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Abstract

Background: Idiopathic hypereosinophilic syndrome (iHES) is a rare disorder of persistent
hypereosinophilia with secondary organ damage, but the full spectrum of organ involve-
ment and the constitutional-symptom burden under systematic ascertainment remain
incompletely characterised. Objectives: To describe the clinical phenotype of iHES in a
large single-centre cohort, with attention to symptoms typically under-reported in obser-
vational series. Methods: We followed 72 consecutive patients with iHES at a tertiary
referral centre between January 2017 and May 2025. Defined HES variants were excluded
by FIP1L1-PDGFRA RT-PCR and aberrant T-cell phenotyping on flow cytometry; secondary
causes were excluded clinically. Each potential organ manifestation was systematically
assessed at every visit using a structured clinician-administered checklist. Wilson 95%
confidence intervals (CIs) are reported for all proportions. Results: Median age at di-
agnosis was 45 years (interquartile range [IQR] 31–58); 83% were female. The median
number of involved organ systems was 3 (IQR 2–4, range 1–6). Pulmonary (91.7%, 95% CI
83.0–96.1), sinonasal (75.0%, 95% CI 63.9–83.6), musculoskeletal (72.2%, 95% CI 61.0–81.2)
and gastrointestinal (66.7%, 95% CI 55.2–76.5) involvement predominated. Constitutional
symptoms—principally fatigue—were recorded in 97% of patients (95% CI 90.4–99.2) and
tracked clinically with disease activity. Cardiac involvement was infrequent (8.3%, 95% CI
3.9–17.0) but uniformly severe. Conclusions: Under systematic symptom probing, consti-
tutional features and pulmonary/sinonasal involvement were recorded more frequently
in this single-centre idiopathic HES cohort than in earlier series that pooled HES variants.
However, selection bias from a pulmonology and severe-asthma referral pattern, together
with differences in symptom ascertainment, likely contributes to these estimates and limits
their generalisability to the broader iHES population. Routine echocardiographic screening
and structured assessment of fatigue and cognitive symptoms should be incorporated into
iHES monitoring.
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1. Introduction
Idiopathic hypereosinophilic syndrome (iHES) is defined by sustained eosinophilia

(≥1.5 × 109/L for ≥1 month), resulting in organ damage in the absence of an identifiable
secondary cause [1,2]. The diagnosis is largely one of exclusion of other defined hypere-
osinophilic disorders, including myeloproliferative and lymphocytic variants [3,4]. Despite
recent advances in diagnosis and treatment, iHES remains a clinical challenge, in large
part because of its heterogeneous presentation [5–7]. Multiple organs may be affected,
and patients frequently report nonspecific but disabling symptoms—fatigue, malaise and
low-grade fever—that are easily overlooked or misattributed in specialist settings [8].

Owing to the rarity of the disease, only a few studies have reported clinical manifes-
tations in large patient cohorts [9–12]. The recent literature points to the skin and lung
as the most frequently involved organs; cardiac and neurologic complications are less
common but well documented. Constitutional symptoms such as fatigue and fever may
dominate the clinical picture but are inconsistently classified in observational studies, in
part because they are rarely captured with validated patient-reported instruments. De-
tailed characterisation of organ involvement in longitudinal cohorts is therefore limited,
particularly for subtle neurologic manifestations such as cognitive dysfunction or profound
fatigue. Moreover, the immunologic underpinnings explaining why some patients develop
disease in one organ (e.g., skin) versus another (e.g., heart) are still under investigation,
and large-scale data are needed to support the endotyping of iHES.

HES classification has been refined by recent advances in molecular diagnostics. The
2024 WHO/ICC consensus emphasises a molecular framework, prioritising the detection
of tyrosine-kinase fusions (FIP1L1-PDGFRA, PDGFRB, FGFR1) and clonal markers, while
retaining clinical subtypes such as lymphocytic, idiopathic, and myeloid HES [2]. This
molecular stratification has therapeutic implications: fusion-positive disease responds to
tyrosine-kinase inhibitors, whereas idiopathic variants may benefit from IL-5 pathway
inhibition [13].

