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Abstract

Eosinophilia and eosinophil activation are recurrent features in various reactive states and certain
hematologic malignancies. In patients with hypereosinophilia (HE), HE-induced organ damage
is often encountered and may lead to the diagnosis of a hypereosinophilic syndrome (HES). A
number of known mechanisms and etiologies contribute to the development of HE and HES.
Based on these etiologies and the origin of eosinophils, HE and HES are divided into primary
forms where eosinophils are clonal cells, reactive forms where an underlying reactive or neoplastic
condition is detected and eosinophils are considered to be ‘non-clonal’ cells, and idiopathic HE
and HES in which neither a clonal nor a reactive underlying pathology is detected. Since 2012
this classification and the related criteria have been widely accepted and regarded as standard.
However, during the past few years, new developments in the field and an increasing number of
markers and targets have created a need to update these criteria and the classification of HE and
HES. To address this challenge, a Working Conference on eosinophil disorders was organized

in 2021. In this conference, a panel of experts representing the relevant fields, including allergy,
dermatology, hematology, immunology, laboratory medicine, and pathology, met and discussed
new markers and concepts as well as refinements in definitions, criteria and classifications of HE
and HES. The outcomes of this conference are presented in this article and should assist in the
diagnosis and management of patients with HE and HES in daily practice and in the preparation
and conduct of clinical trials.
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Introduction

Eosinophilia is observed in a number of inflammatory and other reactive conditions and
related disease states, as well as in several hematologic malignancies.1~12 In reactive

states, eosinophilia is usually a non-neoplastic process triggered by eosinophil-targeting
cytokines, such as interleukin-3 (IL-3) or IL-5.1-6.12.13 | contrast, in stem cell-derived and
myeloid neoplasms, eosinophils usually derive from the malignant clone.6-11.13-16 Reactive
eosinophilia may be transient or episodic (recurrent) but may also persist. In contrast,

clonal (neoplastic) eosinophilia is always a persistent condition unless the disease progresses
to an acute leukemia or specific anti-neoplastic therapy is introduced. Blood eosinophilia
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is defined by an absolute eosinophil count (AEC) of more than 0.5 x 10%/L, whereas
hypereosinophilia (HE) requires an AEC of >1.5 x 109/L.4-7.14-16

In patients with persistent (or recurrent) hypereosinophilia (HE), tissue infiltration by
eosinophils and release of eosinophil-derived mediators and cytotoxic proteins may result
in clinically relevant organ damage and thus a hypereosinophilic syndrome (HES).1-6.12-15
In other patients, HE is persistent but does not lead to detectable organ damage. These
patients must be examined carefully and repeatedly for the development of HE-related
manifestations during follow up.14-16

Several neoplastic conditions are associated with eosinophilia.6-11.14-16 Myeloid neoplasms
frequently accompanied by eosinophilia include eosinophilic leukemias, chronic myeloid
leukemia (CML), other myeloproliferative neoplasms (MPN), distinct variants of acute
myeloid leukemia (AML), rare forms of myelodysplastic syndromes (MDS), some
MDS/MPN overlap disorders, and a subset of patients with (advanced) systemic
mastocytosis (SM).6-11.14-16 These diagnoses must be considered in cases of unexplained
eosinophilia, especially when signs of dysplasia and/or myeloproliferation are present. In
such patients, a thorough hematologic work-up, including bone marrow (BM) cytology,
histopathology, immunohistochemistry, cytogenetics, molecular analyses, and staging of
potentially affected organ systems, are warranted.6-11.14-16 | a]] HE-related disorders,
including hematologic neoplasms with HE, eosinophil-related organ damage may occur,
especially when treatment is delayed or the disease is treatment-resistant. In myeloid/
lymphoid neoplasms with eosinophilia and rearrangements in the platelet-derived growth
factor receptor genes (PDGFRSs), patients require early treatment with specific drugs to
minimize the risk of i) hematologic progression and ii) occurrence of thromboembolic or
fibrotic complications or other manifestations of HES. Imatinib is an effective therapy that
leads to complete remission in nearly all of these patients.17-21

During the past two decades, several classifications of eosinophil disorders have been
proposed.6-11.14-16.22-25 1n 2011, a multidisciplinary international cooperative working
group (ICOG-EO) was convened to establish diagnostic criteria and a global classification
of eosinophil disorders and related syndromes.1® This classification, published in 2012, is
widely used, as it is easily applicable in daily practice and includes disease-related markers
and aspects from various fields of medicine, including allergy, hematology, immunology,
pathology, and laboratory medicine.15.16.23

Over the past 10 years, additional markers and disease-triggering mechanisms have

been identified, and novel concepts concerning the diagnosis, prognosis, and therapy of
eosinophil disorders have been developed. The World Health Organization (WHO) has
provided updated criteria and classifications for hematopoietic neoplasms accompanied by
eosinophilia in 2017 and 2022.8-11 In complement to these updates, the ICOG-EO organized
the Year 2021 Working Conference on Eosinophil Disorders and Syndromes (Vienna,
September 24-26, 2021) to discuss novel developments in the field encompassing all HE
conditions, extending beyond hematopoietic neoplasms, and to refine criteria, definitions,
and the classification of these disorders. Experts from the fields of dermatology, pathology,
immunology, hematology, and laboratory medicine contributed to this project. All faculty
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members actively participated in pre-conference and post-conference discussions (March
2021 to March 2022). The outcomes of these discussions were formulated into consensus
statements, which are summarized in this article. All faculty members contributed equally to
discussions and manuscript preparation. The consensus-reaching process is described in the
supplement.

