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ABSTRACT

Background: Information in the literature regarding causes of mortality in patients with hypereosinophilic
syndrome (HES) is limited.

Methods: This was a retrospective review of the morbidities and causes of death in HES patients at Mayo
Clinic.

Results: Overall, out of the 247 diagnosed HES patients, 23 died during the 19 years that this review
encompassed. The cause of death was identified in 15 patients (65%): cardiac dysfunction in 5 (33%),
infection in 3 (20%), unrelated malignancy in 3 (20%), thromboembolic phenomenain 2 (13%), and vascular
disease in 2 (13%).

Conclusion: Targeted monitoring of the at-risk end organs, combined with early treatment, may have the
ability to improve survival and reduce morbidity in HES patients.
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© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Hypereosinophilic syndrome (HES) encompasses a diverse
group of disorders characterized by serum eosinophil levels of
1.5 x 10%/L or higher for 6 months or longer, lack of evidence of
secondary causes, and eosinophilic organ involvement [1]. One
of the observed limitations of this definition is the requirement
of elevated eosinophil levels 1.5 x 10°/L or higher for 6 months
or longer. Prompt diagnosis and treatment are required before
6 months have passed to prevent potentially serious end-organ
damage. New diagnostic criteria have been proposed to address
this limitation [2,3]. The proposed new definition of HES includes
eosinophil levels higher than 1.5 x 10°/L on at least two occa-
sions separated by at least 4 weeks (excluding cases where urgent
therapy is required) and evidence of eosinophil-related organ
damage [3]. Similar to previous definitions, HES can be divided
into primary (neoplastic) HES, secondary HES, and idiopathic
HES [3]. The severity of eosinophilia has been divided arbitrarily
into mild (0.5-1.5 x 10%/L), moderate (1.5-5.0 x 10°/L), and severe
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(>5.0 x 10°/L) [4,5]. There is no absolute threshold for eosinophilia
treatment; organ damage may occur at varying eosinophil lev-
els in different patients although the reason for this remains
unknown. Some experts recommend an absolute eosinophil count
of 2.0 x 10°/L or higher as an indication for treatment initiation in
the absence of organ damage [6].

Hypereosinophilia of undetermined clinical significance (HEs),
the term used to describe marked and persistent blood eosinophilia
or tissue eosinophilia and/or marked deposition of eosinophil pro-
teins in tissues, may not, in some patients, be associated with
clinical manifestations. HE,s patients have no underlying neoplas-
tic or non-neoplastic disease to explain the hypereosinophilia nor
do they have detectable organ dysfunction. However, with the
development of organ damage attributed to eosinophil infiltra-
tion and/or degranulation, it is then appropriate to apply the term
“hypereosinophilic syndrome” [3].

Survival in HES has improved over time. One study of 57 HES
patients published in 1975 demonstrated an average survival of
approximately 9 months from the time of diagnosis [1]. A study of
40 patients from 1989 reported a 5-year survival rate of 80% [7].
There are no recent reports of survival data in the literature.

Only isolated case reports are available in the literature
regarding specific causes of mortality in HES patients. Frequently
reported causes of death include cardiac dysfunction, thromboem-
bolic disease, neurologic dysfunction, and infection. We reviewed
causes of mortality in HES patients seen at Mayo Clinic. We also
examined causes of morbidity in these same patients.
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2. Materials and methods

With approval from the Mayo Clinic Institutional Review Board in accordance
with federal regulations, we performed a systematic retrospective medical record
review and death certificate analysis of all patients who received a diagnosis of HES
at Mayo Clinic in Rochester, MN, from January 1, 1990, through December 31, 2008.
In particular, we examined the clinical history, treatment, outcome, and causes of
morbidity and mortality in these patients. This review did not seek to determine the
incidence of death in HES but rather to report causes of mortality and the associated
organ systems affected in those patients that died.

