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Long-lasting complete response to imatinib in a patient 
with systemic mastocytosis exhibiting wild type KIT
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Abstract: Systemic mastocytosis (SM) is a hematopoietic disorder characterized by abnormal expansion of mast 
cells (MCs) in visceral organs. The skin is involved in most cases. In adult patients the transforming KIT mutation 
D816V is usually present and confers resistance against imatinib. Therefore, imatinib is not recommended for 
patients with KIT D816V+ SM. Nonetheless, imatinib may work in patients with SM lacking KIT D816V. However, 
little is known about long-term efficacy and safety of this drug in SM. We report on a 62-year-old female patient with 
indolent SM (ISM) who suffered from severe debilitating skin involvement despite therapy with anti-mediator-type 
drugs, psoralen and ultraviolet-A-radiation. Although multifocal MC infiltrates were detected in the bone marrow 
by immunohistochemistry, no KIT mutation was found by sequencing analysis. In 2003, treatment with imatinib 
(induction, 400 mg/day; maintenance, 200 mg/day) was initiated. During therapy, skin lesions and tryptase levels 
decreased. Treatment was well tolerated without any side effects. After 10 years, skin lesions have disappeared 
and the tryptase level is within normal range. This case-study confirms the long-term efficacy and safety of imatinib 
in patients with SM lacking activating KIT mutations. Imatinib should be considered in select cases of SM in whom 
MCs exhibit wild-type KIT.
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Introduction

Systemic mastocytosis (SM) is a heterogene-
ous group of hematopoietic disorders charac-
terized by uncontrolled growth and expansion 
of neoplastic mast cells (MCs) in various organ 
systems, including the bone marrow (BM), skin, 
liver, spleen, and the gastrointestinal tract 
[1-4]. Based on the clinical course, organ 
involvement and signs of SM-related organ 
damage, indolent and advanced forms of the 
disease can be differentiated [1-4]. The con-
sensus classification of the World Health 
Organization (WHO) discriminates between 
indolent SM (ISM), smouldering SM (SSM), 
aggressive SM (ASM), SM with an associated 
clonal hematologic non-MC-lineage disease 
(SM-AHNMD) and MC leukemia (MCL) [5-8]. In 
most adult patients with ISM, skin involvement 
is found and neoplastic cells display the trans-

forming KIT mutation D816V [1-8]. Despite the 
presence of this oncogenic mutation, patients 
with ISM exhibit a normal or ‘near-normal’ life 
expectancy [9-11]. 

However, patients with ISM often suffer from 
severe mediator-related symptoms, a co-exist-
ing allergy or osteopathy [12-17]. In addition, 
patients with ISM experience cosmetic prob-
lems; and they may also suffer from the over-
whelming skin involvement that may cause sec-
ondary problems such as local infections, blis-
tering or even systemic adverse reactions [18-
20]. In most patients, the trunk and the extrem-
ities are affected, whereas facial involvement is 
less frequently seen.

Treatment of ISM is usually based on ‘anti-
mediator-type’ drugs and ‘MC-stabilizing’ age- 
nts [2-4, 12, 14, 19]. In patients with recurrent 
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extensive, mediator-related symptoms, gluco-
corticosteroids, immunotherapy or interferon-
alpha may be considered [2-4, 12, 21-24]. 
Unfortunately, most of these therapies have 
substantial side effects. More recently, patients 
with ISM have also been treated with KIT-
targeting tyrosine kinase inhibitors (TKIs). 
However, the KIT mutation D816V confers 
resistance against imatinib [25, 26]. Therefore, 
imatinib is not recommended for the treatment 
of ISM patients in whom a KIT mutation at 
codon 816 has been detected. Nevertheless, 
several reports have described that imatinib 
can induce clinical and even hematologic 
responses in SM patients in whom no KIT muta-
tion at codon 816 is detectable. In several of 
these ‘imatinib-responsive’ patients, neoplas-
tic MCs exhibit a mutation in another codon of 
KIT [27-30], and in some of these patients, 
major responses to imatinib have been 
described. Currently, however, little is known 
about long-term efficacy and safety of imatinib 
in these patients.

