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	1. Eosinophil-related disorders and
Hypereosinophilic  syndrome (HES)
Tharida Khongcharoensombat, MD
Division of Pediatric Allergy, Immunology
Department of Pediatrics, Faculty of Medicine
King Chulalongkorn Memorial Hospital
19 August 2022
 


	2. Contents
• Biology of  eosinophil
• Eosinophilia
• Definition and classification
• Primary Vs Secondary eosinophilia
• Hypereosinophillic syndrome (HES)
• Definition
• Classification/Variant
• Diagnostic approach
• Treatment
 


	3. Morphology
• Distinctive granules,  as shown by their staining properties with acid dyes
such as eosin.
• Primary granules are round, uniformly electron dense, and
characteristically seen in immature eosinophilic promyelocytes.
• Secondary granules
• Contain highly charged cationic proteins: MBP, EPX, ECP, EDN
• Secretory vesicles are the most abundant and characterized by their
dumbbell-shaped structures.
• Eosinophils also contain varying numbers of lipid bodies, a location for
leukotriene synthesis.
Biology of eosinophil
Paneez Khoury, et al, Middleton’s 9th edition
 


	4. • The life  cycle of the eosinophil is divided into bone marrow, blood, and
tissue phases.
• The most potent growth factors for eosinophils are IL-5, GM-CSF, and IL-3
• Production of eosinophils – transcription factor
• GATA-1 (zinc finger family member)
• PU.1 (ETS family member)
• C/EBP members (CCAAT/enhancer-binding protein family)
Eosinophil lineage development within mouse bone marrow
Paneez Khoury, et al, Middleton’s 9th edition
Valent P, et al. J Allergy Clin Immunol. 2012 Sep;130(3):607-612.e9.
In the bone marrow, committed eosinophil
precursors are recognized by their expression of the
IL-5 receptor IL-5Rα (CD125) and the CCR3.
Loss -> impairs integrity of granules
and reduces survival of eosinophils
BM: Storage time 4.3 days
Blood: HL 8-18 hours
Tissue 2-5 days
 


	5. Eosinophil production
• IL-3,  IL-5, GM-CSF are important for eosinophil proliferation
• IL-5 potently and specifically stimulates eosinophil production in the
bone marrow.
• IL-5 and GM-CSF also delay eosinophil apoptosis and increase their
longevity (up to 14 days)
• Interferon-α: inhibit eosinophil progenitor growth and differentiation
Tissue Distribution
• The tissue eosinophil-to blood ratio is about 100 :1.
• GI (except esophagus), thymus, mammary gland, and uterus
• Diurnal variation: the lowest in morning, highest in evening
Biology of eosinophil
Paneez Khoury, et al, Middleton’s 9th edition
 


	6. Eosinophil – derived  mediator
Biology of eosinophil
Paneez Khoury, et al, Middleton’s 9th edition
 


	7. Primary granules
Specific granules
Lipid  bodies
Ramirez GA, et al. Biomed Res Int. 2018 Jan 28;2018:9095275.
A hallmark of the eosinophil
 


	8. Eosinophils express a  large number of cell surface markers that
support growth, adhesion, chemotaxis, and cell-to-cell interactions.
Cellular features of eosinophils
Liao W, et al. Clin Rev Allergy Immunol. 2016 Apr;50(2):125-39.
 


	9. Mediator release from  eosinophils: degranulation, extracellular traps, and cytolysis.
Simon HU, et al. Int Arch Allergy Immunol. 2020;181(1):11-23.
 


	10. Biology of eosinophil:
Eosinophil  recruitment into the tissue
• Selectin
• Interaction between
eosinophil and
endothelial cell
• Integrin
• ß1 (VCA4)
• ß2 (CD18 family)
• α4β7 binding MAdCAM
at laminar propria,
lymph nodes and
payer͛s patch
• Mac-1 (CD11b/CD18,
αMβ2
IL-4, 13
IL-5, GM-CSF
Eotaxin
The most potent chemoattractants
PAF, LTD4, C5a, CCL11/eotaxin-1 and CCL26/eotaxin-3. Paneez Khoury, et al, Middleton’s 9th edition
 


	11. • The normal  eosinophil count
• Peripheral blood: ranges between 0.05 and 0.5x10⁹ /L (3- 5 % of WBC )
• Vary by age, with higher upper threshold limits seen in infants and toddlers
compared to adolescents and adult.
• Bone marrow: range between 1% and 6%
• GI (except esophagus), thymus, mammary gland, uterus, spleen, lymph nodes
• Diurnal variation: the lowest in morning, highest in evening
• Stress, fever, most bacterial and viral infections, and increased exogenous or
endogenous corticosteroid levels suppress blood eosinophil levels
• Massive and persistent activation resultant fibrosis, thrombosis and severe
organ damage.
• Specific stain: Congo red or those based on granule autofluorescence after
staining with Giemsa or fluorescein isothiocyanate, help to detect tissue
eosinophilia.
Paneez Khoury, et al, Middleton’s 9th edition
Mary Ann Bonilla, Lanzkowsky 6th edition 2016
Valent P, et al. J Allergy Clin Immunol. 2012 Sep;130(3):607-612.e9.
Biology of eosinophil
 


	12. Definition and Classification
•  Blood eosinophilia : > 500 cell/mm3
• Severity of eosinophilia is graded according to the presence of their
absolute number in the circulating
• Mild eosinophilia: 500-1500 cell/mm3
• Moderate eosinophilia: 1500-5000 cell/mm3
• Severe eosinophilia: > 5000 cell/mm3
• Hypereosinophilia (HE) : >1500 cells per microliter on two consecutive
occasions (interval > 1 month) (except when immediate therapy is required
because of HE-related organ dysfunction)
Paneez Khoury, et al, Middleton’s 9th edition
Mary Ann Bonilla, Lanzkowsky 6th edition 2016
Valent P, et al. J Allergy Clin Immunol. 2012 Sep;130(3):607-612.e9.
 


	13. Valent P, et  al. J Allergy Clin Immunol. 2012 Sep;130(3):607-612.e9.
 


	14. Primary and secondary  HE
• Base on the basis of the
underlying mechanisms
driving the eosinophil
expansion
• Primary HE results from
myeloid and stem cell
abnormalities that propagate
the expansion of an eosinophil
clone.
• Secondary HE results from a
diverse group of disease states
that drive the expansion of the
eosinophil population through
increased eosinophilopoietic
cytokine production.
Schwartz JT, et al. Front Immunol. 2018 Sep 3;9:1944.
 


