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A B S T R A C T

Purpose
This open-label, phase I, dose-escalation study assessed the maximum-tolerated dose (MTD),
safety, pharmacokinetics, and antitumor activity of sunitinib in combination with capecitabine in
patients with advanced solid tumors.

Patients and Methods
Sunitinib (25, 37.5, or 50 mg) was administered orally once daily on three dosing schedules: 4
weeks on treatment, 2 weeks off treatment (Schedule 4/2); 2 weeks on treatment, 1 week off
treatment (Schedule 2/1); and continuous daily dosing (CDD schedule). Capecitabine (825, 1,000,
or 1,250 mg/m2) was administered orally twice daily on days 1 to 14 every 3 weeks for all patients.
Sunitinib and capecitabine doses were escalated in serial patient cohorts.

Results
Seventy-three patients were treated. Grade 3 adverse events included abdominal pain, mucosal
inflammation, fatigue, neutropenia, and hand-foot syndrome. The MTD for Schedule 4/2 and the
CDD schedule was sunitinib 37.5 mg/d plus capecitabine 1,000 mg/m2 twice per day; the MTD for
Schedule 2/1 was sunitinib 50 mg/d plus capecitabine 1,000 mg/m2 twice per day. There were no
clinically significant pharmacokinetic drug-drug interactions. Nine partial responses were con-
firmed in patients with pancreatic cancer (n � 3) and breast, thyroid, neuroendocrine, bladder, and
colorectal cancer, and cholangiocarcinoma (each n � 1).

Conclusion
The combination of sunitinib and capecitabine resulted in an acceptable safety profile in patients
with advanced solid tumors. Further evaluation of sunitinib in combination with capecitabine may
be undertaken using the MTD for any of the three treatment schedules.

J Clin Oncol 28:4513-4520. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Antiangiogenic agents improve overall survival in
colorectal and non–small-cell lung cancer1,2 and in-
crease disease-free survival in breast cancer3 when
combined with chemotherapy. Postulated mecha-
nisms for these improvements include direct inhibi-
tion of tumor neovascularization, normalization of
intratumoral perfusion thus improving chemother-
apy delivery, and/or prevention of tumor growth
between chemotherapy cycles, thereby reducing tu-
mor burden.4

Sunitinib malate (SUTENT) is an oral inhibitor
of multiple receptor tyrosine kinases, including
vascular endothelial growth factor receptors and
platelet-derived growth factor receptors, stem-cell
factor receptor (KIT), and colony-stimulating factor
1 receptor.5-7 It is currently approved for the treat-
ment of advanced renal cell carcinoma and for

imatinib-resistant/imatinib-intolerant GI stromal
tumors. Capecitabine, an oral prodrug of fluoroura-
cil (FU), is approved for metastatic breast and colo-
rectal cancer and for adjuvant therapy for Dukes’
stage III colon cancer.8 Sunitinib plus FU signifi-
cantly inhibited tumor growth and conferred a sur-
vival benefit compared with either agent alone in
preclinical studies of mice with established human
breast (MX-1) tumors.9 The synergistic antitumor
effect with combined therapy also conferred a sur-
vival benefit in animal models.

Sunitinib and capecitabine have manageable
safety profiles when administered as single agents.
Grade 3 to 4 adverse events (AEs) following treat-
ment with single-agent sunitinib include hand-foot
syndrome (HFS) reported in 4% to 9% of patients,
nausea in 1% to 8%, diarrhea in 3% to 6%, and
fatigue in 5% to 14%.10-12 Similarly, few severe AEs
have been reported with capecitabine monotherapy:
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grade 3 to 4 HFS in 6% to 13% of patients, nausea in � 3%, diarrhea in
2% to 11%, and fatigue in � 1%.13-15 The incidence of grade 3 to 4 AEs
is low in patients treated with either agent, with some AEs common to
both drugs (namely, HFS and diarrhea).

The different mechanisms of action of sunitinib and capecitab-
ine, synergistic antitumor activity in animal models, and manageable
single-agent safety profiles provide a strong rationale for combining
these agents in the clinical setting. The primary objective of this phase
I dose-escalation study was to determine the maximum-tolerated
doses (MTDs) of sunitinib and capecitabine when administered to
patients with advanced treatment-refractory solid tumors. Three dif-
ferent dosing schedules of sunitinib were used: 4 weeks on treatment
followed by 2 weeks off (Schedule 4/2); 2 weeks on treatment followed
by 1 week off (Schedule 2/1); and the continuous daily dosing (CDD)
schedule. These schedules were studied to define the optimal treat-
ment regimen for future drug evaluation.

