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Introduction

Blood eosinophilia is diagnosed by an absolute eosinophil
count that exceeds 0.5 x 10°/L.! Hypereosinophilia is
classified as either primary, due to clonal expansion of
eosinophils through acquisition of a somatic mutation
(eg, FIP1L1-PDGFRA),! or secondary, as seen in response
to exogenous type 2 cytokines (eg, IL-3, IL-5, and GM-
CSF) secreted by various cells (eg, T-lymphocytes).**

Secondary eosinophilia is seen in a variety of con-
ditions, such as parasitic infestations, drug reactions,
allergic reactions, connective tissue disorders, vasculitis,
endocrinopathies, and malignancy.’ Rarely, secondary
eosinophilia may be associated with pulmonary infec-
tions, eosinophilic gastroenteritis, and autoimmune
diseases. Hypereosinophilia is present in less than 1% of
patients at the time of diagnosis of malignancies such as
lymphomas, leukemias, soft tissue sarcomas, lung cancer,
cervical cancer, gastrointestinal cancer, renal cancer, and
breast cancer. Hypereosinophilia may be a paraneoplastic
manifestation of these malignancies.® Hypereosinophilic
syndrome (HES) comprises a group of myeloprolifera-
tive disorders of unknown etiology that are marked by a
sustained overproduction of eosinophils. HES is charac-
terized not only by a striking and sometimes profound
eosinophilia associated with the syndrome, but also by
end-organ damage, most commonly involving the heart,
with the development of eosinophilic endomyocardial
fibrosis. The currently defined criteria for HES are: persis-
tent eosinophilia of greater than 1,500 eosinophils/mm?
for more than 6 months; exclusion of other potential eti-
ologies for the eosinophilia, including parasitic, allergic,
or other causes; and signs and symptoms of organ system
dysfunction or involvement that appear to be related to
the eosinophilia.”®
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Hypereosinophilia in solid neoplasms may be reac-
tive, whereas in myeloid leukemias, it is part of the neo-
plastic process.” It is sometimes difficult to differentiate
reactive eosinophilia from neoplastic eosinophilia.”” A
bone marrow aspirate and biopsy without elevated myelo-
blasts and absence of clonality or FIPI1LI-PDGFRo. gene
fusion is helpful in excluding eosinophilic leukemia.

Case Report

A 67-year-old African American woman presented to
the emergency department reporting shortness of breath,
dark stools, and generalized weakness that had persisted
for 1 day. The patient had been diagnosed with high-grade
pleomorphic soft tissue sarcoma of the left elbow several
weeks prior and was about to start neoadjuvant radiation
therapy. Her medical history was significant for coronary
artery disease, congestive heart failure, and hypertension,
and she had a permanent pacemaker for bradycardia.
The patient had quit smoking several years before, and
she was a social drinker. There was no family history of
malignancy. The patient had no known drug allergies.
She was currently taking carvedilol, hydrochlorothiazide,
simvastatin, aspirin, folic acid, and a multivitamin.

The patient was overweight. Her physical examina-
tion revealed mild respiratory distress. Her blood pres-
sure was 118/61 mmHg, her pulse was 101 beats per
minute, and her respiration was 24 breaths per minute.
She was afebrile, and her oxygen saturation was 96% on
room air. There was no palpable lymphadenopathy or
hepatosplenomegaly, bilateral lung crackles were auscul-
tated, and diffuse petechial rash was seen on the lower
extremities. A large, fungating mass was found around
her left elbow; it was red and appeared to be infected,
with serous discharge.