	15. Mary Ann Bonilla,  Lanzkowsky 6th edition 2016
Approach to eosinophilia
 


	16. Reactive eosinophilia
• Disease  states that drive the polyclonal expansion of
eosinophils, typically through the increased production of
cytokines such as IL-3, IL-5, and GMCSF that promote
increased eosinophil production and survival.
• Most cases of pediatric HE have an underlying secondary
etiology.
Schwartz JT, et al. Front Immunol. 2018 Sep 3;9:1944.
 


	17. Reactive eosinophilia
Leru, Polliana  Mihaela. et al." Clinical and Translational Allergy 9.1 (2019): 1-9.
 


	18. • Allergic rhinitis
•  Nasal eosinophilia indicator of clinical response
INS
• Atopic dermatitis
• Severe AD; eosinophil may > 1,500 cell/uL
• Consider PID, HES
• Disease activity correlates with eosinophil
granule proteins in blood and urine.
• Asthma
• Th2 – biologic targeting
• Eosinophil in airway correlate with mucus plug
on CT scans
• Blood eosinophilia rarely exceeds 1500 cells/µL
in asthma
• If more pronounce eosinophilia: EGPA, chronic
eosinophilic pneumonia, ABPA
Allergic diseases, including asthma, is typically
mild (<1000 cells/microliter of blood)
Paneez Khoury, et al, Middleton’s 9th edition
Roufosse F, et al. J Allergy Clin Immunol. 2010 Jul;126(1):39-44.
 


	19. • Nonallergic rhinitis  with eosinophilia
syndrome (NARES)
• Nasal eosinophil, present with nasal
polyps in the absence of allergic
symptoms, elevated IgE, or specific IgE
to aeroallergens
• Chronic sinusitis
• In adult, chronic sinusitis correlates with
blood eosinophilia and indicated
extensive disease.
• CRSwNP
• Eosinophilia in airway
• Asthma, AFRS, EGPA
Allergic diseases, including asthma, is typically
mild (<1000 cells/microliter of blood)
Paneez Khoury, et al, Middleton’s 9th edition
 


	20. • Hyper-IgE syndrome:  AD-HIES, DOCK8,
PGM-3
• Comel-Netherton syndrome
• Loeys-Dietz
• Omenn syndrome
• Autoimmunity and immune
dysregulation
• IPEX, ALPS
• WAS, X-linked ectodermal dysplasia
with immunodeficiency
Paneez Khoury, et al, Middleton’s 9th edition
 


	21. Navabi B, Upton  JE. et al.Allergy Asthma Clin Immunol. 2016;12:27.
 


	22. Navabi B, Upton  JE. et al.Allergy Asthma Clin Immunol. 2016;12:27.
 


	23. Paneez Khoury, et  al, Middleton’s 9th edition
Schwartz JT, et al. Front Immunol. 2018 Sep 3;9:1944.
Infectious disease
• Absence of blood eosinophilia does not
exclude this possibility.
• Exposure history degree and duration of
eosinophilia, and clinical manifestations
• Factors: host response, anatomical location
of parasite, degree of tissue invasion
• Strongyloides infection
can persist for decades
without apparent symptoms
and can develop into
disseminated, often fatal
disease in patient on
immunosuppressive doses
of glucocorticoid
• ELISA
• Toxocara canis
Scabies, myiasis
 


	24. Butt NM, et  al. Guideline for the investigation and management of eosinophilia. Br J Haematol. 2017 Feb;176(4):553-572.
 


	25. Butt NM, et  al. Guideline for the investigation and management of eosinophilia. Br J Haematol. 2017 Feb;176(4):553-572.
 


	26. Paneez Khoury, et  al, Middleton’s 9th edition
Helminths and Pulmonary Eosinophilia
• Löffler syndrome
• 9 to 12 days after ingestion of Ascaris eggs
• Bloodstream alveoli ascending the airway
esophagus into the small bowel.
• Clinical: Nonproductive cough and burning substernal
discomfort, PE: Rales and wheezing
• Acute symptoms usually subside within 5 to 10 days.
• CXR show transient, migratory, unilateral or bilateral,
nonsegmental densities with indefinite borders
ranging in size from several millimeters to several
centimeters.
• Blood eosinophilia can be absent in the early
symptomatic period but increases in magnitude after
several days of symptoms and resolves over many
weeks.
• Stool examinations are not helpful in establishing the
diagnosis because eggs are not typically present until
2 to 3 months after the pneumonic phase.
 


	27. Paneez Khoury, et  al, Middleton’s 9th edition
Helminths and Pulmonary Eosinophilia
• Paragonimus lung flukes characteristically localize
within the pulmonary parenchyma and elicit
eosinophil-enriched inflammatory reactions.
• Acute pulmonary schistosomiasis
• Clinical: fever, cough, and eosinophilia in a
traveler with a recent history of fresh water
exposure in an area endemic for
schistosomiasis.
• Stool examination and serology may be
negative at the time of clinical presentation but
become positive within 3 to 4 weeks, confirming
the diagnosis.
• Because praziquantel therapy is ineffective in
acute schistosomiasis and can exacerbate
clinical symptoms, treatment should be delayed
until eggs are detected in the urine or stool.
 