Eosinophil Biology and Normal Laboratory Values

Differentiation of normal eosinophils from their myelopoietic stem and progenitor cells

is tightly controlled by a network of transcription factors, growth factors, and other
cytokines.12-14.26-28 Hematopoietic stem and progenitor cells that give rise to eosinophils
are detectable in the bone marrow (BM) and peripheral blood (PB).2729:30 |n healthy adults,
the major active pool of eosinophil progenitors resides in the BM. Mature eosinophils are
also detected in normal BM aspirates, ranging between <1% and 6% in differential counts.
The normal AEC in the PB ranges between 0.05 and 0.5 x 10%/L. Eosinophils are also found
in the healthy thymus, spleen, lymph nodes, uterus, and the entire gastrointestinal tract distal
to the esophagus. However, the physiological counts of eosinophils in these organs vary.

In common with other leukocytes, eosinophils derive from uncommitted CD34*
hematopoietic stem and progenitor cells.26:27.29 The most potent growth factors for
eosinophils are IL-5, granulocyte-macrophage colony-stimulating factor (GM-CSF), and
IL-3.6:26-30 These eosinopoietic cytokines are primarily produced by activated T cells,
mast cells, type 2 innate lymphoid cells, and stromal cells, and trigger growth

and survival as well as activation, adhesion, and migration of normal, reactive, and
neoplastic eosinophils.1-3:12-14.26-28 Apart from the classical growth regulators mentioned
above, several other cytokines and chemokines, such as transforming growth factors
(TGF), platelet-derived growth factors (PDGF), and CC/CXC ligands, can modulate
eosinophil functions.31-34 Eosinophil-targeting cytokines and chemokines are summarized
in Supplemental Table S1. While reactive eosinophilia is induced by eosinopoietic
cytokines, such as IL-5, IL-3, or GM-CSF, clonal eosinophilia is typically triggered by
rearrangements in certain oncogenic target genes, including PDGFRA, PDGFRB, fibroblast
growth factor receptor-1 (FGFRI), JAK2, ABL1, and ETV6.511.14-17 The signaling
networks downstream of ligand-activated or/and oncogenic growth factor receptors in
eosinophils (normal or neoplastic) are shown in Supplemental Figure S1.

Eosinophils produce and store many biologically active molecules in their granules,
including eosinophil peroxidase (EPX), eosinophil cationic protein (ECP), eosinophil

major basic protein 1 (eMBP1), major basic protein 2, as well as numerous cytokines,
including TGF-R (Supplemental Table $2).12-14.35-42 | the setting of massive and persistent
eosinophil activation, eosinophil-derived (toxic) substances can cause substantial changes

in the local microenvironment, resulting in organ damage, often in association with local
inflammation, cytotoxicity, thromboembolic complications, and/or fibrosis.1-3:12-14.42-44 |
patients with tissue HE and persistent eosinophil activation, marked deposition of eosinophil
granule proteins, including eMBP1 and EPX, is usually found although staining for these
eosinophil-derived proteins is not standardized or available in most centers. Recommended
routine stains for visualization and enumeration of eosinophils in organ specimens are
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the H&E, May-Griinwald-Giemsa, and Wright-Giemsa stains.1® Electron microscopy and
immunostaining with antibodies to eosinophil granule proteins can provide information
about deposition of eosinophil granules and their proteins when eosinophils are not
identifiable as intact cells in tissue sections.*4

Updated Definition of Hypereosinophilia (HE)

PB eosinophilia can occur as absolute blood eosinophilia (>0.5 x 10%/L), relative blood
eosinophilia (>6% in differential counts) or combined absolute and relative eosinophilia
(absolute >0.5 x 10%/L and >6%). Absolute PB eosinophilia can be divided into mild
eosinophilia (0.5-1.49 x 10%/L), moderate hypereosinophilia (1.5-5.0 x 10%/L), and severe
hypereosinophilia (>5.0 x 109/L).6-9.11.15.23 As mentioned before, eosinophilia may be
transient, episodic, or persistent.

Our faculty also discussed the issue that in some myeloid leukemias with extreme blood
leukocytosis, eosinophils can be 1.5 x 10%/L blood but represent only a minority of
leukocytes (<3%) and play no obvious pathogenic role. This holds true particularly for
Ph-chromosome-positive CML and some AML variants. Therefore, our faculty concluded
that the term HE should apply in CML and AML only when absolute and relative blood
eosinophilia are present. Our proposed revised definition of HE for such leukemias is:
persistent AEC 1.5 x 10%/L blood and =10% eosinophils in PB differential counts (Table
1).

In our original definition of HE, “persistent” was defined as AEC >1.5 x 109/L for at

least 4 weeks’.1> The WHO recently also proposed a 4-week interval.11 In the Year 2021
Working Conference, this interval was again discussed. Based on our better understanding
of the potential for rapidly deleterious clinical implications of certain driver genes and

the availability of better (more rapid) diagnostic tests, our faculty agreed that the term
‘persistent” should apply to HE recorded on at least 2 occasions with a minimum ‘time-
interval’ of 2 weeks.