Previous biopsy of the elbow mass at another hospital
had shown high-grade pleomorphic soft tissue sarcoma,
and slide review confirmed this diagnosis at our insti-
tution. The patient was scheduled to start neoadjuvant
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Figure 1. The peripheral blood smear showed cosinophilic

leukocytosis, microcytic hypochromic anemia, and marked
thrombocytopenia.

radiation therapy. Her initial blood work showed a white
blood count of 83,000/mm?, hemoglobin/hematocrit of
7.8/24 gm/dL, and a low platelet count of 5,000/mm?.
Her lactic acid dehydrogenase was high at 337 TU/L,
with positive fibrinogen split products and D-dimers.
The differential showed neutrophils at 36%, lympho-
cytes at 2%, bands at 10%, and eosinophils at 46%.
The peripheral smear showed eosinophilic leukocytosis
without any blasts or other morphologic abnormalities.
Microcytic hypochromic anemia and marked thrombo-
cytopenia were noted. Renal and liver functions were
normal. The patient’s bone marrow aspirate and biopsy
showed reactive marrow with trilineage hematopoiesis
and eosinophilic hyperplasia. No increased blasts, tumor
infiltration, or granuloma were seen. Cytogenetics was
normal karyotype. The flow cytometry analysis of bone
marrow was negative for B-cell type lymphoproliferative
and myeloproliferative disorders.

The patient was managed conservatively with steroids
and platelet transfusions due to comorbid conditions. She
died 1 week after presentation.

Discussion

Hypereosinophilia of malignant diseases is rare, and the
mechanism is poorly understood. It may be reactive or
part of a neoplastic process, such as myeloid leukemia.”!!
It has also been associated with radiation, chemotherapy,
and immunotherapy (IL-2), possibly due to the release
of cytokines, such as IL-6, tumor necrosis factor, and

GM-CSE."?

Figure 2. A bone marrow examination showed reactive
marrow with trilineage hematopoiesis and eosinophilic
hyperplasia. No tumor or granuloma were seen.

Although hematologic malignancies—especially mye-
loid leukemia and lymphoma—are the main causes of
hypereosinophilia, solid tumors have been reported to
cause eosinophilia as well. In lung cancer, eosinophilia
may be seen in 8.4% of patients'’; when cancer is active,
this rate may be as high as 58%.'% In addition, in animal
research models, transitional cell carcinoma of the urinary
tract was associated with marked eosinophilia.”

This patient was evaluated for eosinophilic leuke-
mia based on the presence of disseminated intravascular
coagulation and thrombocytopenia. The bone marrow
aspirate and biopsy was negative for elevated blasts, with
normal flow cytometry and cytogenetics. No cleatly iden-
tifiable etiology was found for hypereosinophilia. Because
the patient was symptomatic with shortness of breath,
we performed a computed tomography scan of the chest,
which showed diffuse metastatic disease in the lungs.
Steffani and associates reported a similar case of a patient
with eosinophilic gastroenteritis that did not respond to
steroid therapy and who had an anaplastic carcinoma of
the lung that was diagnosed later.'® It is conceivable that
the eosinophilia may be a paraneoplastic/reactive process
due to the release of cytokines (IL-6, IL-3, IL-5, and
GM-CSF) from cancer cells, such as those in sarcoma,'”
or a distinct hematologic process. The production and
survival of eosinophils are mainly regulated by IL-3, IL-5,
and GM-CSE and it has been reported that patients with
ectopic production of GM-CSF by sarcoma can have
refractory eosinophilia.'"®" Wasserman and coworkers
extracted a peptide that was preferentially chemotactic for
eosinophils from a large-cell anaplastic carcinoma of the
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lung.?® This finding may suggest that the eosinophilia in
malignancies is a paraneoplastic syndrome.

Summary

Hypereosinophilia may be associated with solid tumors
and may be a harbinger of them. Therefore, patients with
eosinophilia must be evaluated for common malignancies
or recurrence of disease if they have a history of cancer.”!
The management approach for eosinophilia due to malig-
nancy is to treat the underlying disease; the eosinophilia
should resolve if the disease responds to treatment.
Eosinophilia may not respond to usual treatment with
steroids, interferon-ot hydroxyurea, vincristine, or ima-
tinib (Gleevec, Novartis).!
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Introduction

