British Journal of Cancer (2000) 83(1), 22—29
© 2000 Cancer Research Campaign ®
doi: 10.1054/ bjoc.2000.1160, available online at http://www.idealibrary.com on In E%l ]

A phase | and pharmacokinetic study of the combination
of capecitabine and docetaxel in patients with
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Summary Capecitabine and docetaxel are both active against a variety of solid tumours, while their toxicity profiles only partly overlap. This
phase | study was performed to determine the maximum tolerated dose (MTD) and side-effects of the combination, and to establish whether
there is any pharmacokinetic interaction between the two compounds. Thirty-three patients were treated with capecitabine administered orally
twice daily on days 1-14, and docetaxel given as a 1 h intravenous infusion on day 1. Treatment was repeated every 3 weeks. The dose of
capecitabine ranged from 825 to 1250 mg m~2 twice a day and of docetaxel from 75 to 100 mg m2. The dose-limiting toxicity (DLT) was
asthenia grade 2-3 at a dose of 1000 mg m~2 bid of capecitabine combined with docetaxel 100 mg m-2. Neutropenia grade 3—4 was common
(68% of courses), but complicated by fever in only 2.4% of courses. Other non-haematological toxicities were mild to moderate. There was no
pharmacokinetic interaction between the two drugs. Tumour responses included two complete responses and three partial responses.
Capecitabine 825 mg m twice a day plus docetaxel 100 mg m-2 was tolerable, as was capecitabine 1250 mg m~2 twice a day plus docetaxel
75 mg m=2. © 2000 Cancer Research Campaign
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Capecitabine (Xeloda™, Hoffmann-La Roche, Basel, Switzer- In phase | studies of capecitabine as a single agent different
land) is an orally administered prodrug of 5-fluorouracil (5-FU)treatment schedules were investigated. Capecitabine was given
that passes intact through the intestinal mucosa. It is activategither continuously for 6 weeks or using an intermittent twice
by a cascade of three enzymes tedé&oxy-5-fluorocytidine  daily schedule (Taguchi et al, 1996; Twelves et al, 1996; Budman
(5'-DFCR), then to 5deoxy-5-fluorouridine (5SDFUR), resulting et al, 1998; Mackean et al, 1998). Each of those schedules were
in an intratumoural release of 5-FU. This final, tumour-selectiveactive and common adverse events included diarrhoea, hand—foot
enzyme reaction is mediated by the tumour-associated angiogersgndrome, nausea, vomiting, stomatitis and asthenia.
factor, thymidine phosphorylase (TP). Capecitabine is cytotoxic In a randomized phase Il study of capecitabine in patients with
only after conversion to’®FUR and 5-FU. In human cancer advanced colorectal cancer the following three treatment sched-
xenograft murine models, capecitabine was substantially moreles were evaluated: capecitabine 1331 migany* continuously,
active than 5-FU against colon CXF 280 and HCT 116, gastricapecitabine 2510 mg thday* for 14 days repeated every 21
MKN 45 and GXF 97, breast MAXF 401 and MX-1, cervical days and capecitabine 1657 mg?may* combined with leuco-
YUMOTO, HT-3 and SK-OV-3, ovarian NAKAJIMA, bladder vorin 60 mg day orally (p.o.) given intermittently (Findlay et al,
SCABER and hepatoma IH-3. This anti-tumour activity in mice1997). Time to progression reported for these three administration
correlated with tumour 5-FU and blood'-BFUR levels schedules was 17, 30 and 24 weeks respectively. Furthermore,
(Investigational drug brochure: capecitabine 1997). The cytotoxidose intensity appeared highest with the intermittent single-agent
city of capecitabine correlated well with the activity ratio in schedule which was therefore selected for phase IIl evaluation.
tumours of TP and dihydropyrimidine dehydrogenase, theCapecitabine was recently registered in the USA for treatment of
enzymes for the conversion of capecitabine to 5-FU and the catapatients with breast cancer refractory to paclitaxel and anthra-
olism of 5-FU respectively (Ishikawa et al, 1997). Furthermore, ircyclines (Blum et al, 1999).
preclinical studies, paclitaxel and docetaxel were more active in Docetaxel (Taxotere™, Rhéne-Poulenc Rorer, Antony, France)
combination with capecitabine than with 5-FU or UFT. Recently, itis an antimicrotubule agent that enhances polymerization of
was demonstrated that thymidine phosphorylase is up-regulated fabulin into stable microtubules and inhibits microtubule depoly-
murine model systems exposed to taxanes (Sawada et al, 1998)merization. This disrupts the equilibrium within the microtubule
system and ultimately leads to cell death (Guerrite-Voegelein et al,

