Mast Cells and Eosinophils in
Mastocytosis, Chronic Eosinophilic
Leukemia, and Non-clonal Disorders

Jason Gotlib® and Cem Akin®

Mast cells and eosinophils often travel in the same biologic circles. In non-clonal states, such as
allergic and inflammatory conditions, cell-to-cell contact and the pleiotropic actions of multiple
cytokines and chemokines, derived from local tissues or mast cells themselves, foster the co-
recruitment of these cells to the same geographic cellular niche. While eosinophils and mast cells
serve critical roles as part of the host immune response and in maintenance of normal homeostasis,
these cell types can undergo neoplastic transformation due to the development of clonal molecular
abnormalities that arise in early hematopoietic progenitors. The dysregulated tyrosine kinases,
D816V KIT and FIP1L1-PDGFRA, are the prototypic oncogenic lesions resulting in systemic
mastocytosis (SM) and chronic eosinophilic leukemia, respectively. We review the pathobiology of
these myeloproliferative neoplasms (MPNs) with a focus on the relationship between mast cells and
eosinophils, and discuss murine models, which further elucidate how the phenotype of these
diseases can be influenced by stem cell factor (SCF) and expression of the potent eosinophilopoi-
etic cytokine, interleukin-5 (IL-5). Therapy of SM and FIP1L1-PDGFRA-positive disease and the
prognostic relevance of increased peripheral blood and tissue mast cells in hematolymphoid

malignancies will also be addressed.
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ile the exact roles of eosinophils and mast

cells in maintenance of a healthy homeosta-

sis are still debated, they are often found

together in tissues in a variety of inflaimmatory and
neoplastic diseases.! In most cases, mast cells and eo-
sinophils produced normally in a non-clonal fashion
from bone marrow progenitors are recruited into the
inflamed tissue by the action of chemokines generated
by the inflammatory cells. In hematopoietic neoplasms,
such as mastocytosis and chronic eosinophilic leuke-
mia, they are generated from the same progenitor cell
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carrying the same clonal markers. Once in the tissue,
they can interact with each other through secretion of
soluble mediators or via membrane contact mecha-
nisms. These interactions involve potential mecha-
nisms to enhance or suppress proliferation or activa-
tion of these cells.

Mast cells and eosinophils are derived from the pluri-
potential hematopoietic cells residing within the CD34*
population in the bone marrow. While eosinophils and
basophils are thought to share a common bipotential
progenitor,? there is no evidence for a similar progenitor
that only gives rise to eosinophils and mast cells.> The
primary growth and differentiation factor for mast cells is
stem cell factor (SCF).>* This cytokine, through binding
its cognate receptor KIT, mediates proliferation and dif-
ferentiation of mast cells and contributes to their che-
motaxis and activation. Other cytokines such as interleu-
kin (IL)-3, 14, IL-5, IL-6, and I1-9 enhance the mast cell
growth promoting effect of SCF but are not sufficient to
drive mast cell differentiation in the absence of SCF.
Mature mast cells are rich sources of a variety of
biologically active molecules, including vasoactive
amines (histamine), proteoglycans (heparin), arachi-
donic acid metabolites (PGD2 and cysLTs), proteases
(tryptase, chymase, carboxypeptidase), cytokines (tumor
necrosis factor [TNF)), and chemokines (RANTES), which
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can affect various aspects of eosinophil growth, differen-
tiation, chemotaxis, and activation.’

Eosinophil-committed hematopoietic progenitors
are identified within the CD34™ progenitor population
as ILSR*/CCR3* cells.” Eosinophil development is
promoted by IL-5, IL-3, and granulocyte-macrophage
colony-stimulating factor (GM-CSF) and is controlled by
the transcription factors GATA-1, GATA-2, and C/EBP.®
After entering the circulation under the influence of
IL-5, mature eosinophils migrate to inflamed tissues via
the action of a variety of chemotactic factors, including
eotaxins (CCL11, 24, 26), VCAM-1, PAF, LTD2, and
RANTES (CCL5). Mature eosinophil mediators include
MBP, EDN, ECN, EPO galectin 10, and lipid mediators,
including LTC4, PGE2, and PAF, as well as a variety of
cytokines and chemokines, including SCF, transform-
ing growth factor B (TGFf), TNF, IL-3, 1L-4, 1L-5, IL-6,
IL-8, 1L-10, IL-13,and nerve growth factor (NGF).®

