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KEY POINTS

� Clinical manifestations in a patient with persistent hypereosinophilia may be related to un-
derlying disease, organ damage and dysfunction provoked by eosinophils, or both. Path-
ologic assessment is key to establishing a direct role for eosinophils in signs and
symptoms, thereby defining a hypereosinophilic syndrome.

� Most patients presenting with hypereosinophilia have an underlying disease or condition
driving polyclonal eosinophil expansion. Many of these conditions are treatable, and the
causal relationship with hypereosinophilia is confirmed when posttreatment eosinophil
counts return to normal. Corticosteroid treatment often effectively reduces eosinophil
counts if the response to specific treatment is delayed or the underlying disease is
untreatable.

� Clonal hypereosinophilia is infrequent but must be identified, because prognosis is poor in
the absence of therapy with the tyrosine kinase inhibitor imatinib mesylate (for FIP1L1-
PDGFRA–positive patients), cytoreductive agents, or allogeneic stem cell transplantation.

� Idiopathic hypereosinophilic syndrome qualifies patients with persistent unexplained hy-
pereosinophilia associated with eosinophil-mediated damage. Most patients respond to
first-line corticosteroid treatment, but use of second-line agents (most commonly hy-
droxyurea and interferon-a) is often necessary to reduce the toxicity of long-term mainte-
nance therapy.
INTRODUCTION

Hypereosinophilia (HE) is not uncommon, and may be discovered in a variety of set-
tings, from the asymptomatic patient undergoing a routine checkup in the general
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practitioner’s office to the patient with acute life-threatening eosinophil-mediated end-
organ damage in the intensive care unit. Between these extremes, the most frequent
situation is that of a symptomatic patient with signs and symptoms of organ and sys-
tem involvement (eg, respiratory, cardiovascular, digestive, neurologic, cutaneous)
presenting to the relevant specialist. The tasks of the physician are to determine
whether the HE itself is contributing to damage and disease manifestations (thereby
defining a hypereosinophilic syndrome [HES]), identify the cause of the patient’s HE
if possible, and finally treat the cause, deleterious hypereosinophilic state, or both.
This article proposes a practical approach to these different facets of HES manage-

ment and has been designed to address questions encountered in routine practice.
Most of what follows concerns the typical symptomatic hypereosinophilic patient
whose life is not in immediate danger, allowing for stepwise investigations followed
by initiation of adapted therapy. Management of patients with acute life-threatening
disease is different, initially focusing on rapid therapeutic control of eosinophilia,
and is addressed in Table 1. The etiologic workup of persistent HE is covered by
Ogbogu and Curtis, and novel therapies for eosinophilic disorders are addressed by
Bochner, both elsewhere in this issue. Furthermore, several recent reviews discuss
HES management with a more classic layout,1–4 and complement the content of
this article.
ASSESSMENT FOR THE PRESENCE OF EOSINOPHIL-MEDIATED COMPLICATIONS

Activated eosinophils are prone to infiltrate various tissues and release a wide array of
mediators, inducing organ or system damage and dysfunction, as developed in detail
by Weller and Akuthota elsewhere in this issue. According to the currently accepted
definition, diagnosis of a HES can be proposed in the presence of documented persis-
tent HE (ie, in routine practice: [1] blood eosinophil count greater than 1.5� 109/L on at
least 2 occasions, ideally at minimum 1month apart, and/or [2] tissue eosinophilia that
is considered excessive by the pathologist) and organ damage or dysfunction attribut-
able to tissue eosinophils.5 The major difference from previous definitions is that iden-
tification of an underlying disease responsible for HE (eg, lymphoma, parasitic
infection) is no longer incompatible with a diagnosis of HES, reflecting that the delete-
rious effects of eosinophils on tissue may be indistinguishable, whatever the cause of
HE. Indeed, an important defining feature that has been maintained over time pertains
to the direct and predominant involvement of eosinophils in organ damage.
When a symptomatic patient is found to have HE, signs and symptoms may be due

to an underlying disease, eosinophils, or both. Establishing that eosinophils are
responsible for clinical manifestations is important in guiding therapeutic decisions,
and requires a thorough and systematic evaluation that can be conducted in the
outpatient clinic in most cases. Hospitalization is indicated in the presence of life-
threatening complications, or if the patient is acutely ill.
A careful clinical examination and routine blood testing are crucial first steps toward

the identification of signs, symptoms, and markers of organ damage and dysfunction.
Findings will guide additional studies, including radiologic and isotopic imaging, en-
doscopies, and biopsies (see Ref.4 and article by Weller and Akuthota elsewhere in
this issue).

