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Eosinophil
i

Eosinophil

Cytoplasmic
secret ﬂl}’ gramnd

1-3% of total WBC in healthy individuals




Eosinophil degranulation & Granule proteins
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Eosinophil development
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Interleukin (IL)-5 in eosinophil biology

Airway epithelial cells
TSLP, Dendritic cell
IL-25, IL-33

ILC2 o

Eosinophil survival

recruit

Eosinophilopoiesis
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Eosinophil activation
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Eosinophils in health

negative T-cell selection
in thymus

thymocyte clearance

elongation and branching
of ductal tree during
puberty and pregnancy

tissue degradation, repair
and remodeling during cycle,
gestation and labor

immune defence

bone marrow niche for
plasma cells

survival of IgA-producing
plasma cells

postnatal lung alveolarization
innate immune defence
antigen presentation

inhibition of T2 response to allergens

regulation of metabolic function and

obesity _ beige fat developement

- alternatively activated
M2 macrophages
- glucose homeostasis

immune homeostasis and barrier

INtegrity . microbiome control
- mucus production
- Peyer's patch development
- secretory IgA production
- Treg and Th17 balance

tissue repair and regeneration

Homeostasis & protective response

Allergy 2023;78:3077-3102



Cytotoxic effector f luneregulation

uble edged sword

Allergy. 2023;78:1810-1846



Eosinophilia

* Absolute eosinophil count (AEC) > 500cells/uL

- mild: 500 - 1500 cells/uL
- moderate: 1500 — 5000 cells/uL
- severe: > 5000 cells/uL

v Pseudoeosinophilia

« Hypereosinophilia: AEC > 1500 cells/pL

« Hypereosinophilic syndrome
- HE + end organ manifestations a/w eosinophilia

J Allergy Clin Immunol 2018;141:505-517



2k } 22 mEN o9 =y 20 ¥ Y-
I Routine CBC (LMO131-38) =R | Routine CBC (LMD131-38)
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3 | RBC ¥ 3.03 10+6/uL | 3.9-5.5 3 REC ¥ 005
4 | Hemoglobin ¥ 9.6 a/dL 13-17 4 Hemoglabin v 97
5 Hematocrit ¥ 8.5 4 J8-50 E  Hematocrit ¥ 9.0
B | MY 94,1 fL 80-98 B MCY A 98.3
7 | MCH 31.7 pa 27-34 7 MCH 33.2
8 MCHE 33.7 a/dl 32-36 8 MCHC 334
9 Platelet 177 10+3/0L  140-360 9 Platelet 178
10 Diff. Count (LMO141-54) i FEHE 10 Diff. Count (LMOT41-54)
11 Band Neutrophil 5 0-2 11 Band Meutrophil
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Clinical Remarks @ EMIZT}
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mHHER - WB ®; BedBlood Cells (Hb:  11.9  g/dI)
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Definitions

(interval > 1 month)
Name/term Abbreviation Definition and criteria 'I7

Hypereosinophilia HE >1.5 eosinaphils x10°/L peripheral blood on two examinations (interval 22 weeks).?

A —

Tissue HE may or may not be detected.
Tissue hypereosinophilia Tissue HE One or more of the following applies:

a) the percentage of eosinophils in bone marrow section exceeds 20% of all nucleated
cells, and/or

b) a pathologist is of the opinion that tissue infiltration by eosinophils is extensive and/
or

¢) marked deposition of eosinophil granule proteins is found (in the absence or
presence of tissue infiltration by eosinophils)

Hypereosinophilic syndrome HES a) criteria for blood HE fulfilled and:
b) organ damage and/or dysfunction attributable to tissue HE® and:
c) exclusion of other disorders or condition as major reason for organ damage
Tissue-restricted HES® (organ- a) tissue HE but criteria for blood HE not fulfilled and:
restricted HES) b) organ damage and/or dysfunction attributable to tissue H E® and:

c) exclusion of other disorders or conditions as major reason for organ damage

Allergy 2023;78:47-59



Eosinophil-associated diseases and disorders

+[Allergic and Immunologic disorders | +|Infectious disease |

- atopic and related disease - helminth / protozoal infections
- ectoparasite infestation

