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Abstract This study evaluated the effect of hepatic
impairment on the pharmacokinetics of sunitinib and its
active metabolite, SU12662. This open-label study enrolled
subjects with normal hepatic function (n = 8), mild
(Child—Pugh [CP]-A; n = 8), or moderate (CP-B; n = 8)
hepatic impairment. Subjects received sunitinib 50 mg as a
single oral dose. Mild or moderate hepatic impairment did
not significantly alter sunitinib, SU12662, or total drug
(TD) systemic exposure. In subjects with normal hepatic
function, mild, or moderate hepatic impairment, respec-
tively, TD AUC(_,, was 1,938, 2,002, and 1,999 ng h/ml,
TD AUC(_j. was 1,913, 1,956, and 1,958 ng h/ml, and
TD Cpax Was 26.0, 27.3, and 26.7 ng/ml. There were no
other notable pharmacokinetic differences and sunitinib
was well tolerated. The pharmacokinetic findings of this
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study do not indicate a need to adjust the currently
approved starting dose of sunitinib (50 mg daily on Sche-
dule 4/2) for cancer patients with mild to moderate liver
impairment.
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Introduction

Sunitinib malate (SU11248; SUTENT®) is an oral, mult-
itargeted tyrosine kinase inhibitor with antiangiogenic and
antitumor activities. Sunitinib selectively inhibits class III
and V split-kinase domain receptor tyrosine kinases,
including platelet-derived growth factor receptors
(PDGFR-o¢ and PDGFR-p), vascular endothelial growth
factor receptors (VEGFR-1, VEGFR-2, and VEGFR-3),
stem cell factor receptor (KIT), and Fms-like tyrosine
kinase-3 receptor (FLT3); sunitinib also inhibits the glial
cell-line derived neurotrophic factor receptor (rearranged
during transfection; RET) [1-6]. In biochemical and cel-
lular assays, the primary active metabolite of sunitinib
(SU12662) demonstrated similar potency to the parent
compound in terms of inhibition of the activity of these
receptor tyrosine kinases [6].

Sunitinib has received regulatory approval from the
United States Food and Drug Administration (FDA)—and
marketing authorization from the European Commission—
for the treatment of patients with gastrointestinal stromal
tumor (GIST) after progression on or intolerance to imatinib
mesylate and advanced renal cell carcinoma (RCC). The
current recommended dose is sunitinib 50 mg daily admin-
istered in repeated cycles of 4 weeks on treatment, followed
by 2 weeks off treatment (Schedule 4/2) [6]. The compound
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has also shown efficacy in a variety of other tumor types and
is currently being evaluated in phase II and III studies in
patients with neuroendocrine tumors [7], metastatic breast
cancer [8], and non-small cell lung cancer [9, 10].

Following oral administration, maximum plasma con-
centrations of sunitinib are generally observed between 6
and 12 h post-dose [6]. Food has no effect on the bio-
availability of the compound [11], and both area under the
plasma concentration—time curve and maximum plasma
concentration increase dose-proportionately with sunitinib
25-100 mg [6].

Sunitinib is metabolized mainly by cytochrome P450
3A4 (CYP3A4) to form the active metabolite, SU12662;
SU12662 is also metabolized by CYP3A4 [6, 12].
SU12662 comprises 23-37% of the total exposure [20].
Sunitinib and SU12662 are the major drug-related com-
pounds that have been identified in plasma, urine, and feces
(representing 91.5, 86.4 and 73.8% of radioactivity in
pooled samples, respectively); minor metabolites have
been identified in urine and feces, but are generally not
found in plasma [6, 12]. In a mass balance study, 61% of
the administered sunitinib dose was eliminated in feces,
with renal elimination accounting for 16% [6, 12].

SU12662 has a similar receptor tyrosine kinase inhibi-
tory profile to sunitinib in preclinical assays, as well as
comparable human plasma protein binding (sunitinib is
~95% protein bound to albumin in vitro; SU12662 is
~90% bound), with no concentration dependence in
the range of 100—4,000 ng/ml [13]. The combination of
sunitinib plus SU12662 therefore represents a clinically
relevant measure of the total active drug in plasma [6].

Following a single oral dose in healthy volunteers, the
terminal half-lives of sunitinib and SU12662 are approxi-
mately 40—60 and 80—-110 h, respectively [6]. With repeated
daily administration, sunitinib accumulates three to four-
fold, while SU12662 accumulates seven to tenfold; steady-
state concentrations of sunitinib and the primary metabolite
are achieved within 10-14 days [6]. No significant changes
in the pharmacokinetics of sunitinib or SU12662 have been
observed with repeated administration, nor have differences
in pharmacokinetics been seen between healthy volunteers
and patients with solid tumors [6].

In a population pharmacokinetic analysis, no relationship
was observed between liver enzyme levels (evaluated using
baseline alanine aminotransferase [ALT] values [0-35 U/,
n = 175;36-69 U/l, n = 23; 70-140 U/, n = 6; >140 U/,
n = 1]) and sunitinib or SU12662 pharmacokinetics [14].
The objective of the present study was to evaluate the
pharmacokinetics of sunitinib and SU12662 in subjects with
mild and moderate hepatic impairment following a single
dose of sunitinib. The aim was to provide sunitinib starting
dose recommendations for patients with hepatic impair-
ment. The safety and tolerability of sunitinib in subjects
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with mild and moderate hepatic impairment were also
assessed.

