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Abstract

Elevated eosinophil counts are implicated in multiple diseases, from relatively prevalent organ-
specific disorders such as severe eosinophilic asthma, to rare multisystem disorders such as
hypereosinophilic syndrome (HES) and eosinophilic granulomatosis with polyangiitis (EGPA).
Patients with these multisystem diseases, often associated with markedly elevated eosinophil
counts, have a substantial risk of morbidity and mortality due to delayed diagnosis or inadequate
treatment. A thorough work-up of symptomatic patients presenting with elevated eosinophil
counts is essential, although in some cases the differential diagnosis may remain difficult

due to overlapping presentations between HES and EGPA. Notably, first- and second-line
treatment options and response to therapy may differ for specific HES and EGPA variants. Oral
corticosteroids (OCS) are the first line of treatment for HES and EGPA, except when HES is the
result of specific mutations driving clonal eosinophilia that are amenable to targeted treatment
with a kinase inhibitor. Cytotoxic or immunomodulatory agents may be required for those
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with severe disease. Novel eosinophil-depleting therapies, such as those targeting interleukin-5

or its receptor, have shown great promise in reducing blood eosinophil counts, and reducing
disease flares and relapses in patients with HES and EGPA. Such therapies could reduce the

side effects associated with long-term OCS or immunosuppressant use. This review provides a
pragmatic guide to approaching the diagnosis and clinical management of patients with systemic
hypereosinophilic disorders. We highlight practical considerations for clinicians and present cases
from real-world clinical practice to illustrate the complexity and challenges associated with
diagnosing and treating patients with HES and EGPA.

Introduction

Eosinophils are granulocytes that play a diverse range of roles in human health and disease.!
Eosinophil counts may be elevated in blood and/or tissue in the setting of numerous
diseases including severe eosinophilic asthma, chronic rhinosinusitis with nasal polyposis,
and atopic dermatitis, as well as in rare, systemic diseases often associated with marked
blood hypereosinophilia such as hypereosinophilic syndrome (HES) and eosinophilic
granulomatosis with polyangiitis (EGPA).1: 2 Other potential causes of markedly elevated
blood eosinophil counts include parasitic infections, cancer and adverse drug reactions.3

An absolute eosinophil count (AEC) above 0.5x109 cells/L is considered elevated in

most laboratories, while hypereosinophilia is defined as AEC >1.5x10° cells/L.# HES

is characterized by persistent hypereosinophilia and evidence of eosinophil-mediated end-
organ damage.® Patients who have HES may present with involvement of a range of
organ systems and have diverse associated symptoms.6 While the clinical presentation of
EGPA can also be heterogeneous, patients typically present with asthma and high-grade
eosinophilia, and may show various systemic manifestations of small vessel vasculitis
and granulomatous eosinophilic inflammation.” There is considerable overlap between
certain clinical presentations of HES and EGPA, and diagnosis can be difficult to reach

in the absence of hallmarks of vasculitis.” Determining a correct diagnosis is important as
treatment options and response to therapy differ for specific disease variants. Ultimately,
HES and EGPA are both associated with significant morbidity and mortality if uncontrolled
or suboptimally treated.8: °

This review provides practical insight into the diagnosis and treatment of patients with HES
or EGPA, with discussion of example cases, including HES/EGPA overlap. We focus on the
identification and treatment of disease variants that have distinguishing features and require
specific approaches to clinical management. Methods for distinguishing between HES and
EGPA, when possible, are also discussed.

Clinical presentation and diagnosis

Clinical presentation and classification of HES—HES is a heterogeneous disorder,
with varied organ system involvement and diverse symptoms that range in severity (Table
1).6: 7. 9-16 The most common presenting signs and symptoms reflect cutaneous, pulmonary,
and gastrointestinal involvement, though any organ can be involved.13 Although present in
a smaller proportion of patients, cardiovascular and neurologic complications are associated
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with significant morbidity and mortality.8 Disease course in HES is variable; some patients
present with persistent or progressive disease, while others experience fluctuating disease
activity (flares) with episodic symptom worsening.1’ Several variants of HES have been
defined, including idiopathic HES (I-HES), in which the mechanisms resulting in eosinophil
expansion remain unknown; lymphocytic HES (L-HES), in which hypereosinophilia is
driven by a clonal population of activated T cells that overproduce eosinophilopoietic
cytokines, most notably interleukin (IL)-5; and myeloid HES (M-HES), predominantly
associated with the FIP1-like 1 (FIP1L1) platelet-derived growth factor receptor alpha
(PDGFRA) fusion gene.> 6