- primary immunodeficiency

: - fungal infections
- other immunodysregulatory syndromes

- HIV infection
* Rheumatologic disorders  igea-related disease « Hematologic and neoplastic disorders
° Dermatologic disorders Angioedema with eosinophilia - myeloid neoplasm, myeloproliferative disorders

- lymphoma, leukemia

Pulmona ry disorders  Acute/chronic eosinophilic pneumonia

- solid tumors

Gastrointestinal disorders Eosinophilic gastrointestinal disorder - idiopathic hypereosinophilic syndrome
- hypereosinophilia of undetermined significance

[I\/Iedications and toxin-related eosinophilia] e Other

- cholesterol embolism
- hypoadrenalism

- radiation

- serositis

Middleton's Allergy 9t ed. 2020



Eosinophil-associated diseases and disorders

Body System

Disease Manifestations Body System

Disease Manifestations

Integumentary System

Atopic Dermatitis

Contact Dermatitis

Cutaneous T-Cell Lymphoma Rheumatologic
Eosinophilic Cellulitis / Dermatitis (Wells” Syndrome)

Episodic Angioedema with Eosinophilia (Gleich’s Syndrome)

Eosinophilic Granulomatosis with Polyangiitis (Churg-Strauss)
Immunoglobulin G4 Related Disease

Diffuse Fasciitis with eosinophilia

Eosinophilic Fasciitis (Shulman Syndrome)

Eosinophilia Myalgia Syndrome

Eosinophilic Myositis

Bullous Pemphigoid
Pemphigus
Eosinophilic Pustular Folliculitis Infectious Processes
Systemic Sclerosis

Upper Respiratory System

Parasitic Infection (roundworm, hookworm, tapeworm, etc.)
Mycobacterial Infection

Protozoa Infection

Fungal Infection

Viral Infection (HIV, Human T cell Lymphotrophic Virus type 1)

Allergic Rhinitis
Chronic Sinusitis
Chronic Rhinosinusitis with Nasal Polyps

Lower Respiratory System

Aspirin/NSAID Exacerbated Respiratory Disease
Asthma

Allergic Bronchopulmonary Aspergillosis
Eosinophilic Pneumonia

Drug-Induced Eosinophilic Lung Disease

Neoplastic Processes

Myeloid Tumors

- Acute Eosinophilic Leukemia
- Chronic Myeloid Leukemia

Lymphoid Tumors
- Hodgkin’s Lymphoma

Solid Tumors
Mastocytosis

Chronic Obstructive Pulmonary Disease
Lung Transplantation

Cardiovascular System

Eosinophilic Myocarditis Allergic/Immunologic
Cholesterol Crystal Embolism

Gastrointestinal System

Idiopathic Hypereosinophilia

Hyper IgE Syndrome (Job Syndrome)

Omenn Syndrome

Drug Induced Eosinophilia

Drug Induced Hypersensitivity Syndrome (formerly Drug
Reaction with Eosinophilia and Systemic Symptoms)

Eosinophilic Esophagitis
Eosinophilic Gastroenteritis Other

Radiation Exposure

Eosinophilic Gastritis
Eosinophilic Colitis
Eosinophilic Pancreatitis

Endocrine

Adrenal Insufficiency (Addison’s Disease)
Withdrawal of Glucocorticoids
Hypopituitarism

Hemato 2024;5:81-108



| Asthma + Atopic dermatitis » Bullous pemphigoid

Drug reactions including DRESS + Helminth infections

Hypereosinophilic syndromes

@

0

+—— Normal

Eosinophilia

Total eosinophil count (cells per pL)
Typical level of blood eosinophils at presentation

Ann Allergy Asthma Immunol 2018;121:150-155



Hypereosinophilia classification

Variant of HE

Hereditary (familial)
HE

HE of unknown
significance

Secondary (reactive)
HE

Clonal (neoplastic) HE

Abbreviation

HE,

HE ;.

