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FIP1L1-PDGFRA fusion-negative hypereosinophilic
syndrome with uncommon cardiac involvement
responding to imatinib treatment: A case report
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Abstract. Hypereosinophilic syndrome is a rare, chronic
hematological disease characterized by a persistently elevated
eosinophil count exceeding 1.5x10%1, following the exclusion
of other potential etiologies. The systemic involvement of the
disease causes tissue damage through eosinophil infiltration,
and may affect various organs; cardiac complications are
observed in 50-60% of cases, which are predominately attrib-
uted to endomyocardial fibrosis. The treatment is based initially
on determining the presence of the FIP1L1-PDGFRA fusion.
Patients with positive results for this mutation tend to achieve
a complete response with imatinib treatment, which is thus
the first line of treatment for this condition. However, patients
who are negative for this mutation initially undergo treatment
with corticosteroids. This study reports the case of a male
53-year-old patient diagnosed with hypereosinophilic syndrome
in 2012, with negative results for the FIP1L1-PDGFRA muta-
tion, and persistently high eosinophil levels, despite receiving
the second line of standard treatment for this condition with
hydroxyurea, and having already used corticosteroids without
success. At the time of admission, the patient presented with
acute decompensated heart failure due to severe mitral regur-
gitation, without any evidence of prior myocardial fibrosis
or restrictive cardiomyopathy, and without suggestion of an
associated ventricular hypertrophy. This clinical presentation is
uncommon, as valvular involvement usually appears in the third
stage of the development of cardiac involvement, and is usually
associated with fibrosis and thrombotic events. Alternative
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therapeutic possibilities were evaluated due to the significant
progression of the disease, and it was decided to attempt the
use of imatinib, despite its use being preferably recommended
for FIPIL1-PDGFR A-positive patients. The patient exhibited an
evident and immediate response to imatinib, with normalization
of the eosinophil count within 24 h of the first dose, which was
maintained for at least the next 19 months. This clinical presen-
tation is uncommon, as patients negative for FIPILI-PDGFRA
fusion do not frequently respond to imatinib treatment, and
symptomatic heart failure usually appears in the third stage of
disease progression.

Introduction

Hypereosinophilic syndrome is a rare hematological condition
characterized by the overproduction of eosinophils (>1.5x10°/1)
by the bone marrow in an idiopathic manner, which is associ-
ated with tissue infiltration and lesions to multiple organs,
with a duration of >6 months, or on two separate occasions,
excluding other causes of increased eosinophil count, including
medication, allergies, viral infection, parasitic diseases or
cancer, among others (1-3). The term ‘hypereosinophilic
syndrome’ was introduced in 1968 by Hardy and Anderson
after the evaluation of three clinical cases associated with
the production and maintenance of high levels of eosinophils
without other apparent causes (4). Since then, case reports with
descriptions of the complications have been published in the
literature, although it is not yet possible to accurately estimate
the prevalence and incidence of the disease (5).

According to new criteria, signs or symptoms of organ
involvement are not required for diagnosis, since the patients
may be initially asymptomatic and develop symptoms of organ
involvement as the disease progresses (6).

The mechanism underlying eosinophilic hyperproliferation
remains unknown, but the pathophysiology is dependent on the
deregulation of the production of eosinophils (7). Activated
eosinophils may infiltrate various tissues, releasing a wide
variety of mediators inducing damage or dysfunction (3). New
studies are being conducted, and remarkable progress has been
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achieved, including the identification of the FIP1L1-PDGFRA
fusion, the most frequent mutation found in hypereosinophilic
syndrome (1,6).

A distinction should be made between the disorder charac-
terized by a local increase in eosinophils without a progressive
increase of eosinophils in the peripheral blood, with deposition
in a single organ, as is the case in eosinophilic asthma or eosino-
philic dermatitis, and the hypereosinophilic syndrome, which
may affect one isolated organ or several systems, as the produc-
tion of eosinophils by the bone marrow is deregulated (5). The
systemic involvement of this disease occurs through the activa-
tion of eosinophils, a tendency for thrombotic events, the release
of the eosinophil granule contents and protein deposition (3,8,9).

