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Case Report

Mast Cell Leukaemia: c-KIT Mutations Are Not Always Positive
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Mast cell leukemia (MCL) is a rare and aggressive disease with poor prognosis and short survival time. D816V c-KIT mutation
is the most frequent molecular abnormality and plays a crucial role in the pathogenesis and development of the disease. Thus,
comprehensive diagnostic investigations and molecular studies should be carefully carried out to facilitate the therapeutic choice.
A MCL patient’s case with rare phenotypic and genotypic characteristics is described with review of major clinical biological and
therapeutic approaches in MCL.

1. Introduction

Mastocytosis is a heterogeneous group of disorders charac-
terized by abnormal growth and accumulation of mast cells
in one or more organs. The WHO classification [1] placed
this entity in the myeloproliferative neoplasms and has the
advantage to be clear and serve as a basis to standardize
the management of patients with mastocytosis. It defines
7 disease-variants such as cutaneous mastocytosis (CM),
indolent systemic mastocytosis (ISM), systemic mastocytosis
(SM) with an associated clonal hematological non-mast cell-
lineage disease (AHNMD), aggressive SM (ASM), mast cell
leukemia (MCL), mastocytic sarcoma, and extracutaneous

mastocytoma. The clinical course ranges from “asymp-
tomatic” with normal life expectancy to highly aggressive
with worse prognosis [2].

MCL is a rare subtype of the disease which represents
less than 2% of mastocytosis. Clinical manifestations are
unspecific and share common features with other aggressive
SM such as bone lesions, hepatomegaly, spleen enlarge-
ment, ascites and enlarged lymph nodes, and rarely mast
cell mediator-related symptoms (MCMRS). Cytopenia is a
common feature and the presence of high level of atypical
marrow MC infiltration exceeding 20% of all nucleated
marrow cells is diagnostic criteria. Typically, peripheral mast
cells exceed 10% of all nucleated cells; however, aleukemic
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variants exist and are characterized by less than 10% in
the blood and more than 20% MC in the bone marrow.
MC morphology has been recognized as prognostic value.
Type I mast cell with spindle shape aspect is more often
associated with indolent forms; whereas bi or polylobed
nuclei or metachromatic blasts are more usual in MCL and
aggressive forms [1, 3]. Phenotypic markers are, at least
for some authors, of diagnostic value; atypical MCs are
positive for CD25 and CD2 [4]. D816V c-KIT mutation is
the most frequent abnormality encountered. The presence of
this mutation confers a resistance pattern to tyrosine kinase
inhibitors such as imatinib. The prognosis is poor with a
median survival time of less than 6 months and few effective
therapeutic drugs.

We describe one case of MCL without c-KIT mutation
suggesting that all c-KIT exons should be sequenced in this
entity. We also propose a literature review on the clinical,
biological, phenotypic, and molecular specificities as well as
on the choice of the therapeutic approach in MCL.

2. Patients and Methods

This study was approved by the ethic committee of Amiens
University Hospital and was carried out in accordance with
the Helsinki convention. Informed consent was obtained.

2.1. Case Report. A 36-year-old woman was referred to
the Hematology Department for the treatment of mast
cell leukemia on May 16, 2011. She complained from a
long lasting history (24 months) of severe flushes without
evidence of inflammatory, systemic, allergic, or autoimmune
diseases. Two months prior her admission, she began to
complain from left pelvic pain, which continuously and
rapidly increased and was associated with diffuse bone pain
and weight loss. These symptoms were preceded by several
weeks’ of relief from flushes. Chest and abdominopelvic CT
scan showed bilateral pleural effusion, large left pelvic mass
with psoas muscle infiltration associated with peritoneal
irritation, ascites, hepatomegaly, spleen enlargement (20 cm
below costal margin), and enlarged abdominal and pelvic
lymph nodes. Histological studies of the pelvic mass found a
monomorphic infiltration by atypical cells which were nega-
tive for CD45, CD20, CD19, CD3, CD100, and cytokeratine.

Full blood counts showed pancytopenia (WBC:
2.8 × 109/L, neutrophils: 1.3 × 109/L, hemoglobin:
6.5 g/dL, platelets: 70 G/L) with no atypical cells on
blood smears. Tryptase level was high (400 ng/mL; normal
range: <11.5 ng/mL). She required multiple packed red cell
transfusions and high dosage of level II analgesics.