PATIENTS AND METHODS

Patient Eligibility

Patients age � 18 years with histologically proven advanced solid malig-
nancies for which curative treatment was not available were enrolled. All
patients were to have received two or fewer prior systemic chemotherapy
regimens (excluding capecitabine), while any number of prior biologic (ex-
cluding antiangiogenic agents) or immunotherapeutic agents were permitted
if completed � 4 weeks before study entry. Given the possible effect of
sunitinib and capecitabine on hematopoiesis, previous chemotherapy regi-
mens were limited to two or fewer to exclude patients with impaired bone
marrow reserve. Biologic/immunotherapeutic agents are less likely to cause
long-term impairment of bone marrow reserve; their prior use was not ex-
cluded. Eligible patients had an Eastern Cooperative Oncology Group
(ECOG) performance status of 0 or 1, life expectancy of � 12 weeks, and
adequate organ function as defined by blood tests (criteria included AST and
ALT � 2.5 � upper limit of normal [ULN], total serum bilirubin � 1.5 �
ULN, absolute neutrophil count � 1,500/mL without growth factor support,
and serum creatinine � 1.5 � ULN). Patients with previously treated stable
brain metastases were eligible.

Patients were excluded if they had unstable angina, congestive heart
failure, cardiac dysrhythmias of grade � 2, atrial fibrillation, or QTc interval
prolongations; had a grade 3 hemorrhage within 4 weeks of starting study
treatment; used coumarin-derivative anticoagulants; or had hypertension
(blood pressure � 150/100 mmHg) uncontrolled with standard antihyperten-
sive agents.

All patients provided written informed consent. The study was con-
ducted in accordance with the International Conference on Harmonization
Good Clinical Practice guidelines and all applicable local regulatory require-
ments and laws.

Study Design and Treatments

This phase I, dose-escalation study (protocol A6181044; NCT 00618124)
was conducted at three centers in the United States. The primary objective was
to determine the MTDs of oral sunitinib (25, 37.5, or 50 mg once daily) and
oral capecitabine (825, 1,000, or 1,250 mg/m2 twice daily) on three different
sunitinib schedules (Schedule 4/2, Schedule 2/1, and the CDD schedule) and a
standard capecitabine schedule (2 weeks on treatment, 1 week off; Appendix
Table A1, online only). Secondary objectives included safety, antitumor activ-
ity, and pharmacokinetics of sunitinib, capecitabine, and key metabolites
when these agents were given alone or in combination.

Enrollment was sequential beginning with Schedule 4/2. Once the MTD
was determined for Schedule 4/2, enrollment for Schedule 2/1 and then the
CDD schedule commenced, starting at the MTD defined on Schedule 4/2.
Sunitinib and capecitabine doses were escalated in serial patient cohorts using

a standard 3 � 3 design. Dose escalation was allowed if no dose-limiting
toxicities (DLTs) were observed during cycle 1 of Schedule 4/2 (6 weeks) or
Schedule 2/1 (3 weeks) or the first two cycles of the CDD schedule (6 weeks
[each cycle being 3 weeks]). DLTs were defined as grade 3 to 4 nonhematologic
toxicities lasting � 7 days (to qualify as DLTs, nausea, vomiting, and diarrhea
were required to persist at grade 3 to 4 despite maximal supportive care), grade
4 neutropenia or thrombocytopenia � 7 days, grade 4 febrile neutropenia
� 24 hours, and grade 3 to 4 neutropenic infection. Once the MTD was
reached, that cohort was expanded by an additional six patients to further
characterize safety, pharmacokinetics, and antitumor effects. Patients who
tolerated treatment without evidence of disease progression were permitted to
receive study treatment for � 1 year. Patients who showed evidence of clinical
benefit could continue treatment with sunitinib and capecitabine by enrolling
in a separate extension study. Depending on the type and severity of any AEs,
dose adjustments were permitted for either or both drugs. Together with
clinical interview, patients were asked to return medication bottles at the
beginning of each cycle for compliance monitoring.