Methods
Study design

This was an open-label, parallel-group study performed in
accordance with the International Conference on Harmo-
nization Good Clinical Practice guidelines and applicable
local regulatory requirements and laws. The Institutional
Review Board for each study center (Southern Institutional
Review Board, Miami, FL, USA and INTEGREVIEW,
Austin, TX, USA) approved the protocol and other relevant
documents before the study started, and all participants
gave written informed consent.

Subjects

Participants were male or female subjects with normal
hepatic function (n = 8), or mild (n = 8) or moderate
(n = 8) hepatic impairment. Hepatic impairment was gra-
ded using the Child-Pugh (CP) classification [15, 16]. The
protocol specified that subjects with normal hepatic func-
tion were recruited after subjects with mild (CP class A
[CP-A; score 5-6) and moderate (CP class B [CP-B]; score
7-9) hepatic impairment had completed the study. Four of
the subjects with normal hepatic function were matched—
with respect to age (&£5 years), weight (£10 kg), and
gender—to four subjects in each of the CP-A and CP-B
groups (those with the lowest [n = 1], highest [# = 1], and
median [#n = 2] weights in each group).

Subjects with normal hepatic function were required to
be healthy as defined by having no clinically relevant
abnormalities identified by a detailed medical history and
full physical examination. Exclusion criteria included a
history of regular alcohol consumption (>7 and >14 drinks/
week for women and men, respectively), and the use of
prescription or non-prescription drugs (except acetamino-
phen <1 g/day), vitamins, and dietary supplements during
the study period.

Subjects with hepatic impairment were required to have
stable hepatic dysfunction resulting from cirrhosis (not
secondary to other diseases) and normal renal function
(creatinine clearance >80 ml/min). Any other clinically
significant diseases (e.g., those that contra-indicated the use
of the study drug or may have affected the pharmacoki-
netics of sunitinib) or laboratory abnormalities, the use of
prescription or non-prescription drugs that inhibited or
induced CYP3A4, and the use of dietary supplements
during the study period were exclusion criteria for subjects
with hepatic impairment.
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In addition, female subjects of child-bearing potential
were required to use an acceptable method of non-hor-
monal contraception, and all subjects were required to
abstain from alcohol, caffeine- (including chocolate),
xanthine-, and grapefruit-containing products, and strenu-
ous exercise during the study.

Sunitinib administration

Subjects with hepatic impairment were admitted to the
clinical research unit 2 days prior to dosing (day 1). Sub-
jects with normal hepatic function were admitted the day
before dosing (day 0). On day 1, following a 10-h fast,
subjects received a single 50-mg oral dose of sunitinib.
Subjects fasted for 4 h after dosing. All subjects remained
in the clinical research unit until day 7.

A single 50-mg dose was deemed adequate since the
approved daily dose of sunitinib is S0 mg on Schedule 4/2
(4 weeks on treatment followed by 2 weeks off treatment)
and no significant pharmacokinetic changes have been
observed with repeated versus single administration of
sunitinib/SU12662 [6]. This single dose was expected to be
safe and tolerable in subjects with hepatic impairment, as a
previous study showed that single higher doses of 150- and
175-mg loading doses of sunitinib were well tolerated in
patients with advanced solid tumors [17].

Evaluation of sunitinib and SU12662 pharmacokinetics

Blood samples (4 ml) for sunitinib and SU12662 assays
were collected before and 1, 2, 4, 6, 8, 12, and 16 h after
the dose of sunitinib on day 1. Samples were also collected
on days 2-7 (24, 36, 48, 72, 96, 120, and 144 h after
dosing). On days 9, 11, 13, 15, 17, and 21, subjects
returned to the clinical research unit for additional phar-
macokinetic blood sample collections. Separate blood
samples (10 ml) were also collected before and 6 h after
dosing on day 1 to measure the unbound fraction of suni-
tinib and SU12662.

All pharmacokinetic blood samples were collected into
tubes containing potassium ethylenediaminetetraacetic acid
(K;EDTA) and kept out of direct sunlight. Within 1 h of
collection, samples were centrifuged (~1,700g at 4°C for
about 10 min) and the harvested plasma was stored at
approximately —20°C until assay. Blood samples for the
measurement of unbound concentrations were collected in
phosphate-buffered saline.

Plasma samples for analysis of bound plus unbound
concentrations, as well as solely unbound concentrations,
were analyzed for sunitinib and SU12662 using a validated
method (liquid chromatography with tandem mass spec-
trometric detection [LC/MS/MS]) as previously described
[11]. The lower limit of quantification (LOQ) for both

sunitinib and SU12662 was 0.1 ng/ml in human plasma
and 0.01 ng/ml in phosphate-buffered saline. For plasma
samples, assay accuracy—expressed as bias of quality
control (QC) samples—ranged from —0.2 to 0.3% and
from 6.3% to 8.9% for sunitinib and SU12662, respec-
tively; assay reproducibility—expressed as coefficient of
variation (CV) of QC samples—ranged from 2.8 to 11.8%
and from 4.3 to 13.9% for sunitinib and SU12662,
respectively. For phosphate-buffered saline, assay accu-
racy—expressed as bias of QC samples—ranged from
—1.3t0 0.7% and —7.6 to 6% for sunitinib and SU12662,
respectively; the inter-run CV% could not be calculated as
all phosphate-buffered saline samples were analyzed in a
single batch.