Pathologic Assessment for Hypereosinophilic Syndrome

Establishing that eosinophils contribute to disease mostly relies on the ability to
demonstrate their presence in damaged tissues, and all efforts should be made to
do so. Biopsies and fluid sampling for cytology (eg, pleural fluid, bronchoalveolar



Table 1
General management of hypereosinophilic syndrome and treatment of acute life-threatening
presentations

Condition Recommendation Comments

General measures

Management of specific manifestations of eosinophil-mediated damage

� Intravascular/cardiac
thrombus

� Heparin, warfarin,
thrombectomy

� Embolic stroke,
acute arterial
occlusion

� Fibrinolysis

� Heart failure � ACE inhibitor, diuretic
� Structural cardiac
damage (fibrosis)

� Surgery: Valve repair or
replacement, thrombectomy,
endocardectomy,
transplantation

� Eosinophilia should be
controlled

Prevention/treatment of complications of long-term corticosteroid treatment

� Osteoporosis � Calcium, vitamin D supple-
mentation, biphosphonates

� Bone density scan at baseline

� Hypertension � Antihypertensive(s)
� Diabetes � Antidiabetic(s)
� Gastritis, peptic ulcer � Proton pump inhibitor

Acute presentation with life-threatening hypereosinophilic syndrome

� Urgent evaluation
and treatment

� Hospitalisation, intensive care
unit

� Stop all unnecessary medica-
tions (drug allergy, DRESS)

� Initial rapid
evaluation

� Blood sampling
� Thoracic (abdominal) imaging

(radiograph, CT)
� Echocardiogram

� Bone marrow smear/biopsy

� CBC+differential, blood smear,
routine chemistry, troponin,
vitamin B12, tryptase, IgE, IgG,
IgM, ANCA, FISH/PCR for
FIP1L1-PDGFRA, T cell pheno-
typing, TCR rearrangement
studies

� If tests suggest possible MP
disease or lymphoma

� Hemodynamic insta-
bility, hypoxia

� Inotropic support, medical
treatment for heart failure,
mechanical ventilation

� Risk of prior expo-
sure to S. Stercoralis

� Ivermectin 200 microg/kg 2 d � Draw blood for serology (larvae
in stools, BALF)

Eosinophil-lowering therapy

� First-line � Prednisone 15 mg/kg IV � Check for response within 4–6 h
� CS-resistance andMP
features

� Very marked HE (eg,
>100 G/L)

� Imatinib mesylate 400–600 mg

� Vincristine 1–2 mg/m2 IV

� With 1 mg/kg PDN; response
within days

� Few reports, mostly children;
response within hours

� No response to
above

� Initiate second-line agents for
HES

� HLA typing

� See Table 2, idiopathic HES;
eventually combination
therapy

� For future ASCT

Abbreviations: ACE, angiotensin-converting enzyme; ANCA, anti-neutrophil cytoplasmic anti-
bodies; ASCT, allogeneic stem cell transplantation; BALF, bronchoalveolar fluid; CBC, complete
blood count; CS, corticosteroid; CT, computed tomography; DRESS, drug reaction with eosinophilia
and systemic symptoms; FISH, fluorescent in situ hybridization; HE, hypereosinophilia; HES, hyper-
eosinophilic syndrome; HLA, human leukocyte antigen; Ig, immunoglobulin; IV, intravenous; MP,
myeloproliferative; PCR, polymerase chain reaction; PDN, prednisone; Rx, treatment; TCR, T-cell
receptor.
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lavage, stools, ascites, urine, cerebrospinal fluid, synovial fluid) should be guided by
clinical manifestations and by results of blood tests and imaging studies. The pres-
ence of eosinophils or Charcot-Leyden crystals is revealed by appropriate staining
(hematoxylin-eosin, May-Grunwald-Giemsa, Wright-Giemsa). Readily accessible sites
for biopsy include skin and soft tissue (eg, fascia, muscle), lungs, and the upper and
lower digestive tract. Liver, kidney, peripheral nerve, and heart can also be biopsied,
whereas sites less amenable to pathologic assessment include the brain, most of the
small intestine, and large vessels. Hence, in a patient with multiple systemic manifes-
tations, biopsies should first be attempted at the most accessible and safest sites.