	28. Paneez Khoury, et  al, Middleton’s 9th edition
Helminths and Pulmonary Eosinophilia
• Disseminated strongyloidiasis
• Massive larval invasion of the bowel wall
can lead to gram-negative bacillary
bacteremia
• Adult parasites can develop in the bronchial
tree, causing bronchospasm
• Lymphatic filariasis (Wuchereria bancrofti
and Brugia malayi)
• Clinical: nocturnal cough, wheezing, and
dyspnea.
• Laboratory findings include marked blood
eosinophilia, high IgG and IgE antifilarial
antibody titers, and polyclonal elevations of
IgG and IgE.
• Diethylcarbamazine citrate is the treatment
of choice.
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Helminths and GI eosinophilia
• Hookworm infection, ascariasis, and
strongyloidiasis.
• Peripheral eosinophilia is generally mild in
chronic infection and may be absent
entirely.
• Some patients with anisakiasis present with
abdominal pain and allergic symptoms.
Helminths and other organs
• Angiostrongylus cantonensis and
eosinophilic meningitis
• S. haematobium and eosinophilic cystitis
• Trichinella and eosinophilic myositis
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Protozoal infection
• Dientamoeba fragilis, Cytoisospora belli,
and Sarcocystis species
• D. fragilis
• Common cause of traveler’s diarrhea.
• C. belli
• Colonize the normal biliary tract
• A rare cause of diarrhea and
eosinophilia
• Predominantly in immunocompromised
patients
• Lab: Stool exam (trophozoites)
• Sarcocystis: eating cysts in raw or
undercooked meat.
• Fever, myositis, and peripheral
eosinophilia
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Schwartz JT, et al. Front Immunol. 2018 Sep 3;9:1944.
Fungal infection
• Aspergillosis (i.e., allergic bronchopulmonary
aspergillosis)
• Coccidioidomycosis
• Disseminated histoplasmosis
• Mucormycosis
• Cryptococcosis
• Consider in children with chronic lung
disease (asthma, cystic fibrosis)
• Organisms may be absent from cultures and
lung biopsy specimens
• Serologic testing for antibodies against the
organism and specific coccidioidal antigen may
be necessary to make the diagnosis.
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	33. Fungus
Gaur P, et  al. Clin Exp Immunol. 2022 Apr 25:uxac038.
 


	34. Paneez Khoury, et  al, Middleton’s 9th edition
Virus
• Human immunodeficiency virus type 1
(HIV-1)
• Eosinophilia also accompanies
eosinophilic folliculitis in HIV infection.
• Eosinophil counts typically are normal or
decreased in patients with human T
lymphotropic virus type 1 (HTLV-1)
infection.
 


	35. Virus
Gaur P, et  al. Clin Exp Immunol. 2022 Apr 25:uxac038.
 


	36. Bacteria
Gaur P, et  al. Clin Exp Immunol. 2022 Apr 25:uxac038.
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Rheumatologic
• Eosinophilia is not common in connective
tissue diseases but may sometimes
accompany by dermatomyositis,
rheumatoid arthritis, progressive
systemic sclerosis, and Sjögren
syndrome.
• Rheumatoid arthritis
• DDx concomitant vasculitis or
hypersensitivity reactions to therapeutic
agents (NSAIDS, tetracyclines)
• Eosinophilic myositis – rare
• Eosinophil-associated vasculitis
• EGPA
• GPA – rare
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Rheumatologic
• Eosinophilic Granulomatosis With
Polyangiitis (EGPA)
• Characterized by allergic angiitis and
granulomatosis
• Association with asthma and sinusitis
• Criteria for diagnosis
2017
Moderate-to-severe peripheral blood eosinophilia, allergic rhinitis, and asthma
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Rheumatologic
• Eosinophilic Granulomatosis With
Polyangiitis (EGPA) (continue)
• Triphasic illness: prodromal phase
(AR, sinusitis, asthma), blood/tissue
eosinophilia, life-threatening vasculitis
(lung, heart, GI, nervous system, renal)
• Clinical: most common pulmonary
• Lab: leukocytosis, eosinophilia > 10%,
elevated ESR, CRP, variable increase
serum IgE levels, ANCA-AntiMPO <
40% (associated with higher prevalence
of sinus, neurologic, renal involvement)
• HRCT: Air-space consolidation or
ground-glass opacities, septal lines, and
bronchial wall thickening
• Biopsies – dose not require
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Rheumatologic
• Eosinophilic Granulomatosis With
Polyangiitis (EGPA) (continue)
• Treatment
• Induction with high-dose
glucocorticoids
• Combination with cyclophosphamide
or rituximab
• Maintenance regimens include
chronic glucocorticoids, as well as
glucocorticoid-sparing agents such
as azathioprine, methotrexate,
interferon-α, and mycophenolate.
• The anti-IL-5 monoclonal antibody,
mepolizumab, US FDA approved for
EGPA
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Rheumatologic
• Eosinophilia-Associated Myopathies
• Clinical: muscle pain, weakness,
edema – Lab: elevated CRP, ESR
inflammation on imaging studies.
• Biopsies: eosinophils, or their products,
in muscle sections.
• Focal eosinophilic myositis
• Eosinophilic perimyositis
• Eosinophilic polymyositis
• Parasitic infections, malignancies,
connective tissue disorders, and
toxins are the most common causes of
eosinophilia-related myopathies;
• Idiopathic eosinophilic myositis – AR
mutation in calpain 3 (CAPN3): should be
differentiated from limb girdle muscular dystrophies
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Rheumatologic
• Eosinophilic Synovitis
• Idiopathic or seen in tuberculous or
filarial infections, metastatic carcinoma,
after arthrography or irradiation
• Clinical
• Acute, painless monoarthritis that
develops after minor trauma.
• The knee and metatarsophalangeal
joints are most frequently involved
• Swelling rapidly over 12 to 24 hours
and lasting 1 to 2 weeks.
• Effusions are large, no signs of
arthritis such as warmth, erythema,
or pain.
• Peripheral eosinophilia is
uncommon.
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Schwartz JT, et al. Front Immunol. 2018 Sep 3;9:1944
Butt NM, et al. Guideline for the investigation and management of eosinophilia. Br J Haematol. 2017 Feb;176(4):553-572.
Rheumatologic
• Systemic lupus erythematosus
• Inflammatory arthritis
• Polyarteritis nodusa (PAN)
• Medium-sized and small arteritis
• Renal sparing and negative
antineutrophil cytoplasmic antibodies
(ANCA) are useful in differentiating PAN
from other systemic necrotizing
vasculitis
• Eosinophilia is occasionally seen.
• Rheumatoid arthritis (RA)
• 3% of patient with RA
• Mild and transient
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Skin and soft tissue
• Atopic dermatitis
• Allergic contact dermatitis
• Drug hypersensitivity
• Urticarial disorders, and pregnancy-
associated dermatoses (e.g., pruritic
urticarial papules and plaques of pregnancy
[PUPPP]
• Blistering diseases, such as bullous
pemphigoid, pemphigus vulgaris, bullous
morphea, and dermatitis herpetiformis
• Cutaneous T cell lymphoma and Sézary
syndrome
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Skin and soft tissue
• Wells syndrome ( eosinophilic cellulitis)
• Clinical: painful or pruritic, edematous,
erythematous plaque-like lesions that
may progress to blisters or indurated
hyperpigmented plaques.
• Triggers insect bites, skin infections,
and drugs,
• Conjunction EGPA, HES, and
leukemia/lymphoma
• Kimura disease
• Clinical: large subcutaneous masses on
head and neck
• Angiolymphoid Hyperplasia with
Eosinophilia (violaceous firm nodule
smaller and more superficial)
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Skin and soft tissue
• Eosinophilic Pustular Folliculitis (Ofuji
disease)
• Clinical: pruritic papular lesions
• DDx: acne or psoriasis
• Biopsy: mixed eosinophilic and
neutrophilic infiltrates
• Treatment: NSAIDs
• Eosinophilic panniculitis
• Clinical: erythema nodosum
• Biopsy: leukocytoclastic vasculitis,
prominent eosinophil infiltration of
subcutaneous fat with a mixed septal and
lobular pattern
• Can occur in AD, SC injection,
gnathostomiasis, toxocariasis
 