Clinical presentation and classification of EGPA—In many but not all cases,
EGPA begins with a prodromal phase, typically including asthma and/or chronic
rhinosinusitis (with/without polyposis), with some degree of blood eosinophilia.” Marked
hypereosinophilia with tissue infiltrates (typically pulmonary but may include other organs)
(Table 1)1 heralds disease progression, and if untreated, patients may develop necrotizing
vasculitis with complications such as mononeuritis multiplex or purpura; extravascular
eosinophil-rich granulomas may also be observed.14 Of note, the mean interval between
initial presentation with adult asthma and vasculitic manifestations is 9 years.? However,
this can vary between patients and may be influenced by the use of systemic corticosteroid
and/or immunomodulatory treatments.18

EGPA is classified as a small-vessel, anti-neutrophil cytoplasmic antibody (ANCA)-
associated vasculitis (AAV), although only approximately 30%-47% of patients with EGPA
are ANCA-positive, with most of those exhibiting anti-myeloperoxidase (MPO) ANCA
positivity.” ANCA-positive and ANCA-negative presentations of EGPA have recently been
shown to be associated with distinct genetic polymorphisms suggesting distinct underlying
pathogenic mechanisms.1® Hence, MPO ANCA-positive EGPA may be considered an
eosinophilic autoimmune disease associated with human leukocyte antigen polymorphisms
similar to other types of AAV; in contrast, ANCA-negative EGPA appears linked to mucosal/
barrier function pathways and type 2 inflammation.19 These differences are consistent with
prior observations that ANCA status is associated with different clinical presentations. In
general, patients with ANCA-positive EGPA appear more at risk of developing a vasculitic
phenotype (necrotizing vasculitis and necrotizing glomerulonephritis), whereas patients
with ANCA-negative EGPA appear more likely to develop the direct consequences of
eosinophilic organ infiltration (such as endomyocardial involvement).20 However, ANCA
status alone is neither sufficiently sensitive nor specific to predict clinical presentation in a
particular patient, and cannot guide treatment decisions.?!

Diagnosis of HES and EGPA—When a patient presents with hypereosinophilia, other
underlying causes should first be excluded (Figure 1).* 6. 22-25 patients should also be
tested for evidence of myeloid neoplasms associated with eosinophilia using cytogenetic
and molecular testing, which can identify those with M-HES requiring molecular-targeted
therapy. In particular, patients should be tested for PDGFRA, PDGFRB, FGFRI, or JAK
rearrangements or mutations.# 26 Some patients may present with features of myeloid
disease such as splenomegaly and high serum tryptase and/or vitamin B12 levels without
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the presence of the above genetic rearrangements or mutations; further in-depth molecular
testing is warranted and, if unrevealing, an empirical therapeutic trial with imatinib mesylate
(imatinib) may be considered.2” Determining if myeloid disease is present is paramount,
even in cases where manifestations are suggestive of other variants of HES or EGPA (Case
1).

Case 1—A 40-year-old man was consented on an IRB approved natural history study

to evaluate eosinophilia (NCT00001406). He presented with an erythematous pruritic
lesion and an AEC of 3.3x10°? cells/L and was treated with antibiotics; symptoms did

not resolve. Medical history included a diagnosis of asthma in adolescence, treated with
inhaled corticosteroids (ICS), which improved by adulthood. At age 30, he was diagnosed
with psoriasis and developed sinusitis (managed with intranasal corticosteroids and
antihistamines). At age 35, sinusitis worsened, and he was treated with repeated courses of
antibiotics. The patient’s cutaneous lesions progressed; a diagnosis of folliculitis was made
based on a skin biopsy showing perivascular eosinophils. One year after presentation, he
developed shortness of breath; pulmonary function tests demonstrated an obstructive pattern
with normal airway diffusion. He was prescribed combination ICS and long-acting beta-2-
agonist (LABA); however, symptoms progressed, leading to an emergency department visit
where wheezing, a skin rash, and mild splenomegaly were noted. An echocardiogram

was normal, while a chest computed tomography (CT) scan showed interstitial infiltrates