Pharmacokinetic endpoints

Pharmacokinetic parameters were estimated by non-com-
partmental methods using validated software (WinNonlin®
Version 4.1.8; Pharsight® Corp., Mountain View, CA,
USA). The primary pharmacokinetic endpoints were
sunitinib area under the plasma concentration—time curve
from time zero to infinity (AUC,_,), area under the plasma
concentration—time curve from zero to time of last mea-
surable concentration (AUC_j,), and maximum observed
plasma concentration (C,,,x). Secondary pharmacokinetic
endpoints were sunitinib time to first occurrence of Cy.x
(Tmax), terminal phase plasma half-life (t.,,), apparent oral
clearance (CL/F), apparent volume of distribution (Vz/F),
fraction of drug unbound in plasma (FU), unbound AUC,_
] (AUCO—oc,u)7 unbound AUCO—last (AUCO—last,u)v and
unbound Cy.x (Cpax.u)- The unbound pharmacokinetic
parameters were calculated for each subject by multiplying
the relevant PK value by each subject’s FU (for example,
AUCy_o,n = AUCy_,, x FU).

The pharmacokinetic endpoints for SU12662 were
AUCO—OO’ AUCO—lastv Cmaxa Tmax, 12, FU, AUCO—oo,u,
AUC_jast.u> and Ciyyax - For total drug (sunitinib 4+ SU12662),
AUCy_., AUCq_ast, Crmax> and Tnax Were calculated.

Statistical methods

Sample size (n = 8 subjects per group) was based on
recommendations from the FDA Guidance for Industry
[18].

All pharmacokinetic parameters (except Ty.x) were log-
transformed and then compared between the group of subjects
with normal hepatic function and each group of subjects with
hepatic impairment using analysis of variance (ANOVA).
Point estimates and 90% confidence intervals (CIs) for the
differences between these groups were constructed and then
back-transformed to give estimates for ratio comparisons (i.e.,
moderate hepatic impairment/normal and mild hepatic

@ Springer



702

Cancer Chemother Pharmacol (2010) 66:699-707

impairment/normal). T;,,x was analyzed using a non-para-
metric method (Wilcoxon rank sum test); the estimates of
median differences between the groups were calculated,
together with the corresponding ranges.

Safety evaluation

To ensure the wellbeing of all enrolled subjects, safety was
assessed throughout the study. This included physical
examinations, 12-lead electrocardiograms (ECGs), mea-
surement of vital signs, and clinical laboratory tests, and
reporting of all observed or volunteered adverse events. All
adverse events were graded for severity (mild, moderate or
severe) and possible relationship to the investigational
product by the clinical investigator.

Results
Subject characteristics

Twenty-four subjects (16 men, 8§ women; 48-78 years of
age) were enrolled in and completed the study (first subject
visit: September 9, 2005; last subject visit: March 14,
2006); their demographics and baseline characteristics are
summarized in Table 1. Within the normal and mildly

Table 1 Demographics and baseline characteristics of study subjects

hepatic impaired groups, the mean ages of subjects were
similar. In the moderately hepatic impaired group, one
female subject was 78 years old, whereas the mean age of
the seven male subjects was 55 years. Mean subject weights
were similar in the normal and mildly hepatic impaired
groups but higher in the moderately hepatic impaired group;
mean body mass indices (BMIs) were higher in both of the
hepatic impaired groups than in the normal group.

As required by the protocol, eight of the subjects had
normal hepatic function, eight had mild hepatic impairment,
and eight had moderate hepatic impairment. All subjects
with mild and moderate impairment presented with hepatic
cirrhosis. Ascites was noted in all subjects with moderate
hepatic impairment; two subjects with mild hepatic
impairment had a history of ascites. Baseline laboratory
assessments for these 16 subjects revealed abnormalities
commonly associated with hepatic impairment (e.g., ele-
vated liver enzymes; data not shown). Serum albumin
concentrations (mean and range) at baseline for sunitinib
and SU12662 were similar between groups (Table 1).

Pharmacokinetic parameters
Measurable sunitinib and SU12662 concentrations were

achieved within 1 h after dosing in most subjects and
remained quantifiable at all following timepoints until at

Characteristic Normal function

Mild impairment

Moderate impairment

Men Women Total Men Women Total Men Women Total
n=25) n=23) n=23) n=4) n=4) (n=238) n=17 n=1) n=23)

Age (years)

Mean 58.2 56.0 57.4 59.8 59.0 59.4 54.9 78.0 57.8

Range 54-70 53-58 53-70 54-65 50-73 50-73 48-59 78-78 48-78
Race (n)

White 4 7 4 4 8 5 1 6

Black 0 0 0 0 0 0 2 0 2

Asian 1 0 1 0 0 0 0 0 0
Weight (kg)

Mean 84.2 69.7 78.8 85.8 72.5 79.1 87.1 83.5 86.6

Range 52.0-109.0 55.0-78.0 52.0-109.0 72.6-98.9 51.7-84.8 51.7-98.9 51.7-112.9  83.5-83.5 51.7-112.9
BMI (kg/m?)

