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Introduction The hypereosinophilic syndromes 
(HES) are characterized by prolonged nonreactive 
peripheral blood hypereosinophilia and associat‑
ed tissue damage/dysfunction. Since 1975, 3 di‑
agnostic criteria have been used to define HES: 
1) blood eosinophilia ≥1.5 × 109/l for longer than 
6 months; 2) lack of secondary causes of eosino‑
philia (e.g., allergy, para sites, and others); and 3) 
presumptive signs and symptoms of eosinophil‑
ia‑associated organ involvement.1 As new and 
modern diagnostic and therapeutic procedures 
have been introduced, these criteria should be 
modified. Currently, patients with markedly in‑
creased blood eosinophilia and obvious tissue 
dysfunction should start the appropriate treat‑
ment before irreversible damage occurs and do 
not have to be observed for 6 months. The pre‑
vious term, namely idiopathic HES proposed by 
Chusid et al.,1 is no longer so common because 
in many cases we know the etiology.2 There are 

more controversies. We still do not know how 
to classify cases with undeniable eosinophilia‑ 

‑associated organ involvement, confirmed by im‑
aging and histo logical studies, and without blood 
eosinopilia exceeding the threshold level. In fact, 
these patients do not fulfill the stringent crite‑
ria for HES, but they require treatment initiation 
due to unavoidable organ damage.

Some patients with long‑term blood eosino‑
philia exceeding ≥1.5 × 109/l do not exhibit any 
eosinophil‑mediated organ dysfunction. Should 
we initiate treatment to prevent the develop‑
ment of potential complications or these pa‑
tients need only our special attention? This ques‑
tion remains open. Moreover, in a small propor‑
tion of HES patients, a novel mutation, namely  
fip1‑like‑1 (FIP1L1)/platelet‑derived growth factor 
α (PDGFRA), has been identified. This group of pa‑
tients may not fully fit into the original definition 
of HES as a disease of unknown etiology.3
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AbsTRACT

The hypereosinophilic syndromes (HES) are rare disorders characterized by sustained, nonreactive 
hypereosinophilia with eosinophilia‑associated organ damage/dysfunction. The most frequent clinical 
manifestations include skin abnormalities, cardiac failure, and neuro logical deficits, but disease presenta‑
tions differ between patients and every organ may be affected. HES patients are currently categorized 
according to 2 classifications: World Health Organization 2008 and Working Classification 2006, but both 
have several limitations in daily practice. Despite advances in our understanding of HES pathogenesis, 
more than 50% of patients are still diagnosed with idiopathic disease, while the remaining subset has 
myeloproliferative (M‑HES) or lymphocytic (L‑HES) variants. In 10% to 20% of patients with M‑HES, 
a unique genetic marker, fip1‑like1/platelet‑derived growth factor receptor α (FIP1L1‑PDGFRA), was 
identified. It has dramatically changed disease management since imatinib, a tyrosine kinase inhibitor, 
appeared to be highly effective in these patients with up to 100% of long‑term hemato logical response. 
L‑HES is associated with abnormal T‑cell populations secreting excessive amounts of eosinophilopoietic 
cytokines, mainly inter leukin 5 (IL‑5). Recently, encouraging results of treatment with monoclonal antibody 
neutralizing IL‑5, mepolizumab, have been published. Corticosteroids remain the first‑line therapeutic option 
for patients who do not have FIP1L1‑PDGFRA fusion transcript, but treatment discontinuation leads to 
the recurrence of eosinophilia. This review reflects the current state of knowledge on the pathogenesis 
and therapy of HES. The shortcomings of current definitions and classifications are also discussed.
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To some extent, the management of HES pa‑
tients appears to be standardized. Due to selection 
bias, there are discrepancies between the studies 
and therefore it seems necessary to prospectively 
evaluate different diagnostic procedures to bet‑
ter classify HES patients. The recommendations 
made herein are based on our long‑term experi‑
ence with a large patient population and the ma‑
jority of conclusions are consistent with the data 
provided by others.

