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Dasatinib has been reported to potently inhibit juxtamembrane domain mutant KITP816V qutophospho-
rylation and KIT-dependent activation of down stream signaling important for cell growth and survival of
neoplastic cells. Additionally, dasatinib induced apoptosis in mast cell and leukemia cell lines expressing
KITP816V Here, we present the first case report of long-term hematologic and molecular remission achieved
with combined treatment with chemotherapy and dasatinib in a patient with systemic mastocytosis (SM)
and acute myeloid leukemia (AML) with mutant KITP816V expression. A 50-year-old male presented with
pancytopenia, organomegaly, lymphadenopathy, and lytic bone lesions in the pelvis. The patient was
found to have systemic mastocytosis (SM) and acute myelogeneous leukemia (AML) positive for KITP816V
and therefore diagnosed with SM with an associated clonal hematological non-mast cell lineage disease
(SM-AHNMD). Both primary CD34+ cells containing myeloblasts and CD34— cells containing mastocytes
obtained from the diagnostic BM lost viability markedly by in vitro dasatinib treatment. In addition, dasa-
tinib diminished activity of STAT5, STAT3, AKT and ERK and attenuated the levels of c-KIT. The patient
achieved a hematologic complete remission (HCR) by two induction chemotherapies with residual masto-
cytes. Dasatinib (70 mg PO bid, days 1-4) was added to consolidation treatments composed of four cycles
of high dose cytarabine and was then continued as maintenance therapy (50 mg PO bid). Periodic bone
marrow (BM) aspirate/biopsies (eight over 18 months) were performed. The patient remained in HCR,
and the mastocyte burden decreased by 50%. The bone lytic lesions improved. The KITP816Vmutation pro-
gressively decreased and became undetectable in the last three BM analyses. This result was confirmed
by an independent laboratory showing a lack of c-KIT mutation in both CD34+ cells and CD34— cells in
the last BM. No significant adverse effects of dasatinib occurred. Dasatinib has in vitro and in vivo efficacy
in SM-AML patients with KITP816V mutation. Along with chemotherapy, dasatinib should be considered
in these patients particularly if they cannot undergo allogeneic stem cell transplantation for this poor
prognostic AML.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

lineage disease (SM-AHNMD) constitutes one of the four main cat-
egories defined by the World Health Organization (WHO) [1]. The

Systemic mastocytosis (SM) is a clonal disorder of the mast cell
and its precursors characterized by involvement of at least one
extracutaneous organ, with or without evidence of skin infiltra-
tion. SM with an associated clonal hematological non-mast cell
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most frequently associated malignancies are myelogenous such as
myeloproliferative disorders or acute myelogenous leukemia (AML)
[2].

KIT, a class Il receptor tyrosine kinase, consists of an extra-
cellular domain with five immunoglobulin-like repeats, a single
transmembrane domain, a juxtamembrane domain, and a cyto-
plasmic tyrosine kinase domain. The cytoplasmic kinase domain
consists of the NH2-terminal (TK1) and COOH-terminal (TK2) lobes
that are separated by a 77 amino acid hydrophilic kinase insert. The
TK2 domain contains the kinase activation loop, a critical hinged
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Fig. 1. The patient was diagnosed with SM and AML by a bone marrow biopsy (H&E,
100x magnification).

region of the kinase that must assume a particular conformation
to allow full kinase activation [3]. The activating point mutation
D816V in the KIT kinase domain is present in more than 90% of
patients with SM [4].

Imatinib was found to be clinically ineffective in patients with
KITP816V mutation [3,5]. In contrast, dasatinib shows in vitro activity

Figure 2 1
A

against this mutant form of KIT [6-8]. In vivo efficacy of dasatinib
in patients with SM is limited mostly to abstracts in less than 50
patients [9]. Among these patients, the number of patients with
SM with AML is almost nil. All papers evaluated the response to
dasatinib as a clinical response (symptoms, physical exam find-
ings, blood count, and bone marrow morphologic change). Clinical
response occurred in only approximately 30% of these patients [9].
No in vivo data is available on the molecular and clinical effect of
dasatinib in patients with SM and AML.

