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Case Report

A 21-year-old male college student presented with abdomi-
nal pain and cough. Complete blood count showed a white 
blood cell (WBC) count of 93,500 with 65% eosinophils. 
Hemoglobin and platelet counts were normal. Computed 
tomography showed pulmonary infi ltrates and superior 
mesenteric vein thrombosis. Anticoagulation with heparin 
was initiated. Bronchoscopy with transbronchial biopsy 
showed eosinophilic infi ltration. Fecal studies and serol-
ogy for parasites were negative. Th e fi ndings of superior 
mesenteric vein thrombosis and eosinophilic infi ltration 
of the lungs were thought to be consistent with manifesta-
tions of hypereosinophilia. 

Peripheral blood fl ow cytometry revealed marked 
eosinophilia and less than 1% precursor-B lympho-
blasts. Bone marrow aspirate and biopsy showed 90% 
cellularity, with approximately 60% eosinophils. Flow 
cytometry identifi ed 4% abnormal B-lymphoblasts that 
were CD34+, CD19+, CD20 variable, CD10+, and 
CD58+. Cytogenetic analysis by G-banding showed only 
a normal 46XY karyotype. Our tentative diagnosis was 
precursor-B–cell acute lymphoblastic leukemia (ALL) 
with hypereosinophilia that is usually associated with the 
t(5;14) chromosomal abnormality; however, due to the 
relative small population of leukemic cells in the marrow, 
cytogenetic analysis was negative. Th erefore, we used 
magnetic beads coated with a monoclonal antibody to 
CD19 (Dynabeads M-450 CD19 [Pan B], Dynal Bio-

tech) to sort and enrich for the neoplastic cells. Cytoge-
netic analysis on the enriched cells was unsuccessful due 
to failure to yield metaphase cells. However, fl uorescent in 
situ hybridization (FISH) using a commercially available 
dual color “break-apart” DNA probe (Vysis, Inc.) for the 
immunoglobulin heavy chain (IgH) region applied to the 
CD19+ enriched cells demonstrated an alteration of the 
IgH gene. Eleven of 225 (4.8%) interphase nuclei had 
separation of the DNA probe consistent with a translo-
cation involving the IgH locus at the 14q32 region. In 
addition, 24 nuclei (10.7%) showed apparent loss of the 
distally labeled segment of the IgH probe, suggesting a 
secondary clonal event (Figure 1). 

With this information, we initiated ALL-directed 
chemotherapy.1 On day 28 of treatment, the patient’s 
WBC count was 5,600 with 0% eosinophils. Repeat 
bone marrow examination found variable cellularity 
(10–50%) and less than 1% precursor-B lymphoblasts by 
fl ow cytometry. 

Discussion

ALL associated with eosinophilia is uncommon but 
well described in the literature.2-7 First described in 
1973,8 recent reports have documented the presence of 
t(5;14)(q31;q32) translocation involving the IgH gene on 
chromosome 14 and the interleukin (IL)-3 gene on chro-
mosome 5.2-4,7 Th e result is activation of the IL-3 gene, 
causing growth eff ects to promote eosinophilia.9 Patients 
are usually children or adolescents and often present with 
signs and symptoms of the hypereosinophilic syndrome 
due to eosinophilic organ infi ltration. Organs involved 
are most commonly the heart, lungs, central nervous 
system, skin, liver, and spleen.10 As in our patient, throm-
bosis has also been reported.11,12 Th e diff erential diagnosis 
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of eosinophilia is extensive and, therefore, other causes of 
eosinophilia should be excluded. A comprehensive review 
of the eosinophilias has recently been published.10

Th e diagnosis of such disease often occurs later, as 
the eosinophilia may precede the full-blown presenta-
tion of ALL and may also herald relapse after therapy.10

Frequently, these patients are treated with steroids for 
the eosinophilia and its symptoms, while the diagnosis of 
ALL may be delayed by weeks to months.2 Th e prognosis 

and survival after treatment of these patients appear to be 
similar as compared to age and sex-matched ALL patients 
without eosinophilia.2

