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Abstract

Purpose of review—Hypereosinophilic syndrome (HES) is characterized by persistent 

hypereosinophilia associated with end-organ damage. As our understanding of the pathogenesis of 

various forms of HES broadens, so does our ability to tailor steroid-sparing therapies for each 

subtype. The purpose of this review is to summarize recent literature related to the etiology, 

diagnosis, and management of HES.

Recent findings—Mutations involved in subsets of HES can guide the choice of tyrosine kinase 

inhibitors beyond just imatinib. Several biologics that target interleukin-5 or its receptor have 

shown beneficial and selective eosinophil reducing effects in clinical trials for asthma and other 

disorders including HES. Early clinical data with emerging therapies such as dexpramipexole and 

anti-Siglec-8 antibody show promise, but need to be confirmed in randomized trials.

Summary—Several new biologics and tyrosine kinase inhibitors have been shown to lower 

eosinophil numbers, but more randomized trials are needed to confirm efficacy in HES.
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INTRODUCTION

Eosinophils are innate immune cells whose likely primary role is to defend against parasitic 

infections. However, they contribute to a number of different disorders including atopic and 

autoimmune diseases (1, 2). Hypereosinophilia (HE) is defined as an elevation of the 

peripheral blood absolute eosinophil count (AEC) greater than 1,500/μL on at least two 

*corresponding author: Telephone No: 312-503-0068, Fax No: 312-503-0078, bruce.bochner@northwestern.edu. 

Conflict of Interest
Dr. Bochner has current or recent consulting or scientific advisory board arrangements with or has received honoraria from Sanofi-
Aventis, TEVA, GlaxoSmithKline, AstraZeneca, and Allakos, and owns stock in Allakos. He receives publication-related royalty 
payments from Elsevier and UpToDate™ and is a co-inventor on existing Siglec-8-related patents and thus may be entitled to a share 
of royalties received by Johns Hopkins University on the potential sales of such products. Dr. Bochner is also a co-founder of Allakos, 
which makes him subject to certain restrictions under University policy. The terms of this arrangement are being managed by the 
Johns Hopkins University and Northwestern University in accordance with their conflict of interest policies.
Melanie C. Dispenza declares that she has no conflict of interest.

Human and Animal Rights and Informed Consent
This article does not contain any studies with human or animal subjects performed by any of the authors.

HHS Public Access
Author manuscript
Curr Hematol Malig Rep. Author manuscript; available in PMC 2019 June 01.

Published in final edited form as:
Curr Hematol Malig Rep. 2018 June ; 13(3): 191–201. doi:10.1007/s11899-018-0448-8.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



separate occasions. This may or may not be associated with tissue eosinophilia as confirmed 

by biopsy (3). The term hypereosinophilic syndrome (HES) is used to describe conditions in 

which the HE is associated with end-organ damage, regardless of the etiology. There are 

several categories of HES (Table 1) that are separated according to etiology. The purpose of 

this review is to update non-allergists on newer developments in the field of HES and its 

treatment, including several new and emerging therapies targeting eosinophils.

Primary HES

Nearly all of the primary forms of HES are caused by neoplastic disorders that directly cause 

eosinophil lineage expansion, such as clonal myeloid or eosinophil disorders.

Secondary HES

Secondary HES is often termed “reactive” HES, in that the expansion of eosinophils is 

driven by cytokines (such as IL-5) produced by other cell types. Eosinophilopoietic 

cytokines may be produced as a result of adverse drug reactions, parasitic infections, 

connective tissue diseases, lymphomas, and certain solid tumors. The lymphocytic variant 

(L-HES) is a subtype of secondary HES in which the IL-5-producing cells are an aberrant 

clonal population of lymphocytes. It is an important subtype to distinguish from others 

because the treatment options differ from other forms of HES (see below). Some cases 

appear to be caused by STAT3 gain of function mutations in T cells (4).