Patient 1 A 35‑year‑old woman suffered from 
progressive fatigue and pruritus. She presented 
erythematous papules and nodules on physical 
examination. Chest X‑ray revealed bilateral non‑
specific infiltrates and echocardiography showed 
mitral valve regurgitation. Her white blood cell 
(WBC) count was 25 × 109/l with 60% of mature 
eosinophils; hemo globin concentration and plate‑
let count were normal. Bone marrow was occu‑
pied by eosinophils in 50%; no increased number 
of blast cells was observed. Reactive causes of eo‑
sinophilia were excluded. Cytogenetics was nor‑
mal. Molecular studies did not detect BCR‑ABL, 
PDGFRA, PDGFRB, and FGFR1 rearrangements. 
No aberrant T cells in peripheral blood were seen 
on flow cytometry (FC); T‑cell receptor (TCR) 
clonal rearrangements by polymerase chain re‑
action (PCR) were not found either.

A new clinical classification of HES was pro‑
posed in 2006, which addressed some of the con‑
troversial issues raised above.4 This scheme was 
based on clinical phenotype including also some 
aspects of HES pathogenesis. Unfortunately, de‑
spite the great progress in the understanding of 
HES pathogenesis observed in the recent years, 
the majority of patients fall into the category of 
undefined HES, which means that the mechanism 
of the disease remains unclear. This classification 
underlies the heterogeneity among the character‑
istics of HES (FIGURE 1).

According to the revised World Health Organi‑
zation (WHO) Classification of Tumours of He‑
matopoietic and Lymphoid Tissues released in 
2008, patients who meet HES criteria fall into 
2 different categories: 1) myeloproliferative neo‑
plasms including hypereosinophilic syndrome 
(M‑HES) or chronic eosinophilic leukemia not 
otherwise specified (CEL‑NOS); 2) myeloid and 
lymphoid neoplasms with eosinophilia and ab‑
normalities of PDGFRA, platelet‑derived growth 
factor β (PDGFRB), and fibroblast growth fac‑
tor receptor 1 (FGFR1).5 Unfortunately, this sys‑
tem has utility only in patients with proven eo‑
sinophilic clonality, and its drawback is that it 
is not useful in classifying idiopathic cases. De‑
tails on WHO classifications of myeloprolifera‑
tive disorders were presented by Hellmann6 (see 
also TAbLE 1).

hypereosinophilic syndromes 

myeloproliferative variants lymphocytic variants

abnormal T‑cell population by 
flow cytometry and/or TCR clo‑
nality by PCR and/or markers of 
T‑cell activation (TARC, elevated 

IL‑5 in serum)

M‑HES

CEL

benign: eosinophilia 
without symptoms

features of myeloproli‑
ferative disease without 

evidence of clonality

clonal eosinophilia 
including FIP1L1 ‑

‑PDGFRA‑positive CEL

episodic: cyclic angio‑
edema with eosinophilia

other: symptomatic 
without features of 
M‑HES and L‑HES

overlap undefined

associated with a defined 
diagnosis (e.g., sarcoidosis) familial

organ‑restricted eosinophilic 
disorders

FIGURE 1 The Working Classification of hypereosinophilic syndrome, modified by authors4 
Abbreviations: CEL – chronic eosinophilic leukemia, IL‑5 – interleukin 5, L‑HES – lymphocytic hypereosinophilic syndrome, M‑HES – myeloproliferative 
hypereosinophilic syndrome, PCR – polymerase chain reaction, TARC – thymus and activation‑regulated chemokine, TCR – T‑cell receptor
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briefly means that this fusion is either detectable 
or not at the initial diagnosis.

Eosinophilia‑associated organ dysfunction in 
HES results from the detrimental effect of toxic 
substances released from eosinophilic granules. 
They include major basic protein, eosinophilic 
cationic protein, and eosinophil‑derived neuro‑
toxin.8 The major goal of HES treatment is to 
decrease blood and tissue eosinophilia. The first 
and the most important question is whether 
a patient needs urgent therapy. In the case of 
life‑threatening complications including cardiac 
failure, respiratory insufficiency, or progressive 
paresis, the treatment with methyloprednisolone 
at a dose of 1 mg/kg/d should be initiated as soon 
as possible. In the remaining ones, oral predni‑
sone is started at 1 mg/kg/d for 1 to 2 weeks and 
then the dose is de‑escalated over the next 2 to 
3 months.9,10 After steroid initiation, we usually 
observe prompt decrease of blood eosinophilia 
with resolution of symptoms within 1 to 2 weeks. 
The functions of the affected organs return to nor‑
mal within 2 to 3 months. Our own experience 
indicates that in the majority of HES patients, 
the minimum effective steroid dose varies be‑
tween 10 and 20 mg daily, and steroid discontin‑
uation leads to rapid eosinophilia recurrence as‑
sociated with disease symptoms. We can summa‑
rize that the majority of HES patients are steroid‑ 