Study Assessments

Clinical status was assessed at baseline; safety was assessed at regular
intervals throughout the study and for 28 days post-treatment. AEs were
graded using National Cancer Institute Common Terminology Criteria for
Adverse Events, version 3.0. Radiographic tumor assessments were also per-
formed for Schedule 4/2 at the end of the dosing period of cycles 1, 2, and 4 and
even cycles thereafter, and for Schedule 2/1 and the CDD schedule at the end of
the dosing period of cycles 2, 4, and 8 and alternate even cycles thereafter.
Assessments were also made whenever disease progression was suspected.
Tumor response was assessed in patients with measurable disease using Re-
sponse Evaluation Criteria in Solid Tumors (RECIST).16

Pharmacokinetic Analyses

Plasma pharmacokinetic parameters for sunitinib, its active metabolite
(SU12662), capecitabine and its metabolites (5�-deoxy-5-fluorocytidine, 5�-
deoxy-5-fluorouridine, and cytotoxic FU) were determined using validated
analytic methods (Appendix, online only). Full pharmacokinetic-profile
blood samples were collected for Schedules 4/2 and 2/1. Only predose trough
samples were collected for the CDD schedule (cycles 1 through 6). For cape-
citabine, blood samples were obtained predose, and at 0.25, 0.5, 1, 2, 3, 4, 9, and
12 hours postdose on days 1 and 14 for Schedule 4/2 and on days 1 and 8 for
Schedule 2/1 during cycle 1. For sunitinib, blood samples were obtained
predose and at 3, 4, 7, 9, 12, and 24 hours postdose on days 14/15 (in combi-
nation with capecitabine) and 21/22 (alone) for Schedule 4/2 and days 8 and 15
for Schedule 2/1 during cycle 1 (Appendix Fig A1, online only). Where possi-
ble, additional blood samples for determination of predose trough plasma
concentrations (Ctrough) were collected for all sunitinib dosing schedules
through cycle 5 for Schedule 4/2 and through cycle 10 for Schedule 2/1.

The maximum plasma concentration (Cmax), Ctrough, time to Cmax

(Tmax), and area under the plasma [concentration-time] curve from 0 to 24
hours (AUC0-24) were determined for sunitinib, SU12662, and total drug
(sunitinib plus SU12662), while AUC from 0 to 12 hours (AUC0-12) was
determined for capecitabine and its metabolites. Apparent oral clearance
(Cl/F) was determined for sunitinib and capecitabine only. Pharmacokinetic
parameters were determined by noncompartmental methods17 using a vali-
dated proprietary software system.

Statistical Analysis

The study population for all analyses included patients who received at
least one dose of study medication. Descriptive statistics were used to summa-
rize patient characteristics, treatment administration, efficacy, safety, and
pharmacokinetic data.

RESULTS

Patient Demographics and Clinical Characteristics

Between May 2005 and January 2008, 73 patients received at least
one dose of study treatment. Twenty-eight patients were treated on
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Schedule 4/2, 19 patients on Schedule 2/1, and 26 patients on the CDD
schedule. Patient characteristics are summarized in Table 1. Thirteen
patients enrolled in the separate extension study; at the time of roll-
over, two patients were receiving sunitinib and capecitabine in com-
bination and 11 were receiving sunitinib alone. These 13 patients
received treatment for 28 to 882 days.

Safety and Tolerability

DLTs were similar on all sunitinib dosing schedules and included
grade 3 HFS, myalgia, fatigue, neutropenia, and mucosal inflamma-
tion (none were grade 4). All DLTs are summarized in Table 2; MTDs
are presented in Table 3.

For all schedules, nonhematologic AEs experienced at the MTDs
(all cycles) were generally mild to moderate in severity (Table 4): grade
3 to 4 nonhematologic AEs were infrequent and were managed with
dose reductions. The most frequent grade 3 AE was HFS (range, 22%
to 39%; Table 4). Medians for number of weeks to onset of any-grade
HFS at the MTDs were 4.4 weeks (range, 1.6 to 7.9 weeks; Schedule
4/2), 2.9 weeks (range, 0.9 to 11.4 weeks; Schedule 2/1), and 2.0 weeks
(range, 0.3 to 6.9 weeks; CDD schedule). In terms of HFS manage-
ment at the MTDs, no action was required for the majority of patients
(87 of 133, any grade). Patients with HFS received 6, 14, and 22 dose
delays or reductions on Schedule 4/2, Schedule 2/1, and CDD-
schedule MTDs, respectively. The number of patients with HFS who
experienced dose delays or reductions by drug were as follows:
sunitinib: zero, two, and zero; capecitabine: three, six, and 15 on

Schedule 4/2, Schedule 2/1, and CDD-schedule MTDs, respectively.
HFS resulted in permanent withdrawal of sunitinib in three patients
(two on Schedule 2/1; one on the CDD schedule).

