Curr Allergy Asthma Rep (2012) 12:85-98
DOI 10.1007/s11882-012-0241-z

INVITED COMMENTARY

Clinical Overview of Cutaneous Features

in Hypereosinophilic Syndrome

Sabine Gisela Plotz - Bettina Hiittig - Birgit Aigner -
Christian Merkel - Knut Brockow + Cezmi Akdis -
Ulf Darsow - Johannes Ring

Published online: 23 February 2012
© Springer Science+Business Media, LLC 2012

Abstract The hypereosinophilic syndromes (HES) are a
heterogeneous group of disorders defined as persistent and
marked blood eosinophilia of unknown origin with systemic
organ involvement. HES is a potentially severe multisystem
disease associated with considerable morbidity. Skin involve-
ment and cutaneous findings frequently can be seen in those
patients. Skin symptoms consist of angioedema; unusual urti-
carial lesions; and eczematous, therapy-resistant, pruriginous
papules and nodules. They may be the only obvious clinical
symptoms. Cutaneous features can give an important hint to the
diagnosis of this rare and often severe illness. Based on advan-
ces in molecular and genetic diagnostic techniques and on
increasing experience with characteristic clinical features and
prognostic markers, therapy has changed radically. Current
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therapies include corticosteroids, hydroxyurea, interferon-«,
the tyrosine kinase inhibitor imatinib mesylate, and
(in progress) the monoclonal anti—interleukin-5 antibodies.
This article provides an overview of current concepts of
disease classification, different skin findings, and therapy for
HES.
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Introduction
History and Definition

Reports of unexplained hypereosinophilia have been described
for decades [1-8] with conditions named Loeffler’s syndrome,
Loeffler’s fibroblastic endocarditis with eosinophilia, and
eosinophilic leukemia. The terms of hypereosinophilic diseases
varied, based on the different organs involved [2, 9]. In 1968,
Hardy and Anderson [2] used the term hypereosinophilic
syndrome (HES) to describe a group of conditions character-
ized by marked, chronic eosinophilia and multiple organ
involvement, including the skin. Chusid et al. [9] analyzed
14 cases of HES among their own patients and 57 cases
reported in the earlier literature—reported as cases of eosino-
philic leukemia, disseminated eosinophilic collagen disease,
or Loeffler’s fibroblastic endocarditis with eosinophilia—and
described the first defining features, which formed the basis of
the definition of HES: 1) persistent eosinophilia of greater
than 1,500 eosinophils/mm> for longer than 6 months; 2) no
other evident cause of eosinophilia, including allergic diseases
and parasitic infections; and 3) signs or symptoms of organ
involvement by eosinophilic infiltration.
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At that point in time, the 6-month duration helped to
exclude short-term episodes of eosinophilia such as adverse
reactions to medications. However, with advances in under-
standing of HES and the availability of novel therapeutic
agents, the criteria established by Chusid et al. [9] in 1975
became increasingly problematic [8, 10—12]. First, a patient
with symptomatic HES should not remain untreated for
6 months [8, 12]. Therefore, it has been suggested recently
that patients may be diagnosed without waiting 6 months if
they meet the other criteria and their clinical course appears
to be chronic and unremitting [8, 12, 13]. Second, in the
definition of Chusid et al. [9], the accepted threshold for
blood eosinophilia (>1,500 eosinophils/mm?) excluded
patients with tissue eosinophilia unaccompanied by marked
blood eosinophilia. Additionally, the subgroups of HES with
identification of several well-characterized disease entities,
such as Fip1-like-1—associated HES, would no longer fit into
the original definition of HES, as the cause of eosinophilia is
identified. Subsequently, a new working definition that
overcomes the limitations with the original definition
was suggested by Simon and coworkers (Table 1) [12].
All patients with blood eosinophilia (>1,500 eosinophils/mm”)
without a secondary cause of eosinophilia (allergic diseases,
allergic drug reactions, parasitic helminth infections,
HIV infection, solid tumors) should be considered to have
HES or a disorder that overlaps with the definitions of HES,
regardless of the number and nature of affected organs or
potential pathogenic mechanisms [12].

The second original criterion of Chusid et al. [9]—to rule
out all other known causes of eosinophilia—remains an
important issue in hypereosinophilic patients. Mild hypereosi-
nophilia (<1,000/uL) is a common biological finding and can
be ascribed to an underlying disease in most cases (e.g., atopic
eczema) [14, 15]. In addition, several more or less frequently
encountered diseases have to be excluded in patients with
marked hypereosinophilia by etiologic work-up; diseases such

Table 1 Old definition and proposed new definition for hypereosinophilic
syndromes

Old definition: idiopathic
hypereosinophilic syndrome

Proposed new definition:
hypereosinophilic syndrome

1. Blood eosinophilia >1,500/mm>
on at least 2 occasions, or evidence
of prominent tissue eosinophilia
associated with symptoms and
marked blood eosinophilia

1. Blood eosinophilia
>1,500/mm?> for at least
6 month

2. Unknown trigger of
eosinophilia

3. Signs and symptoms
of organ involvement

2. Exclusion of secondary causes of
eosinophilia, such as parasitic or
viral infections, allergic diseases,
drug-induced or chemical-induced
eosinophilia, hypoadrenalism, and
neoplasms

(Adapted from Simon et al. [12])
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as parasitic diseases involving tissue-invasive helminths, atopy,
allergic drug reactions, solid tumors, connective tissue
disorders, vasculitis, and infectious diseases (e.g., HIV)
must be ruled out as a secondary cause of eosinophilia.

Subtypes of Hypereosinophilic Syndrome (Pathogenesis-
Driven Classifications of Hypereosinophilic Syndrome)

The clinical heterogeneity of HES has long been recognized,;
however, in the past two decades, techniques have become
available to identify subtypes of HES with different underlying
etiologies. The two best-described subtypes are the lymphocyt-
ic variant HES (L-HES), in which the underlying cause of
eosinophilia is an increased secretion of eosinophilopoietic
cytokines by T lymphocytes [13, 16-20], and myeloprolifera-
tive HES (M-HES), most commonly due to an interstitial
deletion in chromosome 4 [21-23] leading to stem cell
mutations, with expression of the PDGFRA fusion genes
with constitutive tyrosine kinase activity. These subtypes
are associated with differences in clinical presentation,
prognosis, and response to therapy [13, 23].