	47. Clinical patterns of  skin diseases with eosinophilia and examples
Radonjic-Hoesli S, et al. Semin Immunopathol. 2021 Jun;43(3):393-409.
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Pulmonary eosinophilia
• Allergic Bronchopulmonary
Aspergillosis (ABPA)
• History of asthma, pulmonary infiltrates,
mucoid impaction, peripheral
eosinophilia, central cylindrical
bronchiectasis
• Elevated IgE and anti-Aspergillus
antigen–specific IgG and IgE
antibodies.
• Histopathologically, 4 major features of
ABPA are
• Asthmatic bronchiolitis
• Eosinophilic pneumonia
• Bronchocentric granulomatosis
• Mucoid impaction of bronchi.
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Pulmonary eosinophilia
• Acute Eosinophilic Pneumonia (AEP)
• Male predominance
• Clinical: Acute onset of cough,
dyspnea, and fever
• Cause: medications, hypersensitivity
reactions to allergens, or adverse
reactions to chemicals or metals, new-
onset cigarette smoking
• Diagnostic criteria: fever, hypoxemic
respiratory failure, diffuse alveolar or
mixed alveolar interstitial infiltrates,
pulmonary eosinophilia (> 25% of BAL
fluid or eosinophils on tissue biopsy)
and rapid response to glucocorticoids.
• Absence of parasitic, fungal and other infection
 


	50. Acute Eosinophilic Pneumonia  (AEP)
• Lab: leukocytosis without blood eosinophilia, although blood eosinophilia
typically develops, peaking at 7 to 9 days after presentation
• Biopsy: diffuse acute and organizing alveolar damage with marked
interstitial eosinophil infiltration, along with infiltration in the bronchial
epithelium.
• Treatment
• Patients with AEP typically respond within 24 to 48 hours to high doses
of glucocorticoids
• Glucocorticoids are often tapered quickly over 8 weeks.
Paneez Khoury, et al, Middleton’s 9th edition
 


	51. Chronic Eosinophilic Pneumonia  (CEP)
• Age > 30 years
• 50%: atopic disease, with asthma being the most common.
• Symptoms are usually present for more than 2 weeks, and the average
time to diagnosis from symptom onset is 7.7 months.
• Clinical
• Common: cough, fever, dyspnea, hypoxemia and significant weight loss.
• < 1/3: sputum production, malaise, wheezing, and night sweats.
• Hemoptysis, fatigue and chills are uncommon, and patients rarely
present with respiratory failure.
Paneez Khoury, et al, Middleton’s 9th edition
 


	52. • Lab
• The  absence of blood eosinophilia does not preclude this diagnosis.
• Eosinophils and lymphocytes are seen in sputum and BAL fluid, with
BAL eosinophil percentage usually exceeding 40%.
• ESR, and serum IgE levels are elevated in most patients.
• Pulmonary function test results may be normal but often show
diminished static lung volumes, expiratory flow rates, and diffusing
capacity
Chronic Eosinophilic Pneumonia (CEP)
Paneez Khoury, et al, Middleton’s 9th edition
 


	53. • Imaging
• CXR:  dense, peripherally located infiltrates, recur in the same locations
• CT: Mediastinal lymphadenopathy
• Histopathologic: moderate to extensive consolidation, alveoli flooded with a
proteinaceous exudate, and a predominantly eosinophilic infiltrate in the alveoli
and interstitium
• Treatment: clinical response to glucocorticoid administration is dramatic,
occurring within 24 hours. (duration > 6 months, relapse is common with taper)
• Resolution
• Blood eosinophilia declines within 12 to 24 hours, and complete resolution of
symptoms for two-thirds of patients occurs within 2 weeks.
• Radiographic improvement may be observed in 60 to 72 hours, and clearance
can be expected to occur within 2 weeks for half of patients.
Chronic Eosinophilic Pneumonia (CEP)
Paneez Khoury, et al, Middleton’s 9th edition
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GI
• Gl involvement with and without
demonstrable tissue eosinophilia is a
frequent clinical manifestation of idiopathic
HES and EGPA.
• DDx EGID with peripheral eosinophilia (
treatment may not require systemic
therapy)
• Cause: drug hypersensitivity, helminth
infection, radiation enteritis, celiac disease,
collagenous colitis, and inflammatory bowel
disease
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Medication
• Emphasis on organs likely to be involved:
skin, lungs, liver, kidneys, and heart.
• When organ dysfunction develops,
discontinuation is recommended.
• Induction of drug tolerance is not helpful.
• Toxic exposures, including occupational
exposures (e.g., rubber manufacturing,
aluminum silicate, particulate metals, sulfite
in vineyards) or other exposures (e.g.,
Scotchgard inhalation), can cause adverse
reactions, most commonly pulmonary
symptoms with eosinophilia.
 