HE

HE,,

Features

Familial clustering, often evidence of a hereditary

immunodeficiency (inborn errors of immunity
with eosinophilia), no evidence of a reactive or
neoplastic underlying disease, and no signs or
symptoms indicative of HES

No known underlying etiology of HE, no positive
family history, no evidence of a reactive or
neoplastic condition or disorder underlying HE,
and no signs or symptoms indicative of HES

Underlying reactive condition or disease that
explains HE, no evidence for a clonal bone
marrow disease that explains HE®; and no signs or
symptoms indicative of HES

Underlying stem cell, myeloid, or eosinophil
neoplasm inducing HE®; no signs/symptoms
indicative of HES

Allergy 2023;78:47-59



Blood
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Etiology

- CH CHerH R 27| (2016F 1&~123)
p ﬁi EGID AEC> 500 cells/uL (n=148)

- mean eo (%): 18.2% = 14.1%
- mean AEC: 2306 + 4952/uL

Mild (<1500/uL) Moderate (1500-5000/uL) Severe (>5000/ul)
(n=97, 65.5%) (n=37, 25%) (n=14, 9.5%)

ABPA
2.7%

EGPA
2.7%

V]
H=s55

HE55(5.79

5] ©

Allergy Asthma Respir Dis 2019;7:142-149



Allergic disease

* Allergic rhinitis/conjunctivitis

Eosinophilic granulomatosis with polyangiitis
« Asthma Allergic bronchopulmonary aspergillosis

 Atopic dermatitis
 Chronic rhinosinusitis (with/without nasal polyps)

Chronic eosinophilic pneumonia

-5 =8, AZ S0 25 &=} (specific IgE)
- LH £ 2 mild eosinophilia



Eosinophilic granulomatosis with polyangiitis

Genetic predisposition

TSLP, GATA3, SOCS1, LPP, TBX3EIM, CDK6, BACH2

- Allergic angiitis granulomatosis

Drugs, Infection, Inhalant antigens

- Churg-Strauss Syndrome

Eosinophilic inflammation

e Systemic necrotizing vasculitis

(small to medium-sized vessel)

- ANCA-associated vasculitis

Asthma age

E osinophilic
pneumonia

- , . »
Eosinophil
Eosmphll

Eosinophilic
Injury
Momneuntls
Eosinophilic Eosinophilic ultlplel
gastroenteritis cardiomyopathy
—

Allergol Int. 2019 Oct;68(4):430-436



Eosinophilic granulomatosis with polyangiitis

Asthma

> 10% blood eosinophilia
Neuropathy, mono or poly
Non-fixed pulmonary infiltrates
Paranasal sinus abnormalities

Extravascular eosinophils (biopsy)

(>4 positive)

American College of Rheumatology, 1990

Small- or medium-vessel vasculitis &

Clinical criteria Obstructive airway disease

Nasal polyps

Mononeuritis multiplex
Laboratory & Blood eosinophil count > 1x10%/liter
biopsy criteria Extravascular eosinophilic predominant
inflammation on biopsy

Positive test for cytoplasmic ANCA or
anti—proteinase 3 antibodies

Hematuria

(>6 scores)

+3
+3
+1
+5
+2

American College of Rheumatology/ European alliance of associations for rheumatology 2022



Allergic bronchopulmonary aspergillosis

« Allergic pulmonary disorder caused by hypersensitivity to
Aspergillus fumigatus

\ h Fow. i Pl WY |
N Wy, o B !
'ﬂ' kﬂ' - ‘ﬁ;’l}i
b 05% O oarg LI
shelaesSiark 7,
.

Clin Chest Med 2022;43:99-125



Pathogenesis

of ABPA

[ Inhalation of A. fimigoius ]

I
[ Asthma, cystic fibrosis ]

| Persistence of 4. fumigarus spores in tracheobronchial tree ]

[ CFTR mutations; SP-A2, MBL, CHIT1 and TLR9 polymorphisms ]

*
Growth of hyvphae
Release of antigens and exoproteases

!

