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Abstract

Purpose Bosutinib (SKI-606), a dual Src/Abl tyrosine

kinase inhibitor, is in clinical development for the treat-

ment of patients with chronic myelogenous leukemia

(CML). To support clinical development, we conducted a

dose-escalation and food-effect evaluation of safety, tol-

erability, and pharmacokinetics (PK) of bosutinib in heal-

thy adults.

Methods This was a randomized, double-blind, placebo-

controlled, single-ascending dose, sequential-group study of

oral bosutinib. Subjects randomly received bosutinib 200,

400, 600, and 800 mg with food; 200 and 400 mg without

food; or placebo. Plasma concentrations were determined by

a liquid chromatography-tandem mass spectrometry assay.

Non-compartmental PK analyses were performed, and

power models assessed dose linearity.

Results Of 55 enrolled subjects, 33 (81%) subjects had

adverse events (AEs) after receiving bosutinib. Common

AEs included diarrhea (39%), nausea (29%), and headache

(22%). Bosutinib 200–600 mg with food was safe and well

tolerated. Bosutinib exposures (Cmax and AUC) were linear

and dose proportional from 200 to 800 mg with food.

Absorption was relatively slow; median time to Cmax

was 6 h. Apparent volume of distribution (Vz/F) was

131–214 L/kg, mean apparent clearance (CL/F) was

2.25–3.81 L/h/kg, and mean terminal elimination half-life

(t1/2) was 32–39 h. Preliminary food effect assessment

showed that exposure to bosutinib increased by *2.52-fold

(P = 0.002) for Cmax and *2.28-fold (P = 0.002) for

AUC when 200 mg bosutinib was administered with food

compared with administration under fasting conditions;

administration of 400 mg bosutinib with food increased

AUC by *1.5-fold (P = 0.037). Approximately 1% of

administered dose was excreted in urine.

Conclusions Bosutinib 200–600 mg with food was safe

and well tolerated. Under fed conditions, bosutinib expo-

sures were linear and dose proportional, and Cmax increased

by *1.5-fold. The t1/2 supported a once-daily dosing

regimen.

Keywords Bosutinib (SKI-606) � Dual Src/Abl tyrosine

kinase inhibitor � Safety � Pharmacokinetics

Introduction

Tyrosine kinases are prime targets for the development and

screening of antibody-based as well as small-molecule

chemotherapeutic agents. In particular, Src, one of at least

nine members of the Src family of tyrosine kinases in

vertebrates [1], has attracted attention as a target for anti-

cancer therapeutic intervention because it has been linked

to pathways that are involved in tumor growth and pro-

gression. Src kinase activity decreases intercellular adhe-

sion and increases resistance to anoikis in human colon

tumor cell lines leading to enhanced cellular motility and

invasiveness [2, 3]. Src is upregulated in several types of

human cancers, including breast, pancreatic, ovarian, lung,

and prostate cancers [4–6], where it is thought to play an

important role in the development of the disease. In addi-

tion to Src, the Abl family of non-receptor tyrosine kinases

[7] has also been implicated in tumor progression [8].
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In vertebrates, the Abl family of tyrosine kinases includes

two homologous proteins, c-Abl and Abl-related genes

(Arg), which are encoded by the Abl1 and Abl2 genes,

respectively [7]. The oncogenic counterpart of Abl, the

Bcr-Abl fusion protein, is a molecular consequence of the

reciprocal translocation between chromosomes 9 and 22 to

generate the Philadelphia chromosome. Chronic myeloge-

nous leukemia (CML) is a clonal disorder characterized by

the distinctive cytogenetic abnormality of the Philadelphia

chromosome [9].

Bosutinib (SKI-606), a substituted 4-anilino-3-quinoline

carbonitrile, is an orally administered, competitive tyrosine

kinase inhibitor that selectively targets both Src and Abl

tyrosine kinases [10, 11]. The reported half-maximal

inhibitory concentration (IC50) for bosutinib against Src

kinase ranges from 1.2 to 3.8 nM, and the IC50 for Abl is

1.4 nM [12], with minimal inhibitory activity demonstrated

against platelet-derived tyrosine kinase growth factor

receptor (PDGFR) and stem cell factor receptor (c-KIT,

CD117). Bosutinib has been shown to suppress migration

and invasion of human breast cancer cells [12] and to

demonstrate clinical activity against breast cancer [13].

Moreover, bosutinib was found to have promising clinical

activity in patients with CML via Abl inhibition [10, 14,

15]. Phase II and III clinical trials with bosutinib are

therefore ongoing in patients with CML.