Our faculty also discussed whether tissue HE should be defined with formal criteria and
used to diagnose HE-related pathologies and syndromes, including HES. After thorough
discussion, our faculty concluded that the previously formulated criteria for tissue HE
should be maintained and that the term ‘tissue HE’ should be used in diagnostic reports
documenting HE-related pathology and syndromes.1%:23

Per the original definition, tissue HE is present when >1 of the following features is
documented: i) the percentage of eosinophils exceeds 20% of all nucleated cells in BM
sections, ii) a pathologist is of the opinion that tissue infiltration by eosinophils is extensive
(massive) compared to ‘normal physiologic ranges’, or iii) immunostaining reveals extensive
extracellular deposition of eosinophil granule proteins, such as eMBP1 or EPX (Table 1).15
Although immunostaining for eosinophil granule proteins is not routinely available, when
observed, it qualifies as a criterion for tissue HE even in the absence of marked (intact)
eosinophil infiltration.1:15
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Of note, tissue HE can be detected in the absence of PB HE (e.qg., in eosinophilic esophagitis
or nasal polyposis), although in most instances, mild blood eosinophilia is also present. It

is also important to state that the original definition of HES required PB HE.1® In other
words, the diagnosis of HES could only be established when both PB HE and HE-related
organ damage were documented, irrespective of tissue HE.1> However, there are cases with
tissue HE and associated organ damage resembling HES in which peripheral HE is absent.
This occurs most commonly when only a single organ is involved. These patients should be
labeled as ‘tissue-restricted HE” or “‘organ-restricted (mono-organ) HES’, and most should
be managed in the same way as those who have classically-defined HES.

Refined Criteria and Classification of HE Variants

Based on clinical features and underlying etiology, HE can be divided into the following
categories: familial (hereditary) HE (HEga), HE of unknown significance (HEs), secondary
(reactive) HE (HER) where eosinophilia is non-clonal and driven by overproduced cytokines,
and primary (clonal, neoplastic) HE where the pathology is driven by neoplastic (clonal)
eosinophils (HEy) (Table 2, Figure 1).1° It is important to note that these HE categories are
not final diagnoses, but should prompt the physician to establish the etiology and pathology
of the HE, and identify the underlying disorder. For example, a patient with HEx may suffer
from AML, PDGFRA-rearranged MPN-eo, or chronic eosinophilic leukemia (CEL).

HER is by far the most common variant of HE. This category includes HE associated

with infections (e.g., helminth infections), other reactive (inflammatory) diseases, lymphoid
neoplasms (often T cell neoplasms producing eosinopoietic cytokines), and adverse drug
reactions. In all variants of HE, a detailed assessment of end organ function (by detailed
imaging and other staging investigations as well as laboratory studies) is essential to rule out
or to detect eosinophil-related organ damage, which, if present, leads to a final diagnosis of
HES.1® In the following paragraphs, we provide refined, updated criteria for the designated
variants of HE. A diagnostic algorithm for patients with HE is depicted in Figure 1.

Familial HE (HEEga) = Hereditary HE

A number of hereditary conditions and syndromes are associated with familial HE
(HER,).15:23:45-50 Most of these disorders are detected in childhood, and some are
associated with immunodeficiency.*6-49 Well-defined hereditary syndromes associated

with HE and eosinophilia-induced organ complications include Omenn syndrome, Wiskott-
Aldrich syndrome, Netherton syndrome, and Hyper-IgE syndrome. A detailed description of
these disorders and syndromes is beyond the scope of this article and is the subject of several
recent reviews.*6-49 Germline mutations in certain driver genes of myelopoiesis, such as
JAK1, are rare and may also be associated with hereditary (familial) HE.5? These conditions
often manifest in adulthood, and not all family members develop typical symptoms of
HES.50 Familial genetic disorders associated with HE are summarized in Supplemental
Table S3. Although patients with inborn immunodeficiency syndromes may also present
with HE, most of these patients present with mild eosinophilia and do not develop typical
manifestations of HES. Rare cases of familial clustering of HE have been described in

the absence of a known genetic defect and/or the absence of symptoms. Examples include
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mitochondrial myopathies and a rare autosomal dominant variant of asymptomatic HE
characterized by dysregulation of IL-5 expression and rare progression to HES. 4

HE of Unknown Significance (HEys)

When no familial clustering, underlying pathology, related molecular (genetic)
abnormalities, or HE-related organ damage is found in a patient presenting with HE, the
provisional diagnosis ‘HE of unknown significance’ (HE ) should be considered (Table 2,
Figure 1).151623.51.52 A diagnosis of HE g requires a) exclusion of an underlying disease
or condition that can induce HE and b) exclusion of HES. Close follow-up of patients with
HE s is essential, since eosinophil-related organ damage may develop after several months
to years, and/or an underlying disease may become apparent over time with additional
diagnostic testing. Should either of these occur, the diagnosis will change to another form of
HE or HES (Figure 1).15:23 Finally, mild eosinophilia (0.5-1.5 x 10%/L) not meeting criteria
of HE may be associated with organ dysfunction or organ damage, and should, therefore,
prompt the physician to initiate in-depth investigations.15.16.23,51,52

Reactive HE (HER)

In HER, eosinophils are presumed to be non-clonal cells as demonstrated by exclusion of the
presence of HE-triggering driver mutations and related myeloid neoplasms. In most patients
with HER, eosinopoietic cytokines are considered to play a role in secondary eosinophil
expansion and activation, and in many cases, overproduction of IL3, IL-5 and/or GM-

CSF has been documented.2-6:12.14.53 \Whereas the underlying disease process can usually
be identified and treated, the differential diagnosis is broad and includes inflammatory
states, infections, autoimmune processes, and neoplastic disorders, such as solid tumors

or lymphomas (Supplementary Table S4).2-6:13.14.26 |n patients with suspected HER in
whom no underlying reactive disease can be identified, exclusion of a myeloid or stem cell
neoplasm (causing eosinophilia) is essential (see below).15:16.23 Sometimes, HE is followed
for months or even years before a hematopoietic neoplasm is diagnosed.