Shortcomings of Pathology in the Evaluation of the Hypereosinophilic Patient

Biopsies for HES diagnosis may be disappointing, because of either sampling error or
extensive eosinophil degranulation. For example, eosinophils infiltrating the deeper
layers of the intestinal wall (submucosa, muscularis propria or serosa), will not be
detected in superficial biopsies.6,7 Deeper (or surgical) biopsies may be more
rewarding, but generally, medical imaging will show a thickened and contrast-
enhanced intestinal wall; ascites may suggest serosal involvement. In a hypereosino-
philic patient with abdominal complaints, these indirect signs may be considered
sufficient evidence of eosinophil-mediated digestive involvement.
In other instances, eosinophils that were indeed present in a biopsied tissue may

have largely degranulated before the procedure, leaving behind rare intact cells in
the presence of extracellular granule proteins that escape detection by routine stains.
Positive immunohistologic staining for eosinophil cationic protein (ECP), major basic
protein (MBP),8,9 or eosinophil protein X (EPX),10 conducted by expert hands and inter-
preted carefully, may be sufficient to conclude that a patient has HES. However, to
date it remains unknown as to how long these products remain detectable or whether
their presence can be held responsible for ongoing damage, namely in a treated
patient with normal blood eosinophil counts.
On the other hand, eosinophils may indeed be detected in biopsies within mixed in-

flammatory infiltrates, but their contribution to damage remains uncertain. For
example, in bullous pemphigoid (BP), the major pathogenic mechanism consists in
binding of autoantibodies to basal epidermal cells. Whether nearby eosinophils truly
contribute to local damage through their procoagulant properties remains specula-
tive.11 Similarly, in eosinophilic granulomatosis with polyangiitis (EGPA), it is not clear
whether necrotizing vasculitis is a direct consequence of the eosinophilia that can be
observed within vessel walls or is related to antineutrophil cytoplasmic antibodies.12

By contrast, eosinophils clearly play a role in the pulmonary infiltrates and eosinophilic
cardiomyopathy that complicate the course of this disease.

Evaluation of Eosinophil-Mediated Damage Using Methods Other than Histology

It is noteworthy that, for certain eosinophil-mediated complications, highly specific ab-
normalities shown by imaging studies may be considered sufficient evidence for HES.
Combined endothelial toxicity and procoagulant effects of activated eosinophils are
responsible for characteristic damage involving the heart, brain, and blood vessels.13

Endomyocardial fibrosis, mitral valve entrapment and regurgitation, and intraventric-
ular (often apical) thrombus formation detected by an echocardiogram or cardiac
MRI generally obviate an endomyocardial biopsy in a hypereosinophilic patient.14

The presence of multiple bilateral ischemic brain lesions in watershed areas (best
appreciated using diffusion-weighted imaging combined with MRI)15 or thrombosis
of large vessels16,17 is also characteristic.
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Are There Surrogate or Predictive Markers for Eosinophil-Mediated Damage?

It must be underlined that eosinophils are not necessarily deleterious, and it is well
known that the extent and severity of organ damage are not correlated with the degree
of HE. Thorough evaluation of a hypereosinophilic patient may indeed fail to show the
slightest indication that eosinophils are causing damage.
To spare patients the inconvenience of invasive investigations, efforts have been

made to identify markers that reliably reflect or predict eosinophil-mediated complica-
tions. A recent study has shown that expression of the activation markers CD25,
CD69, and HLA-DR by eosinophils, and serum levels of eotaxin and various cytokines
(interleukin [IL]-5, IL-9, IL-13, IL-17) are comparable in symptomatic patients with HES
and in asymptomatic patients with persistent unexplained and uncomplicated HE
(hypereosinophilia of undetermined significance, or HEUS).

18 Serum levels of eosino-
phil degranulation products may be more promising markers to distinguish quiescent
from activated eosinophils.19 Serum cationic proteins seem to correlate with disease
severity in HES, but their quantification is challenging and unavailable in routine prac-
tice settings. Development of more reliable methods for simultaneous measurement of
ECP, MBP, EPX, and eosinophil-derived neurotoxin is in progress.20
DIAGNOSTIC EVALUATION OF HYPEREOSINOPHILIA

