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Abstract

Purpose The purpose of these extensive non-clinical
studies was to assess pharmacokinetics and dispositional
properties of sunitinib and its primary active metabolite
(SU12662).

Methods Sunitinib was administered in single and repeat
oral doses in mice, rats, and monkeys. Assessments were
made using liquid-chromatography—tandem mass spectro-
metric methods, radioactive assays, and quantitative whole
body autoradiography.

Results  Sunitinib was readily absorbed with good oral
bioavailability and linear kinetics at clinically-relevant
doses. SU12662 plasma levels were less than those of
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sunitinib in mice and monkeys, but greater in rats. Suniti-
nib was extensively distributed with moderate-to-high
systemic clearance and eliminated primarily into feces.
Single- and repeat-dosing kinetics were similar. A pro-
longed half-life allowed once-daily dosing, enabling
adequate systemic exposure with limited-to-moderate
accumulation. In multiple-dose studies with cyclic dosing,
drug plasma concentrations cleared from one cycle to the
next.

Conclusions Sunitinib exhibited advantageous pharma-
cokinetic and dispositional properties in non-clinical
species, translating into favorable properties in humans.
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Abbreviations

AUC, .,

Total area under the concentration—time
curve from time zero to infinity

AUCq_; 1ot AUC from time zero to the last measurable
concentration

AUCy_»4 AUC from time zero to 24 h

CL,jasma Total plasma clearance

Cnax Maximum plasma concentration

DF Total percent bioavailability

FLT3 Fms-like tyrosine kinase-3 receptor

GIST Gastrointestinal stromal tumors

K Terminal rate constant

KIT Stem cell factor receptor

K, Red blood cell to plasma radioactivity
partitioning ratio

LC-MS/MS High-performance liquid chromatography—
tandem mass spectrometry

MRM Multiple reaction monitoring

NF National Formulary

PDGFR Platelet-derived growth factor receptor
QWBA Quantitative whole body autoradiography
RET Glial cell-line derived neurotrophic factor

receptor (REarranged during Transfection)
RTK Receptor tyrosine kinase

i Half-life

Tnax Time to maximum concentration

USP US Pharmacopeia

VEGFR Vascular endothelial growth factor receptor
Vs Volume of distribution at steady-state
Introduction

Sunitinib malate (SUTENT®; Pfizer Inc., New York, NY,
USA) is an oral multitargeted tyrosine kinase inhibitor that
selectively inhibits vascular endothelial growth factor
receptors (VEGFR-1, -2, and -3), platelet-derived growth
factor receptors (PDGFR-o and -f§), stem cell factor
receptor (KIT), Fms-like tyrosine kinase-3 receptor
(FLT3), and the glial cell-line derived neurotrophic factor
receptor (REarranged during Transfection, RET) ([1-4],
Pfizer Inc., data on file). The United States (US) Food and
Drug Administration and the European Commission have
granted approval for the use of sunitinib in advanced renal
cell carcinoma (RCC) and gastrointestinal stromal tumor
(GIST) after disease progression on, or intolerance to, i-
matinib mesylate therapy. In addition, the compound is in
development for the treatment of patients with other solid
tumors, including neuroendocrine, breast, lung, colorectal,
liver and prostate tumors [5—10].

Pharmacokinetic evaluations in humans have shown that
maximum plasma concentrations of sunitinib are generally
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observed 6-12 h after oral administration, and that sys-
temic exposure increases dose-proportionally over the dose
range 25-100 mg [11]. Binding to human plasma proteins
in vitro is 95% for sunitinib (and 90% for its primary active
metabolite, SU12662), and independent of concentration
(range studied: 100—4,000 ng/mL); the apparent volume of
distribution for sunitinib is 2,230 L [11]. Sunitinib is
metabolized primarily by cytochrome P450 (CYP3A4) to
form SU12662, which comprises 23-37% of the total
exposure and is further metabolized by CYP3A4 [12, 13].
Elimination of sunitinib is mainly via feces (61% of the
administered dose [14]). Total oral clearance ranges from
34 to 62 L/h, and the terminal half-lives of sunitinib and
SU12662 ranged from 40 to 60 h and 80 to 110 h,
respectively, after a single oral dose [11]. Following
repeat-dose administration, sunitinib accumulates 3- to 4-
fold, while SU12662 accumulates 7- to 10-fold; steady-
state concentrations are achieved within 10-14 days [11].
Food does not affect the disposition of sunitinib [15]. The
pharmacokinetics are not affected in patients with Child-
Pugh Class A and B hepatic impairment nor in patients
with renal impairment, not on dialysis [11, 16].

Mendel et al. [2] reported a time- and dose-dependent
pharmacokinetic/pharmacodynamic relationship between
sunitinib exposure and antitumor activity. In several
mouse xenograph models (representing tumors such as
glioma and melanoma, and colon, epidermoid, non-small
cell lung, and breast cancer), sunitinib doses of 20-80 mg/
kg led to tumor regression or stasis. Specifically, Western
blot analysis in athymic mice bearing A375 melanoma
tumors [which express FLKI/KDR (VEGFR-2)] or
SF767T glioma tumors (which express PDGFR-f)
revealed that sunitinib 40 mg/kg inhibited the receptor
phosphorylation of VEGFR-2 and PDGFR-f. Serial
pharmacokinetic measurements indicated that bound and
unbound sunitinib plasma concentrations at the 40 mg/kg
dose were >50, which are the concentrations predicted
from chemical- and cellular-based assays to inhibit
VEGFR-2 and PDGFR-f;. These experiments were the first
to demonstrate a sunitinib exposure-response relationship,
and led to the characterization of sunitinib pharmacoki-
netics and further investigation of the pharmacokinetic/
pharmacodynamic relationship.

To date, only limited details of non-clinical pharmaco-
kinetics across species for sunitinib and SU12662 have
been published [17]. Here, we provide a comprehensive
account of the pharmacokinetics and dispositional proper-
ties of both compounds based on the results of several
studies in non-clinical species, including mice, rats, and
Cynomolgus monkeys. These studies were part of the non-
clinical development program that facilitated and sup-
ported the planning and implementation of clinical studies
with sunitinib.
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Materials and methods
Chemicals

Sunitinib (free base) and sunitinib L-malate (radiolabeled
and non-radiolabeled) were obtained from SUGEN, Phar-
macia, and/or Pfizer Inc. The free base was administered to
animals in early studies, and sunitinib L-malate (the active
ingredient in SUTENT®) was used in all pivotal studies.
The L-malate salt is hereafter referred to as sunitinib, since
bioequivalence was demonstrated for these different for-
mulations (Pfizer Inc., data on file). All doses and
concentrations are expressed as the free base equivalent of
the drug.

General-purpose reagents and solvents were of analyti-
cal grade (or a suitable alternative), and were obtained
principally from Sigma Chemical Company (St Louis, MO,
USA), Fisher Scientific Company (Fair Lawn, NJ, USA),
Carlo Erba Reagents, Sigma-Aldrich S.r.l. (Milan, Italy),
and other approved vendors.

Animals and procedures

A number of single-dose and repeat-dose studies were
conducted in mice, rats, and Cynomolgus monkeys. Mon-
keys were chosen for non-clinical assessment of safety
and pharmacokinetics based on similarities in sunitinib
metabolism to human beings (Pfizer Inc., data on file). The
detailed procedures for typical in vivo studies in each of
these species are described below. Pivotal studies were
conducted in accordance with the generally recognized
principles of Good Laboratory Practice, and procedures for
all studies were in full compliance with the Animal Wel-
fare Act and Regulations.