2.2. Methods. Blood and BM samples were collected at diag-
nosis for cytopathological, immunophenotypic, cytogenetic,
and molecular studies.

Peripheral blood mononuclear cells (PBMC) were
isolated by Ficoll-IPaque and stained using FITC, PE,
PerCP or APC-coupled anti-CD34(581), CD25(M-A2S1),
CD14(MSE2), CD32(3D3), CD2(S5.2), CD4(RPA-T4),
CD8(RPA-T8) and CD117(YB5.B8) or with appropriate

control, and analyzed by FACS Calibur (all from Becton
Dickinson). Anti-CD117 from DAKO, (Carpinteria) was
used for the BM immunochemistry. c-KIT mutation
screenings were done on total RNA which was isolated
from BM aspirate and cDNA was synthesized as previously
described [5].

3. Results and Discussion

3.1. Case Report (Figure 1). Bone marrow aspirates showed
atypical large cells with polylobed nuclei and loose chro-
matin, representing more than 30% of nucleated marrow
cells and classified as type II MC. Trephine marrow biopsy
showed hypercellular marrow and the presence of diffuse
infiltration by aggregates of atypical polygonal cells with
loose chromatin and round nuclei. These cells were positive
for CD117 and tryptase but lack CD2, CD2, and CD30 by
immunohistochemistry. There was no evidence of associated
atypical myeloid, lymphoid cells, or other hematological
neoplasm in the marrow. BM immunophenotyping showed
a 30% infiltration by MCs which were positive for CD117
and CD9 and negative for CD2 and CD25. Cytogenetic
studies revealed a normal karyotype (46XX) and no Bcr-
Abl and FIP1-L1/PDGFR-α rearrangement by molecular
studies. Sequencing of c-KIT in blood and marrow, as
previously described [5], showed no evidence of mutation
and it was considered as WT c-KIT. Bone mineral density
was normal and standard bone radiographics showed diffuse
bone osteocondensation. The diagnosis of aleukemic MCL
with WT c-KIT was done.

The patient started on methylprednisolone at the dosage
of 1 mg/kg per day on May 17, 2011. All symptoms
rapidly faded with improvement of bone pain, complete
disappearance of the left pelvic pain and the left pelvic mass
documented by CT-scan on May 19. We noticed also a mild
decrease of spleen and liver sizes. However, blood counts
remained unchanged and the patient continued to require
red blood supplementation. Corticosteroids were tapered
progressively and the patient was planned on a phase 2
clinical trial of KIT tyrosine kinase inhibitor, midostaurin.
Unfortunately, the clinical status deteriorated brutally and
the patient expired from multiorgan failure in the intensive
care unit on May 23, 2012.

3.2. Discussion. MCL is by far an incurable disease with an
aggressive behavior. It is a rare subtype which represents
less than 2% of systemic mastocytosis. The clinical picture
is dominated by MC organ infiltration such as hepato-
splenomegaly, lymph nodes enlargement, bone abnormal-
ities, ascites, and weight loss. In contrast to indolent
mastocytosis, aggressive forms of mastocytosis usually lack
skin lesions, and MCMRS are pretty rare. MCMRS are very
unspecific, and patients usually complain from multiple
symptoms. To the best of our knowledge, isolated flushes
have not been reported prior to the development of overt
mastocytosis. Thus, systemic mastocytosis should be a differ-
ential diagnosis of undiagnosed and chronic flushes. Careful
and close followup should also be applied in this situation.
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Figure 1: Main features of our patient. (a) Shows the results of a complete c-KIT sequencing: absence c-KIT mutation, especially in exon
17. Indeed, the patient harbored no c-KIT mutation on any exon. (b) shows the results of bone marrow biopsy. (b1): Coloration HES, ×400;
(b2) c-KIT immunostaining, ×400. Bone marrow aspirates showed in (c1) a mixture of normal mast cell, leukemic round mast cells, and
two very atypical nucleated mast cells with loose chromatin, representing more than 30% of nucleated marrow cell. (c2): cluster of atypical
mast cells with a round basophilic mass in the cytoplasm. (d): Immunophenotypic profile of mast-cells characterized by strong KIT/CD117
CD2 and CD25 negative.

Bicytopenia is frequently encountered in MCL with
anemia and thrombocytopenia. The median hemoglobin
level is usually around 9 g/dL and the platelet counts of
about 70 G/L. Leukopenia and neutropenia are however less
common.