In a subset of patients with HER, one or more T cell subsets with an aberrant
immunophenotype by flow cytometry (most commonly CD3—/CD4*) and increased
production of type 2 cytokines, with or without evidence of a clonal T cell receptor

(TCR) gene rearrangement, are found.23-°8 When signs of organ damage are also present,
the lymphoid variant of HES (L-HES), a special form of reactive HES, should be
diagnosed.15:53-58 |mportantly, detection of an isolated clonal TCR rearrangement in the
absence of an abnormal T cell phenotype is not sufficient for diagnosis of L-HES even if
clinical criteria of HES are fulfilled.15:54:55 Patients with L-HES are at increased risk for the
development of a lymphoproliferative disease and should be followed accordingly.59-60

In a subset of (mostly pediatric) patients with B cell acute lymphoblastic leukemia, a
specific translocation, t(5;14)(q31;932), leads to juxtaposition of the /gH enhancer and the
/L-3gene, resulting in (over)production of IL-3 by leukemic cells; these patients may also
present with (reactive) HE.
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Neoplastic HE (HEy) = Clonal HE

The World Health Organization (WHO) classification provides the basis for the delineation
of hematopoietic neoplasms accompanied by clonal HE (Supplementary Table S5).8-11

In the 2016 and 2022-updated WHO classifications, stem cell and myeloid neoplasms
accompanied by eosinophilia are initially classified based on the presence of certain
molecular markers, such as rearranged PDGFRA or PDGFRB (Supplemental Table S5).8-11
In many cases, a specific abnormality, such as F/PIL1::PDGFRA, is detected 8-11.15-21 |
other patients, mutations in JAKZ or JAKZ, or other key signal-transduction molecules, such
as STATS, are found.51-83 The 2022-updated WHO classification and a recently proposed
International Consensus Classification (ICC)®* include additional kinase fusion genes
associated with HE in a newly named diagnostic category: ‘myeloid/lymphoid neoplasms
with eosinophilia and tyrosine kinase gene fusions (MLN-TK) (Supplementary Table S5).11

Standard evaluations to screen for such fusion genes include conventional cytogenetics,
fluorescence in situ hybridization (FISH) and PCR. These assays are how also
complemented by NGS-based sequencing techniques to screen for the presence of additional
mutations and rearrangements. Collectively, the techniques applied should cover the

most common abnormalities involving PDGFRA, PDGFRB, FGFR1, ETV6, and JAKZ,
BCR::ABL 1, AML -specific fusion genes and FL73rearrangements, as well as JAKZV617F
and K/7 D816V. Whole transcriptome sequencing and RNAseq are emerging technologies
with broader scope, but are not yet in standard use as tests for myeloid neoplasms. In some
hematopoietic neoplasms, such as B or T cell lymphomas, and plasma cell disorders, HE is
usually reactive, whereas HER in myeloid neoplasms is very rare. An overview of mutations
and fusion genes recurrently detected in patients with HE is provided in Supplemental Table
S5 and Supplemental Figure S1.

In patients with HEy, the underlying neoplasm is defined based on morphologic,
immunologic, and histomorphologic criteria provided by the WHO and ICOG-EQ.6-11.15.23
These diagnoses range from myelodysplastic syndromes (MDS), MPN, and MDS/MPN
overlap disorders to acute and chronic leukemias, and from systemic mastocytosis (SM) to
various lymphoproliferative neoplasms (Supplemental Table S5).6-11 Once the molecular
WHO entity and underlying neoplasm are defined, the presence or absence of an associated
HES is determined in a final step (Figure 2).15:23

Whereas this stepwise approach provides a logical framework for the diagnosis and
classification of HEy, it is critical to define the molecular complexity of the underlying
disease and the molecular targets as early as possible and to base the final diagnosis

on histopathological and clinical parameters as well as the molecular features.1® This

is important for several reasons. First, in many patients, multiple molecular defects are
detectable even in the same founder-clone (subclone-formation), and it may be difficult to
define the clinical impact of each individual molecular abnormality. Second, most molecular
markers have been described in a wide range of neoplasms with differing pathologies,
divergent clinical courses, and different responses to therapy.

Another important point is that the minimal allele burden (variant allele frequency, VAF)
required to define some neoplasms is not well delineated, and sometimes, the role of a lesion
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expressed at low VAF (for example JAK2V617F at <2%) remains unclear in the setting

of multiple concomitant mutations detected in the same patient. The WHO also regards

a VAF below 2% as sub-diagnostic in the context of eosinophil neoplasms such as CEL.
Therefore, our faculty is of the opinion that the VAF (of each lesion) must be included in

the final report and that the term clonal HE (or clonal HES) should be based on a minimal
VAF of 3% (>2%). In cases where no HE-related gene abnormality (fusion gene variant)

is identified, patients can only be classified according to histopathological, morphological,
immunological, and clinical parameters. Finally, the number of somatic mutations detectable
in patients with myeloid (and other hematopoietic) neoplasms is increasing. Some of these
mutations, such as age-related mutations, are also detectable in healthy controls (often with
a VAF <3%) and their detection in a patient with a myeloid neoplasm may play no dominant
role in pathogenesis even if the VAF is rather high.