	56. GM-CSF
IL-2
Daptomycin, minocycline and
nitrofurantoin;  cardiac medications;
antiepileptic agents; antipsychotic agents;
including mesalamine, sulfasalazine,
NSAIDs.
Methicillin and other penicillin congeners,
NSAIDs, cimetidine, sulfonamides,
captopril, allopurinol, diphenylhydantoin,
rifampin, ciprofloxacin, aztreonam,
triazolam, warfarin.
• Urine eosinophils are best detected in fresh
urine using Hansel stain.
• Eosinophiluria has a sensitivity of 25% to
40% with a PPV of 3% to 38%
Paneez Khoury, et al, Middleton’s 9th edition
 


	57. Ranitidine, carbamazepine, allopurinol,
clozapine,  GM-CSF, or IL-2 administration,
imatinib (Gleevec)
Minocycline, choline magnesium
trisalicylate, halothane, methoxyflurane,
ranitidine, carbamazepine, phenytoin, and
sulfa antibiotics. Various herbal
preparations, such as red yeast rice
extract
Paneez Khoury, et al, Middleton’s 9th edition
Contaminated l-tryptophan, denatured
rapeseed oil
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Hematologic and neoplastic disorder
• Myeloid Neoplasms
• Rearrangements and deletions in
PDGFRA and PDGFRB
• Rearrangements and/or mutations
involving fibroblast growth factor
receptor 1 (FGFR1) and Janus kinase 2
(JAK2).
• AML: M4Eo subtype and other forms of
eosinophilic leukemia
• CML (often with basophilia) and in
cases of KIT D816V mutation-positive
systemic mastocytosis
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Hematologic and neoplastic disorder
• Lymphoma/leukemia
• Non-Hodgkin/Hodgkin lymphoma,
• Cutaneous T cell lymphomas; mycosis
fungoides and Sézary syndrome
• Presenting sign of pre–B cell ALL
particularly in children.
• Solid Tumors
• Adenocarcinomas of the gastrointestinal
tract and uterus
• Non–small cell lung cancer
• Pancreatic cancer
• Renal cell tumors
• Transitional bladder cell carcinoma
 


	60. Mary Ann Bonilla,  Lanzkowsky 6th edition 2016
Approach to eosinophilia
 


	61. Case presentation
• An  83-year-old female with history of mild persistent asthma (controlled –
on ICS) presented with dyspnea for 3 weeks.
• Initial diagnosis: bronchitis
• Treatment: oral antibiotics and prednisone
• PE: signs of volume overload
• Laboratory investigations: WBC 15.5 x 10⁹/L with 26.7% eosinophils, BNP
1600 ng/L (<450 ng/L), troponin level 12 ng/mL (< 0.4 ng/ml), creatinine
1.6 mg/dL, ESR 60 mm/hr (0-29 mm/hr), CRP 5.13 mg/L (< 3 mg/L)
• EKG showed non-specific ST-T wave changes.
• TTE: EF 35%
• Left heart catheterization showed no significant obstructive lesions.
Khalid F, et al. Am J Case Rep. 2019 Mar 23;20:381-384.
 


	62. • CT chest  showed pulmonary edema, bilateral peripheral ground glass
opacities with pleural effusions
• Diagnosis: NSTEMI and new onset heart failure
• Peripheral ground glass opacities on the CT chest, non-ischemic
cardiomyopathy and eosinophilia raised suspicion for HES.
Khalid F, et al. Am J Case Rep. 2019 Mar 23;20:381-384.
Case presentation
 


	63. • Extensive eosinophilia  workup:
• Negative: HIV antibody, complement level, serum immunoglobulins
including IgG4, serum tryptase, RF, ANA, ANCA, FISH for t(9;22) and
BCR-ABL, peripheral blood PCR for T-cell clonality, fungal antibodies,
parasitic serologies
• Elevated serum IgE level 712 UI/ml (150-300 UI/ml)
• Cardiac biopsy: eosinophilic myocarditis
• Bone marrow biopsy showed 20% eosinophils with a single large T-cell
aggregate without any aberrant T-cell lymphocytes or BCR-ABL fusion
transcript
• Bone marrow FISH study for FIPL1-PDGFRA, ETV6-PDGFRB or other
PDFGRB rearrangements, FGFR1, and PCM-JAK2 was negative
Khalid F, et al. Am J Case Rep. 2019 Mar 23;20:381-384.
Case presentation
 


	64. • Diagnosis: Idiopathic  HES
• Treatment:
• 70 mg of prednisone daily (based on 1 mg/kg) for 1 week
• Dramatic improvement in eosinophil count (>50% drop).
• Slow and cautious tapering of steroid was initiated after 1 week.
• The patient was discharged from the hospital after 12 days with continued
slow tapering of steroids and close follow-up
• Partial recovery of cardiac function on repeat outpatient
echocardiogram with EF improving to 45% after 1 month.
• The patient was able to be taken off steroids completely after 6 months.
Khalid F, et al. Am J Case Rep. 2019 Mar 23;20:381-384.
Case presentation
 


	65. Valent P, et  al. J Allergy Clin Immunol. 2012 Sep;130(3):607-612.e9.
Definition of HES
 


	66. Incidence of HES
•  Epidemiology and End Results (SEER) database from 2004 to 2015
revealed that the age-adjusted incidence rate was approximately 0.4
cases per 1,000,000.
• Usually diagnosed between the ages of 20 and 50.
• FIP1L1-PDGFRA: most common molecular abnormality 23%
• Occurs in approximately 5%–10% or less of patients with idiopathic HE.
• Chronic eosinophilic leukemia, not otherwise specified (CEL, NOS) is
rare.
• In a Mayo Clinic series of 1416 patients (2008-2019) = 1.2%
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148.
 


	67. Variant of HES
Paneez  Khoury, et al, Middleton’s 9th edition
Leru PM. et al. Clin Transl Allergy. 2019 Jul 25;9:36.
- Peripheral eosinophil > 1,500
- Tumors, infections, drugs and
toxins, immune
- Treat u/d condition
- Must be exclude to diagnosis
idiopathic HES
- Single organ disorders
- Peripheral eosinophil > 1,500
- Multisystem involvement
- Not fall into any categories
 


	68. Revised 2016
WHO classification  of
eosinophilic disorders
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148.
Butt NM, et al. Guideline for the investigation and management of eosinophilia. Br J Haematol. 2017 Feb;176(4):553-572.
 


