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Abstract

Tandutinib (MLN518/CT53518) isanovel quinazoline-based inhibitor of the type Il
receptor tyrosine kinases: FM S-like tyrosine kinase 3 (FLT3), platel et-derived growth
factor receptor (PDGFR), and KIT. Because of the correlation between FLT3 internal
tandem duplication (ITD) mutations and poor prognosis in acute myelogenous leukemia
(AML), we conducted a phase | trial of tandutinib in 40 patients with either AML or
high-risk myelodysplastic syndrome (MDS). Tandutinib was given orally in doses
ranging from 50 mg to 700 mg b.i.d. The principal dose-limiting toxicity (DLT) of
tandutinib was reversible generalized muscular weakness and/or fatigue, occurring at
doses of 525 mg and 700 mg b.i.d. Tandutinib’ s pharmacokinetics were characterized by
slow elimination, with achievement of steady-state plasma concentrations requiring > 1
week of dosing. Western blotting demonstrated that tandutinib inhibited phosphorylation
of FLT3 in circulating leukemic blasts. Eight patients had FLT3-1TD mutations; 5 of
these were evaluable for assessment of tandutinib’s anti-leukemic effect. Two of the 5
patients, treated at 525 mg and 700 mg b.i.d., demonstrated evidence of anti-leukemic
activity, with decreases in both peripheral and bone marrow blasts. Tandutinib at the
MTD (525 mg b.i.d) should be evaluated more extensively in AML patientswith FLT3-

ITD mutations to better define its anti-leukemic activity.



I ntroduction

The success of BCR-ABL kinase inhibition by imatinib in the treatment of patients with
chronic myelogenous leukemia™™ has provided a stimulus to the devel opment of other
kinase inhibitors as potential therapies for hematologic malignancies. FM S-like tyrosine
kinase 3 (FLT3) is atransmembrane protein that belongs to the type 11 receptor tyrosine
kinase family. Other members of this family include platelet-derived growth factor
receptor (a/p-PDGFR), KIT, and CSF1R. Activating mutations of FLT3 are found in 20—
30% of patients with newly diagnosed acute myel ogenous leukemia (AML), the mgority
of these taking the form of an internal tandem duplication (ITD) in the juxtamembrane
region of the receptor.*? Activating point mutationsin the kinase activation loop of the
receptor also occur but with lower frequency (5-10% of newly diagnosed patients).***
Both ITD and activation loop mutations appear to have a negative effect on prognosis:
patients with these mutations relapse sooner following initial induction chemotherapy and

have inferior survival compared to patients with only the wild-type receptor.® 810121417

Tandutinib is a piperazinyl quinazoline compound that resulted from screening of
chemical libraries and subsequent optimization.*®* In cell-based assays tandutinib
inhibited FLT3, BPDGFR, and KIT with ICs values of 95-122 ng/mL, but had no
significant effect against a broad range of other kinases."®*° In Ba/F3 cells expressing
various FLT3-ITD mutants, tandutinib inhibited IL-3-independent growth and FLT3-ITD
auto-phosphorylation with 1Csy values of 6-17 ng/mL." Tandutinib also inhibited in vitro
proliferation of human leukemia cell lines containing FLT3-1TD mutationswith ICsy

values of approximately 6 ng/mL." Given twice-daily (b.i.d.) by oral gavage, tandutinib



increased survival of nude mice with leukemia/lymphoma arising from Ba/F3 cells
expressing FLT3-1TD mutations, and increased survival of mice with myeloproliferative
disease arising from transfection of hematopoietic progenitor cells with such

mutations.'®*°

Tandutinib has a very limited spectrum of activity outside the type 111 receptor kinase
family. However, in abroad in vitro general pharmacology screen that included various
receptor and enzyme assays, tandutinib yielded 1Csp values < 500 ng/mL against the
muscarinic non-selective central nervous system acetylcholine receptor (434 ng/mL) and
the muscle-type nicotinic acetylcholine receptor (483 ng/mL). [Millennium
Pharmaceuticals, Inc., data on file] In a competitive human ether-a-go-go related gene
(hERG) binding assay tandutinib had a K; of 216 ng/mL and an ICs of 550 ng/mL. In a
whole-cell variant of the patch-clamp assay using cells transfected with cloned human
cardiac K* channel hERG, tandutinib had atail current 1Csp of 1742 ng/mL. [Millennium

Pharmaceuticals, Inc., data on file]

Evaluation of tandutinib in rats, dogs, and monkeys showed it to be orally bioavailable,
metabolically stable, and most likely eliminated by biliary excretion without
biotransformation. Acute administration of high oral doses of tandutinib in dogs produced
symptoms suggestive of central nervous system or neuromuscular toxicity, such as lack
of coordination and tremors. However, under conditions of chronic oral dosing tandutinib
was generally well tolerated in both rats and dogs. The principal toxicologic findings at

high chronic doses in both species were: (1) mild and reversible hypocellularity of the



bone marrow with associated anemia and leukopenia; and (2) reversible inflammatory
infiltrates in hepatic portal triads, associated with reversible increasesin liver function

tests. [Millennium Pharmaceuticals, Inc., data on file]

Based on preclinical models demonstrating activity against leukemia cells driven by
mutant FLT3, and given tandutinib’s relatively favorable in vivo pharmacology and
toxicology, aphase| clinical trial wasinitiated to evaluate tandutinib in patients with

AML or high-risk myelodysplastic syndrome (MDS).