We present a patient with SM and AML with the KITP816V muta-
tion who achieved a hematologic complete remission (HCR) and
complete resolution of KITP#16V mutation with chemotherapy and
dasatinib.

2. Methods

BM aspirate/biopsies were performed and interpreted at the Medical College of
Georgia. PCR analyses of KITP316V mutation by was performed at Oregon Health and
Science University. DNA was extracted within 48 h using the Qiagen mini kit (Qiagen,
Valencia, CA). Bidirectional sequencing was performed on an ABI 3130 sequencer
using the BigDye termination kit (Applied Biosystems, Foster City, CA).

Samples were also analyzed using a novel, quantitative, allele-specific PCR assay
for KITP816V_ Briefly, this assay uses a forward primer with a modified nucleotide
(locked nucleic acid) that is matched at the 3’ end to the A81402T substitution (Gen-
Bank U63834). The resulting 105 bp PCR product is detected using a dual-labeled
hydrolysis probe to a sequence in exon 17. As an internal control for DNA quality,
the D816V PCR was multiplexed with primers and a hydrolysis probe specific for a
130 bp segment of wild-type KIT exon 9. Primers and probes, purchased from IDT
Technologies (Coralville, IA), were as follows:

Fig. 2. Morphologically mast cells persisted but showed 50% reduction from the first to the last BM. (A) Mastocytes constituted 60% of nucleated cells. (B) Mastocytes
constituted 30% of nucleated cells. (C) Compared to initial biopsy. (D) Significant decrease in CD25 positive cells after therapy.
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Fig.3. Flow cytometry (A) CD45 gating: myeloblasts were shown in red, (B) myeloblasts were positive for CD34, (C) CD45 gating: mastocytes were shown in red, (D) mastocytes
were positive for CD25 and CD117, and (E) mastocytes were negative for CD34. (For interpretation of the references to color in this figure legend, the reader is referred to the

web version of the article.)

KITDSIGV
(+T=LNA)
KIT exon 17 reverse primer: GAAACTAAAAATCCTTTGCAGGAC

KIT exon 17 dual-labeled probe: 5 FAM-TGTGGTTAAAGGAAACGTGAGTA-3'BHQ
KIT exon 9 forward primer: GCACAATGGCACGGTTGAAT

KIT exon 9 reverse primer: CAGAGCCTAAACATCCCCTTA

KIT exon 9 dual-labeled probe: 5 TexasRed-GGCAAGACTTCTGCCTATTT-3'BHQ2

mutation-specific (LNA) primer: GTGATTTTGGTCTAGCCAGAG+T

PCR was performed in 20 ul reactions on a Roche LC480 real-time system
using 200ng DNA, Roche High Fidelity polymerase and buffer, 0.45 wM primers
and 0.3 wM probes. The cycling conditions were 95°C for 10 min, then 50 cycles
0f 95°C x 205/58°C x 205/72°C x 205, then 30 s of cooling at 37°C.

To provide an estimate of the relative amount of D816V allele present, a series
of standard dilutions was included in every run. DNA from the human mast cell line
HMC 1.2 (heterozygous for KITP816V) was mixed with HMC 1.1 DNA (wild-type D816)
in these ratios: 1:1, 1:10, and 1:50.

2.1. Reagents and antibodies

Dasatinib was kindly provided by Bristol Myers Squibb (Princeton, NJ). Anti-
MCL-1, anti-STAT5, anti-c-KIT and anti-STAT3 were obtained from Santa Cruz
Biotechnologies (Santa Cruz, CA). Anti-pSTAT3 (Tyr 705), anti-pAKT, and anti-AKT
were obtained from Cell Signaling (Beverly, MA). Anti-Bcl-x; and anti-pSTAT5 were
obtained from BD Biosciences (San Jose, CA). Anti-3-actin was purchased from
Sigma-Aldrich (St. Louis, MO)