In total, 247 medical records of patients who received a diagnosis of HES were
reviewed. Overall, 23 of these patients received a diagnosis of HES and had died.
All of the deceased patients included in this review met criteria for the diagnosis of
HES [1]. In each case, the patients underwent a comprehensive assessment to rule
out secondary causes of eosinophilia including evaluation for parasitic infections;
CT scans of the chest, abdomen and pelvis to rule out malignancy, and bone mar-
row biopsy to rule out myeloproliferative disease. Many of the patients underwent
peripheral blood leukemia/lymphoma phenotypic analysis by flow cytometry and
T-cell receptor gene mutation analysis. If information regarding the cause of mor-
tality was not available in the patient’s medical record, the office of vital records in
the patient’s home state was contacted to determine the cause of death. Altogether,
the cause of death in 15 of the 23 patients was determined by the above methods. In
the remaining 8 patients, the cause of death is not known. In the majority of cases,
organ involvement was determined via histologic analysis or imaging modalities. In
some cases, organ involvement was determined by a physician’s clinical diagnosis.

To identify previous medical literature regarding causes of morbidity and mor-
tality in HES patients, we performed a PubMed search with the subject headings
hypereosinophilic syndrome, mortality, and death. Literature published through May
2010 was reviewed.

3. Results

Sixteen patients (70%) were men and 7 (30%) were women.
The average age at death was 60 years (range, 27-85 years;
59 years in men, 63 years in women). The mean abso-
lute peak eosinophil level for all 23 patients was 15.1 x 109/L
(range, 1.6-100.2 x 10%/L). The mean peak eosinophil levels were
11.3 x 10%/L (range, 1.6-30.0 x 109/L) in men and 23.8 x 109/L
(range, 2.2-100.2 x 10°/L) in women. Interleukin-5 levels were
measured in 4 patients and were elevated in 2 (mean, 36.6 pg/mL;
range, 11.5-61.76 pg/mL, normal <7.8 pg/mL). Immunoglobulin E
levels were measured in 12 patients and elevated in 9 (mean,
2279KkU/L; range, 44-3247 kU/L, reference range mean, 13.2 KU/L).
Four of the 23 patients were tested for the Fip1-like 1-platelet-
derived growth factor receptor o fusion gene (FIP1L1-PDGFRA), and
all 4 had negative results. Of the 23 patients, 3 underwent T-cell
receptor gene mutation analyses which were found to be negative.

Corticosteroids, hydroxyurea and interferon-alpha were the
most common treatment modalities used with treatment rates of
96% (22/23), 61% (14/23), and 30% (7/23) respectively. Other med-
ications utilized included vincristine (4 patients), cladribine (2),
imatinib mesylate (2), cyclosporin (1), mepolizumab (1) and intra-
venous gamma-globulin (1).

In the 23 patients who died, HES affected the following organ
systems in order of decreasing frequency: cardiovascular in 18
(78%), neurologic in 10 (43%), dermatologic in 9 (39%), pulmonary
in 6 (26%), and gastrointestinal in 1 (4%). When comparing organ
involvement on the basis of sex, 14 men (88%) vs. 4 women (57%)
had cardiovascular involvement, 8 men (50%) vs. 2 women (29%)
had neurologic involvement, 5 men (31%) vs. 4 women (57%) had
dermatologic involvement, 4 men (25%) vs. 2 women (29%) had
pulmonary involvement, and 1 man (6%) vs. no women had gas-
trointestinal tract involvement. 18 (78%) of the 23 patients had at
least 2 organs affected.

The cause of death was identified in 15 patients (65%), 12 men
and 3 women. Death was attributed to cardiac dysfunction (com-
plete heart block, eosinophilic myocarditis, cardiomyopathy and
sudden cardiac death) in 5 (33%), infection in 3 (20%), unrelated
malignancy in 3 (20%), thromboembolic phenomenain 2 (13%), and
vascular disease in 2 (13%) (Table 1). Of the 23 patients, 14 (61%)
had a history of nicotine dependence.

Table 1
Causes of death by system in 15 hypereosinophilic syndrome patients.
Cause of death Peak eosinophils No. (%)
within 4 months
of death

Cardiac dysfunction 5(33)
aComplete heart block Unknown
aEosinophilic myocarditis 4,96 x 10°/L
2Eosinophilic myocarditis/ischemic Unknown
cardiomyopathy
aSudden cardiac death 5.10x 10°/L
aCardiomyopathy Unknown

Infection 3(20)
Pneumonia Unknown
Cellulitis Unknown
Salmonella bacteremia Unknown

Malignancy 3(20)
Multiple myeloma Unknown
Lung cancer, patient #1 0.31 x 10°/L
Lung cancer, patient #2 1.45 x 10°/L

Thromboembolic phenomena 2(13)
aMultiple embolic infarcts 9.0 x 10°/L
2Pulmonary embolism 3.23x10°/L

Vascular disease 2(13)
Pulmonary vasculitis Unknown
Arteriosclerotic vascular disease Unknown

2 Death presumed secondary to hypereosinophilic syndrome.

The literature review yielded the cause of death in 21 HES
patients, as described in case reports listed and summarized in
Tables 2 and 3.

