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Eosinophils in health
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Eosinophilia and hypereosinophilia in disease
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Eosinophilia, Peter Weller



2016 WHO classification of myeloid neoplasms and acute leukemia
Arber DA, et al. Blood. 2016, 127:2391-405

WHO myeloid neoplasm and acute leukemia classification

Myeloproliferative neoplasms (MPN)

Chronic myeloid leukemia (CML), BCR-ABL1+

Chronic neutrophilic leukemia (CNL)

Polycythemia vera (PV)

Primary myelofibrosis (PMF)

PMF, prefibrotic/early stage

PMF, overt fibrotic stage

Essential thrombocythemia (ET)

Chronic eosinophilic leukemia, not otherwise specified (NOS)

MPN, unclassifiable

Mastocytosis

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

Myeloid/lymphoid neoplasms with PDGFRA rearrangement

Myeloid/lymphoid neoplasms with PDGFRB rearrangement

Myeloid/lymphoid neoplasms with FGFR1 rearrangement

Provisional entity: Myeloid/lymphoid neoplasms with PCM1-JAK2

Myelodysplastic/myeloproliferative neoplasms (MDS/MPN)

Chronic myelomonocytic leukemia (CMML)

Atypical chronic myeloid leukemia (aCML), BCR-ABL1−

Juvenile myelomonocytic leukemia (JMML)

MDS/MPN with ring sideroblasts and thrombocytosis (MDS/MPN-RS-T)

MDS/MPN, unclassifiable

Cytology of peripheral blood and bone marrow
Bone marrow biopsy
Cytogenetic and molecular analysis



2022 WHO classification of myeloid neoplasms and acute leukemia

WHO myeloid neoplasm and acute leukemia classification

Myeloproliferative neoplasms (MPN)

Chronic myeloid leukemia (CML), BCR-ABL1+

Chronic neutrophilic leukemia (CNL)

Polycythemia vera (PV)

Primary myelofibrosis (PMF)

PMF, prefibrotic/early stage

PMF, overt fibrotic stage

Essential thrombocythemia (ET)

Chronic eosinophilic leukemia, not otherwise specified (NOS)

MPN, unclassifiable

Mastocytosis

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

Myeloid/lymphoid neoplasms with PDGFRA rearrangement

Myeloid/lymphoid neoplasms with PDGFRB rearrangement

Myeloid/lymphoid neoplasms with FGFR1 rearrangement

Provisional entity: Myeloid/lymphoid neoplasms with PCM1-JAK2

Myelodysplastic/myeloproliferative neoplasms (MDS/MPN)

Chronic myelomonocytic leukemia (CMML)

Atypical chronic myeloid leukemia (aCML), BCR-ABL1−

Juvenile myelomonocytic leukemia (JMML)

MDS/MPN with ring sideroblasts and thrombocytosis (MDS/MPN-RS-T)

MDS/MPN, unclassifiable

changes to the diagnostic criteria of CEL NOS
(1) sustained hypereosinophilia is defined as > 4 weeks
(2) requirement for both clonality and abnormal bone marrow morphology
(3) elimination of increased blasts (≥2% in PB or 5-19% BM as  alternative to clonality.



Case 1

2011, M, 30y
Allergies : penicillin, house dust mite, horses, hay fever

3/2011: DVT vena subclavia en vena axillaris. 

5/2011: eosinophilia, splenomegaly, DVT 

7/2011: Bone marrow cytology: DD reactive - MPN/iHES. DD… to be correlated with cytogenetics, molecular

Normal karyotype (fragile site @ 12q24). FISH 4q12 normal, WGS : no mutations in TKI genes.

01/2012
Hb 11,6 g/dl; WBC 25 109/L, Eosinophils 13 109/L

IgE normal, tryptase 60 (<11 ug/L), Vit B12 > 2000 ng/L

Splenomegaly

01/2012
Hyperviscosity syndrome

Hypertrophic cardiomyopathy and apical thrombus

Left hemiparesis



Case 2

2016. F, 26j
Allergic rhinitis and asthma since 1 y

Progressive SOB, myalgia, skin lesions.

