1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

" NIH Public Access
éf};‘ Author Manuscript

2 HEpst

o WATIG,

Published in final edited form as:
Clin Cancer Res 2008 September 1; 14(17): 5602-5609. doi:10.1158/1078-0432.CCR-08-0433.

A Phase | Study of EKB-569 in Combination with Capecitabine in
Patients with Advanced Colorectal Cancer

Dan Laherul, Gary Croghan2, Ronald Bukowski3, Michelle Rudek!, Wells Messersmith?,
Charles Erlichman?, Robert Pelley3, Antonio Jimenol, Ross Donehowerl, Joseph Boni®,
Richat Abbas®, Patricia Martins®, Charles Zacharchuk®, and Manuel Hidalgo?

1 Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins, Baltimore, Maryland 2 Mayo
Clinic, Rochester, Minnesota 2 Cleveland Clinic Foundation, Cleveland, Ohio # University of
Colorado Cancer Center, Aurora, Colorado ® Wyeth Research, Collegeville, Pennsylvania

6 Wyeth Research, Cambridge, Massachusetts

Abstract

Purpose—To determine the maximum tolerated dose (MTD), characterize the principal
toxicities, and assess the pharmacokinetics of EKB-569, an oral selective irreversible inhibitor of
the epidermal growth factor receptor tyrosine kinase, in combination with capecitabine in patients
with advanced colorectal cancer.

Experimental Desigh—Patients were treated with EKB-569 daily for 21days and capecitabine
twice daily forl4 days of a 21-day cycle. The dose levels of EKB-569 (mg/day) and capecitabine
(mg/m? twice daily) assessed were 25/750, 50/750, 50/1,000 and 75/1,000. An expanded cohort
was enrolled at the MTD to better study toxicity and efficacy. Samples of plasma were collected to
characterize the pharmacokinetics of the agents. Treatment efficacy was assessed every other
cycle.

Results—A total of 37 patients, the majority of whom had prior chemotherapy, received a total
of 163 cycles of treatment. Twenty patients were treated at the MTD, 50 mg EKB-569, daily and
1,000 mg/m? capecitabine twice daily. Dose-limiting toxicities were diarrhea and rash. No patients
had complete or partial responses but 48% had stable disease. The conversion of capecitabine to 5-
fluorouracil was higher for the combination of EKB-569 and capecitabine (321 + 151 ng*h/mL)
than for capecitabine alone (176 + 62 ng*hours/mL; P = 0.0037).

Conclusion—In advanced colorectal cancer, 50 mg EKB-569 daily can be safely combined with
1,000 mg/m? capecitabine twice a day. A statistically significant increase in plasma levels of 5-
fluorouracil for the combination of EKB-569 and capecitabine may be due to the single-dose
versus multiple-dose exposure difference, variability in exposure or a potential drug interaction.

Treatment options for patients with advanced-stage colorectal cancer (CRC) are expanding.
Historically, 5-fluorouracil (5-FU) chemotherapy regimens have been used with objective
response rates of ~20% and a median survival of 12 to 15 months (1-4). More recently, new
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agents including irinotecan, oxaliplatin, cetuximab, and bevacizumab have been introduced
and have expanded median survival to 20 to 21 months (5-8). The fluoropyrimidines,
however, remain an obligatory component in most first- and second-line regimens and
remain the agent of choice in chemoradiation regimens. Capecitabine (Xeloda; Hoffmann-
La Roche) is an oral fluoropyrimidine carbamate derivative that generates fluorouracil
preferentially in tumor tissue (1, 2). After oral absorption, capecitabine is first converted to
5'-deoxy-5-fluorocytidine by liver carboxylesterase. Subsequently, 5'-deoxy-5-
fluorocytidine is converted to 5’-deoxy-5-fluorouridine (5’-DFUR) by cytidine deaminase.
The final conversion to 5-FU seems to occur preferentially in the tumor site and is mediated
by thymidine-phosphorylase (TP). The higher concentration of TP in tumor tissue enhances
intratumoral delivery of 5-FU. Catabolism of 5-FU is mediated by thymidylate synthetase
and dihydropyrimidine dehydrogenase. Head-to-head comparisons of capecitabine to 5-FU
in advanced CRC show equal efficacy and better tolerability (3, 4). Capecitabine is now
being studied in randomized clinical trials as a replacement for infusional 5-FU in
combination regimens.