Mean 27.6 25.0 26.6 30.4 28.1 29.3 28.9 34.8 29.6

Range 20.0-36.0 21.0-28.0 20.0-36.0 28.3-32.2 18.4-34.2 18.4-34.2 19.6-35.7 34.8-34.8 19.6-35.7
Height (cm)

Mean 174.6 167.3 171.9 167.6 161.3 164.5 172.7 154.9 170.5

Range 163.0-187.0 164.0-172.0 163.0-187.0 157.5-177.8 157.5-167.6 157.5-177.8 162.6-182.9 154.9-154.9 154.9-182.9
Serum albumin (g/dl)

Mean NC NC 4.15 NC NC 4.34 NC NC 4.04

Range NC NC 3.7-4.5 NC NC 3.8-4.7 NC NC 3.6-4.5

BMI body mass index, NC not calculated
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least days 15 and 17, respectively, in all subjects except
one. This subject (with normal hepatic function) had sun-
itinib and SU12662 concentrations that were either very
low or below the LOQ for the entire pharmacokinetic
sampling period; this was likely the result of an episode of
emesis soon after dosing that was reported as an adverse
event. Available data for this subject were excluded from
the pharmacokinetic summary statistics.

Peak sunitinib and SU12662 concentrations were
achieved approximately 6—10 h after dosing (median time
to first occurrence of Cp.x [Tmax]) and were followed by
a bi-exponential decline. Plasma concentration—time
profiles for sunitinib, SU12662, and total drug (sunitinib +
SU12662) in the different subject groups during the 96-h
period after administration of sunitinib are shown in
Fig. 1.

(@)
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=—=a Mild a—a Moderate

0 12 24 36 48 72 96

Median concentration (ng/mL)

Time (h)
() E°
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Time (h)

Fig. 1 Median sunitinib (a), SU12662 (b), and total drug
(sunitinib + SU12662) (c) plasma concentration versus time follow-
ing oral administration of a single 50-mg dose of sunitinib in normal
subjects (n = 7), and subjects with mild (n = 8) or moderate (n = 8)
hepatic impairment

The pharmacokinetics of sunitinib, SU12662, and total
drug were similar in subjects with mild or moderate hepatic
impairment as compared to subjects with normal liver
function (Table 2). Pairwise comparisons demonstrated
that systemic exposure (AUCq_.., AUCq_as, and Cppax) Of
sunitinib, SU12662, and total drug was not significantly
changed in subjects with mild or moderate hepatic
impairment compared to normal subjects: the point
estimates of the geometric mean ratios all fell within the
no-effect boundaries of 80-125% (Table 3). AUC,_..,
AUC(_j45, and Cpax were variable in all subjects: inter-
subject CVs on measures of systemic exposure ranged from
12.8 to 40.3% for sunitinib and from 25.4 to 54.2% for
SU12662. Median T,,,x values for sunitinib were not sig-
nificantly different in subjects with mild or moderate
impairment compared to normal subjects (Table 3); med-
ian T, values for SU12662 were similar, although the
range was wide in subjects with hepatic impairment
(Table 2). Mean t;,, for sunitinib was longer in subjects
with hepatic impairment (79.2-79.5 h) compared with
normal subjects (63.8 h; Table 2), although the point esti-
mates of the geometric mean ratios fell within the 80—
125% range (Table 3). Sunitinib CL/F was not significantly
different in subjects with hepatic impairment compared to
normal subjects (Table 2).

The percentages of unbound sunitinib and SU12662
were slightly smaller in the subjects with hepatic impair-
ment compared with the normal group (Table 2). Unbound
sunitinib exposure (AUCy_, y, AUCq ja5t,u, and Cryax n) Was
not significantly changed in subjects with mild and mod-
erate hepatic impairment (Table 3). For SU12662, the
unbound pharmacokinetic parameters were similar in sub-
jects with hepatic impairment and normal subjects, apart
from AUCy .., and AUCq js,, Which appeared to be
slightly lower in the group with mild impairment (Tables 2
and 3). However, significant differences between the 3
groups in unbound pharmacokinetic parameters could not
be concluded as all samples were assessed in a single run
and the potential for variability in the protein-binding assay
could not be quantified.

The SU12662/sunitinib ratios for AUCy_,, and Cy.x
(and for AUCq_,, and Cy,x,) Were similar in subjects
with mild or moderate hepatic impairment compared with
normal subjects (Table 2), indicating minimal impact
of mild or moderate hepatic impairment on sunitinib
metabolism.