Bone marrow infiltration, by atypical mast cell repre-
senting more than 20% of all nucleated cells is the hallmark

of the disease. Moreover, aleukemic forms are frequent
with less than 10% of MCs in the peripheral blood which
correspond to the case presented in this paper. MCL may
present as de novo with no previous history of mastocytosis.
Nevertheless, some cases aroused a variable period of time
after the diagnosis or symptoms which may be suggestive
of mastocytosis [6]. Transformation to MCL occurred more
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often from SM-AHNMD or ASM and is correlated to
advanced age, history of weight loss, anemia, thrombo-
cytopenia, hypoalbuminemia, and excess of bone marrow
blasts. It has also recently been shown that multilineage
hematopoietic involvement by KITD816V as well as an
immature bone marrow MC phenotype in the absence of
coexisting normal MC in the BM might be associated with
risk toward progression to more aggressive disease [7, 8].

Atypical MCs express multiple surface antigens such
as CD117/kit, CD11c, CD13, CD29, CD33, CD44, CD45,
CD63, CD68, and CD71 and are also positive for CD2, CD22,
CD25, and CD54. The role of these antigens is however
not yet understood. CD2 and CD25 antigens are important
markers and their positivity on the surface of MCs constitute
minor criteria for the diagnosis of mast cell disease [4].

The pathogenesis and prognostic role of CD2 in ASM
and MCL has not been elucidated. It has been suggested
that CD2 and CD2-CD58-interactions play a role in the
abnormal clustering and aggregation of neoplastic MC in the
BM [9]. Nevertheless, its prognostic role remains unknown.
Decreased expression of CD2 on MC has been reported, at
relapse and in late stages of the disease [10]. Thus there
is a certain inverse correlation between the expression of
CD2 and the aggressiveness of SM as in our case. In MCL,
MCs typically lack CD2 expression [4, 11]. In contrast
CD25 expression on MCs increased with disease relapse and
progression [10]. Our case is atypical by its lack of expression
of CD25 on MCs suggesting the absence of implication of
CD25 in the aggressiveness and the prognosis of the disease.

CD30 expression on neoplastic MC has however been
shown to be correlated to the type and the aggressiveness
of SM. CD30 is more often expressed in aggressive SM and
MCL than in indolent SM [12]. Nevertheless, it is noteworthy
that CD30 expression was also found in some patients with
indolent clinical course and alternatively, few patients with
CD30 negative MC showed rapid progression.

Mutation of c-KIT is also a hallmark of the disease.
Adult-type human mastocytosis is characterized by muta-
tions in c-KIT at codon 816, which cause constitutive
activation of KIT kinase. Different classes of activating KIT
mutations respond differentially to KIT inhibitors depending
on the site and type of mutation.

D816V c-KIT mutation is the most frequent mutation,
found in more than 80% of adult patients with SM especially
in the aggressive forms with a frequency of more than
95% in MCL patients. Moreover, WT c-KIT and mutations
in exon 8–17 has been reported in few cases [13–21].
This information has important clinical and therapeutic
implications. In fact, the D816V c-KIT mutation confers
resistance to the available tyrosine kinase inhibitors especially
imatinib which is effective in others c-KIT mutations and
wild type c-KIT mastocytosis.

Therapeutic approaches are limited and consist of reduc-
ing the tumour burden and conservation of organ functions.
To date, there is no approved standard therapy to treat SM
with the exception of imatinib in D816V c-KIT negative
patients.

Corticosteroids have been recommended as a short term
use in combination with cytotoxic drugs. It could also be

beneficial in some situations such as malabsorption, ascites,
or anaphylaxis. Besides its role in alleviating MCMRS,
corticosteroids decrease tissue mast cell burden by decreasing
tissue stem cell factor [22] and this has been obviously
demonstrated in our patient’s case with a dramatic tumour
response and improvement of symptoms. Thus, corticos-
teroids could be used as an emergency treatment for ASM
and MCL.

Preliminary studies suggested that Interferon-α (IFN)
reduces the frequency of histamine related attacks, decrease
BM infiltration by MCs, hepatomegaly, skin manifestations,
and improve osteoporosis. However, no major responses
were obtained and overall survival was not improved [23–
25]. Relapses occurred frequently at the end of therapy and
side effects were frequent. As a consequence the dropout rate
is very high >25%. Its efficacy in MCL patients is very low
or inexistent. 2-Chloro-deoxy-adenosine has a potential value
in the treatment of ASM with symptomatic responses and
improvement in mast cell variables. Complete responses are
very rare [26, 27]. Cladribine has been used in rare cases of
MCL with relatively small or no efficacy [21].

