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Abstract. The aim of this study was to determine the maximally
tolerated dose, recommended phase II dose and toxicity profile of
capecitabine plus imatinib mesylate combination. Patients and
Methods: Twenty-four patients with advanced solid tumors were
treated with capecitabine twice daily on days 1-14 and imatinib
mesylate once daily on a 21-day cycle. Dose-limiting toxicity was
assessed during the first cycle. Treatment continued until disease
progression or undesirable toxicity. Results: Six patients were
treated with capecitabine at 1000 mg/mz and imatinib mesylate
300 mg; unacceptable toxicity due to grade 2 intolerable hand-
foot syndrome and/or grade =2 diarrhea was observed. Doses
were subsequently reduced to capecitabine at 750 mg/m2 and
imatinib mesylate at 300 mg; toxicities were better tolerated at
the lower dose. Dose-limiting toxicities consisted of grade 3
diarrhea, anorexia and fatigue lasting =4 days. Treatment-
related adverse events greater than or equal to grade 3 included
anemia, diarrhea, dysuria, hypophosphatemia and vertigo.
Minor responses were observed in two patients: stable disease
=6 months was observed in two out of twenty-one evaluable
patients. Conclusion: Full doses of capecitabine and imatinib
mesylate were not tolerable. The maximum tolerated dose and
the recommended phase Il dose for this drug combination is
capecitabine at 750 mg/m2 twice daily for 1-14 days and
imatinib at 300 mg once daily on a 21-day cycle.
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Capecitabine (Xeloda™ ; Roche Laboratories, Nutley, NJ,
USA) and imatinib mesylate (Gleevec™, Novartis
Pharmaceuticals Corporation East Hanover, NJ, USA) are
oral anti-neoplastic agents with unique mechanisms of action
and predominantly non-overlapping toxicity profiles.
Capecitabine is a fluoropyrimidine prodrug that is converted
to 5-fluorouracil (5-FU) in a series of enzymatic processes. In
the first step, a carboxylesterase hydrolyzes capecitabine to 5°-
deoxy-5-fluorocytidine in the liver. This is followed by the
conversion of 5’DFCR to 5’-deoxy-5-fluorouridine which is
subsequently hydrolyzed to the active drug, 5-FU, by
thymidine phosphorylase. Thymidine phosphorylase is
commonly overexpressed in tumors compared to normal
surrounding tissue, thus allowing for more selective release of
5-FU in tumor cells (1, 2). Subsequent processing of 5-FU
leads to 5-fluoro-2’-deoxyuridine monophosphates and 5-
fluorouridine triphosphates that cause cellular injury by
inhibiting DNA replication and inducing transcriptional errors
which frequently lead to cellular death (3-5). Capecitabine is
Food and Drug Administration (FDA)-approved as a
monotherapy agent for adjuvant treatment of stage III colon
cancer and as a first-line treatment for metastatic colorectal
carcinoma. In metastatic breast cancer, capecitabine is used in
combination with docetaxel after failure with anthracycline-
containing compounds and as a monotherapy for patients
resistant to paclitaxel and an anthracycline-containing
regimen. The recommended dosage for -capecitabine
monotherapy is a twice daily dose of 1250 mg/m? taken for
14 consecutive days, followed by a 7-day rest period in a 21-
day cycle (5-7). The most common and clinically significant
toxicities are hand-foot syndrome, diarrhea, nausea, stomatitis,
and vomiting; significant hematological toxicities such as
neutropenia and thrombocytopenia are uncommon (8-11).
Imatinib mesylate is a selective small molecule inhibitor of
several receptor tyrosine kinases including the chimeric
breakpoint cluster region — Abelson kinase (BCR-ABLI)
fusion protein, wild-type ABL and ABL2 (ARG), as well as
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stem cell factor platelet-derived growth factor (PDGF),
colony-stimulating factor (CSF), CSF-1 receptor, KIT, PDGF
receptors (PDGFR)-a. and -, and discoidin domain receptor
(DDR)-1 and -2 (12, 13). Imatinib inhibits tyrosine
phosphorylation of substrate proteins by competitively binding
to the catalytic domain of the kinase, which interrupts
downstream signaling pathways involved in cell proliferation
and angiogenesis. Imatinib mesylate monotherapy is FDA-
approved for the treatment of chronic myelogenous leukemia
which is typically characterized by the BCR-ABL fusion
mutation, and gastrointestinal stromal tumors, which are
characterized by the presence of activating KIT or PDGFR
mutations (14-16). Imatinib also has antiangiogenic activity
and has been shown to reduce interstitial pressure in tumors,
which may allow better drug delivery (17). Imatinib is
metabolized primarily via cytochrome p450 3A4 enzymatic
activity (18). The most common toxicities associated with
imatinib include musculoskeletal pain, muscle cramps,
abdominal pain, diarrhea, vomiting, periorbital and peripheral
edema and nausea (19).