Other grade 3 AEs included abdominal pain, fatigue/asthenia,
nausea, vomiting, diarrhea, anorexia, mucosal inflammation, and
pain in extremities. No grade 4 hematologic AEs occurred on Schedule
4/2. Three grade 4 hematologic AEs occurred on the CDD schedule:
one patient experienced grade 4 neutropenia (sunitinib 37.5 mg with
capecitabine 1,000 mg/m2), and two patients experienced grade 4
thrombocytopenia (one patient received sunitinib 37.5 mg with cape-
citabine 1,000 mg/m2; the other received sunitinib 25 mg with cape-
citabine 1,250 mg/m2). Four grade 4 hematologic AEs occurred on
Schedule 2/1: one case of neutropenia and one case of leukopenia
(both on sunitinib 50 mg with capecitabine 1,250 mg/m2) and two
cases of lymphopenia (both on sunitinib 50 mg with capecitabine
1,000 mg/m2). Most grade 3 to 4 AEs requiring intervention were
easily managed with dose modification and/or standard medical or
supportive therapy.

There were six deaths on study: on Schedule 4/2 there were two
deaths related to disease progression below the MTD level; on Schedule
2/1 one death occurred at the MTD (acute renal failure) attributed to the
patient’s primary malignancy, and one treatment-related death occurred
at sunitinib 50 mg and capecitabine 1,250 mg/m2 (gastric perforation).
On the CDD schedule, two patients died at the MTD, both because of
disease progression. All patients who died had a baseline ECOG perfor-
mancestatusof0or1buthadprimarymalignancieswithpoorprognoses

Table 1. Patient Demographics and Clinical Characteristics

Characteristic

Schedule 4/2
(n � 28)

Schedule 2/1
(n � 19)

Continuous Daily
Dosing Schedule

(n � 26)
Total

(N � 73)

No. % No. % No. % No. %

Age, years
� 65 26 93 9 47 16 62 51 70
� 65 2 7 10 53 10 38 22 30
Median 51 65 60 58
Range 24-69 50-77 46-80 24-80

Sex
Male 18 64 9 47 11 42 38 52
Female 10 36 10 53 15 58 35 48

ECOG PS
0 19 68 15 79 21 81 55 75
1 9 32 4 21 5 19 18 25

Tumor type
Pancreas 2 7 7 37 9 35 18 25
Esophageal 4 14 1 5 0 0 5 7
Breast 2 7 1 5 1 4 4 5
Gastric 1 4 0 0 4 15 5 7
Renal 2 7 0 0 2 8 4 5
Other 17 61 10 53 10 38 37 51

Prior therapy
Surgery 27 96 18 95 24 92 69 95
Radiotherapy 8 29 6 32 7 27 21 29
Systemic therapy 21 75 15 79 18 69 54 74

One prior treatment 12 43 12 63 9 35 33 45
At least two prior treatments 9 32 3 16 9 35 21 29

NOTE. Schedule 4/2, 4 weeks on treatment, 2 weeks off treatment; Schedule 2/1, 2 weeks on treatment, 1 week off treatment.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; PS, performance status.
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(Appendix Table A2, online only): gastric (n � 2), pancreatic (n � 1),
esophageal (n � 1), and unknown primary cancer (n � 2). Most deaths
were the result of progressive disease (n � 4) or were attributed to the
patient’s primary malignancy (n � 1).

Some patients remained on treatment for several months: the
median number of days (range) on treatment at the MTDs were 69 (29

to 249; Schedule 4/2), 90 (21 to 275; Schedule 2/1), and 50 (1 to 438;
CDD schedule; Table 2).