Mast cells and eosinophils typically coexist in atopic
disorders such as allergic rhinitis, atopic dermatitis, and
asthma.® Mast cells, which normally reside in mucosal
tissues and at interfaces with allergen interaction, pro-
vide the immediate stimuli upon activation to initiate
the allergic inflammatory cascade, resulting in eosino-
phil recruitment during the later phases following the
allergen encounter. Mast cells and eosinophils have
been demonstrated in increased numbers in other non-
allergic inflammatory and neoplastic conditions includ-
ing eosinophilic esophagitis,'® chronic gastritis,!! gas-
trointestinal neoplasms,'? parasitic infections,'> and
inflammatory bowel disease.'* Both mast cells and eo-
sinophils express CCR3 and respond to eotaxins and
RANTES (CCL5), leading to recruitment of both cell
types into inflamed tissue. Mast cell-derived heparin
can bind and stabilize eotaxins.!> Mast cells and eosin-
ophils can interact with each other through soluble
mediators or direct cell-to-cell contact (Table 1). Mast
cells can also be induced to produce IL-3 and IL-5,
which can potentiate eosinophil longevity in the tis-
sue.'® Mast cell proteases appear to have dual action on
eosinophil functions. Mast cell- derived chymase sup-
presses eosinophil apoptosis and induces release of
I1-6, CXCL8, CCL2, and CXCL1 from eosinophils.!”!8
Beta-tryptase, on the other hand, can cleave eotaxin
and RANTES and can potentially limit eosinophil che-
motaxis.!? Eosinophils in turn produce SCF, which can
attract more mast cells into the tissue and protect them
from apoptosis.?’ Simultaneous down-regulation of eo-
sinophil and mast cell activation can be regulated by
inhibitory surface molecules, such as CD300a° and Si-
glec 8,%! which are expressed by both cell types. Ma-
ture forms of both mast cells and eosinophils express
Siglec 8, a cell surface marker with lectin activity.
Siglec-8 induces eosinophil apoptosis*? and inhibits IgE-
mediated mast cell activation,?> thereby providing a
common mechanism to limit inflammation caused by
the coexistence of both cell types.

Table 1. Selected Mast Cell Products and Sur-
face Molecules and Their Potential Interac-
tions With Eosinophils

Mast Cell
Product

Biologic Effect

CCL5 (RANTES)

Eosinophil and mast cell
chemotaxis

Tryptase Inactivation of eotaxins

Chymase Suppress eosinophil apoptosis

TNF Support eosinophil survival
and chemotaxis

IL-3 Support eosinophil
proliferation

IL-5 Enhance eosinophil
proliferation and survival

Histamine Modulate eosinophil
chemotaxis, inhibit
activation

Heparin Stabilize eotaxins

PGD2 Eosinophil chemotaxis

CD48 Adhesion and activation of

CD54 (ICAM-1)

eosinophil via CD244
Adhesion to eosinophil via
LFA-1

CD226 Adhesion to eosinophil via
(DNAM-T1) CD112 (Nectin-2)
CD117 (Kit) Interact with eosinophil

derived SCF to induce
differentiation, proliferation
and activation of mast cells

Mast cell and eosinophil couples have been ob-
served in allergic inflammatory tissue, gastric cancers,
and chronic gastritis, leading to the hypothesis that
cell-to-cell contact is involved in cross talk between
these cells.”?* This physical contact could be replicated
in tissue culture using human peripheral blood eosin-
ophils and cord blood-derived mast cells, and was
shown to result in transfer of mediators between the
two cell types. Potential surface molecules mediating
this contact include CD112/Nectin-2, CD244, and LFA
-1 on eosinophils binding to CD226/DNAM-1, CD48,
and ICAM-1/CD54, respectively, on the surface of the
mast cells.”?4

Mast cells and eosinophils can also be found in
increased numbers in hematologic neoplastic disorders
such as Hodgkin lymphoma (HL)*» and primary my-
eloproliferative disorders of the bone marrow. In con-
trast to the inflaimmatory conditions mentioned above,
the mechanism of the increased numbers of mast cells
and eosinophils in myeloproliferative disorders in-
volves a primary defect in a tyrosine kinase gene result-
ing in uncontrolled proliferation and dysregulated ap-
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optosis. Two such disorders, which are particularly
associated with increased numbers of both cell types,
are systemic mastocytosis (SM; usually associated with
the gain of function D816V KIT mutation) and chronic
eosinophilic leukemia (CEL) (associated with the
FIP1L1-PDGFRA fusion).