‑dependent, and in daily practice we did not ob‑
serve symptom‑free patients after steroid ces‑
sation. If so, the diagnosis of HES should be 
re‑evaluated. If patient requires prednisone 
at a dose of 10 to 20 mg daily to maintain the re‑
sponse, low doses of hydroxyurea or inter‑
feron should be considered as steroid‑sparing 
agents.11,12 In a small subset of steroid‑resis‑
tant patients or in the case of steroid intoler‑
ance, we should start other therapies including hy‑
droxyurea and inter feron in higher doses, cladrib‑
ine, or ciclosporin.13

Patient 2 A 55‑year‑old asymptomatic man was 
admitted to the hospital because of a markedly 
elevated WBC count (55 × 109/l) observed during 
routine work‑up. His hemo globin concentration 
was slightly decreased, while the platelet count 
was normal. On admission, he revealed moder‑
ate splenomegaly. No other abnormalities were 
detected in imaging tests. There was 40% of dys‑
plastic eosinophils in the bone marrow. Molecu‑
lar tests were normal except for the presence of 
F/P by PCR.

Question: should we start any treatment in this asymp‑
tomatic HEs patient expressing the FIP1L1‑PdGFRA 
fusion? How should we treat the FIP1L1‑PdGFRA mu‑
tant cases? A small proportion of patients fulfill‑
ing the stringent Chusid’s criteria have an inter‑
stitial deletion in chromosome 4q12 that gen‑
erates the F/P fusion protein.3 These cases are 
currently classified as CEL F/P‑positive (Work‑
ing Classification) or myeloid neoplasms with 
PDGFRA mutation (WHO Classification). F/P 

Question: What is the diagnosis in the light of the above 
classifications? What are the first and subsequent 
lines of treatment in this case? This is an exam‑
ple of idiopathic HES. Due to the lack of proven 
clonality and myeloproliferative features, we can‑
not classify this patient according to the revised 
WHO classification.5 Clinically, it is an undefined 
category of HES. Patients belonging to this sub‑
group are symptomatic with evidence of organ 
involvement. Men are affected by HES more of‑
ten than women, but this is true only for M‑HES. 
In idiopathic HES both sexes are equally affect‑
ed. Clinical manifestations of HES typically in‑
clude blood (100%), heart (58%), skin (56%), ner‑
vous system (54%), and lungs (49%); however, al‑
most every organ may be involved.2 Initial eval‑
uation of the patient with hypereosinophilia in‑
cludes complete blood cell count, bio chemistry, 
serum vitamin B12, immunoglobulin (Ig)‑E, and 
tryptase levels. The minimum imaging work‑up 
should contain chest radiography, abdomen ul‑
trasound, and echocardiography. Histo logical ex‑
amination is necessary to confirm eosinophil‑as‑
sociated tissue involvement.

Patients with undefined HES do not meet 
the criteria for myeloproliferative and lympho‑
cytic HES variants. They should have normal vi‑
tamin B12 and serum tryptase levels. They usual‑
ly show no anemia and thrombocytopenia and 
have no hepatosplenomegaly, myelofibrosis or 
abnormal mast cells. Marrow cellularity is not in‑
creased.4 There is no evidence of clonality on cy‑
togenetic and molecular levels. We should keep 
in mind that this subgroup may develop T‑cell 
clone after several years from the diagnosis, and 
therefore the repeated analysis towards abnor‑
mal T cells is recommended. Some authors sug‑
gest that an undefined HES may actually repre‑
sent T‑cell‑driven disease (lymphocytic HES).7 
On the other hand, there have been no reports 
on the possibility to acquire the FIP1L1‑PDGFRA 
(F/P) mutation during the disease course, which 