The epidermal growth factor receptor (EGFR) is one of a family of growth factor tyrosine
kinase receptors in which ligand binding initiates a signaling cascade that influences tumor
cell growth and survival. EGFR is deregulated in a number of human malignancies,
including ~75% of colorectal adenocarcinomas. Overexpression of EGFR has been
associated with poor survival and chemoresistance in other tumor types, and deregulation of
the EGFR signaling network has been associated with tumor growth, metastasis, and
angiogenesis (9-12) EGFR has become an important strategic target for anticancer drug
development. Both small-molecule inhibitors of the receptor tyrosine kinase domain and
monoclonal antibodies directed against the receptor extracellular domain have been
developed and approved for cancer treatment. EGFR is a validated target in CRC, as
evidenced by the approval of cetuximab (Erbitux; Imclone Systems, Inc.), a monoclonal
antibody against EGFR, in refractory advanced CRC patients either as a single agent or in
combination with irinotecan. In a preclinical study, inhibition of the EGFR tyrosine kinase
increased the activity of TP and decreased the activity of thy-midylate synthetase, which
resulted in higher levels of intracellular 5-FU. Supporting the preclinical observation, when
the EGFR inhibitor erlotinib was combined with capecitabine and oxaliplatin, there was
noted to be a trend for reduced capecitabine concentrations suggesting a pharmacokinetic
interaction (13).

EKB-569 is a potent low molecular weight, selective, and irreversible inhibitor of the EGFR
tyrosine kinase. At higher concentrations, it also inhibits the ErbB2 receptor. In a phase |
study, p.o. administration of single-agent EKB-569 to patients with advanced solid tumors
was well-tolerated at doses up to 75 mg per day on a continuous schedule with principal
toxicities consisting of diarrhea and skin rash. At 50 mg EKB-569 per day, sustained plasma
concentrations above the enzyme inhibitory target concentration were achieved (6).
EKB-569 in combination with Irinotecan and infusional 5-FU has been recently shown to be
safe, and at the 25 mg, EKB-569/full-dose Irinotecan and infusional 5-FU resulted in
complete inhibition of phosphorylated EGFR as well as downstream signaling pathways in
skin and tumor samples (14).

Based on these data, we investigated the use of the combination of capecitabine and
EKB-569 for the treatment of patients with advanced CRC. The specific objectives were as
follows: (a) to determine the maximum tolerated dose (MTD) of EKB-569 combined with
capecitabine; (b) to characterize the toxicities of the combination; (c) to explore the
pharmacokinetic behavior of the agents in this combination; and (d) to seek preliminary
evidence of antitumor activity.

Clin Cancer Res. Author manuscript; available in PMC 2011 May 3.
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Patients and Methods

Patient selection

Eligible patients were required to have histologic/cytologic diagnosis of metastatic, relapsed,
or advanced-stage CRC not amenable to curative treatment. Eligibility criteria also included
(a) life expectancy of at least 3 mo; (b) age of >18 y; (c) measurable or evaluable disease;
(d) Eastern Cooperative Oncology Group performance status of 0 to 2 (not declining within
past 2 wk); and (d) adequate hepatic, renal, and bone marrow function including aspartate
aminotransferase/alanine aminotransferase of <3 x institutional upper limit of normal or <5
x upper limit of normal if liver metastases, total bilirubin of <1.5 x upper limit of normal,
creatinine of <1.25 x upper limit of normal, or <1.5 x upper limit of normal and calculated
creatinine clearance of 260 mL/min, hemoglobin of >8.5 mg/dL, absolute neutrophil count
of >1,500/mm3, and platelets >100,000/mm3. Patients were excluded if they had
chemotherapy; radiotherapy; or investigative agents within 4 wk before study entry; prior
treatment with EGFR inhibitors; prior treatment with capecitabine; more than four prior
chemotherapy treatment regimens for relapsed/metastatic disease, hypersensitivity, or severe
toxicity with prior 5-FU; surgery within 2 wk before study entry; or active central nervous
system metastases (as indicated by clinical symptoms, cerebral edema, required use of
corticosteroids, and/or progressive growth). Pregnant or nursing women were excluded. The
prophylactic use of hematopoietic growth factors was not permitted in the first cycle but was
allowed thereafter and for the treatment of febrile neutropenia. The study was approved by
the institutional review boards of the three participating institutions.