Given the clinical activity and tolerability of each drug as
monotherapy agents and in combination with other
chemotherapeutics, it was hypothesized that their unique
antitumor mechanisms combined may provide enhanced
clinical activity if tolerable. Thus, the primary objectives of
this study were to determine the maximally tolerated dose
(MTD)/recommended phase II dosing (RPTD) and toxicity
profile of capecitabine plus imatinib mesylate combination.
Secondary objectives focused on assessing potential
antiangiogenic properties of imatinib mesylate plus
capecitabine using a dermal wound angiogenesis model and
evaluating potential changes in plasma levels of PDGF-AA
and PDGF-BB.

Patients and Methods

Patient selection. Patients were required to have histologically
proven solid tumor malignancies with no proven therapy or who had
refused other therapies. Additional eligibility criteria included the
following: age =18 years; Karnofsky performance status >=70%;
absolute mneutrophil count (ANC) =22,000/mm?3, platelets
>100,000/mm3, hemoglobin 9.0 g/dl; alkaline phosphatase, alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
<2.5x upper limit of normal (ULN) (or >5x ULN in the case of liver
metastasis or >10x ULN in the case of bone disease); bilirubin
<1.5x ULN; estimated creatinine clearance =50 ml/min; no prior
chemotherapy, radiation therapy, hormonal or biological therapy
within the previous 28 days; no prior nitrosoureas or mitomycin C
within 42 days; no prior pelvic radiation to more than 30% of the
bone marrow; no serious or poorly controlled medical or psychiatric
conditions; not pregnant or lactating (negative pregnancy test within
7 days prior to registration for female patients of childbearing
potential); no active central nervous system metastases. This study
was approved by the Duke Institutional Review Board (IRB), and
followed the Helsinki guidelines. All patients provided informed
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Table 1. Patient characteristics.

Characteristic

Total patients, n 24

Gender, n
Male 12
Female 12

Age, years
Median 57
Range 39-74

Karnofsky performance status, (%)

Median 90
Range 70-100

Prior treatments
Surgery 12
Other (chemotherapy; radiation)

0 or unknown 5
1-2 12
3-4 4
5-7 3

Primary tumor type
Colorectal 4
Prostate 4

Neuroendocrine (pancreas) 4
Renal 2
Lung 2
Thyroid 2
Other? 5

AIncludes one patient each with oral, thymus, breast, chondroma,
carcinoid carcinoma.

written consent prior to any study-related procedure. All patients
were treated at Duke University Medical Center. Patient
characteristics are summarized in Table I.

Patient evaluations. All patients completed an extensive medical
history and physical examination prior to receiving the study drugs.
Toxicity and safety clinical assessments were performed weekly
during the first cycle and on the first day of each subsequent cycle.
Assessments included an interval history, performance status,
complete blood count with differential, electrolytes, liver function
tests, serum chemistry panel, prothrombin time and partial
thromboplastin time, and urinalysis with microscopy. Appropriate
serum tumor markers and radiographic imaging by computed
tomography or magnetic resonance imaging were completed at
baseline and every third cycle. Toxicities were graded using the
National Cancer Institute (NCI) Common Terminology Criteria for
Adverse Events (CTCAE) version 2.0 (20).

Treatment schedule. Capecitabine was given every 12 hours daily at
a prescribed dose level determined by the dosing cohort and body
surface area for the first 14 days of a 21-day cycle. Imatinib was
given daily at the assigned dosing cohort level. Treatment was
administered until disease progression, unacceptable toxicity or
discontinued at physician and/or patient discretion.