Here, we report a case of a patient with precursor-
B–ALL and hypereosinophilia whose diagnosis was made 
diffi  cult due to minimal numbers of leukemic cells at 
presentation. To help confi rm the diagnosis in this case, 
we used immunomagnetic beads coated with monoclonal 
CD19 antibody to enrich bone marrow neoplastic cells 
for chromosomal analysis and FISH. While we were 
unable to demonstrate the t(5;14) translocation, the 
combination of the clinical presentation and demonstra-
tion of an IgH alteration on chromosome 14 by FISH 
in CD19+ lymphoblasts were consistent with precursor-
B–ALL and hypereosinophilia. Th e patient was treated 
with ALL-directed chemotherapy with good response. 
As illustrated in this case, the use of FISH with specifi c 
probes on an enriched cell population containing the 
blasts may expedite the diagnosis and treatment of these 
unique patients. 
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Figure 1. Interphase fluorescence in situ hybridization probes 
of CD19-enriched cell sample revealed 2 alterations. On top, 
there is a separation of the DNA probe of IgH gene, consistent 
with chromosomal translocation. Bottom, an apparent loss of 
the distally labeled portion of the immunoglobulin H probe.
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Hagler et al report an unusual case of a 21-year-old male 
patient with profound hypereosinophilia. Th rough a rather 
laborious eff ort, the authors were able to deduce that the 
patient’s peripheral blood eosinophilia was secondary to 
an underlying precursor-B–ALL. Th rough fl ow cytometric 
analysis, a small population of CD34-positive lympho-
blasts that coexpressed CD10 and CD19 were detected. 

Th e current case in study is remarkably similar to that 
described by Hogan and colleagues1 and initially by Spitzer 
and Garson in 1973.2 Hogan reported in his series that all 
three patients presented with a 14q cytogenetic abnormal-
ity and 2 patients had an identical t(5;14)(q?;q32) recipro-
cal translocation. As reported by Meeker et al,3 the fusion 
partner on chromosome 5 was subsequently localized to 
the IL-3 gene locus on chromosome 5q31. Making use 
of a “split-apart” IgH probe, the authors demonstrated a 
rearrangement of the IgH gene in 4.8% of the interphase 
nuclei approximating the percentage of abnormal cells 
identifi ed using fl ow cytometric analysis. Although far 
from an ordinary case, the authors were able to deduce 
that the patient carried a diagnosis of a precursor-B–ALL 
giving rise to the extraordinary leukocytosis and marked 
eosinophilia, both of which resolved after defi nitive che-
motherapy directed toward the patient’s ALL.

Th e present case raises several interesting features, but 
the most salient is the evaluation of a patient with marked 
eosinophilia. An elevated eosinophil can be secondary 
to either a reactive process or a clonal myeloproliferative 
disorder. Idiopathic hypereosinophilic syndrome (IHES) 
is defi ned as an eosinophil count greater than 1.5 × 109/L 
for greater than 6 months, often associated with organ 
infi ltration that typically involves the skin, heart, lungs, 
or nervous system.4,5 Th e diagnosis of IHES can only be 
made in the clear absence of a reactive process. Th ere are 
several nonmalignant conditions that have been associ-
ated with peripheral blood eosinophilia and these include 
infections, most commonly parasitic. In addition, aller-
gic diseases such as asthma, atopic dermatitis or eczema 
have been associated with peripheral blood eosinophilia. 
Patients with Churg-Strauss syndrome can also develop 
eosinophilia. Allergic reactions to drugs such as carba-

mezapine, minocycline, or IL-2 infusions have been 
reported to cause a reactive eosinophilia that typically 
disappears when the drug has been discontinued. Other 
causes of eosinophilia include connective tissue diseases 
such as rheumatoid arthritis, Wegener granulomatosis, 
polyarteritis nodosum, and celiac disease. Occasionally, 
eosinophilia occurs only in the tissues and in the absence 
of peripheral blood fi ndings. Th is is the case for Loeffl  er 
syndrome,6 eosinophilic fasciitis,7 and eosinophilic cellu-
lites.8 It is important to note that the eosinophilia in these 
nonmalignant conditions is typically polyclonal.