Study design

This study was a three-center, dose-escalation, phase | and pharmacologic clinical trial. The
dose levels tested are depicted in Table 2. EKB-569 was supplied by Wyeth Research as 25-
mg capsules and was administered p.o. once daily with food. The starting dose of EKB-569
was 25 mg per day. Capecitabine was administered by p.o. administration twice daily for 2
wk followed by a 1-wk rest period (one 21-d cycle). EKB-569 was administered 30 min
before capecitabine on days both agents were given. Patients were to receive up to eight
treatment cycles of capecitabine if the combination with EKB-569 was well-tolerated and
there was no evidence of progressive disease. After eight cycles, continuation of EKB-569
and capecitabine treatment in patients obtaining clinical benefit was at the discretion of the
treating physician.

Three to six patients were enrolled in successive cohorts. To be evaluable for the dose
escalation decision-making process, a patient must have received at least 18 and 11 d of
treatment with EKB-569 and capecitabine, respectively, and not have missed >2 consecutive
d of treatment.

Toxicities were assessed using the National Cancer Institute Common Toxicity Criteria
version 2.0. Dose-limiting toxicity (DLT) was defined as any grade 4 neutropenia or
thrombocytopenia lasting >7 d; febrile neutropenia; any grade 3 to 4 nonhematologic
toxicity except grade 3 nausea, vomiting, or constipation refractory to medical treatment;
and grade 3 diarrhea associated with fever or lasting >2 d despite medical treatment. At a
given dose level, if no episode of DLT was observed by day 21 of the first treatment cycle,
patients were treated at the next dose level. If one patient developed a DLT, three additional
patients were enrolled at that dose level. If none of the additional patients had a DLT, dose
escalation continued. If at least two patients had a DLT, dose escalation stopped and the
prior dose level was considered to be the MTD. No intrapatient dose escalation was
permitted. Up to 20 patients were to be treated at the MTD to better explore the
pharmacokinetics, toxicity, and efficacy of the regimen.

Clin Cancer Res. Author manuscript; available in PMC 2011 May 3.
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If a patient developed an EKB-569-related DLT, EKB-569 was held and the patient
retreated at the prior dose level upon recovery to at least grade 1 toxicity within 2 wk, if
there was no evidence of disease progression. A maximum of three dose adjustments were
allowed per patient. The dose of capecitabine was held for any patient who developed at
least grade 1 toxicity and was reinitiated at a 25% or 50% dose reduction based on toxicity
level and duration.

Pretreatment and follow-up studies

Physical examination, assessment of Eastern Cooperative Oncology Group performance
status, review of concomitant medications, toxicity assessment, and routine laboratories
were done before each cycle. Because of potential for ocular toxicity, an ophthalmologic
exam including best-corrected visual acuity, visual field examination (Amsler grid),
intraocular pressure, external eye exam, and dilated funduscopy was done at baseline and
before cycles 2 to 9. Weekly routine laboratory and toxicity assessments were done on day 8
and 15 of each cycle.

Formalin-fixed paraffin-embedded tumor tissues from diagnostic specimens were collected
if available to determine the expression of EGFR, ErbB2, and transforming growth factor-a
by immunohistochemistry. Data were summarized using a sum histoscore obtained by
multiplying the intensity of staining (from 0 to 3) by the proportion of cells staining (ranged
from 0 to 300).

Radiological studies for disease assessment were repeated after every other course or as
needed to confirm response. A complete response was scored if there was disappearance of
all active disease on two measurements separated by a minimum of 4 wk. A partial response
was scored if there was at least a 50% reduction in total tumor size (the sum of the product
of the bidimensional measurements of all lesions) documented by two measurements
separated by at least 4 wk. Stable disease was scored if there was less than a 50% reduction
in total tumor or less than a 25% increase in the size of one or more measurable lesions. An
increase in the size of any lesion by at least 25% or the appearance of any new lesion was
considered disease progression. Patients were able to continue treatment if they had no
evidence of progressive disease. Time to tumor progression was measured from day 1 of
treatment.

Pharmacokinetic analysis

Pharmacokinetic studies were done in a total of 11 patients treated at the MTD. Venous
blood samples were collected in tubes containing EDTA, and plasma was obtained by
refrigerated centrifugation. Plasma was stored at —70°C until analysis. Samples for
capecitabine analysis were collected before treatment and at 0.5, 1, 2, 3, 4, 6, 8, and 12 h
posttreatment on days 1 and 8. EKB-569 treatment was started on day 2 to allow assessment
of capecitabine kinetics alone. Samples for EKB-569 pharmacokinetics were obtained
before treatment on day 0, and pretreatment at 1, 2, 3, 4, 6, 8, 12, and 24 h posttreatment on
day 8.