4. Discussion

HES treatment has evolved during the 19 years of this study
period. Conventional therapies such as corticosteroids and hydrox-
yurea are commonly used in HES treatment. Corticosteroids have

Table 2
Cause of death in 21 hypereosinophilic syndrome patients reported in the literature.

Source Cause of death

Cheung et al. [8]
Kanamori et al. [9]

Spontaneous liver rupture
Leptomeningeal disease and cerebral
eosinophilic mass lesion

Cerebral arteriolar thromboembolism
Myocardial fibrosis

Multiple occlusive coronary thrombi and
right ventricular thrombus

Grigoryan et al. [10]
Carnero-Alcazar et al. [11]
Sato et al. [12]

Chou et al. [13] Cerebral spinal fluid infiltration by
eosinophils

Chao et al. [14] Ventricular fibrillation secondary to
ventricular thrombus and endomyocardial
fibrosis

Arima et al. [15] Intracerebral hemorrhage

Salanitri [16] Septicemia

Anghel et al. [17] Cerebral hemorrhage during an episode of
sepsis

Corradi et al. [18] Heart failure with sudden arrhythmic
death

Leiferman and Gleich [19]
Scheinfield [20]

Intracerebral hemorrhage

Diffuse cerebral edema with uncal and
tonsillar herniation

Severe aortic insufficiency
Pneumococcal sepsis

Septic shock

Acute aortic thrombosis

Myocardial infarction secondary to an
occlusive thrombus

Cardiac mural thrombi

Anoxic brain injury

Pneumonia

Gudmundsson et al. [21]
Ault et al. [22]

Noguchi et al. [23]

Johnston and Woodcock [24]
Rauch et al. [25]

Egesten et al. [26]
Zientek et al. [27]
Myers [28]
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Table 3
Cause of death by system in 21 hypereosinophilic syndrome patients reported in
the literature.

Organ system No. (%)

9(43)

Cardiac/thromboembolic
Cerebral arteriolar thromboembolism
Myocardial fibrosis
Multiple occlusive coronary thrombi and right ventricular
thrombus
Ventricular fibrillation secondary to ventricular thrombus and
endomyocardial fibrosis
Heart failure with sudden arrhythmic death
Severe aortic insufficiency
Acute aortic thrombosis
Myocardial infarction secondary to an occlusive thrombus
Cardiac mural thrombi

Neurologic
Leptomeningeal disease and cerebral eosinophilic mass lesion
Cerebral spinal fluid infiltration by eosinophils
Intracerebral hemorrhage (2)
Cerebral hemorrhage during an episode of sepsis
Diffuse cerebral edema with uncal and tonsillar herniation
Anoxic brain injury

7(33)

Infection
Septicemia
Pneumococcal sepsis
Septic shock
Pneumonia

4(19)

Other (5)
Spontaneous liver rupture

remained first-line treatment for many FIP1L1-PDGFRA-negative
HES patients [29,30]. Chemotherapeutic agents are sometimes used
as second- or third-line treatment strategies [30,31]. Potential
steroid-sparing agents such as interferon alfa were first introduced
around 1990 [32]. Interferon alpha has the capability to induce
remission and reverse end-organ damage in some cases [33-35].

Recent advances in HES diagnosis and classification have
affected treatment. For example, imatinib mesylate is now first-
line therapy for FIP1L1-PDGFRA-positive disease [30], dramatically
changing the prognosis in this disease variant [22,36,37]. Inves-
tigational drugs such as mepolizumab (anti-interleukin 5) and
alemtuzumab (anti-CD52) represent agents with specific thera-
peutic targets. In general, directed therapy has the potential of
minimizing adverse effects compared with traditional, less specific
immunosuppressants. It is likely that these advances in treatment
modalities have positively affected HES mortality as evidenced by
improved survival with HES over time [1,7].