Patients and methods

Patients

This study was conducted in accordance with the Declaration of Helsinki. The study
protocol was approved by the Ethics Review Committee at each of the 5 participating
centers. All patients gave written informed consent to study participation. Patients were
eigibleif they were >18 years old and had relapsed or primarily refractory AML, or if
they had newly diagnosed AML and were not considered candidates for standard
remission induction chemotherapy. In addition, patients with high-risk MDS (RAEB and
CMML) were allowed to participate. Although all patients were assessed for aFLT3-1TD
mutation in their leukemic blasts, this mutation was not required for study participation.
Patients were required to have an ECOG performance status < 2, and could not have
undergone bone marrow transplantation or peripheral blood stem cell transplantation < 2
months before receiving the first dose of tandutinib. Patients could not have received

cytotoxic chemotherapy for 4 weeks prior to the first dose of tandutinib, except



hydroxyurea. Hydroxyurea was allowed for up to 10 days after the start of tandutinib
dosing. The use of hematopoietic growth factors was not permitted during study therapy,
except erythropoietin. Study participation required serum creatinine < 2 mg/dL, serum
bilirubin <2 mg/dL, and hepatic transaminases < 3 times the upper limit of normal.
Patients were required to have a rate-corrected QT interval (QT., using Bazett’'s formula)

< 450 msec.

Treatment protocol

Tandutinib administration. Patients were given tandutinib b.i.d. by mouth. The

medi cation was provided as 25 or 100 mg capsules, dose strength being expressed as the
free base (capsules contained tandutinib as the sulfate salt). Patients were instructed to
take no food or drink other than water for 2 hours before and 2 hours after each dose,
given preclinical data suggesting that food could decrease oral bioavailability of
tandutinib. [Millennium Pharmaceuticals, Inc., data on file] Patients experiencing neither
dose-limiting toxicity (DLT) nor disease progression could remain on therapy for up to 1

year.

Tandutinib dose escalation. The dose selected for initial evaluation was 50 mg b.i.d.
This represents approximately a sixth of the highest non-toxic dose (200 mg/m® b.i.d) ina
28-day toxicology study in dogs. [Millennium Pharmaceuticals, Inc., data on fil€]
Separate groups of 3-6 patients were enrolled to successively higher doses of tandutinib
using amodified Fibonacci dose escalation scheme. No dose escalation within individual

patients was allowed. New patients could not be enrolled to the next higher dose level of



tandutinib until at least 3 patients had been treated at the preceding dose level, had
received at least 14 days of treatment with tandutinib, and had not experienced DLT,
defined as any grade 3/4 non-hematol ogic toxicity or grade 2 neurologic toxicity.
Toxicities were graded according to the National Cancer Institute’s Common Toxicity

Criteria, version 2.0.

Safety monitoring

Patients were evaluated at the treating centerson days 1, 2, 3, 7, 10, 14, 17, 21, and 28
over the first month of therapy. Serial ECGs were obtained on days 1, 7, 14, and 28, prior
to the morning dose of tandutinib. After the first 28 days of therapy, patients were
required to return every 14 days for the next 2 months, and monthly thereafter. Each visit
was accompanied by a physical examination and evaluation of complete blood count,

serum electrolytes, renal and hepatic function.

Assessment of treatment efficacy

Patients underwent bone marrow biopsy and aspiration during a screening period of up to
2 weeks. Bone marrow biopsy and aspiration were subsequently repeated after
completion of the first 28 days of therapy. Patients who continued tandutinib treatment
after day 28 underwent repeat bone marrow biopsy and aspiration at |east every 60 days
and at treatment discontinuation. These results were evaluated in the context of prevailing
peripheral blood counts; disease response was assessed according to International

Working Group criteria®
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Assessment of FL T3 mutation status

Detection of FL T3-1TD mutations by PCR. Genomic DNA was obtained from blood or
bone marrow samples using a DNAeasy Tissue Kit (Qiagen, Vaencia, CA). FLT3 exons
14 and 20 were amplified using the primer pairs: 5-TCTGCAGAACTGCCTATTCCT-3'
(FLT3 sense primer, exon 14), 5-TTTCCAAAAGCACCTGATCC-3' (FLT3 antisense
primer, exon 14), 5-GCACTCCAGGATAATACACATCA-3' (FLT3 sense primer, exon
20), 5-AACGACACAACACAAAATAGCCG-3' (FLT3 antisense primer, exon 20).