in bilateral mid-/upper lungs, mediastinal and hilar lymphadenopathy, and borderline
splenomegaly. Sinus CT scan demonstrated diffuse mucosal thickening. White blood count
was 21.9x10°9 cells/L, with absolute neutrophil count of 3.5x10° cells/L and AEC of
15.3x10° cells/L. Common causes of hypereosinophilia were ruled out. Serum ANCA and
anti-nuclear antibody testing was negative; rheumatoid factor levels were normal. Serum
IgE (4 KU/L) and tryptase (3.9 ng/mL) were within normal limits, while vitamin B12
levels were elevated (>2000 pg/mL). A bronchoscopy with endobronchial lymph node
biopsy showed fibrosis with eosinophilia and granulomatous inflammation; no acid-fast
bacillus or fungal pathogens were detected. High-dose oral corticosteroid (OCS) therapy was
initiated, and he was discharged. Despite treatment, 4 weeks later his AEC remained high
(5.2x10°9 cells/L). A chest CT scan showed improvement in airspace opacities; however,
lymphadenopathy and splenomegaly remained, prompting referral to a hematologist. A
bone marrow biopsy and aspirate demonstrated hypercellularity with focal areas of marked
fibrosis and no increase in mast cells. Molecular testing revealed a FIP1L1::PDGFRA
rearrangement; imatinib was initiated, and he achieved complete remission.

Final diagnosis: FIP1L1::PDGFRA* M-HES presenting with respiratory and cutaneous
symptoms.

Key lessons: Eosinophilic presentations with elevated vitamin B12 or serum tryptase, other
hematologic abnormalities (anemia, thrombocytosis), splenomegaly, and/or lack of response
to high-dose OCS warrant further work-up for myeloid neoplasms, particularly in male
patients.

During work-up, patients should also be tested to confirm whether eosinophilia is caused by
T cells by performing T cell immunophenotyping using flow cytometry to detect aberrant
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subsets (most commonly CD3-CD4+), as well as TCRB/y chain gene rearrangement
pattern analysis by polymerase chain reaction (PCR) or next generation sequencing (NGS)
to detect clonality although demonstration of T cell clonality is associated with low
sensitivity and specificity for a diagnosis of L-HES.28: 29 |n the presence of IL-5-producing
phenotypically abnormal T cells, a diagnosis of L-HES can be made.28 The identification
of patients with L-HES has prognostic and therapeutic implications, as they are at risk

for the development of lymphoma, and their treatment responses differ from those with
I-HES.3% When phenotyping and/or cytogenetic tests on peripheral blood suggest M-HES
or L-HES, or when a patient has blood eosinophilia >5000/mm3, elevated serum tryptase
or lack of response to corticosteroid treatment, bone marrow testing should be conducted
for morphological (including blast cell) assessment, T-cell immunophenotyping, and further
cytogenetic and molecular testing.* 26

For patients with clinical manifestations that suggest EGPA, namely asthma and sinonasal
abnormalities, ANCA serology and testing for anti-MPO and anti-PR3 are warranted (Case
2). The presence of ANCA is highly suggestive of EGPA, however, rare cases of ANCA-
positive HES have been reported,3! and up to 70% of EGPA cases are ANCA-negative.
For patients with strongly suspected or confirmed EGPA, utilization of the revised five
factor scoring system (FFS) can assist in determining severity of disease and help guide
treatment.32

Case 2—A 61-year-old man initially presented with a cough. Treatment for
gastroesophageal reflux disease (proton pump inhibitor) then for presumptive bronchitis
(antibiotics) failed to improve his condition. After 4 months, asthma was suspected because
of night-time and exercise-related episodes of breathlessness; severe asthma was confirmed
by a pulmonologist. He had no sinonasal complaints. Combination ICS and ultra-LABA
was prescribed; blood work revealed hypereosinophilia (5.9x10° cells/L) and increased
serum IgE (667 KU/L). Parasitic infection and drug allergy were ruled out. Testing for
FIP1L1::PDGFRA was negative. A clonal T-cell receptor (TCR) gene rearrangement pattern
was observed, but lymphocyte phenotyping did not reveal an aberrant T-cell subset. Thoracic
CT scan revealed ground-glass opacities and bronchiectasis, while bronchoalveolar lavage
demonstrated 72% eosinophils. ANCA testing was negative. Within weeks, AEC increased
(12.89 x 109 cells/L), and the patient developed new symptoms including myalgia, purpura,
fever, sweating, and severe fatigue. Shortly thereafter, he reported sudden and severe pain

in his right forearm followed by weakness and complete loss of sensation in the 4th and

5th digits of the right hand; electromyography showed fibrillation and fasciculations in the
first interosseous muscles. Biopsy of a purpuric lesion showed leukocytoclastic vasculitis
with neutrophils and eosinophils, and necrosis. OCS was started and symptoms, other than
the loss of sensation, dissipated within days. After 2 months, the OCS dose was reduced;
within a week the patient reported the sudden appearance of right lower leg and foot

pain, accompanied by foot drop. Nerve conduction studies showed axonal degeneration
involving both fibular nerves. Together with the history of ulnar nerve damage, mononeuritis
multiplex was diagnosed. The OCS dose was increased, and intravenous cyclophosphamide
was initiated; pain subsided within days. Intravenous cyclophosphamide continued for 6
months, at which point complete reversal of motor symptoms was observed. Maintenance
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immunosuppressive therapy combined OCS first with azathioprine then with methotrexate,
providing prolonged remission. Tapering off OCS entirely while maintaining methotrexate
resulted in disease recurrence (asthma and AEC above 1.5 x 109 cells/L). He remains
OCS-dependent.