Myeloproliferative Hypereosinophilic Syndrome

The myeloproliferative variant is the more aggressive form
of HES that is associated with features of myeloproliferative
disorders [13, 22-25]. Notably, the discovery of underlying
chromosomal events followed the observation that four of
five HES patients responded well to the tyrosine kinase
inhibitor imatinib mesylate [21, 26].

M-HES is characterized by chromosomal events, particu-
larly a fusion event that activates the tyrosine kinase platelet-
derived growth factor receptor-oc (PDGFRA). PDGFRA is a
unique fusion protein with an interstitial deletion in chromo-
some 4 (del[4q12]), which results in the formation of a fusion
gene between an uncharacterized gene, Fipl-like 1 (FIPLI),
and the PDGFRA gene (FIPILI-PDGFRA). The World
Health Organization has classified this form of HES as chronic
eosinophilic leukemia (CEL). This classification system has
utility when a clonal or neoplastic process is clearly defined.
However, in the majority of patients with HES, the separation
of patients with molecularly defined myeloproliferative disease
from those with similar clinical features but no identifiable
mutation is problematic [27]. Also, there is considerable
overlap between myeloproliferative forms of HES and CEL.

Many patients with detectable FIP/LI-PDGFRA fusion
genes fulfill the current World Health Organization criteria
for CEL [28]. However, not all patients with myeloprolifer-
ative features of HES can currently be characterized at the
molecular level.

Characteristic clinical features of the M-HES variant,
which predominantly affects males, consist of the presence
of the FIPLI-PDGFRA fusion gene mutation, dysplastic
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eosinophils on peripheral smear, elevated serum vitamin
B12, elevated serum tryptase levels, anemia or thrombocy-
topenia, hepatosplenomegaly, increased bone marrow
cellularity, atypical/spindle-shaped mast cells in bone
marrow, myelofibrosis, endomyocardial damage, cardiac
intramural thrombi, endomyocardial fibrosis, and normally
good response to imatinib therapy.

Klion and colleagues [23] suggested in consensus with
the hypereosinophilic syndromes working group (meeting in
conjunction with the International Eosinophil Society) that
patients with the absence of detectable FIPLI-PDGFRA,
related chromosomal mutation, or other evidence of eosino-
phil clonality could be considered to fall under M-HES if four
or more of the following eight features are present:

1. Presence of dysplastic eosinophils on peripheral blood

smear

Serum B12 level greater than 1,000 pg/mL

Serum tryptase greater than or equal to 12 ng/mL

Anemia or thrombocytopenia

Hepatosplenomegaly

Bone marrow biopsy cellularity greater than 80%

Presence of dysplastic mast cells in the bone marrow

(>25% being spindle shaped [22])

8. Myelofibrosis (presence of antireticulin antibody staining
on bone marrow biopsy [22]).

Nk WD

Notably, the tyrosine kinase inhibitor imatinib mesylate is
the treatment of choice for patients who have high tyrosine
kinase activity of PDGFRA.

Concerning cutaneous symptoms in M-HES, mucosal
ulcerations have been reported, and the prognosis of the
patients presenting with mucosal ulcerations was poor
[29-31]. Further cases of mucosal ulcerations in patients
categorized as M-HES with tissue fibroses were described
[22]. Notably, cases of mucosal ulcerations in HES patients
have been initially diagnosed as Behcet’s syndrome [31].
Further rare cutaneous symptoms are splinter hemorrhages and/
or nail-fold infarcts, which may be initial clues to thromboem-
bolic complications [31]. Urticaria and angioedema may occur
but are characteristic of other HES subtypes.

Lymphocytic Hypereosinophilic Syndrome

The other main subtype is L-HES, in which activated T
lymphocytes, the so-called T-helper type 2 (Th2) cells,
produce a variety of hematopoietic cytokines, granulocyte-
macrophage colony-stimulating factor, interleukin (IL)-3,
and IL-5. The ability of these T cells to produce IL-5
accounts for hypereosinophilia, as eosinophil development
from hematopoietic progenitors is regulated mainly by IL-5,
which has a selective role in eosinophil maturation, differ-
entiation, mobilization, activation, and survival [19, 32-34].
The first reported case with clear features of L-HES was that

of a patient with high serum IgE and IgM levels as well as
cutaneous, pulmonary, and vascular involvement. Inves-
tigation of this patient’s T cells revealed a phenotypically
abnormal subset of CD3 CD4" T cells producing abnormal
amounts of IL-4 and IL-5 in vitro [35]. Subsequently, more
cases with populations of abnormal, activated T cells with an
abnormal immunophenotype were reported [19, 20, 36-38].
In most of these cases, clonality was demonstrated.
Another important observation was the development of
T-cell lymphoma in HES patients with clonal CD3"CD4" T
cells [19].

Immunophenotyping of peripheral lymphocytes of affected
patients revealed signs of increased activation of peripheral T
cells with increased expression of the activation markers
CD25 and HLA-DR on CD4" cells. Abnormal or clonal T-
cell populations could be detected by lymphocyte phenotyp-
ing and analysis of T-cell receptor gene rearrangement
patterns using both Southern blot and polymerase chain reac-
tion (PCR) amplification in search of T-cell clonality. Frequent
CD3 CD4" expression and less frequent CD3"CD4 CDS§~
expression were described, and the abnormal T-cell popula-
tion expressed activation markers (CD25 or HLA-DR"), but
not CD7 or CD27 [13, 16, 19, 20, 36, 37, 39]. Finally,
enhanced production of type 2 cytokines, such as IL-5 or
IL-4, was measured in supernatants of patients’ peripheral
blood mononuclear cells [19, 20]. Characteristic clinical fea-
tures of the lymphocytic variants, which affect males and
females equally, consist of absence of detectable FIPLI-
PDGFRA fusion gene and frequent skin involvement [13,
16—18, 37, 40]. In accordance with the type 2 cytokine profile,
serum IgE levels are often increased and polyclonal hyper-
gammaglobulinemia may be observed (increased serum IgM
and/or IgG levels). Other complications occur more frequently
in the lungs and the digestive system, with a few patients
developing endomyocardial fibrosis.