Activated eosinophils cause tissue damage by a variety of mech-
anisms. Eosinophilic granule proteins exert pro-inflammatory
effects via the release of toxic granule proteins and preformed
inflammatory mediators. Activation of nearby inflammatory cells
also leads to direct cytotoxic cell damage [38]. Major basic protein
(MBP), one of the more potent eosinophilic granule proteins, causes
damage by increasing vascular permeability, activating comple-
ment, and triggering surrounding cells such as basophils and mast
cells. MBP also stimulates tissue remodeling which may lead to
fibrosis [39]. Eosinophilic granules predispose to thrombosis by act-
ing as platelet agonists and reducing the anti-coagulant actions of
heparin and tryptase [39,40]. Furthermore, MBP has been shown
to decrease the generation of activated protein C by inhibition of
thrombomodulin. This combination of cell damage with resultant
organ system dysfunction and increased thrombotic potential in
HES patients may lead to death, as reported in certain patients in
this series.

Compared with specific organ involvement reported in the liter-
ature, this report of 23 HES fatalities showed a lower percentage of

dermatologic (39% vs. 69% historically), pulmonary (26% vs. 44%
historically), and gastrointestinal tract (4% vs. 38% historically)
involvement. Interestingly, the percentage of cardiac involvement
was higher in this study (78% vs. 20% historically) [41], but mortality
itself from cardiac disease was lower than previously reported [42].
The reason for the lower mortality from cardiac disease is unclear,
although it may be attributable to earlier diagnosis and therapy or
more effective therapy. Additionally, the marked decrease in HES
gastrointestinal tract involvement may reflect the increased aware-
ness, diagnosis, and treatment of eosinophilic gastrointestinal tract
diseases as single-organ eosinophilic disorders [43,44], rather than
being considered as manifestations of HES itself. In this series, 18
(78%) of the 23 patients were found to have at least 2 organ systems
involved, indicating that multi-organ disease may be a potential
indicator of more severe disease and may possibly be a risk factor
for fatal disease.

Arecent multicenter study involving 188 HES patients reported
a mean peak absolute eosinophil count of 6.6 x 10°/L [41], which
contrasts markedly with the mean peak absolute eosinophil count,
15.1 x 10°/L, in our cohort of deceased HES patients. Previous stud-
ies have reported that the degree of eosinophilia was unrelated
to the development of cardiac disease [45]. No reports have cor-
related the specific level of eosinophilia with end-organ damage.
However, this study raises the possibility that higher eosinophil
counts may be associated with higher mortality from diverse
causes.

In the past, HES was thought to occur in men at a much higher
rate than in women [1]. More recent studies have reported a male-
to-female ratio of 11:8 [41]. Of the 23 patients in our study who
died, more than twice as many were men (ratio of 16:7), suggest-
ing that male sex is a risk factor for fatal disease. This may be a
reflection of the higher prevalence of FIP1L1-PDGFRA in the male
population; however, we were unable to document this in our
small series as many of our patients died before standard testing
was available. This mutation was generally thought to be associ-
ated with a higher severity of disease before therapy with imatinib
mesylate was available [46,47]. Further distinguishing features of
myeloid HES may include elevated serum vitamin B12, anemia,
thrombocytopenia, hepatomegaly, splenomegaly, myelofibrosis, or
hypercellular bone marrow [46,48,49].

This series includes numerous previously unreported and
apparently unrelated causes of death, including multiple myeloma,
pulmonary vasculitis, and salmonella bacteremia. No malignancy-
related deaths could be found in previous literature (vs. 20%
in the current series). In comparison with the causes of death
reported in the literature, we found no neurologic-related mortal-
ity (vs. 33%) and similar infectious-related mortality (20% vs. 19%)
(Tables 2 and 3). These differences may reflect the improved abil-
ity to diagnose and effectively treat HES before irreversible organ
damage or other complications have occurred.