[

Abnormal mucociliary clearance
Adrway epithelial barrier damage

}

Antigen presenting cells

[ Inflammatory mediators ]

!

[ HLA DR2/DRS restriction

)

!

Influx of inflammatory cells ] [ Th2=>>Thl T-cell responses
Early and late phase IL-10, IL-4Ra, and CFTR
reactions mutations

:[ Propagation of inflammation e

J«
*

.

Eosinophils, T-cells, mast cells, neutrophils, airway epithelium
Cvtokines. chemokines, growth factors

-,

v

-

M

» Increased IgE levels (total and A. fimizatus specific)
& Pulmonary eosinophilic inflammation
» Tissue damage (mediated primarily by eosinophils)

Clin Exp Allergy 2013;43:850-7



Rosenberg-Patterson
Criteria (1977)"7

Diagnostic criteria of ABPA

ISHAM ABPA Working
Group Criteria (2013)’

Moditied ISHAM ABPA
Working Group criteria
(2021)71

Asano et al. Criteria
(2021)738

(25-6)

Primary:

1. Episodic bronchial
obstruction (asthma).

2. Peripheral blood
eosinophilia.

3. Immediate skin reac-
tivity to Aspergillus
antigen.

4. Precipitating antibodies
against Aspergillus
antigens.

5. Elevated serum immu-
noglobulin E
concentrations.

6. History of pulmonary
infiltrates (transient or
fixed).

7. Central bronchiectasis.

Secondary:

1. Aspergillus fumigatus in
sputum (repeated cul-
ture or microscopy).

2. History of expectoration
of brown plugs or flecks.

3. Late skin reactivity (Ar-
thus reaction) to Asper-
gillus antigen.

Clin Chest Med 2022;43:99-125

Predisposing conditions:
1. Asthma or CF.
Obligatory:

1. Positive type 1 Asper-
gillus skin test or
elevated IgE antibody
against A. fumigatus.

2. Total Ige>1000 IU/mL (If
all other criteria are
satisfied, a total
IgE<1000 IU/mL is
acceptable).

And =2 of the following:

1. Precipitating antibodies
or lgG against A.
fumigatus.

2. Radiographic opacities
consistent with ABPA.

3. Peripheral blood eosin-
ophilia > 500 cells/uL in
treatment-naive pa-

tients (maybe historical).

Presence of all the
following:

1. Asthma.

2. Aspergillus-specific IgE >
0.35 kUAJL.

3. Serum total IgE > 500 IU/
mL.

And at least 2 of the
following:

1. A. fumigatus specific
IgG = 27 mgAJ/L.

2. Bronchiectasis on CT
chest.

3. Peripheral blood eosin-
ophilia > 500 cells/uL.

1.

10.

Current or previous
history of asthma or
asthmatic symptoms.

. Peripheral blood

eosinophilia
(=500 cells/uL).

. Elevated total serum

IgE levels (=417 IU/mL).
Immediate cutaneous
hypersensitivity or spe-
cific IgE for filamen-
tous fungi.

. Presence of precipitins

or specific 1gG for fila-
mentous fungi.
Filamentous fungal
growth in sputum cul-
tures or bronchial
lavage fluid.

. Presence of fungal hy-

phae in bronchial
mucus plugs.

Central bronchiectasis
on CT.

. Presence of mucus

plugs in central
bronchi, based on CT/
bronchoscopy or
mucus plug expectora-
tion history.

High attenuation
mucus on CT chest.



Chronic eosinophilic pneumonia

« Cough, progressive dyspnea, low-grade fever, weight loss,
wheezing, malaise...