Based on these considerations, our faculty is of the opinion that the WHO and ICC
classification of hematopoietic (stem cell and myeloid) neoplasms accompanied by HE
should be followed!1:64, but that the additional classification principles provided by the
ICOG-EO should also be applied.1°23 Specifically, after the WHO-related genetic markers
are examined and the HE-related primary pathology is documented (Figure 2), the presence
or absence of HES should be addressed and the final diagnosis established according to a
combination of WHO (ICC) and ICOG-EO criteria (Figure 2).123 Robust histopathological
and morphological criteria should be applied to each individual case and used as the basis
for the final hematological diagnosis. An illustrative example is eosinophilic leukemia
associated with mastocytosis.1%:23

Based on the classification proposed by the ICOG-EQ, eosinophilic leukemias can be
divided into chronic eosinophilic leukemia (CEL) and acute eosinophilic leukemia (AEL)
(Supplemental Table S5).1%:23 The WHO and ICC classifications include CEL among

the classical MPN, but do not include AEL.11.64 Per the ICOG-EO proposal, CEL is
diagnosed when the percentage of (clonal) eosinophils in the PB and/or BM is =30% and
the percentage of myeloblasts is <20%.1° Certain driver-related myeloid-, stem cell- and
mast cell neoplasms (including CML and JAK2 VV617F+ MPN) must be excluded as primary
trigger of HE before a diagnosis of CEL can be established, unless co-existence of such

a neoplasm with CEL is demonstrated with certainty based on detailed histopathological
and molecular studies (Supplemental Table S5). In the WHO proposal, the presence of any
recurrent gene drivers of myeloid neoplasms (e.g., BCR..ABLI) or MLN-TK precludes a
diagnosis of CEL.11 In the ICOG-EO proposal, AEL is diagnosed when the percentage of
neoplastic eosinophils in the PB and/or BM is 230%, and the percentage of myeloblasts is
>20% (Supplemental Table S5).15 When HE is present and the percentage of eosinophils is
below 30% in a patient with a stem cell-derived or myeloid neoplasm, the final diagnosis is
the WHO diagnosis together with the appendix ‘-e” (Supplemental Table S5). For example,
in a patient with JAKZ2V617F-negative ‘primary myelofibrosis (MF)” in whom HE is
present and the percentage of eosinophils is 18% (and thus below 30%), the final diagnosis
is MPN-eo (MF-eo) (Supplemental Table S5). However, if the percentage of eosinophils
increases to 75% (and blast cells remain below 20%), the ICOG-EOQ diagnosis would change
to (secondary/post-MF) CEL. Of note, the presence of eosinophilia is associated with poor
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prognosis (decreased survival) in several (chronic) myeloid neoplasms, including MDS and
systemic mastocytosis (SM).85-67

The clinical impact of AEL remains uncertain given the rarity of this disease and the fact
that the blast cell compartment (AML) is clinically more relevant than the impact of HE or
HE-induced organ dysfunction in patients with AEL. As mentioned, the current WHO and
ICC classifications do not include AEL.11.64

Definition, Criteria and Classification of HES

Based on the definition provided by the ICOG-EO, HES is defined by i) the presence

of blood and/or tissue HE, ii) HE-associated organ damage, and iii) exclusion of another
underlying disorder or pathology as the primary driver of organ damage (Table 1).1523 The
second (ii) and third (iii) criteria require detailed histopathological and clinical evaluation
as well as imaging studies not only to document organ involvement but to determine that
local infiltration of eosinophils and/or the toxic effects of eosinophil-derived substances
are the most likely cause.12:23.68-70 |n patients with HES, clinically relevant organ damage
can include one or more of the following features: a) fibrosis (e.g., in the lungs, heart,
digestive tract, and other organs), b) thrombosis (thromboembolism) in various organ
systems, c¢) cutaneous (skin or mucosal) erythema, edema/angioedema, blisters, ulceration,
or eczema, d) pulmonary manifestations, €) gastrointestinal involvement, f) peripheral or
central neuropathy with chronic or recurrent neurological deficit(s), g) manifestations of
eosinophilic vasculitis and h) other less common organ manifestations of HES (liver,
pancreas, kidney, others).15:23 Typical clinical features of HE-related organ damage and
thus HES are shown in Supplemental Table S6. Whereas clinical and imaging studies
(including radiological studies) are important and may often be diagnostic, in other cases
only the pathologist will be able to confirm organ involvement by demonstrating the
presence of tissue HE.1-3:15.23 |n some instances, it may be difficult to establish a definite
(causative) relationship between HE and the observed clinical manifestations either for
technical reasons (e.g. the risks of obtaining an endomyocardial biopsy in an acutely ill
patient or the need for urgent therapy), or because currently available investigations are
not able to detect anomalies (e.g., central nervous system dysfunction may occur in the
absence of overt abnormalities in imaging studies). Moreover, patients may experience
non-specific constitutional symptoms such as recurrent fever, malaise, fatigue, or myalgia,
which may be severe but cannot be definitively related to eosinophil-induced organ damage.
In some cases, eosinophil involvement can reasonably be inferred from indirect but highly
suggestive findings, such as the presence of classic findings of endomyocardial fibrosis

on cardiac magnetic resonance imaging (Supplemental Table S6). Furthermore, substantial
improvement or regression of the symptomatology with treatment may provide indirect
evidence that organ manifestations were triggered by HE.

All things considered, the term HES should be used for any patient in whom HE is clearly
implicated in disease pathogenesis (organ damage), regardless of whether the HE results
from a reactive process, a neoplastic process, or another underlying disease.1>23 HES
may be diagnosed at first presentation or during follow up. In particular, when specific
organ damage is detected in a patient with HE, the diagnosis changes from HE to HES
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(Figure 1).1523 Moreover, eosinophil-related organ damage in a single organ system may be
sufficient to call the condition HES.1%23 In such cases where the peripheral AEC is below
the threshold defining blood HE, we propose the terms ‘tissue-restricted HES’, or ‘organ-
restricted HES’ (mono-organ HES), even though the relative contribution of eosinophils to
tissue damage may be difficult to ascertain, especially when other leukocyte subsets are also
observed in histopathological analyses (e.g., increased mast cells and epithelial changes in
eosinophilic esophagitis).