There is a paucity of information in the literature regarding
causes of death in HES patients. To our knowledge, this is the
first series on HES-related mortality in more than 30 years. On
the basis of our findings it would seem prudent for physicians
caring for HES patients to continue to carefully monitor for car-
diac involvement, infectious complications, and the development
of malignancies in their patients. Knowledge of the organ system-
related causes of mortality in HES is important to the physician
caring for these patients. Close monitoring, specifically, of the
at-risk end organs, combined with early treatment, may have
the ability to improve survival and reduce morbidity in HES
patients. As our expanding knowledge of the pathophysiology
and genetic factors of this condition increases, the opportunity
for the development of targeted therapies will also increase and
survival in HES patients will likely continue to improve over
time.

Please cite this article in press as: Podjasek JC, Butterfield JH. Mortality in hypereosinophilic syndrome: 19 years of experience at Mayo Clinic
with a review of the literature. Leuk Res (2013), http://dx.doi.org/10.1016/j.leukres.2012.12.016



dx.doi.org/10.1016/j.leukres.2012.12.016

GModel
LR-4793; No.of Pages4

4 J.C. Podjasek, J.H. Butterfield / Leukemia Research xxx (2013) xxxX—Xxx

Role of the funding source

Only internal institutional funding was used. There were no
sources of external funding.

Conflict of interest statement
The authors have nothing to disclose.
Acknowledgement

None.

Author contributions: Both authors listed on this paper made
substantial and equal contributions to the three points listed under
“Guide for Authors”.

References

[1] Chusid M]J, Dale DC, West BC, et al. The hypereosinophilic syndrome: anal-
ysis of fourteen cases with review of the literature. Medicine (Baltimore)
1975;54(January (1)):1-27.

[2] Simon HU, Rothenberg ME, Bochner BS, et al. Refining the definition of hyper-
eosinophilic syndrome. ] Allergy Clin Immunol 2010;126(July (1)):45-9.

[3] Valent P, Klion AD, Horny HP, et al. Contemporary consensus proposal on crite-
ria and classification of eosinophilic disorders and related syndromes. J Allergy
Clin Immunol 2012;130(September (3)):607-12.

[4] Brigden M, Graydon C. Eosinophilia detected by automated blood cell counting
in ambulatory North American outpatients: incidence and clinical significance.
Arch Pathol Lab Med 1997;121(September (9)):963-7.

[5] Rothenberg ME. Eosinophilia. N Engl ] Med 1998;338(May (22)):1592-600.

[6] Ackerman SJ, Butterfield JH. Eosinophilia, eosinophil-associated diseases,
chronic eosinophil leukemia, and the hypereosinophilic syndromes. In: Hoff-
man R, Benz Jr EJ, Shattil SJ, Furie B, Cohen HJ, Silberstein LE, et al, editors.
Hematology: basic principles and practice. 4th ed. Philadelphia: Elsevier
Churchill Livingstone; 2005. p. 763-86.

[7] Lefebvre C, Bletry O, Degoulet P, et al. Prognostic factors of hypereosinophilic
syndrome: study of 40 cases. Ann Med Interne (Paris) 1989;140(4):253-7.
French.

[8] Cheung YS, Wong S, Lam PK, et al. Spontaneous liver rupture in hypere-
osinophilic syndrome: a rare but fatal complication. World J Gastroenterol
2009;15(December (46)):5875-8.

[9] Kanamori M, Suzuki H, Sato I, et al. A case of idiopathic hypereosinophilic syn-
drome with leptomeningeal dissemination and intraventricular mass lesion:
an autopsy report. Clin Neuropathol 2009;28(May-June (3)):197-202.

[10] Grigoryan M, Geisler SD, St Louis EK, et al. Cerebral arteriolar thromboem-
bolism in idiopathic hypereosinophilic syndrome. Arch Neurol 2009;66(April
(4)):528-31.

[11] Carnero-Alcazar M, Reguillo-Lacruz F, O’Connor F, et al. Hypereosinophilic
syndrome and myocardial fibrosis. Interact Cardiovasc Thorac Surg
2008;7(October (5)):928-30 [Epub 2008 Apr 22].

[12] Sato Y, Fukunaga T, Hayashi T, et al. Hypereosinophilic syndrome associated
with occlusive coronary thrombosis and right ventricular thrombus. Pathol Int
2008;58(February (2)):138-41.