In the present study, we report on an ISM 
patient who suffered from severe treatment-
resistant skin involvement, including debilitat-
ing facial lesions. In this unusual form of SM, no 
KIT mutation was found and the disease 
responded well to imatinib. After 10 years of 
treatment, the patient is free from any symp-
toms or side effects and exhibits a continuous 
complete regression of skin lesions and a nor-
mal tryptase level.

Case report and methods

Case report

A 62-year old female patient was referred in 
May 2003 because of mastocytosis with pro-
gressive skin lesions. She had been suffering 
from a generalized, maculopapular pigment-
exanthema since 1980. Unlike in other patients 
with mastocytosis, the exanthema did not 
spare the facial skin. In 1991, a skin biopsy 
(histology) confirmed the diagnosis of mastocy-
tosis (in the skin). In 1993, a BM examination 
was performed. However, no definitive signs of 
SM were detected and the final diagnosis of 
cutaneous mastocytosis, subtype urticaria pig-
mentosa (UP), was established. Because of 
skin symptoms (pruritus, erythema, edema) 
she was treated with psoralen and UVA radia-
tion (PUVA) in 1986. PUVA therapy was repeat-
ed several times during the following years. In 
1992 and 1993, she received interferon-alpha 
and glucocorticosteroids. In addition, she 
received anti-mediator-type drugs, including 
histamine receptor blockers. However, despite 
therapy, skin symptoms persisted and the skin 
lesions progressed in size and number. At 
admission in 2003, more than 80% of the total 
skin surface was affected, including not only 
the trunk, extremities and abdomen, but also 
the head and face (Figure 1). Unexpectedly, she 
did not suffer from systemic mediator-related 
symptoms. In addition, no lymphadenopathy or 
splenomegaly was found. Also, no allergy and 
no other relevant comorbidities were detected. 
In May 2003 BM examinations were repeated 
and revealed the diagnosis SM. The serum 
tryptase level amounted to 25.6 ng/ml. Blood 
counts and differential counts were normal. 
The sedimentation rate and the C reactive pro-
tein (CRP) were slightly elevated. All other labo-
ratory parameters were normal. Based on phys-
ical examination, staging and laboratory param-
eters, the diagnosis ISM was established.

Figure 1. Immunohistochemical detection of neo-
plastic mast cells in the patient’s bone marrow (BM). 
BM sections were examined by indirect immunohis-
tochemistry using an antibody against KIT (upper 
panel) and against tryptase (lower panel). Original 
magnification x 60. Note the presence of multifocal, 
perivascular accumulations of mast cells which is a 
pathognomonic feature and major criterion of sys-
temic mastocytosis (SM). 
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Treatment with imatinib and follow-up exami-
nations

In November 2003, treatment with imatinib, 
400 mg/day, was started. In April 2004, the 
dose of imatinib was reduced to 200 mg/day in 
order to minimize side effects and long-term 
risks. The patient was also treated with hista-
mine receptor (HR) blockers, including the HR1 
blocker desloratadine and the HR2 blocker 
ranitidine. Follow-up examinations included 
physical examination, a detailed inspection and 
photography of the skin, serum tryptase levels, 
complete blood counts and serum chemistry.

Immunohistochemistry

Immunohistochemistry was performed on par-
affin-embedded and formalin-fixed BM sec-
tions obtained from the iliac crest in May 2003 
following published protocols [31, 32]. Sections 
were stained with monoclonal antibodies 
(mAbs) directed against tryptase, chymase, KIT, 
CD25 and CD30 by indirect immunohistochem-
istry as reported [31, 32]. A specification of 
these mAbs is shown in Table 1.

Molecular studies

BM and peripheral blood cells were examined 
for the presence of the KIT point mutation 
D816V by PCR analysis essentially as described 
[33-36]. In addition, the sequences of all exons 
of the KIT gene were analysed in BM-derived 
DNA by Sanger sequencing.