Pharmacokinetics

Dose-normalized pharmacokinetic parameters for Schedules 4/2
and 2/1 are presented in Table 5 (statistical analyses are shown in

Table 2. DLTs

Sunitinib
(mg/d)

Capecitabine
(mg/m2)

No. of
DLT-Evaluable

Patients

No. of
Patients

With DLT

Primary Diagnosis
of Patients
With DLT DLT

No. of Days on Treatment

Median Minimum Maximum

Schedule 4/2
37.5 825 6 1 Renal cell (n � 1) Grade 3 myalgia (n � 1) 162 41 216
50 825 3 0 N/A None 178 90 209
37.5� 1,000� 9 0 N/A None 69 29 249
50 1,000 5 2 Urothelial (n � 1) Grade 3 fatigue (n � 2) 81 34 454

Tongue (n � 1)
37.5 1,250 2 2 Breast (n � 1) Grade 3 hand-foot syndrome (n � 2) 84 13 201

Renal cell (n � 1)
Schedule 2/1

37.5 1,000 3 0 N/A None 175 174 280
50� 1,000� 12 2 Esophageal

cancer (n � 1)
Grade 3 neutropenia (n � 1)† 90 21 275

Mesothelioma
(n � 1)

Grade 3 hand-foot syndrome (n � 1)

50‡ 1,250‡ 3 1 Cholangiocarcinoma
(n � 1)

Grade 3 fatigue (n � 1) 184 160 231

CDD schedule
37.5�§ 1,000� 21 5 Hepatic (n � 1) Grade 3 mucosal inflammation (n � 1) 50 1 438

Gastric (n � 2) Grade 3 hand-foot syndrome (n � 4)
Cholangiosarcoma

(n � 1)
Pancreatic (n � 1)

25 1,250 2 2 Renal cell (n � 1) Grade 3 hand-foot syndrome (n � 2) 81 15 156
Pancreatic (n � 1)

NOTE. If a dose-limiting toxicity (DLT) was experienced by one of the three patients at any dose level, the cohort was expanded to six patients. If none of the
additional three patients experienced a DLT, the dose was escalated to the next level. If DLTs occurred in two or more patients at any dose level, the dose level
was deemed to have exceeded the maximum-tolerated dose (MTD), and the prior, lower dose level was further expanded (if only three patients were previously
treated at that dose level). The MTD was defined as the dose level at which no more than one patient in a cohort of six experienced a DLT during the first treatment
cycle of each schedule. Schedule 4/2, 4 weeks on treatment, 2 weeks off treatment; Schedule 2/1, 2 weeks on treatment, 1 week off treatment.

Abbreviations: N/A, not applicable; CDD, continuous daily dosing.
�MTD; DLT.
†Considered a DLT because of inability to restart study therapy within 5 days.
‡Further expansion of this cohort was not considered on the basis of observed toxicity and consequential dose reductions for all three patients after cycle 1;

therefore, the MTD was declared to be sunitinib 50 mg/capecitabine 1,000 mg/m2.
§Twenty-one patients were enrolled at the CDD schedule MTD to better characterize the feasibility of continuous daily dosing with sunitinib.

Table 3. Treatment Exposure and Dose Reductions at the Maximum-Tolerated Doses

Variable

Schedule 4/2 (n � 9) Schedule 2/1 (n � 13)
Continuous Daily Dosing

Schedule (n � 22)

No. % No. % No. %

Cycles started�

Median 3 5 2
Range 1-9 1-12 1-18

Dose reductions
Sunitinib 0 6 46 9 41
Capecitabine 5 56† 10 77 11 50

NOTE. Schedule 4/2, 4 weeks on treatment, 2 weeks off treatment; Schedule 2/1, 2 weeks on treatment, 1 week off treatment.
�Across all doses and treatment schedules.
†These dose reductions occurred after the dose-limiting toxicity observation period (three patients received a reduced dose of 875 mg/m2, while two patients either

missed days of dosing or had slightly lower doses administered).

Sweeney et al

4516 © 2010 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



Appendix Table A3, online only). Overall, pharmacokinetic parame-
ters for sunitinib, SU12662, capecitabine, 5�-deoxy-5-fluorocytidine,
and 5�-deoxy-5-fluorouridine were similar when sunitinib and cape-
citabine were administered alone or in combination. In the case of FU,
systemic exposure (Cmax and AUC) was somewhat higher and Cl/F

somewhat lower when both drugs were coadministered compared
with capecitabine given alone. Plasma concentration versus time
curves for sunitinib, capecitabine, and all metabolites at the MTDs are
shown in Appendix Figure A2 (online only). Steady-state Ctrough at the
MTDs are shown in Appendix Table A4 and Appendix Figure A3