2.2. Primary AML cells

Primary acute myeloid leukemia (AML) cells were obtained with informed con-
sent as part of a clinical protocol approved by the Institutional Review Board of
the Medical College of Georgia. Bone marrow aspirate samples were collected in
heparinized tubes, and mononuclear cells were separated using Lymphoprep (Axis-
Shield, Oslo, Norway), washed once with complete RPMI-1640 media, re-suspended
in complete RPMI-1640 and counted to determine the number of cells isolated prior
to their use in the various experiments. CD34+ mononuclear cells were purified by
immuno-magnetic beads conjugated with anti-CD34 antibody prior to utilization
in the cell viability assay (StemCell Technologies, Vancouver, British Columbia). The
CD34- cells were also reserved for cell viability assay and immunoblot analysis.

2.3. Assessment of cell viability

To determine the viability of primary CD34+ and CD34— cells following treat-
ment with dasatinib, 5 x 10* CD34+ and CD34— cells were plated in 96 well plates
in triplicate. Cells were treated with dasatinib for 48 h. Then 10 wL of CCK-8 solution
(Dojindo, Rockville, MD) was added to each well and the plate was incubated for
4h. Next, the absorbance for each sample was collected at 450 nm (reference filter
650nm) and loss of viability for treated cells was compared to that of untreated
control cells.

2.4. SDS-PAGE and Western blotting

Twenty-five micrograms of total cell lysate from untreated and treated CD34+
and CD34- cells was used for SDS-PAGE. Western blot analyses of pSTAT5, STAT5,
pSTAT3, STAT3, MCL-1, pAKT, AKT, pERK1/2, ERK1/2, Bcl-x;, and c-KIT were per-
formed on total cell lysates using specific anti-sera or monoclonal antibodies. The
expression level of either (3-actin was used as the loading control for the Western
blots. Blots were incubated in primary antibody overnight at 4 °C. Goat anti-mouse
(700nm) and goat anti-rabbit (800 nm) secondary antibodies were incubated at
1:20,000, for 60-90 min in the dark. Blots were washed 3 x in PBST in the dark and
imaged using the Odyssey Infrared Imaging System (Li-Cor Biotechnology, Lincoln,
NE).

D816V CTAGCCAGAGTCATC AAGAAT
WI CTAGCCAGAGACATC AAGAAT

Fig. 4. Bidirectional sequencing of KIT exon 17 demonstrated a D816V mutation in
the diagnostic BM sample.
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Fig. 5. Lytic lesions in the pelvic bone. (A) A lytic bone lesion is smaller and shows healing. (B) A lytic bone lesion is filling in and demonstrates healing.

2.5. Genomic DNA isolation and quantitative determination of c-KIT D816V by
TagMan

Genomic DNA was extracted from CD34+ and CD34— cells using the QiaAmp
DNA Blood Mini kit (Qiagen, Valencia, CA) following the manufacturer’s protocol.
DNA concentrations were determined using NanoDrop technology (BioLab, Auck-
land, New Zealand). A polymerase chain reaction (PCR) assay using TagMan (A
fluorescence-based, real-time PCR) and minor groove binding probes was designed
for the detection and quantitative determination of mutant c-KIT (D816V) in clinical
samples. Twenty nanograms of genomic DNA was added to a MicroAmp Reaction
plate (Applied Biosystems, Foster City, CA) containing 20 p.L of reaction mix, custom
c-KIT TagMan probe, 2X Universal TagMan master mix without AmpErase, Passive
reference dye (ROX) and buffer components. The D816V mutant c-KIT was detected
with a 5-carboxyfluorescein (FAM) fluorescently labeled probe. c-KIT D816V ampli-
fications were performed using the following cycling conditions. One cycle at 95°C
for 10 min for activation of the AmpliTaq Gold, then 40 cycles of denaturation at
95°C (15s) and annealing/extension at 60°C for 1 min. All samples were run in
triplicate.