Results

Morphologic and histologic findings 

The BM smear showed a normocellular marrow 
with regular distribution of white blood cells 
and precursor cells, no increase in blast cells, 

terion of SM (Figure 2). MCs stained positive for 
tryptase, KIT and CD25 but did not react with 
an antibody against CD30 (Table 2). The infiltra-
tion grade with neoplastic MCs was 5%. No 
signs of an additional myeloproliferative or 
myelodysplastic BM disorder were found. The 
serum tryptase in May 2003 was elevated 
(25.6 ng/ml), confirming the presence of SM. 
No signs of organomegaly or organ damage 
caused by the MC infiltrates were found. Based 
on these findings, the final diagnosis ISM was 
established.

Molecular findings and sequencing results

As assessed by mutation-specific clamping 
PCR, BM cells did not express KIT mutations in 
codon 816. We therefore extended our investi-
gations to Sanger sequencing of all KIT exons. 
However, again, no KIT mutation was found. We 
were also unable to detect any other molecular 
lesions by PCR, including JAK2 V617F.

Clinical and hematologic response to imatinib

The patient responded well to imatinib. Within 
the first 6 months, skin lesions decreased in 
size, and the symptoms (itching, flushing) also 
improved substantially. In May 2003 the dose 
of imatinib was reduced to 200 mg/day. After 
one year, the response was classified as good 
partial response. At that time, a partial regres-
sion of skin lesions was seen (Figure 1). Over 
the next few years, the patient’s condition fur-
ther improved, and the number of skin lesions 
further decreased. In addition, the serum 
tryptase level decreased to normal range (< 15 
ng/ml). The patient did not suffer from any side 
effects. After 10 years of observation, skin 
lesions have disappeared and the response 
was classified as major response (MR) with 
complete regression of skin lesions. Unfor- 

Table 1. Specification of monoclonal antibodies (mAb) used for immu-
nohistochemistry
CD/Ag Clone Source Isotype mAb-Dilution Retrieval Provider
CD25/IL-2RA IL-2R.1 mouse IgG1 1:50 MW Santa Cruz
CD30/Ki-1 Ber-H2 mouse IgG1 1:20 MW Dako
CD117/KIT 5F306 mouse IgG1 1:100 MW Dako
Tryptase G3 mouse IgG1 1:100 MW Cellmarque
Chymase B7 mouse IgG1 1:100 Proteinase Millipore
Abbreviations: CD, cluster of differantiation; IL-2RA, interleukin-2R-alpha; MW, microwave. 
Providers: Santa Cruz, Santa Cruz (CA, USA); Dako, Glostrup, Denmark; Cellmarque, 
Rocklin (CA, USA); Millipore, Temecula (CA, USA).

no signs of dysplasia and a 
MC count of 2%. These MCs 
exhibited an atypical, spin-
dle-shaped, morphology 
with oval nuclei and a 
hypogranulated cytoplasm. 
The BM histology confirmed 
the presence of atypical 
MCs. These MCs were  
found to form small clusters 
and aggregates in tryptase-
stained BM sections, fulfill-
ing the major diagnostic cri-
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Table 2. Immunophenotype of neoplastic mast 
cells in the patient’s bone marrow sections

Antigen expression identified in

Antigen CD The patient’s  
BM MCs

MCs in patients with
ISM* ASM*

IL-2RA CD25 + + +
Ki-1 CD30 - -/+ +
KIT CD117 + + +
Tryptase n.c. + + +
Chymase n.c. +/- +/- -
Data were obtained by indirect immunohistochemistry using 
antibodies directed against various leukocyte (differentiation) 
antigens. BM, bone marrow; MCs, mast cells; ISM, indolent SM; 
ASM, aggressive SM; IL-2RA, interleukin-2 receptor alpha chain; 
n.c., not yet clustered. *Data refer to the published literature. 

tunately, however, we were unable to re-exam-
ine the BM to confirm a complete hematologic 
remission (CR). 