Despite their clinical impact, constitutional symptoms such as fatigue, cognitive
dysfunction, and mood changes remain poorly characterised in the HES literature. Recent
European real-world data suggest that fatigue affects approximately half of patients [14],
yet systematic assessment tools are lacking. Better characterisation of these symptoms
could improve disease monitoring and quality-of-life evaluation.

The aim of this study was to characterise the clinical picture of iHES at our tertiary refer-
ral centre in Poland, with detailed attention to all potential organ involvements previously
described in observational studies and case reports. Using an unusually large single-centre
cohort accrued over more than eight years, we additionally review the immunologic and
molecular mechanisms most plausibly driving the organ-selective patterns observed.

2. Materials and Methods
2.1. Study Design and Patients

We conducted an analysis of a prospectively maintained single-centre registry of con-
secutive patients with iHES followed between January 2017 and May 2025 in the Clinical
Department of Internal Medicine, Asthma and Allergy of the Medical University of Lodz.
During the study period, 198 patients were evaluated for persistent hypereosinophilia
(absolute eosinophil count ≥1.5 × 109/L for ≥1 month); after the exclusion of secondary

https://doi.org/10.3390/jcm15145569

https://doi.org/10.3390/jcm15145569


J. Clin. Med. 2026, 15, 5569 3 of 11

causes and myeloid HES variants, 72 (36%) were classified as iHES and constitute the
present cohort. All patients fulfilled the contemporary WHO (2022) and ICC (2024) con-
sensus criteria for HES [2]. Patients with iHES were included after extensive evaluation
to exclude secondary causes (parasitic infection, allergic disease, drug reactions, autoim-
mune and neoplastic disorders) and well-defined HES variants. The systematic workup
to exclude secondary eosinophilia comprised a detailed drug and travel history; stool
ova-and-parasite examination and relevant parasitic serologies; total and allergen-specific
IgE testing; autoimmune and vasculitis serologies (including ANCA); serum tryptase and
vitamin B12; peripheral-blood smear review; and cross-sectional imaging. Bone-marrow
examination (morphology and cytogenetics) was performed in 41 (57%) patients, after
the consulting haematologist deemed it necessary. FIP1L1-PDGFRA fusion was tested
by RT-PCR and was negative in all cases, and no patient met the criteria for the lympho-
cytic variant of HES on flow cytometric assessment for aberrant T-cell immunophenotype.
T-cell receptor (TCR) clonality assays and comprehensive myeloid gene panels were not
performed; this is acknowledged as a limitation. Echocardiography was systematically
performed at baseline in all patients regardless of cardiac symptoms, to ensure the early
detection of cardiac involvement.