TAbLE 1 The World Health Organization classification of myeloid malignancies 
(abridged version which includes eosinophilia‑related categories only)5

myeloproliferative neoplasms

chronic myelogenous leukemia, BCR‑ABL1‑positive

chronic neutrophilic leukemia

polycythemia vera

primary myelofibrosis

essential thrombocythemia

chronic eosinophilic leukemia not otherwise specified/hypereosinophilic syndrome

mastocytosis

myeloproliferative neoplasms, unclassifiable

myeloid and lymphoid neoplasms associated with eosinophilia and genetic 
abnormalities

myeloid and lymphoid neoplasms associated with PDGFRA rearrangement

myeloid neoplasms associated with PDGFRB rearrangement

myeloid and lymphoid neoplasms associated with FGFR1 abnormalities
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T674I mutation was sensitive to second genera‑
tion TKI, nilotinib.24 In TKI‑resistant cases, allo‑
geneic hematopoietic stem cell transplantation 
(AHSCT) needs to be considered.9,10 It should 
be kept in mind that IM treatment may induce 
cardiac failure, which is reversible with corticos‑
teroids (CS). It is recommended to measure se‑
rum troponin levels and perform echocardiog‑
raphy before IM institution; if the heart is in‑
volved, we continue concomitantly IM with CS 
for the first 2 weeks of therapy.25

Patient 3 A 42‑year‑old men presented with ec‑
zema and congestive heart failure. His blood eo‑
sinophil count was 5 × 109/l, he was also slightly 
anemic (hemoglobin, 10.8 g/dl). Bone marrow 
has shown 80% of eosinophils. The following mu‑
tations were undetectable: BCR‑ABL, PDGFRA, 
PDGFRB, and FGFR1, while TCR clonal rearrange‑
ments were found by PCR. FC revealed the aber‑
rant subset of CD2+CD3–CD4+CD5+CD7–CD8– 
T cells. Serum IgE and inter leukin (IL)‑5 levels 
were elevated.

Question: How should we manage the patient with 
L‑HEs? What is the prognosis in such cases? In 
L‑HES, an aberrant T‑cell subsets produce an ex‑
cessive amount of IL‑5. Concomitant production 
of IL‑4 and IL‑13 by T lymphocytes may explain 
the association of blood eosinophilia with elevat‑
ed serum IgE levels. It was proved that HES pa‑
tients with increased serum IgE levels had less 
likely life‑threatening complications of hyper‑
eosinophilia and responded better to the treat‑
ment with steroids.26 The presence of abnormal 
T cells in peripheral blood by FC and/or TCR clon‑
al rearrangements are currently required to diag‑
nose L‑HES. The estimated frequency of L‑HES 
among all HES patients is about 17%.13 Charac‑
teristics of clinical features of L‑HES was shown 
in TAbLE 3.

The pioneer investigation of T cells in a male pa‑
tient with hypereosinophilia and elevated serum 
IgE levels led to the discovery of a phenotypically 
abnormal population of CD4+ cells lacking mem‑
brane expression of CD3. These CD4+CD3– cells 
produced IL‑4 and IL‑5 in vitro and they appeared 
to be monoclonal.27 Of note, measurement of se‑
rum IL‑5 levels is not indicative of T‑cell‑mediated 

fusion has been detected in a variable propor‑
tion of patients and the estimated frequency of 
this mutation varies between 10% and 20%.13‑15 
This discrepancy may result from referral bias of 
patients who present various clinical manifes‑
tations and therefore consult doctors of differ‑
ent subspecialties. Moreover, we have observed 
the difference in the inclusion criteria between 
the published reports. Clinical presentation of 
CEL F/P‑positive patients include splenomegaly, 
skin changes, neuro logical and cardiac involve‑
ments.15‑18 Details of clinical features of M‑HES 
are presented in TAbLE 2.