PCR amplification of genomic DNA was performed using 500 ng of DNA.

Denaturing Wave High Performance Liquid Chromatography (D-HPLC). 5-20 uL
aliquots of each PCR reaction were assessed for FLT3 mutations using a Transgenomic
WAVE HPLC system (Transgenomic Inc, Omaha, NE). Samples were run at 50°C to
distinguish fragments of different lengthsin exon 14 and at 56.9°C (exon 14) and 59.1°C
(exon 20) to detect point mutations. Amplimers with abnormal D-HPLC profiles were bi-
directionally sequenced on an ABI 310 Sequencer using the BigDye Terminator Kit
[Applied Biosystems, Foster City, CA]. Mutation gene dosage was determined by
integration of the mutant-specific HPLC peak area and comparison of the calculated
percentage mutant allele versus blast percentage. Samples for which the ratio of
calculated percentage mutant allele/blast percentage was > 0.75 were judged to be

homo/hemizygous for the FLT3-1TD mutation.
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Phar macokinetics

Peripheral blood samples for determination of tandutinib plasma concentrations were
obtained at 0.25, 0.5, 1, 2, 4, 6, and 8 hours following the first dose of tandutinib.
Additional samples were obtained before the morning dose on days 3, 7, 10, 14, 17, and
21. On day 28, samples were obtained before the morning dose and at 0.25, 0.5, 1, 2, 4, 6,
and 8 hours after that dose. Patients did not resume tandutinib dosing until day 31;
additional blood samples were collected on days 29, 30, and 31. This was the only
planned dosing interruption during the study. Tandutinib plasma concentrations were

determined using a validated liquid chromatography-mass spectrometry method.

The pharmacokinetics of tandutinib were evaluated with non-linear mixed effects
modeling, using NONMEM (VersionV Level 1.1)* and Wings for NONMEM %
running under Compaq Visual Fortran (version 6.6¢). The first order conditional
estimation (FOCE) method with interaction was applied to all analyses. Modd
acceptance was based on successful minimization, significant reduction in objective

function values, diagnostic plots and a posterior predictive check procedure.

Phar macodynamics

Peripheral blood samples were collected to assess the effect of tandutinib on the
activation (phosphorylation) of FLT3 in patients' leukemic blasts. Samples were obtained
on day 1 prior to, and 2 and 8 hours after, the first dose of tandutinib. Additional samples
were obtained prior to dosing on days 3, 10, and 28. Blood was collected in 4mL CPT

Vacutainer™ tubes. After centrifugation supernatants containing mononuclear cells were
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transferred to eppendorf tubes and cells were pelleted. Serum was removed and cell

pellets were immediately frozen on dry ice.

I mmunopr ecipitation. Frozen cell pellets were lysed in 500 pL of freshly madelysis
buffer and total FL T3 was immunoprecipitated from cell lysate supernatants by addition
of 3 ug of anti-FLT3 polyclonal antibodies (Santa Cruz Biotechnology, Santa Cruz, CA,
Cat#SC-480) followed by protein-A agarose beads (Pierce, Rockford, IL, Cat#20333).
Beads were washed twice with 1mL of cold lysis buffer before the addition of 40 uL/tube
of sodium dodecy! sulfate protein (SDS) loading buffer. Tubes were boiled for 5 min and
supernatants were loaded onto 12—20% Tris-glycine SDS-polyacrylamide gel for
electrophoresis. Proteins were transferred to nitrocellulose membranes for 1.5 hours at

125 volts.

Phosphorylated FL T3 (pFL T 3) detection. Blots were incubated in blocking buffer (5%
non-fat dry milk in 1X Tris-buffered saline (TBS) containing 0.5% Tween 20) for 1 hour
at ambient temperature, washed 3 times in washing buffer (1X TBS containing 0.5%
Tween 20) and incubated overnight with mouse anti-pFL T3 monoclonal antibodies
(diluted 1:1,000 in blocking buffer). After washing, blots were incubated with horse
radish peroxidase (HRP)-conjugated goat anti-mouse IgG (Biosource International,
Camarillo, CA, Cat#AMI14404) for 1 hour at ambient temperature. Blots were washed
again prior to incubation with enhanced chemiluminescence (ECL) substrate (Amersham
Bioscience, Piscataway, NJ, Cat#RPN2106) for 1 minute at ambient temperature and

were rapidly exposed to X-ray films (Hyperfilm, Amersham, Cat#RPN3114K).