2.2. Data Collection

Demographic and clinical data were extracted from the institutional HES registry,
which recorded information collected during routine clinical care. At every clinic visit,
each patient was assessed using a structured clinician-administered organ-system checklist
developed in 2019 based on prior published case series. The checklist covers eight organ
systems (pulmonary, sinonasal, musculoskeletal, gastrointestinal, dermatological, cardiac,
neurologic, splenic) and a constitutional-symptom domain (fatigue, low-grade fever, night
sweats, weight change, malaise). As the list was developed in 2019, organ-system and
constitutional-symptom data for patients first evaluated between 2017 and 2019 were ob-
tained by a structured retrospective review of their medical record. Organ involvement
required either clinically apparent disease attributable to eosinophilic inflammation or sup-
portive imaging, endoscopic, or histologic findings. Specifically, pulmonary involvement re-
quired eosinophil-attributable lower-airway or parenchymal disease documented by symp-
toms together with supportive imaging, pulmonary-function, or bronchoscopic/cytologic
findings; asthma alone, in the absence of other eosinophil-attributable pulmonary findings,
was not considered as pulmonary involvement. Sinonasal involvement required chronic
rhinosinusitis with or without nasal polyposis confirmed by an otorhinolaryngologist. Gas-
trointestinal involvement required eosinophil-attributable symptoms with supportive his-
tologic confirmation. Musculoskeletal involvement was defined as eosinophil-attributable
myalgia, arthralgia, arthritis, or myositis after exclusion of alternative causes. Neurologic
involvement required objective central or peripheral nervous-system disease (e.g., periph-
eral neuropathy confirmed on examination/electrophysiology, cerebrovascular events, or
encephalopathy) attributable to HES. Cardiac involvement required echocardiographic,
biomarker, cardiac-MRI, or histologic evidence of eosinophilic myocardial, endomyocardial,
or valvular disease. Dermatological and splenic involvement were defined as eosinophil-
attributable skin lesions and imaging-confirmed splenomegaly, respectively. HES flare was
defined as a worsening HES-related clinical manifestations and/or increase in peripheral
eosinophil count, requiring the escalation of systemic corticosteroids, the addition or es-
calation of cytotoxic/immunosuppressive therapy, or hospitalisation. The mean number
of flares per patient–year reported in Table 1 was derived using this definition. Constitu-
tional symptoms were captured by clinician interview without a validated patient-reported
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instrument; this is a limitation discussed below. Patient demographics and laboratory
features are recorded as summarised in Table 1.

Table 1. Baseline demographic and clinical characteristics of the study population (n = 72).

Variable Value

Age at diagnosis (years), median (IQR) 45 (31–58)
Age at diagnosis (years), mean (SD) 43.8 (18.6)

Time to diagnosis (months), mean (SD) 80.5 (95.2)
Female sex, n (%) 60 (83.3)

Maximum AEC (cells/µL), median (IQR) 4200 (2500–6000)
Yearly HES flares, mean (SD) 2.2 (0.8)

Asthma, n (%) 58 (80.6)
Atopy/allergic disease, n (%) 30 (41.7)

Elevated serum IgE > 100 IU/mL, n (%) 29 (40.3)
Elevated serum vitamin B12, n (%) 18 (25.0)

Baseline Serum vitamin B12 (pg/mL), median (range) 256 (99–758)
Baseline White blood cells (×109/L), median (range) 9.64 (5.00–16.47)

Baseline Haemoglobin (g/L), median (range) 138 (87–165)
Baseline Haematocrit (L/L), median (range) 0.41 (0.27–0.50)

Baseline Red blood cells (×1012/L), median (range) 4.60 (3.20–5.70)
Baseline MCV (fL), median (range) 90 (80–104)
Baseline MCH (pg), median (range) 31 (26–35)

Baseline MCHC (g/L), median (range) 336 (316–364)
Baseline Platelets (×109/L), median (range) 271 (170–429)

Baseline Neutrophils, absolute (×109/L), median (range) 3.99 (1.01–8.85)
Baseline Lymphocytes, absolute (×109/L), median (range) 1.96 (0.28–3.96)

Baseline Monocytes, absolute (×109/L), median (range) 0.38 (0.19–0.93)
Baseline Eosinophils, absolute (×109/L), median (range) 1.78 (0.97–4.44)
Baseline Basophils, absolute (×109/L), median (range) 0.06 (0.00–0.24)

AEC, absolute eosinophil count; HES, hypereosinophilic syndrome; IQR, interquartile range; SD, standard
deviation. maximum AEC re-expressed as median (IQR) given right-skewed distribution.

2.3. Statistical Analysis

Descriptive statistics were used to summarise the cohort. Continuous variables were
presented as the median (IQR) when distributions were skewed and as the mean (SD) when
approximately symmetric. Proportions are reported with Wilson 95% confidence intervals.
The follow-up duration was calculated from the date of diagnosis to the last recorded visit.
The association between the baseline absolute eosinophil count and the number of organ
systems involved was assessed by Spearman correlation. The cohort size was insufficient
for inferential testing or cluster analyses aimed at endotyping. Statistical analyses were
performed using TIBCO Statistica, version 13.3 (TIBCO Software Inc., Palo Alto, CA, USA).