Familial HES

Familial eosinophilia is a rare autosomal dominant disorder defined as the presence of HE 

from birth without any apparent etiology. Oddly, these patients rarely have symptoms, and 

even more rarely progress to HES, likely due to a lack of eosinophil activation (5). A recent 

study has identified IL-5 and IL-5Rα dysregulation together as causes of familial 

eosinophilia in two family cohorts, which may re-categorize familial eosinophilia as a 

subtype of secondary cause if this dysregulation is confirmed in other families as well (6). 

Though most cases of familial eosinophilia had previously been mapped to chromosome 

5q31-q33, the causative mutation for the IL-5 dysregulation is still unknown (7). A 

completely different family cohort with uniquely severe HES and immune dysfunction was 

found to have gain-of-function mutations in JAK1, which had previously been found only as 

a somatic mutation in various malignancies (8).

Idiopathic HES

In some cases, a thorough workup may not reveal a cause of eosinophilia, and a patient is 

diagnosed with idiopathic HES. It should be noted that several studies have shown that a 

significant proportion of patients whom are thought to have idiopathic HES will have either 

mutations in genes involved in cellular function and signaling (especially ASXL1, TET2, 

EZH2, SETBP1, CBL, and NOTCH1) and/or abnormal genetic or morphological findings 

on bone marrow biopsy, and the presence of either of these findings reduces overall 5-year 

survival (9–11). As many of these genes are known to be mutated in the context of several 

solid and/or myeloid cancers, these findings suggest that some cases of ‘idiopathic’ HES are 

in fact due to a limited number of driver mutations. A small portion of these patients 

Dispenza and Bochner Page 2

Curr Hematol Malig Rep. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



eventually develop clonal disorders; however, it is unclear if these patients are simply at 

higher risk for later developing a clonal disorder, or if they in fact already have an 

undetected clonal lymphocyte population at the time of ‘idiopathic’ HES diagnosis which 

was then allowed to expand after administration of eosinophil-depleting therapies (12–14). 

In the end, as many as 80 percent of HE cases may not have an identifiable cause, in which 

case treatment is targeted towards preventing end-organ damage (15).

WORKUP

It is not sufficient to attribute persistent HE simply to atopy, but disorders such as drug 

reactions with eosinophilia and systemic symptoms (DRESS), eosinophilic gastrointestinal 

disease (EGID), allergic bronchopulmonary aspergillosis, eosinophilic granulomatosis with 

polyangiitis (EGPA) and a few others can present with HE and may be part of the 

differential diagnosis based on history and presenting signs and symptoms (16, 17). To 

determine the etiology of HE and potentially arrive at a diagnosis of HES, standard workup 

for all patients should include complete blood count with differential, immunophenotyping 

by flow cytometry to detect abnormal T lymphocyte clones (e.g., CD3-CD4+), serum 

vitamin B12 and tryptase levels (often elevated in myeloid forms of HES), and examination 

of a peripheral blood smear for atypical cells. All patients should undergo serologic testing 

for strongyloides, even those without a suspicious clinical or travel history for it, as 

strongyloides infection can be acquired in parts of North America and must be treated before 

administration of glucocorticoids (GCs) to avoid a potentially life-threatening disseminated 

infection. Based on exposure history, testing for other parasitic infections may be sent (stool 

ova and parasites and serologies for filaria, schistosomes, trypanosomes, and trichinella). To 

detect possible end-organ involvement, serum kidney and liver function tests and chest 

radiography should be performed. In patients with suspected cardiac involvement, serum 

troponin, magnetic resonance imaging, and endomyocardial biopsy may be superior to 

echocardiography for detecting myocardial damage (18). Targeted sequencing for mutations 

(BCR-ABL1, PDGFRB, KIT, JAK2) may be considered to establish clonality; at minimum, 

testing of blood for the FIP1L1-PDGFRA fusion should be performed given this subtype’s 

excellent response to imatinib therapy (see section on Tyrosine Kinase Inhibitors below) 

(10). Bone marrow biopsy should also be considered for persistent and/or severe cases of 

HES to rule out a clonal disorder that is not otherwise detected by sequencing of blood cells 

(9). HE patients with suggestive family histories should have their family members screened 

as well to rule out familial causes.