[13] Chou CW, Hsu SP, Chen MT, et al. Idiopathic hypereosinophilic syndrome with
infiltration of cerebrospinal fluid by immature eosinophils: a case report and
literature review. Surg Neurol 2007;68(Suppl. 1):S52-5.

[14] Chao BH, Cline-Parhamovich K, Grizzard JD, et al. Fatal Loeffler's endo-
carditis due to hypereosinophilic syndrome. Am ] Hematol 2007;82(October
(10)):920-3.

[15] Arima M, Kanoh T, Suzuki T, et al. An autopsy case of Loffler’s endocardi-
tis presenting a marked reduction in both ventricular cavities. Intern Med
2005;44(November (11)):1200-1.

[16] Salanitri GC. Endomyocardial fibrosis and intracardiac thrombus occurring in
idiopathic hypereosinophilic syndrome. AJR Am ] Roentgenol 2005;184(May
(5)):1432-3.

[17] Anghel G, De Rosa L, Ruscio C, et al. Efficacy of imatinib mesylate in a patient
with idiopathic hypereosinophilic syndrome and severe heart involvement.
Tumori 2005;91(January-February (1)):67-70.

[18] Corradi D, Vaglio A, Maestri R, et al. Eosinophilic myocarditis in a patient with
idiopathic hypereosinophilic syndrome: insights into mechanisms of myocar-
dial cell death. Hum Pathol 2004;35(September (9)):1160-3.

[19] Leiferman KM, Gleich GJ. Hypereosinophilic syndrome: case presentation and
update. ] Allergy Clin Immunol 2004;113(January (1)):50-8.

[20] Scheinfeld N. Fatal fulminant hypereosinophilic syndrome with a petechial rash
in a 16-year-old girl. ] Pediatr Hematol Oncol 2003;25(October (10)):827-30.

[21] Gudmundsson GS, Ohr ], Leya F, et al. An unusual case of recurrent Lof-
fler endomyocarditis of the aortic valve. Arch Pathol Lab Med 2003;127(May
(5)):606-9.

[22] Ault P, Cortes ], Koller C, et al. Response of idiopathic hypereosinophilic syn-
drome to treatment with imatinib mesylate. Leuk Res 2002;26(September
(9)):881-4.

[23] Noguchi M, Okumura K, Kato A, et al. Rapidly progressive, refractory
eosinophilia with a 250,000/microliter eosinophil count. Rinsho Ketsueki
2000;41(February (2)):135-9 [Japanese].

[24] Johnston AM, Woodcock BE. Acute aortic thrombosis despite anticoag-
ulant therapy in idiopathic hypereosinophilic syndrome. ] R Soc Med
1998;91(September (9)):492-3.

[25] Rauch AE, Amyot KM, Dunn HG, et al. Hypereosinophilic syndrome and myocar-
dial infarction in a 15-year-old. Pediatr Pathol Lab Med 1997;17(May-June
(3)):469-86.

[26] Egesten A, Hagerstrand I, Kristoffersson U, et al. Hypereosinophilic syndrome
in a child mosaic for a congenital triplication of the short arm of chromosome
8. Br ] Haematol 1997;96(February (2)):369-73.

[27] Zientek DM, King DL, Dewan SJ, et al. Hypereosinophilic syndrome with rapid
progression of cardiac involvement and early echocardiographic abnormalities.
Am Heart ] 1995;130(December (6)):1295-8.

[28] Myers TJ. Down’s syndrome associated with the hypereosinophilic syndrome.
Am ] Hematol 1995;48(April (4)):290-1.

[29] Kahn JE, Bletry O, Guillevin L. Hypereosinophilic syndromes. Best Pract Res Clin
Rheumatol 2008;22(October (5)):863-82.

[30] Gotlib J. World Health Organization-defined eosinophilic disorders: 2011
update on diagnosis, risk stratification, and management. Am ] Hematol
2011;86(August (8)):677-88.

[31] Kalac M, Quintas-Cardama A, Vrhovac R, et al. A critical appraisal of conven-
tional and investigational drug therapy in patients with hypereosinophilic
syndrome and clonal eosinophilia. Cancer 2007;110(September (5)):
955-64.

[32] Murphy PT, Fennelly DF, Stuart M, et al. Alfa-interferon in a case of hypere-
osinophilic syndrome. Br ] Haematol 1990;75(August (4)):619-20.