Latif and colleagues present a case of a patient with
hypereosinophilia associated with metastatic soft tis-
sue sarcoma.' It is highly likely that in this patient, the
eosinophilia was reactive to the sarcoma, being mediated
by cytokines. Our understanding of hypereosinophilic
syndromes has increased considerably in the last decade
following the results of 2 lines of investigation. First, it is
now recognized that many cases that would once have been
classified as an idiopathic hypereosinophilic syndrome in
fact represent eosinophilic leukemia associated with a
FIPIL1-PDGFRA fusion gene.* Second, investigation of
T-cell subsets has demonstrated that in other patients, the
eosinophilia is driven by cytokines secreted by aberrant
T cells, sometimes demonstrably clonal and sometimes
with later evolution into an overt lymphoproliferative
disorder.? This leaves the number of cases correctly classi-
fied as “idiopathic” considerably reduced and means that
accounts of the idiopathic hypereosinophilic syndrome
dating from prior to this new knowledge are inaccurate
because patients with eosinophilic leukemia and T-cell
driven eosinophilia were inadvertently included.

Eosinophilia and Neoplasia

Eosinophilia associated with neoplasms can be either
reactive or a clonal neoplastic process. In nonhematopoi-
etic neoplasms, the eosinophilia is reactive. In lymphoid
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Table 1. Leukemias and Myeloproliferative Neoplasms That Present as Eosinophilic Leukemia or Have an Eosinophil

Component of Variable Prominence

Derived From Myeloid Stem Cells

Derived From Lymphoid-Myeloid Stem Cells

* Acute myeloid leukemia

* Mpyeloid neoplasm associated with rearrangement
of PDGFRB

¢ Other chronic myeloid leukemias, including chronic
myelomonocytic leukemia with eosinophilia and
atypical chronic myeloid leukemia with eosinophilia

* Systemic mastocytosis

* Lymphoid or myeloid neoplasm associated with
rearrangement of PDGFRA

* Lymphoid or myeloid neoplasm associated with
rearrangement of FGFRI

* BCR-ABLI-positive chronic myelogenous leukemia

and myeloid neoplasms, it can be reactive or part of the
neoplastic process.

The eosinophils can be part of a neoplastic clone in
leukemia or a myeloproliferative neoplasm (MPN) that is
derived either from a myeloid stem cell or from a pluripo-
tent lymphoid-myeloid stem cell. These conditions are
summarized in Table 1. Sometimes eosinophils are only a
minor component at presentation, but when the leukemia
or MPN enters an accelerated phase or blast transforma-
tion, they become dominant. This may be observed, for
example, in BCR-ABLI-positive chronic myelogenous
leukemia and in primary myelofibrosis. Eosinophilia at
presentation is seen in chronic eosinophilic leukemia
and in other chronic myeloid leukemias in which there is
also involvement of granulocytic or monocytic lineages.
The 2008 World Health Organization classification of
tumors of hematopoietic and lymphoid tissues recognizes
3 genetic entities within this group of diseases, which are
associated with rearrangement of the PDGFRA, PDG-
FRB, and FGFRI genes.” In the case of both PDGFRA-
and FGFRI-related leukemias, the causative mutation has
occurred in a pluripotent lymphoid/myeloid stem cell.

Eosinophilia can be a prominent feature of systemic
mastocytosis. The eosinophils can be part of the neoplastic
clone, but eosinophilia can also be promoted by cytokines
secreted by mast cells. It is also possible for eosinophils in
this condition to be clonal but to also respond to cytokines.

Acute eosinophilic leukemia is uncommon. In cer-
tain genetic subtypes of acute myeloid leukemia (AML),
eosinophils are part of the leukemic clone but do not
usually dominate. This is the case with AML associated
with 1(8:21)(q22:q22), inv(16)(p13.122)/t(16;16)
(p13.1;q22), and t(16;21)(q24;q22). However, occasion-
ally there is striking peripheral blood eosinophilia, and
confusion with chronic eosinophilic leukemia can then
occur.>” It is important to be alert for cases presenting as
AML that actually represent transformation of an MPN
associated with a BCR-ABLI of the FIPILI-PDGFRA

fusion gene. Recognition of these patients is important
because they respond to imatinib.