	69. Clinical Manifestations of  HES
• Vary: Nonspecific constitutional
symptoms to life-threatening
endomyocardial fibrosis and
thromboembolic disease.
• Insidious onset
• Only by the incidental finding of an
elevated eosinophil count, or acute
with sudden cardiac or neurologic
complications.
• Diagnosed 20-50 years of age
although HES does occur in the
elderly and in children.
Lymphoid
Myeloid
Paneez Khoury, et al, Middleton’s 9th edition
 


	70. Cardiac involvement
• Major  cause of morbidity and mortality (up to 20%)
• Myocarditis, pericarditis, myocardial ischemia in the setting of eosinophilic
coronary vasculitis, and endomyocardial fibrosis
• Acute stage
• Normal cardiac findings
• Some have prominent subungual and conjunctival splinter
hemorrhages.
• Echocardiographic findings may be normal.
• Serum troponin levels may be elevated early in the disease
process and should be assessed in all patients
Clinical Manifestations of HES
Paneez Khoury, et al, Middleton’s 9th edition
 


	71. Cardiac involvement (continue)
•  Later stages: thrombosis, fibrosis
• Thrombi, scarring causes entrapment of chordae tendineae
• Development of mitral or tricuspid valve regurgitation
• Endomyocardial fibrosis restrictive cardiomyopathy
• Congestive heart failure
• Investigation: Echocardiography and MRI
• Treatment: medical therapies for congestive heart failure, valve
replacement (with bioprosthetic but not mechanical valves because of
the risk of recurrent obstructive thrombosis)
Clinical Manifestations of HES
Paneez Khoury, et al, Middleton’s 9th edition
 


	72. Dermatologic involvement
• The  most common clinical manifestation of HES (> 50%)
• Angioedema, urticaria, erythematous pruritic papules or nodules, Wells
syndrome, cutaneous microthrombi or digital arteritis, oral or genital
mucosal ulceration and lymphomatoid papulosis (PDGFRA-positive
myeloid neoplasm)
• Severe treatment-refractory pruritus with or without rash is also common.
• Biopsies: perivascular infiltration with eosinophils and mild or moderate
neutrophilic and mononuclear infiltrates without vasculitis
Clinical Manifestations of HES
Paneez Khoury, et al, Middleton’s 9th edition
 


	73. Respiratory tract involvement
•  The second most common manifestation of HES.
• Cough, wheezing, dyspnea, or chest pain.
• Other causes of respiratory symptoms: congestive heart failure, pulmonary
emboli, eosinophilic pleural effusions, and eosinophilic lung infiltrates.
• Infiltrates occur in < 25% of HES patients and may be diffuse or focal
• No predilection for any region of the lungs.
• Pulmonary fibrosis may develop over time in some patients
Clinical Manifestations of HES
Paneez Khoury, et al, Middleton’s 9th edition
 


	74. Gastrointestinal tract
• Can  involve one or multiple segments of the intestinal tract
• Liver, gallbladder, pancreas
• Angioedema of the bowel or ischemia related to involvement of the
mesenteric vasculature by thrombosis or vasculitis
• Diffuse eosinophilic hepatitis, focal hepatic lesions, eosinophilic
cholangitis, cholecystitis and pancreatitis
• Budd-Chiari syndrome from hepatic vein
• Rarely, hepatic involvement may lead to cirrhosis.
Clinical Manifestations of HES
Paneez Khoury, et al, Middleton’s 9th edition
 


	75. Neurologic complications
• Transient  ischemic attacks or stroke may be the first sign of HES and
are most common in patients with cardiac involvement.
• Thromboembolic events, encephalopathy accompanied by upper motor
neuron signs, and peripheral neuropathy (50%)
• Mononeuritis multiplex and radiculopathies occur with denervation muscle
atrophy.
• Biopsies of affected nerves: an axonal neuropathy with various degrees of
axonal loss
Clinical Manifestations of HES
Paneez Khoury, et al, Middleton’s 9th edition
 


	76. Investigation: HES
CBC, Bone  Marrow
• Anemia 53%
• Leukocytosis (eg, 20–30 x10⁹ /L)
• Eosinophilia in the range of 30%–70%
• Thrombocytopenia > thrombocytosis (31% vs 16%)
• Peripheral blood or bone marrow neutrophilia, basophilia, myeloid
immaturity, and both mature and immature eosinophils with varying
degrees of dysplasia.
• Marrow findings of Charcot-Leyden crystals and in some cases increased
blasts and marrow fibrosis
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148.
 


	77. Diagnostic approach
• Important  first step - defining the underlying mechanism
• Effective therapy depends upon knowing whether to target the
eosinophils themselves or a secondary condition that is driving
eosinophil production.
• Initial evaluation: history, physical examination to assess the presence
and degree of illness symptoms, including signs of tissue/organ
involvement
• Degree of eosinophilia: rarely useful for identifying the underlying cause
of the eosinophilia
• Mild eosinophilia: more likely to be seen in atopic disease
• Severe eosinophilia (≥100,000 Eos/microL): more likely to be caused
by a myeloid neoplasm Schwartz JT, et al. Front Immunol. 2018 Sep 3;9:1944
 


	78. History
• Prior medical  history
• Recurrent infections, atopy, inflammatory bowel disease, prior
malignancy, or failure to thrive
• Prior eosinophil counts
• Several factors can transiently decrease eosinophil counts (i.e.,
steroids, bacterial or viral infections) causing the appearance of an
eosinophilia that is waxing and waning.
Diagnostic approach
Schwartz JT, et al. Front Immunol. 2018 Sep 3;9:1944
 


	79. • Exposures (dietary,  travel, medications)
• Dietary history
• Ingestion of raw or undercooked meat, particularly wild game meat
that can increase risk for Trichinosis.
• Ingestion of fruits, vegetables, or soil (i.e., a child with pica) possibly
contaminated by dog or cat feces can be a risk factor for
Toxocariasis.
• A history of travel to parasite-endemic areas may also suggest risk
for other parasitic etiologies.(long latent period: strongyloides)
• Symptoms (organ involvement) : fever, weight loss, fatigue, skin rash,
nasal congestion, wheezing, cough, dyspnea, chest pain, dysphagia,
vomiting, loss of appetite, abdominal pain, diarrhea and
arthralgias/myalgias.
Diagnostic approach
Schwartz JT, et al. Front Immunol. 2018 Sep 3;9:1944
 