Table 4. Nonhematologic AEs Experienced by � 25% of Patients Treated at the MTDs (all cycles)

AE

Schedule 4/2
(n � 9)

Schedule 2/1
(n � 13)

Continuous Daily Dosing Schedule
(n � 22)

Grade 3� Total Grade 3� Total Grade 3� Total

No. % No. % No. % No. % No. % No. %

Fatigue/asthenia† 1 11 4 44 2 15 7 54 3 14 16 73
Nausea 0 0 6 67 1 8 8 62 1 5 10 46
Pain in extremity 0 0 1 11 0 0 2 15 1 5 6 27
Diarrhea 0 0 2 22 1 8 8 62 0 0 10 46
Peripheral sensory neuropathy 0 0 1 11 0 0 4 31 0 0 4 18
Hand-foot syndrome 2 22 5 56 5 39 10 77 7 32 12 55
Mucosal inflammation 1 11 4 44 1 8 5 39 2 9 10 46
Vomiting 0 0 4 44 1 8 5 39 0 0 9 41
Anorexia 0 0 4 44 0 0 5 39 1 5 8 36
Dyspepsia 0 0 4 44 0 0 4 31 0 0 2 9
Dysgeusia 0 0 0 0 0 0 4 31 0 0 4 18
Abdominal pain†‡ 2 22 6 67 1 8 2 15 2 9 4 18

NOTE. Schedule 4/2, 4 weeks on treatment, 2 weeks off treatment; Schedule 2/1, 2 weeks on treatment, 1 week off treatment. There were six deaths on study;
no deaths occurred at the maximum-tolerated dose (MTD) on Schedule 4/2, but there were two grade 5 adverse events (AEs) related to disease progression on the
other dose levels. On Schedule 2/1, there was one death at the MTD (acute renal failure) and one death on sunitinib 50 mg � capecitabine 1,250 mg/m2 (gastric
perforation). Two patients died on the continuous daily dosing schedule (both patients were at the MTD, and both deaths were attributed to disease progression).

�No grade 4 AEs occurred on Schedule 4/2 or the continuous daily dosing schedule; two grade 4 AEs occurred on Schedule 2/1: hyperuricemia
and hypomagnesemia.

†Combined terms used; therefore, a patient may be counted more than once.
‡Includes AE terms “abdominal pain” and “abdominal pain upper”.

Table 5. Dose-Corrected PK Parameters for All Doses on Schedules 4/2 and 2/1

PK Parameter

Sunitinib
(n � 24)

SU12662
(n � 24)

Sunitinib �
SU12662
(n � 24)

Capecitabine
(n � 21)

5�-DFCR
(n � 21)

5�-DFUR
(n � 21)

FU
(n � 21)

Alone Combined Alone Combined Alone Combined Alone Combined Alone Combined Alone Combined Alone Combined

Schedule 4/2
Cmax, ng/mL 47 52 20 21 66 73 4,194 4,861 4,503 4,231 5,077 5,893 140 249

%CV 36 30 42 40 34 28 76 84 46 75 47 85 81 122
AUC, ng � h/mL 998 1,081 425 437 1,423 1,518 5,346 6,241 10,071 9,215 11,291 10,380 240 391

%CV 34 31 40 39 32 29 43 41 43 41 43 39 51 45
Tmax, hours 9 7 8 9 7 7 1 1 2 2 2 2 2 2

Range 0-24 0-12 0-24 0-24 0-24 0-12 0.5-3.0 0.3-4.0 0.5-3.0 0.5-4.0 0.5-4.0 0.5-4.0 0.5-3.0 0.5-4.0
Cl/F, L/h 42.9 38.5 — — — — 456.6 386.1 — — — — — —

%CV 41 34 — — — — 41 49 — — — — — —
Schedule 2/1

Cmax, ng/mL 73 67 27 21 100 88 4,508 4,927 4,871 4,192 6,055 6,865 186 329
%CV 43 39 51 51 42 37 50 65 52 71 43 64 70 76

AUC, ng � h/mL 1,570 1,390 591 448 2,161 1,839 6,459 6,370 11,485 9,405 13,222 13,627 331 596
%CV 46 42 54 53 45 41 39 46 46 43 41 43 38 56