13



Total FL T3 detection. Blots were stripped of antibodies by incubation in Western
Stripping buffer (Pierce, Cat#21059) for 30 min at room temperature. After washing,
blots were incubated for 30min in blocking buffer. Total-FLT3 was detected by anti-
FLT3 polyclonal antibodies (Santa Cruz Biotechnology, Cat#SC-480) for 1 hour at
ambient temperature, followed by sheep anti-rabbit IgG-HRP (Chemicon International,
Temecula, CA, Cat#AP304P). Blots were washed, incubated with ECL substrate and

exposed to X-ray film, as described above.

The qualitative assessment of FL T3 phosphorylation was done visually. Since the amount
of protein loaded onto the gels was not standardized for every time point, the intensity of
each pFL T3 band was normalized to that of the corresponding total-FL T3 band at each
time point. Inhibition of FLT3 phosphorylation was then assessed with reference to the
intensity of the bands in the baseline sample. Given the semi-quantitative nature of the
assay and the qualitative analysis, results were categorized as “no inhibition”,

“inhibition” or “not assessable” (e.g. no detectable band in the pre-dose sample or

samples without detectable total FLT3).

Results

Patient characteristics
Between May 2002 and June 2003, 40 patients were enrolled (Table 1). Only 16 (40%)
patients had ever achieved a complete response with any previous treatment, 15 (38%)

patients had AML that arose from pre-existing myelodysplasia, and 6/35 (17%) patients
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had unfavorable cytogenetics. Eight patients were found to have FLT3-1TD mutations
(Table 2). The blast cells from 4 of these 8 patients were determined to contain only the
mutant allele (homo/hemizygous). One additional patient had a point mutation (D835Y))

in the second tyrosine kinase domain of the receptor.

Tandutinib dose escalation

Table 3 summarizes the tandutinib dose levels evaluated. Theinitial dose level (50 mg
b.i.d.) required expansion to 6 patients because 1 of the first 3 patients died on day 14.
This patient suffered a sudden cardio-respiratory arrest and, although the patient had
underlying chronic obstructive pulmonary disease, it was considered prudent to further
evaluate the safety of thisinitial dose before continuing dose escalation. The 150 mg
b.i.d. dose level required expansion to 6 patients because 1 of thefirst 3 patients
developed a small bowel obstruction after 15 days of treatment, for which there was no
aternative clinical explanation; this resolved with nasogastric suctioning. The 300 mg
b.i.d. dose level was expanded to 6 patients after 1 of the first 3 patients developed
overwhelming sepsis on day 13 of treatment as well as bowel obstruction in the context
of a previous history of typhilitisand partial colonic resection. The 400 mg b.i.d. dose
level enrolled 4 patients because the first patient enrolled developed atrial fibrillation and
hypoxemia after 1 dose of tandutinib. No further tandutinib therapy was given to this

patient, and he was replaced.

At the 525 mg b.i.d. dose leve, 1 of the first 3 patients enrolled terminated dosing on day

10 because of grade 3 generalized muscular weakness and fatigue. The patient had a pre-
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existing benign intention tremor that worsened, and she also devel oped hyper-reflexia
with clonus. There was no change in mental status, speech, or affect, and there were no
focal abnormalities on neurologic examination. At the time of these observations the
tandutinib plasma concentration was 1060 ng/mL. The patient’s weakness improved to
grade 1-2 within 72 hours of stopping tandutinib therapy. Complete resolution of all
abnormal findings could not be documented because the patient was subsequently
transferred to hospice care with progressive leukemia. In light of thisDLT, 3 additional
patients were enrolled to the 525 mg b.i.d. dose level. None of these additional patients

experienced DLT, or weakness or fatigue related to tandutinib.

Three patients were enrolled to the 700 mg b.i.d. dose level. Two of these patients
terminated tandutinib therapy on days 9 and 16, respectively, because of grade 3 and 4
generalized muscular weakness. The corresponding trough plasma concentrations of
tandutinib in these 2 patients were 1390 and 2220 ng/mL. No focal neurologic deficits
were demonstrable in either patient, and neither patient suffered any change in mental
status, speech, or affect. In contrast to the patient experiencing dose-limiting weakness at
525 mg b.i.d., neither of these patients exhibited hyper-reflexia or tremor. The patient
with grade 3 weakness fully recovered within 24 hours of stopping tandutinib, and the

patient with grade 4 weakness recovered after 3 days.

In the 3 cases of tandutinib-related muscular weakness, the tandutinib plasma

concentration determined = 12 hours after the last dose exceeded 1000 ng/mL. Only 1

other patient, treated at 400 mg b.i.d., had a similarly high plasma concentration. On day
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14 of treatment this patient’ s pre-dose tandutinib plasma concentration was 1010 ng/mL.
A review of this patient’ s dosing history indicated that the day 14 sample was taken
before that morning’s dose of tandutinib. However, unlike the patients who devel oped
dose-limiting muscular weakness, the preceding trough tandutinib plasma concentrations
in this patient were significantly lower (577 ng/mL on day 10), and as tandutinib therapy
continued plasma concentrations remained well below 1000 ng/mL (432 ng/mL on day

17).