It is now well established that Imatinib does not have
direct effect on the D816V KIT mutation, but it may
affect other sporadic mutations [21, 28, 29]. Dasatinib
demonstrates significant inhibitory activity against WT KIT
as well as juxtamembrane domain mutant KIT [30, 31]. This
activity has been proven in patients negative for D816V KIT
[32]. Nilotinib displays also equipotent activity to Imatinib in
D816V c-KIT negative patients and WT Kit cell line [33, 34].

Masatinib is a protein-tyrosine kinase inhibitor which,
in vitro, potently and selectively inhibits the mutated form,
in the juxtamembrane region, of the c-KIT receptor and
the c-KIT wild-type receptor. It also inhibits the PDGF
receptor and the mutated fibroblast growth factor receptor.
Masatinib has been shown to be effective in patients with
ISM or CM, not bearing the activating point mutations in
the phospho transferase domain of c-KIT with an acceptable
toxicity. Recently, Georgin-Lavialle et al. reported on a case
of MCL with an exon 9 c-KIT mutation that was successfully
treated by masatinib. Thus, this drug should be included in
the therapeutic arsenal of mastocytosis patients especially
D816V negative. An international randomized phase III
in patients with CM and ISM independent of the c-KIT
mutation status is ongoing. Finally, PKC412 (midostaurin)
is a small molecule inhibitor of multiple type III receptor
tyrosine kinases involved in hematopoiesis and leukemia,
an inhibitor of all major isoforms of protein kinase C,
the tyrosine kinase associated with the vascular endothelial
growth factor receptor. It can also exert inhibitory activity
on other mutated tyrosine kinases implicated in a variety of
diseases, like KIT (systemic mast cell disease, gastrointestinal
stromal tumors) PDGFR, or FGFR1. Midostaurin has shown
strong inhibitory activity on neoplastic human MCs carrying
the D816V c-KIT mutation in preclinical [35] and clinical
settings [36]. Preliminary data of an ongoing phase II trial
in patients with advanced systemic mastocytosis treated with
100 mg bid. Midostaurin revealed high overall response rates
of 73%. An international phase II study in ASM and MCL is
ongoing.
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4. Conclusion

MCL is a rare and aggressive disease which can occur de novo
or secondary to other mast cell disease and which shares
other aggressive systemic mastocytosis features. Careful
screening of c-KIT mutation may help in the selection of
effective therapy.

Conflict of Interests

The authors declare no conflict of interests.

References

[1] S. H. Swerdlow, E. Campo, N. L. Harris et al., Eds., WHO
Classification of Tumours of Haematopoietic and Lymphoid
Tissues, International Agency for Research on Cancer, Lyon,
France, 2008.

[2] A. Tefferi and A. Pardanani, “Systemic mastocytosis: cur-
rent concepts and treatment advances,” Current Hematology
Reports, vol. 3, no. 3, pp. 197–202, 2004.

[3] W. R. Sperr, L. Escribano, J. H. Jordan et al., “Morphologic
properties of neoplastic mast cells: delineation of stages
of maturation and implication for cytological grading of
mastocytosis,” Leukemia Research, vol. 25, no. 7, pp. 529–536,
2001.

[4] P. Valent, H. P. Horny, L. Escribano et al., “Diagnostic criteria
and classification of mastocytosis: a consensus proposal,”
Leukemia Research, vol. 25, no. 7, pp. 603–625, 2001.

[5] F. Lanternier, A. Cohen-Akenine, F. Palmerini et al., “Pheno-
typic and genotypic characteristics of mastocytosis according
to the age of onset,” PLoS One, vol. 3, no. 4, Article ID e1906,
2008.

[6] K. H. Lim, A. Tefferi, T. L. Lasho et al., “Systemic mastocytosis
in 342 consecutive adults: survival studies and prognostic
factors,” Blood, vol. 113, no. 23, pp. 5727–5736, 2009.

[7] C. Teodosio, A. C. Garcı́a-Montero, M. Jara-Acevedo et al.,
“An immature immunophenotype of bone marrow mast cells
predicts for multilineage D816V KIT mutation in systemic
mastocytosis,” Leukemia, vol. 26, no. 5, pp. 951–958, 2012.