Received 20 October 1999 1991; Ringel and Horwitz, 1991; Rowinsky and Donehower,
Revised 1 February 2000 1991). In phase | studies of single-agent docetaxel the major dose-
Accepted 17 February 2000 limiting toxicity (DLT) was a short-lasting, dose-dependent,
Correspondence to: LC Pronk, Hospital Universitario ‘12 de Octubre’, schedule independent and non-cumulative neutropenia (Aapro et
Servicio de Oncologia Médica, Carretera de Andalucia Km 5,4, 28041 al, 1992; Pazdur et al, 1992; Bisset et al, 1993; Burris et al, 1993;
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studies the recommended single-agent dose and schedule faaboratory studies included a full blood count with differential
docetaxel was 100 mgfgiven as a 1-h infusion every 3 weeks. white count, sodium, potassium, creatinine, uric acid, serum

Phase Il studies on docetaxel among others showed activity iralcium, total protein, albumin, total bilirubin, ALAT, ASAT,
breast cancer (Ten Bokkel-Huinink et al, 1994; Chevallier et alalkaline phosphatase and urinalysis.

1995), non-small-cell lung cancer (Cerny et al, 1994; Fossella et al, History, physical examination and toxicity scoring according to
1995; Miller et al, 1995), head and neck cancer (Catimel et aNational Cancer Institute Common Toxicity Criteria (NCI-CTC)
1994), gastric cancer (Sulkes et al, 1994), melanoma (Aamdal et §Brundage et al, 1993) were performed every 3 weeks and labora-
1994), soft tissue sarcoma (Van Hoesel et al, 1994) and pancreatiry studies weekly. Formal tumour assessments were performed
cancer (De Forni et al, 1994). Again, the most important side-effeafter every 2 courses of chemotherapy according to standard
was early but short-lasting neutropenia, that was complicated byorld Health Organization (WHO) response criteria (WHO
infection in 20% of the patients (Pronk et al, 1995). Alopecia wasiandbook 1979).

common, but other toxicities were usually mild and included
nausea, vomiting, diarrhoea, mucositis, asthenia, infrequent hype|5-ru administration
sensitivity reactions, skin reactions, nail changes, mild sensory 9

neuropathy and fluid retention. Corticosteroid premedication haPatients received treatment every 3 weeks. Docetaxel was admin-
markedly reduced the incidence of hypersensitivity reactionsstered on day 1 of each cycle as a 1-h intravenous (i.v.) infusion.
(Schrijvers et al, 1993) as well as the severity of fluid retentiorCapecitabine was to be administered orally within 30 min after the
(Piccart et al, 1997), and is now standard therapy. end of a meal. The first cycle of capecitabine was given twice daily

In this phase | study the combination of capecitabine withstarting on days 1-14. In the second cycle capecitabine was giver
docetaxel was studied because given as single agents both drdgsm day 3 to 14, the first 2 days of capecitabine being omitted to
are active in a variety of cancers and their toxicity profiles are onlallow pharmacokinetics samples to be taken. Subsequent cycles
partly overlapping. The aims of this study were: to determine theombined capecitabine twice daily (b.i.d.) from day 1 to 14 with
maximum tolerated dose (MTD); to determine the safety profile oflocetaxel given on day 1. The prophylactic use of growth-factors
the combination; to evaluate if there is any pharmacokinetic interwas not allowed.
action between capecitabine and its metabolites and docetaxel; to
report any evidence of anti-tumour activity. Routine comedication
Oral dexamethasone (8 mg) or methylprednisolone (32 mg) was
given to all patients 12 and 3 h before docetaxel infusion, and then
12 and 24 h after the end of docetaxel infusion, followed by either
8 mg or 32 mg twice daily for an additional 3 days. No standard
Patients with histologically confirmed solid tumours for whom noi.v. anti-emetic prophylaxis was given.
other therapy with greater potential benefit existed than the combi-
nation of capecitabine with docetaxel, were entered into this StUd}é’harmacokinetic studies
The study was approved by the institutional ethics committee.