Cardiac involvement associated with hypereosinophilic
syndrome is frequent, observed in ~50-60% of the cases (10).
In 1936, Loeffler first described the association between eosin-
ophilia and active carditis, with the latter becoming known as
Loeffler endocarditis, which is characterized by eosinophilic
myocarditis with a tendency for endomyocardial fibrosis.
Loeffler endocarditis, or eosinophilic endocardial disease, or
endomyocardial fibrosis, is the predominant form of cardiac
involvement. The damage to the endocardium and myocar-
dium is caused by toxic effects associated with the degradation
of eosinophils, and defines tissue infiltration as a precipitating
factor of local inflammation and subsequent fibrosis (10).

In hypereosinophilic syndrome, treatment is not always
initiated at the time of diagnosis, with patients evaluated on an
individual basis in accordance with the characterization and
eosinophil count, the evidence of systemic involvement and/or
the rate of disease progression (3,5).

Therapeutic decisions are mainly based on the presence
of the FIP1L1-PDGFRA fusion. Patients who test positive for
FIP1L1-PDGFRA respond to treatment with tyrosine kinase
inhibitors, such as imatinib (4,5), whereas patients who test
negative for FIP1L1-PDGFRA should initially receive treat-
ment with corticosteroids, with the dose depending on the
clinical symptoms and laboratory findings. As a second choice,
the use of hydroxyurea is recommended for these patients,
and initial therapy combined with the use of corticosteroids
may also be recommended, with its efficacy depending on the
successful inhibition of eosinophil production (5,11).

The first line of treatment for patients without the
FIP1L1-PDGFRA mutation includes the administration of
corticosteroids (5), whereas when the mutation is present, the
use of imatinib is the first choice of treatment (4,5). Cardiac
involvement is frequent, and is most commonly observed
at advanced stages of endomyocardial fibrosis (10). To the
best of our knowledge, this is the first case of a complete
and sustained response to imatinib in a patient negative for
FIPIL1-PDGFRA, who had also developed heart failure with
development of isolated mitral regurgitation, without evidence
of associated restrictive heart disease and/or evidence of asso-
ciated left ventricular hypertrophy.

Case report

A 53-year-old male patient, resident in the Middle West
region of Santa Catarina, Brazil, presented at the Emergency
Department of the Hospital Universitdrio Santa Terezinha
(HUST) in December 2015 with complaints of dyspnea

associated with paroxysmal nocturnal dyspnea and fatigue
on moderate and mild exertion, starting 2 months earlier and
progressively worsening. When describing medical history,
the patient reported suffering from diagnosed hypereosino-
philic syndrome and receiving treatment with hydroxyurea
(2,500 mg/day) for ~6 months; he refuted the presence of
other comorbidities or the continuous use of other medication.
The patient was followed up by a local hematologist, and the
diagnosis was made in 2012 through a bone marrow biopsy
(Figs. 1 and 2), a BCR/ABL test and a FIP1L1-PDGFRA test;
he denied having any complications of the underlying disease
until then. During the clinical examination, jugular swelling,
bilateral hepatojugular reflux, diffuse crepitations on pulmo-
nary auscultation, systolic murmur in the mitral valve area
on cardiac auscultation and edema of the lower limbs were
observed.

A chest X-ray performed on admission revealed signs of
pulmonary congestion and pleural effusion on the right side;
the laboratory analysis revealed normal renal function, a
normal electrolyte profile (sodium, potassium, magnesium and
calcium), hemoglobin 10.3 g/dl, hematocrit 28.7%, 12,610/ml
total leukocytes with 67.9% (8,562/ml) eosinophils, D-dimer
825 ng/ml (normal range, 190-440 ng/ml) and brain natriuretic
peptide 187 pg/ml (normal, <100 pg/ml).

After the laboratory and radiological evaluations, the
diagnosis of acute decompensated heart failure with unknown
etiology was established. An echocardiogram performed in
June 2012 did not reveal structural alterations, with a preserved
ejection fraction of the left ventricle, and a segmental and
global assessment of the left ventricle without contractility
alterations. The patient was admitted to the Cardiology
Department for treatment, with simultaneous investigation of
the cause underlying the clinical decompensation. A computed
tomographic angiography of the chest was performed, which
showed no evidence of arterial thromboembolism. Abdominal
ultrasonography revealed evidence of splenomegaly, and the
transthoracic echocardiogram revealed severe mitral insuf-
ficiency with valve retraction, with a regurgitant volume of
56 ml per beat and a regurgitant orifice area of 55 mm? (Fig. 3).