Nowadays, it is crucial to detect the F/P mu‑
tation early in the disease course. Delay in mo‑
lecular testing may lead to misdiagnosis and pro‑
gression to an accelerated phase of the disease.19 
The exquisite response to tyrosine kinase inhibi‑
tor (TKI), imatinib mesylate (IM), in HES patients 
expressing F/P fusion has been well documented 
in several clinical trials.3,15,17,18 This fusion gene is 
detected using PCR or fluorescence in situ hybrid‑
ization (FISH) for CHIC2 deletion.3 IM at 100 mg 
daily is sufficient to induce clinical and hemato‑
logical remission with a response rate close to 
100%.15,17,18 A dose needed to maintain remis‑
sion has not been established yet. In 2 large stud‑
ies, the maintained IM dose was 100 mg daily.17,18 
Our study showed that a single weekly dose of 
IM was effective for remission maintenance even 
at a molecular level.20 These encouraging results 
were then confirmed in our follow‑up study.21 
On the other hand, it was proved that IM dose 
reduction or discontinuation may lead to a clin‑
ically occult relapse.22 Our long‑term analysis 
(maximum follow‑up at maintained dose of 61 
months) denies this statement. In clinical prac‑
tice, we recommend to start IM therapy at 100 mg 
daily and then continue at 100 mg weekly as a re‑
mission maintenance with molecular check‑up 
every 3 to 6 months.

Given the poor prognosis of F/P‑associated 
CEL,23 treatment with IM is recommended even 
in asymptomatic patients to prevent the develop‑
ment of organ irreversible damage. It is notewor‑
thy that IM resistant, mutant F/P‑positive cas‑
es have been reported. It was documented that 

TAbLE 2 Characteristic clinical features of 
the myeloproliferative hypereosinophilic syndrome15

male sex in a majority of patients
FIP1L1‑PDGFRA fusion positive in about 10%–20%
dysplastic eosinophils in differential
elevated serum vitamin B12 level
elevated serum tryptase level
anemia or thrombocytopenia
hepatosplenomegaly
increased bone marrow cellularity
atypical mast cells in marrow
myelofibrosis
response to imatinib
cardiac involvement

TAbLE 3 Characteristic clinical features of 
the lymphocytic hypereosinophilic syndrome

both sexes affected
FIP1L1‑PDGFRA fusion negative
elevated serum immunoglobulin E levels
elevated serum inter leukin (IL)‑5 and/or IL‑4 levels
elevated serum thymus and activation‑regulated 

chemokine
abnormal or clonal T‑cell population in blood
frequent cutaneous manifestation
history of atopy
good response to corticosteroids
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Patient 4 A 29‑year‑old man suffered from pro‑
gressive weakness and productive cough. Exami‑
nation showed enlargement of cervical and supr‑
aclavicular lymph nodes and splenomegaly. Chest 
X‑ray revealed bilateral pulmonary infiltrates. Mi‑
tral regurgitation was noted on echocardiogra‑
phy. His blood eosinophilia was 24 × 109/l and 
32% of marrow was occupied by eosinophils. Se‑
rum IL‑5 levels were elevated, while serum IL‑4, 
tryptase and IgE levels were within the normal 
range. Molecular tests and immunophenotyping 
were normal. He was diagnosed with idiopathic 
HES and remained resistant to CS, hydroxyurea, 
inter feron α, and ciclosporin.

Question: What is the next treatment option in this pa‑
tient? should we consider allogeneic transplantation 
in resistant HEs cases? This case presents an ad‑
vanced and resistant variant of idiopathic HES. 
The dilemma is what kind of treatment should 
we offer. First, we should consider IM, but the tar‑
get is not defined. In a vast majority of published 
reports, IM appeared to be ineffective in idiopath‑
ic HES.40 The initial dose of IM for these patients 
is 400 mg a day. In the largest study in this patient 
subset to date, hemato logical remission was doc‑
umented in 14% of the cases, but the duration of 
response was very short.17 Better results were pre‑
sented by the German Eosinophilic Study Group; 
15 patients were treated with IM at 400 mg daily 
and 4 of them achieved long‑term response.18 It 
has been suggested that short‑course of higher IM 
dose (800 mg daily) may overcome disease resis‑
tance and lead to clinical response.41 We have doc‑
umented long‑term response in 4 of 8 IM‑treated 
patients with a maximum remission duration of 
88 months (data not published). It is likely that 
responding patients might have had yet unde‑
fined IM‑sensitive mutations. The other option 
for resistant patients may include monoclonal an‑
tibodies.38, 39 There is also a single report showing 
the efficacy of AHSCT.42 Shortly, AHSCT should 
be reserved only for patients with resistant dis‑
ease as a salvage procedure.