Table 1

2.6. Dilution method for determining sensitivity of c-KIT D816V assay

DNA from an individual with AML carrying a D816V mutation was diluted with
DNA from a healthy control to provide mixtures of 100, 25, 5, 1, 0.5 and 0.05% mutant
c-KIT DNA. TagMan c-KIT D816V measurement of duplicate dilutions was performed
and used to determine the sensitivity of the assay to detect dilutions of the mutation.

3. Case report

In January 2007, a 51-year-old male presented with a 6-month
history of fatigue, abdominal pain, and weight loss. An inguinal
lymph node was palpated. A CBC showed WBC of 4.5 x 10%/L
with 67% blasts. A CT scan demonstrated splenomegaly and lym-
phadenopathy in the abdomen. A BM aspirate/biopsy revealed
sheets of blasts and aggregates of round to spindle cells with abun-

Analyses of serial bone marrow samples revealed initial diminution and ultimately complete absence of detectable D816V. Morphologically mastocytes decreased by 50%

and myeloblast count decreased to <5%.

BM sample Date Estimated D816V Serum tryptase level Mast cells in BM Tryptase + mast cells Myeloblasts in BM CD34+ cells in
allele (%) beta/total (ng/mL) aspirate (%) in BM biopsy (%) aspirate (%) BM biopsy (%)

1 01/07 50 27 60 40 40

2 02/07 25 15 60 12 13

3 03/07 1 20 50 3 2

4 04/07 1-5 7 45 1 1

5 08/07 1 41 45 3 1

6 12/07 Undetectable 1 30 2 1

7 03/08 Undetectable 1/124 2 30 1 1

8 07/08 Undetectable 1/94 1 30 1 1

Abbreviations: BM, bone marrow.
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dant clear cytoplasm consistent with mast cells (Figs. 1 and 2).
Some of them were hypogranular and show elongated bean-shaped
nuclei. By immunohistochemistry the mast cells were positive for
CD117 and tryptase. Flow cytometry revealed two distinct popula-
tions of cells: the CD45 dim cells expressing HLA-DR, CD34, CD13,
MPO and CD11c (myeloblasts) and the CD45 bright cells positive for
CD64, HLA-DR, CD13, CD33, CD36, MPO, CD11c and co-expressing
CD25 and CD117 (mast cells) (Fig. 3). Mast cells were negative for
CD34 (Fig. 3). Cytogenetic and molecular studies revealed normal
karyotype. Bidirectional sequencing of KIT exon 17 demonstrated
a D816V mutation in the diagnostic BM sample (Fig. 4). Based
on the size of the mutant peak, essentially all of the cells in the
specimen contained the mutation. A CT scan of the abdomen and
pelvis revealed hepatosplenomegaly, lymphadenopathy, and lytic
lesions in the pelvic bone (Fig. 5). The patient was diagnosed with
SM depending on one major and 3 out of 4 minor WHO criteria
(e.g. >15 mast cells aggregating in the BM, spindling morphol-
ogy, CD 25 positivity, and the c-KIT mutation presence). In fact,
the patient has all four minor criteria (serum tryptase was not
available at the diagnosis, but was found to be markedly elevated
in the follow-up, Table 1). The presence of AML assigned him to

(A)

39 -=-c-KIT D816V
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37 (c-KIT D816V)

Crossing threshold (Ct)
for c-KIT D816V amplification
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w
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(C) AML/mastoctytosis
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the SM-AHNMD clinicopathological category, one of the variants
of SMs defined by WHO. The patient received standard induction
chemotherapy with “7 +3” for SM-AHNMD but not achieved an HCR
(15% myeloblasts). The patient received re-induction with dose-
attenuated high dose cytarabine (HiDAC; 2 g/m?2 IV every 12h on
days 1, 3, and 5) and idarubucin. The patient achieved an HCR
with persistent mastocytes in the BM. Because of the following
reasons dasatinib was added to the consolidation treatment and
than continued as maintenance: (1) the presence of lytic bone
lesions was attributed to “aggressive” SM as a “C” finding (e.g.,
organopathy), which required reduction therapy for mast cells, (2)
The prognosis of these patients is poor [10], and allogeneic stem
cell transplantation (alloSCT) is required for the treatment. AlloSCT
was not available for this patient, (3) in patients with SM-AHNMD,
there are evidence that AML and SM are originating from the same
malignant progenitors [11,12]. Therefore this patient’s myeloblasts
most likely carried the same c-KIT mutation. Dasatinib (Sprycel®,
obtained from the patient support program of Bristol-Myers Squibb
as a courtesy). The patient consented to off-label use of dasatinib
after an extensive discussion covering potential adverse effects and
benefits of dasatinib. The patient was then started on consolida-