Female athymic mice, and male and female Sprague-
Dawley rats were obtained from Charles River Laborato-
ries (Calco-Lecco, Italy and Hollister, CA, Raleigh, NC, or
Portage, MI, USA). Male and female Cynomolgus mon-
keys were obtained from Charles River Laboratories
(Houston, TX, USA or CRPL, Mauritius). The test animals
were fed with standard diets, except that food was with-
drawn when the study protocols required fasting before
dose administration. Water was available ad libitum in all
studies.

Studies in mice

Single-dose administration. A single dose of sunitinib was
administered intravenously or orally. For the intravenous
route, sunitinib was prepared in an aqueous formulation
(0.2 and 2.0 mg/mL in a vehicle containing: 1% hydro-
chloric acid, NF; 0.08% citric acid monohydrate, USP;
0.04% trisodium citrate dihydrate, USP; 0.5% polysorbate

80, NF; 10% polyethylene glycol 300, NF; and adjusted to
pH 3.5 with sodium hydroxide, NF) for administration via
the tail vein at doses of 1 or 10 mg/kg; blood samples were
collected via cardiac puncture at 1, 5, 15, and 30 min, and
1, 3, 6, 12, 18, and 24 h post-dose. For the oral route,
sunitinib was prepared in a carboxymethylcellulose (CMC)
formulation (4, 8, 16, and 32 mg/mL in an aqueous vehicle
containing: 0.5% CMC, NF; 0.9% sodium chloride, NF;
0.4% polysorbate 80, NF; and 0.9% benzyl alcohol, NF)
and administered via gavage at doses of 20, 40, 80, or
160 mg/kg; blood samples were collected via cardiac
puncture at 5, 15, and 30 min, and 1, 3, 6, 12, 18, and 24 h
post-dose. Blood samples were maintained on ice until
centrifugation to harvest plasma. After separation, plasma
samples were stored at —80°C until analysis. All samples
were protected from light.

Repeat-dose administration. Sunitinib, at therapeutic
[40 mg/(kg day)] and supratherapeutic [80 mg/(kg day)]
doses, was administered by oral gavage for 5 weeks to
female SKH1 mice. Blood samples were collected 3 h after
dosing on days 7, 9, 13, 20, and 34 for evaluation of sys-
temic exposure. Samples were centrifuged and harvested
plasma was stored at —20°C and protected from light until
analysis.

Studies in rats

Single-dose administration. A single dose of sunitinib was
administered intravenously or orally. For the intravenous
route, sunitinib in an aqueous formulation (0.25, 1, and
2 mg/mL in the same vehicle used in studies in mice) was
administered as a short 1-min infusion via a jugular vein
catheter at doses of 1, 4, or 8 mg/kg; blood samples were
collected via the carotid artery catheter at 2, 15, and
30 min, and 1, 3, 6, 9, and 24 h post-dose. For the oral
route, sunitinib was prepared in a CMC formulation (0.5,
2.5, and 5 mg/mL in the same vehicle used in studies in
mice) and administered via oral gavage at doses of 2, 10, or
20 mg/kg; blood samples were collected via the carotid
artery at 5, 15, and 30 min, and 1, 3, 6, 9, and 24 h post-
dose. Blood samples were maintained on ice until centri-
fugation to obtain plasma. All samples were protected from
light and stored at —80°C until analysis.

Several single-dose studies in rats involved the admin-
istration of radiolabeled sunitinib formulations. In a typical
study, solutions of ["*C]-sunitinib were administered
intravenously or orally. For the intravenous route, a dose of
5 mg/kg (4 mg/mL in water for injection, 1.48 MBq/mL)
was given by bolus injection into the tail vein. An oral dose
of 15 mg/kg (4 mg/mL in water for injection, 493 kBq/
mL) was given by gastric gavage. Blood samples were
collected via a superior vena cava cannula at the following
time points: pre-dose, 5 and 20 min, and 1, 3, 6, 24, 48, and
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72 h post intravenous dose; pre-dose, and 1, 3, 6, 8, 24, 48,
and 72 h post oral dose. For mass balance studies, the rats
were kept in metabolic cages, and urine and feces were also
collected before dose administration and up to 72 h post-
dose. An aliquot of blood was transferred to a paper cone
for combustion and determination of '*CO, radioactivity.
The remaining blood was centrifuged to harvest plasma.
An aliquot of plasma was transferred to a scintillation vial
for measurement of drug-related radioactivity. The
remaining plasma samples, together with urine and feces,
were kept at —80°C until further analysis. All samples
were protected from light.

Repeat-dose administration. In two non-clinical safety
studies, sunitinib was administered orally for 3 or
6 months. In the 3-month study, male and female rats were
treated with sunitinib 1.5, 5, or 15 mg/(kg day) for
91 days. In the 6-month study, sunitinib 0.3, 1.5, or 6 mg/
(kg day) was administered for 4 weeks followed by no
drug treatment for 1 week in each of five cycles (4/1
schedule). For these repeat-dose studies (and a third study
in which rats were treated for 28 days), sunitinib was
prepared in water for injection and administered via
gavage.

Blood samples were typically collected pre-dose, and 1,
3, 6, 9, and 24 h post-dose on the first and last day of
dosing, with collection of additional samples on days in
between in some studies. For example, samples were col-
lected on days 1, 28, 65 (early termination of drug
treatment was necessary for the high-dose animals), and 91
of the 3-month study. For the 6-month study, full phar-
macokinetic profiles were evaluated on days 1 and 28 (first
treatment cycle) and on day 168 (the last day of the fifth
treatment cycle); single-time point pharmacokinetic sam-
ples (pre-dose or 24 h post-dose) were also collected on
days 36, 63, 71, 98, 106, 133, and 141, as well as on
days 175, 196, and 224 during an 8-week recovery period.
Harvested plasma was stored at —80°C and protected from
light until analysis.

Studies in monkeys

Single-dose administration. In an initial study, two female
Cynomolgus monkeys were dosed orally (nasogastric
intubation; 50 mg/kg) and intravenously (5-min infusion
into femoral vein; 2 mg/kg) with sunitinib in an aqueous
vehicle [containing 0.5% (w/v) CMC sodium, 0.9% USP;
sodium chloride, USP; 0.4% Tween 80, NF; and 0.9%
benzyl alcohol, NF]. Blood samples were collected pre-
dose and 0.5, 1, 1.5, 2, 3, 6, 9, and 24 h post oral dose
administration from a saphenous vein. For intravenous
studies, additional samples were collected at the end of the
5-min infusion and at 0.25 h post intravenous dosing. In a
second study, sunitinib was prepared in an aqueous
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formulation [PEG200:saline, 5:95 (v/v)] for administration
via bolus injection to male monkeys at a dose of 3 mg/kg.
Blood samples were collected at various time points from
pre-dose to 984 h post-dose. Single-dose pharmacokinetics
of sunitinib and SU12662 were also evaluated on day 1 of
a 28-day study in male monkeys, in which sunitinib in
water was administered intravenously [3 mg/(kg day) via a
saphenous vein] or orally [6 mg/(kg day) via nasogastric
intubation] once daily—or once every other day (oral dose
only)—for 28 days. Blood samples were collected from a
femoral vein from pre-dose to 24 h post-dose. Blood
samples were maintained on ice prior to centrifugation to
obtain plasma. All samples were stored frozen at —70°C
and protected from light prior to analysis.

In a study involving the oral administration of radiola-
beled sunitinib, [14C]—sunitinib in solution in water for
injection was administered at 6 mg/kg (4 mg/mL,
924 kBg/mL) by gastric gavage. Blood, urine, and feces
were collected before dose administration and up to 336 h
post-dose. These samples were processed and stored using
the same procedures as in the ['*CJ-sunitinib study in rats
described above.