Discussion

Treatment of mastocytosis usually has to be 
adjusted to a number of disease-specific and 
patient-related variables, including the KIT 
mutation status, presence of signs and symp-
toms of organ damage, and comorbidities [1-4, 
7, 12]. In many cases, prophylactic and sympto-
matic treatment with anti-mediator-type drugs 
are sufficient to keep SM-related symptoms 
under control [3, 12, 19]. In other patients, 
additional therapy may be required. In those 
with advanced SM, cytoreductive therapy is 
often recommended [1-4, 37]. More recently, 
treatment with KIT-targeting TKI has been pro-
posed [28-30]. However, the KIT mutation 
D816V confers resistance against imatinib [25, 
26]. Thus, imatinib cannot be recommended 

for most patients with SM as these patients 
usually exhibit KIT D816V. In this study, we pre-
sent a case of ISM in whom treatment with 
imatinib induced a complete disappearance of 
skin lesions, a complete resolution of all symp-
toms as well as a decrease in serum tryptase 
levels to normal range. Sequencing of KIT con-
firmed that in this patient, neoplastic MCs did 
not exhibit KIT D816V. After 10 years of obser-
vation, the patient still has a major response 
without any drug-related side effects. This case 
confirms the remarkable efficacy and long-term 
safety of imatinib in such patients.

The diagnosis of SM is based on major and 
minor SM criteria. The major criterion relates to 
the multifocal cluster-formation of MCs in BM 
sections [5-8, 38]. Minor SM criteria include 
morphologic atypias of MCs, expression of CD2 
and CD25, and expression of an activating KIT 
mutation in codon 816 [5-9]. In our patient, the 
major SM criterion as well as all minor SM crite-
ria were met, and no signs of advanced SM 
were found, so that the final diagnosis of ISM 
was established. In this regard it is noteworthy 
that the massive local infiltration of the skin by 
atypical MCs does not qualify as criterion of 
advanced SM. Rather the skin lesions are more 
frequently detectable in ISM whereas in 
patients with advanced SM, such as ASM or 
MCL, skin lesions are often absent [5-8].

Skin involvement in SM can manifest in various 
clinical and morphologic patterns, ranging from 
small-sized flat lesions without any symptoms 
to nodular or plaque forms, accompanied by 
massive clinical symptoms, such as flushing, 
itching or blistering [18-20, 38, 39]. In most SM 
patients, the exanthema spreads over the trunk 

Figure 2. Facial skin lesions in patient with mastocytosis. Facial skin was examined and photographed before treat-
ment with imatinib (left panel) and one year after therapy with imatinib (right panel). The loading dose of imatinib (5 
months) was 400 mg/day, and maintenance dose 200 mg/day. 
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and extremities, but (typically) spares the face. 
In our patient, massive skin involvement with 
accompanying clinical symptoms was record-
ed. Despite therapy with anti-mediator-type 
drugs and interferon-alpha, skin lesions not 
only persisted but increased in number and 
size over time and caused progressive symp-
toms. A remarkable aspect was that the masto-
cytosis lesions were even detectable and prom-
inent in the facial skin. Whether this unusual 
distribution is related to a certain molecular 
pattern or mutation in critical target genes 
remains unknown. 

In most patients with SM, the activating KIT 
mutation D816V is detected in neoplastic cells 
[4-6, 33-36, 40]. Even in patients with a low 
burden of MCs, these cells usually display KIT 
D816V. In our patient, we were not able to 
detect a KIT mutation at codon 816 by using a 
highly sensitive PCR (detection level: 1 mutated 
cell out of 1,000 normal cells) [36]. Therefore, 
sequencing of the entire exon-sequence of KIT 
was performed using cells derived from BM 
sections. However, again, no activating muta-
tion in KIT was detected which fits well with the 
very good response to imatinib seen in this 
patient. In fact, it has been described that wild 
type KIT and a few known KIT mutant-forms are 
sensitive to imatinib [4, 25, 27]. An alternative 
explanation for the good response would be 
that neoplastic cells exhibited an imatinib-
responsive KIT mutant that was not detected in 
the BM samples because of the small size of 
the clone and the relatively low sensitivity of 
the Sanger sequencing method.