Hb 14g/dl, WBC 21 x 109/L, AEC 9 x 109/L, platelets 335 x 109/L

Cardiac MR: mild LV hypertrophy, diffuse myocardial edema/inflammation; ↑ troponins

Chest CT: airtrapping, otherwise normaal

Skin biopsy: Well’s syndrome versus skin localisation of eosinophilic leukemia

BM-BB: 45% eosinophils, DD… to be correlated with cytogenetics, molecular

CME: 46,XX. FISH 4q12 normaal, no FIP1L1::PDGFRA transcript

IgE ↑ 873 kU/L, ANCA negative, Vitamin B12 526 ng/L (-), tryptase normal



Definition of eosinophilia/hypereosinophilia (HE)

• Peripheral blood
• Eosinophilia: > 0,5 * 109/L
• Hypereosinophilia: > 1,5 * 109/L and eosinophilia > 10%

• severe > 5,0 * 109/L and eosinophilia > 10%
• Sustained elevation: at least two measurements 6m (WHO <2022)/4w (WHO 

2022)/2w apart

• Tissue eosinophilia
• Bone marrow: eosinophils > 20% ANC
• Other tissues: lack of normal reference range, judgement of pathologist
• Often in combination with PB eosinophilia



Approach to eosinophilia & hypereosinophilia (HE)
Hypereosinophilia (HE)

Cause of HE and 
pathogenesis

1.

Hereditary HE
Familial = HEFA

Secondary HE:
(Reactive) HER

Primary HE:
(Neoplastic) HEN

HE of Undetermined
Significance: HEUS

Adapted from Valent et al., J Allergy Clin Immunol. 2012 Sep;130(3):607-612; World Allergy Organ J. 2012 Dec;5(12):174-81; Valent et al., Allergy, 2022 in press



Approach to eosinophilia & hypereosinophilia (HE)
Hypereosinophilia (HE)

Cause of HE and 
Pathogenesis

1.

Secondary HE:
(Reactive) HER

Infections, in particular helminth infections, more rarely
fungal or viral

Allergic and immunological reactions/diseases
allergy and atopy
drug allergy (DRESS)
organ transplant
Allergic Bronchopulmonary Aspergillosis

Skin diseases

Pulmonary diseases
parasitic
eosinophilic pneumonias
allergic bronchopulmonary aspergillosis

Gastrointestinal diseases
IBD
eosinophilic gastroenteritis

Lymphocytic HES (abnormal T-cell populations)

Malignancy (HL, NHL, B-ALL, solid tumors)

Systemic diseases EGPA
SLE and other

Travel history, stool 
exam, Strong. serology

IgE
Drug history
Medical history
Asp precipitins

Aspergillus precipitins
Endoscopy, BAL, biopsy

Flow cytometry

ANCA (~50% sensitivity)
Imaging (lung, heart)
Biopsy



Approach to eosinophilia & hypereosinophilia (HE)
Hypereosinophilia (HE)

Cause of HE and 
Pathogenesis

1.

Secondary HE:
(Reactive) HER

Infections, in particular helminth infections, more rarely
fungal or viral

Allergic and immunological reactions/diseases
allergy and atopy
drug allergy (DRESS)
organ transplant
Allergic Bronchopulmonary Aspergillosis

Skin diseases

Pulmonary diseases
parasitic
eosinophilic pneumonias
allergic bronchopulmonary aspergillosis

Gastrointestinal diseases
IBD
eosinophilic gastroenteritis

Lymphocytic HES (abnormal T-cell populations)

Malignancy (HL, NHL, B-ALL, solid tumors)

Systemic diseases EGPA
SLE and other

Travel history, stool 
exam, Strong. serology

IgE
Drug history
Medical history
Asp precipitins

Aspergillus precipitins
Endoscopy, BAL, biopsy

Flow cytometry

ANCA (~50% sensitivity)
Imaging (lung, heart)
Biopsy

CBC and microscopic
WBC differential
Serum tryptase
Vitamin B12
Abdominal US 
FIP1L1-PDGFRA



Diagnostic approach of hypereosinophilia (HE)
Hypereosinophilia (HE)

Cause of HE and 
Pathogenesis

1.

Secondary HE:
(Reactive) HER

Primary HE:
(Neoplastic) HEN



Diagnostic approach of hypereosinophilia (HE)
Hypereosinophilia (HE)

Cause of HE and 
Pathogenesis

1.

Secondary HE:
(Reactive) HER

Primary HE:
(Neoplastic) HEN

Cytology of peripheral blood and bone marrow
Bone marrow biopsy
Cytogenetic and molecular analysis

CBC and microscopic
WBC differential
Serum tryptase ↑
Vitamin B12 ↑
Abdominal US 



Diagnostic exploration of hypereosinophilia (HE)
Arber DA, et al. Blood. 2016, 127:2391-405

WHO myeloid neoplasm and acute leukemia classification

Myeloproliferative neoplasms (MPN)

Chronic myeloid leukemia (CML), BCR-ABL1+

Chronic neutrophilic leukemia (CNL)

Polycythemia vera (PV)