Safety
During the course of the study, there were no serious or
unexpected adverse events. Furthermore, there were no

discontinuations (temporary or permanent) from study
treatment due to adverse events.
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Table 2 Pharmacokinetic parameters for sunitinib, SU12662, and total drug (sunitinib + SU12662) in plasma

Parameter Geometric mean (95% CI)

Normal function (n = 7)*

Mild impairment (n = 8)

Moderate impairment (n = 8)

Sunitinib  SU12662  Total SU12662/ Sunitinib  SU12662  Total SU12662/ Sunitinib  SU12662  Total SU12662/
drug® sunitinib® drug® sunitinib® drug® sunitinib®
Bound + unbound
AUCy., 1,369 559 1,938 0.41 1,514 492 2,002 0.32 1,477 505 1,999 0.34
(ng h/ml) (1,243, (518, (1,784, (1,369, (460, (1,828, (1,431, (461, (1,941,
1,508) 604) 2,104) 1,675) 2,192) 1,525) 553) 2,059)
AUCypps 1,355 531 1,913 1,485 456 1,956 1,455 475 1,958
(ng h/ml) (1,229, (490, (1,760, (1,345, (429, (1,794, (1,408, (432, (1,897,
1,494) 575) 2,078) 1,639) 2,133) 1,503) 522) 2,022)
Crnax 21.9 435 26.0 0.20 233 435 273 0.18 227 428 26.7 0.19
(ng/ml) (19.9, (3.99, (23.8, (222, (3.99, (26.0, (214, (3.69, (25.0,
24.0) 4.74) 28.5) 24.4) 4.74) 28.7) 24.0) 4.97) 28.6)
Trnax 8.07 6.08 6.10 8.00 6.00 8.00 10.0 6.00 8.00
(h? (6.00, (6.00, (6.00, (4.00, (4.00, (4.00, (1.00, (1.00, (1.00,
16.0) 12.0) 12.0) 12.0) 48.0) 12.0) 16.0) 36.0) 16.0)
i 63.8 111 NC 79.5 122 NC 79.2 113 NC
(h) 61.7, 107, (75.3, (114, (73.9, 107,
65.9) 115) 83.9) 84.9) 118)
CL/F 36.5 NC NC 33.0 NC NC 33.8 NC NC
(I/h) (33.2, (29.9, (32.8,
40.2) 36.5) 34.9)
Unbound
FU 9.82 16.0 NC 8.00 13.5 NC 8.98 15.6 NC
(%) 9.55, 15.5, (7.65, 13.0, (8.79, (15.4,
10.1) 16.6) 8.37) 14.1) 9.17) 15.7)
AUCy ., 135 89.7 NC 0.67 121 66.6 NC 0.55 133 78.6 NC 0.59
(ng h/ml) (124, (82.8, 12, (62.6, (128, (721,
146) 97.2) 132) 70.9) 137) 85.7)
AUCq jagu 133 85.1 NC 119 61.8 NC 131 73.9 NC
(ng h/ml) (123, (78.4, 1o, (58.2, (126, (67.5,
144) 92.3) 129) 65.6) 135) 81.0)
Craxa 2.15 0.697 NC 0.32 1.87 0.588 NC 0.32 2.04 0.667 NC 0.35
(ng/ml) (1.98, 0.637, .77, (0.535, (1.94, (0.576,
2.33) 0.763) 1.97) 0.648) 2.14) 0.772)

CI confidence interval, FU fraction of drug unbound in plasma, LOQ limit of quantification, NC not calculated

# Data for one normal subject were excluded due to sunitinib and SU12662 concentrations that were below the LOQ for the entire sampling period

" As sunitinib and SU12662 have different FU, only bound + unbound pharmacokinetic parameters are presented for total drug

¢ Ratio of SU12662/sunitinib exposure

9 Median (minimum, maximum) is presented for Ty, instead of geometric mean (95% CI)

The overall incidence of all-causality adverse events
was low: six subjects in the normal group reported 16
adverse events, two in the mildly impaired group reported
three adverse events, and none of the subjects in the
moderately impaired group reported any adverse events.
All adverse events were graded as mild or moderate in
severity. The most frequently reported adverse events
were gastrointestinal disorders, all of which were reported
by subjects with normal hepatic function. Four subjects in
the normal group and two subjects in the mildly impaired
group experienced treatment-related adverse events (in the
normal group, these included diarrhea, nausea, vomiting,
chest discomfort, paresthesia, pruritus, and rash; in the
mildly impaired group, they included hypoglycemia,
dizziness, and anxiety), all of which resolved by the end
of the study.
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Discussion

The pharmacokinetics of sunitinib and its primary active
metabolite, SU12662, following a single 50-mg oral dose
were similar in subjects with mild or moderate hepatic
impairment compared with subjects with normal liver
function. Additionally, no notable differences were noted
between groups in baseline albumin or FU.