Patient 5 A 43‑year‑old woman who presented 
with blood eosinophilia of 3 × 109/l was referred 
to a hemato logical outpatient clinic. No abnor‑
malities were found on physical examination. He‑
moglobin concentrations and platelet count were 
normal. Cytogenetic, molecular and immunophe‑
notypic tests were normal. The repeated blood 
examination performed 3 months later revealed 
5 × 109/l of eosinophils.

Question: How should we manage this case? This 
patient shows asymptomatic, chronic idiopathic 
eosinophilia. It is undefined, benign HES accord‑
ing to the Working Classification.4 Currently, no 
evidence justifies early introduction of treatment 
in such cases.10 Based on our own experience 
with a large population of HES patients, we sug‑
gest to follow blood eosinophilia in such patients 
at 3‑month inter vals. Once a year, we should 

disease, and it should be measured in supernatants 
of ex‑vivo T cells, but it is not applicable in daily 
practice.28 The presence of purified aberrant T cells 
secreting excessive amounts of IL‑5 was then re‑
ported by others, namely the CD4+CD3– cells were 
demonstrated in 26% of the patients studied by 
Simon et al.29 Now it has become a common prac‑
tice to analyze blood T‑cell phenotype by FC and/
or investigate TCR gene rearrangement by PCR. Al‑
though the CD4+CD3– are the most prevalent T‑cell 
clones associated with L‑HES, 2 other lymphocyte T 
subsets seem to be involved in this variant, namely 
CD3+CD4‑CD8– and CD3+CD4+CD7–. It was also 
demonstrated that these cells were monoclonal and 
they secreted IL‑5.30 On the other hand, it was also 
proved that quite large HES population may have 
isolated TCR clonal rearrangement.31,32 In these par‑
ticular cases without concomitant aberrant T cells 
in immunophenotyping, the diagnosis of L‑HES 
cannot be established. We can only suspect T‑cell‑ 

‑mediated HES, but the mechanism of hypereosino‑
philia remains unclear.28 Moreover, isolated T‑cell 
clonality was found in older patients33 and in pa‑
tients with cytomegalovirus (CMV) infection.34 
TCR clonal rearrangement was also detected in 
F/P‑positive CEL31,32 and disappeared after ima‑
tinib treatment.31 In a vast majority of patients, 
we are not able to demonstrate the presence of 
T‑cell clones, but the diagnosis of L‑HES is like‑
ly. An indirect evidence includes an increased se‑
rum eosinophilopoietic cytokines levels or T‑cell 
activation marker such as thymus and activation‑ 

‑regulated chemokine.26

Another important finding regarding patients 
with CD4+CD3– cells is the development of T‑cell 
lymphomas after several years of sustained hy‑
pereosinophilia.29 There were single reports that 
partial deletion of chromosome 6q in CD4+CD3– 
cells was responsible for the progression to overt 
lymphoma.35

In the light of presented data, it is crucial to 
eradicate the abnormal T‑cell clone to prevent 
the development of T‑cell lymphoma. CS remain 
the first‑line option, but the results published to 
date are unsatisfactory. The affected patients re‑
sponded well in terms of clinical symptoms and 
blood eosinophilia, but proportion of T‑cell clones 
circulating in blood remained stable or only a mi‑
nor decrease was noted.36,37 There was a single re‑
port on the high efficacy of inter feron α combined 
with CS. The authors documented a complete dis‑
appearance of the CD4+CD3– cells in blood.28 Our 
current attention is focused on 2 monoclonal an‑
tibodies: anti‑CD52 (alemtuzumab) and anti‑IL‑5 
(mepolizumab). In a recently published study, in‑
travenous alemtuzumab at a dose of 5 to 30 mg 
1 to 3 times a week resulted in 91% of response de‑
fining as normalization of eosinophilia count and 
disease symptoms alleviation. Due to increased 
risk of immunosuppresion, the risk/benefit ratio 
must be taken into consideration.38 Mepolizum‑
ab has been shown to reduce CS dose in a major‑
ity of HES patients, but its efficacy in L‑HES re‑
quires to be evaluated separately.39
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platelet count were 8.1 g/dl and 46 × 109/l, respec‑
tively. The marrow was occupied by myeloblasts 
in 35% and there was prominent eosinophilia 
(45%). Cytogenetics detected normal male kary‑
otype. Molecular assay showed the presence of 
F/P rearrangement, whereas the CBF‑MYH11 and 
RUNX1‑RUNX1T1 transcripts were negative.