[8] A. C. Garcia-Montero, M. Jara-Acevedo, C. Teodosio et
al., “KIT mutation in mast cells and other bone marrow
hematopoietic cell lineages in systemic mast cell disorders: a
prospective study of the Spanish Network on Mastocytosis
(REMA) in a series of 113 patients,” Blood, vol. 108, no. 7, pp.
2366–2372, 2006.

[9] G. H. Schernthaner, J. H. Jordan, M. Ghannadan et al.,
“Expression, epitope analysis, and functional role of the LFA-2
antigen detectable on neoplastic mast cells,” Blood, vol. 98, no.
13, pp. 3784–3792, 2001.

[10] L. Escribano, A. Orfao, J. Villarrubia et al., “Sequential
immunophenotypic analysis of mast cells in a case of systemic
mast cell disease evolving to a mast cell leukemia,” Communi-
cations in Clinical Cytometry, vol. 30, no. 2, pp. 98–102, 1997.

[11] L. Escribano, B. Diaz-Agustin, A. López et al., “Immunophe-
notypic analysis of mast cells in mastocytosis: When and How
to do it. Proposals of the Spanish network on mastocytosis
(REMA),” Cytometry B, vol. 58, no. 1, pp. 1–8, 2004.

[12] K. Sotlar, S. Cerny-Reiterer, K. Petat-Dutter et al., “Aberrant
expression of CD30 in neoplastic mast cells in high-grade
mastocytosis,” Modern Pathology, vol. 24, no. 4, pp. 585–595,
2011.

[13] B. J. Longley Jr., D. D. Metcalfe, M. Tharp et al., “Activating
and dominant inactivating c-KIT catalytic domain mutations
in distinct clinical forms of human mastocytosis,” Proceedings
of the National Academy of Sciences of the United States of
America, vol. 96, no. 4, pp. 1609–1614, 1999.

[14] B. J. Longley, L. Tyrrell, S. Z. Lu et al., “Somatic c-KIT
activating mutation in urticaria pigmentosa and aggressive
mastocytosis: establishment of clonality in a human mast cell
neoplasm,” Nature Genetics, vol. 12, no. 3, pp. 312–314, 1996.

[15] Y. Ma, S. Zeng, D. D. Metcalfe et al., “The c-KIT mutation
causing human mastocytosis is resistant to STI571 and other
KIT kinase inhibitors; kinases with enzymatic site mutations
show different inhibitor sensitivity profiles than wild-type
kinases and those with regulatory-type mutations,” Blood, vol.
99, no. 5, pp. 1741–1744, 2002.

[16] B. J. Longley, M. J. Reguera, and Y. Ma, “Classes of c-KIT
activating mutations: proposed mechanisms of action and
implications for disease classification and therapy,” Leukemia
Research, vol. 25, no. 7, pp. 571–576, 2001.

[17] S. Georgin-Lavialle, L. Lhermitte, F. Suarez et al., “Mast cell
leukemia: identification of a new c-KIT mutation, dup(501-
502), and response to masitinib, a c-KIT tyrosine kinase
inhibitor,” European Journal of Haematology, vol. 89, no. 1, pp.
47–52, 2012.

[18] C. Akin, G. Fumo, A. S. Yavuz, P. E. Lipsky, L. Neckers, and
D. D. Metcalfe, “A novel form of mastocytosis associated with
a transmembrane c-KIT mutation and response to imatinib,”
Blood, vol. 103, no. 8, pp. 3222–3225, 2004.

[19] C. G. Valentini, M. Rondoni, E. M. Pogliani et al., “Mast cell
leukemia: a report of ten cases,” Annals of Hematology, vol. 87,
no. 6, pp. 505–508, 2008.

[20] A. R. Arredondo, J. Gotlib, L. Shier et al., “Myelomastocytic
leukemia versus mast cell leukemia versus systemic masto-
cytosis associated with acute myeloid leukemia: a diagnostic
challenge,” American Journal of Hematology, vol. 85, no. 8, pp.
600–606, 2010.

[21] A. Mital, A. Piskorz, K. Lewandowski, B. Wasag, J. Limon, and
A. Hellmann, “A case of mast cell leukaemia with exon 9 KIT
mutation and good response to imatinib,” European Journal of
Haematology, vol. 86, no. 6, pp. 531–535, 2011.