The results demonstrated that mild or moderate hepatic
impairment, defined using the CP classification, did not
significantly alter sunitinib systemic exposure (AUCy_,
AUC_j.6, and Cpay) after a single dose. Upon examination
of the median plasma concentration—time profiles and the
mean pharmacokinetic parameters for sunitinib exposure,
substantial overlap in the curves and values was revealed.
Statistical analysis (ANOVA) of AUCy_.,, AUCq_j.s, and
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Table 3 Results of statistical comparisons of plasma pharmacokinetic parameters between study groups for sunitinib, SU12662, and total drug

(sunitinib 4+ SU12662)

Parameter

Geometric least squares mean ratio (90% CI)

Sunitinib

SU12662

Total drug®

Mild/normal

Moderate/normal

Mild/normal

Moderate/normal

Mild/normal

Moderate/normal

Bound + unbound

AUC(_, (ng h/ml)
AUCO—lasl (Ilg h/ml)

Crnax (ng/ml)

Tnax (0)°

tip (h)

CL/F (I/h)
Unbound

FU (%)

AUCy_o , (ng h/ml)
AUCq a0 (ng h/ml)

Craxu (ng/ml)

1.11 (0.84, 1.47)
1.10 (0.83, 1.45)
1.06 (0.85, 1.34)
0.35 (0.73)

1.25 (1.03, 1.51)
0.90 (0.68, 1.20)

0.82 (0.73, 0.92)
0.90 (0.71, 1.14)
0.89 (0.71, 1.13)
0.87 (0.71, 1.07)

1.08 (0.81, 1.43)

1.07 (0.81, 1.42)

1.04 (0.82, 1.30)
—0.23 (0.82)

1.24 (1.02, 1.51)

0.93 (0.70, 1.23)

0.91 (0.81, 1.03)
0.99 (0.78, 1.25)
0.98 (0.78, 1.24)
0.95 (0.77, 1.17)

0.88 (0.67, 1.16)

0.86 (0.65, 1.14)
1.00 (0.67, 1.48)

2.16 (0.03)

1.10 (0.92, 1.31)
NA

0.84 (0.76, 0.94)
0.74 (0.57, 0.97)
0.73 (0.55, 0.95)
0.84 (0.56, 1.26)

0.90 (0.69, 1.19)

0.90 (0.68, 1.18)

0.99 (0.66, 1.46)

0.70 (0.48)

1.02 (0.85, 1.21)
NA

0.97 (0.87, 1.09)
0.88 (0.67, 1.14)
0.87 (0.66, 1.14)
0.96 (0.64, 1.43)

1.03 (0.80, 1.33)
1.02 (0.80, 1.31)
1.05 (0.83, 1.33)
—0.29 (0.77)
NA

NA

NA
NA
NA
NA

1.03 (0.80, 1.32)
1.02 (0.80, 1.31)
1.03 (0.81, 1.30)
—0.52 (0.60)
NA

NA

NA
NA
NA
NA

CI confidence interval, FU fraction of drug unbound in plasma, NA not applicable (comparison could not be performed as these parameters were

not calculated)

% As sunitinib and SU12662 have different FU, only bound + unbound pharmacokinetic parameters are presented for total drug

® Wilcoxon Z-score (P-value) is presented for T),,x instead of geometric least squares mean ratio (90% CI)

Cinax confirmed that mild or moderate hepatic impairment
did not significantly affect the pharmacokinetics of sunitinib,
and this was further supported by there being no statistical
differences between the normal and hepatic impaired groups
for T.x and CL/F. Evaluation of point estimates of the
geometric mean ratios for sunitinib AUC,_.,, AUC_j,, and
Chax found that all values fell within the no-effect bound-
aries of 80—125%, although the CIs were wide.

The half-life of sunitinib while consistent with previous
reports [11, 14, 19] was longer in both groups with hepatic
impairment compared with the normal group (mild: 79.5 h;
moderate: 79.2 h; normal: 63.8 h). However, point esti-
mates of the geometric mean ratio for the half-life of
sunitinib fell within the 80—125% range. Although the 90%
CI was 102-151%, small patient numbers and the wide
%CV may not warrant strict application of the FDA
guidance [18] and thus these data are unlikely to indicate
clinically significant differences. It is possible that the
longer half-life of sunitinib in subjects with hepatic
impairment may be explained by a larger volume of dis-
tribution in these subjects, resulting from an increase in
extracellular fluid (e.g., ascites, peripheral edema), as has
been reported [20-22]. When medical histories were taken
and clinical examinations performed in this study, ascites
were noted in all subjects with moderate hepatic impair-
ment; one subject with mild hepatic impairment had
peripheral edema and two subjects with mild hepatic
impairment had a history of ascites. In this study, subjects

with mild and moderate hepatic impairment had higher
BMIs compared with normal subjects; this could also result
in larger volumes of distribution for extensively distributed
lipophilic drugs, such as sunitinib. Notwithstanding this
increase in sunitinib half-life, as the CL/F and exposure of
sunitinib were not significantly different between normal
and impaired groups, no difference in the accumulation of
sunitinib is expected between groups with multiple dosing.

Perhaps unsurprisingly, in light of the lack of effect of
mild or moderate hepatic impairment on the pharmacoki-
netics of sunitinib, the pharmacokinetic parameters for
SU12662 and those for the total drug (sunitinib + SU12662)
were similar across the groups. Overall, there were no clin-
ically important differences between subjects with mild or
moderate hepatic impairment and healthy controls, for both
sunitinib and the active metabolite.

Protein binding of sunitinib was similar between groups,
although slightly less in the normal group compared with
the groups with hepatic impairment. Significant differences
between the groups could not be concluded as the vari-
ability in the protein-binding assay could not be quantified.