Reactive eosinophilia can occur in lymphoid neo-
plasms, including acute lymphoblastic leukemia (ALL)
and lymphoblastic lymphoma,® leukemias and lympho-
mas of mature T and B cells and, occasionally, multiple
myeloma. It can also be a prominent feature of Hodgkin
lymphoma. In one rare subset of B-lineage ALL—that
is associated with t(5;14)(q31;q32)—there is a clearly
defined molecular mechanism. This translocation leads to
the /L3 gene (encoding interleukin 3) being dysregulated
by proximity to the immunoglobulin heavy chain locus
(IGH). Reactive eosinophilia in ALL can be very marked
and can lead to death from eosinophil-mediated cardiac
damage. It should be noted that in rare patients with lym-
phoid neoplasms, the eosinophils are part of the leukemic
clone; this is so of cases associated with rearrangement of
FIPILI or FGFRI.

It cannot be assumed that eosinophilia associated
with myeloid neoplasms always represents the presence of
clonal neoplastic eosinophils. It usually does, but there
have been several reports of reactive eosinophilia associ-
ated with myelodysplastic syndromes.

Reactive eosinophilia has been associated with a
wide range of nonhematopoietic neoplasms, including
carcinomas, sarcomas, glioma, mesothelioma, malignant
melanoma, hepatoma, and metastatic pituitary tumor.
Tumor-associated tissue eosinophilia may indicate a bet-
ter prognosis, but blood eosinophilia does not.”

Investigation of Hypereosinophilia

The investigation of eosinophilia should start with a
clinical history (including a travel and a drug history) and
physical examination. Travel, whether recent or remote, to
regions with endemic schistosomiasis and strongyloidiasis
is relevant. Important physical findings may include skin
infiltration or a rash, hepatosplenomegaly, lymphade-
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nopathy, and a soft tissue mass. A blood film is essential
and will occasionally show blast cells, lymphoma cells, or
filarial parasites. The cytologic features of eosinophils are
not very helpful, however, because they can be abnormal
in reactive as well as clonal eosinophilia.®'°

If there are no clues to the diagnosis, then an assess-
ment of the urgency of the situation should be made.
If eosinophilia is marked, and particularly if there are
large numbers of degranulated eosinophils, cardiac dam-
age may occur, and all relevant investigations should be
done as soon as possible. If the situation is less clinically
urgent, investigations can be targeted initially at the
most likely conditions, with consideration being given
to atopic disorders, drug allergy, parasitic infection, coc-
cidioidomycosis, connective tissue disorders including
Churg-Strauss syndrome, and leukemia and lymphoma.
Diagnosis of parasitic infections may require serological
testing (eg, for strongyloidiasis, schistosomiasis, gna-
thostomiasis, opisthorchiasis, trichinosis, and toxocaria-
sis) in addition to examination of stools on 3 occasions
and examination of urine if infection with Schistosoma
haematobium is possible.' 4

If initial investigations are negative, a computed tom-
ography scan, bone marrow aspirate, cytogenetic analysis,
and trephine biopsy should be performed to investigate
the possibility of leukemia, lymphoma, and systemic
mastocytosis. Molecular analysis (eg, nested polymerase
chain reaction and fluorescence in situ hybridization) for
a FIPILI-PDGFRA fusion gene should be performed.
Other rearrangements of PDGFRA and also those of
PDGFRB and FGFRI will be detected by cytogenetic
analysis, but this fusion gene, resulting from a cryptic
interstitial deletion of part of the long arm of chromo-
some 4 (4q12), can be detected only by molecular studies.

Idiopathic Hypereosinophilic Syndrome

Idiopathic hypereosinophilic syndrome is a diagnosis of
exclusion. It is essential that patients are investigated very
thoroughly before this diagnosis is made because some of
the specific known causes of eosinophilia have very effec-
tive treatments. Detection of hematologic neoplasms with
rearrangement of PDFGRA or PDGFRB is particularly
important because they respond very well to imatinib and

other tyrosine kinase inhibitors. Delay in diagnosis may
mean that serious cardiac damage will occur. Detection of
connective tissue disorders and parasitic and fungal infec-
tions is likewise of considerable importance.

Conclusion

The cause of eosinophilia is often readily apparent.
However, in some patients, it is obscure, and extensive
investigation is necessary in order to identify serious
underlying diseases. Eosinophilia associated with lym-
phoid or myeloid neoplasms can be reactive or clonal.
Eosinophilia associated with other neoplasms is reactive
and cytokine-driven.
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