3. Results
3.1. Patient Characteristics

Of 198 patients evaluated for persistent hypereosinophilia during the study period,
72 (36%) fulfilled the criteria for iHES and were included in the analysis. The median
duration of follow-up from diagnosis to the last recorded visit was 46.1 (IQR 38.1–68.2)
months. The median age at diagnosis was 45 years (IQR 31–58, range 19–72), and 83%
were female. Maximum historical blood eosinophil counts ranged from 1.6 to 12.0 × 109/L
(median 4.2 × 109/L). All patients underwent an exhaustive workup for secondary causes.
Common causes of reactive eosinophilia—parasitic infection, drug hypersensitivity, and
severe atopic disease—were excluded, supporting the idiopathic nature of the cohort. No
patient tested positive for FIP1L1-PDGFRA fusion, and bone-marrow cytogenetics revealed
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no clonal abnormality in any tested case. Serum IgE was elevated (>100 IU/mL) in 40% of
patients and serum vitamin B12 was elevated in 25%, while tryptase levels were within
normal limits except in one patient who, despite high serum tryptase, had no myeloid
mutation identified on further testing.

3.2. Organ Involvement Spectrum

Multi-organ involvement was the rule: the median number of involved organ systems
per patient was 3 (IQR 2–4, range 1–6). Single-organ disease occurred in 11 patients (15.3%,
95% CI 8.8–25.3), two-organ involvement in 25 (34.7%, 95% CI 24.8–46.2), and three or
more organ system involvement in 36 (50.0%, 95% CI 38.7–61.3). Figure 1 summarises the
frequency of involvement by organ system in our cohort.

Figure 1. Organ-system involvement frequency among 72 patients with idiopathic hypereosinophilic
syndrome (iHES). Left panel: schematic representation of involved organs with corresponding
prevalence. Right panel: bar chart showing the proportion of patients with involvement of each
organ system and the distribution of the number of organs involved per patient. Percentages with
95% confidence intervals are reported in the main text.

The most frequently affected organ system was pulmonary (91.7%, 95% CI 83.0–96.1),
followed by sinonasal (75.0%, 95% CI 63.9–83.6), musculoskeletal (72.2%, 95% CI 61.0–81.2)
and gastrointestinal (66.7%, 95% CI 55.2–76.5). The high pulmonary rate is influenced by
referral bias, as our department is a regional severe-asthma reference centre and 80.6% of
the cohort had asthma at baseline. Dermatological involvement was observed in 38.9%
(95% CI 28.5–50.4), while neurologic and cardiac involvement were less common, affecting
13.9% (95% CI 7.7–23.7) and 8.3% (95% CI 3.9–17.0) of patients, respectively. Constitutional
symptoms—most often described as overwhelming fatigue interfering with daily life,
together with general malaise—were recorded by clinician interview in 97% of patients
(95% CI 90.4–99.2). In exploratory analysis, a higher baseline absolute eosinophil count was
not associated with a greater number of involved organ systems (Spearman ρ = −0.035,
p = 0.84) or with cardiac involvement.
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Cardiac involvement, although infrequent, carried clinically significant manifestations,
including heart failure with reduced ejection fraction due to eosinophilic myocarditis, apical
thrombus formation, and valvular dysfunction from endomyocardial fibrosis. All cardiac
cases required aggressive therapy before HES diagnosis (corticosteroids plus anticoagula-
tion or other interventions).

Notable atypical presentations included one patient with extreme hypereosinophilia
(33 × 109/L) and isolated cutaneous involvement with dry, flaky skin and purple discol-
oration; one patient with central-nervous-system involvement presenting as metastasis-like
lesions in the brain and spinal cord; and one patient with isolated sinonasal involve-
ment and nasal polyps unresponsive to both systemic and topical glucocorticoid therapy.
Imaging and histopathological details for the central-nervous-system case are presented
separately as a case report.