FIP1L1-PDGFRA-POSITIVE DISEASE:
EOSINOPHILIC-MYELOID NEOPLASM

WITH INCREASED MARROW MAST CELLS OR
SYSTEMIC MASTOCYTOSIS WITH EOSINOPHILIA?

In 2003, the FIPI1L1-PDGFRA fusion was identified
in patients with idiopathic hypereosinophilic syn-
drome.?® This clonal abnormality is not visible by stan-
dard chromosome analysis and its detection requires
either use of reverse-transcriptase polymerase chain
reaction (RT-PCR) or fluorescent in situ hybridization
(FISH).?%?7 Because this genetic lesion results from an
interstitial 800-kb deletion on chromosome 4q12,
which removes a segment of DNA involving the CHIC2
gene, a common clinically available method for de-
tecting this abnormality has been referred to as “FISH
for the CHIC2 deletion.” The presence of this clonal
genetic marker re-defines such patients as having a
neoplasm instead of idiopathic hypereosinophilic
syndrome.?%2° The frequency of this molecular ab-
normality in patients presenting with idiopathic hy-
pereosinophilia in developed countries is approxi-
mately 10%, despite earlier reports suggesting a
considerably higher prevalence, which reflected a
highly selected subgroup of eosinophilic patients.>
Before the discovery of FIPILI-PDGFRA, these patients
historically carried a poor prognosis due to early cardiac
death in the absence of effective treatment.>'-3> However,
with identification of this fusion tyrosine kinase as a ther-
apeutic target of imatinib, it quickly became evident that
these patients exhibit dramatic hematologic responses
with this agent.2036:37

Patients with FIP1L1-PDGFRA-associated eosino-
philia present with features of a myeloproliferative dis-
order: splenomegaly, hypercellular bone marrows, and
clinicopathologic characteristics that overlap with sys-
temic mast cell disease, including increased numbers of
abnormal-appearing bone marrow mast cells, marrow
fibrosis, and elevated serum tryptase levels.?® Soon after
discovery of the fusion, a debate arose regarding
whether FIP1L1-PDGFRA-positive disease represents a
subtype of SM rather than a primary eosinophilic neo-
plasm. In an analysis by the Mayo Clinic, the bone
marrow biopsies of these patients demonstrated less
dense clusters (eg, an interstitial pattern) of mast cells
by tryptase immunostaining compared to the typical
multifocal aggregates observed in D816V KIT-positive
SM.? In some cases, the mast cells exhibited spindle-
shaped morphology and aberrant surface expression of
CD25, both minor criteria for SM according to the

Table 2. WHO Diagnostic Criteria for Systemic
Mastocytosis

Major:

Presence of multifocal mast cell aggregates
(each with >15 mast cells) in involved
organs (most commonly bone marrow)

Minor:
1. Morphologic abnormalities in mast cells
(spindle-shaped, hypogranulated)

2. Detection of a codon 816 c-kit mutation

3. CD25 expression by mast cells (by

immunohistochemistry or flow cytometry)

4. Tryptase >20 ng/mL (not applicable if

another associated hematologic neoplasm
is present)

NOTE. Diagnosis of systemic mastocytosis requires one major
plus one minor criteria or three minor criteria.

World Health Organization (WHO) criteria. In the 2008
revised WHO classification, the presence of one major
plus one minor criteria or three minor criteria (Table 2)
can fulfill the diagnosis of SM.“> Thus, even in the
absence of the major criterion of multifocal mast cell
aggregates, the finding of atypical (spindle-shaped)
mast cells, mast cell expression of CD25, and a serum
tryptase level >20 ng/mL (a common finding in pa-
tients with the FIP1L1-PDGFRA fusion) makes the ra-
tionale for calling such cases SM understandable.
However, in the revised 2008 WHO semi-molecular
scheme of myeloid neoplasms, FIP1L1-PDGFRA-pos-
itive disease is not considered a subtype of SM.
Instead, such cases are included in the major new
category designated “myeloid and lymphoid neoplasms
with eosinophilia and abnormalities of PDGFRA, PDG-
FRB, or FGFR1.”*® Conversely, mastocytosis is now re-
categorized as a subtype of myeloproliferative neoplasm
(MPN) rather than its own major WHO disease category.