The search for an underlying cause of HE, developed in detail by Ogbogu and Curtis
elsewhere in this issue, is conducted simultaneously with assessment for eosinophil-
mediated damage. In most patients, an underlying disease or condition (eg, drug al-
lergy, parasitic infections, or cancer) is found after clinical examination and a limited
series of relatively routine investigations. When these first-line investigations are nega-
tive, further testing is warranted. Diagnostic evaluation of HE is therefore conducted in
a stepwise manner, first ruling out more common causes, then pursuing with more
elaborate second-line tests to detect rare but specific treatable conditions such as
FIP1L1-PDGFRA–associated myeloid neoplasms. The requirement for bone marrow
biopsy with cytogenetic testing is guided by results of first-line investigations. Indica-
tions include the presence of myeloproliferative features or T-cell abnormalities (clon-
ality, aberrant phenotype), to rule out a (chronic) myeloid neoplasm or T-cell
lymphoma.

Establishing a Link Between a Given Condition or Disease and Hypereosinophilia

Identification of certain causes of HE is straightforward and can be achieved rapidly
and unequivocally. For example, the presence of numerous Strongyloides stercoralis
larvae in stools from a patient who has traveled to an endemic area and has typical
digestive, respiratory, and cutaneous complaints indicates an active parasitic infection
causing HE. This finding should put an end to diagnostic evaluations and prompt
anthelminthic therapy with subsequent evaluation for therapeutic success. Likewise,
detection of a CHIC2 deletion by fluorescent in situ hybridization and/or a FIP1L1-
PDGFRA fusion by polymerase chain reaction in blood or bone marrow of a hypereo-
sinophilic patient is sufficient for diagnosis of myeloid neoplasm and initiation of
imatinib mesylate (IM) before irreversible damage occurs.
In other situations, the cause of HE can be inferred from a characteristic clinical pre-

sentation with a high degree of certainty. Development of a generalized rash associ-
ated with fever and elevated liver enzymes in a patient who has recently initiated
anticonvulsant therapy is more than likely to represent drug reaction with eosinophilia
and systemic symptoms (DRESS) syndrome.21 Five to 8 weeks after the incident, a
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positive lymphocyte transformation test in the presence of the drug in soluble form will
help identify the offending agent in most cases.22,23

Inmany instances, however, etiologicworkup leads theclinician to hypothesize that a
given condition could be driving HE, and proving this assumption may take some time.
Trichinellosis, for example,maypresentwith largely nonspecific clinicalmanifestations,
and resolve spontaneously over a variable period of time. A positive serology does not
necessarily indicateanactive infection, but in theabsenceof analternativediagnosis for
a symptomatic hypereosinophilic patient, treatment for trichinellosis should be admin-
istered, with subsequent evaluation to ensure that eosinophils have dropped durably
and symptoms have disappeared. The time frame for normalization of eosinophil
counts remains undefined, but may be months to years. Similarly, in patients with
drug allergy, it may take weeks or months for HE to regress after drug withdrawal.
In conditions where HE is an uncommon complication, the clinician should also

refrain from drawing hasty conclusions. For example, the discovery of lung cancer
during etiologic workup may or may not be related to HE. The presence of abundant
eosinophils within the tumor biopsy may suggest a causal role, which will only be
confirmed if curative surgery24 or successful chemotherapy/radiotherapy is followed
by normalization of eosinophil counts (or if normal counts are maintained in a patient
who received prior corticosteroid treatment). Investigating the production of eosino-
philopoietic/eosinophilotactic factors, such as IL-5 or granulocyte-macrophage col-
ony stimulating factor by tumor cells, is not feasible in routine practice.24

An increasingly commondiagnostic shortcut is takenwhenabnormal T-cell phenotyp-
ing and T-cell receptor (TCR) gene rearrangement studies are misinterpreted, leading to
the erroneous diagnosis of lymphocytic variant HES (L-HES).25,26 First, T-cell lymphoma
should be suspected and investigated thoroughly in these circumstances. Second, the
relevance of abnormal phenotypes should be exploredwith the help of clinicians and bi-
ologistswith expertise.Only theCD3�CD41 T-cell subset has repeatedly been shown to
overproduce IL-5 in vitro, clearly establishing a direct role in eosinophil expansion.27 For
other phenotypes (eg, CD31CD41CD7�, CD31TCRa/b1CD4�CD8�), or in the presence
of an isolated clonal TCR gene rearrangement pattern, production of eosinophilopoietic
cytokines should be demonstrated before concluding that the patient has L-HES.
TREATMENT OF HYPEREOSINOPHILIC SYNDROMES ASSOCIATED WITH A KNOWN
UNDERLYING CONDITION

In most situations where HE is reactive (secondary) and judged deleterious, systemic
corticosteroid therapy represents the most effective and rapid means of reducing eo-
sinophils. By contrast, primary HE that can accompany various myeloid neoplasms
(including FIP1L1-PDGFRA–associated disease) is typically corticosteroid resistant,
and treatment should target the underlying hematologic disorder or cytogenetic
abnormality.