Patients with HE and HES are classified in a similar way based on underlying etiology

with transition to the appropriate category of HES depending on the presence and nature

of clinical manifestations.1® An updated classification of HES proposed by our ICOG-EQ
group is shown in Table 3. The classification divides HES into familial/inherited HES
(HESEp), idiopathic HES (HES)), reactive HES (HESR), and clonal/neoplastic HES (HESy)
(Table 3). As mentioned before, the lymphoid variant of HES (L-HES) is considered a
reactive form of HES in which eosinophils are non-clonal cells triggered by T cell-derived
cytokines.>#-60 The diagnosis HESg is established when HEga is identified and the clinical
criteria of HES (typical organ damage) are fulfilled.15:23

An important point is that HES should be differentiated from clinical syndromes associated
with HE but that do not meet criteria for HES, such as some of the inborn errors of
immunity and organ-restricted inflammatory conditions where HE is present but does not
play a major role in organ damage or dysfunction, and typical symptoms of HES are
uncommon (Supplemental Tables S3, S7, and S8).

Finally, it is of the utmost importance to delineate between the clinical syndrome of HES
(defined by a symptom complex) and the underlying histopathological diagnosis. In fact,
HES is neither a final diagnosis nor a defined immunological or hematologic disease.
Rather, the contributing etiology and, thus, the underlying disease must be identified if
possible in all patients with HES, and when no underlying disease is identified, the final
diagnosis is HES; 1° It is noteworthy that some patients with HE s, HER or HE do not
develop clinical features of HES (organ damage) despite persistent HE over many years.>1:52

Specific Syndromes and Organ-Specific Pathologies Accompanied by HE: Can some or all
of these Conditions be Classified as HES?

There are several specific syndromes and conditions associated with HE for which no
underlying etiology or disease has been identified and/or the pathogenesis remains uncertain.
These include patients with single organ-restricted eosinophilic inflammation, such as
eosinophilic colitis, eosinophilic gastritis, eosinophilic cystitis, eosinophilic hepatitis, several
skin disorders, and certain forms of vasculitis (Figure 3, Supplemental Tables S7 and S8).
Our faculty is of the opinion that in many (or even most) of these conditions and syndromes,
patients can be classified as HESg provided HES criteria are fulfilled.

In another group of patients, a symptom complex or distinct molecular or immunological
pattern can be detected. Examples include episodic angioedema with eosinophilia (Gleich
Syndrome), eosinophilic granulomatosis with polyangiitis (eGPA), 1gG4-related disease

(1gG4-RD), and the eosinophilia-myalgia syndrome (EMS) (Table 3, Supplemental Table
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$8).71.72 Gleich syndrome is characterized by angioedema, the presence of phenotypically
aberrant clonal T cells, and increased polyclonal IgM.”2 eGPA is a systemic eosinophilic
vasculitis characterized by peripheral eosinophilia, asthma, and chronic rhinosinusitis with
polyps. Anti-neutrophil cytoplasmic antibodies (ANCA) are detected in approximately 40%
of patients with eGPA. Given the similarity between the clinical manifestations of eGPA
and classical features of HES, our faculty is of the opinion that several of these conditions
(syndromes) should be classified as HES provided that HES criteria are fulfilled. If this is
not the case, then the final diagnosis is the named (known) syndrome and not HES.

Conclusions and Future Perspectives

Diagnosis and management of eosinophil-associated disorders and related syndromes are an
emerging challenge in the fields of clinical immunology, hematology, and pathology. With
the recent availability of eosinophil-depleting targeted drugs, it is now even more important
to unify definitions and classifications for these conditions in an interdisciplinary effort.

HE may develop in the context of various hematologic neoplasms and in certain reactive
states. In all these patients, it is important to i) document or exclude a related neoplastic

or non-neoplastic disease, and to ii) document or exclude the presence of HE-related organ
damage (HES). Several immunological, serological, molecular, and cytogenetic markers are
available to establish the nature of the underlying condition and, thus, help define the variant
of HE and HES. In 2012, our consensus group proposed a comprehensive classification

of eosinophil disorders together with diagnostic criteria. This proposal was based on

a multidisciplinary approach involving the fields of allergy, immunology, hematology,
pathology, and molecular medicine. Because of its multi-disciplinary character and simple
format, this concept has been widely accepted and is considered standard. However, recent
developments in the field emerged and created a need to update and refine these concepts
and diagnostic criteria. In the Year 2021 Working Conference on Eosinophil Disorders
(Vienna, September 24-26, 2021), these developments were discussed and used to adjust
diagnostic criteria, as well as definitions and classification of easinophil disorders. As in
2011, these proposed criteria and definitions are based on a multidisciplinary approach and
are in line with the previous ICOG-EO consensus proposal and the 2016- and 2022-updated
classification of the WHO. We also define where the ICOG-EO proposal complements or
adds to the 2022-updated WHO classification and ICC. Our updated definitions and criteria,
along with our increasing knowledge about the etiology of HE should improve diagnosis,
management, and prognosis of patients with eosinophil disorders in daily practice as well as
in clinical trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Hypereosinophilia (HE)
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Figure 1.