Patients with SM may exhibit an associated hemato-
logic non-mast cell disease (eg, myelodysplastic syn-
drome [MDS], MDS/MPN overlap, acute myelogenous
leukemia, hypereosinophilic syndrome [HES] or CEL,
or more rarely myeloma or lymphoma).*4' SM-HES and
SM-CEL with the D816V KIT mutation have been de-
scribed, and techniques such as single-cell laser microdis-
section can detect this mutation in both the SM and
associated hematologic non-mast cell disorder (AHNMD)
component.®? Similar to cases of SM-HES or SM-CEL
characterized by oncogenic D816V KIT, it is likely that
FIP1LI1-PDGFRA is a pathogenetic driver of the coex-
istent eosinophilic and abnormal mast cell prolifera-
tions. In support of this, the FIPILI-PDGFRA rear-
rangement has been found in a variety of myeloid cell
types (neutrophils, monocytes, eosinophils), including
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Table 3. Clinicopathologic Features of Eosinophilia-Associated FIP1L1-PDGFRA-Rearranged Myeloid
Neoplasms Versus D816V KIT-Positive Systemic Mastocytosis

PDGFRA-Rearranged

D816V KIT-Positive

Less gender skewing

=100

Gender Overwhelmingly male

Bone marrow mast cell aggregates Loose clusters/interstitial Dense aggregates
AEC/tryptase ratio >100

Treatment Imatinib-sensitive

Symptom profile

Vitamin B, level Elevated

Cardiac/pulmonary

Imatinib-resistant; second-generation TKls
(eg, midostaurin)

Gastrointestinal/urticaria pigmentosa/vascular

Normal

Abbreviations: AEC, absolute eosinophil count; TKIs, tyrosine kinase inhibitors.

mast cells, consistent with a mutational origin in a
multipotent hematopoietic progenitor.”> The relative
penetrance of eosinophil versus mast cell signs and
symptoms of illness may reflect host or disease related
factors that are not yet well understood.

The FIPILI-PDGFRA fusion and D816V KIT muta-
tion appear to be mutually exclusive oncogenic lesions.
Investigators generated a set of clinical and laboratory
features that could reliably distinguish patients with
KIT D816V-positive SM with eosinophilia from individ-
uals with the FIPILI-PDGFRA-positive myeloid neo-
plasms with eosinophilia.* In the D816V KIT-positive
group, gastrointestinal symptoms, urticaria pigmen-
tosa, thrombocytosis, median serum tryptase value, and
the presence of dense mast cell aggregates in the bone
marrow were statistically significantly increased or
more frequently represented compared to FIPILI-
PDGFRA-positive patients. Conversely, male sex, car-
diac and pulmonary symptoms, median peak absolute
eosinophil count, the eosinophil to tryptase ratio, and
elevated serum B;, levels were higher or more com-
mon in the FIP1L1-PDGFRA-positive group. A scoring
system incorporating these clinical and laboratory pa-
rameters could reliably predict whether patients with
peripheral eosinophilia and increased marrow mast cell
burden carried the D816V KIT mutation versus FIP1L1-
PDGFRA, which is important for guiding treatment
decisions (Table 3).%4

MURINE MODELS
EVALUATING THE DEVELOPMENT
OF EOSINOPHILIA AND MASTOCYTOSIS

FIP1L1-PDGFRa can promote the proliferation and
survival of the eosinophils through activation of several
signaling pathways such as phosphoinositol 3-kinase,
ERK1/2, and STAT5.204 The exact mechanism by
which FIP1L1-PDGFRa preferentially affects eosino-
phils remains unclear. In one murine model, expres-
sion of the FIPILI-PDGFRA fusion in bone marrow
cells was not sufficient to cause eosinophilia, but only

a general myeloproliferative disease.’ However, in an-
other murine model, expression of FIP1L1-PDGFRA
together with overexpression of IL-5, the most potent
eosinophilopoietic cytokine, mimicked more typical
features of HES, such as tissue infiltration of eosino-
phils.?” In an analysis of polymorphic variation at the
IL5 receptor alpha (IL5RA) gene, an association was
identified between a single nucleotide polymorphism
in the 5’ untranslated region of IL5RA and the eosino-
phil count (and eosinophilic infiltration of tissues) in
FIP1LI1-PDGFRA-positive patients.*®