Decision onWhether to Treat theUnderlying Condition, theHypereosinophilia, or Both

Once a disease causing HE has been identified and a role for eosinophils in at least
part of the clinical manifestations has been established, the most appropriate thera-
peutic strategy must be adopted. In practice, eradicating HE by treating the underlying
condition is a logical, but not always applicable, strategy. Indeed, the condition itself
may or may not warrant treatment; if treated, a response may be observed more or
less rapidly, if at all. Furthermore, HE per se may or may not jeopardize the function
of target organs in the short term; in the latter case, signs and symptoms may or
may not be tolerable. Sometimes, the therapeutic agent(s) used to treat the underlying
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disease may also be effective in reducing eosinophilia. Whether to specifically treat HE
in a specific situation is guided by these considerations, as illustrated in the following
paragraphs describing the approach to selected clinical conditions.
Situations whereby the underlying condition is the major focus of treatment include

most infections (eg, helminth infection, scabies) and cancer. Successful treatment us-
ing agents that have no direct effect on eosinophils typically results in resolution of HE
and accompanying HES.24 If treatment fails (eg, metastatic lung cancer refractory to
chemotherapy), management of the HES with corticosteroids may improve the pa-
tient’s quality of life.28

The approach to drug allergy depends on the clinical presentation and the
complexity of comorbidities and their treatment. Patients with severe, potentially
life-threatening complications of HE, such as DRESS syndrome, cardiomyopathy, or
pulmonary hypersensitivity, should be hospitalized for surveillance and treatment.
Certain drugs are more likely culprits than others (eg, antiepileptics, sulfonamides,
allopurinol, clozapine), and should be withdrawn in all cases. Systemic corticosteroid
treatment may accelerate eosinophil apoptosis and clearance from target organs,
although this strategy may increase the risk of infectious complications.29 For less se-
vere drug reactions in patients on multiple medications, there is time for sequential
withdrawal and/or replacement by compounds with different chemical compositions
while verifying the impact on blood eosinophil levels. The use of drugs considered
essential to the well-being of a patient and causing asymptomatic HE may eventually
be pursued, provided eosinophil-mediated complications are monitored.
Other instances inwhich it is justified towithhold therapydirectedagainst thecondition

causing HE include disorders for which treatment has an unacceptable risk/benefit bal-
anceor isnonexistent. For example,Wells syndromewithmarkedeosinophilia and flame
figures in a skinbiopsywas thepresenting feature of nodalB-cell lymphocytic lymphoma
inanelderly patient.30Becauseof herageand the indolentnature of the hematologicdis-
ease, lymphoma was not treated, and her debilitating eosinophil-mediated cutaneous
condition responded well to oral corticosteroids. Another more complex example is
that of a young patient with congenital CARD9 deficiency complicated by invasive Tri-
chophyton rubrum infection, who developed marked and persistent HE as the infection
progressed, with abundant subcutaneous eosinophilic infiltrates and marked pruritus
(RoufosseF,unpublishedobservation, 2013). Elevatedeosinophil countswereobserved
in 9 of 10 patients with CARD9mutations and dermatophytosis, including this patient,31

suggesting that eosinophil expansion may result from deficient CARD9 signaling or a
T-helper 2 polarized immune response to fungal invasion.No treatment is currently avail-
able for this congenital immunodeficiency, and the benefits of treating HE must be
weighed carefully against the risk of further impairing the immune response.
Finally, certain autoimmune or T-cell–driven disorders associated with HE require

immunosuppressive or cytotoxic therapy that also targets eosinophils. Examples
include T-cell lymphoma, BP, inflammatory bowel disease, and graft-versus-host dis-
ease. Recurrence of HE may herald a disease flare. Management of EGPA has been
reviewed recently32 and is not covered herein.