Repeat-dose administration. A number of repeat-dose
studies were conducted with sunitinib in Cynomolgus
monkeys. These included once-daily dosing for 3 months
[2, 6, and 20/12 mg/(kg day)] and 9 months [0.3, 1.5, and
6 mg/(kg day); five cycles of 4/1 schedule]. In the 3-month
study, the highest dose group started with a dose of 20 mg/
(kg day), but this was reduced to 12 mg/(kg day) from
day 29 to the end of the study. For these studies, sunitinib
was prepared in sterile water and administered via gavage.

Blood samples were typically collected over 24 h on the
first and last days of dosing during the study period or 4-
week dosing cycle. In some studies, samples were collected
on additional days. For example, in the 3-month study,
samples were collected on days 1, 57, and 91 for the 2 and
6 mg/(kg day) groups, and on days 1, 57, and 66 for the 20/
12 mg/(kg day) group [only a limited number of samples
(0, 6, and 24 h) were collected on day 66]. In the 9-month
study, full pharmacokinetic profiles were evaluated on
day 1 and on days 28, 98, and 274 (last dosing day of
treatment cycles 1, 3, and 8, respectively, for the 0.3, 1.5,
and 6 mg/(kg day) groups, except that dosing at 6 mg/
(kg day) was stopped after completion of the fifth treat-
ment cycle). Single samples were also collected pre-dose
on days 36, 71, 106, 141, 176, 211, and 246 (corresponding
to treatment cycles 2, 3, 4, 5, 6, 7, and 8§, respectively); 4 h
post-dose on days 94, 164, and 269 (24th dose of treatment
cycles 3, 5, and 8, respectively); and 24 h post-dose on
days 64, 134, 169, 204, and 239 (last dosing day of treat-
ment cycles 2, 4, 5, 6, and 7, respectively). Additional
samples were collected 1, 4, and 8 weeks after termination
of sunitinib treatment. Harvested plasma was stored frozen



Cancer Chemother Pharmacol (2009) 64:691-706

695

at —80°C and protected from light until analysis. Other
repeat-dose studies were conducted in a similar fashion.

Analysis methods
Sunitinib and SU12662 assay

High-performance liquid chromatography—tandem mass
spectrometric (LC/MS-MS) methods were developed and
validated for measurement of sunitinib and SU12662
concentrations in rat plasma samples. The samples were
prepared for analysis by either ethyl acetate extraction
(used in only a few initial studies) or protein precipitation
(in test tubes or 96-well plates) and the assay used either
propranolol or [2H10]-sunitinib as an internal standard. The
concentration range of either 1-2,000 ng/mL or 0.1-
200 ng/mL was validated. Calibration and quality control
(QC) samples were assayed concomitantly to help ensure
acceptable accuracy and precision in the assay results. The
analytical method was adequately cross-validated for the
assessment of mouse and monkey plasma. Monkey tissue
samples harvested during an 8-week study were assayed by
modified LC/MS-MS methods involving tissue homoge-
nization and solvent extraction or protein precipitation in
sample preparation. Since sunitinib in solution is photo-
sensitive, care was taken during the assays to protect the
study samples, calibration and QC, and standard stock
solutions from light exposure. A brief description of the
LC/MS-MS assay methods for rat plasma follows.

For the test tube method, aliquots of 50 pL of rat cali-
bration standard samples, study plasma samples or QC
samples together with 25 pl. of internal standard (pro-
pranolol) were mixed with 2 mL of acetonitrile in test
tubes on a vortex mixer for approximately 1 min. After
centrifugation at 4,000 rpm for 5 min, the organic phase
was separated and evaporated to dryness at 37°C under
nitrogen. The residue was dissolved in 300 pL of a 1:1
mixture of mobile phases A:B. Following vortex mixing
and centrifugation, the prepared samples were transferred
to injection vials, and aliquots of 5-20 pL were injected
into a Keystone BetaBasic-18 column (4.6 x 100 mm,
5 u) for LC-MS/MS analysis (Shimadzu Series 10 ADVP
HPLC system and Perkin-Elmer Sciex API-3000 triple
quadrupole mass spectrometer). The gradient mobile pha-
ses were 10 mM ammonium acetate in methanol:water
(10:90) with 0.1% formic acid (A), and 10 mM ammonium
acetate in methanol:water (90:10) with 0.1% formic acid
(B). The flow rate was 0.8 mL/min, which was reduced to
0.3 mL/min before introduction into the mass spectrome-
ter. The mass spectrometer was operated using ionization
and scan modes of positive ion electrospray and multiple
reaction monitoring (MRM), respectively. Each analyte
was detected by tandem MS by monitoring specific

molecular ion — fragment ion transitions: m/z 399.1 —
325.9 for sunitinib, 371.1 — 283.1 for SU12662, and
360.1 — 116.0 for propranolol.

Calibration curves were constructed by plotting the
analyte/internal standard peak area ratios against the ana-
lyte concentrations. A weighted linear regression (1/C%)
was used to calculate the concentrations of sunitinib and
SU12662 in the study and QC samples. This assay method
demonstrated acceptable selectivity/specificity, linearity,
and intra- and inter-assay precision and accuracy. The
blank matrix also showed no significant interference or
carryover on the LC/MS-MS system. The lower limit of
quantitation (LLOQ) was 0.1 ng/mL for both sunitinib and
SU12662. Sample dilution analysis, freeze-thaw matrix
stability, matrix stability at room temperature, processed
sample stability, and robustness of the assay were also
acceptable.

Alternatively, aliquots of rat plasma (50 pL) were
mixed with 500 pL of methanol containing [ZHIO]—sunitinib
as an internal standard in a 96-well polypropylene dual
membrane microplate. The methanolic phase was filtered
and collected into a second 96-well plate by applying a
vacuum to the plate. The methanol was dried under nitro-
gen gas at 37°C and the residue reconstituted with 200 pL
of 15 mM ammonium formate, pH 3.25. After vortex
mixing and centrifugation, aliquots of 20 pL of the
resulting solutions were injected into the LC-MS/MS
system (HP 1100 HPLC system with Perkin-Elmer 200
autosampler and Perkin-Elmer Sciex API-3000 triple
quadrupole mass spectrometer). A Symmetry Shield C8
column (2.1 x 50 mm, 3.5 y) was used to perform the
chromatographic separation. The mobile phase was 15 mM
ammonium formate buffer solution (pH 3.25):acetonitrile
(75:25, v/v), with a flow rate of 0.35 mL/min. The mass
spectrometer was operated using MRM (m/z for sunitinib
and SU12662 were as described above; m/z 409.1 — 325.9
for internal standard) and in a positive ion mode.

Calibration curves were constructed (as described
above) to calculate the concentrations of sunitinib and
SU12662 in the study and QC samples. The lower and
upper limits of quantitation were 0.07 and 241 ng/mL for
sunitinib and 0.07 and 220 ng/mL for SU12662. This
method also showed acceptable assay specificity/selectiv-
ity, linearity, sensitivity, precision, accuracy, and stability.

Radioactivity assay

Radioactivity in rat and monkey blood, plasma, urine, and
fecal samples was measured by liquid scintillation counting
(Packard 1900 or 2100 TR Liquid Scintillation Counter).
The counting efficiencies were calculated by the external
standard method, using a series of quenched standards
(supplied by Packard), generating a calibration curve. The
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counting error was typically <3% for all samples. The
background disintegration rate was measured and sub-
tracted from the sample disintegration rate. In general, the
limit of quantification was considered to be twice the
background level.

Total radioactivity in rat organs/tissues was also mea-
sured by quantitative whole body autoradiography
(QWBA), via video densitometry of the digital images of
the autoradiograms [Fuji BAS 1500 or FLA-5000 image
analyzer and AIDA image analysis software (Raytest,
Straubenhardt, Germany)].