Final diagnosis: ANCA-negative EGPA.

Key lessons: Presence of asthma, marked blood hypereosinophilia, and vasculitic clinical
complications (leukocytoclastic vasculitis with purpura and mononeuritis multiplex) is
consistent with a diagnosis of EGPA, despite ANCA negativity. Immunosuppressive
treatment was initiated because of clear evidence of vasculitis. As typically encountered

in this disorder, the asthmatic component is often the limiting factor for OCS-tapering
once remission has been induced with immunosuppressive treatment. Eosinophil-lowering
targeted treatment may be considered at this stage for better asthma control.

HES/EGPA overlap—~Patients with hypereosinophilia and systemic manifestations in
whom testing for well-characterized myeloid and lymphocytic HES variants and for ANCA
is unrevealing may have either I-HES or ANCA-negative EGPA. Some patients present
with overlapping symptoms, making this distinction challenging (Case 3).18: 25 Importantly,
despite several studies being undertaken, there are currently no validated disease-specific
or blood-based biomarkers that reliably differentiate between ANCA-negative EGPA and
I-HES,18. 33 although one recent study proposed that low serum C-reactive protein levels

in patients with eosinophilia and asthma at diagnosis may be suggestive of the latter.34
Mediastinal lymphadenopathy has also been identified as a sign of systemic inflammation
associated with EGPA; but further work is warranted to determine its clinical potential.3®

Case 3—A 62-year-old woman developed periorbital edema following spa treatments

and presented at an emergency department with tongue swelling. Despite no significant
history of allergy or asthma, respiratory symptoms and cough persisted for several months.
Subsequently, progressive severe dyspnea and fatigue developed over the course of 1

week, resulting in an emergency department visit. AEC was 10.6x10° cells/L and she
developed respiratory failure, requiring intensive care unit (ICU) admission and intubation.
Parasitic infection and drug-induced hypereosinophilia were ruled out. Chest CT scan
showed prominent airway thickening and mediastinal lymphadenopathy. She was treated
with high-dose intravenous corticosteroids; AEC peaked at 23.5x109 cells/L, normalizing
following 1 week of treatment, and she was extubated. Due to the acute presentation,
bronchoalveolar lavage fluid (BALF) examination could not be performed ahead of
corticosteroid initiation. Testing for ANCA was negative; serum vitamin B12 (>2000
pg/mL), and immunoglobulin E (28,019 KU/L) were elevated while serum tryptase (2.5
ng/mL) was within normal limits. The TCR gene rearrangement pattern was polyclonal;
bone marrow biopsy showed hypercellularity with marked eosinophilia. Testing for myeloid
neoplasms (FIP1L1::PDGFRA, BCR-ABL) was normal. A lymph node biopsy demonstrated
no evidence of lymphoma but showed follicular hyperplasia. The patient was able to taper
off OCS over the following months, but subsequently developed shortness of breath and
hypoxemia, and was once again admitted to the ICU. Sinus CT revealed pan-sinusitis. AEC
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peaked at 5.0x10° cells/L prior to restarting high-dose OCS. Mepolizumab, 300 mg every 4
weeks, was initiated and OCS successfully tapered. Respiratory symptoms resolved within 1
month with no relapses over 10 months of follow-up.

Final diagnosis: HES/EGPA overlap.

Key lessons: This case with severe respiratory symptoms and sinus involvement in the
setting of marked blood hypereosinophilia illustrates the difficulty in distinguishing I-HES
from ANCA-negative EGPA. As such, long-term follow-up is essential. Should this patient’s
disease progress with development of vasculitic manifestations, a revised diagnosis of EGPA
would be appropriate.