Specific Management of Myeloid Neoplasms

Most cases of myeloid neoplasm are associated with the FIP1L1-PDGFRA fusion
gene. Because this represents a particularly aggressive form of chronic HE, with
high rates of morbidity and mortality,33 treatment is mandatory, regardless of the clin-
ical presentation. The tyrosine kinase inhibitor (TKI) IM is approved by the Food and
Drug Administration for this indication, and is used as first-line treatment because
practically all patients respond34 (Table 2). Eosinophil counts typically drop within



Table 2
Management of hypereosinophilic syndrome (HES) variants

Condition Recommendation Comments

Eosinophil-lowering therapy

Idiopathic HES

� Initial therapy � PDN 1 mg/kg/d � Dose can be lower if symptoms mild; RR 85%
� Second-line agents (for CS-resistant patients

or those with unacceptable CS-toxicity)
� Hydroxyurea, up to 2 g/d � Response within 2 wk; taper to lower maintenance dose
� IFNa, 1–2 106 U/2d; then increase

to 10–14 106 U/wk
� Progressive dosing to reduce flu-like symptoms; side effects

often dose-limiting; Pegylated-IFN possible option
� Imatinib mesylate 400–800 mg/d � Most effective in CS-refractory patients and/or with MP

features
� Mepolizumab 750 mg IV monthlyb � RR 84% if CS-responsive; not commercialised (compas-

sionate use)
� Alemtuzumab 30 mg IV or sc, 3/wk � Only for very severe cases; induces marked

immunosuppression
� Other agents � Case reports: CSA, MTX, CTX, ARA-C, 2CDA, VCR,

fludarabine
� Treatment-refractory severe HES � ASCT � Only curative treatment for HES

FIP1L1-PDGFRA+ CEL

� Initial therapy � Imatinib mesylate 100–400 mg/d � Eosinophil counts decrease within days in almost all cases
Goal: molecular remission (within weeks to months)

� Cardiac involvement present � PDN 0.5–1 mg/kg/d for first 1–2 wk � To prevent acute heart failure
� Maintenance � Imatinib mesylate 100 mg/d � Lower dosing may be effective (100 mg/wk)
� Imatinib-resistance (primary or secondary) � Expert referral, HLA-typing

� Alternative TKI, ASCT
� High morbidity/mortality; at risk for blastic transformation
� Durable response toTKI unlikely
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Lymphocytic variant HES

� Initial therapy � PDN 0.5–1 mg/kg/d then taper � High RR (90%); maintenance often 10–25 mg/d
� Second-line agents � IFNa: see idiopathic HES � High RR (87%); acts on eosinophils and pathogenic T cells

� CSA 2–5 mg/kg/d � Adapt dose to trough (response rate may be >50%)
� Mepolizumab 750 mg IV monthlyb � RR equivalent to idiopathic HES

� Progression to T cell lymphoma � (R-)CHOP, ASCT � Poor response to classical chemotherapy

Follow-Upa

Idiopathic HES 3–4 mo
6 mo

Monitoring of disease activityc and iatrogenic complications
Once disease has been stabilised with Rx for 18–24 mo

FIP1L1-PDGFRA+ myeloid neoplasm 3 mo
6 mo

See above + Cytogenetic remission (FISH or PCR)
Once cytogenetic remission has been maintained 18–24 mo

Lymphocytic variant HES 3–4 mo
6 mo

See above + T cell phenotyping, abs T cell counts; FDG-PET if
new or evolving lymph node enlargementd

Abbreviations: 2CDA, cladribine; ARA-C, cytarabine; ASCT, allogeneic stem cell transplantation; CEL, chronic eosinophilic leukemia; CS, corticosteroid; CSA, cyclo-
sporin A; CTX, cyclophosphamide; FDG, 18F-fluorodeoxyglucose; FISH, fluorescent in situ hybridization; IFN-a, interferon-a; MP, myeloproliferative; MTX, metho-
trexate; PCR, polymerase chain reaction; PDN, prednisone; (R-)CHOP, (rituximab-) cyclophosphamide-hydroxydaunorubicin-vincristine-prednisone; RR, response
rate; TKI, tyrosine kinase inhibitor; VCR, vincristine.

a Patient must first be stabilised with treatment; during this period and depending on the presentation, the interval between visits is shorter (daily, weekly,
monthly).

b Recent studies in asthma show efficacy of sub-cutaneous and lower dosing regimens.
c Eosinophil counts, chemistry for relevant target organs (troponin, liver enzymes), physical examination, and eventual functional/imaging studies as

appropriate.
d Increased hypermetabolism of lymph nodes, spleen may suggest progression to lymphoma.
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days, and clinical manifestations of reversible damage regress, but disappearance of
the FIP1L1-PDGFRA fusion gene (ie, the goal of therapy) typically takes longer.34

