
sive SM (ASM), MC leukemia, MC sarcoma and extracu-
taneous mastocytoma (1, 2). SM is defined by the pres-
ence of one major and one minor or three minor diagnos-
tic criteria (Table I) (1). Patients with SM are further
characterized with regard to the presence of so-called “B
and C findings” (assessing disease burden and disease
aggressiveness, respectively) (Table II). SM patients with
no findings are identified as ISM, those with B findings as
smoldering SM (SSM, a subtype of ISM with a possibly
more aggressive clinical course) and those with C find-
ings as ASM (2, 3). New WHO guidelines due out this
year redefine mastocytosis as “mast cell disease” with
SM, a subtype with bone marrow involvement (4, 5). 

Clinical manifestations

Symptoms of mastocytosis can be divided into those
due to MC mediator release and those due to MC organ
infiltration.

Symptoms of mediator release

Vasoactive mediators (histamine, leukotrienes,
heparin, prostaglandins) released from MCs can lead to
itching, flushing, lightheadedness, syncope, palpitations,
diarrhea, heartburn, fatigue and headache. MC degranu-
lation can be exacerbated by infections, alcohol, exercise
and medications. 

Symptoms of organ infiltration 

Skin involvement can occur as cutaneous mastocyto-
sis or as cutaneous manifestations of SM. Urticaria pig-
mentosa is the most common skin manifestation, charac-
terized by reddish-brown macules and papules. Nodular
and plaque-like lesions can occur. Associated pruritus is
exacerbated by local friction, spicy food and temperature
changes. Scratching of affected skin characteristically
leads to the development of urticaria and erythema
(Darier’s sign). Gastrointestinal involvement can present
as chronic diarrhea, steatorrhea, malabsorption and
ascites. Anemia is the most common hematological

CONTENTS

Abstract  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .187
Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .187
Clinical manifestations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .187
Diagnosis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .188
Conventional treatment  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .188
Investigational therapies  . . . . . . . . . . . . . . . . . . . . . . . . . . . .189
Conclusions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .191
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .191

Introduction

Mastocytosis is a heterogeneous group of disorders
characterized by clonal expansion of mast cells (MCs)
and their excessive accumulation in various organs, such
as the skin, bone marrow, gastrointestinal tract, lymph
nodes, liver and spleen. The clinical course can range
from no or minimal symptoms to diffuse systemic involve-
ment with multiorgan failure. 

Mastocytosis has been classified into seven subtypes
according to the 2001 World Health Organization (WHO)
guidelines: cutaneous mastocytosis, indolent systemic
mastocytosis (ISM), SM with an associated clonal hema-
tological non-MC lineage disease (SM-AHNMD), aggres-
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Abstract

Mastocytosis is a heterogeneous group of disor-
ders characterized by clonal expansion of mast cells.
Clinical course can range from no or minimal symp-
toms to diffuse systemic involvement with multiorgan
failure. The diagnosis of systemic mastocytosis pri-
marily relies on the identification of neoplastic mast
cells (spindle-shaped cells expressing CD2/CD25) in
various organs, especially the bone marrow. Serum
tryptase and urinary histamine levels are typically ele-
vated. There is no effective treatment for systemic
mastocytosis. Most patients are treated with antihista-
mines for symptom control. For patients with aggres-
sive disease, cytoreductive therapy with interferon alfa
or cladribine is indicated. The KIT gene D816V muta-
tion is present in approximately 90% of patients and
several medications targeting this KIT mutant are cur-
rently being investigated. As no established treatment
regimen exists, enrollment into a clinical trial should be
strongly considered.

+ See also: Kit mutations in cancer and their treatment with pro-
tein kinase inhibitors, p 161 this issue.



Conventional treatment

There is a lack of effective treatment for SM. Standard
treatment for SM has been aimed at symptom control.
This includes the use of oral antihistamines and MC stabi-
lizers like cromolyn sodium (2, 10). Patients should avoid
specific factors that can trigger MC degranulation, such as
emotional stress, cold exposure, alcohol use, strenuous
exercise and the use of nonsteroidal antiinflammatory
drugs. Both sedating (hydroxyzine, diphenhydramine) and
nonsedating second-generation H1 antihistamines (ceti-
rizine, loratadine, desloratadine, fexofenadine) can be
used to alleviate pruritus and itching. However, random-
ized controlled trials (RCTs) evaluating the comparative
efficacy of antihistamines in SM are lacking. 