Daily examinations were performed during hospitaliza-
tion, which revealed eosinophil levels between 8,562 and
20,150/ml, with variations on a daily basis without changing
the dosage of hydroxyurea. The patient was discharged after
9 days of hospitalization with optimization of the clinical
treatment and without symptoms.

At ~7 days after discharge, the patient visited the
Emergency Department of HUST with signs of decompen-
sated heart failure, and was again admitted to the Cardiology
Department. The patient was reevaluated by an assistant
hematologist during the second hospitalization, and the
previously performed cytogenetic bone marrow examination
showing negativity for BCR/ABL and FIPIL1-PDGFRA was
reviewed. After reviewing the treatments performed until that
time, treatment with imatinib was recommended due to the
rapid cardiac and splenic involvement. Within 24 h of imatinib
therapy, changes in the laboratory tests were apparent, with an
eosinophil count of 1,789/ml. By the second day, the eosinophil
count was 184/ml. The patient was discharged after 5 days of
hospitalization following the significant response to imatinib
and compensation of the cardiac symptoms.
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Figure 1. Bone marrow hematoxylin and eosin staining. (A) Magnification, x40: Hypercellular bone marrow with an increased eosinophil count.
(B) Magnification, x400: Image demonstrating the predominance of eosinophils and eosinophilic precursors.

Figure 2. Bone marrow immunohistochemical examination revealed eosinophilic cells (A) positive for myeloperoxidase and negative for (B) CD34, (C) CD117/
c-kit and (D) glycophorin A. Magnification, x100.

Figure 3. Severe mitral regurgitation with a regurgitant orifice area of 55 mm?, as demonstrated by (A) a two-dimensional transthoracic echocardiogram with
(B) color Doppler overlay.
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After 2 weeks, the patient returned to the hospital with an
exacerbation of heart failure, with the signs and symptoms
of systemic congestion despite the optimization of treatment
with oral diuretics. Tests performed on admission revealed
the stabilization of the eosinophil count at 21/ml. An optimi-
zation of clinical treatment was performed, and subsequent
to hemodynamic stabilization, the patient was referred to
the cardiac surgery department for replacement of the mitral
valve.

The patient returned for follow-up at 8 months after
surgery and 9 months from the onset of therapy with imatinib.
The patient displayed no cardiovascular symptoms and
eosinophil levels were maintained at 40/ml. On the last visit in
August 2017, after 19 months of imatinib therapy, the patient
presented as stable at HUST, without megaly or adenopathy,
using 100 mg/day imatinib, with a hemoglobin value of
13.4, hematocrit of 41.8, 6,352 leucocytes/ml; (0% banded
neutrophils, 67.2% segmented neutrophils, 0.6% basophils,
0.8% eosinophils, 10.6% lymphocytes and 20.8% monocytes)
and 103,700 platelets/ml.

Discussion

Hypereosinophilic syndrome is a rare disorder with an
unknown incidence rate, which was estimated to be 0.035
per 100,000 individuals in the United States (12). The
diagnosis of idiopathic hypereosinophilic syndrome is
made following the exclusion of other factors that may lead
to increased eosinophil count (1-3,5). In 2008, the World
Health Organization proposed a classification based on the
subtypes of hypereosinophilia causes, e.g., neoplastic causes
and FIPIL1-PDGFRA abnormalities (13). In non-neoplastic
cases and following the exclusion of secondary causes,
patients are tested for familial hypereosinophilia; if this
is excluded, the diagnosis of idiopathic hypereosinophilic
syndrome is confirmed (5). In the present case study, a patient
with hypereosinophilic syndrome was examined via bone
marrow biopsy and BCR/ABL and FIP1L1-PDGFRA status
evaluations twice (2012 and 2015), and was found to be nega-
tive in both examinations.

The treatment of patients who test negative for
FIPIL1-PDGFRA is based on the use of corticosteroids as a
first line of therapy (14), with treatment success in 81-85% of
the cases (2), including the improvement of eosinophilia and
symptom relief (14). The second line of treatment typically
includes hydroxyurea (2); its combination with corticosteroids
is recommended, but, despite the reduction in eosinophilia,
there is no proven benefit against the natural progression of the
disease (15), whereas severe side effects may lead to treatment
discontinuation (14). The patient reported use of both therapies
for the treatment of his condition; however, despite the partial
reduction in the eosinophil count, the disease progressed,
with significant cardiac dysfunction and limitations of daily
activities.