Remission can then be maintained with a lower dose34,35 with regular monitoring for
molecular relapse. Tolerance is generally excellent, and patients are often maintained
in molecular remission for years with continuous treatment. Recent data show that
some patients remain in remission even after prolonged interruption of IM,34 suggest-
ing they may be cured.
Rare cases of FIP1L1-PDGFRA–associated myeloid neoplasm with primary or sec-

ondary resistance to IM have been reported, and switching to other TKIs (nilotinib,
ponatinib, sorafenib) should be attempted, although chances of success are
lower.1,36–38 Such patients should be referred to centers with expertise for allogeneic
stem cell transplantation (ASCT).39

In a small proportion of patients with persistent HE, a chromosomal rearrangement
other than the FIP1L1-PDGFRA fusion is identified or bone marrow blasts are
increased (remaining <20%). These patients meet criteria for chronic eosinophilic leu-
kemia (CEL),5 and should also be referred for appropriate management. Patients with
less common rearrangements involving PDGFRA or PDGFRB and various fusion part-
ners may respond extremely well to IM.40,41

SPECIFIC MANAGEMENT OF LYMPHOCYTIC VARIANT HYPEREOSINOPHILIC
SYNDROME

L-HES is an indolent and benign lymphoproliferative disorder that generally responds
to oral corticosteroid therapy.42 However, patients often require second-line agents
for corticosteroid-sparing purposes (see Table 2). Interferon-a,42 mepolizumab,43

and cyclosporin A42 are the most effective, and isolated responses to hydroxyurea
and alemtuzumab have been reported. Modalities for administering these agents
are discussed in the section on idiopathic HES.
It is essential that patients with L-HES be monitored for the development of periph-

eral T-cell lymphoma, as malignant progression may be observed, generally after
several years of stable disease.27,42 However, the existence of enlarged hypermeta-
bolic lymph nodes should not be interpreted as evidence for malignancy, as this is
relatively frequent in L-HES during the benign phase.42 New or enlarged lymph nodes
developing during treatment should be biopsied to detect lymphoma. Patients who do
develop lymphoma generally fail to respond to conventional chemotherapy with
CHOP (cyclophosphamide-hydroxydaunorubicin-vincristine-prednisone)-like regi-
mens, but can be cured by ASCT.44

TREATMENT OF SYMPTOMATIC AND UNEXPLAINED HYPEREOSINOPHILIA

From a practical standpoint, when eosinophil-mediated organ damage or dysfunction
occurs in the absence of a detectable cause or condition associated with HE (ie, idio-
pathic HES, including organ-restricted eosinophilic disorders), eosinophil-targeted
treatment is justified to control symptoms, restore vital organ function, and prevent
further deterioration with development of irreversible damage. Although controlling
eosinophilia is the therapeutic end point, eosinophils need not necessarily be strictly
maintained within the normal range, and the benefits of tighter eosinophil control
must be weighed against iatrogenic complications of therapy. Indeed, idiopathic
HES is a chronic inflammatory disease, andwith the exception of ASCT none of the cur-
rent treatment options are curative, so theymust be administered on a long-term basis.
Several agents are available for treatment of idiopathic HES, as discussed here and

in Table 2. To limit toxicity and improve tolerance, treatment should be tapered
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progressively to the lowest effective dose once remission is achieved. Disease activity
may fluctuate spontaneously, so it is worthwhile to repeatedly attempt dose tapering
after an initial failure to control disease with low-dose treatment. Combination therapy
with 2 or more agents may allow further dose reductions and decrease toxicity.
Notwithstanding these precautions, regular monitoring for treatment-induced toxicity
is essential, with implementation of preventive and therapeutic measures as appro-
priate (see Table 1).