Safety

Toxicities other than muscular weakness were observed with tandutinib treatment (Table
4). Tandutinib treatment was associated with nausea and vomiting, and less often with
diarrhea. These symptoms were usually manageable with standard anti-emetics (5-HT3
antagonists, lorazepam) and anti-diarrheal medications (loperamide). However,
tandutinib tended to exacerbate pre-existing nausea, vomiting, or diarrhea, and produced
dose-limiting (grade 3) diarrheain 1 patient treated at 700 mg b.i.d. Several patients
devel oped lower extremity and/or periorbital edema while taking tandutinib. This was

manageable with symptomatic measures and diuretic therapy.

Although mild myelosuppression was observed in preclinical toxicology studies with the
chronic administration of tandutinib at high doses, no evidence of hematologic toxicity
was observed in this study. Decreases in peripheral blood cell counts were always
accompanied by increases in bone marrow blast counts. Four patients without FLT3-ITD

mutations maintai ned stable periphera blood counts and bone marrow blast counts for
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relatively long periods of time, ranging from 154 to 190 days, at tandutinib doses ranging

from 100 to 525 mg b.i.d.

Preclinical evaluation of tandutinib suggested that it may have the potential for
prolongation of the QT interval. However, it was not possible in this complex, often
acutely ill patient population to rigorously assess the effect of tandutinib on the QT
interval. Nevertheless, aregression analysis (Figure 1) was performed to explore the
relationship between tandutinib dose and change in QT from baseline, measured after 28
days of tandutinib administration. The day-28 time point was chosen because at earlier
time points tandutinib plasma concentrations were generally lower. Linear regression
analysis showed the slope of the line to be 0.064, suggesting that for each 100 mg
increase in the dose of tandutinib there was a 6.4 msec increase in QT compared to
baseline. However, although the slope of the line is positive, it isnot satistically different
from zero (P = 0.2397, t-test). Further analysis revealed that 1 patient treated at 525 mg
b.i.d., who had a 270 msec increase in QT on day 28, isresponsible for the positive slope
of the linear regression line. Without the inclusion of this patient the slope is slightly
negative (—0.007), although not statistically different from zero (P = 0.8117, t-test).
Interestingly, this patient’s profound QT interval prolongation on day 28 escaped initial
clinical detection, and he continued therapy with tandutinib for atotal of 162 days. His
QT interval returned to within normal limits as dosing continued. In addition, this

patient’ s tandutinib plasma concentrations were much below the population average

throughout his course of treatment: on day 28 his pre-dose tandutinib plasma
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concentration was only 54 ng/mL, with a maximum of 156 ng/mL measured 1 hour after

dosing.

Phar macokinetics

Figures 2a and 2b show an example of a representative tandutinib plasma concentration
versus time profile. Figure 2a shows the profile over the course of treatment and Figure
2b shows the profile on day 28. The dose was 525 mg b.i.d. By study design, sampling
was adequate to describe the concentration versustime profile following the first dose on
day 1 and the dose on day 28 (day 27 on the plot; first dose is depicted on day 0).
Intervening sampling was for trough concentrations only. The dip in trough concentration

on day 13 isthe result of a missed dose.

The tandutinib plasma concentration versus time curve following the day 28 dose
demonstrates 2 phases of plasma concentration versus time decay. This observation was
subsequently corroborated by modeling, where a 2-compartment open linear model with
first-order absorption best described the pharmacokinetic data. Estimates of absolute
pharmacokinetic parameter values could not be made since IV tandutinib administration
data were not available. Therefore, the pharmacokinetic parameters were calculated
relative to absolute bioavailability (F). The parameters determined were relative total
body clearance (CL/F), intercompartmental clearance (Q2/F), apparent central volume of
digtribution (Vc/F), apparent peripheral volume of distribution (Vp/F), mean residence

time (MRT), absorption half-life (ty» abs) and lag time (Tia) (Table5).
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Thelarge value for CL/F (148 L/hour/70 kg) implies that the extent of tandutinib
systemic uptake isincomplete, perhaps due to incomplete absorption, anti-transport, or
first-pass and/or extrahepatic elimination. If tandutinib is distributed equally in plasma
and red cellsand liver blood flow is 90 L/hour, then an estimate of the extent of uptake
into the systemic circulation would be 21%. The two-compartment model population
parameters predict that, on average, 90% and 95% of steady-state plasma concentrations

are achieved after 8.6 and 11.4 days of treatment, respectively.