Cetirizine has been shown to be equivalent to
hydroxyzine in relieving pruritus in RCTs in patients with
chronic urticaria, with the advantage of a lack of sedation
and less frequent daily dosing (11, 12). Most patients,
therefore, are initially treated with nonsedating H1 antihis-
tamines. For some patients with severe symptoms of
urticaria, higher doses of sedating antihistamines could

abnormality due to bone marrow infiltration and peripher-
al eosinophilia is seen in around 20% of patients (6).
Bone pain and fractures can occur as a result of MC
mediator-induced abnormal bone turnover or due to direct
destruction of the bones by invading MCs (7). 

Diagnosis

The diagnosis of SM is based on a set of diagnostic
criteria (Table I) but primarily relies on the identification of
neoplastic MCs in various organs. Bone marrow exami-
nation is imperative for SM diagnosis, as most adults with
mastocytosis have underlying bone marrow involvement.
Bone marrow examination also helps diagnose any
underlying AHNMD. Neoplastic MCs are characteristical-
ly spindle-shaped and present in multifocal aggregates
(8). Unlike normal MCs, neoplastic MCs express the sur-
face markers CD2 and/or CD25 (9). Serum tryptase and
urinary histamine levels (both released by MCs) are typi-
cally elevated. KIT gene D816V mutation screening
should be considered for all patients as it is present in
approximately 90% of SM patients.
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Table I: World Health Organization diagnostic criteria for systemic mastocytosis.

Major criteria

1. Multifocal, dense infiltrates of mast cells (15 mast cells in aggregates) in bone marrow biopsy sections and/or in other 
extracutaneous organ(s)

Minor criteria

1. Greater than 25% mast cells in bone marrow or other extracutaneous organ(s) show an atypical morphology (typically spindle-
shaped)

2. KIT mutation at codon 816 is present in extracutaneous tissues

3. Mast cells in bone marrow co-express CD117 and either CD2 or CD25, or both (by flow cytometry)

4. Serum tryptase persistently is ≥ 20 ng/ml (not accounted for in patients with an associated clonal, hematological, non-mast cell
disorder)

A diagnosis of systemic mastocytosis requires the fulfillment of either one major criteria and one minor criteria or three minor criteria.

Table II: B findings and C findings in systemic mastocytosis.

B findings: indication of high mast cell burden and expansion of the genetic defect into various myeloid lineages

1. Infiltration grade of mast cells in bone marrow > 30% on histology and serum total tryptase levels > 200 ng/ml

2. Hypercellular bone marrow with loss of fat cells, discrete signs of dysmyelopoiesis without substantial cytopenias, or World
Health Organization criteria for myelodysplastic syndrome or myeloproliferative disorder

3. Organomegaly: palpable hepatomegaly, splenomegaly or lymphadenopathy (> 2 cm on computed tomography or ultrasound)
without impaired organ function

C findings: indication of impaired organ function because of mast cell infiltration (confirmed by biopsy in most patients)

1. Cytopenia(s): absolute neutrophil count < 1000/µl or hemoglobin < 10 g/dl or platelets < 100,000/µl

2. Hepatomegaly with ascites and impaired liver function

3. Palpable splenomegaly with hypersplenism

4. Malabsorption with hypoalbuminemia and weight loss

5. Skeletal lesions: large osteolyses or/and severe osteoporosis causing pathological fractures

6. Life-threatening organomegaly in other organ systems that is definitively caused by an infiltration of the tissue by neoplastic
mast cells



Cladribine

Few reports have documented the efficacy of cladrib-
ine in SM (20, 21). In a multicenter study, all 10 patients
treated with cladribine (0.13 mg/kg/day for 5 days repeat-
ed every 4-6 weeks) showed improvement in MC-mediat-
ed signs and symptoms (20). In the largest series so far of
33 patients, the use of cladribine led to a major response
in 24 patients and a minor response in another 2 patients
(21). In this study, the mean time to best response was 4
months and the mean duration of response was 16
months. Myelosuppression is the main treatment-related
side effect in patients treated with cladribine (20, 21). 