Large retrospective studies have shown that about 5% of all patients with HE (regardless of 

etiology) will eventually develop a hematologic malignancy (13, 14). The onset of 

malignancy can be months to years after the diagnosis (median time is 30 months); 

therefore; all patients with HE should be monitored for potential symptoms and laboratory 

evidence of malignancy with regular clinical exams, complete blood count with differential, 

and other tests based on evolution of signs or symptoms.
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MANAGEMENT

Peripheral eosinophilia is not in itself harmful unless it causes leukostasis, which only ever 

results from extremely high counts. Instead, tissue eosinophilia is potentially damaging 

and/or life threatening. Almost any organ can be affected, but the most common targets for 

eosinophils include the skin, lung, heart, and gastrointestinal tract (15). When possible, 

therapy is directed at the underlying etiology, but even in the absence of a known cause, 

HES must be treated promptly and aggressively to reduce potential morbidity and mortality 

that can result from organ damage. In the absence of overt HES, severe HE may be treated 

as well on a case-by-case basis.

Corticosteroids

Eosinophils readily undergo apoptosis in response to corticosteroids; thus, GCs are the 

mainstay for slowing and preventing end-organ damage caused by HES until workup is 

completed and alterative agents can be initiated (19) (Figure 1). GCs may be utilized as a 

first line stabilizing therapy for all types of HES, though recent research has shown that the 

clinical response to GCs is largely dependent on HES subtype, with the myeloid and 

lymphocytic variants being the least responsive (20).

Biologics

Several FDA-approved biologics have shown potential benefit in reducing or depleting 

circulating eosinophils, either by targeting eosinophilopoietic cytokines, actively depleting 

eosinophils via antibody-dependent cellular cytotoxicity or more indirectly by reducing Th2-

mediated inflammation. These include monoclonal antibodies against IL-5 (mepolizumab 

and reslizumab) or its receptor (benralizumab), IgE (omalizumab), and the IL-4α receptor 

subunit (dupilumab) (Figure 1). Other emerging biologics of interest are also discussed.

Mepolizumab—Mepolizumab is a humanized anti-IL-5 antibody that is FDA approved for 

severe eosinophilic asthma (at a dose of 100 mg sq every 4 weeks) and EGPA (at a dose of 

300 mg sq every 4 weeks). Clinical trials for severe asthma and EoE demonstrated its ability 

to reduce AECs and tissue eosinophils in these patients. In a randomized, placebo-controlled 

trial in adults with FIP1L1-PDGFRA fusion gene negative HES, 95% of patients receiving 

mepolizumab (750 mg IV monthly) achieved AEC counts of 600/μL or less for at least eight 

consecutive weeks, compared to 45% of those receiving placebo (21). Additionally, 

mepolizumab demonstrated a significant steroid-sparing effect in the treatment group, and 

an open label extension showed that long-term treatment of HES was effective and well 

tolerated with few serious side effects (mean treatment time: 251 weeks) (22). Another trial 

explored efficacy in 13 adults with L-HES; those receiving mepolizumab were significantly 

more likely to reduce their oral GC dose to below 10 mg daily over a span of 24 weeks 

compared to the placebo group (23). However, two of the five subjects in the treatment 

group did not achieve AECs below 600/μL, suggesting that mepolizumab is more effective 

in GC-sensitive subtypes of HES. Encouragingly, there have also been reports showing 

successful use of mepolizumab in two pediatric cases of HES, one with FIP1L1/PDGFRA 

fusion-positive HES refractory to imatinib, and the other with L-HES refractory to 

prednisolone, azathioprine, and methotrexate (24), though no placebo-controlled trials have 

Dispenza and Bochner Page 4

Curr Hematol Malig Rep. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



been done in children. Unfortunately, the effective doses of mepolizumab in HES trials (750 

mg IV every 4 weeks) are substantially higher than the FDA approved doses for asthma or 

EGPA (100–300 mg sq every 4 weeks), though two case reports have shown efficacy of the 

100 mg monthly dose for idiopathic HES (25). A larger placebo-controlled trial of 

mepolizumab 300 mg monthly is currently actively recruiting subjects (NCT02836496) and 

should help to further delineate the minimum effective dose and safety in HES.