4. Discussion
Our single-centre cohort confirms that HES is a clinically heterogeneous syndrome and

challenges several elements of the “typical” pattern of symptoms and organ involvement
reported in earlier observational studies [2,10,11,14–16].

The vast majority of our patients had multi-organ involvement, with a median of three
organs affected, broadly aligned with the largest contemporary HES studies. The most
recent large-scale observation—a five-country European retrospective study—reported
a median of three-organ systems involved, with constitutional symptoms (63% of pa-
tients), lung involvement (49%), and skin involvement (48%) being the most common
manifestations [14].

The most clinically notable finding of our observation was the higher recorded fre-
quency of constitutional and neurologic symptoms compared with historical reports.
Prior analyses often under-reported subjective “soft” symptoms such as fatigue [8]. The
188-patient multicentre retrospective study by Ogbogu et al. provided a comprehensive
clinical snapshot of HES in which constitutional symptoms—including fatigue, fever, and
weight loss—were relatively under-emphasised compared with organ-based manifestations
such as cutaneous, pulmonary, or cardiac involvement [11]. By contrast, when fatigue was
systematically queried at every visit using a structured checklist, virtually all our patients
(97%) reported it during periods of disease activity. This finding most plausibly reflects
ascertainment differences rather than a true biological excess: prior series relied largely on
volunteered complaints, whereas our protocol actively probed for the symptom. We did not
employ a validated patient-reported fatigue instrument (e.g., FSS, FACIT-Fatigue), which
limits direct quantitative comparison with cohorts using such tools, and we cannot exclude
over-attribution of nonspecific fatigue to HES in some patients. Within these caveats,
constitutional symptoms—principally fatigue and flu-like manifestations—appeared, in
our clinical experience, to precede measurable rises in eosinophil counts in many patients,
although this temporal relationship was not formally analysed.

Active probing for such “silent” manifestations—including screening for neuropathy
or cognitive dysfunction—could enable more comprehensive care, and likely accounts
for the higher neurologic-involvement rate in our cohort (13.9%) than the ~4–12% range
reported in earlier studies [11,17]. Our data reinforce that hypereosinophilia is asymp-
tomatic or “benign” less commonly than previously thought; even when overt organ
damage is limited, patients frequently have substantial symptomatic burden not imme-
diately attributed to eosinophilic inflammation. This point is underscored by the review
of Requena et al., which highlighted that idiopathic HES patients in the literature often
had non-life-threatening but impactful issues such as fatigue that were systematically
under-reported [8].
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The pattern of organ involvement in our cohort showed both similarities and differ-
ences relative to prior studies. Consistent with other series, we found the lungs to be among
the most frequently affected organ, while skin was only the fifth-most commonly affected
system [18,19]. In the largest aggregate analyses to date, the skin, lung, and gastrointestinal
tract emerged as the top three organ systems involved across HES variants [10]. Our data
differ from those reports, with pulmonary, sinonasal, and gastrointestinal involvement
being the most common manifestations. This pattern almost certainly reflects a referral
bias: our department is a regional reference centre for pulmonary diseases and a major
severe-asthma treatment facility, and 80.6% of the cohort had asthma at baseline. Ear-
lier studies have noted that skin lesions (rash, angioedema) are particularly prevalent in
the lymphocytic variant of HES, which we excluded by aberrant T-cell flow cytometric
phenotyping; however, TCR clonality was not assessed, and a fraction of our cohort may
have harboured occult clonal T-cell populations that surface immunophenotyping did not
capture. The female predominance (83%) is consistent with both severe-asthma referral
patterns and with under-detection of lymphocytic-variant disease, both of which warrant
explicit acknowledgement [12,20].