Plasma concentrations of EKB-569, its N-desmethyl metabolite, capecitabine, 5'-DFUR, and
5-FU were measured using validated analytic methods (15, 16). The plasma concentration-
versus-time curve for each analyte in each of the patients during each pharmacokinetic
period was studied using standard noncompartmental methods as implemented in
WinNonlin version 5.0 (Pharsight Corporation; ref. 17). Maximal plasma concentration
(Crnax) Values were the observed values. Area under the concentration-versus-time curve to
the last quantifiable time point (AUC|o.y) and that extrapolated to infinity (AUCg.c0]) Were
calculated using the linear trapezoidal method. The terminal rate constant, A, was
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determined from the slope of the terminal phase of the plasma concentration-versus-time
curve. The A, value was accepted if the r2 value was >0.90. The terminal half-life (T/5) was
calculated as 0.693 divided by 2,. For EKB-569, the apparent oral clearance was calculated
by dividing the dose administered by AUC. The apparent volume of distribution for
EKB-569 was calculated by standard noncompartmental methods.

Statistical analysis

Results

General

Toxicity

The sample size for this study was determined by clinical rather than statistical
considerations. However, the probabilities of detecting at least one adverse event of grade
>3 for 6 patients receiving EKB-569 are 0.469, 0.738, and 0.882 when the true rates are
10%, 20%, and 30%. All patients who received at least one dose of treatment were included
in the safety analysis. Patients who received at least two cycles of treatment or discontinued
treatment sooner because of progressive disease were evaluated for treatment efficacy.
Pharmacokinetic variables were summarized using descriptive statistics for all assessable
pharmacokinetic periods. The paired two-tailed Student’s t test was used to compare mean
pharmacokinetic variables of Tpax and T1/2 and the log-transformed mean of Cpax,
AUC|g.y}, and AUC(g.c0] for capecitabine and metabolites administered alone or in
combination with EKB-569 within the same group of patients. Statistical analysis was done
using JMP Statistical Discovery Software version 4.0.4 (SAS Institute). The a priori level of
significance was a P value of <0.05.

A total of 37 patients whose pertinent characteristics are listed in Table 1 received a total of
163 cycles of treatment (median 2, range 1-22). Seven patients, four of whom were treated
at the first dose level, had not received prior chemotherapy treatment for advanced CRC.

The results of the dose escalation are summarized in Table 2. The first cohort of patients was
treated with 25 mg EKB-569 and 750 mg/m? capecitabine. The second patient treated at this
dose level developed a DLT of grade 3 diarrhea that lasted for 4 days. This patient withdrew
from the study and four additional patients were enrolled at this dose level with no further
episodes of DLT. At the second dose level of 50 mg EKB-569 and 750 mg/m? capecitabine,
a patient experienced grade 3 diarrhea, hypotension, and dehydration. This patient recovered
after 4 days of hospitalization and resumed treatment at a reduced dose of 25 mg EKB-569.
Additional patients were recruited to this dose level for a total of six evaluable patients and
none had DLTs. At the third dose level of 50 mg EKB-569 and 1,000 mg/m? capecitabine,
the first patient treated developed a DLT of grade 3 diarrhea that lasted 6 days. This patient
resumed treatment at a reduced dose of 25 mg EKB-569. Six additional patients were treated
at this dose level without further episodes of DLT. Dose escalation proceeded to a dose level
of 75 mg EKB-569 and 1,000 mg/m? capecitabine, and 4 patients were accrued. One patient
developed a DLT of grade 3 diarrhea that resolved in 2 days but led the patient to withdraw
from the study. A second patient developed grade 2 diarrhea and rash that lasted 2 and 11
days, respectively, and were considered DLTs by the investigator. This patient resumed
treatment at a reduced dose of 50 mg EKB-569. Based on these events, the MTD was
determined to be 50 mg EKB-569 daily and 1,000 mg/m? capecitabine twice a day. Thirteen
additional patients were treated at this dose level for a total of 20 patients with no further
episodes of DLT. Thus, this dose level was confirmed as the MTD.