Reslizumab—Another anti-IL-5 monoclonal antibody, reslizumab (3 mg/kg IV every 4 

weeks), has shown similar clinical efficacy as mepolizumab in subjects with severe 

eosinophilic asthma and EoE (26). An open label extension of these trails demonstrated 

sustained suppression of AECs throughout reslizumab therapy, and that AECs began to 

recover within four months of subjects’ last dose (27). Unfortunately, trials in HES patients 

have been limited. A small pilot study in patients with HES either refractory to or intolerant 

of GCs showed mixed results, with only two of four patients treated with reslizumab 

achieving rapid reduction in AEC and significant improvement in associated symptoms (28). 

Notably, these subjects were not screened for the FIP1L1/PDGFRA fusion gene, because at 

the time it was not yet known to be associated with HES. A recent trial in asthma using a 

subcutaneous formulation of a lower dose failed to reach target endpoints (29), so the future 

of a subcutaneous formulation may be in jeopardy.

Benralizumab—Benralizumab is a humanized anti-IL-5Rα monoclonal antibody which 

was FDA approved in November 2017 for the treatment of severe asthma in patients age 12 

and up. Its advantage over the anti-IL-5 antibodies is that it is afucosylated; therefore, upon 

binding to IL-5R, the eosinophil (and to a lesser degree the basophil, which also expresses 

IL-5R) becomes a target for destruction by natural killer cells via antibody-dependent 

cellular cytotoxicity and virtually eliminates eosinophils (30). It also has a long functional 

half-life, so after a few initial monthly doses it is given every other month. While its benefits 

in asthma outcomes have been remarkable, its eosinophil-depleting effects in clinical trials 

have also raised hopes for effectiveness in HES. In the Phase 3 SIROCCO trial, subjects 

with severe eosinophilic asthma in the benralizumab groups (30 mg sq every four weeks and 

30 mg sq every 4 weeks for three doses, then every 8 weeks) had drastically reduced AECs 

from a median of 450/μL (range 300–720) and 440/μL (range 280–291) at baseline to 0/μL 

by week 4 of treatment, whereas AECs in the placebo group did not change (31). The 

CALIMA trial showed similar results over 56 weeks of therapy (32). The latest phase 3 trial 

(the ZONDA trial) demonstrated comparable results in patients with severe steroid-

dependent asthma, with subjects in the benralizumab treatment groups showing dramatically 

reduced AECs from a median of 462/μL (range 0–560) and 467/μL (range 0–440) at 

baseline to 0/μL within 12 weeks of initiating treatment, though time points prior to 12 

weeks were not studied (33). Subjects in the benralizumab arms also achieved a median 

reduction in their oral GC doses by 75% compared to baseline, compared to a 25% reduction 

in the placebo group (33). All of the Phase 3 trials further stratified subjects’ clinical 

response according to baseline AEC; as might be expected given its mechanism of action, 

benralizumab showed the greatest benefit in patients with higher AECs (over 300 cells/μL) 

compared to those with lower AECs. Thus far, there has only been one trial using 

benralizumab in 20 adults with HES and HE (NCT02130882). Though full results are only 
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published in abstract form, a subgroup analysis showed that all 7 of the subjects with HES 

with gastrointestinal involvement achieved a reduction in AEC to 0 cells/μL in addition to 

complete or near complete elimination of eosinophils on endoscopic biopsies after 24 weeks 

of benralizumab therapy (34).