* Rarely develop respiratory failure
* Blood eosinophilia (mean: 30%)+ elevated IgE (>500 1u)

 Diagnosis
- clinical symptoms (lasting > 2 weeks)
- abnormal chest radiographic findings
- eosinophilia in BAL (usually >25%), blood eosinophilia
- exclusion of other known eosinophilic pneumonias

Allergol Int. 2019;68:413-419



Parasite infection

Ingestion of food

7ES = (Clonorchis sinensis) 0| 2 M M 3|

IH S & (Pargaonimus westermani) A= A, B=7A)

7§ 3| = (Toxocara canis) S=2| 7F (&, Efx), MG, 5= UE
A IHE 7t (sparganum) Hl, 7h 72

S 0] S (cysticercus cellulosae) = PN

12 3| % (Anisakis simplex) HiCF= 07|

g o 2 “\ '
b (,*
T T
A A A

Korean J Med 2013;85:469-480



Toxocariasis
QDPDX Toxocara spp.

G L3 larvae migrate
in tissues

Ingestion of
paratenic host

Most infections: asymptomatic
Visceral larva migrans (VLM)
Ocular larva migrans (OLM)

L3 larvae
o5 gmin tissue

Toxocara camis

o) v

Adults in small intestine
of definitive host

~  Foodborne
Y transmission Paratenic host

o Vertical transmission

9 Yo

Ingestion of eggs

Ingestion of eggs
9 Adults in small

intestine of
offspring

&‘ Infective stage

5 Diagnostic stage Embryonated

egg with L3 larva g9




Toxocariasis

AEC> 500cells/uL (2017.1~ 2018.2)

Table 1. Positive rates of toxocariasis and other parasitic infections

in eosinophilia patients by ELISA (n=81) Comparison of characeristics among the diverse parastc nfestations
Infection Ir:;:tﬁzit[i;ej Varcble Toocariasis (1= 26 Clonorchiasis n=2) Paragonimiasis 1=2)
FLY
. Risk factors OR (95% ClI)
No parasite 65.4
Parasites 22 29 .@ Male 21.876 (1.667-287.144)
T. canis pnly -& /0 17.3 .
T canis)c sinensis ,- Preference for raw meat/liver  5.899 (1.004-34.669)
I canistC. sinensis+metacestodes of T. solium 12 A heavy alcohol-drinking habit 8.767 (1.018-75.497)
\Jl. canis}C. sinensis+metacestodes of 7. solium+sparganum 1.2 m e v
C. sinensis 1.2 Total IgE {IU/m 687{0-11,800) 251{120-382) 1113(715-1510)
Metacestodes of T. solium 7.4 =09 n=2) n=1)
C. sinensis+metacestodes of T. solium 3.7 Allergy Asthma Respir Dis 2019;7:142-149

Toxocara canis (dog), Toxocara catis (cat)

Korean J Parasitol 2020:58:413-419



Parasite infection

 Diagnosis
- Ova, biopsy, serology (ELISA), image study

* Treatment

- Paragonomiasis, Clonorchiasis: praziquantel (25mg/kg tid, 2 days)
- Toxocariasis: albendazole (400mg bid, 5-7 days)

- Stronglyoides: ivermectin (200ug/kg, 1-2 days)

(disseminated strongyloidiasis if receiving high-dose corticosteroids)

Korean J Med 2013;85:469-480



Delayed drug hypersensitivity

* T-cell mediated
* Clinically diverse reactions: skin rash, eosinophilia....

TSV S SRS SRS S S S S

FDE !

—— - . i E E : |
MPE DIHS/DRESS ,

SSLR Drug-induced interstitial nephritis i

ﬁ. —

AGEP | : , . :
I — ; ; : : i !
Abacavir hypersensitivity Dr UE'-'ﬂdUCEd
— i : E i i f_up us or
: vasculitis
: : : ; E—

SJS/TEN ' i
DILI 5 | | s a : | | - o
L}

' ' ' ' ' : ' ' ' Front Pharmacol. 2021;12:573573
J Allergy Clin Immunol Pract 2022;10:1155-67




Drug Reaction With Eosinophilia and
Systemic Symptoms (DRESS)

Fever

Edema
— Lymphadenopathy

i 3

DIHS (Japanese Consensus Group)