The most frequently occurring treatment-emergent adverse events, regardless of causality,
were diarrhea (86%), nausea (73%), asthenia (68%), anorexia (59%), and abdominal pain

Clin Cancer Res. Author manuscript; available in PMC 2011 May 3.
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(57%; Table 3). Most toxicities were only grade 1 to 2. Grade 3 to 4 treatment-emergent
adverse events that occurred in 3 or more patients were diarrhea (8 patients), abdominal
pain, gastrointestinal carcinoma, intestinal obstruction, and vomiting (3 each). Hematologic
toxicity was rare; 5 patients had grade 1 to 2 anemia and 4 had grade 1 to 2
thrombocytopenia. No ocular toxicity was identified.

The rate of selected drug-related toxicities that occurred in >10% of the subjects is
summarized in Fig. 1. The principal drug-related toxicities by patient were diarrhea (86%),
asthenia (54%), nausea (65%), skin rash (46%), vomiting (32%), and abdominal pain (24%).
Most toxicities were grade 1 to 2 with only 11 (30%) patients suffering a grade 3 event.
There were no episodes of grade 4 toxicities in this study. At dose levels 1 and 2, there were
only 2 episodes of grade 3 diarrhea. At dose level 3, there were 5 episodes of grade 3
diarrhea and 1 each of grade 3 abdominal pain, asthenia, and vomiting. Hematologic toxicity
was rare with only 8 episodes of grade 1 to 2 thrombocytopenia observed.

A total of 7 patients across the different dose levels required a dose reduction of EKB-569
(19%), which was secondary to diarrhea in 5 (71%). Ten patients across the different dose
levels required a dose reduction of capecitabine (27%), also mostly due to diarrhea (60%).
At the MTD, four and six patients required a dose reduction of EKB-569 and capecitabine,
respectively.

Pharmacokinetic analysis

Efficacy

Blood samples for pharmacokinetic analysis were collected from 11 patients treated at the
MTD of 50 mg EKB-569 and 1,000 mg/m? capecitabine and were analyzed for EKB-569
and its N-desmethyl metabolite (N-desmethyl EKB-569). Relevant pharmacokinetic
variables are summarized in Tables 4 and 5. On day 8, plasma concentrations of both
EKB-569 and N-desmethyl EKB-569 reached peak levels at ~4 hours after p.o.
administration of EKB-569 (Fig. 2). The mean elimination half-life of EKB-569 was 16.6
hours. The intersubject variability was moderate, and the coefficient of variation values for
Cmax and AUC were <40%.

Evaluable pharmacokinetic data of capecitabine and its metabolites were obtained from 13
patients involving 23 pharmacokinetic study periods. For capecitabine, 5'-DFUR, and 5-FU,
the terminal half-life and AUC[o.c0] were not reportable in 4, 1, and 1 pharmacokinetic study
periods, respectively, due to the r? value associated with A, being <0.90. Capecitabine and
metabolite plasma pharmacokinetic variables for monotherapy (cycle 1, day 1) and
combination therapy with EKB-569 (cycle 1, day 8) are listed in Table 5. The Cyax Of
capecitabine was observed at 1 hour after p.o. administration with a mean terminal half-life
of half an hour. High interpatient variability was observed for capecitabine and metabolite
pharmacokinetic variables when administered alone, and this variability tended to increase
in combination with EKB-569. There was no statistically significant difference between
capecitabine pharmacokinetic variables when administered as monotherapy or combination
therapy. However, when capecitabine was given in combination with EKB-569, there was a
statistically significant increase in 5'-DFUR AUCo. (28%) and AUC[g.o0] (31%), and 5-FU
AUC[O_t] (88%) and AUC[O_OO] (81%).

Thirty-three patients were evaluable for efficacy. Four patients were not evaluable for
efficacy; two discontinued treatment during the first cycle due to adverse events, one
withdrew consent and another was treated with capecitabine alone. No complete or partial
responses were observed. Sixteen patients (48%) had stable disease as the best response: 6
(18%) had stable disease lasting between 5 and 11 weeks, 7 (21%) had stable disease lasting
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between 11 and 35 weeks, and 3 had stable disease lasting between 41 and 71 weeks. The
median time to tumor progression was 1.7 months (95% confidence interval, 1.4-4) for all
evaluable patients.