Fewer than 10% of our patients had cardiac manifestations at diagnosis, suggesting
that cardiac complications often developed later or only in certain subsets (e.g., myelo-
proliferative forms) [21]. The relatively lower cardiac rate in our series may reflect our
focus on idiopathic disease (excluding FIP1L1-PDGFRA-positive cases, which are strongly
associated with eosinophilic cardiomyopathy) and possibly the variable follow-up dura-
tion. Although cardiac involvement was infrequent (8.3%), its clinical implications were
disproportionate to its prevalence: affected patients presented with severe complications,
including heart failure due to eosinophilic myocarditis, intracardiac thrombus, and valvular
dysfunction from endomyocardial fibrosis. These findings reinforce the well-established
concept that cardiac involvement in HES represents one of the most serious and potentially
life-threatening manifestations. Importantly, all affected patients required intensive treat-
ment before HES diagnosis, highlighting the risk of delayed recognition. Our observations
support the need for systematic cardiovascular screening in all patients with iHES, even
in the absence of overt cardiac symptoms. Routine echocardiography and heightened
clinical vigilance may permit the earlier detection of subclinical disease and prevention
of irreversible cardiac damage. Splenic involvement was also rare, consistent with its
association with myeloproliferative variants.

As shown recently by Lefèvre et al., no single-organ involvement is pathognomonic
for a particular HES subtype, and iHES itself probably encompasses multiple sub-
phenotypes [10]. Our real-world data support this concept of heterogeneity. Even within
defined “idiopathic” HES, the spectrum of disease expression ranged from isolated skin
involvement to predominantly pulmonary disease and diffuse multi-organ patterns. This
variability calls for a deeper investigation of the biological drivers of organ-selective
eosinophilic inflammation.

4.1. Mechanistic Context

The diverse organ-involvement pattern observed in iHES reflects, at least in part, the
varied downstream effects of eosinophil activation in different tissues, although our study
did not include cytokine, granule-protein, or molecular interrogation that would allow
mechanistic inferences in individual patients. Several plausible contributors are worth
noting briefly to frame the heterogeneity our data demonstrate [22–24].

First, IL-5 is the dominant cytokine driving eosinophil growth, survival, and tissue
recruitment, and IL-5–rich microenvironments are likely a substantial driver of disease in
cytokine-driven subsets of iHES [25]. The clinical efficacy of anti-IL-5 biologics in HES,
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including the steroid-sparing benefit demonstrated in randomised trials of mepolizumab,
supports a key pathogenic role for this axis in at least a subset of patients [26]. Second,
activated eosinophils release toxic granule contents—major basic protein (MBP), eosinophil
cationic protein, and eosinophil peroxidase—that directly damage cells and activate down-
stream fibrotic and thrombotic pathways [23,27]. This mechanism is best characterised
in the heart and endomyocardium, where eosinophil degranulation produces necrosis
followed by TGF-β-mediated remodelling and endomyocardial fibrosis [28], and in periph-
eral nerves, where MBP toxicity contributes to the well-described neuropathic spectrum
of HES [29,30]. One of our patients presented with mononeuritis multiplex as the initial
manifestation triggering HES workup, consistent with this paradigm.

Third, the molecular and genetic underpinnings of iHES are heterogeneous [31,32]. By
definition, our patients had no known primary driver mutation and no clonal lymphocyte
phenotype on routine flow cytometry, but TCR clonality and broad myeloid gene panels
were not performed. Advances in next-generation sequencing have identified rare myeloid
mutations (in genes such as TET2, DNMT3A) in a subset of patients previously labelled
idiopathic, blurring the line between truly idiopathic and myeloproliferative HES [33].
Elevated vitamin B12 in 25% of our patients and one case of high serum tryptase suggest
that some may harbour latent myeloid neoplasms not captured by our diagnostic workup.
As Lefèvre et al. proposed, iHES is best conceived as a protean condition encompassing
multiple pathophysiological processes [10], and recognising this complexity is essential for
moving toward more personalised management [34–36].