(B) AML/mastocytosis pre-treatment
2
mc-KIT wild type
1.8 mc-KIT D816V

log ratio of allele
(compared to wild type)

Fig. 6. Sensitivity of TagMan assay for detection of c-KIT D816V in clinical specimens of AML before and after therapeutic intervention. (A) The TagMan assay demonstrated
sensitivity for c-KIT D816V to 0.05% clinical dilution of genomic DNA mixed with normal control genomic DNA. Genomic DNA from CD34- cells was diluted as indicated and
a TagMan real-time assay was done for c-KIT D816V. The cycle at which the mutant was detected (Ct) was plotted against the dilution of c-KIT D816V DNA that was used.
The black line indicates the best fit for the dilution curve. (B) CD34+ and CD34- cells were isolated from the pretreatment bone marrow of a patient with AML/mastocytosis.
Genomic DNA was isolated from each cell population and 20 ng of genomic DNA was used for TagMan assay. The graph indicates the log ratio of the D816V allele compared
to the wild-type allele in each cell population. Normal CD34+ genomic DNA was used as a negative control for the D816V allele. (C) CD34+ and CD34- cells were isolated
from the bone marrow of a patient with AML/mastocytosis following treatment. Genomic DNA was isolated from each cell population and 20 ng of genomic DNA was used
for TagMan assay. The graph indicates the log ratio of the D816V allele compared to the wild-type allele in each cell population. Normal CD34+ genomic DNA was used as a

negative control for the D816V allele.
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Fig. 7. Treatment with dasatinib diminishes activity of STAT5, STAT3, AKT and ERK, attenuates the levels of c-KIT and induces loss of viability in primary CD34+ and CD34—
leukemia cells. (A) Primary CD34+ and CD34- cells were incubated with the indicated concentrations of dasatinib for 24 h. Then, total cell lysates were prepared and
immunoblot analysis was done for pSTAT5, STAT5, pSTAT3, STAT3, pAKT, AKT, MCL-1, Bcl-x,. and c-KIT. The levels of 3-actin in the lysates served as the loading control. (B)
Primary CD34+ and CD34- cells were plated in triplicate and incubated with the indicated concentrations of dasatinib for 48 h. Following this, cell viability was assessed

using CCK-8 reagent. Columns, mean of triplicate measure; bars, SE.

tion therapy consisting of four cycles of HiDAC (3 g/m? IV every
12h on days 1, 3, and 5) and dasatinib (70 mg PO twice a day on
days 1 through 4). The patient remained on dasatinib 50 mg PO
twice a day since August 2007. The follow-up BM aspirate/biopsies
showed continuing HCR of AML. Morphologically mast cells per-
sisted but showed 50% reduction from the first to the last BM (from
60 to 30%) (Fig. 2). The lytic lesions improved (Fig. 5). Follow-up
biopsies were analyzed using a real-time, mutation-specific PCR
assay that is sensitive to the level of 1% D816V allele. Analyses of
serial marrow samples revealed initial diminution and ultimately
complete absence of detectable D816V in the last three consecutive
BMs (Table 1). Meanwhile the patient developed one anaphylactoid
reaction (e.g. swelling in his face, lips, larynx edema by a CT scan
with no dyspnea) 5 months ago for which steroid was administered
and dasatinib was held for 2 weeks.