Discussion

A major aim of this phase | study was to determine the tolerability of the combination of
EKB-569, a novel, low molecular weight, irreversible inhibitor of the EGFR tyrosine kinase,
and capecitabine in patients with advanced CRC. The rationale for this combination is
provided by a preclinical study that indicated inhibition of EGFR kinase favorably
modulated the activity of TP and thymidylate synthetase, the enzymes involved in the
conversion of 5-DFUR to 5-FU and the catabolism of 5-FU, respectively (5). This study
shows that 50 mg EKB-569 daily can be safely combined with conventional doses of
capecitabine in this patient population with tolerable side effects. As expected based on the
toxicity profile of single-agent EKB-569, the most common toxicities of the combination
were gastrointestinal and cutaneous (6). Because this treatment regimen is well-tolerated, in
addition to potential use in CRC, there is the prospect of using it in patients with other
gastrointestinal cancers and breast cancer, particularly in combination with radiation
therapy.

After administration of EKB-569 in combination with capecitabine on day 8, AUC of 5'-
DFUR and 5-FU were significantly higher than on day 1 when capecitabine was
administered alone. Increases in the AUC of 5’-DFUR and 5-FU have been reported to be
greater than proportional to the increase in dose with time. After continued daily dosing of
capecitabine, AUC of 5-FU on day 14 is 34% higher than after a single dose with 85%
interpatient variability (18). Studies exploring the pharmacokinetics of capecitabine with
continual administration either alone or in combination with other anticancer agents have
indicated a range of alterations from no increase to an 83% increase in 5-FU expo sure (19—
21). Accumulation of 5-DFUR with repeat administration has not been previously
documented, but the effect noted in the current study is minimal. An additional explanation
for the accumulation of active moieties of capecitabine in the presence of EKB-569 may be
that the inhibition of the EGFR kinase by EKB-569 increased the activity of TP and
decreased the activity of thymidylate synthetase as noted in a preclinical study (5).

Although no complete or partial responses were observed in this mostly pretreated patient
population, 48% of the patients had stable disease that lasted from 5 to 71 weeks. There are
several factors that need to be considered when analyzing the clinical activity of this
regimen. First, the majority of patients were previously pretreated and it is well-known that
neither capecitabine nor 5-FU has activity in this group of patients as measured by response
rate (7, 8). The addition of EKB-569 does not seem to have a major effect on the baseline
activity of capecitabine in this setting. This observation needs to be put into the perspective
of the overall role of small-molecule EGFR kinase inhibitors in CRC. Although monoclonal
antibodies against EGFR have efficacy in CRC, single-agent small-molecule inhibitors of
EGFR kinase have not been particularly active (6, 9, 10). On the other hand, the
combination of small-molecule EGFR kinase inhibitors with chemotherapy in CRC seems to
be effective. Gefitinib in combination with FOLFOX resulted in a 33% response rate in a
group of 27 patients who had progressed after first-line treatment that did not include
oxaliplatin (11). The importance of this study is further supported by preclinical studies that
show mechanism-dependent synergy between gefitinib and oxaliplatin in CRC cell lines as
well as in a clinical trial showing a possible pharmacokinetic interaction between
Capecitabine and erolininb (12, 13). EKB-569 has also been tested in combination with
Irinotecan and infusional 5-FU and has been shown to be safe and active. At the 25 mg
EKB-569/full-dose Irinotecan and infusional 5-FU, complete inhibition of phosphorylated
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EGFR as well as downstream signaling pathways in skin and tumor samples was identified
(14).

Capecitabine also is commonly used as the standard chemotherapeutic regimen in combined
modality regimens both for rectal and upper gastrointestinal tumors (i.e., stomach, pancreas,
and biliary tract). More recently, studies have attempted to combine this regimen with
inhibitors of the EGFR kinase. The experimental basis for such combinations is 2-fold. First,
there is well-known preclinical synergy between inhibition of the EGFR kinase and
radiation therapy. Second, there is the modulation of TP and thymidylate synthetase activity
with inhibition of the EGFR kinase, which should increase the effectiveness of capecitabine
(5). Initial attempts to develop this strategy in gastrointestinal malignancies have been
unsuccessful. The increased concentration of 5-FU observed with the use of the combination
of EKB-569 and capecitabine in the current study may explain this increased toxicity.
Single-agent, specific, small-molecule inhibitors of the EGFR kinase are inactive in breast
cancer (22, 23). However, drugs such as lapatinib, which also target ErbB2, are very
promising (24). EKB-569, in addition to targeting the EGFR kinase, also inhibits ErbB2 at
clinically achievable concentrations and, therefore, may be active in this disease. Breast
cancer is often managed with capecitabine alone, but the combination of capecitabine and
EKB-569 may provide more effective management. Thus, the safety and dose
recommendations from this trial may be useful for studies in breast cancer (25).