Ongoing assessment and re-diagnosis—In patients with overlapping manifestations,
regular ongoing assessment and periodic re-evaluation for new symptoms is important

to better classify patients if the disease progresses. Indeed, some disease features

more characteristic of vasculitis may appear later, or with OCS tapering, and could
warrant modification of the treatment strategy. For example, in the presence of disease
manifestations such as purpura, mononeuritis multiplex, glomerulonephritis, or new
histopathologic findings showing necrotizing trans-mural vasculitic and/or granulomatous
inflammation, a more formal classification as EGPA is appropriate, provided American
College of Rheumatology/European Alliance of Associations for Rheumatology (ACR/
EULAR) criteria are met (=6-point score).38 Furthermore, some therapies may mask the
development of clinical signs or pathologic findings that would otherwise point towards a
specific diagnosis.

For both EGPA and HES, there are currently no reliable biomarkers to assess disease activity
or relapse.33: 37 38 Although blood eosinophil counts are commonly used in clinical practice
as their levels can follow disease activity, this is not always the case and discriminating
between disease activity and worsening of underlying asthma or sinusitis in the case of
EGPA is challenging.3” Exploration of predictive biomarkers is currently ongoing, such as
testing for autoantibodies in EGPA and severe eosinophilic asthma (NCT04671446), and
predicting renal flares in AAV by monitoring urinary T-cell populations (NCT04428398).
More work is needed to develop tools to facilitate clinical treatment decisions.2 14. 39

Treatment options

Oral corticosteroids—OCS are used as first-line therapy for both HES and EGPA (Table
2)4 6,13,26, 27,38, 40-68 \yjth some exceptions as described below. For the majority of
patients, initiation of OCS typically leads to rapid reductions in blood eosinophil counts,*
although response to OCS varies depending on the HES variant; patients with I-HES,
particularly those with organ-restricted disease, have been shown to have significantly
better responses as compared with M-HES or L-HES.30 In EGPA, the clinical response

to induction treatment with OCS is generally rapid, with the exception of specific disease
complications such as mononeuritis multiplex that may take weeks or months to recover, or
may cause irreversible neurological damage if treatment is delayed.3° For patients with
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HES and EGPA, maintenance therapy often includes long-term OCS use, and clinical
management should include approaches to reduce OCS exposure.*: 6: 25

Kinase inhibitors—HES with suspected/confirmed mutations driving clonal eosinophilia
(eg, PDGFRAIPDGFRBIJAKZ) should be treated with a targeted kinase inhibitor (Table
2).4 25,26 \-HES associated abnormalities involving PDGFRA are extremely sensitive to
treatment with imatinib, with patients typically showing a rapid and sustained response.26
Some patients presenting with features of myeloid disease such as splenomegaly, high
serum tryptase or vitamin B12 levels but without detectable mutations using standard PCR/
fluorescence in situ hybridization (FISH) testing have responded to imatinib.2’ For these
patients, NGS approaches may identify novel targets that are treatable with imatinib or other
agents.*! Several Janus kinase (JAK) inhibitors are also in development and been effective
in small numbers of patients with specific HES subtypes (Table 2)% 46: 47 however further
studies are ongoing to determine the efficacy and safety in patients with HES.

Cytotoxic/immunomodulatory agents—For patients with HES, hydroxyurea (HU)
and/or interferon-a. (IFN-a) may be used in combination with OCS (Table 2). HU is a
cytotoxic agent that acts centrally to lower eosinophil numbers,% 13 while IFN-a is an
immunomodulatory agent that affects both eosinophils and T cells. Although some patients
respond well to these agents, response rates vary, and tolerance is often poor, frequently
leading to treatment discontinuation.®: 13 48. 49

For patients with EGPA who have organ-/life-threatening manifestations, or those who have
severe disease based on the revised FFS, combination high-dose corticosteroids (CS) and
immunosuppressive therapy (ie, cyclophosphamide or rituximab) should be administered
initially (Table 2).32 38. 68 Other agents that can be used in combination with CS

include azathioprine or methotrexate, although these are generally used as maintenance
therapy once induction of remission has been achieved (Table 2).38 50. 68 Rijtuximab (anti-
CD20 monoclonal antibody) has shown efficacy in observational studies of patients with
EGPA51-53 and a placebo-controlled Phase 1V trial (NCT03164473) comparing the efficacy
of rituximab versus azathioprine in maintaining remission is ongoing. While a recent Phase
I11 trial (NCT02807103) reported that rituximab was not superior to conventional therapy in
inducing remission in patients with EGPA,%9 it can be considered as an immunosuppressive
therapy option in patients with severe disease.59