The development of mastocytosis and eosinophilia
was evaluated in another murine model by introducing
FIP1L1-PDGFRA into hematopoietic stem cells (HSCs)
and progenitors with T-cell overexpression of IL-5.4
These mice exhibited increased mast cell infiltration
of the bone marrow and extramedullary organs such
as the spleen, skin, and small intestine compared to
control mice that received a transplant of IL-5 trans-
genic HSCs or progenitor cells alone. Injection of a
neutralizing antibody against KIT decreased mast cell
infiltration of the intestine induced by expression of
FIP1L1-PDGFRA. SCF increased migration of FIP1L1-
PDGFRA- expressing mast cells compared to mock
vector-transduced mast cells and also contributed to
increased survival of mast cells. These preclinical data
indicate that in response to SCF, FIP1L1-PDGFRA can
synergistically promote the development, activation,
and survival of mast cells, and recapitulate aspects of
coexistent eosinophil and mast cell proliferations ob-
served in human disease.

PROGNOSTIC RELEVANCE OF
EOSINOPHILIA IN SYSTEMIC MASTOCYTOSIS
AND OTHER HEMATOLYMPHOID NEOPLASMS

In WHO-defined myeloid malignancies, the prognos-
tic relevance of concurrent eosinophilia has been stud-
ied in a limited number of diseases. In a series of 123
patients with SM, eosinophilia was prevalent in 34% of
cases, but was prognostically neutral and not affected
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by exclusion of FIPILI-PDGFRA-positive cases.”® In
another study of 63 patients, SM with eosinophilia was
associated with a significantly reduced probability of
overall and eventfree survival (EFS) compared to SM
without eosinophilia.’! In approximately 1,000 pa-
tients with de novo MDS, eosinophilia (and basophilia)
predicted a significantly reduced survival without hav-
ing a significant impact on leukemia-free survival.>? A
retrospective analysis of 288 newly diagnosed MDS
subjects revealed that a significantly higher number of
patients with eosinophilia or basophilia (compared to
patients with neither) exhibited a karyotype with an
intermediate or poor prognosis.>? In addition, the over-
all survival rate was lower, and rate of evolution to
acute myeloid leukemia (AML) was higher.

The prognostic value of eosinophilia has also been
evaluated in lymphocytic leukemias and lymphomas. In
patients with acute T-lymphoblastic leukemia (ATLL),
blood eosinophilia was identified as an independent
and significant unfavorable prognostic factor for overall
survival.>* The same group previously showed a corre-
lation between high IL-5 levels and eosinophilia in
ATLL, and that high serum IL-5 was similarly an adverse
prognostic factor in these patients.>® In 26 patients
with primary cutaneous T-cell lymphomas, tissue eo-
sinophils were found in 22 of 26 cases. The density and
activation of tissue eosinophils were significantly re-
lated to disease progression.>°

Increased blood and tissue eosinophils and higher
numbers of tumor-associated mast cells can be associ-
ated with (HLs) and non-Hodgkin lymphomas (NHLSs)
and demonstrate prognostic utility. In HL, CD30 ligand
(CD30L)-bearing mast cells can activate CD30" Reed-
Sternberg cells through a CD30L-CD30 interaction.>’
Mast cells may additionally be recruited to the tumor by
chemokines produced by Reed-Sternberg cells, such as
CCL5 (RANTES).>® In a study of 123 HL patients, higher
mast cell infiltration of tumor specimens was associ-
ated with worse relapse-free survival and nodular scle-
rosis histology.> In a retrospective study of 59 patients
with classical HL, mast cells were significantly higher in
cases of refractory disease or early relapse compared to
responders.®® Histologic analysis of 1,511 diagnostic
biopsy specimens from HL patients treated by the Ger-
man Hodgkin’s Lymphoma Study Group between 1988
and 1994 revealed marked eosinophilia in 38% of
cases.’! In a multivariate analysis, tissue eosinophilia
was the strongest prognostic factor for freedom from
treatment failure and overall survival. Another study
similarly revealed that heavy eosinophilic infiltration of
tumor specimens from 140 cases of HL was the most
important prognostic factor for determining disease-
free survival in all patients, regardless of age.®?