Primary myelofibrosis (PMF)

PMF, prefibrotic/early stage

PMF, overt fibrotic stage

Essential thrombocythemia (ET)

Chronic eosinophilic leukemia, not otherwise specified (NOS)

MPN, unclassifiable

Mastocytosis

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

Myeloid/lymphoid neoplasms with PDGFRA rearrangement

Myeloid/lymphoid neoplasms with PDGFRB rearrangement

Myeloid/lymphoid neoplasms with FGFR1 rearrangement

Provisional entity: Myeloid/lymphoid neoplasms with PCM1-JAK2

Myelodysplastic/myeloproliferative neoplasms (MDS/MPN)

Chronic myelomonocytic leukemia (CMML)

Atypical chronic myeloid leukemia (aCML), BCR-ABL1−

Juvenile myelomonocytic leukemia (JMML)

MDS/MPN with ring sideroblasts and thrombocytosis (MDS/MPN-RS-T)

MDS/MPN, unclassifiable

Cytology of peripheral blood and bone marrow
Bone marrow biopsy
Cytogenetic and molecular analysis



2022 WHO classification of myeloid neoplasms and acute leukemia

WHO myeloid neoplasm and acute leukemia classification

Myeloproliferative neoplasms (MPN)

Chronic myeloid leukemia (CML), BCR-ABL1+

Chronic neutrophilic leukemia (CNL)

Polycythemia vera (PV)

Primary myelofibrosis (PMF)

PMF, prefibrotic/early stage

PMF, overt fibrotic stage

Essential thrombocythemia (ET)

Chronic eosinophilic leukemia, not otherwise specified (NOS)

MPN, unclassifiable

Mastocytosis

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

Myeloid/lymphoid neoplasms with PDGFRA rearrangement

Myeloid/lymphoid neoplasms with PDGFRB rearrangement

Myeloid/lymphoid neoplasms with FGFR1 rearrangement

Provisional entity: Myeloid/lymphoid neoplasms with PCM1-JAK2

Myelodysplastic/myeloproliferative neoplasms (MDS/MPN)

Chronic myelomonocytic leukemia (CMML)

Atypical chronic myeloid leukemia (aCML), BCR-ABL1−

Juvenile myelomonocytic leukemia (JMML)

MDS/MPN with ring sideroblasts and thrombocytosis (MDS/MPN-RS-T)

MDS/MPN, unclassifiable

changes to the diagnostic criteria of CEL NOS
(1) sustained hypereosinophilia is defined as > 4 weeks
(2) requirement for both clonality and abnormal bone marrow morphology
(3) elimination of increased blasts (≥2% in PB or 5-19% BM as  alternative to clonality.



Diagnostic exploration of hypereosinophilia (HE)
Hypereosinophilia (HE)

Cause of HE and 
Pathogenesis

1.

HE of Undetermined
Significance: HEUS

Secondary HE:
(Reactive) HER

Primary HE:
(Neoplastic) HEN

Hereditary HE
Familial = HEFA

Adapted from Valent et al., J Allergy Clin Immunol. 2012 Sep;130(3):607-612; World Allergy Organ J. 2012 Dec;5(12):174-81; Valent et al., Allergy, 2022 in press



Diagnostic exploration of hypereosinophilia (HE)
Hypereosinophilia (HE)

Cause of HE and 
Pathogenesis

HE-induced End
Organ Damage

1. 2.

Hereditary HE
Familial = HEFA

Familial HES
(HESFA)

Secondary HE:
(Reactive) HER

+ Secondary HES
(Reactive) HESR

Primary HE:
(Neoplastic) HEN

+ Primary HES 
(Neoplastic) HESN

Idiopathic HES
(HESI)

HE of Undetermined
Significance: HEUS

Adapted from Valent et al., J Allergy Clin Immunol. 2012 Sep;130(3):607-612; World Allergy Organ J. 2012 Dec;5(12):174-81; Valent et al., Allergy, 2022 in press



Target organs in HES

• Heart (endomycardial biopsy, TTE, cardiac MRI, troponins)
• Skin (biopsy)
• Lung (imaging, endoscopy, biopsy, BAL)
• Central nervous system
• Gastrointestinal tract



Single organ involvement and PB eosinophilia
HER or HESR ?

• In HES, eosinophils cause organ damage per se, by
infiltration and/or degranulation. 

• In HER, organ pathology induces local as well as PB 
eosinophilia as bystander

• Atopic dermatitis and PB HE
• Pulmonary infiltrates and eosinophilia (PIE)
• Eosinophilic esophagitis
• …



HE: therapy
Hypereosinophilia (HE)

Cause of HE and 
Pathogenesis

1.