Phar macodynamics

In order to examine the effect of tandutinib on the phosphorylation (activation) of either
wild-type or ITD-mutated FLT3, peripheral blood blasts were isolated from patients
before and after tandutinib administration. The phosphorylation state of FLT3 was
examined using Western blot analysis, probing with antibodies specific for total and
phosphorylated FLT3. Four patients were evaluable; 1 had wild-type FLT3 and the other
3 carried FLT3-1TD mutations. The remaining 36 patients had insufficient numbers of
circulating blasts to produce FLT3 levels above the detection limit of the assay. Due to
the limited dynamic range and low sensitivity of the assay a quantitative analysis of the
relationship between tandutinib plasma concentration and FL T3 phosphorylation could

not be performed.

The patient with wild-type FLT3 received tandutinib at 150 mg b.i.d. Total FLT3 levels

in this patient were comparable to levelsin patients with ITD mutations. However, the

level of pFLT3 prior to the first dose of tandutinib was very low and did not change
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through day 3 (last data point available), making assessment of inhibition difficult. The
tandutinib plasma concentrations for this patient were 23.3, 6.4, and 13.3 ng/mL at 2 and
8 hours, day 1, and day 3, respectively, all well below the concentration predicted

necessary for inhibition of receptor phosphorylation.

The patients with FLT3-1TD mutations received tandutinib at 300 mg (1 patient) and 525
mg (2 patients) b.i.d. Figure 3 depictsthe total FLT3 and pFLT3 status for one of the
patients treated at 525 mg b.i.d., prior to tandutinib administration, 2 and 8 hours after the
first dose, and prior to the morning dose of tandutinib on day 3. Prior to tandutinib
administration, both total FLT3 and pFL T3 can be readily detected. Subsequently, with
associated tandutinib plasma concentrations of 219, 177, and 128 ng/mL, total FLT3 is
unchanged to increased, while pFLT3 is clearly reduced. Reduction in pFLT3 compared
with prior to dosing was also observed at different time points in the presence of
tandutinib in the other patients with FLT3-ITD mutations, demonstrating that tandutinib

has an inhibitory effect on FLT3 phosphorylation (Table 6).

Clinical activity

No complete or partial remissions were observed in this study. However, 2/8 patients
with FLT3-1TD mutations, treated at 525 mg and 700 mg b.i.d., respectively, exhibited
evidence of an anti-leukemic effect (Figure 4). No significant anti-leukemic effects other
than stable disease were noted in patients with wild-type FLT3. One patient with a FLT3-
ITD mutation treated at 525 mg b.i.d. experienced a> 99% decrease in absolute

peripheral blast count and a decrease in bone marrow blast percentage from 91% to 62%
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over thefirst 28 days of therapy. Although there was no improvement in absolute
neutrophil count (ANC), there was a modest increase in platelet count from 40K to 75K
over this period. By day 44 this patient demonstrated evidence of disease progression and
tandutinib therapy was discontinued. Another patient with a FLT3-ITD mutation treated
at 700 mg b.i.d. likewise experienced a > 99% decrease in absolute peripheral blast count
and a decrease in bone marrow blast percentage from 80% to 15% by day 28. No
significant improvement was observed in ANC or platelet count. After 2 months of

therapy this patient also experienced disease progression.

Among the remaining 6 patients with FLT3-1TD mutations, a number of factors
potentially precluded or confounded the observation of an anti-leukemic effect. One
patient was treated at 150 mg b.i.d. and did not achieve tandutinib plasma concentrations
expected to consistently inhibit receptor activation. A patient treated at 300 mg b.i.d.
devel oped overwhelming sepsis on day 13 of treatment, prompting cessation of
tandutinib dosing. Although this patient’ s absolute peripheral blast count was decreasing
when tandutinib dosing was stopped, the patient was also receiving therapy with
hydroxyurea. As described earlier, another patient with a FLT3-1TD mutation was given
a single 400 mg dose of tandutinib and within hours developed atrial fibrillation and
hypoxemia considered to be unrelated to study therapy; the decision was made to not
continue protocol therapy. Two patients, 1 treated at 525 mg b.i.d. and the other treated at
700 mg b.i.d., stopped therapy on days 10 and 9, respectively, because of tandutinib-
induced weakness. Neither of these patients resumed treatment with tandutinib, thereby

precluding response evaluation. An additional patient treated at 525 mg b.i.d. withdrew
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from the study on day 32 and although evaluable for response there was no evidence of

an anti-leukemic effect.

One patient had a D835Y point mutation in the activation loop of FLT3. After 31 days of

tandutinib therapy at 400 mg b.i.d., this patient’ s leukemia had progressed.

Discussion

Although preclinical toxicology data suggested that myelosuppression and hepatic
inflammation would be the main limitations of tandutinib therapy, the dose-limiting
toxicity of tandutinib proved to be generalized muscular weakness and/or fatigue. The
patient who developed weakness at the 525 mg b.i.d. dose level had generalized hyper-
reflexia with clonus, which suggested a centrally mediated effect. However, no other
signs or symptoms of central nervous system toxicity were manifest in this patient, and
none were manifest in either of the 2 patients treated at 700 mg b.i.d. who developed
generalized muscular weakness. The current hypothesisis that this toxicity may result
from an effect of tandutinib at the neuromuscular junction, as suggested by preclinical
data demonstrating that tandutinib has the capacity to bind to a muscle-type nicotinic
receptor. Thistoxicity does not appear to be related to tandutinib’sinhibition of FLTS3,
KIT, or PDGFR, given that muscular weakness has not been reported with other FLT3

antagonistsin clinical development.”?