In contrast to the HL experience, in patients with
diffuse large B-cell lymphoma, higher numbers of tu-
mor-infiltrating mast cells were associated with better
EFS in both germinal center and non-germinal center

subtypes.® In follicular lymphoma (FL), in addition to
the validated Follicular Lymphoma International Prog-
nostic Index (FLIPD), tumor-infiltrating cytotoxic and
regulatory T cells, and macrophages have prognostic
value in patients who have been treated with chemo-
therapy.®® In a study of FL patients treated with R-
CHOP (rituximab plus cyclophosphamide, doxorubi-
cin, vincristine, and prednisone), immunhistochemical
analysis revealed that high tissue mast cell content was
associated with a significant negative impact on pro-
gression-free survival. This effect on prognosis was
independent of FLIPI and the presence of tumor-asso-
ciated macrophages (TAMs); in addition, the high tis-
sue mast cell count eliminated the favorable prognostic
value of TAMs.%

These contrasting prognostic correlations between
tumor-infiltrating mast cells and prognosis in different
lymphoma subtypes (favorable in diffuse large B-cell
lymphoma and unfavorable in HL and FL) highlight that
mast cells play a key role in the host inflammatory
response, but their exact contribution to the complex
biological interplay between tumor and the local mi-
croenvironment remains poorly understood.

THERAPY IN SYSTEMIC

MASTOCYTOSIS AND MYELOID
NEOPLASMS WITH EOSINOPHILIA AND
REARRANGEMENT OF PDGFRA/B AND FGFR1

Because of the potential for phenotypic overlap be-
tween WHO-defined SM with an eosinophilia-related
AHNMD (eg, SM-HES or SM-CEL, not otherwise speci-
fied) and myeloid neoplasms with rearrangement of
PDGFRA, molecular determination of KIT and FIPIL1-
PDGFRA mutation status is critical to guide therapeutic
options. The vast majority of advanced SM patients in
whom cytoreductive therapy is being considered carry
the D816V KIT mutation (frequency ~80%),°>% which
is imatinib-resistant.°”-%® Conversely, rare SM patients
who exhibit a juxtamembrane KIT mutation (<5%) are
likely to respond to imatinib.® Patients with the D816V
KIT mutation may be responsive to second-generation
tyrosine kinase inhibitors, including investigational
midostaurin (PKC412),7° or to dasatinib (currently ap-
proved only for Philadelphia chromosome-positive
chronic myelogenous leukemia and acute lymphoblas-
tic leukemia).”! Of interest, some patients with D816V
KIT-positive SM with HES- or CEL-not otherwise speci-
fied have demonstrated rapid and complete normaliza-
tion of severe peripheral eosinophilia with midostaurin
treatment.’® It is unknown whether this is due to (1) a
preferential effect of the drug on eosinophil-specific
signaling, (2) increased sensitivity of eosinophils to
inhibition of constitutive D816V KIT signaling, or (3)
reduction of reactive eosinophilia related to cytoreduc-
tion of mast cells which elaborate eosinophilopoietic
cytokines. Interferon-alpha with or without corticoste-
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Figure 1. (A) Immunohistochemistry for mast cell tryptase demonstrates multifocal mast cell aggregates in a core bone
marrow biopsy from a patient with KIT D816V-positive systemic mastocytosis. (B) Immunohistochemistry for mast cell tryptase
reveals an interstitial pattern of mast cell infiltration in a core bone marrow biopsy from a patient with FGFRT-rearranged
myeloid neoplasm with eosinophilia. The patient also had a concurrent T-cell lymphoblastic lymphoma. Photomicrographs
courtesy of Dr Tracy George, Stanford University School of Medicine, Department of Pathology.

roids’?-782 and 2-chlorodeoxyadenosine’’-%2 are active
agents for advanced SM; however, overall response
rates are in the range of 40% to 50%, and most re-
sponses are partial in nature.