Pharmacokinetic analysis

Plasma pharmacokinetic parameters of sunitinib and
SU12662 were calculated using non-compartmental meth-
ods with the aid of WinNonLin (Version 2.0 or greater;
Pharsight Inc., Mountain View, CA, USA) or Watson
LIMS (Version 2.3 or greater; Thermo Fisher Scientific,
Madison, WI, USA). Typical procedures are described
below.

After oral dosing, the maximum plasma concentration
(Cmax) and time to maximum concentration (7,,,;) were
determined directly from the concentration—time data. Data
in the terminal log-linear phase were analyzed by linear
regression to estimate the terminal rate constant (k) and
half-life (¢,,, = 0.693/k). At least the last three time points
were used to calculate k. Total AUC,_., was determined as
the sum of AUC through the last measurable concentration
(AUCq_; 1as; calculated using the linear trapezoidal rule)
and the terminal area [calculated by dividing the concen-
tration at the last time point (C; 1,5) by k], i.e. AUC,_
o = AUCq_; 1ast + C; 1as/k. The linear trapezoidal rule was
also used to calculate AUC(_»4.

Total plasma clearance (CL) after intravenous dosing
was calculated as dose/AUC,_.,, and the volume of dis-
tribution at steady-state (Vi) was calculated as CLg/k.
Mean AUCy_.,, v was used for the estimation of oral
bioavailability. Total percent bioavailability (%F) was
estimated as follows: %F = I:(AUC(),QO,PO /dosepo) /
(AUCy oo 1v/doseiy )] x 100.

To describe the pharmacokinetic parameters in the
intravenous study in monkeys with plasma sample collec-
tion up to 984 h (following a single dose of sunitinib 3 mg/
kg), a three-compartmental model with a weight factor of
1/y* was used. The contribution to total exposure by the y
terminal phase was calculated using the equation:
%AUCy = C/y/(A/oo+B/p+ C/y) x 100%. Similarly,
plasma kinetics of SU12662 were analyzed based on a two-
compartmental pharmacokinetic model.

In the repeat-dose studies in rats and monkeys, Cpax,
Tmax> and AUC of sunitinib and SU12662 over the dosing
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interval (24 h) were estimated on days when plasma sam-
ples were collected to allow for estimation of these
parameters. The sum of AUC for sunitinib and SU12662
was utilized for comparison of systemic exposure after
repeat-dose administration of sunitinib, because the
metabolite exhibits similar potency and pharmacologic
activities compared to the parent drug [11].

Results
Single-dose disposition kinetics
Mice

After intravenous administration, sunitinib 1 and 10 mg/kg
showed respective systemic clearances of 86 and 68 mL/
(min kg), short elimination half-lives of 1.2 and 1.3 h, and
volumes of distribution significantly larger than total body
water (8.6 and 7.6 L/kg; Table 1). After oral administra-
tion, sunitinib (20-160 mg/kg in solution and in suspension
formulations) was readily absorbed with a mean T},,x of
0.5-6.0 h, and a mean t;, of 1.5-7.6 h (Table 1). The
mean Cp,,x and AUC of sunitinib increased approximately
in proportion with dose, and absolute oral bioavailability
was moderate (53-77%) and independent of dose
(Table 1). Sunitinib and SU12662 appeared to demonstrate
higher C,,.x and shorter T}, values following an oral dose
of sunitinib 40 mg/kg in solution in lactic acid-cremophor
cosolvent compared with the same dose in a citrate buffer
suspension. However, the half-life and AUC values were
not affected by the formulations (Table 1). After an oral
dose of sunitinib 40 mg/kg, SU12662 showed a similar
Tmax and half-life to the parent drug, with C,,x and AUC
approximately 60-70% of the parent drug (Table 1).
Representative plasma concentration-time profiles for
sunitinib following single-dose oral administration of a
40 mg/kg dose are presented in Fig. la.

In vitro studies showed that sunitinib and SU12662
were highly bound (~91 and ~95%, respectively) to
mouse plasma proteins and that the fraction bound was
independent of concentration (0.25, 1, and 10 uM). In
addition, sunitinib and SU12662 were preferentially par-
titioned into erythrocytes rather than plasma: following an
intravenous dose of sunitinib 10 mg/kg, blood to plasma
concentration ratios were 1.5-2.3 for sunitinib and 1.3-2.6
for SU12662. Central nervous system (CNS) penetration
of sunitinib in mice (dosed intravenously at 9.2 mg/kg)
was rapid, and brain concentrations were higher than
plasma concentrations up to 1 h after dosing (at 5 and
60 min post- dose, respectively, brain levels were 9.2 and
2.3 nmol/g, and plasma levels were 1.3 and 0.3 nmol/mL).
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Table 1 Single-dose pharmacokinetic parameters (mean) of sunitinib and SU12662 in mice

Dose  Gender  Test Dose Analyte Cax Tomax  tp  AUCy_o CL V4 Bioavailability
route article (mg/kg) (ng/mL)  (h) (h) (ng h/mL)  [mL/(min kg)] (L/kg) (%)

v F Sunitinib® 1 Sunitinib - - 1.2 195 86 8.6 -
10 Sunitinib - - 1.3 2,451 68 7.6 -
PO F Sunitinib® 20 Sunitinib 420 3.0 4.6 3,648 - - 74
40 Sunitinib 708 3.0 3.1 5,948 - - 61
80 Sunitinib 877 0.5 3.1 10473 - - 53
160 Sunitinib 1,670 6.0 7.6 30,203 - - 77
M Sunitinib® 40 Sunitinib 1,070 1.0 2.0 5,697 - - -
SU12662 667 1.0 2.3 3,976 - - -
M Sunitinib? 40 Sunitinib 685 6.0 1.5 5,788 - - -
SU12662 477 3.0 2.1 3,756 - - -

In several early studies, only the parent drug was measured in plasma; in subsequent studies, both sunitinib and SU12662 were assayed for
pharmacokinetic evaluation. Data on sunitinib metabolism have been reported previously [14]

# Solution in citrate buffer (pH 3.5) containing polysorbate 80 and polyethylene glycol 300

b Suspension in carboxymethylcellulose suspension

¢ Suspension in citrate buffer (pH 3.5) containing polysorbate 80 and polyethylene glycol 300

9 Solution in cosolvent containing lactic acid, cremophor, and polyethylene glycol 400

Rats

Representative plasma concentration—time profiles for
sunitinib and SU12662 following single oral (10 mg/kg)
and intravenous (4 mg/kg) doses, respectively, are pre-
sented in Figs. 1a, b. In a study with intravenous doses of
sunitinib 1, 4, or 8 mg/kg, sunitinib had a short elimination
half-life of 1.9-2.5 h, plasma clearance of 19-55 mL/
(min kg), and a volume of distribution (3.9-9.3 L/kg) that
was significantly larger than total body water. Sunitinib
showed apparent non-linear kinetics over this dose range,
as sunitinib AUC increased greater than dose-proportion-
ally, while the volume of distribution and clearance
decreased with dose (Table 2), suggesting saturation of a
clearance pathway. There were also apparent gender-rela-
ted differences in the pharmacokinetics of sunitinib and
SU12662 in rats. Female rats had higher dose-normalized
sunitinib AUC compared with male rats (for example, after
an intravenous dose of sunitinib 4 mg/kg to male rats and
'“C-sunitinib 5 mg/kg to female rats, the mean sunitinib
AUC was 2,334-3,123 and 7,202 ng h/mL [5,723 ng h/mL
when normalized to 4 mg/kg], respectively), while the
metabolite AUC was somewhat higher in male rats
(6,723 ng h/mL vs. 5,379 ng h/mL in female rats when
dose-normalized; Table 2). SU12662 AUC was approxi-
mately double the parent drug AUC (SU12662:sunitinib
AUC ratio = 2.15) in male rats, while they were similar in
female rats (AUC ratio = 0.93).