Despite the slow eimination of tandutinib, tandutinib-induced muscular weakness proved

to be rapidly reversible. The time course required for resolution of thistoxicity is likely
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explained by tandutinib’s biphasic pharmacokinetic profile: following oral dosing and
achievement of maximum plasma concentration thereis an initially rapid declinein
tandutinib plasma concentration, reflecting drug distribution, followed by a much slower
phase of drug elimination (Figure 2b). All 3 patients presenting with muscular weakness
were found to have trough tandutinib plasma concentrations > 1000 ng/mL. They
undoubtedly had higher plasma concentrations immediately after tandutinib dosing. Only
one other patient in thistrial exhibited atrough concentration > 1000 ng/mL, but this
concentration (1010 ng/mL) was achieved only transiently. These observations have led
to the provisional hypothesis that the general muscular weakness associated with
tandutinib is related to its plasma concentration, and that trough concentrations > 1000
ng/mL should be avoided. On the other hand, the limited data regarding the ability of
tandutinib to inhibit the activation (phosphorylation) of either wild-type or ITD-mutated
FLT3 iscongstent with preclinical data suggesting that the in vivo ICy is> 150
ng/mL.*** Therefore, assuming that the goal of therapy is to continuously maintain

plasma concentrations = |Cy, the therapeutic index of tandutinib is 1000 + 150 = 6.7.

Tandutinib therapy was associated with other toxicities that, although not dose-limiting,
are clinically important. In the majority of patients, tandutinib-related nausea, vomiting,
and diarrhea were grade 1 in severity and could be managed successfully with standard
supportive therapies such as 5-HT3 antagonists and loperamide. However, tandutinib
tended to exacerbate pre-existing nausea, vomiting, or diarrhea, and resulted in one
instance of dose-limiting diarrhea. The periorbital and peripheral edema associated with

tandutinib therapy were mild and manageable, and are mainly of interest because similar
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edema.is observed with imatinib.”® The edema associated with imatinib has been
attributed to PDGFR inhibition, and tandutinib is potent inhibitor of PDGFR.* Although
no relationship could be found between tandutinib dose and change from baseline in
length of the QT interval, this analysis should not be viewed as conclusive. Definitive
conclusions about the possible effect of tandutinib on the QT interval will require

dedicated studiesin more stable patients or in healthy subjects.

Thisphase | trial was limited in its ability to assess the anti-leukemic activity of
tandutinib. The majority of patients were treated at doses not expected to be effective,
and only 8 patientsin the study had AML with FLT3-1TD mutations. Only 1 patient with
an activating point mutation in FLT3 was treated in this study, and in this patient there
was no evidence of an anti-leukemic effect. Although no conclusions can be drawn from
this experience, tandutinib is known to have lower potency against activating point
mutationsin FLT3 than against ITD mutations.?® Even among the patientswith FLT3-
ITD mutations who were treated at potentially effective doses, response evaluation was
often not possible because of rapid disease progression, sudden disease-related clinical
deterioration, or tandutinib-related toxicity. Nevertheless, evidence of anti-leukemic
activity was observed in 2 patients treated at 525 and 700 mg b.i.d., respectively. This
activity did not fulfill the traditional, protocol-specified definition of a partial or complete
remission, which perhapsis not surprising given the patient population and the
complexity of this disease. However, combined with the evidence that tandutinib inhibits

the activation (phosphorylation) of FLT3 in patients’ leukemic blasts, the observed
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activity provides hope that phase |1 testing of tandutinib 525 mg b.i.d. in patients with

AML and FLT3-ITD mutations may confirm the therapeutic activity of this agent.”’
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Table 1. Tandutinib phase | experience: patient characteristics

Total number of patients enrolled, n 40
Males/females, n 28/12
Age, years, median (range) 70.5 (22-90)
AML, n 39
AML with antecedent MDS, n 15
MDS, n 1
FLT3-ITD, n 8
Number of prior therapeutic regimens, median 5.5 (1-10)
(range)

Complete response with any prior Rx, n 16
Unfavorable cytogenetics*, n/N 6/35

*Unfavorable cytogenetics defined as any of the following: -5, -7, 5g-, 7g-, 11g-, 11923

abnormalities, 3921 abnormalities, 3926 abnormalities, and complex karyotypes.
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Table 2. Patientswith FL T3 mutations