In summary, 50 mg EKB-569 administered daily can be safely combined with 1,000 mg/m?
capecitabine administered twice a day. Of major interest, treatment with EKB-569 and
capecitabine resulted in statistically significant higher plasma levels of 5-FU than treatment
with capecitabine alone. The possible interaction between EKB-569 and capecitabine should
be further evaluated. Although this regimen is not likely to be used in patients with CRC
because, currently, capecitabine is rarely used to treat CRC, it may be useful for the
treatment of other malignancies, such as breast cancer, or in multimodality strategies.

References

1. Pazdur R, Hoff PM, Medgyesy D, Royce M, Brito R. The oral fluorouracil prodrugs. Oncology
(Huntingt). 1998; 12:48-51. [PubMed: 9830626]

2. Hoff PM, Royce M, Medgyesy D, Brito R, Pazdur R. Oral fluoropoyrimidines. Semin Oncol. 1999;
26:640-6. [PubMed: 10606257]

3. Hoff PM, Ansari R, Batist G, et al. Comparison of oral capecitabine versus intravenous fluorouracil
plus leucovorin as first-line treatment in 605 patients with metastatic colorectal cancer: results of a
randomized phase 111 study. J Clin Oncol. 2001; 19:2282-92. [PubMed: 11304782]

4. Van Cutsem E, Hoff PM, Harper P, et al. Oral capecitabine vs intravenous 5-fluorouracil and
leucovorin: integrated efficacy data and novel analyses from two large, randomised, phase 111 trials.
Br J Cancer. 2004; 90:1190-7. [PubMed: 15026800]

5. Magne N, Fischel JL, Dubreuil A, et al. ZD1839 (Iressa) modifies the activity of key enzymes
linked to fluoropyrimidine activity: rational basis for a new combination therapy with capecitabine.
Clin Cancer Res. 2003; 9:4735-42. [PubMed: 14581344]

6. Erlichman C, Hidalgo M, Boni JP, et al. Phase | study of EKB-569, an irreversible inhibitor of the
epidermal growth factor receptor, in patients with advanced solid tumors. JClin Oncol. 2006;
24:2252-60. [PubMed: 16710023]

7. Rothenberg ML, Oza AM, Bigelow RH, et al. Superiority of oxaliplatin and fluorouracil-leucovorin
compared with either therapy alone in patients with progressive colorectal cancer after irinotecan
and fluorouracil-leucovorin: interim results of a phase 11 trial. J Clin Oncol. 2003; 21:2059-69.
[PubMed: 12775730]

8. Hoff PM, Pazdur R, Lassere Y, et al. Phase 11 study of capecitabine in patients with fluorouracil-
resistant metastatic colorectal carcinoma. J Clin Oncol. 2004; 22:2078-83. [PubMed: 15169794]

Clin Cancer Res. Author manuscript; available in PMC 2011 May 3.



Laheru et al. Page 9

9. Rothenberg ML, LaFleur B, Levy DE, et al. Randomized phase Il trial of the clinical and biological
effects of two dose levels of gefitinib in patients with recurrent colorectal adenocarcinoma. J Clin
Oncol. 2005; 23:9265-74. [PubMed: 16361624]

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

Cunningham D, Humblet Y, Siena S, et al. Cetuximab monotherapy and cetuximab plus irinotecan
in irinotecan-refractory metastatic colorectal cancer. N Engl J Med. 2004; 351:337-45. [PubMed:
15269313]

Kuo T, Cho CD, Halsey J, et al. Phase Il study of gefitinib, fluorouracil, leucovorin, and
oxaliplatin therapy in previously treated patients with metastatic colorectal cancer. J Clin Oncol.
2005; 23:5613-9. [PubMed: 16110021]

Van Schaeybroeck S, Karaiskou-McCaul A, Kelly D, et al. Epidermal growth factor receptor
activity determines response of colorectal cancer cells to gefitinib alone and in combination with
chemotherapy. Clin Cancer Res. 2005; 11:7480-9. [PubMed: 16243822]