1. Maculopapular rash developing >3 wk after starting with a limi
number of drugs

Pneumonitis
Rash

2. Prolonged clinical symptoms after discontinuation of the causative d L Myocarditis

3. Fever (>38°C) ﬂ"-”p:f{i‘fs
epnritis

:. Liver abnormalities (ALT >100 U/L) Ao ancredtitis

Leukocyte abnormalities (at least | present) . X : - ,.
a. Leukocytosis (>11 x 10’/L) S i - /
b. Atypical lymphocytosis (>5%) ‘ p AR

¢. Eosinophilia (>1.5 x 10°/L)

6. Lymphadenopathy : J of lﬂ"\ |f \\ Viral

1. HHV-6 reactivation : | | ' reactivation

o The diagnosis is confirmed by the presence of the 7 criteria abx ( l." \ \ e
osinophifiia

(typical DIHS) or of 5 of the 7 (atypical DIHS)

B J |

7 I \—-IJ—De.fayed

' \ | I, l autoimmunity
|

II
|

J Allergy Clin Immunol Pract 2022;10:1155-67



Characteristic Total DRESS SJS/TEN SJS Overlap TEN

S t No. of cases (%) 745 361 (48.5) 384 (51.5) 267 (35.8) 35(4.7) 82 (11.0)
eve re C u a n eo u S Male (%) 49.0 50.1 479 46.8 45.7 524
° Age (y), median (IQR) 56 (35-70) 55 (42-68) 56 (35-70) 54 (33-70) 61 (42-72) 56 (39-70)
a d\le rse rea Ctl ONS  Time interval from first drug intake to symptoms (d), median (IQR)* 18 (11-32) 24 (14-35) 13 (824) _ 12(824) 13 (825) 12 (8-23)
Duration of disease from initial symptoms (d), median I[IQR)f 20 (14-30) 21 (15-31) 20 (14-30) 18 (13-24) 24 (16-41) 34 (21-48)
Route of admission
. Emergency room (%) 51.2 48.6 53.6 52.7 57.1 53.7
Korean SCAR registry Outpatient clinic (%) 332 281 38.1 394 343 36.5
(201 0 ~201 5) Inpatients at the onset (%)* 15.6 233 8.3 7.9 8.6 0.8
Courses after admission
ICU care (%)*" 6.8 4.7 8.9 4.1 14.3 22.0
Recovered (%)*" 8§5.2 92.8 78.1 86.1 714 54.9
Sequelae (%)* 8.2 3.0 13.0 94 114 25.6
Death (%)* 6.6 42 8.9 4.5 17.1 19.5
Total SJS/TEN DRESS Sequelae (%) Mortality (%)
Allopurinol 104 51 53 7 11
Cephalosporins 81 39 42 4 6
Carboxamide antiepileptics 73 29 44 8 1
NSAIDs 64 54 10 13 3
Antituberculous agents 48 9 39 4 8
Penicillins 48 28 20 10 4
Other antiepileptics 41 21 20 10 2
Glycopeptide antibacterials 36 8 28 6 11
Quinolones 30 16 14 13 17
Acetaminophen 24 20 4 21 0
Antineoplastic agents 15 9 6 0 13
Dapsone 15 0 15 13 0
Valproic acid 15 5 10 7 20
Hydantoin antiepileptics 14 8 6 7 0
Carbonic anhydrase inhibitors 11 11 0 27 9

Sulfonamide antibacterial 10 7 3 10 10 J Allergy Clin Immunol Pract 2021;9:929-36




Criterion 1

Criterion 2

Criterion 3

H

ypereosinophilic

Blood hypereosinopehlia

=1.5 Eosinophils = 10%L blood on two
examinations at least 1 mo apart
{in case of life-threatening organ damage, the diagnosis
can be established without second examination )

|
YWes

v

-

e

Tissue hypereosinophelia

Percentage of eosinophils in BM section =20% of
all nucleated cells
AND/OR
Extensive tissue infiltration by eosinophils
(according to pathologist's opinion)
AND/OR

Marked deposition of eosinophil granule proteins
(in the absence or presence of major tissue infiltration by

A

easinophiles)
|

Yeas

syndrome

Consider other
etiologies

Hypereosinophilia
(HE)

Evidence of eusinuphil-mediat?d organ damage or
dysfunction®
I

Yeas

-

Exclusion of other disorders or conditions as major

reason for the observed organ damage

1
Yas

Allergy. 2020;75:3003-3006



L 4

‘ Hypereosinophilic syndrome (HES)

—»

v

Documented or presumed clonal eosinophilic
involvement?®

Cytokine-driven eosinophilia)?