In L-HES, frequently increased serum levels of an
eosinophil granule protein, the so-called ecosinophilic
cationic protein (ECP) [20, 41, 42] and the eosinophil-
derived neurotoxin [32], as well as increased serum levels of
IL-5 have been detected. Furthermore, serum levels of a
chemokine for eosinophils—the so-called thymus and
activation-regulated chemokine (TARC), a product of
activated Th2 cells—were increased [20, 32, 43].

Patients with the lymphocytic variant of the disease rarely
have cardiac but often exhibit cutaneous involvement with
polymorphous skin symptoms, as reported below, and
generally show a good response to glucocorticosteroids.
It has also been described that the lymphocytic forms of HES
clearly overlap with T-cell malignancies, including lymphoma,
predominantly in those patients with a demonstrable clonal
T-cell population. Some patients with clonal T-cell populations
and hypereosinophilia developed cytogenetic abnormalities and
clinical evidence of lymphoma over time [16, 19, 37, 44-47].
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Undefined Category, Overlap Category, and Associated
Category

Many patients do not adequately meet the features of
M-HES or L-HES and fall under the “undefined” category
[23]. Because of the heterogeneous nature of the disease,
comprising a number of subtypes, it is not surprising that the
clinical features can vary considerably from patient to patient.
In 2005, the hypereosinophilia working group (meeting in
conjunction with the International Eosinophil Society [23])
designed a classification algorithm intended to capture all these
diseases associated with significant and prolonged peripheral
blood hypereosinophilia. Besides the myeloproliferative
or lymphocytic variants, in this classification, the overlap cate-
gory includes patients who do not accurately fulfill the criteria
for HES (but have an apparent restriction of tissue-specific
eosinophilia to specific organs) and includes eosinophilic esoph-
agitis and gastroenteritis, eosinophilic pneumonia, and
eosinophilia-myalgia syndrome [23, 48]. Many of the syn-
dromes with hypereosinophilia and restriction to the skin, which
are mentioned below, may be included in the overlap category.

The associated category includes cases of eosinophilia
with other diagnoses, such as Churg-Strauss syndrome,
systemic mastocytosis, inflammatory bowel disease,
sarcoidosis, and HIV infection. The undefined category
includes cases of unexplained eosinophilia that do not meet
the three key criteria of HES and do not meet the other
miscellaneous categories described.

Features in Hypereosinophilic Syndrome
Common Features

The National Institutes of Health case series reported that
fatigue is present in 26% of patients, and fever in 12% [45].
Other presenting symptoms include cough, breathlessness,
and muscle pains [4, 8, 10, 49]. Further features are stomach
pain, diarrhea, and weight gain due to edematous swelling
of the arms and legs.

Peripheral eosinophils are generally mature, but eosino-
philic myeloid precursors occasionally can be seen in the
peripheral blood [3, 8]. Other hematologic laboratory values
can also be abnormal, depending on the subtype [8]. Any
cytogenetic or molecular evidence of eosinophil clonality
indicates a diagnosis of CEL, and, as discussed later, some
cases of M-HES are actually CEL [8, 28].

Splenomegaly can be seen in HES, and hypersplenism
may be painful and may lead to anemia and thrombocytopenia
[3, 4, 8]. The presence of lymphadenopathy has been observed
in HES, and enlarged lymph nodes have been reported in
patients who developed lymphoma [45-47]. Bone marrow
biopsy often shows increased eosinophils and eosinophil
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precursors. Standard cytogenetic analysis is normal in
most patients [49].

Cutaneous Features

Affected patients may first present with symptoms related to
their particular organ involvement; therefore, special attention
must be given to skin symptoms, as they can easily be
recognized and may be the predominant presenting sign
in L-HES and the undefined category. Cutaneous signs
in a patient with hypereosinophilia may be the initial
clue to an HES variant. Cutaneous symptoms predominantly
occur in cases of L-HES. In cases of skin symptoms, biopsies
of affected skin lesions can easily be obtained (in contrast to
other organs possibly involved), and the presence of
numerous eosinophils in the affected skin of a patient
with hypereosinophilia may draw attention to this potentially
life-threatening disease.

Clinical presentations of cutaneous symptoms in HES are
notoriously variable and unpredictable. Various patterns of
skin involvement can occur with HES. Parillo et al. [50]
reported in 1978 about polymorphous skin involvement in
more than 60% of cases diagnosed as HES. Cutaneous
symptoms consisted of pruritus, chronic and intermittent
urticaria, episodic angioedema, scaly erythema, papules,
pruriginous nodules, bullous lesions, petechiae with vascu-
litis, and leukemoid infiltrations [17, 19, 29-31]. In the
original analyses of Chusid et al. [9] and Kazmierowski et
al. [51], the most frequent dermatologic abnormalities were
erythematous, pruritic maculopapules; urticaria; and angioe-
dema of the face. Moreover, HES patients may present with
erythema anulare centrifugum [52, 53], necrotizing vasculitis
[54, 55], livedo reticularis, and purpuric papules [55]. In many
cases, association with Wells’ syndrome (eosinophilic cellulitis)
has been reported [56-58].

In nearly all reported L-HES patients, different patterns
of cutaneous involvement have been seen, which may include
eczematous dermatitis, nonspecific erythroderma, pruritus,
urticaria, and angioedema [7, 17, 19, 20, 37]. Skin biopsies
of specific lesions, which should be performed before onset of
treatment, typically show a lymphocytic inflammatory pattern
with increased eosinophil granulocytes in the affected tissue
[13, 20]. The inflammatory infiltrate may be superficial in
some cases, whereas in others, it extends into the subcutaneous
fat. The inflammatory infiltrate may also be perivascular as
well as interstitial. Skin biopsies of unaffected areas, as well as
biopsies taken after onset of efficient therapy, often do not
reveal numerous eosinophils.