4.2. Limitations

Several limitations apply to our findings. First, the single-centre design and our
institutional role as a regional severe-asthma referral centre introduce a selection bias
that almost certainly inflates the observed pulmonary involvement and contributes to the
female predominance. Accordingly, the high frequencies of pulmonary, sinonasal, and
constitutional involvement may substantially reflect referral patterns rather than the true
phenotype of iHES; the observed phenotype may not be representative of the broader iHES
population, and comparisons with multicentre cohorts should therefore be interpreted
with caution. Second, despite excluding the lymphocytic variant by aberrant T-cell flow
cytometric phenotyping, we did not perform TCR clonality assays; some patients may
therefore harbour occult clonal T-cell populations not captured by surface immunopheno-
typing. Similarly, comprehensive myeloid gene panels (e.g., TET2, DNMT3A, ASXL1) were
not performed, and a fraction of cases labelled idiopathic may carry occult somatic muta-
tions [37]. Third, fatigue and other constitutional symptoms were captured by structured
clinician interviews without a validated patient-reported instrument, preventing direct
quantitative comparison with cohorts using such tools and leaving open the possibility of
over-attribution. Fourth, cytokine profiling (IL-5, IL-13, TGF-β) was not performed, so any
mechanistic interpretation of organ-tropism patterns was necessarily indirect. Fifth, while
72 patients is a respectable single-centre cohort, the statistical power was insufficient for
cluster-based endotyping. Sixth, although the cohort was followed longitudinally, most
analyses presented here were cross-sectional; the evolution of organ involvement over time,
treatment exposure, flare trajectories, and the emergence of new organ manifestations were
not systematically analysed and warrant dedicated longitudinal study. Despite these limita-
tions, the rigorous diagnostic criteria, prolonged observation period (>8 years), systematic
baseline echocardiography, and structured symptom ascertainment provide a clinically
informative description of idiopathic HES.

https://doi.org/10.3390/jcm15145569

https://doi.org/10.3390/jcm15145569


J. Clin. Med. 2026, 15, 5569 9 of 11

5. Conclusions
In a single-centre cohort of 72 patients with idiopathic HES, a systematic symptom

assessment revealed a substantial constitutional-symptom burden—principally fatigue—in
nearly all patients, alongside pulmonary, sinonasal, musculoskeletal, and gastrointestinal
involvement that were recorded more frequently than in earlier mixed-variant cohorts,
although referral-based selection and ascertainment differences limited generalisability.
Cardiac involvement was infrequent but uniformly severe, supporting routine baseline
echocardiographic screening regardless of cardiac symptoms. The differences between our
pulmonary-dominant pattern and skin-dominant patterns in earlier mixed-variant series
likely reflect both the idiopathic case definition and selection bias from our severe-asthma
referral pattern, illustrating the importance of considering the HES variant in clinical
interpretation. Future progress will require validated patient-reported instruments for
fatigue and cognitive symptoms, broader genetic and immunological phenotyping (TCR
clonality, myeloid gene panels, cytokine profiles), and multicentre cohorts large enough
for cluster-based endotyping. The integration of these tools into routine HES care should
move the field from descriptive heterogeneity toward mechanism-based subtyping and,
ultimately, individualised therapy.
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Abbreviations
The following abbreviations are used in this manuscript:

AEC Absolute eosinophil count
ASXL1 Additional sex combs-like 1
CI Confidence interval
DNMT3A DNA methyltransferase 3 alpha
FACIT-Fatigue Functional Assessment of Chronic Illness Therapy–Fatigue
FGFR1 Fibroblast growth factor receptor 1
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FIP1L1-PDGFRA FIP1-like 1–platelet-derived growth factor receptor alpha fusion
FSS Fatigue Severity Scale
HES Hypereosinophilic syndrome
IgE Immunoglobulin E
iHES Idiopathic hypereosinophilic syndrome
IL-5 Interleukin-5
IL-13 Interleukin-13
IQR Interquartile range
MBP Major basic protein
PDGFRB Platelet-derived growth factor receptor beta
RT-PCR Reverse transcription polymerase chain reaction
SD Standard deviation
TCR T-cell receptor
TET2 Tet methylcytosine dioxygenase 2
TGF-β Transforming growth factor beta
WHO World Health Organization
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