[22] S. Finotto, Y. A. Mekori, and D. D. Metcalfe, “Glucocorticoids
decrease tissue mast cell number by reducing the production
of the c-KIT ligand, stem cell factor, by resident cells. In vitro
and in vivo evidence in murine systems,” Journal of Clinical
Investigation, vol. 99, no. 7, pp. 1721–1728, 1997.

[23] P. Casassus, N. Caillat-Vigneron, A. Martin et al., “Treatment
of adult systemic mastocytosis with interferon-α: results of a
multicentre phase II trial on 20 patients,” British Journal of
Haematology, vol. 119, no. 4, pp. 1090–1097, 2002.

[24] H. C. Kluin-Nelemans, J. H. Jansen, H. Breukelman et al.,
“Response to interferon alfa-2b in a patient with systemic
mastocytosis,” New England Journal of Medicine, vol. 326, no.
9, pp. 619–623, 1992.

[25] A. S. Worobec, A. S. Kirshenbaum, L. B. Schwartz, and D. D.
Metcalfe, “Treatment of three patients with systemic mastocy-
tosis with interferon alpha-2b,” Leukemia and Lymphoma, vol.
22, no. 5-6, pp. 501–508, 1996.

[26] A. Pardanani, A. V. Hoffbrand, J. H. Butterfield, and A.
Tefferi, “Treatment of systemic mast cell disease with 2-
chlorodeoxyadenosine,” Leukemia Research, vol. 28, no. 2, pp.
127–131, 2004.

[27] H. C. Kluin-Nelemans, J. M. Oldhoff, J. J. van Doormaal et
al., “Cladribine therapy for systemic mastocytosis,” Blood, vol.
102, no. 13, pp. 4270–4276, 2003.



6 Case Reports in Hematology

[28] H. J. Droogendijk, H. J. C. Kluin-Nelemans, J. J. van Door-
maal, A. P. Oranje, A. A. van de Loosdrecht, and P. L. A.
van Daele, “Imatinib mesylate in the treatment of systemic
mastocytosis: a phase II trial,” Cancer, vol. 107, no. 2, pp. 345–
351, 2006.

[29] A. Vega-Ruiz, J. E. Cortes, M. Sever et al., “Phase II study
of imatinib mesylate as therapy for patients with systemic
mastocytosis,” Leukemia Research, vol. 33, no. 11, pp. 1481–
1484, 2009.

[30] M. M. Schittenhelm, S. Shiraga, A. Schroeder et al., “Dasatinib
(BMS-354825), a dual SRC/ABL kinase inhibitor, inhibits the
kinase activity of wild-type, juxtamembrane, and activation
loop mutant KIT isoforms associated with human malignan-
cies,” Cancer Research, vol. 66, no. 1, pp. 473–481, 2006.

[31] N. P. Shah, F. Y. Lee, R. Luo, Y. Jiang, M. Donker, and C. Akin,
“Dasatinib (BMS-354825) inhibits KITD816V, an imatinib-
resistant activating mutation that triggers neoplastic growth
in most patients with systemic mastocytosis,” Blood, vol. 108,
no. 1, pp. 286–291, 2006.

[32] S. Verstovsek, A. Tefferi, J. Cortes et al., “Phase II study of
dasatinib in philadelphia chromosome—negative acute and
chronic myeloid diseases, including systemic mastocytosis,”
Clinical Cancer Research, vol. 14, no. 12, pp. 3906–3915, 2008.

[33] E. Weisberg, P. W. Manley, W. Breitenstein et al., “Characteri-
zation of AMN107, a selective inhibitor of native and mutant
Bcr-Abl,” Cancer Cell, vol. 7, no. 2, pp. 129–141, 2005.

[34] S. Verstovsek, C. Akin, T. Manshouri et al., “Effects of
AMN107, a novel aminopyrimidine tyrosine kinase inhibitor,
on human mast cells bearing wild-type or mutated codon 816
c-KIT,” Leukemia Research, vol. 30, no. 11, pp. 1365–1370,
2006.

[35] K. V. Gleixner, M. Mayerhofer, K. J. Aichberger et al., “PKC412
inhibits in vitro growth of neoplastic human mast cells
expressing the D816V-mutated variant of KIT: comparison
with AMN107, imatinib, and cladribine (2CdA) and evalu-
ation of cooperative drug effects,” Blood, vol. 107, no. 2, pp.
752–759, 2006.
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