Each new cycle could begin only if ANC =1,500 mm3, platelets
>75,000 mm3 and non-hematologic toxicities resolved to grade <I.
Dose modification was primarily for grade 3-4 toxicities or for
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Table II. Dose escalation scheme and cycle 1 dose-limiting events (DLTs).

Cohort level Capecitabine Imatinib No. of patients No. of DLTs DLT events
(mg/m?2 g12h, days 1-14) (mg, daily)
-1 750 300 18 1 fGrade 3 anorexia and fatigue
1 1000 300 6 1 TGrade 3 diarrhea
2 1000 400 0 -
3 1000 600 0 -
4 1000 800 0 -
5 1250 800 0 -

TToxicity lasting =4 days despite adequate supportive care.

grade 2 toxicities deemed intolerable due to persistence, recurrence
or effect on quality of life. Dose holding and modification of
capecitabine for grade 2 hand-foot syndrome and diarrhea were
consistent with its prescribing information (5). For toxicities
potentially attributable to either drug, the dose of both drugs was
reduced by 25% per toxicity occurrence; when toxicity could be
attributed primarily to only one agent, only that drug was modified
(e.g. hand-foot syndrome attributed to capecitabine). Modifications
were based on the most severe toxicity.

Dose escalation. The dose escalation scheme is outlined in Table II.
Dose escalation occurred when three patients had completed one
treatment cycle without any dose-limiting toxicity (DLT). If one of
the first three patients experienced a DLT, then three more patients
were recruited to the same dose level for a total of six patients.
Advancement to the next higher dose level could occur only if one
out of six patients experienced a DLT. If two or more patients in a
three to six patient cohort experienced a DLT, then the next three
patients would be enrolled to the next lowest dose level. Dose
escalation was scheduled to continue until the MTD was observed,
or a total of six patients were treated at the highest dose level. When
the MTD/RPTD dose was reached, twelve additional patients were
scheduled to enroll to better describe the toxicities and activity of
this regimen. The MTD was defined as the dose level immediately
below that where 30% or more of patients experienced a DLT.
Toxicities occurring beyond cycle 1 were not considered in DLT
determinations but were considered in overall dose selection and for
RPTD determination.

DLT definitions. DLTs were evaluated during cycle 1 and graded
using the NCI CTCAE version 2.0 (20). The following toxicities
were defined as dose limiting: any grade =4 neutropenia or
thrombocytopenia; nausea/vomiting or diarrhea grade >3 lasting =4
days despite adequate support; non-hematological toxicity grade =3
lasting =4 days; treatment-related death or hospitalization;
capecitabine or imatinib toxicities requiring modification that
resulted in delivery of less than 90% of the planned dose for that
cycle; delay of next cycle by >14 days due to toxicity.

Response. Radiographic responses were assessed via World Health
Organization (WHO) response criteria measuring cross-sectional
area as the product of the longest tumor diameter and its longest
perpendicular diameter. Responses were defined as complete
response (CR, 100% disappearance of tumor on CT scan with no
sign of disease progression); partial response (PR, decrease in cross-
sectional diameter >50%, but <100%, with no sign of disease
progression; stable disease (SD, decrease in cross-sectional diameter
<50%, or an increase <25%); progressive disease (PD, increase in
cross-sectional diameter >25%, or the development of any of the
following: new lesion with histological confirmation, a single new
lesion that is >2 cm and that subsequently enlarges >50%, >2 new
liver or pulmonary lesions or =2 lesions on bone scan, a malignant
effusion. A minor response was defined as any decrease <50% of
the sum of the target lesions.

Plasma and urine biomarker analysis. Peripheral blood and urine
samples were obtained at baseline, the end of every third cycle and
when the patient went offstudy. Blood was collected in EDTA-
containing vacutainers, centrifuged at 2500xg 10 minutes, aliquoted,
and stored at —80°C until analysis. Plasma was analyzed for PDGF-
AA and PDGF-BB using an enzyme-linked immunosorbant assay
according to the manufacturer’s instruction (R&D Systems, Inc.
Minneapolis, MN, USA).