A single 50-mg dose of sunitinib was well tolerated by
all study subjects. No subject experienced a serious or
unexpected adverse event and no subject discontinued
because of an adverse event. The overall incidence of all-
causality adverse events was low, with all events being
classed as mild or moderate in severity and all resolving by
the end of the study. The most frequently reported adverse
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events were gastrointestinal disorders, all of which were
reported by subjects with normal hepatic function.

In interpreting the results of this study, it should be
noted that subjects enrolled had hepatic impairment due to
liver cirrhosis, rather than due to liver metastases or
hepatocellular carcinoma (HCC) as may often be the case
for patients receiving sunitinib in a treatment setting or
clinical trial. However, the use of the CP classification in
this study was intended to provide a clinically relevant
measure of hepatic impairment regardless of its etiology, as
this draws upon multiple parameters to give an overall
score. To date, no differences in sunitinib pharmacokinet-
ics have been observed between healthy volunteers and
cancer patients [6, 14]. Including healthy subjects in this
trial is therefore a rational approach and one that provides
important comparator data. The use of molecularly targeted
drugs in non-cancer patients must be carefully monitored
given that the safety profile of the drug is not measured
against clinical benefit. Repeat administration was not
explored as part of this study, but multiple-dose pharma-
cokinetics of sunitinib have previously been found to be
predictable from single-dose data [6, 14]. Indeed, in a
phase II study of sunitinib in patients with advanced HCC
[23], dose-adjusted pharmacokinetics in patients with CP
Class A and B were comparable to data obtained from
other clinical studies [24, 25], after repeated daily admin-
istration of 37.5 or 50 mg sunitinib. Nevertheless, the
increased incidence of adverse events observed in the
Faivre et al. [23] trial underscores the need to take into
account the disease setting and other comorbidities in the
treatment of patients with hepatic impairment including
those with advanced HCC.

Overall, the pharmacokinetic findings of this study do
not indicate a need to adjust the currently approved starting
dose of sunitinib (50 mg daily on Schedule 4/2 [6]) for
cancer patients with mild to moderate liver impairment.
Subsequent dose modifications should be based on each
patient’s ability to tolerate treatment

In conclusion, this hepatic impairment study—which
was designed based on recommendations in the FDA
Guidance for Industry [18]—provides valuable information
following a single, relevant (50 mg) dose of the oncology
drug, sunitinib, in subjects without cancer. The pharma-
cokinetics of sunitinib and SU12662 were similar in sub-
jects with mild or moderate hepatic impairment compared
with subjects with normal liver function,

Acknowledgments This study was supported by funding from
Pfizer Inc. The authors would like to thank principal investigators
Thomas Stock (Pfizer Clinical Research Unit, Ann Arbor, MI, USA)
and Kenneth Lasseter (SFBC International, Miami, FL, USA), as well
as study managers Rebecca Reynolds and Rhett Behrje. Editorial
assistance was provided by ACUMED® (Tytherington, UK) with
funding from Pfizer Inc.

@ Springer

Conflict of interest statement The following authors have disclo-
sures: C. L. Bello, M. Garrett, and J. Smeraglia are Pfizer employees.
L. Sherman, B. Ryan, and M. Toh are former Pfizer employees.
C. L. Bello, M. Garrett, M. Toh and L. Sherman own Pfizer shares.

References

1. Abrams TJ, Lee LB, Murray LJ, Pryer NK, Cherrington JM
(2003) SU11248 inhibits KIT and platelet-derived growth factor
receptor beta in preclinical models of human small cell lung
cancer. Mol Cancer Ther 2:471-478

2. Kim DW, Jo YS, Jung HS, Chung HK, Song JH, Park KC et al
(2006) An orally administered multi-target tyrosine kinase
inhibitor, SU11248, is a novel potent inhibitor of thyroid onco-
genic RET/papillary thyroid cancer kinases. J Clin Endocrinol
Metab 91:4070-4076

3. Mendel DB, Laird AD, Xin X, Louie SG, Christensen JG, Li G
et al (2003) In vivo antitumor activity of SU11248, a novel
tyrosine kinase inhibitor targeting vascular endothelial growth
factor and platelet-derived growth factor receptors: determination
of a pharmacokinetic/pharmacodynamic relationship. Clin Can-
cer Res 9:327-337

4. Murray LJ, Abrams TJ, Long KR, Ngai TJ, Olson LM, Hong W
et al (2003) SU11248 inhibits tumor growth and CSF-1R-
dependent osteolysis in an experimental breast cancer bone
metastasis model. Clin Exp Metastasis 20:757-766

5. O’Farrell AM, Abrams TJ, Yuen HA, Ngai TJ, Louie SG, Yee KW
etal (2003) SU11248 is anovel FLT3 tyrosine kinase inhibitor with
potent activity in vitro and in vivo. Blood 101:3597-3605

6. SUTENT (sunitinib malate) prescribing information (2007)
Pfizer, New York

7. Kulke MH, Lenz HJ, Meropol NJ, Posey J, Ryan DP, Picus J et al
(2008) Activity of sunitinib in patients with advanced neuroen-
docrine tumors. J Clin Oncol 26:3403-3410