As previously noted, identification of the FIPILI-
PDGFRA fusion in patients with eosinophilia (even in
the presence of increased bone marrow mast cells) is
an indication for treatment with imatinib, regardless of
the presence of organ dysfunction. Imatinib can elicit
hematologic remissions within 4 weeks at doses of 100
to 400 mg daily.?¢-2730.8384 A standard dose has not been
recommended, as some patients require higher doses
to achieve more in-depth remissions. Cytogenetic re-
missions (using FISH for the CHIC2 deletion) or in-
depth molecular remissions have been achieved in a
period as soon as 1 month and have been maintained
with long-term follow-up.?3-85 Maintenance imatinib
therapy with doses as low as 100 to 200 mg weekly is
sufficient to achieve or sustain a molecular remission;
however, patients in whom imatinib therapy has been
held or discontinued may demonstrate cytogenetic/
molecular relapses, and loss of hematologic remission
within a period of several months.5>%7 With the treat-
ment experience in FIP1LI1-PDGFRA-positive disease
now reaching more than 9 years, the natural history
and long-term prognosis of these patients treated with
imatinib is outstanding. Fewer than 10 cases of ima-
tinib-resistance with documented mutations within
PDGFRA have been reported (eg, secondary resistance
mutations T6741 and D842V in advanced/blast-crisis
phases of disease, and primary resistance mutations
S601P and L629P in the chronic phase).?¢83-1 Second-
generation tyrosine kinase inhibitors (eg, sorafenib,
sunitinib) with in vitro activity against these mutants
have been used in patients but usually with short-lived
clinical benefit.92-%4

Whereas the FIP1LI-PDGFRA molecular abnormal-
ity is occult by standard cytogenetic analysis, patients

with rearrangement of PDGFRB exhibit a reciprocal
translocation involving chromosome segment 5q31-
33. In such cases, FISH or PCR can be used to identify
the fusion partner of PDGFRB, with more than 20
partners now described. Patients with PDGFRB rear-
rangements typically present with an overlap MDS/
MPN neoplasm such as chronic myelomonocytic leu-
kemia, often associated with eosinophilia. Patients with
PDGFRB rearrangements demonstrate sensitivity to
imatinib similar to FIP1LI-PDGFRA.°> The recom-
mended dose is 400 mg daily, which has resulted in
excellent outcomes.

Rare patients have been described with reciprocal
translocations involving the fibroblast growth factor
receptor 1 (FGFRI) gene, with more than 10 fusion
partners described (most commonly ZNF7198) and ap-
proximately 65 patients reported in the literature.*®
FGFR1 rearrangements are associated with the t(8p11-
13) chromosomal breakpoint and clinically present
with a B- or T-cell lymphoblastic lymphoma and a
myeloproliferative disorder with eosinophilia. These
mixed lineage neoplasms are derived from an early
hematopoietic progenitor and thus have been referred
to as “stem cell leukemias/lymphomas.” The disease
often terminates in AML in less than 2 years. Intensive
chemotherapy (with AML or acute lymphocytic leuke-
mia type induction regimens) followed by early alloge-
neic transplantation is recommended, but prognosis is
dismal despite these interventions. FGFR1 is a not a
therapeutic target of imatinib, but FGFR1 inhibitors are
currently in development. In addition to the more com-
mon presentation of eosinophilia, cases of PDGFRB-
and FGFR-rearranged neoplasms associated with SM
have been observed,’”?® indicating that genetic altera-
tions involving these tyrosine kinases can develop in
early hematopoietic clones that can give rise to either
eosinophils or mast cells. Figure 1 demonstrates the
typical multifocal mast cell aggregates observed in KIT
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D816V™" SM versus the loose, interstitial pattern of mast
cells that are more commonly observed in myeloid
neoplasms associated with eosinophilia and rearrange-
ment of PDGFRA/B or FGFRI.

CONCLUSION

Mast cells and eosinophils are important effectors
cells of allergic inflammation, but are often found to-
gether in other inflammatory, infectious, and neoplas-
tic disorders. CCR3 expressed by both cell types allows
a common mechanism for recruitment into tissues.
Once in the tissue, mast cells can interact with and
modulate eosinophil activation, survival, and apoptosis
through a number of soluble mediators and cell-to-cell
contact. Mast cells and eosinophils are derived from
CD34* hematopoietic progenitor cells and clonally ex-
panded in myeloproliferative disorders, particularly SM
and chronic eosinophilic leukemia. While mast cells in
these disorders share certain pathologic features, such
as aberrant mast cell morphology and CD25 expres-
sion, they are associated with distinct molecular de-
fects and have different clinical presentations, progno-
sis, and response to therapy with tyrosine kinase
inhibitors. Therefore, accurate diagnosis of a patient
presenting with increased tissue and bone marrow
mast cells and eosinophils is crucial in appropriate
management and counseling for prognosis.
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