To support the clinical pharmacology assessment of

bosutinib, we conducted an ascending single-dose study

of the safety, tolerability, and pharmacokinetics (PK) of

bosutinib, including a preliminary assessment of the effect

of food on systemic bosutinib exposures, in healthy adult

subjects.

Methods

Subjects

Healthy men and women aged 18–50 years were eligible to

enroll in this study if they met the following inclusion

criteria: non-childbearing potential; body mass index in

the range of 18.0–30.0 kg/m2; body weight C50 kg; non-

smokers or smokers of \10 cigarettes per day who

abstained from smoking during the inpatient stay. Sexually

active men had to agree to the use of a medically accept-

able form of contraception during the study and for

12 weeks after administration of the last dose. The major

exclusion criteria included any significant cardiovascular,

hepatic, renal, or hematologic diseases.

This study (ClinicalTrials.gov Identifier: NCT00406406)

was conducted from November 2006 to August 2007, in

accordance with the International Conference on Harmo-

nisation (ICH) Guidelines for Good Clinical Practice

(GCP) and the ethical principles that have their origins in

the Declaration of Helsinki. Written informed consent was

obtained from all subjects prior to their enrollment in

the study. The study protocol and informed consent forms

were reviewed and approved by an independent ethics

committee.

Study design and dose administration

This was a randomized, double-blind, inpatient, placebo-

controlled, ascending single-dose, sequential, parallel

group study of oral bosutinib in healthy subjects and

comprised the following two study groups (seven bosutinib

dose cohorts in total): (1) a fasted group with three dose

cohorts (bosutinib 200, 400, and 400 mg expanded dose);

and (2) a fed group with four dose cohorts (bosutinib 200,

400, 600, and 800 mg). The fasted subjects were originally

to receive bosutinib doses of 200, 400, 600, 800, 1,000, and

1,200 mg. However, 8 of 12 subjects who received bos-

utinib 400 mg experienced grade 2 adverse events (AEs),

including postural dizziness (n = 5), diarrhea (n = 2),

increased heart rate (n = 2), and orthostatic hypotension

(n = 1). Therefore, bosutinib doses [400 mg were

administered under fed conditions only. The fasted subjects

fasted overnight for C10 h before administration of bos-

utinib or placebo. The fed subjects were given a standard

US Food and Drug Administration (FDA)—recommended

high-fat breakfast followed by administration of bosutinib

or placebo. Each subject participated in only one dose

cohort and received only a single dose of oral bosutinib or

placebo. Bosutinib was administered at one dose level at a

time, starting at the 200 mg fasted dose level. The decision

to administer bosutinib at the next higher dose was based

on the safety and tolerability assessments of the previous

dose.

Sample collection and bioanalytical methods

Venous blood samples (5 mL each) for quantitation of

bosutinib concentrations were collected into potassium

EDTA-treated tubes on study day 1 within 2 h of dose

administration (0 h) and at 0.5, 1, 2, 3, 4, 6, 8, 12, 18, 24,

36, 48, 60, 72, and 96 h after dose administration. Samples

were stored at -70�C until shipment to the analytical

laboratory (Taylor Technology Inc., Princeton, NJ). Bos-

utinib was shown to be stable under the method of sample

collection for C749 days when stored at -70�C. The

analytical laboratory used a validated liquid chromatogra-

phy/tandem mass spectrometry (LC/MS/MS) assay to

measure the bosutinib concentrations in the plasma. The

linear range of the assay for bosutinib was 1–500 ng/mL,

and the lower limit of quantitation (LLQ) was 1 ng/mL

using 0.1 mL of plasma sample.
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Pharmacokinetic assessments

For both studies, the scheduled sample collection times

were used in the PK analyses, and the plasma concentration

data for bosutinib were analyzed for each subject using a

noncompartmental method [16] with WinNonlin Enterprise

application, version 4.1 (Pharsight Corporation, Mountain

View, CA). The following PK parameters were deter-

mined: the peak plasma concentration (Cmax), the time to

Cmax (tmax), the terminal elimination half-life (t1/2), the area

under the concentration–time curve (AUC), the apparent

volume of distribution for the terminal disposition phase

(Vz/F), the apparent clearance (CL/F), and the terminal-

phase disposition rate constant (kz). Cmax and tmax were

determined directly from observed concentration data, and

kz was estimated by a log-linear regression of the terminal

monoexponential phase of the observed plasma concen-

tration–time curves. The t1/2 was calculated as 0.693/kz.

The CL/F and Vz/F were calculated as the ratio of dose to

AUC and ratio of CL/F to kz, respectively.