Besides imatinib, a number of different KIT 
inhibitors have been developed, including 
dasatinib and midostaurin (PKC412). The dis-
advantage of imatinib is that the recurrent KIT 
mutation D816V confers resistance [25, 26]. 
The advantage of imatinib is its well-document-
ed long-term safety recorded in patients with 
chronic myeloid leukemia (CML). The advan-
tage of midostaurin and dasatinib is that the 
D816V-mutated form of KIT is sensitive against 
both drugs [26, 41, 42]. However, both drugs 
have side effects, and only limited data con-
cerning the long-term safety of these agents 
are available. Especially dasatinib may cause 
problems, such as recurrent pleural effusion. 
Therefore, it seems clear that for patients in 
whom the disease is aggressive and no muta-
tion in codon 816 of KIT is found, imatinib is the 
preferred kinase blocker. By contrast, in 

patients with advanced SM exhibiting KIT 
D816V, midostaurin is a preferred agent as 
cells are resistant against imatinib.

So far, only a very few reports on SM patients 
treated with imatinib have been presented [28-
30]. In most of these cases, no long-term 
observational data were reported. Therefore, it 
remains unknown whether imatinib can be 
regarded as an effective and safe drug in all 
patients with SM, especially when adminis-
tered on a life-long basis. The long-term effica-
cy of imatinib was nicely demonstrated in our 
patient with ISM which can be explained by the 
absence of resistance-mediating KIT muta-
tions. However, it was also very important to 
learn that imatinib did not produce any clinical-
ly relevant side effects after an observation 
period of 10 years. These observations support 
the use of imatinib in these patients.

As mentioned above imatinib was found to 
exert major clinical effects in our patient with 
SM. Based on established response-criteria 
[42] the response in our patient was classified 
as a major clinical response with complete 
regression of all SM-related findings and symp-
toms. In addition, we found that the serum 
tryptase level returned to normal range and the 
skin lesions regressed. Therefore, it seems like-
ly that the drug also produced a complete 
hematologic remission (CR) in our patient. 
However, unfortunately, we were unable to 
proof a CR because we were unable to take a 
second BM biopsy. From serum tryptase levels 
it seems even likely that most neoplastic and 
also many normal MCs were depleted by the 
long-term treatment with imatinib.

In summary, we show that long-term treatment 
with imatinib in SM patients with wild type KIT 
is an effective and probably safe approach that 
can be recommended for certain cases with 
otherwise resistant disease requiring anti-SM 
therapy.

Acknowledgements

This study was supported by the Austrian 
National Science Fund (FWF), grant #SFB- 
F4704-B20.

Disclosure of conflict of interest

P.V. is a consultant in a global Novartis trial 
examining the effects of PKC412 (midostaurin) 
in advanced mastocytosis. P.V. received a 



Imatinib-induced remission in wt KIT SM

98 Am J Blood Res 2014;4(2):93-100

research grant from Novartis and a research 
grant from The Mastocytosis Society.

Abbreviations

AHNMD, associated hematologic non-mast cell 
lineage disease; ASM, aggressive systemic 
mastocytosis; CM, cutaneous mastocytosis; 
ISM, indolent systemic mastocytosis; MC, mast 
cell; SM, systemic mastocytosis; SSM, smolder-
ing systemic mastocytosis; TKI, tyrosine kinase 
inhibitor; WHO, World Health Organization. 

Address correspondence to: Dr. Peter Valent, 
Department of Medicine I, Division of Hematology & 
Hemostaseology, Medical University of Vienna, 
Währinger Gürtel 18-20, A-1090 Vienna, Austria. Tel: 
43 1 40400 60850; Fax: 43 1 40400 40300; 
E-mail: peter.valent@meduniwien.ac.at

References

[1] Valent P, Akin C, Sperr WR, Horny HP, Arock M, 
Lechner K, Bennett JM, Metcalfe DD. Diagnosis 
and treatment of systemic mastocytosis: state 
of the art. Br J Haematol 2003; 122: 695-717. 

[2] Akin C and Metcalfe DD. Systemic mastocyto-
sis. Annu Rev Med 2004; 55: 419-432.

[3] Valent P, Sperr WR, Schwartz LB and Horny HP. 
Diagnosis and classification of mast cell prolif-
erative disorders: delineation from immuno-
logic diseases and non-mast cell hematopoi-
etic neoplasms. J Allergy Clin Immunol 2004; 
114: 3-11.

[4] Arock M and Valent P. Pathogenesis, classifica-
tion and treatment of mastocytosis: state of 
the art in 2010 and future perspectives. Expert 
Rev Hematol 2010; 3: 497-516.