Many malignant diseases have been associated with 
a nonclonal eosinophilic disorder. Th ese malignancies 
include Langerhan cell histiocytosis as well as non-Hodg-
kin and Hodgkin lymphomas.9-11 Some solid tumors, 
including renal cell, lung, breast, as well as cancers of the 
female genital tract, have also been associated with a reac-
tive nonclonal eosinophilia.

It is important to differentiate between eosinophils 
resulting from a reaction to the underlying malignancy 
as compared to eosinophils that are part of the underly-
ing malignant clone. Disorders of the latter type include 
systemic mast cell diseases (SMCD), specifi cally systemic 
mastocytosis with eosinophilia, which represents only a 
subset of patients with SMCD.12-15 These patients typi-
cally have elevated tryptase levels and have been found 
to respond to imatinib therapy.16 Many other chronic 
myeloproliferative disorders are associated with a clonal 
eosinophilia. These include chronic myeloid leukemia 
(CML) as well as chronic myelomonocytic leukemia 
(CMML). In CMML, a subset of patients have balanced 
translocations involving the platelet derived growth factor 
receptor (PDGFR) β gene.17 To date, 8 PDGFRβ fusion 
partners (ETV6, CEV14, HIP1, H4/D10S170, RABEP1, 
Myomegalin/PDE4DIP, NIN, and HCMOGT-1) have 
been identifi ed.18-25 In each case, chromosomal trans-
location results in fusion of the 3’ region of PDGFRβ
encoding the kinase domain to a 5’ fusion partner with 
a putative oligomerization domain. It has been demon-
strated in most of these that the PDGFRβ  tyrosine kinase 
is constitutively activated as a consequence of fusion to 
a dimerization or oligomerization motif in the amino-
terminal partner. For example, fusion of the ETV6 PNT 
oligomerization domain to PDGFRβ results in self-asso-
ciation and constitutive tyrosine kinase activity, and both 
the oligomerization and kinase domains are required for 
transformation of hematopoietic cells. 

We recently described a patient with a 
myeloproliferative disorder characterized by the chromo-
somal abnormality t(5;14)(q33;q32).26 The consequence 
of the chromosomal translocation is fusion of the coiled-
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coil domain of KIAA5109 to the tyrosine kinase domain 
of PDGFRβ. KIAA1509 is an uncharacterized gene with 
a predicted coiled-coil oligomerization domain with 
homology to the HOOK family of proteins. Imatinib 
therapy in this patient resulted in a rapid, complete, and 
durable hematologic and cytogenetic response. 

In addition to the chronic myeloproliferative dis-
orders, 2 specifi c subtypes of acute myelogenous leuke-
mia (AML) are also associated with hypereosinophilia. 
These include the French, American, and British (FAB) 
classifi cation of AML defi ned as M4Eo, characterized 
by inversion(16)(p13q22) or t(16;16)(p13;q22).27 This 
inversion results in a chimeric fusion of the CBF-β and 
MYH11 genes. In addition, the AML subtype FAB-M2 
is frequently characterized by a reciprocal translocation 
involving t(8;21)(q22;q22) which links the AML-1 and 
ETO genes and is often accompanied by peripheral blood 
eosinophilia.28 La Starza and colleagues29 described a 
clonal eosinophilia characterized in a patient with AML 
involving the ETV6 gene on chromosome 12p13 fused 
to the ABL gene on 9q34. ETV6 is an ETS translocation 
variant of TEL. As described above, the ETV6 gene has 
also been described in patients with CMML as described 
above, which fuses the PDGFRβ gene on chromosome 
5q33 to ETV6.17 

Other abnormal karyotypes have been reported in 
patients with AML that are characterized by eosinophilia. 
These include monosomy 7, trisomy 1 and a variety of 
relatively rare translocations, which include t(10;11)
(p14;q21), t(5;16)(q33;q22) and t(16;21)(p11;q22).30-

34 In addition to patients with AML, an eosinophilic 
myelodysplastic syndrome characterized by a transloca-
tion involving t(1;7) has also been described.35