Omalizumab—Initially FDA approved for asthma and subsequently for chronic 

spontaneous urticaria, omalizumab is an anti-IgE monoclonal antibody that has shown 

promise in some eosinophilic disorders. Pooled data from five of the omalizumab trials 

demonstrated significant reductions in AEC for patients on omalizumab compared to 

placebo, albeit not as impressive or as consistent as see with anti-IL-5 or anti-IL-5R 

antibodies (35). Moreover, several studies have determined that omalizumab is most 

efficacious in patients with baseline AECs of 300/μL or higher (36, 37). Though two open 

label trials in EoE and EGID patients showed reduction in symptoms and AEC counts with 

omalizumab treatment (38, 39), these results were not replicated in a placebo-controlled trial 

in EoE (40). It is likely that omalizumab affects AECs indirectly in the context of allergic 

diseases such as asthma, but overall these trials suggest that it would be an inferior choice 

for treating primary eosinophilic disorders.

Dupilumab—Dupilumab binds to the IL-4α receptor subunit, thus blocking both IL-4 and 

IL-13 receptor signaling. FDA approved for the treatment of atopic dermatitis, there are 

limited published data on dupilumab’s effects in targeting eosinophils. It has shown clinical 

efficacy in treating eosinophilic disorders such as asthma, perennial allergic rhinitis, and 

chronic rhinosinusitis with nasal polyposis, though interestingly, clinical response was not 

correlated with baseline AEC (41, 42). A recent placebo-controlled trial with dupilumab in 

47 adults with EoE has completed enrollment (NCT02379052), though preliminary results 

are only available in abstract form (43). In some of these studies, initiation of dupilumab 

treatment is associated with a modest transient increase, rather than a decrease, in AECs, 

that has been attributed to inhibition of eosinophil extravasation.

Alemtuzumab—Alemtuzumab is monoclonal antibody developed for chronic lymphocytic 

leukemia that targets CD52, which is found on the surface of eosinophils, lymphocytes, 

monocytes, macrophages, and dendritic cells. Two separate case reports demonstrated 

successful treatment of HES with alemtuzumab (44, 45), prompting a small clinical trial 

wherein 10 of 11 patients with advanced HES or eosinophilic leukemia achieved remission 

with alemtuzumab therapy (46). However, 7 of these 10 relapsed after cessation of 

treatment, and long term use of alemtuzumab has a very poor side effect profile including 

frequent infusion reactions and induction of new autoimmune disorders.

Tezepelumab—Tezepelumab is a novel biologic that targets thymic stromal lymphopoietin 

(TSLP), a cytokine involved in type 2 inflammation. In a recent Phase 2 trial in moderate to 

severe asthma, the low and medium dose tezepelumab treatment groups showed a mean 

decrease in AEC of about 150/μL compared to baseline (mean 361/μL), whereas high dose 

tezepelumab showed an average drop in AEC of about 200/μL, again representing only a 

modest effect compared to the IL-5 and IL-5R biologics mentioned above (47). Interestingly, 
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clinical response in terms of asthma exacerbation rates and lung function were similar in all 

patients within each treatment group, despite blood eosinophil count at baseline.

Tyrosine kinase inhibitors

The use and efficacy of tyrosine kinase inhibitors for the treatment of hypereosinophilic 

disorders began empirically based on shared features between HES and myeloid leukemias, 

and early use showed rather spectacular results in small numbers of patients (48, 49). Since 

the paradigm-changing report by Cools et al. of the FIP1L1-PDGFRA fusion gene as a cause 

of one HES subtype (50), much has been learned about other rearrangements associated with 

myeloid forms of HES (e.g., ETV6-PDGFRB on chromosome 5, ETV6-ABL1 on 

chromosome 9, ETV6-FLT3 on chromosome 13, ZMTM2-FGFR1 on chromosome 8, and 

PCM1-JAK2 on chromosome 9) as well as the use of various tyrosine kinase inhibitors in 

certain forms of HES (51).