In order to determine what cells were positive for the c-
KIT mutation and if they were susceptible to dasatinib in vitro,
his BM samples obtained from the Tumor Bank at Medical Col-
lege of Georgia (the patient’'s BM samples were banked with
his written informed consent each time). Both CD34+ cells con-
taining myeloblasts and CD34— cells containing mastocytes were
positive for the KITP816V mutation at the diagnostic BM sam-
ple (Fig. 6). Once again, the KITP816V mutation was found to be
negative in both CD34+ and CD34— cells at the remission BM sam-
ple by a second laboratory where a more sensitive method was
used (Fig. 6). Moreover, dasatinib treatment diminished activity of
STATS5, STAT3, AKT and ERK and attenuated the levels of c-KIT (eval-
uated CD34- cells only) and induced loss of viability of CD34— cells

(Fig. 7).

4. Discussion

The prognosis of patients with systemic mastocytosis with
AML is poor [10]. In most patients, persistence of SM even after
hematologic response of the myeloid malignancy is the usual out-
come [11-14]. AlloSCT appears to be effective for SM-AHNMD
but was not an option for our patient [11,12]. The use of dasa-
tinib in patents with SM is limited (<50 patients) [9,15-17]. A

Phase II study reported the result of 33 SM patients (18 indo-
lent, 9 aggressive, and 6 with associated hematologic malignancy)
who received dasatinib [9(. Nine patients improved symptomat-
ically. Two SM-AHNMD patients (one with myelofibrosis - MF -
and the other one with hypereosinophilic syndrome) achieved a
CR. Neither of these two patients was c-KIT positive. The SM-MF
patient later progressed to AML and died. Out of six patients, three
initially showed a major response to dasatinib, but the majority
(4/6) died (one due to progression to AML) [15(. A study from
Europe showed symptomatic improvement in two out of four
patients with SM without hematological malignancies [16(. One
patient had improvement in the BM at 7 months but progressed
to AML and died. A patient with SM with chronic myelomono-
cytic leukemia received dasatinib with symptomatic improvement
[17(.

Because both CD34+ and CD34- cell groups had the c-KIT
mutation, in our opinion both chemotherapy and dasatinib were
effective in eliminating the KIT D816V mutation in our patient.
Given the fact that the patient continues to have residual masto-
cytes (although in reduced numbers) in the BM with no KITP816V
mutation, these results can reflect the followings possibilities:
(1) Laboratory error (e.g., false negative results): very unlikely
regarding the fact that the last three BM samples were consis-
tently negative for the c-KIT mutation by a laboratory that used a
PCR-based test with a sensitivity of 1%. Additionally, another inde-
pendent laboratory confirmed the presence of c-KIT mutation in the
diagnostic BM and the lack of the c-KIT mutation in the remission
BM by using more sensitive method (0.05%), (2) chemotherapy and
dasatinib combination completely eliminated the c-KIT positive
myeloblasts and decreased the c-KIT positive mastocytes below the
detection level of tests (e.g., greater than 3 logs) but not completely
eliminated, and (3) chemotherapy and dasatinib combination com-
pletely eliminated the c-KIT positive myeloblasts and the c-KIT
positive mastocytes. The remaining mastocytes do not carry the
mutation. It is known that the KITP816V mutation is not the only
molecular aberration that gives a survival advantage to the neo-
plastic mast cells [18-20(. Dasatinib may be effective in some,
but not in all aberrations [18(. Neoplastic mastocytes appear to
acquire multiple genetic abnormalities, which may be responsi-
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ble for its transformation to more aggressive malignancies such as
SM-AHNMD (in this case AML).

The extensive and consistent laboratory data, and clinical suc-
cess (e.g., long-term remission in this poor prognostic AML and
improvement in the lytic bone lesions in this patient) provide
convincing data which show that chemotherapy and dasatinib
treatment is effective in this patient. Therefore, this combination
therapy should be considered in patients with SM with AML carry-
ing the KITP#16Vmutation if they cannot undergo alloSCT.
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