HES-related cutaneous features are regarded to be a
frequent finding in L-HES; otherwise they may be observed
in M-HES or other HES variants or related diseases as well
[16,29-31]. Clearly, there is a considerable overlap between
L-HES and skin-restricted eosinophilic disorders. Many
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patients with skin symptoms and hypereosinophilia, including
those with detectable T-cell abnormalities or even detectable
clonal T-cell populations, fulfill the current criteria for L-HES.
On the other hand, not all patients with skin symptoms can
currently be characterized at the molecular level, as diagnosis
is limited and proof is difficult to obtain, even in research
laboratories with considerable expertise. Notably, single
patients with skin symptoms and demonstrable clonal T-cell
populations in fact developed clinical evidence of lymphoma
over time [16, 19, 44, 46, 47].

Angioedema

One pattern involves a predominance of angioedema combined
with urticarial lesions, which traditionally have been thought to
be associated with a good response to steroids and a more
benign course of HES [49]. Bilateral periorbital swelling,
sometimes with delicate hyperpigmentations, may be observed
(Fig. 1).

If eosinophilia is associated with episodic angioedema
without proof of further organ involvement, the possible
diagnosis of episodic angioedema with eosinophilia syn-
drome or Gleich’s syndrome should be considered, which
is described a separate entity. Gleich’s syndrome is charac-
terized by recurrent episodes of angioedema, urticaria,
pruritus, fever, weight gain, elevated serum IgM, oliguria,
and leukocytosis with peripheral blood eosinophilia [7, 59,
60]. Some patients presenting with Gleich’s syndrome
(mentioned below) may, however, have underlying L-HES.

Eosinophils may induce cutaneous edema through the
release of their toxic granule proteins, such as ECP, eosin-
ophil peroxidase, and major basic protein [61, 62]. These
granule proteins were shown to elicit a wheal-and-flare
reaction in human skin [61].

Urticarial Lesions

Patients may develop urticarial lesions that do not differ
from common urticaria. Urticarial lesions may begin with

Fig. 1 Angioedema in a patient with hypereosinophilic syndrome
affecting the skin and internal organs (polyserositis with dense eosino-
philic ascites and pleural effusions, liver affection). Patient developed
slight periorbital pigmentation. Besides angioedema, the patient had
edematous swelling of the extremities and urticarial lesions resembling
eosinophil cellulitis (Wells’ syndrome). For 8 years, this patient was
diagnosed as having Quincke’s edema and chronic intermittent urticaria

prodromal burning or itching, followed by redness and
swelling, resolving, and reoccurrence in different locations.
On the other hand, lesions may differ from common
urticaria and consist of unusual cutaneous erythematous
swelling resembling bacterial cellulitis (Figs. 2 and 3) and the
so-called Wells’ syndrome (mentioned below). The urticarial
lesions may evolve into large areas of erythematous edema
within a few days. Individual lesions may persist for days to
weeks—and therefore differ from common urticaria—and
gradually change from bright red to brown red to blue gray,
resembling the color of morphea lesions, a phenomenon that
has already been described in eosinophilic cellulitis (Wells’
syndrome) [62]. In fact, Wells’ syndrome in association with
urticarial lesions and HES has been described [42, 56].

In acute lesions, numerous eosinophils and eosinophilic
debris may be detected, as well as eosinophils in the interstitial
and perivascular lymphocytic infiltrate. As lesions resolve,
eosinophils become less prominent. Notably, antihistamines
often are found to be ineffective in urticarial lesions in HES
[62].

Pruriginous Papules and Papulonecrotic Lesions

A further pattern of the cutaneous involvement of HES con-
sists of erythematous pruritic papules and nodules (Fig. 4)
with a nonvasculitic, mixed cellular, and dermal infiltrate
[3, 4, 31, 51]. These common patterns of cutaneous involve-
ment are reported to be more prevalent in L-HES variants. The
pruritus in these patients tends to be almost intolerable.

In these patients, different types of skin lesions tend to
appear. Type one consists of pruritic, hyperemic papules
ranging from pinhead to mole size. The second type consists
of mole-sized urticarial eruptions that can conflate to palm-
sized plaques. In the course of disease, the skin may be
thickened and become pachydermic, as it has been described
for patients with pachydermatous eosinophilic dermatitis [63].

Fig. 2 Urticarial lesion in hypereosinophilic syndrome. Lesions began
with prodromal burning or itching, followed by redness and swelling.
A biopsy of affected lesions showed increased levels of eosinophils in
the upper corium. Lesions persist and gradually change color from
bright red to brown red
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Fig. 3 Urticarial lesion in hypereosinophilic syndrome, with cutaneous
erythematous swelling resembling bacterial cellulitis. Lesions may evolve
in a few days into large areas of erythematous edema. Individual lesions
persist for days to weeks (and therefore differ from common
urticaria) and gradually change color from bright red to brown
red and finally to blue gray

Biopsy of skin lesions shows predominantly perivascular
infiltration composed of mainly eosinophilic and lymphoid
cells with numerous eosinophils. In some cases, the infiltrate is
superficial, whereas in others, it extends into the subcutaneous

Fig. 4 Erythematous pruritic papules and nodules (a) partially centrally
ulcerated in a patient with hypereosinophilic syndrome (b).
Hematoxylin-eosin—stained biopsy tissues demonstrating inflammatory
cell infiltrates largely consisting of eosinophils and lymphocytes (¢). On
the right hand, larger magnification of perivascular infiltrate with
numerous eosinophils is presented (d)
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fat. Patients may have axillary and inguinal lymphadenopathy
(dermopathic lymphadenopathy).

Pruriginous papules and papulonecrotic lesions can occur
in any combination as part of HES but were also considered
as separate entities from HES if they occurred in isolation
without meeting the original criteria for HES. However,
most of these patients show features of the lymphocytic
variant of the disease with elevated IgE levels and TARC
levels as well as abnormal T-cell populations [20]. Continued
follow-up of these cases will delineate whether T-cell
lymphoma will develop in these patients.

In those patients, in our experience, therapy is extremely
difficult. Orally or intravenously administered antihist-
amines have no effect on the intense and severe pruritus.
Often even systemic prednisolone may not improve pruritus
or blood eosinophilia. Dapsone has been used successfully
in some patients with this type of skin involvement and may
be administered in a prednisolone—dapsone combination.
Successful treatment with consecutive reduction of blood
and tissue eosinophils, as well as serum IL-5, eotaxin, and
TARC levels following therapy with anti—IL-5 antibodies
has been reported [20].