Investigational therapies

Kit is a tyrosine kinase receptor encoded by the KIT
gene located on chromosome 4q12 in humans (22).
Binding of stem cell factor (SCF, Kit ligand) to Kit leads to
receptor dimerization and phosphorylation of downstream
signaling molecules (23). Kit plays an important role in
normal hematopoiesis and Kit expression declines in
hematopoietic cell lines with maturation, except in MCs.
Furitsu et al. were the first to show that Kit was constitu-
tively activated and expressed in the absence of SCF in an
MC line derived from an MC leukemia patient (24). A point
mutation, D816V (substitution of valine for aspartate at
codon 816, Asp816Val), in the tyrosine kinase domain of
the Kit receptor, first described by Nagata et al. (25), has
been identified in > 90% of adult patients with SM using a
sensitive PCR-based assay (26). Other KIT mutations
involving tyrosine kinase, juxtamembrane and transmem-
brane domains have been described in sporadic cases
(27). Several medications targeting the KIT mutants are
currently being investigated as therapy for SM.

Imatinib

Imatinib is a potent inhibitor of various tyrosine kinases,
including wild-type Kit (28). However, in vitro studies have
shown that imatinib is not effective against the most com-
mon KIT mutation in SM, D816V (29). This is probably
due to the fact that imatinib is able to bind Kit only in the
inactive configuration and the D816V mutation leads to
stabilization of the active open configuration of Kit (27).
Clinical experience with imatinib has corresponded to the
in vitro data, with no significant responses in patients with
the KIT D816V mutation (30). 

Pardanani et al. reported 10 SM patients who were
treated with imatinib, 2 of whom with the KIT D816V
mutation did not respond (30). In another study in 14
patients with SM, imatinib at 400 mg daily (with pred-
nisone 30 mg daily for the first 2 weeks) was shown to be
beneficial in patients with both mutated KIT D816V and
wild-type KIT. However, prednisone use (an active agent
on its own) for the initial 2 weeks might have contributed
to the efficacy of imatinib seen in this study (31). Sporadic
KIT mutations (F522C, K509I, V560G and del419) have
been shown to be imatinib-sensitive in isolated cases

be more effective. As both H1 and H2 receptors are pre-
sent in skin (85% of cutaneous histamine receptors are
H1 and 15% are H2), the addition of an H2 blocker (raniti-
dine, famotidine) should be considered for patients not
responding to H1 antihistamines alone (11). 

Cromolyn sodium has been shown to be beneficial in
patients with gastrointestinal symptoms (diarrhea, vomit-
ing, abdominal pain). In a trial in 10 patients, cromolyn
sodium was also shown to be equivalent in terms of
symptom alleviation to a combination of chlorpheniramine
and cimetidine in patients with mastocytosis (13). Short
courses of prednisone can be considered for patients with
severe symptoms not controlled with other supportive
medications, or for those with malabsorption and ascites
(14). Aspirin can be used to decrease flushing, although
aspirin use by itself can lead to MC degranulation. It is
recommended that patients should be on H1 and H2 anti-
histamine prophylaxis before undertaking aspirin therapy.
Topical cromoglycates, topical corticosteroids and PUVA
(psoralen-ultraviolet A) therapy have been used for some
patients with cutaneous manifestations (10). Patients with
a history of anaphylaxis or cardiovascular collapse should
carry an epi-pen for epinephrine self-administration.
Omalizumab, a humanized murine monoclonal antibody
that inhibits immunoglobulin E binding to MCs and
basophils, has recently been shown to be of benefit in
patients with syncopal episodes related to mastocytosis
(15) and for SM cutaneous manifestations (16). For
patients with osteoporosis, bisphosphonate therapy
(pamidronate 90 mg i.v. monthly) should be considered
(5). Other treatments that have been used for SM are
cytoreductive medications, including interferon alfa and
cladribine. Novel treatments targeting the mutated Kit
tyrosine kinase are being investigated in clinical studies
(see below). Cytoreductive therapies are usually reserved
for patients with ASH, or occasional patients with ISH with
uncontrolled symptoms or with severe osteoporosis.  