Novel eosinophil-targeting therapies—Due to side effects associated with long-term
OCS and immunomodulatory agent use, therapies directly targeting eosinophils have been
explored as treatments for patients with HES and EGPA.”0 The cytokine interleukin-(IL)-5
is a key mediator in eosinophil biology and drives eosinophil proliferation, maturation,
recruitment, activation and survival.” Mepolizumab and reslizumab are humanized
monoclonal antibodies that target 1L-5.50: 72 Benralizumab is a monoclonal antibody
targeting the IL-5 receptor a subunit that depletes eosinophils in blood, bone marrow, and
tissue via antibody-dependent cellular cytotoxicity.42

Mepolizumab has been shown to reduce disease activity and OCS use in patients
with HES in several clinical studies and is approved for use in multiple countries
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worldwide.55 57. 59,60, 73-75 Res|izumab reduced eosinophil counts and clinical symptoms
in a small open-label study in four patients with HES,®3 and benralizumab reduced blood
eosinophil counts compared with placebo in a Phase Il study in patients with PDGFRA-
negative HES;%4 a Phase 111 study is currently recruiting (NCT04191304). PDGFRA-
associated M-HES is not treated with mepolizumab due to the availability of effective
targeted therapy with imatinib.13: 26

Mepolizumab is also approved in multiple countries for the treatment of EGPA based on
data from the Phase 111 MIRRA study.>8-60 This showed increased duration of remission,

a higher proportion of participants in remission, reduced relapse rates, and greater OCS
dose reductions with mepolizumab compared with placebo.56: 76 For reslizumab, a Phase

Il study (NCT02947945) demonstrated reductions in the required dose of OCS in patients
with EGPA.%2 A Phase 111 non-inferiority trial of benralizumab versus mepolizumab in
relapsing or refractory EGPA is currently recruiting patients (MANDARA, NCT04157348).
It is not yet clear whether targeted eosinophil depletion will have a beneficial effect on
vasculitic manifestations of EGPA, as only 10% of patients recruited in the MIRRA trial
were ANCA-positive at baseline and detailed clinical data on proven vasculitis were not
collected; this should become clear in the ongoing MANDARA trial and real-world use

of anti—IL-5 therapies. Mepolizumab, in combination with corticosteroids, is conditionally
recommended for remission induction in patients with active, non-severe EGPA in the ACR/
Vasculitis Foundation 2021 guideline for the management of ANCA-associated vasculitis.%8

While dupilumab (anti—interleukin-4 receptor a monoclonal antibody) has been approved
for severe type 2 asthma and would be expected to help stabilize this component of EGPA,
it should be used with caution because of the frequent increase in blood eosinophil counts
that occurs following its initiation’”- 8 and the occasional observation of exacerbation of
pulmonary eosinophilic conditions in this setting. Currently, there is no published data

for tezepelumab (anti-thymic stromal lymphopoietin monoclonal antibody) in EGPA,; it is
highly efficacious in severe asthma and may theoretically improve this disease component in
EGPA. While there are case reports of successful use of dupilumab in EGPA,7%-81 further
studies for both dupilumab and tezepelumab are required.

Several other eosinophil-targeting therapies are currently in development for use in HES
and other eosinophil-driven diseases. Following the fortuitous observation that the small-
molecule drug dexpramipexole reduced eosinophil counts in trials enrolling patients with
amyotrophic lateral sclerosis, a small Phase Il open-label study (NCT02101138) was
conducted in HES. This showed marked reductions in eosinophil counts in a subset of
patients, together with OCS-sparing capability.68 Another therapy under investigation is
the monoclonal antibody lirentelimab (AK002). Lirentelimab targets sialic acid-binding
immunoglobulin-like lectin 8 (Siglec-8), a transmembrane protein specifically expressed on
the surface of eosinophils and mast cells.82 Whilst lirentelimab has not yet been explored
for use in systemic HES or EGPA, it was shown to deplete blood and tissue eosinophils
in patients with eosinophilic gastritis or duodenitis in a Phase 11 placebo-controlled trial
(NCT03496571).67
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Cardiac disease in HES/EGPA—Cardiac involvement has previously been shown to be
the main cause of mortality in patients with HES® and EGPA83. Management of cardiac
involvement in HES depends on the disease subtype. For patients with myeloid disease with
known imatinib-sensitive mutations receiving imatinib mesylate, OCS should be added for
the first few days if there is evidence of cardiac involvement to prevent acute myocardial
necrosis.84 For patients with I-HES or L-HES, treatment selection is not altered based

on the presence or absence of cardiac disease; however, different monitoring requirements
(eg troponin) and evaluation (cardiac magnetic resonance imaging) are implemented and
attempts to suppress eosinophilia are more urgent. For patients with EGPA and cardiac
involvement, a combination of OCS and cyclophosphamide can be given as induction
treatment8® (FFS >1).