Eczematous Lesions

Eczematous lesions may occur anywhere on the trunk and
usually present as persistent, thin, erythematous, and scaling
plaques. Lesions may resemble atopic eczema (Fig. 5) or
eczematous lesions observed in precursor lesions of mycosis
fungoides. They may appear in any location and may evolve
into erythroderma, which is usually macular and scaling.
With progression of the disease, adenopathy may be noted
in the axillae and the groin.

Pruritus may be severe. Eczematous lesions may go
along with swelling and a feeling of tenseness in the limbs.
In all our observed cases [20, 39, 64], patients had no
personal or family history of atopy. However, serum IgE
and serum ECP levels were found to be elevated, and
patients were FIPLI-PDGFRA negative. Investigation of

Fig. 5 Patient with eczematous lesions in hypereosinophilic syndrome
that evolved into erythroderma (a). Skin biopsy and hematoxylin-eosin
stain revealed a mixed inflammatory lymphocytic infiltrate with
numerous eosinophils (b). The lymphocytic infiltrate with numerous
eosinophils extended to the subcutis
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patients’ T cells revealed abnormal T-cell subpopulations in
many cases; however, no direct evidence for clonal
T-cell receptor rearrangement and no histopathological
evidence of cutaneous T-cell lymphoma could be obtained. In
the course of disease, patients may develop other cutaneous
features, such as pruriginous papules (Fig. 4), urticarial
lesions, angioedema, or edematous swelling of acres (Fig. 6)
or extremities.

Skin biopsies reveal acanthosis as well as inflammatory
perivascular and interstitial cell infiltrates consisting of
numerous eosinophils and lymphocytes in the acute stage of
the disease (Fig. 7). The infiltrate may be superficial or may
extend to the subcutis. After therapy, fewer eosinophils may
be detected.

Patients with eczematous lesions usually respond well to
different therapies. In mild cases, topical steroids, photo-
chemotherapy (psoralen + UVA, or PUVA therapy) [64] or
UVAI1 therapy may be effective in improving the skin
lesions [65]. Successful treatment with consecutive reduc-
tion of blood and tissue eosinophils as well as serum IL-5,
eotaxin, and TARC levels following therapy with anti—IL-5
antibodies has been reported [20].

Clonal populations of abnormal T cells producing IL-5
occur in some patients with eosinophilia, and it is unclear
whether they represent a premalignant lymphoproliferative
disorder. In a patient presenting with eosinophilia and ec-
zematous lesions and phenotypically aberrant T cells, T-cell
lymphoma was ultimately diagnosed [19]. These findings
may be coincidental but also support the idea that
abnormal T cells in patients with persistent eosinophilia
can be precursors of malignant T cells.

Mucosal Ulcers
A less commonly reported pattern of mucocutaneous involve-

ment is that of debilitating mucosal ulcers that can affect
multiple mucosal areas of the body [30, 31]. Successful

Fig. 6 Hypereosinophilic syndrome: swollen finger in a patient with
skin and gastrointestinal involvement. Edematous swelling of (single)
fingers as well as whole limbs, ears, etc. may be observed. Before
therapy, skin biopsy reveals inflammatory cell infiltrates consisting of
eosinophils and lymphocytes
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Fig. 7 Immunohistology of skin biopsies of affected lesions (alkaline
phosphatase antialkaline phosphatase [APAAP] technique [a]) showed
increased levels of CD8" T cells in the inflammatory infiltrate (b).
Moreover, T cells expressed large amounts of interleukin-5

treatment of HES in association with mucocutaneous ulcers
was described by Butterfield and Gleich [66] in 1994. These
ulcers are reported to interfere with adequate hygiene and
nutrition and indicate a subset of HES patients with poor
prognosis due to vascular events or infection [30, 31]. The
prognosis for this subset of patients remained poor [29-31]
until response to imatinib mesylate had been reported [26].
Notably, in patients with HES, initial diagnosis of Behcet’s
syndrome was based on severe, chronic, recurrent oral and
genital ulcers [29, 30]. Subsequently, association of mucosal
ulcers in patients categorized as having M-HES with tissue
fibrosis was found [22].

Splinter Hemorrhages

Splinter hemorrhages and/or nail-fold infarcts may predict
thromboembolic complications with eosinophilic endomyocar-
dial involvement; therefore, special attention must be devoted
to this rare finding in hypereosinophilic patients [31].

Organ Involvement Other than Skin
Heart

Cardiac involvement can occur in HES [3, 4, 9, 67, 68] and
is a cause for concern, as involvement of the heart, at least in
the past, was often associated with high morbidity and
mortality [3, 4, 9]. Increased frequency of cardiac involve-
ment in FIPILI-PDGFRA—positive patients is reported
[22]. Improvement of cardiac findings with imatinib therapy
has been described [69].

Nervous System
Three neurological complications can occur in HES [70-72]: 1)

primary generalized central nervous system dysfunction, 2)
peripheral neuropathies, and 3) thromboembolic phenomena
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affecting the central nervous system [8, 70]. It has been
hypothesized that 1) specific eosinophil granule proteins, such
as eosinophil-derived neurotoxin, may cause direct nerve
damage; or that 2) eosinophil-mediated damage to endothelial
cells leads to edema that subsequently causes pressure on
nerves and, consequently, axonal damage [8, 71].

Lungs

Lung involvement can occur in patients with features of
M-HES as well as L-HES at variable intensity. The
most common feature is a chronic, nonproductive cough
with a normal chest radiograph [4, 8]. Pleural effusions
may occur [73]. Pulmonary fibrosis has been shown to
develop over time [49].

Gastrointestinal Tract

Gastrointestinal involvement with eosinophilic esophagitis,
gastritis, enteritis, or colitis can occur in any combination as
part of HES [8, 72, 74-78].

Eyes

Ocular involvement may present as blurry vision and may
be caused by microembolic phenomena or local micro-
thrombi [49, 79, 80]. There are reports of frequent choroidal
abnormalities in HES patients [79].

Skeletal System

In some cases, arthralgias, arthritis, effusions of the large
joints, and Raynaud’s phenomenon have been observed, and
digital necrosis can also occur [81]. Myalgias can occur in
HES along with other systemic symptoms [6]; focal myositis
and polymyositis, however, are rare [82, 83].