Imatinib and related drugs—Imatinib is currently the only FDA approved medication 

for the treatment of HES. It has become the drug of choice for myeloid forms of HES driven 

by PDGFRA, estimated to account for about 10% of all forms of HES (52, 53). The 

exquisite sensitivity of this deletion fusion to imatinib commonly allows much lower doses 

to induce remission, sometimes as low as 100 mg daily or even less (54). Studies have 

documented complete and durable genetic remission during treatment (55, 56), although a 

risk of relapse after discontinuation of imatinib remains real (57–59). While nearly 

universally effective in FIP1L1-PDGFRA disease, imatinib is also often effective in HES 

presenting with myeloid features but without any identifiable kinase mutations (60, 61). 

Despite its effectiveness, imatinib sometimes fails to work in PDGFRA-driven disease, and 

this resistance is typically due to a second mutation such as T674I, which may still respond 

to other tyrosine kinase inhibitors such as nilotinib or sorafinib (62).

When neoplastic eosinophilia results from other kinase abnormalities besides those 

involving PDGFRA, imatinib may still remain effective, for example in disease involving 

ETV6-PDGFRB or ETV6-ABL1, but is not likely to be effective in others. Instead, drugs 

such as ponatinib, midostaurin, sorafinib, sunitinib, nilotinib or dasatinib may be tried (51). 

Finally, ‘chronic eosinophilic leukemia-not otherwise specified’ is a form of 

hypereosinophilia associated with myeloblasts or clonal cytogenetic abnormalities involving 

genes other than tyrosine kinases. When explored using next-generation sequencing 

techniques, many such patients are found to have unique patterns of single or multiple 

mutations (10). Because these forms of myeloproliferative HES do not involve PDGFRA, 

PDGFRB or related tyrosine kinases, imatinib is not effective (63).

Ruxolitinib and tofacitinib—Enhanced activity of the JAK and STAT signaling cascade 

contributes to many forms of cancer. In recent years, some FDA approved JAK inhibitors 

have been tried in HES, especially cases associated with gain-of-function mutations 

involving JAKs or STATs (64). Ruxolitinib, a JAK1 and JAK2 inhibitor, has been used to 

successfully treat a form of familial HES with immune dysregulation caused by a gain of 

function JAK1 mutation (8). Another case report describes a patient who presented with 

hypereosinophilia due to a BCR-JAK2 fusion gene positive myeloid neoplasm; remission 
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was achieved with ruxolitinib, although the patient relapsed within 2 years of starting 

treatment (65). This is in contrast to a report involving a more durable remission in two 

subjects receiving this same drug for treatment of PCM1-JAK2 fusion gene-driven disease 

(66, 67). Additionally, five patients with idiopathic HES or L-HES (the latter with 

documented STAT mutation) with skin involvement were treated in an open-label study with 

either tofacitinib (a JAK1 and JAK3 inhibitor) 5 mg twice daily or ruxolitinib 25 mg in the 

morning and 10 mg at night, with resulting steroid-sparing activity and normalization or near 

normalization of their skin findings and blood eosinophilia (68). These promising outcomes 

require further validation in larger numbers of patients.

Chemotherapy and stem cell transplant

Chemotherapy and/or autologous stem cell transplant are generally reserved for malignant 

neoplasms such as eosinophilic leukemia or T cell lymphomas. They may also be used as a 

last resort for other types of primary HES that are refractory to treatment with tyrosine 

kinase inhibitors or other therapies (69, 70).

Emerging therapies with anti-eosinophil properties

Several therapies have shown encouraging eosinophil-depleting results in small pilot or 

preclinical studies. Larger, placebo controlled trials are needed to determine their clinical 

efficacy for HES.