After oral administration of 2, 10, or 20 mg/kg in male
rats, sunitinib had a T, of 3.0-6.0 h and a half-life of
approximately 2-3 h (Table 2). The AUC of sunitinib

increased with dose (Table 2). Low plasma concentrations
of sunitinib after the 2 mg/kg dose permitted the estimation
of AUC_; 1a5c only. Non-linear kinetics were not observed
from 10 to 20 mg/kg. With sunitinib AUC following the
intravenous dose of 8 mg/kg as a reference, the bioavail-
ability of sunitinib was 55 and 57% in the male rats with
doses of 10 and 20 mg/kg, respectively. Consistent phar-
macokinetic parameters were observed in a second study
with an oral dose of 15 mg/kg (Table 2). In another study
with ['*C]-sunitinib (15 mg/kg given orally), sunitinib
AUC in male rats was approximately 50% of that in female
rats, while SU12662 AUC in male rats was almost double
that in female rats (Table 2). The SU12662:sunitinib AUC
ratio was 5.81 and 1.55 in male and female rats, respec-
tively. In female rats, with the intravenous dose of 5 mg/kg
as a reference, the absolute bioavailability of sunitinib was
111% for an oral dose of 15 mg/kg.

As in mice, in vitro studies in rats showed that sunitinib
and SU12662 were highly plasma protein bound (approx-
imately 98% for both) and the fraction bound was
independent of drug concentration (0.25, 1, and 10 uM).
The erythrocyte uptake of sunitinib and SU12662 in rats
was unclear due to inconsistent ex vivo and in vitro data.
The available data indicated that sunitinib and SU12662
were either equally distributed between plasma and eryth-
rocytes or had preferential uptake into erythrocytes.
Quantitative whole-body autoradiography in rats showed
that drug-related radioactivity was extensively distributed
in tissues. At 3, 6, and 24 h after dosing, all tissues had
higher (up to 70-fold higher) concentrations of radioac-
tivity compared with blood; the only exceptions were brain,
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Fig. 1 Mean single-dose plasma concentration—time profiles of
sunitinib and its major metabolite, SU12662, in mice, rats, and
monkeys with oral (a and c¢) and intravenous (b) dosing. a Plasma
concentrations of sunitinib following oral dosing in mice (40 mg/kg)
and rats (10 mg/kg). b Plasma concentrations of sunitinib and
SU12662 following intravenous dosing in rats (4 mg/kg) and
monkeys (3 mg/kg). ¢ Plasma concentrations of sunitinib following
oral dosing at 6 mg/kg in male and female monkeys
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spinal cord, and white fat, with lower or similar concen-
trations compared with blood. Male and female albino and
pigmented rats demonstrated similar patterns of absorption,
distribution, and elimination of drug-related radioactiv-
ity—except for the pigmented tissues in the eye (including
uveal tract) and skin of pigmented rats.

Drug-related radioactivity in rats was excreted mainly in
feces, with urinary excretion a minor route. The amounts of
radioactivity recovered (as a % of the dose) over 72 h in
urine and feces, respectively, were 9.1 and 77.2% for
female rats after intravenous dosing, 9.3 and 71.1% for
female rats after oral dosing, and 8.5 and 75.2% for male
rats after oral dosing. The mean total recovery across all
groups was approximately 82—-87%. In a study in bile-duct
cannulated rats, drug-related radioactivity was excreted in
bile (43.0 and 39.2% of a 15 mg/kg oral dose were
excreted in bile and feces, respectively, with a total
recovery of 96.1% in 48 h) but enterohepatic recirculation
was not observed. Drug-related radioactivity was also
secreted in the milk, with concentrations >5-fold higher
than in plasma at 3-24 h after an oral dose of 15 mg/kg to
lactating rats.

Monkeys

Representative plasma concentration—time profiles for
sunitinib and SU12662 following single intravenous (3 mg/
kg) and oral (6 mg/kg) doses of sunitinib, respectively, are
shown in Fig. 1b and c; pharmacokinetic parameters are
summarized in Table 3. Despite differences in study
design, sunitinib clearance [25.0-35.7 mL/(min kg)], vol-
ume of distribution (13.3-21.1 L/kg), and absolute
bioavailability (41-58%) were fairly consistent across
studies. However, the terminal-phase half-life was depen-
dent on the length of the plasma sample collection period
following dose administration. For example, a prolonged
terminal-phase half-life was estimated in a study with
sampling times extended up to 984 h (Table 3). In this
study, the concentrations of sunitinib and SU12662
decreased with time tri- and bi-exponentially, respectively.
The relatively consistent clearance and volume of distri-
bution across studies suggested that the prolonged
terminal-phase half-life did not contribute significantly to
the total AUC, and compartmental pharmacokinetic anal-
ysis indicated that the terminal-phase AUC accounted for
<1% of the total AUC. Therefore, the moderate f-phase
half-life of sunitinib (14.9 h) and «-phase half-life of
SU12662 (15.7 h) were considered to be the effective half-
lives. The limited-to-moderate degree of accumulation
after repeat-dose administration (see “Repeat-dose data”)
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Table 2 Single-dose pharmacokinetic parameters (mean) of sunitinib and SU12662 in rats

Dose Gender Test Dose Analyte Crnax Tmax  tip  AUCqo_o CL Vq4 Bioavailability
route article (mg/kg) (ng/mL) (h) (h) (ngh/mL) [mL/(minkg)] (@L/kg) (%)
v M Sunitinib® 1 Sunitinib  — - 1.9 417 55 9.3 -
4 Sunitinib  — - 2.1 2334 30 5.5 -
8 Sunitinib  — - 23 7425 19 39 -
4 Sunitinib - - 25 3,123 22 4.6 -
SU12662 - - 44 6,723 - - -
F MC-sunitinib malate® 5 Sunitinib 1,823 - 74 7202 13 3.4 -
SU12662 450 30 84 6,724 - - -
PO M Sunitinib® 2 Sunitinib  49.3 3-69 NC 25° - - -
10 Sunitinib 494 3-6° 23 5194 - - 55
20 Sunitinib 838 3-6° 3.0 10,655 - - 57
M Sunitinib® 15 Sunitinib 554 50 25 6,002 - - -
M '4C-sunitinib malate” 15 Sunitinib 963 3.0 80 11,848 - - -
SU12662 4,561 6.0 7.1 68,854 - - -
F 15 Sunitinib 1,253 40 7.2 23,994 - - 111
SU12662 1,412 70 9.0 37,225 - - -

In several early studies, only the parent drug was measured in plasma; in subsequent studies, both sunitinib and SU12662 were assayed for
pharmacokinetic evaluation. Data on sunitinib metabolism have been reported previously [14]

NC not calculated

# Solution in citrate buffer (pH 3.5) containing polysorbate 80 and polyethylene glycol 300

" Solution in water for injection

¢ Suspension in carboxymethylcellulose

d Range presented

e

was consistent with the moderate effective half-lives. After
intravenous administration of sunitinib, the AUC of
SU12662 was 28-40% of the AUC of the parent drug,
while these values increased to 91-116% after oral
administration of sunitinib. Similar to rats, the increased
plasma concentrations of SU12662 after oral administra-
tion of sunitinib compared with intravenous dosing
suggested some degree of first-pass metabolism in mon-
keys. There were no gender-related differences in the
pharmacokinetics of sunitinib and SU12662 in monkeys.

In vitro studies in monkeys showed that sunitinib and
SU12662 were highly plasma protein bound (~95 and
86%, respectively) and that the fraction bound was inde-
pendent of drug concentrations (0.25, 1, and 10 pM).
Additionally, sunitinib was preferentially partitioned into
erythrocytes rather than plasma (blood to plasma concen-
tration ratios were 1.7-1.9 for sunitinib and 2.9-3.1 for
SU12662; K, of total radioactivity was approximately 2-5,
and in vitro mean K, was 4.1 for sunitinib).