Recent Developments

During the past 30 years, several clinical features were
identified that seemed to predict a worse prognosis in HES,
including high eosinophil count exceeding 100,000/uL,
hepatosplenomegaly, the presence of chromosomal abnormal-
ities or circulating immature precursor cells, increased serum
vitamin B12, elevated leukocyte alkaline phosphatase,
anemia, and thrombocytopenia [8, 9, 84, 85]. These
myeloproliferative features were known for decades,
and in 2003, molecular evidence of a myeloproliferative
variant was detected with the discovery of an interstitial
deletion on chromosome 4ql2 that leads to fusion of the
FIPILI and PDGFRA genes [8], with the fusion product
encoding for a protein that has significant constitutive tyrosine
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kinase activity [21]. The presence of this fusion protein was
found to be responsible for pronounced eosinophilia in the
affected patients [8]. Patients who have this fusion mutation
are now known to form the majority of the so-called M-HES
variants [8, 13]. Consequently, it was found that most patients
who had the fusion mutation showed good clinical response
when treated with the tyrosine kinase inhibitor imatinib [13,
17, 18, 22]. However, some patients showed good clinical
response to treatment with imatinib but did not have a detect-
able FIPILI-PDGFRA mutation. Possibly, these patients
may have other, not-yet-defined mutations leading to similar
mutant proteins with tyrosine kinase activity [13, 21]. On the
other hand, patients with symptoms of M-HES have been
described who did not respond to imatinib therapy. It is
thought that these patients have imatinib-resistant mutant
proteins with tyrosine kinase activity or that the eosinophilia
is caused by other molecular mechanisms [13].

However, in a large proportion of affected patients, no
FIPILI-PDGFRA mutation could be detected. Further-
more, the association with increased IgE levels in some
patients pointed to the possibility that T cells could be
involved in disease pathogenesis. Another study from HES
patients found that T-cell clones from patients’ peripheral
blood displayed eosinophilopoietic activity [19]. This finding
led to the idea that an abnormal T-cell population might be the
driving factor, with recruitment of eosinophils being a second-
ary process, and that some HES cases may be driven by a Th2
process [35-37, 86]. Since 1994, patients with clonal T-cell
populations with aberrant immunophenotype who secreted
Th2 cytokines IL-4 and IL-5 have been described [17,
35-37, 40, 86]. The pathogenic T cells generally displayed
an aberrant immunophenotype, and the CD3°CD4" cells rep-
resent the most frequently encountered subset, but further
aberrant T-cell surface markers such as the CD3"'CD4 CD8~
phenotype also have been described. The ability of these T
cells to produce IL-5 accounts for hypereosinophilia, as
eosinophil development from hematopoietic progenitors is
regulated mainly by IL-5, which has a selective role in eosin-
ophil maturation, differentiation, mobilization, activation, and
survival [32, 33]. Patients with clonal T-cell populations with
an aberrant immunophenotype were identified (by flow cytom-
etry or reverse transcriptase PCR for T-cell receptor usage) to
produce increased IL-5 in idiopathic hypereosinophilia.

Consecutively, patients with a proven overproduction of
Th2 cytokines were subsequently diagnosed as having
L-HES subtypes [18, 43]. In L-HES patients, increased
levels of TARC—a product of activated Th2 cells—
were found in serum as well as other mediators, such
as IL-5, eotaxin (another important eosinophil chemokine),
and the toxic granule proteins ECP and eosinophil-derived
neurotoxin [20, 32]. It has been suggested recently that detec-
tion of high serum TARC levels may be indicative of T-cell-
driven hypereosinophilia and should prompt careful T-cell
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phenotyping and PCR analysis of T-cell receptor gene rear-
rangements [40] as well as investigation for T-cell lymphoma.
In consequence, subsequent studies showed that mepoli-
zumab, an IL-5 monoclonal antibody, lowered blood eosin-
ophil levels and improved the patients’ condition with
tolerance [20, 32, 87]. Also, mediators such as eosinophil
granule proteins and serum TARC levels declined following
therapy with a recombinant anti—IL-5 antibody [20, 32].
Concerning the proportion of patients who fall into the
subtypes, a French study found 31% with L-HES and 17%
with FIPLI-PDGFRA, and a British study found 11% with
the FIPLI-PDGFRA M-HES variant [88]. Due to varying
expertise (e.g., hematology, dermatology, allergy), the fre-
quency of L-HES and M-HES cannot be measured precisely,
but recent studies do indicate that the prevalence of FIPLI—
PDGFRA-positive patients is 10% [88], and the prevalence of
patients with clonal/abnormal populations of T cells detected by
PCR or flow cytometry is likely between 17% and 26% [89].
Many of the patients with HES remain in the undefined subtype
and need to be carefully observed and monitored to prevent
uncontrolled eosinophilia and subsequent organ damage.

Hypereosinophilic Syndrome—Associated Syndromes
(Skin-Restricted Eosinophilic Disorders)

Associated syndromes may be distinguished partly by charac-
teristic histopathology and do not extend beyond the respective
target organ; hence, multiple organ involvement is typical of
HES. Many cases of the syndromes mentioned below do not
have the tendency to develop further organ damage, for
reasons yet unknown. The distinct eosinophilic syndromes
below were separated from HES in the past. Nevertheless,
individual patients may occasionally present with overlapping
features, and a new definition would include them as organ-
specific variants of HES.

Cutaneous findings can occur in any combination as part of
HES. Skin involvements had been considered separate entities
from HES if they occurred in isolation without meeting the
criteria for HES. There are several syndromes associated with
hypereosinophilia featuring skin involvement with numerous
eosinophils in affected skin lesions proven by skin biopsy, but a
lack of association with internal organ involvement. However,
some of these patients present with a clinical profile indistin-
guishable from the lymphocytic variant of the disease, with
elevated TARC levels, elevated IgE levels, elevated serum IL-
5, and signs of activation of peripheral T cells. However, proof
of internal organ involvement may be difficult to establish, and
further organ symptoms may develop over time.