Dexpramipexole—Dexpramipexole is the enantiomer of pramipexole, a dopamine agonist 

used orally for the treatment of Parkinson’s disease. It was initially studied as a possible 

treatment for amyotrophic lateral sclerosis (ALS), and during its Phase 2 clinical trial 

researchers noted that patients receiving dexpramipexole unexpectedly showed markedly 

reduced AECs compared to placebo (71, 72). Unfortunately, dexpramipexole was not 

effective for ALS, but there is interest in using it as a possible therapy for eosinophil-related 

diseases. Data from multiple ALS trials as well as an open label trial in patients with chronic 

rhinosinusitis with polyposis showed marked reductions in circulating eosinophils and 

basophils, but only slightly reduced circulating neutrophils, monocytes, and lymphocytes 

(72, 73). Effects were seen in as little as one month of treatment, though it took three to four 

months to gain maximum eosinophil-lowering impact. After cessation of treatment, AECs 

recovered gradually at roughly the same rate as the onset of action. It should be noted that 

the patients in these trials typically had AECs within the normal range, and additional 

studies are needed to determine dexpramipexole’s efficacy in the context of much higher 

AECs. Indeed, a clinical trial is currently in progress investigating its effects on both 

peripheral and tissue eosinophilia in patients with HES (Clinical Trial NCT02101138).

Anti-Siglec-8—Sialic acid-binding immunoglobulin-like lectins (or Siglecs) are surface 

receptors found on leukocytes. Siglec-8 is expressed on the surface of eosinophils, mast 

cells, and basophils, making it an attractive target for treating eosinophil-related disorders, 

including those in which mast cells may also play a pathogenic role (Figure 1). Studies have 

shown that engagement of Siglec-8 with antibody or glycan ligand induces apoptosis in 

IL-5-primed eosinophils in vitro (74), though depending on the priming status of the cell, 

Siglec-8 can also act as an activating receptor (75). One anti-Siglec-8 targeting antibody, an 
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afucosylated humanized IgG1 monoclonal called AK002, is in development. In a mouse 

model of EGID employing a novel strain of mice engineered to express human Siglec-8, 

intraperitoneal dosing of an anti-Siglec-8 mAb significantly reduced eosinophilic and mast 

cell infiltration into the gut as well as peripheral eosinophil counts (76). A Phase 1 trial in 51 

healthy subjects showed complete depletion of circulating eosinophils within one hour after 

a single dose of AK002. At doses approaching 1 mg/kg, this effect was sustained for a 

maximum of 84 days with low rates of adverse effects (77). Additional Phase 1 trials 

exploring the safety and efficacy of AK002 in chronic urticaria, indolent systemic 

mastocytosis and atopic keratoconjunctivitis are underway (NCT03436797, NCT02808793 

and NCT03379311, respectively).

Anti-EMR1—EGF-like module containing mucin-like hormone receptor (EMR1) is a 

receptor that is highly specific to eosinophils (78). Preclinical data has been encouraging in 

that a study using an anti-EMR1 monoclonal antibody in non-human primates showed a 

rapid (within eight hours) and sustained depletion of peripheral blood eosinophils after a 

single intravenous dose (79).

Therapies unlikely to be effective in HES

Though several of the therapies below had previously seemed promising in preclinical or 

early clinical stages, recent clinical trials have demonstrated lack of efficacy for reducing 

peripheral eosinophils, and they are unlikely to be utilized to treat HES in the future.

Fevipiprant and timapiprant—Fevipiprant and timapiprant are orally-dosed small 

molecule antagonist of the prostaglandin D2 receptor (also known as CRTh2). Fevipiprant 

showed promising results in a Phase 2 clinical trial in patients with moderate to severe 

asthma. After 12 weeks of treatment with twice daily oral dosing, fevipiprant significantly 

reduced mean sputum eosinophil percentage (from 5.4 to 1.1%) as well as eosinophil 

numbers on bronchial biopsy (80). The treatment was well tolerated and showed a good 

safety profile. Unfortunately, in this small study it did not have any significant effect on 

blood AECs. Timapiprant has shown similar results, and is currently in Phase 3 studies in 

eosinophilic asthma (81, 82).