Interferon alfa

Interferon alfa has been evaluated for patients with
SM by several investigators (17-19). Casassus et al.
reported a multicenter trial in 20 patients with SM (16
ASM, 4 ISM) treated with interferon alfa-2b (starting dose
of 1 million units s.c. daily, escalated to 5 million
units/m2/day depending on tolerance). Thirteen patients
(65%) who completed 6 months of treatment responded
(7 partial, 6 minor and 0 complete responses). Decreases
in plasma histamine and tryptase levels were noted in
patients with flushing and gastrointestinal tract symp-
toms. However, many patients experienced undesirable
side effects. Major side effects leading to treatment dis-
continuation included depression and cytopenias (18).
Combination of interferon alfa-2b plus prednisone has
been evaluated in a study in 4 SM patients, where 2
patients achieved a complete and 1 patient achieved a
partial resolution of C findings (19). Clinical improvement
in cutaneous manifestations of SM and osteoporosis has
also been documented with interferon treatment.
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PKC-412 

PKC-412 (midostaurin) is an N-benzoyl-staurosporine
with potent inhibitory activity against protein kinase C
(PKC), FLT3, PDGF-R-α, VEGFR-2 and Kit. In Ba/F3
cells transfected with KIT D816V, PKC-412 led to cellular
growth inhibition, with an IC50 of 44 nM (36). In experi-
ments in human MC lines bearing different KIT mutations,
PKC-412 at low micromolar concentration led to
decreased phosphorylation of Kit. Similar growth inhibi-
tion was noted when primary neoplastic bone marrow-
derived MCs from a patient with SM carrying the KIT
D816V mutation were exposed to PKC-412 (37).

The first report of clinical experience with PKC-412 in
SM was in a single patient with MC leukemia and
AHNMD with the KIT D816V mutation who had a signifi-
cant decrease in peripheral blood MC burden and serum
histamine levels (37). In contrast to peripheral blood, the
bone marrow response was minimal and the patient died
3 months after starting PKC-412 due to AHNMD pro-
gression. 

Preliminary results of a phase II trial using PKC-412
were recently reported (38). Fifteen patients (60% with
KIT D816V mutations) were treated with PKC-412 at a
dose of 100 mg twice daily. A response was achieved in
11 patients (major response in 5 patients and partial
response in 6 patients). Two patients had disease pro-
gression. In 4 patients, the marrow MC burden decreased
from 50-60% to 10-15%. There was an inconsistent
decrease in serum tryptase among responding patients.

Nilotinib 

Nilotinib (AMN-107) is a phenylaminopyridine that is
20-30 times more potent than imatinib against BCR-ABL.
Nilotinib effectively suppressed the growth of mouse
Ba/F3 cells transfected with KIT D816V at low micromo-
lar concentrations (39). At 1 µM, nilotinib strongly inhibit-
ed Kit phosphorylation in the human MC (HMC) line 1.1
(not carrying the KIT D816V mutation), but showed only
weak effects in the HMC line 1.2 (carrying the KIT D816V
mutation) (40, 41). Similarly, nilotinib induced apoptosis
in the HMC line 1.1, and to a lesser degree in the HMC
line 1.2. Verstovsek et al. compared the effects of nilo-
tinib and imatinib in the HMC lines 1.1 and 1.2. They
reported that in the HMC line 1.1, nilotinib is as potent as
imatinib in inhibiting cellular proliferation, with IC50 values
of 108 and 74 nM, respectively, while in the HMC line 1.2
neither medication had an effect (42). Nilotinib at con-
centrations up to 1 µM had no effect on bone marrow
MCs carrying the KIT D816V mutation obtained from
patients with SM. In a phase II study, 23 SM patients
were treated with nilotinib (400 mg orally twice daily) (43).
Three (13%) responses were reported (2 incomplete
remissions and 1 minor response), based on serum
tryptase, bone marrow MC infiltration and improvement of
clinical symptoms. 

Many other agents have been studied in preclinical
models as possible therapy for SM. These include the

(27). Imatinib at a dose of 400 mg daily is approved by the
U.S. Food and Drug Administration for adult patients with
ASM without the KIT D816V mutation, or with unknown
KIT mutational status. 