Several case reports have described a pleuripotent 
hematopoetic stem cell disorder that typically presents 
as a myeloproliferative syndrome with eosinophilia. This 
syndrome, termed EMS, often transforms into a B-cell or 
more commonly a T-cell lymphoblastic lymphoma. Patients 
with this disease have been shown to have a translocation 
of the fi broblast growth factor (FGFR) 1 gene on 8p11 
to the zinc fi nger protein ZNF198 on 13q12, although 
other fusion partners have also been described.36-38 We 
recently reported a patient who was successfully treated 
with PKC412, which is a staurosporine analog and a 
potent tyrosine kinase inhibitor with activity against the 
FMS-like tyrosine kinase receptor III (Flt-3).39

Hagler et al describe a patient who presented with a 
leukocytosis and marked eosinophilia and was found to 
have a precursor-B–ALL. Although only reported in small 
case series, patients with the t(5:14)(q31;q32) transloca-
tion seem to have a similar prognosis when compared to 
other non–Philadelphia-chromosome-containing patients 
with precursor-B–ALL.3 The most important feature of 

this case is that it clearly demonstrates the extreme impor-
tance of giving a substantial amount of diagnostic consid-
eration to these various hematologic malignancies before 
attributing the peripheral blood eosinophilia to IHES.

We as well as those from other groups have recently 
characterized patients with a clonal esoinophilic disorder 
in which other clonal as well as nonclonal eosinophilic 
disorders have been excluded, a syndrome referred to as 
IHES or chronic eosinophilic leukemia (CEL).4, 5 We and 
others have demonstrated that many patients with IHES 
contain a previously uncharacterized human gene FIP1-
like-1 (FIP1L1) fused to PDGFRαlike-1 (FIP1L1) fused to PDGFRαlike-1 (FIP1L1) fused to PDGFR .40-43 Patients with 
the FIP1L1-PDGFRαthe FIP1L1-PDGFRαthe FIP1L1-PDGFR  gene fusion respond to imatinib 
therapy at extraordinarily low levels. The IC

50
 for imatinib 

using in vitro kinase inhibition assays was only 3 nM 
compared to approximately 600 nM for the BCR-ABL 
tyrosine kinase.40 Therefore, the majority of patients can 
be successfully treated at doses of imatinib of 100 mg per 
day or even possibly lower. Interestingly, approximately 
40% of patients who lack the FIPL1-PDGFRα40% of patients who lack the FIPL1-PDGFRα40% of patients who lack the FIPL1-PDGFR  fusion 
protein also responded to imatinib therapy suggesting 
either genetic heterogeneity or a false-negative rate for our 
current polymerase chain reaction–based assay. 

The goal of therapy in patients with hypereosino-
philia as described by Weller and Bubley44philia as described by Weller and Bubley44philia as described by Weller and Bubley  was to prevent 
damage from infi ltration of both reactive and clonal 
eosinophils. But as is evident in this case report, the elu-
cidation of the etiology for the eosinophilia is of utmost 
importance. In this case, a malignant precursor-B–ALL 
was identifi ed and successfully treated with appropriate 
chemotherapy. This case further illustrates the impor-
tance of an exhaustive workup in order to exclude reactive 
eosinophilia or eosinophilia as a part of an underlying 
malignant hematopoietic disorder before a diagnosis of 
IHES or CEL can be entertained. Although polymerase 
chain reaction analysis demonstrating the presence of the 
FIP1L1-PDGFRαFIP1L1-PDGFRαFIP1L1-PDGFR  fusion gene can be of extraordinary 
help in differentiating between IHES or SMCD with 
associated eosinophilia from other causes of eosinophilia, 
IHES still remains a diagnosis of exclusion. The treat-
ment for both IHES and SMCD with eosinophilia is 
imatinib, especially for those patients with the presence 
of the FIP1L1-PDGFRαof the FIP1L1-PDGFRαof the FIP1L1-PDGFR  fusion gene, whereas the treat-
ment for the other hematologic diseases associated with 
eosinophilia is disease-specifi c. 
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