[5] Valent P, Horny HP, Escribano L, Longley BJ, Li 
CY, Schwartz LB, Marone G, Nuñez R, Akin C, 
Sotlar K, Sperr WR, Wolff K, Brunning RD, 
Parwaresch RM, Austen KF, Lennert K, 
Metcalfe DD, Vardiman JW and Bennett JM. 
Diagnostic criteria and classification of masto-
cytosis: a consensus proposal. Leuk Res 2001; 
25: 603-625.

[6] Valent P, Horny HP, Li CY, Longley JB, Metcalfe 
DD, Parwaresch RM, Bennett JM. Mastocytosis. 
World Health Organization (WHO) Classification 
of Tumours of Haematopoietic and Lymphoid 
Tissues. eds: Jaffe ES, Harris NL, Stein H, 
Vardiman JW. Lyon, France: IARC Press; 2001. 
pp. 291-302.

[7] Valent P, Akin C, Sperr WR, Horny HP and 
Metcalfe DD. Mast cell proliferative disorders: 
current view on variants recognized by the 
World Health Organization. Hematol Oncol Clin 
North Am 2003; 17: 1227-1241.

[8] Horny HP, Akin C, Metcalfe DD, Bain BJ, Akin C, 
Escribano L, Valent P, Bain B. Mastocytosis 

(mast cell disease). In: World Health 
Organization (WHO) Classification of Tumours. 
Pathology & Genetics. Tumours of Haema- 
topoietic and Lymphoid Tissues. eds: Swerdlow 
SH, Campo E, Harris NL, Jaffe ES, Pileri SA, 
Stein H, Thiele J, Vardiman JW. Lyon, France: 
IARC Press; 2008. pp. 54-63.

[9] Sperr WR, Escribano L, Jordan JH, Schernthaner 
GH, Kundi M, Horny HP and Valent P. 
Morphologic properties of neoplastic mast 
cells: delineation of stages of maturation and 
implication for cytological grading of mastocy-
tosis. Leuk Res 2001; 25: 529-536.

[10] Lim KH, Tefferi A, Lasho TL, Finke C, Patnaik M, 
Butterfield JH, McClure RF, Li CY and Pardanani 
A. Systemic mastocytosis in 342 consecutive 
adults: survival studies and prognostic factors. 
Blood 2009; 113: 5727-5736.

[11] Pardanani A, Lim KH, Lasho TL, Finke CM, 
McClure RF, Li CY, McClure RF, Li CY and Tefferi 
A. WHO subvariants of indolent mastocytosis: 
clinical details and prognostic evaluation in 
159 consecutive adults. Blood 2010; 115: 
150-151.

[12] Escribano L, Akin C, Castells M, Orfao A and 
Metcalfe DD. Mastocytosis: current concepts 
in diagnosis and treatment. Ann Hematol 
2002; 81: 677-690.

[13] Akin C, Valent P and Metcalfe DD. Mast cell ac-
tivation syndrome: Proposed diagnostic crite-
ria. J Allergy Clin Immunol 2010; 126: 1099-
1104, e4.

[14] Bonadonna P, Zanotti R, Müller U. Mastocytosis 
and insect venom allergy. Curr Opin Allergy Clin 
Immunol 2010; 10: 347-353.

[15] Brockow K, Metcalfe DD. Mastocytosis. Chem 
Immunol Allergy 2010; 95: 110-124.

[16] Barete S, Assous N, de Gennes C, Grandpeix C, 
Feger F, Palmerini F, Dubreuil P, Arock M, Roux 
C, Launay JM, Fraitag S, Canioni D, Billemont 
B, Suarez F, Lanternier F, Lortholary O, Hermine 
O, Francès C. Systemic mastocytosis and bone 
involvement in a cohort of 75 patients. Ann 
Rheum Dis 2010; 69: 1838-1841. 

[17] van der Veer E, van der Goot W, de Monchy JG, 
Kluin-Nelemans HC, van Doormaal JJ. High 
prevalence of fractures and osteoporosis in 
patients with indolent systemic mastocytosis. 
Allergy 2012; 67: 431-438.