[33] Quiquandon I, Claisse JF, Capiod JC, et al. Alpha-interferon and hyper-
eosinophilic syndrome with trisomy 8: Kkaryotypic remission. Blood
1995;85(April (8)):2284-5.

[34] Yamada O, Kitahara K, Imamura K, et al. Clinical and cytogenetic remission
induced by interferon-alpha in a patient with chronic eosinophilic leukemia
associated with a unique t(3;9;5) translocation. Am ] Hematol 1998;58(June
(2)):137-41.

[35] Butterfield JH, Weiler CR. Use of pegylated interferon in hypereosinophilic syn-
drome. Leuk Res 2012;36(February (2)):192-7 [Epub 2011 Nov 26].

[36] Schaller JL, Burkland GA. Case report: rapid and complete control of idiopathic
hypereosinophilia with imatinib mesylate. MedGenMed 2001;3(September
(5)):9.

[37] Gleich GJ, Leiferman KM, Pardanani A, et al. Treatment of hypereosinophilic
syndrome with imatinib mesilate. Lancet 2002;359(May (9317)):1577-8.

[38] Ackerman SJ, Bochner BS. Mechanisms of eosinophilia in the pathogenesis of
hypereosinophilic disorders. Immunol Allergy Clin North Am 2007;27(August
(3)):357-75.

[39] Hogan SP, Rosenberg HF, Mogbel R, et al. Eosinophils: biological properties and
role in health and disease. Clin Exp Allergy 2008;38(May (5)):709-50.

[40] Samoszuk M, Corwin M, Hazen SL. Effects of human mast cell tryptase and
eosinophil granule proteins on the kinetics of blood clotting. Am ] Hematol
2003;73(May (1)):18-25.

[41] Ogbogu PU, Bochner BS, Butterfield JH, et al. Hypereosinophilic syndrome: a
multicenter, retrospective analysis of clinical characteristics and response to
therapy. J Allergy Clin Immunol 2009;124(December (6)):1319-25, e3.

[42] Fauci AS, Harley ]B, Roberts WC, et al. NIH conference. The idiopathic
hypereosinophilic syndrome: clinical, pathophysiologic, and therapeutic con-
siderations. Ann Intern Med 1982;97(July (1)):78-92.

[43] Liacouras CA, Furuta GT, Hirano I, et al. Eosinophilic esophagitis: updated
consensus recommendations for children and adults. ] Allergy Clin Immunol
2011;128(July (1)), 3-20.e6, quiz 21-2. [Epub 2011 April 7].

[44] Kim Y], Prussin C, Martin B, et al. Rebound eosinophilia after treatment of
hypereosinophilic syndrome and eosinophilic gastroenteritis with monoclonal
anti-IL-5 antibody SCH55700. ] Allergy Clin Immunol 2004;114(December
(6)):1449-55.

[45] Harley JB, Fauci AS, Gralnick HR. Noncardiovascular findings associated with
heart disease in the idiopathic hypereosinophilic syndrome. Am ] Cardiol
1983;52(August (3)):321-4.

[46] Weller PF, Bubley GJ. The idiopathic hypereosinophilic syndrome. Blood
1994;83(May (10)):2759-79.

[47] Brito-Babapulle F. The eosinophilias, including the idiopathic hypere-
osinophilic syndrome. Br ] Haematol 2003;121(April (2)):203-23.

[48] Roufosse F, Cogan E, Goldman M. The hypereosinophilic syndrome revisited.
Annu Rev Med 2003;54:169-84 [Epub 2001 Dec 3].

[49] Klion AD. Eosinophilic myeloproliferative disorders. Hematology Am Soc
Hematol Educ Program 2011:257-63.

Please cite this article in press as: Podjasek JC, Butterfield JH. Mortality in hypereosinophilic syndrome: 19 years of experience at Mayo Clinic
with a review of the literature. Leuk Res (2013), http://dx.doi.org/10.1016/j.leukres.2012.12.016



dx.doi.org/10.1016/j.leukres.2012.12.016

	Mortality in hypereosinophilic syndrome: 19 years of experience at Mayo Clinic with a review of the literature
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	Role of the funding source
	Conflict of interest statement
	Acknowledgement
	References