Secondary HE:
(Reactive) HER

Primary HE:
(Neoplastic) HEN

HE of Undetermined
Significance: HEUS

Underlying disease, if needed

Underlying disease, always

Follow-up : 
reclassify as HER or HEN or resolution
evolution to organ damage

Anti-IL5 (mepolizumab (Nucala®), reslizumab (Cinqaero®)
Anti-IL5R (benralizumab (Fasenra®)  (difficult asthma)

TKI
Hydroxyurea, IFNa
Allogeneic Stx



Acute therapy for HES
Hypereosinophilia (HE)

Cause of HE and 
Pathogenesis

HE-induced End
Organ Damage

1.

Secondary HE:
(Reactive) HER

+ Secondary HES
(Reactive) HESR

Primary HE:
(Neoplastic) HEN

+ Primary HES 
(Neoplastic) HESN

Idiopathic HES
(HESI)

HE of Undetermined
Significance: HEUS

Acute phase/Emergency

Corticosteroids 
(prednisone 1mg/kg)



HE-induced End
Organ Damage

+ Secondary HES
(Reactive) HESR

+ Primary HES 
(Neoplastic) HESN

Idiopathic HES
(HESI)

Chronic /maintenance therapy for HE and HES
Hypereosinophilia (HE)

Cause of HE and 
Pathogenesis

1.

Secondary HE:
(Reactive) HER

Primary HE:
(Neoplastic) HEN

HE of Undetermined
Significance: HEUS

Underlying disease, if needed

Underlying disease, always

Follow-up : 
reclassify as HER or HEN or resolution
evolution to organ damage

anti-inflammatory : mepolizumab
vs
Myeloid : TKI

Anti-IL5 (mepolizumab (Nucala®), reslizumab (Cinqaero®)
Anti-IL5R (benralizumab (Fasenra®)  (difficult asthma)

TKI
Hydroxyurea, IFNa
Allogeneic Stx



Case 1

2011, M, 30y
Allergies : penicillin, house dust mite, horses, hay fever

3/2011: DVT vena subclavia en vena axillaris. 

5/2011: eosinophilia, splenomegaly, DVT 

7/2011: Bone marrow cytology: DD reactive - MPN/iHES. DD… to be correlated with cytogenetics, molecular

Normal karyotype (fragile site @ 12q24). FISH 4q12 normal, WGS no mutations in TKI.

01/2012
Hb 11,6 g/dl; WBC 25 109/L, Eosinophils 13 109/L

IgE normal, tryptase 60 (<11 ug/L), Vit B12 > 2000 ng/L

Splenomegaly

01/2012
Hyperviscosity syndrome

Hypertrophic cardiomyopathy and apical thrombus

Left hemiparesis

Idiopathic hypereosinophilic syndrome Started on imatinib



Case 1

SART3:PDGFRB   t(5;12)(q32;q23)

karyotype FISH PDGFRB 5q32 Optical genome mapping



Case 2

2016. F, 26j
Allergic rhinitis and asthma since 1 y

Progressive SOB, myalgia, skin lesions.
Hb 14g/dl, WBC 21 x 109/L, AEC 9 x 109/L, platelets 335 x 109/L
Cardiac MR: mild LV hypertrophy, diffuse myocardial edema/inflammation; ↑ troponins

Chest CT: airtrapping, otherwise normaal
Skin biopsy: Well’s syndrome versus skin localisation of eosinophilic leukemia
BM-BB: 45% eosinophils, DD… to be correlated with cytogenetics, molecular

CME: 46,XX. FISH 4q12 normaal, no FIP1L1::PDGFRA transcript

IgE ↑ 873 kU/L, ANCA negative, Vitamin B12 526 ng/L (-), tryptase normal

iHES, most likely reactive or ANCA negative EGPA: tapering corticosteroids (x3), stable w/o steroids
since mepolizumab



CME
L. Michaux, J. De Bie, Q. Van Thillo
J. Cools, E. Lierman, S. Smits, P. Marynen

EU-US Multicenter Cooperative Initiative to Standardize Parameters of Disease and 
Diagnostics for Practice and Clinical Trials in Eosinophil Disorders (led by Peter Valent)

J Allergy Clin Immunol. 2012 Sep;130(3):607-612
World Allergy Organ J. 2012 Dec;5(12):174-81
Allergy, 2022 in press

Thank you



A Phase 3 Study to Evaluate the Efficacy and Safety of Benralizumab in Patients With 
Hypereosinophilic Syndrome (HES) (NATRON)

Invitation
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