[18] Hartmann K, Henz BM. Cutaneous mastocyto-
sis - clinical heterogeneity. Int Arch Allergy 
Immunol 2002; 127: 143-146.

[19] Castells M, Metcalfe DD, Escribano L. 
Diagnosis and treatment of cutaneous masto-
cytosis in children: practical recommenda-
tions. Am J Clin Dermatol 2011; 12: 259-270.

[20] Barnes M, Van L, DeLong L, Lawley LP. Severity 
of cutaneous findings predict the presence of 
systemic symptoms in pediatric maculopapu-
lar cutaneous mastocytosis. Pediatr Dermatol 
2014; 31: 271-275.



Imatinib-induced remission in wt KIT SM

99 Am J Blood Res 2014;4(2):93-100

[21] Casassus P, Caillat-Vigneron N, Martin A, 
Simon J, Gallais V, Beaudry P, Eclache V, 
Laroche L, Lortholary P, Raphaël M, Guillevin L, 
Lortholary O. Treatment of adult systemic mas-
tocytosis with interferon-alpha: results of a 
multicentre phase II trial on 20 patients. Br J 
Haematol 2002; 119: 1090-1097.

[22] Niedoszytko M, de Monchy J, van Doormaal JJ, 
Jassem E, Oude Elberink JN. Mastocytosis and 
insect venom allergy: diagnosis, safety and ef-
ficacy of venom immunotherapy. Allergy 2009; 
64: 1237-1245.

[23] González-de-Olano D, Alvarez-Twose I, Vega A, 
Orfao A, Escribano L. Venom immunotherapy 
in patients with mastocytosis and hymenop-
tera venom anaphylaxis. Immunotherapy 
2011; 3: 637-651.

[24] Ruëff F, Vos B, Oude Elberink J, Bender A, 
Chatelain R, Dugas-Breit S, Horny HP, 
Küchenhoff H, Linhardt A, Mastnik S, Sotlar K, 
Stretz E, Vollrath R, Przybilla B, Flaig M. 
Predictors of clinical effectiveness of 
Hymenoptera venom immunotherapy. Clin Exp 
Allergy 2014; 44: 736-746.

[25] Akin C, Brockow K, D'Ambrosio C, Kirshenbaum 
AS, Ma Y, Longley BJ, Metcalfe DD. Effects of 
tyrosine kinase inhibitor STI571 on human 
mast cells bearing wild-type or mutated c-kit. 
Exp Hematol 2003; 31: 686-692.

[26] Gleixner KV, Mayerhofer M, Aichberger KJ, 
Derdak S, Sonneck K, Böhm A, Gruze A, 
Samorapoompichit P, Manley PW, Fabbro D, 
Pickl WF, Sillaber C, Valent P. PKC412 inhibits 
in vitro growth of neoplastic human mast cells 
expressing the D816V-mutated variant of KIT: 
comparison with AMN107, imatinib, and clad-
ribine (2CdA) and evaluation of cooperative 
drug effects. Blood 2006; 107: 752-759.

[27] Akin C, Fumo G, Yavuz AS, Lipsky PE, Neckers 
L, Metcalfe DD. A novel form of mastocytosis 
associated with a transmembrane c-kit muta-
tion and response to imatinib. Blood 2004; 
103: 3222-3225.

[28] Mital A, Piskorz A, Lewandowski K, Wasąg B, 
Limon J, Hellmann A. A case of mast cell leu-
kaemia with exon 9 KIT mutation and good re-
sponse to imatinib. Eur J Haematol 2011; 86: 
531-535.

[29] Alvarez-Twose I, González P, Morgado JM, Jara-
Acevedo M, Sánchez-Muñoz L, Matito A, 
Mollejo M, Orfao A, Escribano L. Complete re-
sponse after imatinib mesylate therapy in a 
patient with well-differentiated systemic mas-
tocytosis. J Clin Oncol 2012; 30: e126-e129.

[30] Agarwala MK, George R, Mathews V, 
Balasubramanian P, Thomas M, Nair S. Role of 
imatinib in the treatment of pediatric onset in-

dolent systemic mastocytosis: a case report. J 
Dermatolog Treat 2013; 24: 481-483.