Eligibility criteria included: age 18 years and older; Karnofsky For pharmacokinetic analyses, blood samples (5ml) were
performance statug 70; no more than two prior single-agent obtained from an indwelling i.v. canula in the contralateral arm,
chemotherapy regimens or one prior combination chemotherapgnd collected in haemogard vacutainer tubes (Becton Dickinson,
regimen; no prior treatment with docetaxel and/or capecitabindyleylan, France) containing EDTA as an anticoagulant. On days 1
normal bone marrow (haemoglobin > 9.0 g*dbgranulocytes and 14 blood was taken to measure levels of capecitabine and its
> 1.5x 1C° |I%, platelet count > 108 1(° I), renal (serum creati- metabolites, and on days 1-3 and 22-24 to measure docetaxe
nine < 1.5x upper normal limit) and hepatic function (bilirubin levels. Blood was collected on days 1-3 to explore any possible
< 1.25x upper normal limit, alkaline phosphatase < 2.6pper  interaction between the two drugs. Blood samples (5 ml) were
normal limit, and transaminases < k.bipper normal limit); uric  taken before the morning capecitabine dose and at 0.5, 1, 2, 3, 4, ¢
acid < 1.25x upper normal limit, calcium < 2.88 mmottlno  and 7 h after drug administration; a final blood sample was taken
clinically significant cardiac disease or myocardial infarctionat 10 h after the morning capecitabine dose, but prior to the
within the last 12 months; no radiation therapy within 4 weeks ofvening drug administration. Blood samples (5 ml) for docetaxel
treatment start; no major surgery to the gastrointestinal tract, thgharmacokinetics were taken before administration of docetaxel,
liver or kidney within 4 weeks of study entry which may impact onhalfway through the infusion (0.5h) and within 5 min of
the pharmacokinetics of capecitabine or docetaxel; no participasompleting the infusion (at 1 h). Additional samples were taken at
tion in any investigational drug study within 4 weeks precedingl.5, 2, 3, 5, 7, 10, 24, 30 and 48 h after the start of infusion. On day
treatment start; no history of peptic ulcer, ulcerative colitis, ulcerai4 blood was collected as described above, for the determination
tive stomatitis and/or lack of physical integrity of the upperof capecitabine pharmacokinetic parameters without potential
intestinal tract. All patients provided written informed consent.  interference from docetaxel. On days 22-24 blood was collected
as described above, for the determination of docetaxel pharmaco-
kinetic parameters without potential interference from
capecitabine.

Before the start of treatment a medical history was taken and Concentrations of capecitabine and its metabolit&FCR, 3-
physical examination, laboratory studies, electrocardiogram, cheftFUR, 5-FU anda-fluoro-B-alanine (FBAL) in plasma were
X-ray and imaging studies, if appropriate, were performeddetermined by liquid chromatography with mass-spectrometic

PATIENTS AND METHODS

Eligibility

Pretreatment and follow-up studies
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detection (LC-MS) as described previously (Reigner et al, The docetaxel and capecitabine doses were escalated according
1999). to a pre-established schedule. Dose escalation was continued until
Pharmacokinetics of capecitabine and its metabolites were esfBLTs were experienced in the first 2 cycles of treatment in two or
mated by model-independent analysis using SAS Companion fanore of six patients, which was defined as the MTD. DLT was
the Microsoft Environment version 6 (SAS Institute Inc., Cary,defined as: (1) granulocytes < x5L(° I for more than 7 days;
NC, USA). The area under the plasma concentration—time curv@) grade 4 granulocytopenia with complications such as fever or
(AUC) was estimated by the trapezoidal rule using data until thether non-haematological toxicities; (3) gastrointestinal toxicity
last measurable concentration, and was extrapolated to infinity grade 2; (4) skin toxicity (i.e. hand—foot syndrome) > grade 2.
using the ratio of drug level at the last sampling point and the
apparent rate constant of the terminal phase. The terminal e“min?iESULTs
tion half-life of the compounds was calculated using least-squares
linear regression of the final part of the plasma concentration—tima total of 33 patients entered this study. Patient characteristics are
plot. Peak plasma concentratioi® () and the time to reach the given in Table 1. The most frequent tumour types were colorectal
peak concentratiort ( ) were also determined graphically. cancer, adenocarcinoma of unknown primary (ACUP) and breast
Plasma samples for docetaxel analysis were prepared by a singlancer. All patients were evaluable for toxicity and tumour
solvent extraction and assayed by a validated reversed-phase higasponse. Eight patients were not evaluable for pharmacokinetics;
performance liquid chromatographic (HPLC) method with UV in six patients blood was collected only on days 1-3, while in two
detection as reported elsewhere (Loos et al, 1997). Docetaxphtients samples at essential time points were missing. The dose
concentration—time curves were analysed by determination dévels studied, the number of patients at each dose level and the
slopes and intercepts of plotted curves with multi-exponential funcaumber of evaluable courses at each dose level are given in Table
tions. Initial parameter estimates were determined by the SIPHAR.
version 4.0 program (Simed, Creteil, France) and improved using A total of 123 courses were assessable for toxicity. No DLTs
an iterative numerical algorithm based on Powell's method. Modelvere reported for the first 2 cycles at dose levels | and Il
discrimination was assessed by a variety of considerationS§ignificant toxicities were observed in cycle 1 at dose levels Il
including visual inspection of the predicted curves, dispersion oénd IV, consisting of febrile neutropenia. In one patient severe
residuals, minimization of the sum of weighted squares residualganorexia was reported in cycle 1 at dose level 1V, and another
and the Akaike and Schwartz information criteria (Rowland ancpatient showed in cycle 1 of dose level VI a reversible hepatotoxi-
Tozer, 1995). In all cases, concentration—time profiles were besity grade 3 consisting of an elevation of the serum bilirubin level.
fitted to a bi-exponential model after zero-order input with
weighting according to I/Y, Final values of the iterated
parameters of the best fit equation were used to calculate kinetic
parameters using standard equations (Rowland and Tozer, 1995)Table 1 _Patient characteristics

