitement de deuxiéme ligne (tels que hydroxyurée, interféron
alpha, imatinib).



Diagnostic approach to HES

Hypereosinophilia

PerS|Stent unexplalned Screen for reactive and Drug allerg)’, Parasitic infection, PID,

PCR for FIP1L1-PDGFRA fusion hypereosinophilia paraneoplastic causes Lymphoma, Cancer,

FISH for CHIC deletion Negative Positive Bullous pemphigoid, Ulcerative colitis...
Other cytogenetic assessments <
T-cell phenotyping berioneral biood and bone marg ; Secon.daryh.l
TCR gene rearrangement pattern TR S 3 ypereosinophila
Serum tryptase, TARC 2 ogene
v v v
", . . . . i Immunophenotypically
g oA oemorcenaty || PR
PDGFRB (5033), FGFR1 (8p11), and/or somatic mutations),
JAK2 (9p24), FLT3 (13912), or ABL1 and/or increase in blasts
(9934), excluding BCR-ABL1 in peripheral blood]|(=2) or
bone marrow (=25%)
(Corticosteroid resistanjce) ——
Yes
. . v Yes
Myeloid/lymphoid WHO-deflneq hemgtologllc_: - - — v
neoplasyms i s e neoplasms with eosinophilia Chronic eosinophilic Lymphocyte-
and gene rearrangement (Gt @A Al leukemia, not variant
(eg, PDGFRA, PDGFRB inv(16)/CBFB-MYH11, otherwise specified hypereosinophilia
CSERL. PCML s ALL with t(5;14)/IGH-IL3,
' SM with KIT D816V)

| No

v
A
Drima Idiopathic hypereosinophilia or idiopathic
sereosinonhila hypereosinophilics y ndr ome i f WEL =21.5 x 10
for =2 2 weeks

Adapted from Mattis DM, etal. Am J Clin Pathol. 2020;154(3).



JAK Inhibiteurs for

Tofacitinib or Ruxolitinib

refractory HES?

Blood Blood
Blood eosinophil eosinophil Follow-up
eosinophil count (cells/  count (cells/  period taking Adverse
count (cellsy ~mm’), taking mm?), taking tofacitinib or Cutaneous disease and pruritus effects of
Age, HES mm?), before  prednisone tofacitinib or ruxolitinib before and after tofacitinib or tofacitinib or Prior
Patient  gender duration (y) HES type treatment’ 10 mg daily’  ruxolitinib™* (mo) ruxolitinib monotherapy ruxolitinib treatments
1 29, male 2 L-HES with 2,194 815 438 13 Before: Upper Prednisone
cutaneous Erythematous, edematous respiratory
involvement papules and plaques involving infection
the arms and legs
Severe pruritus
After:
Clear (no skin lesions)
No pruritus
2 61, female 31 L-HES with 2,819 1,714 825 3 Before: None Prednisone,
cutaneous Eczematous dermatitis and lichenified mycophenolate
involvement plaques involving the face, neck, mofetil,
forearms, hands, lower legs, dorsal feet extracorporeal
Moderate pruritus photopheresis
After:
Very mild eczematous
dermatitis involving the face
Mild pruritus
3 44, female 4 Idiopathic HES 2,147 1,325 308 6 Before: Urinary tract Prednisone,
with Erythematous, edematous plaques infection, mycophenolate
cutaneous involving the chest, abdomen, furuncle mofetil,
involvement forearms, lower legs methotrexate
Severe pruritus
After:
Erythema involving the bilateral shins
No pruritus
4 73, female 2 Idiopathic HES 1,936 1,116 88 7 Before: Episode of Prednisone,
with Eczematous dermatitis involving herpes simplex  mycophenolate
cutaneous the head, neck, chest, abdomen, virus mofetil,
involvement back, buttocks, arms, legs (95% reactivation methotrexate,
body surface area) cyclosporine
Severe pruritus
After:
Clear (no skin lesions)
No pruritus
5 52, male 8 Idiopathic HES 1,536 _ 578 9 Before: None Prednisone

with
cutaneous
involvement

Eczematous dermatitis involving
the chest, abdomen, back, arms,
legs (50% body surface area)
Moderate-severe pruritus

After:
Clear (no skin lesions)
No pruritus

King et al, J Investig Dermatol 2017; 137: 951.



JAK inhibitors in L-HES

e CEREO study
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