Diagnostic algorithm for patients with documented hypereosinophilia (HE)
Patients with documented HE are examined for the presence of an underlying disease
(etiology) and for the presence of eosinophil-induced organ damage by applying basic

Page 19

a) Diagnostic staging
b) Pathology: tissue HE
- Organ Damage
confirmed

diagnostics and specific staging investigations as well as specific molecular, laboratory,
immunologic, hematologic, morphologic and histopathologic investigations. The initial basic
investigation includes a family history which may reveal familial HE (HEga). In a next

step, clinical and laboratory features of a reactive process are documented or excluded

.In

the case of a secondary reactive HE (HER), the underlying disease process (inflammation,
infection, tumor, others) needs to be defined. When no underlying reactive condition, no

sign of clonality (neoplastic condition), and no signs of overt organ damage are found
the provisional diagnosis is HE of unknown significance (HEg). These patients must

be

carefully monitored over time. When neoplastic HE (HEy)) is detected, the final diagnosis of
an underlying hematologic neoplasm must be determined by using WHO criteria and criteria

provided by the ICOG-EO group. When HE is accompanied by specific (HE-induced)

(multi)organ damage, the diagnosis of HES can be established. HES can occur in any type of
HE and can present as secondary/reactive HES (HESR), primary/neoplastic HES (HESy), or

idiopathic HES (HES)).
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Hematologic Neoplasm
with Confirmed HE (HE,)

e

Test for Typical Gene Rearrangements and
Driver Gene Mutations detectable in HE,,

e

WHO Diagnosis Based on Genetic Results
Example: PDGFRB-Rearranged Neoplasm

e

Define Underlying Hematologic Neoplasm
Example: CMML, CEL, AML, SM, NHL, ....

e

Demonstrate or Exclude HE-Induced Organ
Dysfunction/Damage: +HES or —HES

Figure 2.
Diagnostic algorithm for patients suffering from hematologic diseases accompanied by

clonal/neoplastic hypereosinophilia (HEy)

In a first step, the presence of HE must be confirmed by measuring blood counts and the
percentage of eosinophils by microscopy. In a next step, leukocytes are examined by PCR
and next generation sequencing for the expression of certain gene variants known to be
present in myeloid and stem cell neoplasms associated with HE. In addition, leukocytes
from the bone marrow or blood are examined for specific abnormalities by conventional
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karyotyping and fluorescence in situ hybridization (FISH). At the same time the underlying
stem cell or myeloid neoplasm is defined by detailed studies of bone marrow and blood
cells, including histomorphological, immunohistochemical, immunological, and biochemical
analyses. When the patient is suffering from a lymphoid neoplasm (NHL), HE is considered
to be non-clonal and the diagnosis usually changes to HER. In a final step, the patient

is examined for the presence of signs and symptoms of specific organ involvement that
could qualify as HE syndrome (HES). Here it is of utmost importance to explore the

case history and to ask the patient about previous potential HES-related events, such as

a thromboembolic complications. Abbreviations: HE, hypereosinophilia; PDGFR, platelet-
derived growth factor receptor; CMML, chronic myelomonocytic leukemia; CEL, chronic
eosinophilic leukemia; AML, acute myeloid leukemia; SM, systemic mastocytosis; FISH,
fluorescence in situ hybridization; NHL, Non Hodgkin lymphoma; +HES, with concomitant
hypereosinophilic syndrome; -HES, without HES.
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Eosinophilic granuloma
Eosinophilic bronchitis
Eosinophilic pneumonia
Simple pulmonary
eosinophilia

Eosinophil pleuritis
Occupational lung
syndromes

Allergic
bronchopulmonary
aspergillosis

Tropical pulmonary
eosinophilia

Eosinophilic myositis
Eosinophilic synovitis
Eosinophilic arthritis
Eosinophilic fasciitis

Gl Tract

Eosinophilic esophagitis
Eosinophilic gastritis
Eosinophilic enteritis
Eosinophil gastrointestinal
disorder (EGID)
Eosinophilic cholecystitis
Eosinophilic colitis
Eosinophilic pancreatitis
Eosinophilic hepatitis

Pemphigoid
Ectoparasites
Eosinophilic folliculitis

syndrome
= Eosinophilic dermatosis of

hematologic malignancy
= T-cell ymphoma

= Eosinophilic ulcer of the oral

mucosa

Other

Eosinophilic ascites
Eosinophilic myocarditis
Eosinophilic coronary
periarteritis

Eosinophilic nephritis
Eosinophilic cystitis
Eosinophilic prostatitis
Eosinophilic endometritis
and myometritis (uterus)
Eosinophilic mastitis

Organs potentially involved in patients with HE and HE-related organ damage (HES)
Compilation of disorders that are accompanied by eosinophilia and affect distinct organ
systems. Organ involvement depends on the underlying etiology (disease), the exogenous
(infectious), molecular and immunological triggers, and the number and degree of activation
of infiltrating eosinophils. In patients with HES, multiple organs may be involved, and the
same holds true for patients with defined syndromes, such as Gleich’s syndrome or patients
with eGPA. However, there are also patients with HES or other conditions accompanied

by HE where only a single organ system is involved. Examples are eosinophilic colitis,
eosinophilic gastritis or eosinophilic pneumonia. In cases with primary (neoplastic) HES, the
cardiovascular system is often affected, but cardiovascular complications may develop in any
form of HES. Abbreviations: eGPA, eosinophilic granulomatosis with polyangiitis.
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Table 1

Definition of Hypereosinophilia (HE) and of the Hypereosinophilic Syndrome (HES)

Name/Term Abbreviation  Definition and Criteria
Hypereosinophilia HE 1.5 eosinophils x10%/L peripheral blood on two examinations (interval =2 weeks). *
Tissue HE may or may not be detected.
Tissue Hypereosinophilia ~ Tissue one or more of the following applies:
HE a) the percentage of eosinophils in bone marrow sections exceeds 20% of all nucleated cells,
and/or

b) a pathologist is of the opinion that tissue infiltration by eosinophils is extensive and/or
¢) marked deposition of eosinophil granule proteins is found (in the absence or presence of tissue
infiltration by eosinophils)

Hypereosinophilic HES a) criteria for blood HE fulfilled and:
Syndrome b) organ damage and/or dysfunction attributable to tissue HE *“and:
¢) exclusion of other disorders or conditions as major reason for organ damage
Tissue-restricted HES *** a) criteria for blood HE not fulfilled and:
(Organ-restricted HES) b) organ damage and/or dysfunction attributable to tissue HE **m:

¢) exclusion of other disorders or conditions as major reason for organ damage

*
In patients with chronic myeloid leukemia (CML) or acute myeloid leukemia (AML) HE is defined by an absolute eosinophil count of
21.5x109/L peripheral blood and a relative eosinophil count of at least 10% (both for at least 2 weeks).