Question: should this patient be treated with imatinib 
in monotherapy or in combination with chemothera‑
py? Is it reasonable to offer a prompt AHsCT? It 
was well documented that not only eosinophils 
were affected by F/P mutation. The presence of 
this fusion gene in multiple cell lineages was re‑
ported already in 2004.43 To determine which 
hematopoietic cells are involved in HES patho‑
genesis, Robyn et al.44 purified cells from spe‑
cific lineages from a patient with M‑HES vari‑
ant and performed analysis towards F/P muta‑
tion using the PCR and FISH methods. It was 

perform abdomen ultrasound, chest X‑ray, and 
echocardiography. Serum troponin levels should 
be also monitored regularly. In our practice, not 
supported by evidence, we initiate CS in asymp‑
tomatic HES patients only when blood eosinophil‑
ia exceeds 5.0 × 109/l with a special attention to 
adverse drug effects. Our long‑term experience 
shows that some patients without signs of dis‑
ease at initial presentation may develop organ 
dysfunction after several years of moderate eo‑
sinophilia. As there are no standard guidelines, 
we recommend an individualized approach.

Patient 6 A 67‑year‑old man was diagnosed with 
acute myeloid leukemia (AML) M4 according to 
the French‑American‑British (FAB) classifica‑
tion. He had moderate splenomegaly at presen‑
tation. His WBC count was 22 × 109/l. Blood dif‑
ferential revealed 50% of eosinophils and 30% 
of myeloblasts. Hemoglobin concentration and 

durable blood hypereosinophilia (≥1.5 × 109/l for longer than 6 months) 

if present: treat

eosinophilia and no  
evidence of organ damage: 

follow‑up every 3–6 
months

first step
F/P present  

(CEL F/P+): start imatinib 
100 mg/d

second step 
n 5q33 translocation present (PDGFRB rearranged) – imatinib 400 mg/d
n 8p11 translocation present (FGFR1 rearranged) – chemotherapy/ AHSCT
n  other abnormalities or excess of blasts (CEL‑NOS) – HU, IFN, Busulphan, IM, 

AHSCT

third step 
n  aberrant T cells and TCR 

clonality 
n  present: L‑HES –  

CS 1mg/kg/d 

exclude reactive causes

n allergic/hypersensitivity diseases (asthma, rhinitis, drug reactions)
n infections (parasitic, fungal, bacterial, viral)
n connective tissue diseases (CSS, SLE, WG, scleroderma)
n pulmonary diseases (bronchiectases, cystic fibrosis)
n cardiac diseases (tropical endocardial fibrosis)
n gastrointestinal diseases (celiac disease)
n skin diseases (urticaria, eczema, atopic dermatitis)
n malignancies (Hodgkin and non‑Hodgkin disease, AML, ALL, CML solid tumors)
n immune system diseases (Wiskott‑Aldrich syndrome, hyper‑IgE)
n metabolic abnormalities (adrenal insufficiency)

required tests if no reactive causes identified

initial tests: peripheral blood smears, standard biochemistry, coagulation, troponin level, 
serum IgE, IgG, IgA and IgM, serum vitamin B12 and tryptase levels, chest X‑ray, abdomen 
ultrasound, echocardiography
first step: peripheral blood screening for F/P using RT‑PCR or FISH
second step: bone marrow aspiration with cytogenetics/FISH
third step: peripheral blood lymphocyte immunophenotyping and TCR gene studies
all steps negative: idiopathic HES – start CS 1 mg/kg/d