[31] Horny HP, Sillaber C, Menke D, Kaiserling E, 
Wehrmann M, Stehberger B, Chott A, Lechner 
K, Lennert K, Valent P. Diagnostic value of im-
munostaining for tryptase in patients with 
mastocytosis. Am J Surg Pathol 1998; 22: 
1132-1140.

[32] Jordan JH, Walchshofer S, Jurecka W, 
Mosberger I, Sperr WR, Wolff K, Chott A, 
Bühring HJ, Lechner K, Horny HP, Valent P. 
Immunohistochemical properties of bone mar-
row mast cells in systemic mastocytosis: evi-
dence for expression of CD2, CD117/Kit, and 
bcl-x(L). Hum Pathol 2001; 32: 545-552.

[33] Sotlar K, Escribano L, Landt O, Möhrle S, 
Herrero S, Torrelo A, Lass U, Horny HP, 
Bültmann B. One-step detection of c-kit point 
mutations using peptide nucleic acid-mediat-
ed polymerase chain reaction clamping and 
hybridization probes. Am J Pathol 2003; 162: 
737-746.

[34] Fritsche-Polanz R, Jordan JH, Feix A, Sperr WR, 
Sunder-Plassmann G, Valent P, Födinger M. 
Mutation analysis of C-KIT in patients with my-
elodysplastic syndromes without mastocytosis 
and cases of systemic mastocytosis. Br J 
Haematol 2001; 113: 357-364.

[35] Sotlar K. c-kit mutational analysis in paraffin 
material. Methods Mol Biol 2013; 999: 59-78.

[36] Hoermann G, Gleixner KV, Dinu GE, Kundi M, 
Greiner G, Wimazal F, Hadzijusufovic E, 
Mitterbauer G, Mannhalter C, Valent P, Sperr 
WR. The KIT D816V allele burden predicts sur-
vival in patients with mastocytosis and corre-
lates with the WHO type of the disease. Allergy 
2014; 69: 810-813.

[37] Valent P, Akin C, Sperr WR, Escribano L, Arock 
M, Horny HP, Bennett JM, Metcalfe DD. 
Aggressive systemic mastocytosis and related 
mast cell disorders: current treatment options 
and proposed response criteria. Leuk Res 
2003; 27: 635-641.

[38] Wolff K, Komar M, Petzelbauer P. Clinical and 
histopathological aspects of cutaneous masto-
cytosis. Leuk Res 2001; 25: 519-528.

[39] Brockow K. Urticaria pigmentosa. Immunol 
Allergy Clin North Am 2004; 24: 287-316.

[40] Nagata H, Worobec AS, Oh CK, Chowdhury BA, 
Tannenbaum S, Suzuki Y, Metcalfe DD. 
Identification of a point mutation in the cata-
lytic domain of the protooncogene c-kit in pe-
ripheral blood mononuclear cells of patients 
who have mastocytosis with an associated he-
matologic disorder. Proc Natl Acad Sci U S A 
1995; 92: 10560-10564.

[41] Longley BJ, Tyrrell L, Lu SZ, Ma YS, Langley K, 
Ding TG, Duffy T, Jacobs P, Tang LH, Modlin I. 



Imatinib-induced remission in wt KIT SM

100 Am J Blood Res 2014;4(2):93-100

Somatic c-KIT activating mutation in urticaria 
pigmentosa and aggressive mastocytosis: es-
tablishment of clonality in a human mast cell 
neoplasm. Nat Genet 1996; 12: 312-314.

[42] Valent P, Akin C, Escribano L, Födinger M, 
Hartmann K, Brockow K, Castells M, Sperr WR, 
Kluin-Nelemans HC, Hamdy NA, Lortholary O, 
Robyn J, van Doormaal J, Sotlar K, Hauswirth 

AW, Arock M, Hermine O, Hellmann A, Triggiani 
M, Niedoszytko M, Schwartz LB, Orfao A, Horny 
HP and Metcalfe DD. Standards and standard-
ization in mastocytosis: consensus statements 
on diagnostics, treatment recommendations 
and response criteria. Eur J Clin Invest 2007; 
37: 435-453.