Tandutinib dose leve

Patient no. (mg b.i.d.) FL T3 mutation Hemi-/homozygous
24 150 9 AA ITD after D600 Yes
52 300 13 AA ITD after D600 No
62 400* 33 AA ITD after F612 No
64 400 D835Y No
73 525 20 AA ITD after F612 No
74 525 58 AA ITD after F612 No
76 525 38 AA ITD after F612 Yes
82 700 7 AA ITD after D600 Yes
83 700 19 AA ITD after E608 Yes

*Patient received only 1 dose of tandutinib.
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Table 3. Summary of tandutinib dose escalation

Tandutinib dose levels evaluated

Doselevel Patientswith DLTs, Patientswith

(mg b.i.d.) Patients, n n FLT3-ITD,n
50 6 0 0
100 3 0 0
150 6 1 1
200 3 0 0
250 3 0 0
300 6 1 1
400 4 0 1
525 6 1 3
700 3 2 2
Total 40 5 8
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Table 4. Sdlected toxicities of tandutinib

Tandutinib phase| experience:

selected drug-related adver se eventsby CTC grade

Doselevel Patients, Edema Edema
(mg b.i.d.) n Nausea Vomiting Diarrhea (periorbital)  (peripheral)
Grade 1 2 1 2 1 2 3 1 2 1 2
50 6 1 0 O 0 1 0 O 0 0 1 0
100 3 1 0 O 0 0O 0 O 0 0 1 0
150 6 O 1 O 1 1 0 O 0 0 0 0
200 3 2 1 2 1 0O 0 O 0 0 1 0
250 3 1 0 1 0 1 1 0 1 0 1 1
300 6 4 0 2 1 3 0 O 0 0 0 0
400 4 2 2 1 0 1 1 O 0 0 2 0
525 6 1 1 2 1 2 1 0 1 0 0 0
700 3 2 0 2 1 2 2 1 1 1 2 1
Total 40 14 5 10 5 11 5 1 3 1 8 2

Note: A patient was counted once for each grade of the adverse events experienced.
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Table 5. Summary of model-based phar macokinetic parameters

Phar macokinetic

parameter Estimate Inter subject % CV Units
CL/F 148 23.7 L/h/70 kg
Vc/F 1420 384 L/70 kg
Q2/F 694 Not estimated L/hour/70 kg
Vp/F 10800 Not estimated L/70 kg
MRT 35 14.6 days
ty, abs 1.24 141 hours
Tiag 134 11.8 minutes

Note: Tmax Was observed at amean + SD of 1.96 + 1.59 hours with a range of 0.25-8.02

hours.
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Table6. Inhibition of FL T3 phosphorylation ver sustandutinib plasma

concentration in assessable patientswith FL T 3-I TD mutations

Tandutinib plasma FLT3
Dose level concentration inhibition
Patient | (mgb.i.d.) Time point (ng/mL) (Yes/No)
Day 1, pre-dose BLQ
Day 1, 2 hours 2.7 No
52 300 Day 1, 8 hours 30.7 Yes
Day 3 135 No
Day 10 345.8 Yes
Day 1, pre-dose BLQ
Day 1, 2 hours 218.6 Yes
73 525
Day 1, 8 hours 177.1 Yes
Day 3 128.3 Yes
Day 1, pre-dose BLQ
Day 1, 2 hours 139 Yes
74 525
Day 1, 8 hours 25.2 No
Day 3 87.3 No

BLQ, below limit of quantitation.
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Figurelegends

Figure 1. Changein day-28 rate-corrected QT interval (QTc) from baseline versus

tandutinib dose.

Figure 2. Tandutinib plasma concentration versustime profile for a patient
receiving 525 mg b.i.d. for 28 days. (A) Plasma concentration versus time profile during
days 0-30. (B) Plasma concentration versus time profile following completion of dosing.
Dip in trough concentration on day 13 due to missed dose. Day 27 on the plot
corresponds to day 28 of dosing, since for the purposes of the plot the beginning of day 1
isviewed as “time-zero” in units of days. Concentrations on study day 1 and following
the day 28 dose result from intense sampling enabling viewing of the full concentration

vstime profile. Other concentrations represent troughs only.

Figure 3. Relationship between inhibition of FL T3 phosphorylation in peripheral
blasts and plasma concentration of tandutinib in a single patient receiving 525 mg
b.i.d.

D1, day 1; D3, day 3.

Figure 4. Single-patient hematologic data for 2 patientstreated with (A) tandutinib
525 mg b.i.d. and (B) tandutinib 700 mg b.i.d.
WBC, white blood cells; ANC, absolute neutrophil count; APB, absolute peripheral

blasts.
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Figure 2.
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Figure 3.
D1

- ~
Pre 2hr 8hr D3

el A . Total FLT3 detection
- - |

L g i 4

~ : pFLT3 detection

[Tandutinib]pasma (ng/mL): 0 219 177 128
FLT3 inhibition: Yes Yes Yes

41



Figure4.
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