8. Burstein HJ, Elias AD, Rugo HS, Cobleigh MA, Wolff AC, Ei-
senberg PD et al (2008) Phase II study of sunitinib malate, an oral
multitargeted tyrosine kinase inhibitor, in patients with metastatic
breast cancer previously treated with an anthracycline and a
taxane. J Clin Oncol 26:1810-1816

9. Novello S, Scagliotti GV, Rosell R, Socinski MA, Brahmer JR,
Atkins JN et al. (2009) Phase II study of continuous daily suni-
tinib dosing in patients with previously treated advanced non-
small cell lung cancer. Br J Cancer (in press)

10. Socinski MA, Novello S, Brahmer JR, Rosell R, Sanchez JM,
Belani CP et al (2008) Multicenter, phase II trial of sunitinib in
previously treated, advanced non-small-cell lung cancer. J Clin
Oncol 26:650-656

11. Bello CL, Sherman L, Zhou J, Verkh L, Smeraglia J, Mount J
et al (2006) Effect of food on the pharmacokinetics of sunitinib
malate (SU11248), a multi-targeted receptor tyrosine kinase
inhibitor: results from a phase I study in healthy subjects. Anti-
cancer Drugs 17:353-358

12. Bello CL, Bu HZ, Patyna S, Kang P, Peng G, Pool W et al. (2007)
A phase I mass-balance study to evaluate the metabolism and
excretion of ['*C]-sunitinib in healthy male subjects. Poster
presentation at the AACR annual meeting, April 14-18, 2007
(Los Angeles, CA, USA) (Abstract 9072)

13. Haznedar JO, Patyna S, Bello CL, Peng GW, Speed W, Yu X
et al (2009) Single- and multiple-dose disposition kinetics of
sunitinib malate, a multitargeted receptor tyrosine kinase inhibi-
tor: comparative plasma kinetics in non-clinical species. Can
Chemother Pharmacol 64:691-706



Cancer Chemother Pharmacol (2010) 66:699-707

707

14.

15.

16.

17.

18.

19.

Houk BE, Bello CL, Kang D, Amantea M (2009) A population
pharmacokinetic meta-analysis of sunitinib malate (SU11248)
and its primary metabolite (SU12662) in healthy volunteers and
oncology patients. Clin Can Res 15:2497-2506

Child CG, Turcotte JG (1964) Surgery and portal hypertension.
In: Child CG (ed) The liver in portal hypertension. WB Saunders,
Philadelphia, pp 1-85

Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams
R (1973) Transection of the oesophagus for bleeding oesophageal
varices. Br J Surg 60:646-649

Rosen LS, Bello CL, Mulay M, Dinolfo M, Baum C (2006) A
phase I study evaluating administration of oral SU11248 (suni-
tinib malate) using a loading and maintenance dose on a 2/1
schedule in patients (pts) with advanced solid tumors. Proc Am
Assoc Cancer Res 47 (Abstract 2911)

FDA Guidance for Industry (2003) Pharmacokinetics in patients
with impaired hepatic function: study design, data analysis, and
impact on dosing and labeling. May 2003

Khosravan R, Toh M, Garrett M, La Fargue J, Ni G, Marbury T
et al. (2009) Pharmacokinetics and safety of sunitinib malate in
subjects with impaired renal function. J Clin Pharmacol (Sept
24th Epub Ahead of Print)

20.

21.

22.

23.

24.

25.

Bekheirnia M, Shrier R (2007) Pathophysiology of water and
sodium retention: edematous states with normal kidney function.
Curr Opin Pharmacol 6:202-207

Cardenas A, Arroyo V (2003) Mechanisms of water and sodium
retention in cirrhosis and the pathogenesis of ascites. Best Pract
Res Clin Endocrinol Metab 17:607-622

Sampliner R, Perrier D, Powell R, Finley P (1984) Influence of
ascites on tobramycin pharmacokinetics. J Clin Pharmacol
24:43-46

Faivre S, Raymond E, Boucher E, Douillard J, Lim HY, Kim JS
(2009) Safety and efficacy of sunitinib in patients with advanced
hepatocellular carcinoma: a phase II study. Lancet Oncol 10:794—
800

Faivre S, Delbaldo C, Vera K, Robert C, Lozahic S, Lassau N
et al (2006) Safety, pharmacokinetic, and antitumor activity of
SU11248, a novel oral multitarget tyrosine kinase inhibitor, in
patients with cancer. J Clin Oncol 24:25-35

Demetri GD, van Oosterom AT, Garrett CR, Blackstein ME,
Shah MH, Jaap V et al (2006) Efficacy and safety of sunitinib in
patients with advanced gastrointestinal stromal tumour after
failure of imatinib: a randomised controlled trial. Lancet
368:1329-1338

@ Springer



	Pharmacokinetics of sunitinib malate in subjects  with hepatic impairment
	Abstract
	Introduction
	Methods
	Study design
	Subjects
	Sunitinib administration
	Evaluation of sunitinib and SU12662 pharmacokinetics
	Pharmacokinetic endpoints
	Statistical methods
	Safety evaluation

	Results
	Subject characteristics
	Pharmacokinetic parameters
	Safety

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