Van Cutsem E, Verslype C, Beale P, et al. A phase Ib dose escalation study of erlotinib,
capecitabine and oxaliplatin in metastatic colorectal cancer patients. Ann Oncol. 2008; 19:332-9.
[PubMed: 17986625]

Folprecht G, Tabernero J, Koehne CH, et al. Phase | pharmacokinetic/pharmacodynamic study of
EKB-569, an irresversible inhibitor of the epidermal growth factor receptor tyorsinde kinase, in
combination with Irinotecan, 5_fluorouracil, and leukovorin (FOLFIRI) in first line treatment of
patients with metatstic colorectal cancer. Clin Cancer Res. 2008; 14:215-23. [PubMed: 18172273]

Amorusi, P. EKB-569: validation of an LC/MS/MS bioanalytical method for the quantitation of
EKB-569 in human plasma. Pearl River (NY): Wyeth-Ayerst Research RPT-40374; 2001.
Gooding, AE. EKB-560: Determination of Capecitabine, 5'-deoxy-5-fluorouridine (5-DFUR) and
5-fluorouracil in human plasma samples. Pearl River (NY): Wyeth-Ayerst Research RPT-53353;
2004.

Budman DR, Meropol NJ, Reigner B, et al. Preliminary studies of a novel oral fluoropyrimidine
carmamate: capecitabine. J Clin Oncol. 1998; 16:1795-802. [PubMed: 9586893]

Roche Laboratories: Xeoloda® [Prescribing information].

Cassidy J, Dirix L, Bissett D, et al. A phase | study of Capecitabine in combination with oral
leukovorin in patients with intractable solid tumors. Clin Cancer Res. 1998; 4:2755-61. [PubMed:
9829739]

Soepenberg O, Dumez H, Verweij J, et al. Phase | and pharmacokinetic study of oral irinotecan
given once daily for 5 days every 3 weeks in combination with Capecitabine in patients with solid
tumors. J Clin Oncol. 2005; 23:889-98. [PubMed: 15681535]

Reigner B, Blesch K, Weidekamm E. Clinical pharmacokinetics of capecitabine. Clin
Pharmacokinet. 2001; 40:85-104. [PubMed: 11286326]

Baselga J, Albanell J, Ruiz A, et al. Phase 11 and tumor pharmacodynamic study of gefitinib in
patients with advanced breast cancer. J Clin Oncol. 2005; 23:5323-33. [PubMed: 15939921]
Tan AR, Yang X, Hewitt SM, et al. Evaluation of biologic end points and pharmacokinetics in
patients with metastatic breast cancer after treatment with erlotinib, an epidermal growth factor
receptor tyrosine kinase inhibitor. J Clin Oncol. 2004; 22:3080-90. [PubMed: 15284258]

Burris HA 111, Hurwitz HI, Dees EC, et al. Phase | safety, pharmacokinetics, and clinical activity
study of lapatinib (GW572016), a reversible dual inhibitor of epidermal growth factor receptor
tyrosine kinases, in heavily pretreated patients with metastatic carcinomas. J Clin Oncol. 2005;
23:5305-13. [PubMed: 15955900]

O’Shaughnessy J, Miles D, Vukelja S, et al. Superior survival with capecitabine plus docetaxel
combination therapy in anthracycline-pretreated patients with advanced breast cancer: phase 111
trial results. J Clin Oncol. 2002; 20:2812-23. [PubMed: 12065558]

Clin Cancer Res. Author manuscript; available in PMC 2011 May 3.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Laheru et al.

© EKB-569 75/ CAP 1000, n=4 ® EKB-569 S0/CAP 1000, n=20
© EKB-569 SO/CAP 750, n=7  © EKB-569 25/CAP 750, n=6

bd pai
diarrhea
he
miting
mucosit

Fig. 1.
Principal drug-related toxicities of EKB-569/capecitabine expressed as adverse event
divided by number of cycles.
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Fig. 2.
Pharmacokinetic profile of EKB-569 (A) and N-desmethyl-EKB-569 (B) on day 8 from 11
patients treated at the MTD of 50 mg EKB-569 and 1,000 mg/m? capecitabine.
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Patient characteristics

Characteristic No. of patients

No. of patients 37
Sex, men/women 20/17
Age,y

Median 56

Range 27-75
ECOG performance status

0 16

1 21

Prior therapy

Chemotherapy
0 7
1 17
2 9
>3 4
Radiotherapy 10
Surgery 37

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
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