Corticosteroid Treatment

First-line treatment with an oral corticosteroid is effective in most cases.45 Initial pred-
nisone (PDN) dosing depends on the severity of clinical manifestations and is generally
between 20 and 60 mg/d. Eosinophil counts may drop within hours, and when clinical
remission is achieved treatment can be tapered progressively. Some patients with
organ-restricted disease such as eosinophilic gastroenteritis, chronic eosinophilic
pneumonia, or Wells syndrome experience prolonged remissions after corticosteroid
withdrawal, whereas others flare within days or weeks and require prolonged mainte-
nance treatment. Most patients with multisystem HES also require continuous treat-
ment, with a median daily maintenance dose of PDN of 10 mg.45

In the absence of an initial response to corticosteroid, higher doses can be admin-
istered (eg, 15 mg/kg/d intravenously), but this approach is unlikely to produce a du-
rable decrease in eosinophils, and a second-line agent should be considered without
delay. Patients less likely to respond to corticosteroid include those with features of
myeloproliferative disease (high serum vitamin B12 and/or tryptase levels, anemia,
thrombocytopenia, circulating leukocyte precursors, organomegaly, bone marrow
fibrosis).

Corticosteroid-Sparing Agents and Second-Line Treatment

Patients who fail to respond to corticosteroid or those who experience significant
toxicity with maintenance treatment (PDN >10 mg/d) require second-line agents,
most of which were inspired from the treatment of chronic myeloproliferative neo-
plasms (see Table 2).
The most commonly used and least expensive agent for idiopathic HES is hydroxy-

urea. A prospective study showed that initial combination therapy with relatively high
doses of PDN (1 mg/kg) and hydroxyurea (2 g) controlled disease in 15 of 15 patients;
remission was maintained with hydroxyurea alone (0.5–1 g/d) after progressive
tapering of both compounds.46

Interferon-a is a more expensive and less well tolerated alternative for patients who
do not respond to corticosteroids and hydroxyurea. Roughly half of patients with HES
respond, but treatment is often interrupted because of poor tolerance.45 Besides flu-
like symptoms, side effects that should be monitored include depression, hepatotox-
icity, autoimmunity, and thyroid gland dysfunction. Pegylated interferon may have
equivalent efficacy and be better tolerated, and has been used both as switch-over
treatment from nonpegylated forms of interferon-a and as initial treatment.47

IM is a second-line alternative for corticosteroid-refractory patients and those with
features of chronic myeloproliferative disease.48 Although rare cases have been re-
ported with a dramatic and rapid response, most patients with idiopathic HES fail to
respond at all, and those who do generally require higher doses49 (and more time)
to respond than those with FIP1L1-PDGFRA–positive disease. Dose-related side ef-
fects include rash, cytopenias, fluid retention, and hepatotoxicity. The very few data
available for other TKIs is not promising.50
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Case reports mention use of various immunosuppressive and cytotoxic agents (see
Table 2) to treat idiopathic HES, with variable results. One study showed a high
response rate to the monoclonal anti-CD52 antibody, alemtuzumab, in 10 of 12 pa-
tients with severe refractory disease (9 idiopathic HES, 3 CEL with abnormal cytoge-
netics), but treatment had to be repeated and was associated with opportunistic
infections and secondary malignancy.51

Novel monoclonal antibodies directed against IL-5, such as mepolizumab,52 or its
receptors, such as benralizumab, are extremely promising for idiopathic HES, as
developed by Bochner elsewhere in this issue, but are not yet approved for use other
than in the setting of investigational trials.
Finally, ASCT is an option for patients with treatment-refractory and life-threatening

HES. Reduced intensity conditioning regimens have been administered successfully
to patients with significant disease-related morbidity.53

SUMMARY AND FUTURE CONSIDERATIONS

With the recognition more than 40 years ago that chronic HE could be deleterious and
the subsequent identification of pathogenic mechanisms underlying HE in specific dis-
ease variants, management of patients has improved significantly, resulting in less
morbidity and better survival. However, because most available therapeutic agents
for HES deplete eosinophils through nonspecific mechanisms, long-term iatrogenic
toxicity and treatment-refractory disease remain subjects of concern. This situation re-
flects gaps in our current understanding of pathogenesis in most cases, most obvi-
ously for idiopathic HES but also for L-HES, in which the underlying T-cell disorder
remains poorly characterized.
Future developments toward tailored therapy and better patient outcome include (1)

identification of biomarkers that would reliably distinguish harmful from innocuous eo-
sinophils, to avoid overtreating some patients; (2) identification of biomarkers that
reflect ongoing eosinophil-mediated damage, to adapt treatment to disease activity;
(3) wider access to more targeted eosinophil-specific agents currently in development
for asthma, such as anti–IL-5 (receptor) antibodies, and others (see article by Bochner
elsewhere in this issue); and (4) further understanding of molecular mechanisms and
perturbed signaling pathways driving eosinophilia, for the development of therapy tar-
geting upstream triggers of disease.
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