	80. A careful physical  exam
• Red flag sign: fever, nasal obstruction, abnormal or decreased lung
sounds, skin rashes, abdominal tenderness, hepatosplenomegaly,
lymphadenopathy or joint redness/swelling, AEC ≥ 20,000 cell/mL
Investigation
• If lab unremarkable and have no signs of organ involvement
• Repeat screening with a CBC with differential every 2–6 months to
monitor AEC levels is a reasonable approach.
• If the AEC remains stable and the child remains healthy, repeating the
above testing at 12-month intervals is appropriate.
• The development of new symptoms or an increasing AEC should
prompt more immediate reevaluation. Schwartz JT, et al. Front Immunol. 2018 Sep 3;9:1944
Diagnostic approach
 


	81. Shomali W, et  al. Am J Hematol. 2022 Jan 1;97(1):129-148
• CBC with PBS
• BUN, Cr, LFT +- ESR, CRP
• UA
• EKG, Echo, Troponin
• CXR
• Stool exam, serology
Bone marrow examination
• Acutely ill child with specific
organ involvement and no
clear underlying diagnosis
• Eosinophil count >100,000
eosinophils/microL, or
children with abnormal
features on their peripheral
blood smear
• Flow cytometry
• Immunoglobulin
• Anti HIV
Red flag sign
Diagnostic and treatment algorithm based on the revised 2016 WHO classification of eosinophilic disorders
Cardiac involvement
- may develop insidiously
- not correlated with specific
levels of blood eosinophilia
Close clinical follow-up
 


	82. All cases
Allergy
Skin
Infection
GI
Connective
tissue,
Vasculitis
RS
Hemato
Butt NM,  et al. Guideline for the investigation and management of eosinophilia. Br J Haematol. 2017 Feb;176(4):553-572.
Reactive
eosinophilia
 


	83. Shomali W, et  al. Am J Hematol. 2022 Jan 1;97(1):129-148
M - HES
L - HES
CEL, NOS
Idiopathic
HES
Idiopathic HE
Imatinib (400 mg/day):
may be effective in up to
50% of PDGFR-negative
patients with myeloid
features and should be
considered second line.
 


	84. Treatment
Presumed HES Clinically  stable HES
At least 1 mg/kg of
prednisone or equivalent
Proposed approach to treatment of hypereosinophilic syndromes (HES)
Clinical and hematologic
response to imatinib usually
occurs within 2 to 4 weeks.
* Genetic abnormality known to
cause clonal eosinophilia or 4 or
more of the following:
- dysplastic eosinophils
- serum B12 >737.8 pM (1000
pg/mL)
- serum tryptase >12 ng/mL
- anemia and/or thrombocytopenia
- Splenomegaly
- bone marrow cellularity >80%,
myelofibrosis, spindle-shaped
mast cells >25%.
Eg. Drug hypersensitivity or
chronic helminth infection
-> eosinophilia may take
months to resolve.
Paneez Khoury, et al, Middleton’s 9th edition
Add on steroid if
cardiac involvement
 


	85. Treatment
Resistant to imatinib
•  Nilotinib and dasatinib
(Second-generation tyrosine
kinase inhibitors): some
success in PDGFR-positive
patients.
PDGFR-negative HES
• First-line: steroid
• Second-line agents (up to
30%)
• Hydroxyurea
• interferon α (IFN-α)
Glucocorticoid-resistant HES
Paneez Khoury, et al, Middleton’s 9th edition
 


	86. PDGFRA/B-rearranged neoplasms:
The imatinib  experience
• Rapid induction of molecular remission in imatinib-treated FIP1L1-PDGFRA
positive patients.
• 100-400 mg daily (Some patient require 100–200 mg weekly)
• In Italian prospective cohort (Baccarani M, et al. Haematologica. 2007) (N = 27)
• Complete hematologic response: in all patients within 1 month
• PCR negative for FIP1L1-PDGFRA after a median of 3 months of treatment
• In the largest cohort (Yamada O, et al. Am J Hematol. 1998) (N = 148)
• 1, 5-, and 10-year overall survival rates were 99%, 98%, and 89%, respectively
• Discontinuation of the drug can lead to relapse: after 2-5 month of dose reduction
or discontinuation, 33-57% within a median of 10 month (Rohmer J, et al. Am J
Hematol. 2020)
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148
 


	87. The FDA-recommended
• FIP1L1-PDGFRA
•  Starting dose for patients with the rearrangement is 100 mg daily.
• This dose is sufficient to elicit complete and durable hematologic and
molecular remissions.
• Myeloid neoplasms (usually MDS/MPNs) with eosinophilia and
rearranged PDGFRB
• The recommended dose is 400 mg daily, lowered to 100 mg during
maintenance, which reflects the dose consistently used in several case
series with excellent outcomes.
PDGFRA/B-rearranged neoplasms:
The imatinib experience
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148
Imatinib can effectively suppress the FIP1L1-PDGFRA clone in most patients
Treatment-free remission can be achieved in a minority of patients after its discontinuation.
 


	88. FGFR1-rearranged neoplasms
• Aggressive  course
• Usually terminating in AML or T-ALL in 1–2 years.
• Intensive chemotherapy with regimens such as hyper-CVAD (directed to
treatment of T- or B-cell lymphoma), followed by early allogeneic
transplantation, has been recommended.
• Small molecule inhibitor: limited data
• Midostaurin (PKC412) inhibited the constitutively activated ZNF198-FGFR1
fusion in vitro.
• Ponatinib has mixed clinical activity against the FGFR1 tyrosine kinase.
• BCR-FGFR1-positive trilineage T/B/myeloid mixed phenotype acute
leukemia
• Pemigatinib and futibatinib: case report, ongoing studies
• Resulting in hematological, cytogenetics, and molecular remissions.
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148
 


	89. JAK2-, FLT3-, and  ABL1-rearranged neoplasms
• HSCT should be considered early for suitable candidates.
• Off-label, as a bridge to HSCT
• FLT3/multikinase inhibitors
• Sorafenib, sunitinib, or gilteritinib
• JAK1/JAK2 inhibitor
• Ruxolitinib: ongoing studies
• Prolonged responses to imatinib, dasatinib, or nilotinib have been
observed in patients with ETV6-ABL1 fusions presenting with chronic
phase disease.
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148
 