Lebrikizumab, tralokinumab, and dectrekumab—Despite the mechanistic rationale 

behind targeting IL-13 in allergic disorders, anti-IL-13 biologics have not shown efficacy in 

reducing peripheral eosinophilia, nor have they achieved consistent clinical improvement in 

asthma trials. Interestingly, asthma trials have actually shown that lebrikizumab causes mild 

transient increases in peripheral eosinophil counts compared to placebo (55/μL higher after a 

treatment period of 12 weeks) (83, 84). This effect, like that seen with dupilumab, is thought 

to be due to inhibition of eosinophil emigration into tissues. This, combined with the lack of 

clinical benefit in asthma, suggests that lebrikizumab would have limited efficacy in HES. 

Tralokinumab failed to reach primary endpoints in two separate Phase 3 trials (STRATOS 

and TROPOS), and dectrekumab was abandoned in Phase 2 after it failed to show benefit in 

atopic dermatitis.
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Anti-GM-CSF and anti-CCR3—A Phase 2 trial with KB003, an anti-GM-CSF 

monoclonal antibody, failed to show clinical benefit or reduction in AECs in subjects with 

asthma (85). GW766994 is an orally-dosed small molecule antagonist of CCR3, a 

chemokine receptor for eotaxins on eosinophils. Unfortunately, a clinical trial showed only 

minimal clinical benefit and no reduction in AECs, sputum eosinophils or eosinophil 

progenitors in patients with asthma and eosinophilic bronchitis (86).

SUMMARY AND CONCLUSIONS

Several FDA approved biologics and tyrosine kinase inhibitors, as well as a few emerging 

therapies, show great potential in being efficacious in HES. A thorough workup for HES will 

aid the practitioner in choosing an appropriate management strategy for each patient. Future 

studies will help to guide the choice of optimal therapy according to HES subtype.

Abbreviations

AEC absolute eosinophil count

ASXL1 putative polycomb group protein ASXL1

CBL Cbl ubiquitin-protein ligase

CD cluster of differentiation

EGID eosinophilic gastrointestinal disease

EGPA eosinophilic granulomatosis with polyangiitis

EMR1 EGF-like module containing mucin-like hormone receptor

EoE EGF-like module containing mucin-like hormone receptor

EZH2 enhancer of zeste homolog 2

GC glucocorticoid

GM-CSF granulocyte-macrophage colony-stimulating factor

HE hypereosinophilia

HES hypereosinophilic syndrome

IL interleukin

JAK Janus kinase

NOTCH1 notch homolog 1, translocation-associated

STAT signal transducer and activator of transcription

SETBP1 SET binding protein 1

sq subcutaneous

Dispenza and Bochner Page 10

Curr Hematol Malig Rep. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



TET2 tet methylcytosine dioxygenase 2

TSLP thymic stromal lymphopoietin
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Figure 1. Eosinophil-selective therapeutic targets
Several receptors unique to eosinophils or with limited expression on other cell types are 

attractive targets for depleting eosinophils. Examples of therapies are shown with their 

corresponding receptor targets. Therapies in blue font are FDA approved, those in red font 

are in clinical trials, and those in green are in preclinical stage. Note that dexpramipexole is 

not shown because its target of action remains unknown. Modified with permission from 

Wechsler ME, Fulkerson PC, Bochner BS, Gauvreau GM, Gleich GJ, Henkel T, et al. Novel 

targeted therapies for eosinophilic disorders. J. Allergy Clin. Immunol. 2012;130(3):563–71

Abbreviations: CRTh2, also known as the prostaglandin D2 receptor 2; CysLT1, cysteinyl 

leukotriene receptor 1; IL-5, interleukin 5; IL-5R, interleukin 5 receptor; EMR1, EGF-like 

module containing mucin-like hormone receptor; Siglec-8, Sialic acid-binding 

immunoglobulin-like lectin 8
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