Similar to results observed for the rat, drug-related
radioactivity in monkeys was excreted mainly in feces;
urinary excretion was a minor route. The amounts of
radioactivity recovered (as a % of the oral dose) over 336 h
in urine and feces, respectively, were 6.1 and 84.1% (for

AUC_; 145t (low concentrations of sunitinib precluded the estimation of AUC,_.,)

female monkeys) and 4.8 and 87.3% (for male monkeys).
The mean total recovery across all groups was approxi-
mately 90-94%.

Repeat-dose data (Toxicokinetics)
Mice

Following daily oral dosing of sunitinib to SKH1 mice for
up to 5 weeks, plasma concentrations of sunitinib and
SU12662 increased proportionally with the increase in dose
from 40 to 80 mg/(kg day) (data not shown). Plasma
concentrations appeared to reach steady-state by day 7.
Data comparisons showed no significant differences in
exposure to sunitinib between days.

Rats

Both sunitinib and SU12662 were evaluated in the 3- and
6-month repeat-dose studies. In these studies, sunitinib was
readily absorbed and steadily eliminated to afford adequate
systemic exposure following once-daily dosing.

In the 3-month study, male and female rats were dosed
with 1.5 or 5 mg/(kg day) for 91 days or with 15 mg/
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Table 3 Single-dose pharmacokinetic parameters (mean) of sunitinib and SU12662 in monkeys

Dose Gender Test Dose Analyte  Ciax Tmax  tin AUC,.., CL Vq4 Bioavailability
route article (mg/kg) (ng/m) (h) (h) (ng h/mL) [mL/(min kg)] (L/kg) (%)
v F Sunitinib® 2 Sunitinib - - 4.3 945 35.7 13.3 -
M Sunitinib® 3 Sunitinib - - 7.9 1,498 30.0 20.0 -
SU12662 23.5 60 11.0 425 - - -
M Sunitinib malate® 3 Sunitinib - - 4 (o) 2,018 25.0 21.1 -
14.9 (p)
252 ()
SU12662  26.3 6.6 157 () 814 - - -
119 (B)
PO M '“C-sunitinib malate® 6 Sunitinib 92 5 18 1,453 - - -
SU12662 67 8 19 1,383 - - -
F 6 Sunitinib 83 4 16 1,099 - - -
SU12662 54 7 19 1,272 - - -
F Sunitinib 50 Sunitinib 549 7.5 NC 9,817 - - 41
M Sunitinib malate® 6 Sunitinib 131 6.0 o4 1,718 - - 58
SU12662 91.3 70 22 1,569 - - -

In several early studies, only the parent drug was measured in plasma; in subsequent studies, both sunitinib and SU12662 were assayed for
pharmacokinetic evaluation. Data on sunitinib metabolism have been reported previously [14]

NC not calculated

# Solution in citrate buffer (pH 3.5) containing polysorbate 80 and polyethylene glycol 300

" Solution in saline-polyethylene glycol 200
¢ Solution in water for injection

d Suspension in carboxymethylcellulose

(kg day) for 65 days. Pharmacokinetic parameters—which
were evaluated on days 1, 28, 65 [15 mg/(kg day) group
only], and 91—are summarized in Table 4. [An extended
and comprehensive version of Table 4 (Supplementary
Table 4a) presenting data from animals treated with suni-
tinib for 28 days, 3 and 6 months is available as
supplementary data in the online journal.] As a represen-
tative of daily exposure at steady-state, the concentration-
time profiles for sunitinib and SU12662 on day 28 are
shown in Fig. 2a, b, respectively. Since sunitinib and
SU12662 have shown similar activity in in vitro bio-
chemical assays [11], the total exposure—measured by the
sum of AUC for sunitinib and SU12662—was considered
more relevant for the evaluation of toxicologic effects than
the exposure of sunitinib or SU12662 alone; Fig. 3a shows
the dose-total-exposure relationships at steady-state. The
mean Cp,,, and AUC of sunitinib and SU12662 increased
greater than dose-proportionally from 1.5 to 15 mg/
(kg day) (Table 4). The increases in Cy,,x and AUC from
days 1 to 28 were <3-fold. Both male and female rats
showed higher exposure (1.5- to 4-fold) to SU12662 than
to sunitinib, and the exposure to sunitinib in the female rats
was higher than in the males. Although the AUC and C,,,,
of both sunitinib and SU12662 appeared to continue to
increase from days 1 to 91, there were no increases in
exposure from days 28 to 65 for the 15 mg/(kg day)

@ Springer

groups, and for the 1.5 and 5 mg/(kg day) groups the
increases in exposure from days 28 to 91 were less than 2-
fold. These results suggested that the systemic exposure
was approaching steady-state by day 28.

The 6-month study was conducted with sunitinib 0.3,
1.5, or 6 mg/(kg day) administered in five cycles according
to a 4/1 schedule. Sunitinib and SU12662 mean C,,,, and
AUC generally increased with dose, with exceptions
observed on day 28 when some exposure values exhibited
high variability (data not shown). Although female rats
tended to have higher exposure to sunitinib and lower
exposure to SU12662 compared with male rats, the gender-
related differences were not consistent across all treatment
groups and days. The treatment-day effects were con-
founded by the high variability of data on day 28.
Comparison of Cp,,x and AUC on days 168 and 1 indicated
that exposure to sunitinib and SU12662 increased with
repeated-dose administration: days 168 to 1 ratios for Cy,.x
and AUC were in the approximate range of 2-5 and 2-4,
respectively. However, the plasma concentrations of suni-
tinib and SU12662 in pre-dose samples from the second to
fifth treatment cycles (on days 35, 70, 105, and 140,
respectively) were below the LLOQ, with a few exceptions
near the LLOQ. These results suggested that steady-state
exposure to sunitinib and SU12662 was attained by the end
of the first treatment cycle. The drug and metabolite plasma
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g}?:rlrfl:col]jienpeet?ct_[i(a):gmeters Gender Dose Day Analyte Cnax Tinax AUC
(mean + SD) of sunitinib and (mg/kg) (ng/mL) (h) (ng h/mL)
SU12662 in rats treated with M 15 1 Sunitinib 18.1 + 8.7 467 £29 136 & 117
sunitinib for 3 months
SU12662 27.8 £ 16 6.0 £ 2.7 371 £ 234
28 Sunitinib 342 + 14 35+1.2 297 £+ 198
SU12662 86.8 £+ 33 40+ 1.5 1,077 £ 531
91 Sunitinib 459 4+ 25 3.0+ 0 433 + 391
SU12662 125 + 51 50+24 1,670 + 1,015
F 1.5 1 Sunitinib 305 £ 13 30+ 0 230 + 167
SU12662 334 £ 11 55+23 437 £+ 143
28 Sunitinib 44,6 + 19 35+1.2 408 + 221
SU12662 549 £ 22 45+ 1.6 672 £ 297
91 Sunitinib 64.0 £ 48 35+1.2 605 £+ 416
SU12662 80.9 + 47 35+1.2 938 £+ 505
M 5 1 Sunitinib 92.3 £ 25 50+ 1.5 1,088 + 311
SU12662 186 + 59 65+1.2 2,392 + 767
28 Sunitinib 199 + 48 45+ 1.6 2,276 + 624
SU12662 564 £ 150 50+24 7,998 + 2,084
91 Sunitinib 302 £+ 98 2.8 £ 1.8 3,608 + 654
SU12662 1,060 &+ 350 50+ 1.5 15,645 + 3,845
F 5 1 Sunitinib 109 £+ 66 4.17 + 2.1 1,272 + 1,015
SU12662 155 4+ 100 6.0 &£ 2.7 2,190 4+ 1,658
28 Sunitinib 239 + 95 3.7+£27 2,687 + 1,402
SU12662 267 + 110 50+24 3,720 + 1,962
91 Sunitinib 326 + 190 45 +25 3,581 + 1,915
SU12662 446 + 280 45+ 25 5,169 + 2,763
M 15 1 Sunitinib 403 + 170 45+ 1.6 5,014 4+ 2,553
SU12662 953 £+ 500 70+ 1.5 13,221 £+ 7,220
28 Sunitinib 676 £+ 220 52+ 34 9,829 + 3,423
SU12662 2,550 £+ 960 8.0+ 1.5 38,978 £ 13,661
65 Sunitinib 440 £ NC 9 +£ NC 6,177 £ NC
SU12662 1,060 & NC 9+ NC 17,588 + NC
F 15 1 Sunitinib 669 + 200 40+ 15 9,121 & 3,740
SU12662 982 £ 340 6.5+29 14,403 + 5,340
Please refer to Supplementary 28 Sunitinib 877 + 270 80+ 1.5 13,894 + 4,392
Table 4a in online journal for SU12662 1,140 4+ 380 9.0+ 0 17,719 £ 5,787
additional 28-day and 6-month 65 Sunitinib 388 =+ 190 19 + 8.7 6,003 =+ 1,660
data SU12662 573 + 300 19+ 8.7 8311 + 2,288