Ak

HE-related organ damage (damage attributable to HE): organ dysfunction with marked tissue eosinophil infiltrates or/and extensive deposition of
eosinophil-derived proteins such as eMBP1 or EPX (in the presence or absence of marked tissue eosinophils) and typical clinical, histopathological
and laboratory-based signs of HE-induced organ damage. When considering (establishing) the diagnosis HES is important to exclude all other
etiologies as primary reason of organ damage.
Ak

When blood HE is not recorded in a patient with tissue HE and clear signs of HES, the (provisional) diagnosis of tissue-restricted (organ-

restricted) HES may be established. Abbreviations: HE, hypereosinophilia; HES, hypereosinophilic syndrome(s); eMBP1, eosinophil major basic
protein 1; EPX, eosinophil peroxidase.
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Table 2
Classification of Hypereosinophilia (HE)
Variant of HE Abbreviation  Features
Hereditary (Familial) HEgA Familial clustering, often evidence of a hereditary immunodeficiency (inborn (errors of immunity
HE with eosinophilia), no evidence of a reactive or neoplastic underlying disease, and no signs or
symptoms indicative of HES
HE of Unknown HEys No known underlying etiology of HE, no positive family history, no evidence of a reactive or
Significance neoplastic condition or disorder underlying HE, and no signs or symptoms indicative of HES
Secondary (Reactive) HER Underlying reactive condition or disease that explains HE, no evidence for a clonal bone marrow
HE disease that explains HE ™ and no signs or symptoms indicative of HES
Clonal (Neoplastic) HE ~ HEy Underlying stem cell, myeloid, or eosinophil neoplasm inducing HE * no signs/symptoms

indicative of HES

*

In clonal/neoplastic HE (HEN), eosinophils are considered to be clonal cells derived from neoplastic stem cells, whereas in reactive HE
(HER), eosinophils are considered to be reactive (non-clonal) cells triggered by eosinopoietic cytokines such as interleukin-5. Abbreviations: HE,
hypereosinophilia; HES, hypereosinophilic syndrome(s).
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Table 3

Classification of Hypereosinophilic Syndromes (HES) and Related Disorders/Syndromes

Variant

Typical Features

Familial HES (HESga)

Idiopathic HES (HES))

Primary (neoplastic) HES (HESy)

Secondary (reactive) HES (HESR)

Aok

Special variants of HESg: *
a. Lymphoid variant of HES (L-HES)

b. Defined syndromes
Episodic angioedema and eosinophilia
(Gleich Syndrome)
Eosinophilic granulomatosis with
polyangiitis (eGPA) = Churg-Strauss
syndrome
Eosinophilia myalgia syndrome (EMS)
1gG4-related disease (I9gG4-RD)

Familial clustering, very rare, IEI-EO excluded ™ typical end organ damage attributable to HE, no
evidence of a reactive or neoplastic condition/disorder underlying HE

No underlying cause of HE, no evidence of a reactive or neoplastic condition/disorder underlying
HE; and: end organ damage attributable to HE.

Underlying stem cell, myeloid, or eosinophil neoplasm classified according to WHO criteria™™, and
end organ damage attributable to HE. Eosinophils are neoplastic (clonal) cells; in many patients,
rearranged/fusion variants of PDGFRA, PDGFRB, FGFR1, JAK2, STAT5, FLT3, ABL1 or other
driver genes, are found.

Underlying condition/disease where eosinophils are considered non-clonal cells, and HE is
considered to be cytokine-driven (HESR); and end organ damage attributable to HE.

Abnormal clonal T cells are often detected, and HES-related organ damage is found

Abnormal clonal T cells are often detected, angioedema, increased polyclonal IgM.

Polyangiitis, necrotizing angiitis, asthma, lung infiltrates; in a subset of patients, ANCA are
detected (ANCA+ form of eGPA)

Myalgia, muscle weakness, cramping, skin rash, dyspnea, fatigue.

Elevated serum 1gG4 levels, HE, and HES-like organ damage are found in about 30% of cases

*
The clinical symptoms and germline variants detectable in various forms of IEI-EO are depicted in Supplemental Table S3. These conditions may
also present with organ dysfunction or even organ damage, but the organ damage in these patients is generally not related to HE — therefore, these

cases are not classified as HES.

HA

A more detailed description of stem cell and myeloid neoplasms associated with HE or HES is shown in Supplemental Tables S4 and S5. In
these cases, clonality of eosinophils is often difficult to demonstrate or is not examined. However, if a myeloid or stem cell neoplasm known to
present typically with clonal HE, for example a myeloid neoplasm with PDGFR- or FGFR- rearrangement, is detected, HE can be regarded as

clonal.

HokAh

These syndromes may occur without fulfilling the formal criteria of HES. However, in most cases, the observed organopathy will qualify as
HE-related organ damage and thus as HES. Abbreviations: HE, hypereosinophilia; HES; hypereosinophilic syndrome; IEI-EO, inborn errors of
immunity with eosinophilia; ANCA, anti-neutrophil cytoplasmic antibodies. PDGFR, platelet-derived growth factor receptor; FGFR, fibroblast

growth factor receptor.
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