Underlying mechanism of HE unknown
despite thorough etiologic work-up

Positive family history

—®|  Neoplastic HES

— Reactive HES
> Idiopathic HES

—>|  Familial HES

Hematologic Neoplasm
with Confirmed HE (HE,)

¥

Test for Typical Gene Rearrangements and
Driver Gene Mutations detectable in HE,

¥

WHO Diagnosis Based on Genetic Results
Example: PDGFRB-Rearranged Neoplasm

PDGFRA, PDGFRB, FgFRL PCM-JAK2, FLT3...

Define Underlying Hematologic Neoplasm
Example: CMML, CEL, AML, SM, NHL, ....

b o

Demonstrate or Exclude HE-Induced Organ
Dysfunction/Damage: +HES or —-HES

Allergy. 2020;75:3003-3006
Allergy. 2023;78:47-59



Percent Affected J»

Clinical manifestations

Initial

B0 -

Percent Affected

Subsequent

Hypereosinophilic syndrome

Treatment response
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—J CommeteL FIP1L1-PDGFRA

3 Partial (fip 1 like 1-platelet driven
[0 Unknown growth factor receptor o)

] None
J Allergy Clin Immunol 2009;124:1319-25



Idiopathic hypereosinophilia - a multicenter retrospective analysis

T | 73 Clinical Manifestations | iHES N=45, (%) HEus N=28, (%) Description of Clinical Symptoms and/or Organ Dysfunction
otal n=

Cutaneous 11 (48.9) 3(17.9) Urticaria, angioedema, pruritus, rash, vesicle or bullae, nodular and/or mass like lesion

(2010.1~2021.6) . R

Pulmonary 27 (60) 4(14.3) Cough, dyspnea, pleural effusion, sputum, pulmonary infiltration

Gastrointestinal 27 (60) 4 (14.3) Abdominal pain, nausea, vomiting, dyspepsia, diarrhea, colitis, ascites, liver infiltration

Cardiac 6(13.3) 0 (0.0) Chest pain, heart failure, cardiomyopathy, myocarditis, pericardial effusion, endocarditis

Neurologic 6(133) | (3.6) Vertigo, dizziness, neuropathy

Rheumatologic | (2.2) | (3.6) Arthritis, arthralgia, myalgia

Hematologic 20 (44.4) 4(14.3) Anemia, thrombocytopenia, thromboembolism, bone marrow abnormality

Constitutional 10 (22.2) 0 (0.0) Fever, weight loss, malaise, fatigue

45
E | . f a0 B number of patients with iIHES underwent the study B number of patients with HEus underwent the study
Va u atlo n O 40 - B number of patients with iHES with abrormal results B number of patients with HEus with abnormal results

organ involvement

= 31

w

o 25

5 §

T 20 .\\.\

£ N

3 15 §\\

\ 12 12
10 .\\x 10 .
1 MW KDY
{J \ & 1 k 1 \ 1 k 1 k ! 1 & 1 LY ]
Chest CT APCT Echocardiogram EGDS CFs B Cytogenetic study

J Asthma Allergy 2022:15 1763-1771



Treatment response

14% % r
BMCR mPR mNO I Unknown

7

Mumber of patients
e e

[y
k=
T

27.9%

IHES

58.1%

Mumber of patients

1
i | |

Steroid as Hydroxyurea Cyclosporine Reslizumab ~ MMF MTX Steroid as Hydroxyurea MTX Treatment
1st line Tx (n=6) (n=2) (n=2) (n=2) (n=1) 15t line Tx (n=1) (n=1) response
(n=43) (n=15)
95.6% 53.6% 46.4%

J Asthma Allergy 2022:15 1763-1771



Diagnostic approach of eosinophilia

Eosinophilia in peripheral blood

!