NC not calculated

concentrations were also below the LLOQ during the final
recovery period on days 175, 196, and 224 (1, 4, and
8 weeks post last dose administration).

Monkeys

Both sunitinib and SU12262 were evaluated in the 3- and
9-month repeat-dose studies in monkeys. In these studies,
sunitinib was readily absorbed and steadily eliminated after
once-daily oral doses, providing adequate and sustained
systemic exposure. As a representative of repeat-dose
exposure in monkeys, plasma concentration—time profiles

for sunitinib and SU12662 on day 57 of the 3-month study
are shown in Fig. 2c¢ and d; Fig. 3b shows the suniti-
nib + SU12662 AUC versus dose at steady-state.

In the 3-month study, the once-daily dose started at 2, 6,
or 20 mg/kg. Due to intolerance, the 20 mg/(kg day) dose
was reduced to 12 mg/(kg day) on day 29; the monkeys in
this dose group were given a drug-free period from days 34
to 42 and eventually removed from dosing on day 67. In this
study, Cp,.x and AUC of sunitinib were higher than those of
SU12662, and the sunitinib:SU12662 AUC ratio did not
change markedly with increasing dose or with multiple
dosing (Table 5). [An extended and comprehensive version
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Fig. 2 Steady-state plasma concentration—time profiles of sunitinib
and SU12662 in rats on day 28 of a 3-month study (a and b) and in
monkeys on day 57 of a 3-month study (c and d) (in these figures, ‘m’

of Table 5 (Supplementary Table 5a) presenting data from
animals treated with sunitinib for 28 days, 8 weeks, 3 and
9 months is available as supplementary data in the online
journal.] Across all dose groups and collection days, there
were no marked gender differences in Cy,,x and AUC. The
increases in systemic exposure were proportional to dose
from 2 to 6 mg/(kg day), but the increases were greater than
dose-proportional at higher doses. The C,,x and AUC of
sunitinib and SU12662 on days 57 and 91 were generally
higher than on day 1, indicating accumulation of drug and
metabolite following multiple-dose administration of suni-
tinib. Days 57 to 1 ratios of Cy,,x and AUC for sunitinib and
SU12662 in both male and female monkeys were in the
approximate range of 1-3; days 91/66 to 1 ratios were in the
approximate range of 2-5 (with dose normalization where
applicable).

The 9-month study was conducted in eight cycles of
once-daily dosing with sunitinib 0.3, 1.5, and 6 mg/kg
according to a 4/1 schedule. Gender-related differences in
exposure were not apparent, and sunitinib exposure was
generally greater than or equal to SU12662 exposure (data
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represents male animals and ‘f* represents female animals). a Sunitinib
(3-month rat study). b SU12662 (3-month rat study). ¢ Sunitinib
(3-month monkey study). d SU12662 (3-month monkey study)

not shown). Sunitinib and SU12662 C,,,x and AUC gen-
erally increased with dose, but varied across treatment
cycles. Exposure-treatment day effects were not consistent,
as sunitinib and SU12662 C,,,, and AUC fluctuated across
the profiling days. The reasons for these observations are
not known. However, comparison of 0- and 24-h plasma
concentrations of sunitinib and SU12662 on different
treatment days and cycles showed that these trough con-
centrations were similar and did not consistently increase
with dosing cycles. These results indicated that, despite the
apparent variability of plasma concentration data on dif-
ferent treatment days, the animals in this study were
exposed to sunitinib and its metabolite, with the target
exposure (plasma concentrations >50 ng/mL) likely
attained by the end of the first dosing cycle.

Tissue distribution. In another repeat-dose monkey
study in which daily oral doses of sunitinib 6 and 12 mg/
kg were administered for 8 weeks or for two cycles of
4 weeks (4/2 regimen), the total drug (sunitinib plus
SU12662) concentrations in most tissues were 13- to 308-
fold higher than plasma concentrations at 24 h after the
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Fig. 3 Steady-state total exposure (sum of AUC of sunitinib and
SU12662) versus dose in rats on day 28 of a 3-month study (a) and
in monkeys on day 57 of a 3-month study (b); a 3-month rat study,
b 3-month monkey study

last dose for both dose groups. White fat concentrations
were 2- to 14-fold higher than in plasma, while the ratios
in brain were close to unity (1- to 3-fold higher). How-
ever, the tissue concentrations had attained steady-state by
the fourth week of daily dosing and there was no con-
tinuous accumulation of sunitinib or SU12662 in the
tissues from day 28 to 56 or from the first to second 4/2
dosing cycles. Therefore—similar to rats, and consistent
with the high volume of distribution observed in single-
dose monkey studies (Table 3)—sunitinib and SU12662
were extensively distributed in tissues in monkeys, with
most tissues attaining higher concentrations than plasma
and reaching steady-state by 28 days of dosing. Upon
termination of drug treatment, the tissue concentrations
decreased with time, with no tissues examined showing
prolonged retention of high concentrations of the drug or
metabolite.

Discussion

Sunitinib is an oral multitargeted tyrosine kinase inhibitor
that has shown clinical activity in advanced RCC and in
GIST after disease progression on, or intolerance to, i-
matinib. To support the clinical development of sunitinib,
extensive non-clinical studies of the pharmacokinetics and
dispositional properties of sunitinib and its primary active
metabolite (SU12662) were performed as reported here.
These data indicate that sunitinib exhibits advantageous
pharmacokinetic and dispositional properties required for
an oral therapeutic agent in humans; namely, linear kinetics
at clinically relevant doses, rapid and extensive absorption,
a long half-life enabling once-daily dosing, and a large
volume of distribution without metabolic induction sug-
gesting that clinically relevant (i.e. therapeutic)
concentrations can be achieved.

The pharmacokinetics of sunitinib and SU12662 after
oral sunitinib administration were generally consistent with
those observed after intravenous administration. The gen-
der-related differences apparent in rats after oral and
intravenous administration were probably due to the fact
that male rats are more extensive CYP3A-mediated me-
tabolizers than female rats [18]. Such gender-related
differences were specific to and relevant for rats only [11].
The proper estimation of sunitinib oral bioavailability in
rats was confounded by the non-linear and gender-depen-
dent kinetics, and differences between the intravenous
(reference) and oral (test) doses. Nonetheless, it can be
concluded that the oral bioavailability of sunitinib in mice,
rats, and monkeys was >50%.