Safety and tolerability assessments

Safety and tolerability evaluations were based on reported

signs and symptoms, scheduled physical examinations,

vital signs measurement, cardiac rhythm monitoring, digi-

tal 12-lead electrocardiograms, and clinical laboratory

results. Adverse events were graded according to the

National Cancer Institute Common Terminology Criteria

for Adverse Events, version 3.0.

Statistical analysis

Descriptive statistics, including the mean and percent coef-

ficient of variation (CV%) were computed, and PK param-

eters (Cmax, AUC, tmax, t1/2, CL/F, and Vz/F) were compared

among the fed cohorts using the following 1-factor analysis

of variance (ANOVA) with dose as a fixed effect:

Y ¼ lþ DOSE

where Y is the PK parameter, l is the grand mean, and

DOSE is mg bosutinib administered. Analyses for all PK

parameters were performed on a log scale, and the dose-

dependent PK parameters (Cmax and AUC) were dose-

normalized and then log-transformed for the statistical

analyses. The preliminary assessments of dose propor-

tionality for Cmax and AUC were conducted using power

models for the fed cohorts, and a lack-of-fit test was con-

ducted to assess the fit of the models [17]. A preliminary

assessment of food effect on PK exposure parameters

(Cmax and AUC) for the bosutinib 200- and 400-mg doses

separately were performed using a 1-way ANOVA model

with a fixed effect for fed/fasted treatment.

Exploratory analysis: urinary excretion

Urine samples were analyzed for bosutinib concentrations

from subjects who received the highest doses of bosutinib

in each study group, i.e., the 400 mg cohort under fasting

conditions and the 800 mg cohort with food. The samples

were collected at predose and at timed intervals through

96 h following administration of bosutinib. The urine

bosutinib concentrations were measured by using a non-

validated LC/MS/MS assay with a linear range of 5–500

ng/mL and an LLQ of 5 mg/mL using 0.5 mL samples.

The assay used a deuterium-labeled internal standard.

Basically, 10 lL of extracted sample was chromatographed

on an Aquasil C18 reverse column using a high-perfor-

mance liquid chromatography gradient elution. MS/MS

analysis was performed using electrospray ionization in

positive ion mode, and bosutinib concentrations in the

urine were determined by a weighted (1/concentration2)

least-squares linear regression method.

Results

Study population

Demographics for the 55 subjects (47 men and 8 women)

who enrolled in this study are presented in Table 1. The

subjects had a mean age (standard deviation [SD]) of 32.0

(10.7) years (range: 18–50 years), and the majority of the

subjects (n = 44, 92%) were white, 2 (4%) were black or

African American, and 2 (4%) were of other races. Eight

subjects were assigned per cohort; in each cohort 6 subjects

received bosutinib and two received placebo, except in the

800 mg cohort, where five subjects received bosutinib and

two received placebo.

Pharmacokinetics

Plasma samples for PK analysis were available for 41

subjects. The PK parameters are presented in Table 2.

Following administration of bosutinib 200 mg and 400 mg

without food, tmax was attained in 3–6 h and Cmax and

AUC increased by 3.7-fold and 2.4-fold, respectively (400

mg compared with the 200 mg dose). Mean apparent

CL/F and Vz/F were similar for both dose cohorts.

Following administration of bosutinib with food, tmax was

attained in 6 h and Cmax and AUC increased over the entire

dose range of 200–800 mg. Mean CL/F and Vz/F were

similar across the dose range, except at the highest dose due

to the large variability. The individual and mean Cmax and

AUC versus dose for the fed cohorts are presented in Fig. 1,

and the assessment of dose proportionality for Cmax and

AUC are presented in Table 3. The power model exponents
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for Cmax and AUC were 1.10 and 0.942, respectively, and the

corresponding confidence intervals were 0.80–1.41 and

0.67–1.18, respectively. The lack-of-fit tests for the power

functions were not statistically significant (P [ 0.05). This

analysis suggested that the relationships between Cmax and

dose and between AUC and dose under fed conditions were

linear and dose proportional.

Effect of food on bosutinib PK

Following administration of bosutinib 200 mg with food,

bosutinib exposures (Cmax and AUC) increased by *2-fold

(P = 0.002 for both) compared with the fasted cohort

(Table 2). For the 400 mg cohort, food increased Cmax and

AUC by *1.4-fold and *1.5-fold, respectively (P =

0.172 and 0.037, respectively). This preliminary analysis

suggested that there was a significant food effect at the 200

mg dose level and at the 400 mg dose level (Fig. 2); food

did not have an effect on Cmax at the 400 mg dose, but there

was a significant increase in AUC.