Treatment with imatinib would be the first therapeutic
option for patients testing positive for the FIP1L1-PDGFRA
fusion (15); however, previous case studies have demonstrated
benefits in FIP1L1-PDGFRA-negative patients as well. In
2007, a study included 72 patients, of whom 63 received
imatinib at doses of 100-400 mg per day. Of those patients,

36 were negative for FIP1IL1-PDGFRA. A complete response
was observed in 4 FIPIL1-PDGFRA-negative patients
after 1 month of treatment, and in 1 negative patient after
3 months, totaling an initial response rate of 14%, but with a
loss of response after 1-15 months of treatment (16). Among
15 patients who tested negative for FIP1L1-PDGFRA, 6 (40%)
experienced disease relapse after 4-8 months of imatinib
treatment at a dose of 400 mg per day (17). In another study
with 188 patients, 68 (36%) of whom received imatinib at the
maximum dose of 400 mg per day, 43 patients tested nega-
tive for FIP1L1-PDGFRA, of whom only 10 (23%) exhibited
a complete (n=6) or partial (n=4) response. By contrast,
88% (15) of FIPIL1-PDGFRA-positive patients exhibited
a good response to treatment (14). Another study divided
patients with FIP1L1-PDGFRA into two classes according to
the presence of >4 criteria suggestive of myeloid neoplasms. In
that study, 16 patients negative for FIP1L1-PDGFRA without
any criteria of myeloid neoplasms received imatinib, and none
of those patients exhibited a clinical or laboratory response to
treatment (18).

In the case described herein, the patient had a complete
response with 100 mg imatinib after <48 h of treatment,
with clinical improvement, suggesting that imatinib may
achieve good results in certain cases of FIP1L1-PDGFRA
fusion-negative hypereosinophilic syndrome. It also suggests
a cardiotoxic effect of imatinib, which may have been the
triggering factor for the clinical decompensation, despite the
progressive laboratorial improvement.

This syndrome may be responsible for the dysfunction of
numerous organs, including cardiac involvement in up to 60%
of the cases (6,10). Typically, cardiac involvement in hype-
reosinophilic syndrome preferentially affects the endocardium
and goes through three stages: i) Acute necrosis (initial stage),
which is usually asymptomatic and is associated with the
infiltration of the myocardium by eosinophils; ii) thrombotic
stage, which manifests by progressive damage to the endo-
cardium and may be associated with thrombotic events; and
finally, iii) the fibrosis stage, in which the condition progresses
to restrictive cardiomyopathy and severe fibrosis, which may
cause valvular regurgitation (2,10,19).

In the case presented herein, there was an exacerbation
of the heart failure symptoms with evidence of isolated
mitral regurgitation, without evidence of associated restric-
tive cardiomyopathy or left ventricular hypertrophy. Such
a clinical presentation is uncommon, as the symptoms of
heart failure usually appear during the third stage of disease
progression. Two cases of mitral valve involvement in the
thrombotic stage were previously described, likely induced
by thrombus formation in the endothelium, causing valvular
damage (20,21).

In conclusion, according to gathered references, the cardiac
involvement in the present case is uncommon, as the clinical
changes suggest that the patient had concomitant myocardial
dysfunction and fibrosis; however, for unknown reasons,
isolated mitral valve involvement was the initial form of cardiac
involvement in our patient, which has never been previously
described in the literature to the best of our knowledge. The
patient in question exhibited disease progression with cardiac
and splenic involvement, despite receiving the standard
therapy recommended for FIP1L1-PDGFR A-negative patients
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and stable results in the laboratory tests. Due to the limited
treatment options, the use of imatinib was selected despite
the absence of the FIP1L1-PDGFRA fusion mutation, with
a remarkable response at 24 h after treatment initiation, and
maintenance of the low eosinophil levels during the outpatient
treatment. However, more studies are required and additional
novel treatment options should be tested to further improve
the quality of life of patients suffering from hypereosinophilic
syndrome.
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