An important subgroup of SM patients with imatinib
responsiveness is the group with an FIP1-like 1-platelet-
derived growth factor receptor alpha (FIP1L1-PDGFRA)
mutation. Peripheral blood eosinophilia is seen in approx-
imately 20% of SM patients (SM-eos) and bone marrow
eosinophilia has been reported in 19-33% of SM patients
(6). In a study by Pardanani et al., 56% of SM patients
with eosinophilia (10 of 19 patients) had the FIP1L1-
PDGFRA fusion oncogene (32). In this study, all treated
SM-eos patients with the FIP1L1-PDGFRA mutation
(n=7) responded to imatinib 100 mg/day, while those SM-
eos patients without the FIP1L1-PDGFRA mutation (n=5)
did not respond (irrespective of KIT D816V mutation sta-
tus). In another study, 3 of the 5 SM-eos patients with an
FIP1L1-PDGFRA mutation responded to imatinib (33). It
is highly recommended that all patients suspected to
have SM-eos undergo testing for the FIP1L1-PDGFRA
mutation. For patients with this mutation, imatinib 100
mg/day is the treatment of choice.  Imatinib is currently
approved in the U.S. for patients with ASM associated
with eosinophilia (starting dose of 100 mg/day with dose
escalation to 400 mg/day if insufficient response and
absence of side effects).

Dasatinib 

Dasatinib is a dual SRC-ABL inhibitor that is 300-fold
more potent than imatinib against BCR-ABL. Dasatinib
also inhibits the kinase activity of wild-type KIT approxi-
mately 20-fold more efficiently than imatinib (34). Most
importantly, dasatinib inhibits the kinase activity of KIT
D816V with comparable efficacy to against wild-type KIT.
Dasatinib inhibited Kit phosphorylation in MC lines bear-
ing different KIT mutations at low nanomolar levels (34). 

Based on these exciting preclinical results, a phase II
trial of dasatinib in SM was recently conducted and
results reported (35). Thirty-three patients were treated
(18 with ISH, 9 with ASH and 6 with SM-AHNMD). The
dasatinib dose was 70 mg orally twice daily (9 patients
received 140 mg once daily). The median age of the
patients was 57 years (range: 29-74) and all patients
were PDGFRA-negative. The median number of prior
therapies was 1 (range: 0-4), with 16 patients previously
untreated. The median number of cycles received was 4
(range: 1-20, 1 cycle = 4 weeks). Disappointingly, only 2
patients achieved CR: 1 with SM-myelofibrosis (JAK2
V617F-positive and complex cytogenetics) and 1 with
SM-eos. Both patients were KIT D816V mutation-nega-
tive. The SM-myelofibrosis patient progressed to acute
myeloid leukemia (AML) after 8 months on treatment and
died, and the SM-eos patient is still in CR after more than
18 months of treatment. Nine additional patients had
improvement in symptoms related to SM lasting from 3 to
more than 18 months. Nineteen grade 3 toxicities were
observed, but no grade 4 toxicity.
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tyrosine kinase inhibitors tandutinib (MLN-518), PD-
180970, AP-23464/AP-23848, OSI-930, EXEL-0862,
sunitinib and sorafenib, and the nontyrosine kinase
inhibitors 17-AAG, IMD-0354 and rapamycin (sirolimus)
(27). Nilotinib has shown synergistic activity when com-
bined with PKC-412 (40). Similarly, PKC-412 and dasa-
tinib have been shown to act in synergy in preclinical
studies (41), suggesting the potential of combination
treatment. Denileukin diftitox, a DNA-derived cytotoxic
protein composed of the amino acid sequences of diph-
theria toxin fragments A and B and the sequence for inter-
leukin-2 (IL-2), was reported not to be effective clinically
in 8 patients with SM (44). 

Conclusions

The following conclusions can be reached for the
treatment of SM:

• All symptomatic patients should receive H1 blockers. If
symptoms are not controlled, an H2 blocker can be
added. 

• For patients with ISM, symptomatic treatment with anti-
histamines only is usually sufficient. Cytoreductive ther-
apy is not required as disease course is nonprogressive
and survival is not affected.

• For patients with ASM, cytoreductive therapy is indicat-
ed. Enrollment into a clinical trial should be strongly
considered for these patients as no established treat-
ment regimen exists. Outside of a clinical trial, therapy
with interferon alfa or cladribine should be considered.
All patients suspected to have SM-eos should undergo
testing for the FIP1L1-PDGFRA mutation and, if pre-
sent, imatinib (100 mg/day) is the recommended treat-
ment.

• Patients with SM-AHNMD should receive treatment for
the associated hematological condition along with
symptomatic SM-directed treatment.

• Patients with MC leukemia are typically treated with
AML-type chemotherapy regimens. These patients
have a uniformly poor prognosis.  
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