Conclusion

With advances in our understanding of HES and EGPA, patients with these rare diseases
can be more easily identified and effectively treated. However, considerable gaps concerning
upstream disease mechanisms remain, and further insight is required to determine how
polymorphisms conferring genetic susceptibility and environmental triggers may interact
to induce the inflammatory patterns that characterize these disorders. Furthermore, the
distinction between these disorders may be challenging for patients with predominant
respiratory presentations. Until then, optimizing therapeutic regimens so that patients are
at reduced risk for treatment-related toxicity is crucial. Given the important role played by
eosinophils in certain disease manifestations/complications of HES and EGPA, eosinophil-
targeting therapy may help achieve this goal for a significant proportion of patients. As

use of monoclonal anti—IL-5 therapies for the treatment of HES and EGPA becomes more
widespread following recent approvals for these indications, it is essential that investigators
monitor patients closely when tapering background CS and/or immunosuppressive therapy.
Any changes in disease expression may reflect non—eosinophil-mediated features of these
diseases warranting other/additional therapies. There is a need for multicenter studies on
the real-world use of and responses to eosinophil-targeting therapeutics, together with
large-scale mechanistic studies are needed to provide valuable insight, particularly in
regard to outcomes of patients with life-threatening complications who were excluded
from pre-approval clinical trials. These data may further our understanding of HES and
EGPA pathogenesis, help to identify new biomarkers facilitating diagnosis and monitoring,
and further refine and personalize treatment approaches for patients with systemic
hypereosinophilic syndromes.
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Avrticle highlights

Elevated eosinophil counts may indicate the presence of rare systemic
disorders such as hypereosinophilic syndrome (HES) and eosinophilic
granulomatosis with polyangiitis (EGPA).

Patients with HES or EGPA can display a variety of clinical manifestations
involving various organ systems.

While some variants of HES or EGPA can be distinguished on the basis of

a combination of clinical features and investigations, diagnosis may prove
difficult in overlap cases and in the early stages of disease presentation or may
be confounded by the use of systemic corticosteroids.

Although corticosteroid treatment is effective in the majority of patients with
HES and EGPA, management may differ in the choice of first line agents in
certain subtypes of HES and of second-line immunosuppressive or cytotoxic
therapy.

The advent of novel eosinophil-targeting therapies may enable tapering of
corticosteroid and/or second line agents in subsets of patients with these
diseases, reducing long-term toxicity and improving outcomes.
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FROM WORK-UP AND INVESTIGATION OF HYPEREOSINOPHILIA
TO DIAGNOSIS OF HES AND EGPA

and detailed history including

Drug exposure (including
non-prescription),travel history

and lifestyle associated with risk of
exposure to helminthic parasites,

risk factors and family history of cancer,
evidence of primary immunodeficiency

@ Thorough physical examination

Microscopic examination
of blood/body fluids

ﬁ Testing for infections associated
with HE: ova/larvae of helminthic
parasites, fungal or other infectious
cause as appropriate

m Blood test/bone marrow exam®

= Complete blood count with differential,
absolute eosinophil count, peripheral
blood smear

Serum tryptase, vitamin B12, IgE, I1gG,
IgM, 1gG4

ANCA (anti-PR3/anti-MPO testing by
ELISA if ANCA detected)

T-cell immunophenotyping by
flow cytometry®

Assessment for and quantification
of blasts®

Cytogenetic and molecular testing
for PDGFRA/B, FGFR1, JAK2
rearrangements or mutations
associated with clonal eosinophilia,
TCR gene rearrangement analysis
by PCR/NGS®

P0O0LS

Tests for end organ involvement/damage

ECG, echocardiogram

Blood tests; liver and muscle
enzymes, kidney function, serum
troponin lor T

ultrasound/CT scan

Further imaging/endoscopy/histological
examination/functional testing of

target organs depending on clinical
manifestations (see green box)

@ Chest x-ray/CT scan, abdominal

Further testing for cancer: FDG-PET
scan if neoplasia (solid or lymphoma)
is suspected

\

- Evidence of aberrant T-cell subset

]"

POTENTIAL DIAGNOSES® TREATMENT AND MANAGEMENT

« Treat the underlying cause

« May require temporary treatment of
hypereosinophilia to manage
eosinophil-driven manifestations