Gleich’s Syndrome

Episodic angioedema with eosinophilia is characterized by
recurring episodes of angioedema, urticaria, fever, high

serum IgE levels, and lack of association with cardiac damage
(Gleich’s syndrome) [7]. Among patients with the lymphocytic
variant of the disease, some present with a clinical profile
indistinguishable from that encountered in Gleich’s syndrome.
A syndrome similar to Gleich’s syndrome is characterized by
nonepisodic angioedema with eosinophilia and is seen pre-
dominantly in younger women [60, 90]. This nonepisodic
angioedema with eosinophilia syndrome is distinct from HES
in that it usually consists of a single self-limited attack [90].

Wells” Syndrome

Urticarial lesions and bacterial cellulitis-like skin lesions may
also be seen in another related syndrome, the so-called Wells’
syndrome. The syndrome consists of chronically recurring
eosinophilic cellulitis that occurs with blood and bone marrow
eosinophilia as well as (though rarely) facial nerve paralysis,
arthralgias, and myalgias [31, 62, 91, 92]. However, in some
cases, especially in cases combined with further organ
involvement other than the skin, Wells’ syndrome may be
considered as cutaneous manifestations of HES [56, 64].

Histopathologic changes vary in this syndrome. In acute
lesions, so-called “flame figures,” which are masses of
eosinophils and eosinophilic debris surrounding amorphous
collagen fibers, are prominent. As lesions resolve, eosinophils
become less prominent [62]. The histologic pattern of flame
figures may also be seen in other disease processes combined
with eosinophilic infiltration of the skin [62], including
pemphigoid, prurigo, eczema, insect bites, as well as
parasitic and dermatophyte infestations. Peters and colleagues
[93] examined lesions in Wells’ syndrome for the presence of
eosinophil granule protein and showed extensive extra-
cellular deposits in the skin. Deposits of toxic eosinophil
granule proteins suggest that eosinophil degranulation is an
important process in mediating tissue damage in this disease
[93, 94].

Hypereosinophilic Dermatitis

In 1981, Nir and Westfried [95] described a generalized
polymorphous skin eruption associated with marked blood
and skin tissue eosinophilia. They used the term hypereosi-
nophilic dermatitis and considered it a distinct entity within
the spectrum of hypereosinophilic diseases. Similar rare
cases subsequently have been reported [96]. A variant of
this disorder has been observed in three South African girls
and designated pachydermatous eosinophilic dermatitis
[63]. These patients exhibited hypertrophic genital lesions,
peripheral blood eosinophilia, and an eosinophil-rich
lymphohistiocytic cutaneous infiltrate. It is notable that
in these patients, elevation of lactic dehydrogenase level
was described [63]—a feature that was found in all our
patients presenting with skin lesion and HES.
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NERDS Syndrome

NERDS (nodules-eosinophilia-rheumatism-dermatitis-swelling)
syndrome, a similar feature, was described in 1993 by
Butterfield et al. [97]. This consisted of nodules (large,
nontender, arising from the tenosynovium of extensor tendons),
marked peripheral blood eosinophilia, rheumatism, episodic
swelling of the hands and/or feet, and pain in the adjacent
muscles and joints. The originally described patients had
chronic pruritic dermatitis with prominent lichenification and,
based on their clinical course, revealed a distinctive, relatively
benign eosinophilic disorder with good long-term prognosis
[97].

Associated Diseases or Syndromes and Differential
Diagnosis

Mastocytosis

The differential diagnosis of HES involves mastocytosis.
Patients with mastocytosis present with elevated serum
tryptase levels and often have increased numbers of atypical
mast cells in the bone marrow. Although HES and mastocy-
tosis can overlap, HES patients can be distinguished by the
absence of somatic c-kit mutations that can be seen in masto-
cytosis [22]. It is notable that patients with mastocytosis, in
which the most common c-kit mutation is the D816V muta-
tion, do not respond to imatinib therapy [28, 98].

Churg-Strauss Syndrome

A major vasculitis that is associated with eosinophilia
is Churg-Strauss syndrome. A history of asthma, non-
fixed pulmonary infiltrates, eosinophilia, paranasal sinus
abnormalities, mononeuropathy of polyneuropathy, and
biopsies showing necrotizing vasculitis of small arteries and
veins as well as extravascular granuloma characterizes this
syndrome. In individual patients, making a clear-cut distinc-
tion between HES and Churg-Strauss syndrome may not be
possible.

Kimura's Disease

Angiolymphoid hyperplasia with eosinophilia, or Kimura’s
disease (first described in 1948 [99]) may be distinguished
partly by histopathology and does not extend beyond the
target organ. Kimura’s disease mostly occurs in young
Asian men and presents with massive subcutaneous swell-
ing or nodules that mostly affect the head and is associated
with regional lymphadenopathy [100-102]. In some cases,
an association with renal diseases has been reported [31,
103]. Peripheral eosinophil counts as well as serum IgE
levels are elevated in many cases [31]. In a single case, a
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mild to moderate effect of mepolizumab, an anti—IL-5
monoclonal antibody, was reported [104].

Parasitosis

The diagnosis of HES also requires that eosinophilias of
other etiologies, such as eosinophil-eliciting helminthic
parasites, be excluded. Another important differential
diagnosis is parasitic diseases, which may resemble
features of other eosinophil disorders. Filarial and other
helminth infections, such as Strongyloides spp and toxocara,
may induce eosinophilia, possibly linked with further
manifestations such as skin symptoms (urticaria and
angioedema). Strongyloides stercoralis may cause
marked eosinophilia that is difficult to diagnose solely
by stool examination, and can develop into a disseminated,
often fatal disease (“hyperinfection syndrome”) in patients
receiving immunosuppressive agents. Indeed, HES has been
misdiagnosed in patients with unsuspected parasitosis. Serial
stool examinations as well as serologic tests must be
performed in a patient with hypereosinophilia.

Therapy

HES is a life-threatening disorder with significant morbidity
and mortality. Patients need to be monitored closely. As the
heart is one of the primary organ syndromes affected,
regular echocardiograms and high-vigilance monitoring
for vasculopathy, hypercoagulation, and thrombosis are
key factors. For confirmed HES patients, keeping the
eosinophil level low is crucial, and medication should
be adjusted accordingly [105, 106]. Serum eosinophil
levels should be kept under 500/uL, and in some patients
under 200/mL [106—-108].