	90. Treatment of HES  and CEL, NOS:
corticosteroids, hydroxyurea, and interferon-α
Corticosteroids (eg, prednisone 1 mg/kg) are the mainstay of therapy.
• Empiric treatment for Strongyloides stercoralis (eg, with ivermectin)
(while serum antibody testing is pending): prevent steroid-induced
hyperinfection syndrome and disseminated disease
• 85% of these individuals achieving a complete or partial response after
1 month of treatment. (Ogbogu PU, et al. J Allergy Clin Immunol. 2009)
• With symptom control and reduction of the eosinophil count to < 1,500
cell/mm3 corticosteroids can usually be tapered.
• Recrudescence of symptoms, signs of organ damage, and/or significant
increase of the eosinophil count with a prednisone dose > 10 mg daily is
an indication for the addition of other agents.
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148
 


	91. Treatment of HES  and CEL, NOS:
corticosteroids, hydroxyurea, and interferon-α
Hydroxyurea
• Used in conjunction with corticosteroids or in steroid non-responders.
• A typical starting dose is 500–1000 mg daily.
• When hydroxyurea was combined with corticosteroids, the overall
response rate was 69%
• Teratogen
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148
 


	92. Interferon-α (IFN-α)
• Typically  used as a second line-agent in HES, CEL after steroid failures but IFN-
α could be used as initial therapy in patients with contraindications or intolerance
to steroid therapy.
• Response rate 50% (monotherapy) and 75% (combination therapy)
• The optimal starting or maintenance dose of IFN-α has not been well-defined.
(tailored to individual response and tolerability)
• Initiation of therapy at 1 million units by subcutaneous injection three times
weekly (tiw), and gradual escalation of the dose to 3–4 million units tiw or
higher may be required to control HE in some patients
• Side effect: dose-dependent: fatigue and flu-like symptoms, transaminitis,
cytopenias, depression, hypothyroidism, and peripheral neuropathy.
• IFN-α is considered safe in pregnancy
Treatment of HES and CEL, NOS:
corticosteroids, hydroxyurea, and interferon-α
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148
 


	93. Imatinib higher doses  (> 400 mg daily)
• CEL, NOS or HES in selected case
• Hematologic responses in this group are more often partial, short-lived,
and may reflect drug-related myelosuppression.
• Rare complete responses may represent diagnostically occult PDGFRA or
PDGFRB mutations/rearrangements, or other unknown pathogenic
targets.
Treatment of HES and CEL, NOS:
corticosteroids, hydroxyurea, and interferon-α
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148
 


	94. Treatment of lymphocyte-variant  HE
• Corticosteroids
• IFN-α
• Associated with a decrease in the abnormal T cell clones
• IL-5 directed therapy
• Mepolizumab, (IL-5 antibody)
• Did not lead to reduction in the abnormal T cell clones.
• Benralizumab
• Hydroxyurea and imatinib are less likely to demonstrate efficacy in this
L-HES
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148
 


	95. IL-5 directed therapy:
Mepolizumab,  Reslizumab, and Benralizumab
• Regression of constitutional symptoms, eosinophilic dermatologic lesions,
and improvements of FEV1
• Responses have not been predicted by pre-treatment serum IL-5 levels or
presence of FIP1L1-PDGFRA.
Mepolizumab
• Inhibits binding of IL-5 to the α chain of the IL-5 receptor expressed on
eosinophils
• FDA approved: Idiopathic HES (300 mg SC q 4 weeks), EGPA, add-on
in severe eosinophilic asthma
• Decrease daily prednisolone dose and number eosinophil count, reduce
the occurrence of flare
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148
 


	96. Reslizumab
• FDA approved:  severe eosinophilic asthma.
• It has not been evaluated extensively in HES outside of a small phase II
trial that included four patients and case reports.
• In a double-blind, placebo-controlled, randomized trial that enrolled
pediatric subjects with eosinophilic esophagitis, reslizumab
significantly reduced intraepithelial esophageal eosinophil counts,
but symptom improvement was observed in both treatment groups.
IL-5 directed therapy:
Mepolizumab, Reslizumab, and Benralizumab
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148
 


	97. Benralizumab: not currently  approved by the FDA for HES (phase III placebo-
controlled study)
• FDA approved for adults with severe eosinophilic asthma.
• Benralizumab has been evaluated in 20 patients with PDGFRA-negative HES in
a small randomized, double-blind, placebo-controlled, phase 2 trial.
• 9/10 patients: 50% reduction in the AEC at 12 weeks
• 3/10 who receive placebo (p = 0.02)
• Clinical and hematological responses were sustained for 48 weeks in 14 of 19
patients (74%) during the open phase of the trial, and the median duration of
response was 84 weeks.
• The most common adverse events were headache and an elevated LDH
(32%), and resolved within 48 hours.
IL-5 directed therapy:
Mepolizumab, Reslizumab, and Benralizumab
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148
 


	98. Alemtuzumab:
Anti-CD52 monoclonal antibody
•  Idiopathic HES, refractory HES
• Dose: 5–30 mg IV once to three times weekly
• Complete hematologic remission in 10/12 subjects (83%), with 2 patients
achieving a partial remission.
• Side effects: prolonged immunosuppression, limits its use in clinical
practice
• Mepolizumab was recently FDA-approved for patients with idiopathic HES, and
has shown efficacy in decreasing the risk of flares and as a steroid-sparing therapy.
• Others: remain investigational.
• Maintenance therapy is required to sustain responses.
Shomali W, et al. Am J Hematol. 2022 Jan 1;97(1):129-148
 


	99. Prognosis of HES
•  Mean survival was 9 months
• The 3-year survival rate was 12% (myeloid variant)
• Imatinib has dramatically altered outcomes in the subset of patients with
PDGFRA-associated disease
• Poor prognosis
• Steroid-resistant primary myeloid neoplasms
• Extremely high leukocyte counts (> 100,000/uL)
• Presence of peripheral myeloblasts
Paneez Khoury, et al, Middleton’s 9th edition
 


	100. Take home message
•  Eosinophilia: wide range of clinical disorders
• Identification of the underlying cause is essential to guide therapy and
assess prognosis. (primary vs secondary; reactive)
• Corticosteroid, stress, infection cause eosinophil apoptosis.
• M-HES: male, cardiac involvement, splenomegaly, anemia,
thrombocytopenia, F/P mutation, elevated serum tryptase/serum B12,
good response to imatinib
• Treatment: imatinib, FGFR1 inhibitor, JAK2 inhibitor
• L-HES: history of atopy, dermatologic involvement, increase IL-5, increase
serum IgE, increase TARC
• Treatment: steroid, hydroxyurea, IFN-α
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