Tmax, hours 7 7 4 7 9 7 1 1 1 2 2 2 2 2
Range 0-24 3.0-12 0-24 3.0-24 0-24 3.0-12 0.5-3 0.3-4 0.5-4.0 0.5-4.0 0.5-4.0 0.5-4.0 0.5-4.0 0.5-4.0

Cl/F, L/h 38.1 41.1 — — — — 327 754 — — — — — —
%CV 45 36 — — — — 35 217 — — — — — —

NOTE. Schedule 4/2, 4 weeks on treatment, 2 weeks off treatment; Schedule 2/1, 2 weeks on treatment, 1 week off treatment.
Abbreviations: PK, pharmacokinetics; SU12662, active metabolite of sunitinib; 5�-DFCR, 5�-deoxy-5-fluorocytidine; 5�-DFUR, 5�-deoxy-5-fluorouridine; FU,

fluorouracil; Cmax, maximum plasma concentration; %CV, percent coefficient of variation; AUC, area under the �concentration-time� curve (0 to 24 hours for sunitinib
and SU12662 and 0 to 12 hours for capecitabine and its metabolites); Tmax, time to Cmax (median values); Cl/F, apparent oral clearance.
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(both online only). The findings with dose-normalized data indicate
that the pharmacokinetics of capecitabine and sunitinib were linear
and dose proportional.

Antitumor Activity

Measurable disease at baseline was reported for 27 patients on
Schedule 4/2, 17 patients on Schedule 2/1, and 24 patients on the CDD
schedule, all of whom were included in the efficacy analyses. Stable
disease for � 6 weeks was observed in 52% of patients on Schedule 4/2,
59% of patients on Schedule 2/1, and 29% of patients on the CDD
schedule. The median duration of stable disease was 25 weeks (range,
6 to 55 weeks) on Schedule 4/2, 20 weeks (range, 7 to 40 weeks) on
Schedule 2/1, and 26 weeks (range, 11 to 63 weeks) on the CDD
schedule. In addition, partial responses were confirmed in nine pa-
tients: one patient each with breast cancer, thyroid cancer, and neu-
roendocrine tumor on Schedule 4/2; one patient each with bladder
cancer, colorectal cancer, pancreatic cancer, and cholangiocarcinoma
on Schedule 2/1; and two patients with pancreatic cancer on the CDD
schedule (Table 6).

DISCUSSION

This phase I dose-escalation study demonstrates that sunitinib and
capecitabine can be safely combined. No clinically relevant pharma-
cokinetic drug-drug interactions (DDIs) were apparent, and AEs were
manageable. There was evidence of antitumor activity, with responses
reported on each treatment schedule and across multiple tumor types.

Angiogenesis plays an important role in tumor development.
Thus, numerous targeted drugs have been developed that inhibit
angiogenesis. Sunitinib is a small-molecule tyrosine kinase inhibitor of
vascular endothelial growth factor receptors and platelet-derived
growth factor receptors (as well as other receptors related to tumor
growth) and therefore directly inhibits tumor neovascularization.
Capecitabine is a pro-drug that is activated in target tumor tissue by
thymidine phosphorylase, an angiogenic factor that is frequently over-
expressed in tumor cells.8 It is a particularly attractive strategy to
combine two oral agents such as sunitinib and capecitabine, since they
may have synergistic tumor-specific activity. Sunitinib may normalize
tumor vasculature and improve delivery of capecitabine to the tu-
mor,18 while capecitabine may then be specifically activated in tumor
tissue expressing thymidine phosphorylase.

In this phase I study, the MTDs for Schedule 4/2 and the CDD
schedule were sunitinib 37.5 mg/d plus capecitabine 1,000 mg/m2

twice a day, while the MTD for Schedule 2/1 was sunitinib 50 mg/d
plus capecitabine 1,000 mg/m2 twice a day. The MTD for capecitabine
in this study (1,000 mg/m2) is the dose most frequently administered
to patients in the United States, whereas 1,250 mg/m2 is the dose more
commonly administered in Europe. This difference in dosing is due to
a higher incidence of grade 3 to 4 AEs in US patients with capecitabine
at 1,250 mg/m2. The precise reason for this geographic variation in
treatment tolerability is unknown; however, a study conducted by
Haller et al19 in the United States has suggested that cultural/ethnic
differences or differences in levels of dietary folate may explain this
variation. This difference may have affected the determination of the
MTD of the combination, because all participating sites were located
in the United States.