In the past, certain characteristics were found to be useful
in predicting the response to corticosteroid therapy. The
presence of angioedema and elevated serum IgE was
associated with good responses to corticosteroid therapy
[59, 108]. In corticosteroid-unresponsive patients, hydroxy-
urea can be administered. Antihistamines were evaluated and
found to be ineffective. In patients with skin symptoms such as
eczematous lesions, PUVA therapy and UVA1 phototherapy
[65] as well as treatment with dapsone have been successful in
some cases [109]. PUVA bath therapy has been used in single
cases to treat hypereosinophilic dermatitis and seems to be a
practical treatment modality without systemic side effects for
patients [110].

In the case of patients presenting with myeloproliferative
features of HES, imatinib is the first-line therapy. Early
detection of FIPILI-PDGFRA in patients with chronic
unexplained hypereosinophilia is considered essential, as
its presence is associated with high spontaneous morbidity
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and mortality rates. Therefore, PCR for fusion gene
detections and FISH (fluorescence in situ hybridization)
for demonstration of a CHIC2 deletion should be performed
by specialized centers. Imatinib is associated with cardiac,
liver, and gastrointestinal toxicity but is generally well-
tolerated compared with chemotherapy. Also, even if a patient
is FIPL1-PDGFRA negative, treatment with imatinib may be
initiated because a response rate of 25% in patients without
this fusion gene is reported [89]. The initial dose should be
400 mg, and it may be necessary to combine with other
agents such as corticosteroids initially. Imatinib doses
below 100 mg/day are not recommended, as imatinib-resistant
subclones could emerge in patients under suboptimal treat-
ment conditions [17]. The ideal dose of imatinib is selected as
one to induce and maintain molecular remission; thereby,
eosinophil levels generally lower within days, while the dis-
appearance of the molecular defect generally takes several
months [40].

In other variants, efficacy studies and clinical experience
have proven corticosteroids to be the first-line agents [87].
Most patients respond to steroids; however, for long-term
use (or steroid-unresponsive patients), steroid-sparing agents
such as hydroxyurea and vincristine may be administered.
Furthermore, in single cases, successful long-term control by
using etoposide has been reported [111]. Additional therapies
for HES are interferon-« [97, 112], cyclosporine, and alemtu-
zumab, which targets the CD52 antigen that has been shown
within the past few years to be effective as well [113].
Interferon-o¢ has been reported to be successful in treating
HES patients with features of myeloproliferative disease and
may induce partial regression of pathogenic CD3 CD4" T
cells [19, 35]. Alemtuzumab is a monoclonal anti-CD52 anti-
body, and the CD52 is expressed on T cells and eosinophils;
therefore, this agent targets T cells as well as eosinophils.
Limited experience suggests alemtuzumab to be a valuable
therapy for advanced HES or CEL refractory to standard
therapies, and supports the clinical evaluation of alemtuzumab
in a larger trial [114]. However, the efficacy and the risk/
benefit of alemtuzumab must be investigated in a larger cohort
of patient or on a case-by-case basis. Interestingly, tailored
dosing of alemtuzumab, based on the absolute numbers of
aberrant T cells in peripheral blood, has been recommended
for patients with Sézary syndrome.

Mepolizumab, an anti-IL-5 antibody, is a drug that is
effective. It is a fully humanized anti—IL-5 monoclonal
immunoglobulin antibody (IgGlk monoclonal antibody)
and blocks binding of human IL-5 to the « chain of the
IL-5 receptor complex expressed on the eosinophil cell
surface [115]. In preliminary studies of healthy volunteers
and patients with atopy, mepolizumab had few side effects
and lowered blood eosinophil levels [19, 104, 116-118].
Subsequent studies suggested that mepolizumab may have
clinical value in patients with HES [20]. These initial reports

led to an international multicenter study that showed that
treatment with mepolizumab can result in long-term
improvement and a corticoid-sparing effect for HES
patients negative for FIPILI-PDGFRA. It has been
shown to be effective in lowering eosinophils and steroid
doses and to be well-tolerated [32]. A recent review pointed
out that mepolizumab may be effective for long-term treat-
ment of patients with HES [87].

In patients who respond to therapy, the inflammatory
infiltrate and the blood eosinophilia are rapidly reduced.
Therefore, in practical terms, the diagnostic work-up
recommended (and referred to dermatological clinics)
that skin biopsies should be performed before onset of
therapy. In patients treated with imatinib, the potential
improvement of most of the features of M-HES, including
remission of FIP1LI-PDGFRA positivity, reduction of serum
tryptase, disappearance of the atypical spindle-shaped mast
cells, and improvement of myelofibrosis in bone marrow, is
described [119]. Also, in patients with the lymphocytic
variant, remission of blood and tissue ecosinophilia as
well as a decrease in serum TARC levels after different
treatment modalities may be observed [20]. After treatment
with steroids or the anti—IL-5 antibody mepolizumab, inflam-
matory infiltrate and eosinophils were reduced rapidly.

Conclusions

Though rare, HES have gained increasing interest in the
medical community since the pathogenic mechanisms un-
derlying the disease have been more clearly elucidated in
certain subgroups, which explains different features and
diverging prognosis in patients. On the basis of cellular
and molecular investigations, it has become possible to
classify patients with HES into defined pathogenic variants
involving either myeloid or lymphoid cells. The differences
in molecular pathogenesis are directly related to the clinical
symptomatology, complications, and prognosis. Based on
underlying molecular and functional abnormalities, therapeutic
perspectives have changed radically. Inmunosuppressive agents
may no longer be necessary to control hypereosinophilia in all
patients, and it has become possible to treat patients by targeting
the molecules driving the disease. Common skin symptoms that
may be an important clue to diagnosis consist of angioedema
and urticarial, eczematous, and pruriginous lesions.

The management of HES patients remains a challenge, and
collaboration with experienced physicians and centers is advis-
able. Correct pathogenic classification, which is necessary for
treatment, depends on techniques that are not available on a
routine basis. Moreover, treatment with monoclonal antibodies
such as anti-IL-5 monoclonal antibodies is not yet officially
available, but these agents are assessed in clinical trials and
may be an option for patients in the near future.
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