« Follow-up to ensure
hypereosinophilia resolves

Secondary causes

Evidence of infection, severe allergic disease,
cancer or adverse drug reaction

Myeloid neoplasm or M-HES

PDGFRA, PDGFRB, FGFR1 or JAK2 gene
rearrangement or mutation, evidence of clonal
eosinophilia (chronic eosinophilic leukemia,
NOS), or combined presence of features?
suggesting a possible myeloid neoplasm

« Tyrosine kinase inhibitors
(e.g. imatinib mesylate)

» JAK inhibitors

+ Chemotherapy

« Allogeneic stem cell transplant

Lymphocyti iant hypereosinophilic . :
« Corticosteroids

d L-HES

syndrome ( ) IFN-a

* Immunosuppressive or cytotoxic therapy

producing eosinophilopoietic factors - Eosinophil-targeting therapy

Idic hic h

ypereosinophilic
syndrome (I-HES)
Persistent unexplained symptomatic
hypereosinophilia associated with « Corticosteroids
eosinophil-mediated organ damage « Cytotoxic therapy (hydroxyurea)
(this may include organ-specific HES variants « IFN-a
i.e. skin, lungs, Gl tract, fascia) * Eosinophil-targeting therapy

OR

I-HES/EGPA overlap

Clinical (asthma, chronic rhinosinusitis)
and/or biological (ANCA-positive) features
suggesting EGPA but without evidence for

associated vasculitis

« Inhaled corticosteroids and bronchodilator

« Follow-up for appearance of new
manifestations suggestive of vasculitis
or granulomatous inflammation

EGPA

Histologically confirmed necrotizing
vasculitis or accepted surrogates
(e.g. mononeuritis multiplex) and fulfilling the
new ACR/EULAR classification criteria® for
EGPA. ANCA may or may not be present

« Corticosteroids

« Cytotoxic or immunomodulatory
therapy (cyclophosphamide,
methotrexate, azathioprine, rituximab)

« Eosinophil-targeting therapy

To adapt to clinical situation (signs, symptoms, disease manifestations)

j%!_ Digestive endoscopy/colonoscopy,

Cardiac MR, Holter monitor test
Gjﬁ entero-MRI, small bowel transit

Angiography, venous Doppler ultrasound ‘é_ Biopsy of affected tissue/organ(s)
o

Bronchoscopy with bronchoalveolar Q Brain MRI or CT with contrast,
lavage, lung biopsies, pulmonary nerve conduction studies,
function tests electromyography, soft tissue MRI

Figure. Diagnostic work-up for identifying patients with HES and EGPA%: 6. 22-24
@Bone marrow exam should be considered in the following situations: phenotyping and/or

cytogenetic tests suggesting myeloid or lymphoid variant HES, blood eosinophilia >5000/
mm3, elevated serum tryptase, lack of response to systemic corticosteroid treatment; Ptesting
which can be performed on bone marrow; a further category of potential diagnoses
includes HE of undetermined significance, where unexplained hypereosinophilia is present
but patients do not have associated eosinophil-related end organ damage or complications;
this is not discussed further as it lies outside the scope of this review; deg, anemia/
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thrombocytopenia, splenomegaly, elevated serum vitamin B12/tryptase or lack of response
to systemic corticosteroid therapy; Scurrent ACR/EULAR EGPA classification criteria
require a total score =6 across the following seven criteria: obstructive airway disease (+3),
nasal polyps (+3), mononeuritis multiplex (+1), blood eosinophil count =1 x 109cells/L
(+5), extravascular eosinophilic-predominant inflammation on biopsy (+2), positive test for
cytoplasmic ANCA or anti-PR3 antibodies (-3), hematuria (-1).36

ACR/EULAR, American college of rheumatology/European alliance of associations for
rheumatology; ANCA, antineutrophil cytoplasmic antibody; CT, computed tomography;
ECG, electrocardiogram; EGPA, eosinophilic granulomatosis with polyangiitis; FDG-
PET, fluorodeoxyglucose-positron emission tomography; FGFR1, fibroblast growth factor
receptor 1; HE, hypereosinophilia; HES, hypereosinophilic syndrome; IFN, interferon; Ig,
immunoglobulin; JAK, Janus kinase; MPO, myeloperoxidase; MRI, magnetic resonance
imaging; NGS, next-generation sequencing; NOS, not otherwise specified; PCR, polymerase
chain reaction; PDGFRA, platelet-derived growth factor receptor alpha; PDGFRB, platelet-
derived growth factor receptor beta; PR3, proteinase 3; TCR, T-cell receptor.

Mayo Clin Proc. Author manuscript; available in PMC 2024 July 01.
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