Following oral administration of sunitinib, Tj,,, of
SU12662 was slightly later than or similar to Tj,,x of the
parent drug, indicating a rapid first-pass effect. Also, in
both rats and monkeys, the metabolite:parent AUC ratios
were higher after oral compared with intravenous dosing,
indicating that sunitinib may be subject to first-pass
metabolism on absorption in animals [12].

Both sunitinib and drug-related materials, including
SU12662, were extensively bound to plasma proteins (86—
98%) in the non-clinical species studied, and showed
preferential uptake into red blood cells from plasma in
mice and monkeys. After intravenous sunitinib adminis-
tration in mice, rats, and monkeys, sunitinib and SU12662
had volumes of distribution significantly larger than total
body water (3-21 L/kg).

When tissue concentrations of sunitinib and SU12662
were examined, it was clear that both compounds were
widely distributed into tissues, including the CNS [19],
which, in mice, showed higher concentrations than plasma
compared with monkeys and rats in which CNS concen-
trations were similar to or lower than in plasma. Otherwise,
most tissues had much higher concentrations of drug
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Table 5 Repeat-dose

pharmacokinetic parameters Gender Dose Day Analyte Crmax Tinax AUC
(mean =+ SD) of sunitinib and (mg/kg) (ng/mL) (h) (ng h/mL)
SUI12662 in monkeys treated M 2 1 Sunitinib 132+ 12 1.5+ 1.0 226 + NC
with sunitinib for 3 months
SU12662 4.84 +£29 20+12 703 + 51
57 Sunitinib 359 + 4.7 340 373 + 80
SU12662 13.1 + 2.4 45+ 17 200 + 53
91 Sunitinib 57473 340 561 + 73
SU12662 20418 45+3 325 + 64
F 2 1 Sunitinib 20.6 + 8.3 3040 188 + 97
SU12662 6.45 + 1.8 45+ 3 85.5 + 23
57 Sunitinib 537 + 11 340 504 + 111
SU12662 174 + 26 45+ 17 263 + 29
91 Sunitinib 68.9 + 12 340 801 + 214
SU12662 24 +32 375+ 1.5 411 + 64
M 6 1 Sunitinib 927 + 38 45+ 17 979 + 510
SU12662 319 + 1.3 45+ 17 422+ 72
57 Sunitinib 115 + 35 375+ 1.5 1,377 + 403
SU12662 46.1 + 3.4 6+ 24 720 + 102
91 Sunitinib 157 + 38 375 + 1.5 1,976 + 450
SU12662 719 + 13 45+ 17 1,217 + 230
F 6 1 Sunitinib 81.5 + 29 375+ 1.5 794 + 453
SU12662 356+ 7.7 525+ 15 453 £ 219
57 Sunitinib 132 + 37 525+ 15 1,566 + 620
SU12662 553+ 15 6+0 807 + 152
91 Sunitinib 161 + 16 45+ 17 1,935 + 332
SU12662 82.8 + 22 6+0 1,304 + 246
M 20 1 Sunitinib 294 + 61 675+ 1.5 4381 + 1,033
SU12662 117 + 34 825+ 1.5 1,971 + 570
12¢ 57 Sunitinib 359 + 70 6.75 £ 2.9 5,857 + 1,327
SU12662 167 + 29 9+24 3,266 + 991
12° 66 Sunitinib 354 + 86 12 £ 10 6,620 + 1,290
SU12662 214 + 70 6+0 4769 + 1,686
Ploase refer o Supplementary 20 1 Sunitinib 353 + 44 675+ 1.5 4,697 + 910
Table 5a in online journal for SU12662 140 + 22 825 + 1.5 2,200 + 369
additional 28-day, 8-week, and 122 57 Sunitinib 345 £ 93 6+24 5,585 £ 2,316
9-month data SU12662 182 + 67 825+ 1.5 3,510 + 1,806
NC not calculated 12 66 Sunitinib 354 + 140 640 6,131 + 2,864
* Dose changed from 20 mg/ SU12662 180 + 10 6+0 3,783 + 631

(kg day) on day 29

compared with blood, consistent with a high volume of
distribution. Of note, pigmented tissues in the eye
(including the uveal tract) and skin of pigmented rats
showed longer retention of higher drug levels than non-
pigmented tissues. This was believed to be associated with
melanin binding, which occurs benignly with many basic
drugs [20].

After intravenous sunitinib administration, sunitinib and
SU12662 exhibited moderate-to-high systemic clearances
in all species. In rats and monkeys, orally and intrave-
nously administered doses were quantitatively recovered
(as drug and drug-related materials) mainly in feces (71—

@ Springer

77% of the dose in rats; 84—87% of the dose in monkeys),
with urinary excretion forming a minor route of elimination
(approximately 9% of the dose in rats; 5—-6% of the dose in
monkeys). In rats, 43% of the dose was excreted in bile, but
there were no indications of enterohepatic recirculation of
drug-related materials. Drug-related radioactivity was also
excreted in the milk of lactating rats.

Data from the current studies in mice support the find-
ings of previous murine studies reported by Mendel et al.
[2], who demonstrated that sunitinib has predictable, dose-
dependent pharmacokinetics with dose-dependent changes
in exposure. Mendel and colleagues showed that efficacy is
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driven by maintenance of the target plasma concentration;
thus, effective exposure is achieved with plasma sunitinib
concentrations maintained above 50 ng/mL for 12 h with
daily dosing, corresponding to an administered dose of
40 mg/(kg day).

The repeat-dose pharmacokinetics of sunitinib and
SU12662 in rats and monkeys (the primary animal species
for non-clinical safety evaluations) were consistent with
the kinetics after single doses. A few differences, however,
were noted: unlike in rats, there was no gender-related
difference in metabolism of sunitinib to SU12662 in
monkeys. Quantitatively, after repeat-dose administration
of sunitinib, again, unlike in rats, the SU12662 AUC in
monkeys was generally smaller or similar compared with
the AUC of the parent drug. Similarly, in humans, upon
repeat dosing, the metabolite accounts for 23-37% of the
total drug AUC [11].

The plasma half-life of sunitinib allowed once-daily
dosing in rats and monkeys to attain adequate systemic
exposure in repeat-dose studies. Systemic exposure gen-
erally increased greater than dose-proportionally, and
attained steady-state by 4 weeks of daily dosing.

Consistent with the long half-lives, there was limited-to-
moderate accumulation of sunitinib and SU12662 in
plasma following repeat-dose administration in rats and
monkeys with a <3-fold observed increase in sunitinib and
SU12662 systemic exposure through the last day of dosing.
The long terminal-phase half-lives observed in monkeys
when plasma concentrations were monitored for a pro-
longed period did not lead to significant drug accumulation
following repeated administration and contributed to <1%
of the AUC. This indicates that a continuous dosing regi-
men would not be expected to result in significantly higher
exposures over time, as compared to a cyclical regimen.
The predictable and dose-dependent pharmacokinetics of
sunitinib were key factors supporting the continued
assessment and development of the compound [2].

In summary, in the non-clinical species studied, sunitinib
exhibited advantageous oral pharmacokinetic and disposi-
tional properties: linear kinetics at clinically relevant doses;
rapid and extensive absorption; long half-lives enabling
once-daily dosing; and a large volume of distribution
without metabolic induction, suggesting that clinically rel-
evant (i.e. therapeutic) concentrations can be achieved. In
the range of doses expected to lead to clinically relevant
exposure in humans, Cy,x and AUC generally increased
proportionally with dose, allowing for the extrapolation of
pharmacokinetic and toxicokinetic data for use in safety
margin assessment and tumor xenograph mouse models for
efficacy assessment [2—4, 16]. The data collected from the
single- and repeat-dose studies in mice, rats, and monkeys
performed as part of the sunitinib non-clinical development
program facilitated the implementation and conduct of

clinical studies, which subsequently led to regulatory
approval of sunitinib.
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