FIGURE 2 Diagnostic algorithm for patients with hypereosinophilia 
Abbreviations: ALL – acute lymphoblastic leukemia, AHSCT – allogeneic hematopoetic stem cell transplantation, AML – acute myeloid leukemia,  
CEL‑NOS – CEL not otherwise specified, CML – chronic myelogenous leukemia, CS –  corticosteroids, CSS – Churg‑Strauss syndrome, FGFR –  
fibroblast growth factor receptor, FISH – fluorescence in situ hybridization, F/P – FIP1L1‑PDGFRA, HES – hypereosinophilic syndrome, HU – hydroxy‑ 
urea, IFN – interferon, IM – imatinib, PDGFRB – platelet‑derived growth factor receptor β, RT‑PCR – reverse transcription‑PCR, SLE – systemic lupus 
erythematosus, WG – Wegener granulomatosis, others – see FIGURE 1
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Conclusions This review reflects the current 
knowledge on HES, based on which we propose 
a diagnostic algorithm for patients with hypere‑
osinophilia (FIGURE 2).

Great progress in the recent years in the un‑
derstanding of pathogenic pathways in HES has 
modified our diagnostic and therapeutic ap‑
proach. The discovery of FIPL1‑PDGFRA fusion 
in a proportion of patients has changed our view 
on the disease mechanism and dramatically im‑
proved the prognosis in patients with this muta‑
tion. It should stimulate us to perform further 
molecular investigations, especially that more 
than 50% of HES cases are still idiopathic. The cur‑
rent definition of HES and the available classifi‑
cations have many limitations and some adjust‑
ments should be introduced. The promising results 
of treatment with TKI and monoclonal antibod‑
ies not only point to novel therapeutic options, 
but also have a crucial role in the understanding 
of new pathogenic pathways. Prospective stud‑
ies on large patient populations are needed to 
better characterize and classify this heteroge‑
neous disease.
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StreSzczenie

Zespoły hipereozynofilowe (hypereosinophilic syndromes – HES) stanowią grupę rzadkich jedno stek 
chorobowych charakteryzujących się długo trwałą, niereaktywną hipereozyno filią oraz uszkodzeniem 
eozynofilowym różnych narządów czy tkanek. Najczęstsza manifestacja kliniczna obejmuje zmiany skórne, 
niewydolność mięśnia sercowego oraz uszkodzenia nerwów, ale obraz kliniczny jest różny u poszcze-
gólnych chorych i każdy narząd może być objęty procesem chorobowym. Pacjenci z HES są obecnie 
klasyfikowani według klasyfikacji Światowej Organizacji Zdrowia z 2008 roku oraz Klasyfikacji Roboczej 
z 2006 roku, jednak praktyczne zastosowanie tych klasyfikacji ma wiele ograniczeń. Pomimo istotnego 
postępu w zrozumieniu patogenezy HES, u ponad 50% chorych przyczyna choroby nadal pozostaje nieznana, 
podczas gdy u pozostałych pacjentów wyróżniamy wariant mieloproliferacyjny i limfocytowy. U około 
10–20% chorych z postacią mieloproliferacyjną zidentyfikowano rzadki marker genetyczny – onkogen 
FIP1L1‑PDGFRA. Jego odkrycie całkowicie zmieniło nasze postępowanie terapeutyczne, odkąd wykazano, 
że imatinib – inhibitor kinazy tyrozynowej – wykazuje dużą skuteczność w tej grupie chorych ze wskaźni-
kiem długo trwałych odpowiedzi hemato logicznych sięgającym blisko 100%. Limfocytowy wariant HES jest 
wynikiem nadprodukcji cytokin eozynopoetycznych, zwłaszcza inter leukiny 5 (IL‑5) przez nieprawidłowe 
populacje komórek T. Ostatnio opublikowano obiecujące wyniki leczenia z zastosowaniem przeciw ciała 
monoklonalnego skierowanego przeciw ko IL‑5 – mepolizumabu. Stosowanie kortykosteroidów pozostaje 
nadal leczeniem z wyboru u chorych z HES bez obecności genu FIP1L1‑PDGFRA, jednak zaprzestanie 
podawania tych leków wiąże się z nawrotem eozyno filii. Przedstawiona praca poglądowa odzwierciedla 
aktualny stan wiedzy na temat patogenezy i leczenia HES. Ponadto w pracy przed yskutowano niedosko-
nałości aktualnej definicji choroby oraz dostępnych klasyfikacji.
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