Safety and tolerability

All 55 (100%) subjects who enrolled in the study were

included in the safety evaluations (Table 4). The incidence

of AEs was reported for 41 (75%) subjects. The most

common category of AEs was gastrointestinal (GI) disor-

der, and the frequency and severity of GI AEs appeared to

Table 1 Subject demographics at baseline

Characteristics Dose cohorts, mg bosutinib

200 (fasted)

n = 6

200 (fed)

n = 6

400 (fasted)

n = 6

400a (fasted)

n = 6

400 (fed)

n = 6

600 (fed)

n = 6

800 (fed)

n = 5

Placebo

n = 14

Total

N = 55

Mean age

(SD), year

33.7 (10.9) 35.0 (11.4) 34.5 (13.9) 30.2 (11.3) 25.8 (11.2) 28.5 (9.4) 29.6 (13.5) 31.7 (9.4) 31.2 (10.7)

Sex, n

Male 5 5 5 6 6 5 4 11 47

Female 1 1 1 0 0 1 1 3 8

Race, n

Asian 1 0 0 0 0 0 0 1 2

Black or African

American

0 0 0 1 0 1 0 1 3

White 5 6 4 5 6 5 5 12 48

Mean weight

(SD), kg

79.1 (3.7) 76.0 (5.5) 78.5 (11.7) 82.6 (14.6) 80.1 (8.1) 76.1 (4.8) 73.7 (13.7) 78.6 (15.6) 78.2 (11.1)

Mean BMI

(SD), kg/m2
25.3 (1.4) 23.8 (1.1) 24.4 (3.0) 24.5 (3.2) 23.4 (2.6) 23.9 (2.5) 22.2 (1.4) 23.9 (2.6) 23.9 (2.4)

SD standard deviation, BMI body mass index
a Expanded 400 mg cohort

Table 2 Summary of pharmacokinetic parameters for bosutinib in healthy adult subjects

Parameter,

mean (CV%)

Dose cohorts, mg bosutinib

200 (fasted)

n = 6

200 (fed)

n = 6

400a (fasted)

n = 12

400 (fed)

n = 6

600 (fed)

n = 6

800 (fed)

n = 5

Cmax, ng/mL 16.9 (67) 42.5 (24) 62.1 (66) 88.0 (26) 141 (34) 216 (40)

tmax
b (range), h 6.0 (3.0, 36.1) 6.0 (3.0, 8.0) 3.0 (2.1, 6.0) 6.0 (4.0, 6.0) 6.0 (6.0, 24.0) 6.0 (4.0, 8.0)

t1/2, h 41.2 (8) 39.1 (33) 37.3 (27) 32.4 (26) 32.6 (21) 33.8 (24)

AUC, ng h/mL 474 (25) 1,082 (30) 1,150 (54) 1,768 (16) 2,960 (23) 4,003 (38)

CL/F, L/h/kg 5.60 (23) 2.25 (24) 5.87 (62) 2.90 (16) 2.80 (24) 3.81 (93)

Vz/F, L/kg 344 (29) 131 (46) 313 (77) 132 (17) 133 (38) 214 (121)

CV% percent coefficient of variation, Cmax peak plasma concentration, tmax time to peak plasma concentration, t1/2 terminal phase elimination

half-life, AUC area under the concentration–time curve, CL/F apparent oral dose clearance, VZ/F apparent volume of distribution
a 400 mg cohort (n = 6) ? expanded 400 mg cohort (n = 6)
b tmax reported as the median, [range: minimum, maximum]
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be dose related. All AEs were mild (grade 1; 24 [44%]

subjects) or moderate (grade 2; 17 [31%] subjects) in

severity and were resolved by the end of the subject’s

participation in the study. No serious AEs that resulted in

death, life-threatening conditions, hospitalization, or per-

sistent or significant disability were reported during the

study. The tolerability of bosutinib was improved at the

600 mg dose level with food; under fasting conditions

bosutinib 400 mg was reasonably well tolerated (8 [67%]

subjects with moderate AEs) whereas under fed conditions

bosutinib 600 mg was well tolerated (1 [17%] subjects with

moderate AEs). Diarrhea was reported by a majority of

subjects who received bosutinib 400 mg in a fasted state (5

[83%] subjects); however, the incidence of this AE was

decreased when bosutinib was administered with food (2

[33%] subjects and 1 [17%] subject at the 400 mg and 600

mg dose levels, respectively).