Wound angiogenesis assay. Skin biopsies were collected at baseline
for a pre-treatment stimulation biopsy and an on-treatment
granulation biopsy; a second set of stimulation and granulation
biopsies was collected at the end of cycle 1 using methods previously
reported (21). Briefly, after the patient’s skin was anesthetized, a 4
mm punch biopsy was performed, which served to stimulate wound
angiogenesis. Topical antibiotic ointment and a non-occlusive
bandage were applied to the wound; patients were instructed in
wound care. Dermal neovascularization was evaluated weekly using
a digital camera with a special dermatologic adapter (Heine
Dermaphot Optics, Medical Resources, Lewis Center, OH, USA).
Vascularization was scored in a semi-automated fashion by two
independent observers blinded to treatment status and image timing.
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Results

A total of twenty-four evaluable patients were enrolled and
treated at two different dose levels. The median age was
57 (range 39-74) years. Eighteen patients had had at least
one prior chemotherapy treatment and/or radiation, the
median number of prior treatments was two (range 1-8);
twelve patients had had prior surgery. A total of 114 cycles
were completed; the median number of completed
cycles/patient was three (range 1-18). All patients were
evaluable for toxicity and 21 out of 24 were evaluable for
tumor response. The dose escalation schema and number
of patients in each cohort level with corresponding DLTs
are listed in Table II.

Three patients were initially enrolled in cohort 1 (1,000
mg/m? twice daily of capecitabine and 300 mg daily of
imatinib). One of the first three patients experienced a DLT
of grade 3 diarrhea lasting =4 days despite adequate
supportive care; therefore three additional patients were
enrolled. Although there were no more DLTs in this cohort,
five out of six patients in cohort 1 required dose reductions
during cycles 1 and/or 2 related to grade 2 intolerable hand-
foot syndrome and/or diarrhea. Two patients required
multiple dose reductions. As a result, cohort level 1 was
considered intolerable because of excessive toxicity, and
doses were de-escalated to cohort level —1 (750 mg/m?
twice daily of capecitabine and 300 mg once daily of
imatinib). No DLTs were observed in the first three patients
of this cohort, however, the fourth patient experienced
grade 3 fatigue and anorexia lasting =4 days, so an
additional three patients were enrolled to confirm
tolerability. Cohort level —1 was expanded to a total of
eighteen patients to better understand the toxicity profile
for this dose as the MTD and RPTD.

Treatment-related toxicities are summarized in Table III.
Dose reduction to cohort —1 significantly reduced the
frequency and severity of both diarrhea and hand-foot
syndrome; three out of eighteen patients experienced grade 2
intolerable hand-foot syndrome in cohort —1 compared to four
out of six patients in cohort 1. Likewise, three out of six
patients in cohort 1 had grade 2 intolerable or grade 3
diarrhea, whereas no diarrhea higher than grade 1 was
observed in cohort —1. Other common grade 1-2 non-
hematologic toxicities for both cohorts included fatigue,
anorexia, insomnia, pain and gastrointestinal-related problems
(nausea, vomiting and constipation). Hematologic-related
toxicities included grade 1 neutropenia and thrombocytopenia;
one patient experienced grade 4 anemia. Other grade 3
toxicities included one episode of dizziness (disequilibrium,
lightheadedness and vertigo), dysuria, hypophosphatemia and
allergic reaction. One patient in the expanded cohort
experienced grade 3 fatigue, although this patient started
protocol therapy with a baseline of grade 2 fatigue.
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Table III. Treatment-related adverse events (maximum toxicities per
patient, n=24).

Capecitabine Capecitabine
1000 mg/m? (g12h) 750 mg/m?2 (g12h)
Imatinib Imatinib
300 mg (daily) 300 mg (daily)
(n=6) (n=18)

Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4

Toxicity N (%) N (%) N (%) N (%)
Hematological
Neutropenia 2 (33) 0 2 (11) 0
Thrombocytopenia 0 0 5(28) 0
Anemia 2 (33) 0 10 (56) 1(6)
Gastrointestinal
Diarrhea 3 (50) 2 (33) 8 (44) 0
Constipation 3 (50) 0 4(22) 0
Nausea 4 (47) 0 11 (61) 0
Vomiting 1(17) 0 7 (39) 0
Other
Hand-foot syndrome 5 (83) 0 4 (22) 0
Mucositis 0 0 2(11) 0
Dyspnea 2 (33) 0 0 0
Anorexia 4 (67) 0 5 (28) 1(6)
Dizziness 0 1(17) 5 (28) 0
Edema 3 (50) 0 4(22) 0
Fatigue 4 (67) 0 7 (39) 2 (11)
Fever 1(17) 0 2 (11) 0
Headache 2 (33) 0 2(11) 0
Insomnia 2 (33) 0 4 (22) 0
Pain 3 (50) 0 4(22) 0
Neuropathy 2 (33) 0 3(17) 0
Hypophosphatemia 0 1(17) 2 (11) 0

Table IV summarizes the best radiographic response.
Twenty-one treated patients were evaluable for efficacy.
Stable disease was observed in nine patients, ranging in
duration from three to nine months. While there were no
partial responses, two patients showed minor responses with
stable disease, including one patient with colorectal cancer
whose minor response lasted four months and another
patient with refractory non-small cell lung cancer whose
minor response included the resolution of two lesions and
lasted six months.

Wound angiogenesis assays were evaluable in thirteen
patients. Plasma levels for PDGF-AA and PDGF-BB were
measured at baseline and after 1-2 cycles of treatment in six
patients. While the assays demonstrated good technical assay
reproducibility, no treatment-related changes were detected
in the small number of evaluable patients with either assay
(data not shown).
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Table IV. Best radiographic response.

Stable disease

Cohort level No of patients Partial response <6 months* =6 months Progressive disease Not assessed
-1 18 0 4 1 10 3
1 6 0 3 1 1 0

*Range 3-5 months.

Discussion

The present study explored the safety, tolerability and the
MTD/RPTD for a capecitabine and imatinib treatment
combination. Although initial doses of capecitabine at 1000
mg/m? and imatinib at 300 mg were acceptable in cycle 1,
most patients in cohort 1 required multiple dose reductions in
the first two cycles indicating unacceptable cumulative
toxicity. Consequently, the dosing schedule was adjusted to
reflect a dose reduction to capecitabine at 750 mg/m? twice
daily for days 1-14 and imatinib at 300 mg once daily in a
21-day cycle. Overall, this lower dose was well tolerated as
the RPTD evidenced by significantly fewer dose reductions
in cohort —1 compared to cohort 1. Among the 18 patients
treated in cohort —1, only one patient experienced a DLT
(grade 3 fatigue and anorexia lasting =4 days). Other
clinically significant toxicities for both cohorts included,
diarrhea, fatigue and hand-foot syndrome. Most toxicities
were grade 1-2 and readily manageable.

Interestingly, grade 2 intolerable hand-foot syndrome
and/or diarrhea were the primary toxicities that prevented the
full doses of capecitabine and imatinib from being clinically
tolerated. In cohort 1, five out of six patients required early
dose reductions due to these toxicities; however, in dose level
—1, only three out of eighteen required dose modification
specifically for hand-foot syndrome and/or diarrhea. These
two toxicities have also been noted in other treatment
regimens when capecitabine has been combined with other
agents that inhibit PDGFR such as sorafenib and sunitinib
(22-24). Many of these agents also inhibit vascular
endothelial growth factor (VEGF) receptors, among other
targets. Taken together, these data suggest the potential for
augmented toxicity when combining capecitabine with a
PDGEFR inhibitor and/or with angiogenesis inhibitors.

Only modest signs of clinical activity were noted. Nine
patients exhibited stable disease; one patient with
neuroendocrine carcinoma in the pancreas had stable disease
for nine months. Minor responses with stable disease were
observed in two patients. Pilot correlative studies showed
there were no treatment-related changes in wound
angiogenesis or plasma PDGF-AA or PDGF-BB levels;

however, the sample size for both assays was too small to
make any definitive conclusions regarding drug effect.

In conclusion, the results of this study demonstrated that
full doses of capecitabine and imatinib are not tolerable. The
reduced doses of capecitabine at 750 mg/m? twice daily for
days 1-14 of a 21-day cycle and imatinib at 300 mg daily are
well tolerated and are the RPTD suggested for further
evaluation.
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