Evaluation for secondary causes

History: allergic diseases, medications, dietary habit (especillay raw food), travel history, connective tissue disease,
malignancy
Laboratory test: CBC with differential count, PBS, AEC, liver function test, BUMN/Cr, total IgE, stool exam

and serologic test for parasite (including Tovocara canis), chest X-ray

l ! } !

Mild and/or Moderate Moderate Moderaie to Severe
SEE‘ﬂIIdE]}' E'U'Sil'lﬂphiliﬂ without Eﬂﬁ-i“ﬂph“iﬂ with guginuphi]ia g,uggﬁﬁng
cosinophilia symptoms symptoms myeloid malignancy

Anemia, thrombocytopenia,

AEC follow up after 1 month Evaluation for urgent svmploms blasts or myeloid precursors
= ]S CE—'“E-'].[L Heart and CHE invalvermenis
= thromboembolic events

yes
\'ﬂl M 3"35
Treat with underlying

disease

Evaluation of organ involvement

Fegular follow up: ensure

eosinophils normalized PFT, troponin I, EKG, echocardiogram, Transfer to specialists

abdomen CT (or US), tissue biopsy if indicated
RT-PCR and FISH for FIP1L1-PEGFRA

nﬂrm/ \nnumal

Treat as indicated, conicosteroids
imatinib

Assessment for ensinophils and
organ imvolvement at regular interval

Korean J Med 2017'92:382-386



Basic
Diagnostics

Positive Family

Screen for secondary causes

Infection

Allergy

Drug

Travel

Diatry habit

Connective tissue disease
Malignancy

@

1

e g m e e e

Conventional cytogenetics, RT-PCR and FISH
: PDGFRA, PDGFRB, FGFR1, JAK2, BCR::ABL1
Bone marrow biopsy and karyotype
T cell phenotype

Mo Reactive Condition;

No Signs of Clonal

Eosinophilia »
and: no HES

=i

e

:Cause of HEand 5
i, Pathogenesis : i

Hypereosinophilia (HE)

Disease '

“Underlying  § 3 |

:...0rgan Damage

search for / define 1

;" HE-induced End

-»

Hereditary HE . Familial HES
Familial = HE, i (HES,,)
Secondary HE: |_, Underlying —, | + Secondary HES
(Reactive) HE, Reactive Disease (Reactive) HES,
Primary HE: Myeloid or Stem - + Primary HES
(Neoplastic) HE,, | cell Neoplasm (Neoplastic) HES,,
\
classify according
to WHO criteria
HE of Undetermined , Idiopathic HES
Significance: HE ;g - - , (HES,)

-----------

a) Diagnostic staging
b) Pathology: tissue HE
=» Organ Damage
confirmed

CBC with differential count
Peripheral smear

Liver & Renal function test
EKG/ Echocardiogram

Blood / stool culture Stool exam for parasites

Serologic test for parasite

Serum IgE, vitamin B12, troponin |, tryptase

Thoracic / abdominal CT
PFT

(Other imaging, endoscopic, and histological

investigations as indicated)

Allergy. 2023;78:47-59



Molecule

Target
Inhibition of eosinophils
Eosinophils in
Peripheral blood
Airway/lung tissue
Sputum
BALF
Oesophagus
Duodenum
Bone marrow

Residential lung
eosinophils

Anti-eosinophil biologics

PDGFRA (-) HES (phase 2)
*

HES
a*

Mepolizumab

IL-5

Direct

1

Reslizumab Benralizumab

IL-5

Direct

1

IL5R

Direct

N
Y
y
y
b
1
1
Possible |

Dupilumab

IL4/13Ra

Indirect

L (1)

l
l

?

U

Omalizumab

lgE

Indirect

Tezepelumab

TSLP

Direct

I
H

L

Allergy. 2023;78:3077-3102



* Eosinophilia
- Absolute eosinophil count

. ChFet 9l

Summary

primary, secondary (m/c), idiopathic....
allergic disease, drug, parasite...
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