Most AEs were mild to moderate in severity, were manageable
with dose reduction, and rarely led to study withdrawal. DLTs in-
cluded HFS, myalgia, and fatigue and were reported on each treatment
schedule. Importantly, although the AEs reported in this study are
shared by both sunitinib and capecitabine as single agents, the fre-
quency of most of these events appears similar to that reported for
each agent alone.11,15,20-24

Of the AEs reported in this study, HFS is a commonly reported
(but generally manageable) toxicity in trials of sunitinib and capecit-
abine.25 The overall incidence of grade 3 HFS across all treatment
schedules and doses was 33%, a value greater than that observed with
either sunitinib or capecitabine as single agents; however, HFS could
be managed through treatment breaks and supportive measures.26

Similarly, diarrhea is also reported in trials of both sunitinib and
capecitabine. For sunitinib, diarrhea of any grade has been reported in
20% to 58% of patients10,11,23 compared with 23% to 30% of patients
receiving capecitabine.13-15 The rate of diarrhea did not appear to be
additive, and the incidence (any grade) in this study was 59%.

Pharmacokinetic results do not indicate that there are clinically
relevant DDIs between sunitinib and capecitabine on either Schedule
4/2 or 2/1. Pharmacokinetic parameters for both drugs and their
metabolites were consistent with those from previous monotherapy
studies of sunitinib and capecitabine.27,28 Steady-state sunitinib,
SU12662, and sunitinib-plus-SU12662 Ctrough (Schedules 4/2 and 2/1
and the CDD schedule) were similar to those seen historically with

Table 6. Patients With Partial Response by Tumor Type (all schedules)

Primary Diagnosis Sex
Age

(years) Schedule Dose
Duration of

Response (weeks)

Breast cancer F 51 4/2 37.5 mg sunitinib � 1,000 mg/m2 capecitabine 22.0
Thyroid cancer M 69 4/2 37.5 mg sunitinib � 825 mg/m2 capecitabine 8.3�

Neuroendocrine cancer M 47 4/2 37.5 mg sunitinib � 1,250 mg/m2 capecitabine 19.7�

Pancreatic cancer M 63 2/1 50 mg sunitinib � 1,000 mg/m2 capecitabine 33.0�

F 59 Continuous daily dosing 37.5 mg sunitinib � 1,000 mg/m2 capecitabine 25.9
F 46 Continuous daily dosing 37.5 mg sunitinib � 1,000 mg/m2 capecitabine 8.3�

Bladder cancer F 65 2/1 50 mg sunitinib � 1,000 mg/m2 capecitabine 8.0�

Colorectal cancer F 68 2/1 50 mg sunitinib � 1,250 mg/m2 capecitabine 25.3�

Cholangiocarcinoma M 67 2/1 50 mg sunitinib � 1,250 mg/m2 capecitabine 20.9

NOTE. Schedule 4/2, 4 weeks on treatment, 2 weeks off treatment; Schedule 2/1, 2 weeks on treatment, 1 week off treatment.
Abbreviations: F, female; M, male.
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single-agent sunitinib29 and indicated that coadministration of cape-
citabine did not affect sunitinib pharmacokinetics. Increases in FU
systemic exposure (63% to 80%) with sunitinib coadministration
were similar to or moderately higher than increases observed when
capecitabine is dosed as a single agent.30 The high variability and
absence of increases for the other capecitabine metabolites do not
suggest a pharmacokinetic-mediated DDI. The doses achieved were
either at, or slightly below, the single-agent MTDs of both agents,
suggesting at most a modest pharmacodynamic interaction.

Polymorphisms in the genes for several enzymes involved in the
metabolism of capecitabine, including thymidylate synthase and dihy-
dropyrimidate, have been shown to influence the tolerability of this
agent.31,32 Similarly, polymorphisms in genes encoding metabolizing
enzymes and drug targets have been postulated to increase the risk of
some AEs in patients taking sunitinib.33 Whether there is a correlation
between polymorphisms and AEs associated with sunitinib and cape-
citabine in this study is unknown, although additional pharmaco-
genomic analyses may identify patients at greatest risk with this treat-
ment combination.

In conclusion, sunitinib and capecitabine may be safely admin-
istered together to patients with advanced, treatment-refractory solid
tumors, and preliminary data show antitumor activity in several tu-
mor types.
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