Exploratory analysis: urinary excretion

Urine samples from subjects who received the highest

doses of bosutinib (400 mg fasted; 800 mg with food) were

assayed for bosutinib concentrations. Preliminary data

indicate that the excretion of bosutinib in the urine was

very low and the percent of dose excreted in urine was

*1% (CV%: 60–71%).

Discussion

Bosutinib is a dual Src/Abl tyrosine kinase inhibitor in

clinical development for the treatment of patients with

CML. To support the clinical and pharmacological

assessment of bosutinib, we evaluated the safety, tolera-

bility, and PK profiles, including the preliminary effects of

food on bosutinib exposures, in healthy adult subjects. PK

analyses confirmed that bosutinib exposures (Cmax and

AUC) were linear and dose proportional following

ascending single oral doses of bosutinib ranging from 200

Fig. 1 Individual and mean bosutinib exposures versus dose follow-

ing ascending single doses of oral bosutinib with food in healthy adult

subjects. a Cmax versus dose and b AUC versus dose. The power

models used to assess dose linearity are included in each plot. Cmax

peak plasma concentration, AUC area under the concentration–time

curve

Table 3 Power model fitting for preliminary dose-proportionality assessment of bosutinib in healthy adult subjects under fed conditions

PK

parameter

Fitted power

function

95% CIs of

the exponents

Lack-of-fit

P values

Cmax 0.39�DOSE1.10 0.80, 1.41 0.53

AUC 2.4�DOSE0.942 0.67, 1.18 0.55

CIs confidence intervals, Cmax peak plasma concentration, AUC area under the concentration–time curve

Fig. 2 Mean (SE) plasma bosutinib concentration versus time

profiles following administration of oral bosutinib in healthy adult

subjects under fasted and fed conditions. The LLQ is represented by

the broken line. SE standard error, LLQ lower limit of quantification
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to 800 mg with food. Bosutinib absorption was relatively

slow with a median tmax of 6 h, and the t1/2 ranged from 33

to 39 h, thus supporting a once-daily dosing regimen. The

Vz/F for bosutinib was relatively large, with values ranging

from 131 to 344 L/h/kg, thus indicating a high distribution

of bosutinib to tissues.

Preliminary assessment of the effect of food on systemic

bosutinib exposures at the 400 mg dose level revealed that

a high-fat meal increased AUC by *1.5-fold (P = 0.037)

compared with AUC under fasted conditions; however, the

observed *1.4-fold increase in Cmax with food was not

statistically significant (P = 0.172). A significant food

effect (AUC and Cmax) was observed at the 200 mg dose

level. Exploratory analysis revealed that bosutinib was

excreted in the urine. However, the levels were relatively

low and accounted for *1% of the total administered dose.

Bosutinib doses up to 600 mg with food were generally

safe and well tolerated in healthy subjects. However, under

fasting conditions, bosutinib doses were limited to 400 mg

because subjects experienced multiple AEs that stopped

dose escalation. This in turn limited the assessment of the

effect of food to doses B400 mg. The lower number of

subjects reporting AEs for the 600 mg dose with food

compared with the 400 mg dose under fasted conditions

suggests that food increased the tolerability of bosutinib.

Study results suggest that food intake both increased

bosutinib exposure and improved tolerability. Bosutinib

has a pH-dependent solubility profile in vitro [unpublished

data], and is a biopharmaceutics classification system

(BCS) class II drug [18], characterized by high perme-

ability and low solubility; the observed food effect result-

ing in increased bosutinib exposure could be explained by

an increase in bosutinib solubility when taken with food.

Increased exposure would lead to less bosutinib remaining

to be absorbed in the gut, resulting in fewer GI AEs (e.g.,

diarrhea) and improved tolerability. In addition, increased

exposure to bosutinib did not increase the incidence of AEs

in another phase I study examining the effect of ketocon-

azole on the PK profile of bosutinib [19]. Bosutinib is

primarily metabolized by cytochrome P450 (CYP) 3A4,

and ketoconazole is a potent inhibitor of CYP3A4. Coad-

ministration of ketoconazole increased bosutinib Cmax 5.2-

fold and AUC 8.6-fold. Despite this increase in bosutinib

exposure, the incidence of AEs was comparable to

administration of bosutinib alone [19]. Thus, AEs experi-

enced on bosutinib are likely the result of local rather than

systemic effects.

In conclusion, this study demonstrated that bosutinib

doses from 200 to 600 mg with food were safe and well

tolerated in healthy subjects, and systemic bosutinib

exposures were linear and dose proportional following oral

administration of single doses of bosutinib from 200 to

800 mg with food. The t1/2 of bosutinib supported a once-

daily dosing regimen.
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