Patients treated 33
Age

Kinetic parameters for capecitabine, its metabolites and docetax  Median (range) 57 (33-14)
Karnofsky PS

Statistical analysis

are reported as arithmetic mean valgiestandard deviation or as  ycgian (range) 80 (70-100)
median valuest( only). Variability in parameters between the sex
various docetaxel dose levels was evaluated using th Male/ffemale 15/18

Kruskal-Wallis statistic followed by a Dunn’s test. InterpatientPrevious chemotherapy

differences in pharmacokinetics were assessed from the coef ’l\kr’:; on ig
cient of variation (CV), expressed as the ratio of the standard dev ; regimens 2
ation and the observed mean. To test parameter differences fTumour type
statistical significance among treatment courses, a two-taile Colorectal
paired Student’s-test was performed. Probability values of less QEL;SPI
than 0.05 were regarded as statistically significant. All statistica;c;ajianeous
calculations were performed using NCSS (version 5.X; Dr Jern
Hintze, Kayesville, UT, USA) and STATGRAPHICS Plus (version
2; Manugistics Inc., Rockville, MA).

=
g w o o

Doses Table 2 Patient accrual

In this study dose escalation was performed in two phases, firStbose level Capecitabine Docetaxel No. patients No. cycles Range
combining a fixed dose of capecitabine with increasing doses (mgm=b.id) (mgm )
docetaxel. In the second phase the dose of capecitabine w

increased with a fixed dose of docetaxel demonstrated in the fir,, g;g ;g g ;g ;:2
phase of escalation to be tolerable. The following dose levels g 825 100 6 16 1-6
capecitabine/docetaxel were explored: 825 mgbm.d-*75mg v 1000 100 5 14 1-6
m2 825 mg m? b.i.d 85 mg m?% 825 mg m?b.i.d. 1000mg n¥, Vv 1000 75 6 24 2-6
1000 mg n? b.i.d. 100 mg n¥, 1000 mg n? b.i.d. 75 mg n?, \T/clnal 1250 S 35 152 1-6

1250 mg m? b.i.d. 75 mg n?.
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MTD was reached when the capecitabine dose was increasedNon-haematological toxicity

1000 mg n? b.i.d. (dose level 1V). At this dose level all patients

showed grade 2—3 asthenia that was considered dose limiting. Tiilbe most common non-haematological toxicities are shown in

docetaxel dose was then reduced to 75 mg, while the Table 4. Nausea and vomiting were usually mild (grade 1 and 2)
capecitabine dose was escalated to full single-agent dose (doased occurred in 33% and 11% of courses respectively. Grade 3
level VI). DLTs as defined in the protocol were not encounterednausea was observed in three courses at dose levels Il, 1l and VI,
No toxic deaths were reported. while vomiting grade 3 was only reported in one course at dose
level VI. Mucositis grade 1-2 was documented in 42% of courses.

Severe mucositis was observed in two courses at dose levels Il anc
IV respectively. Diarrhoea grade 1-2 was reported in 33% of

The relevant haematological toxicities are shown in Table 3courses and was severe in one course at dose level V. Asthenia (0
Neutropenia grade 3 and 4, lasting <7 days were observed at &ditigue) was an important side-effect; grade 2-3 asthenia was
dose levels in 68% (range 31-88%) of all courses, but febrildlocumented in 26% of courses. At dose level IV grade 2-3

neutropenia requiring hospital admission was reported in onhasthenia was observed in all patients in 93% of courses, which was
three courses (2.4%). Anaemia grades 1 and 2 were common at @tinsidered dose-limiting. Alopecia was common at all dose levels.

dose levels and occurred in 89% of all courses; more sevetdand—foot syndrome was reported in 26.8% of courses which

anaemia was not reported. Thrombocytopenia grade 4 requiringquired dose reduction in three patients and treatment delay in
platelet transfusion was only observed in 1 course. two patients. Nail toxicity was observed in 24% of courses and

Haematological toxicity

Table 3 Haematological toxicity?

Dose level | 1] ] v \% \Y| Total (%)

Capecitabine (mg m2b.i.d.) 825 825 825 1000 1000 1250

Docetaxel (mg m) 75 85 100 100 75 75

No. evaluable courses 14 32 16 14 24 23 123

Neutropenia G3 3 13 1 2 6 4 29 (24)

G4 6 15 4 9 7 13 54 (44)

Febrile neutropenia - 1 1 1 - 3(2.4)

Thrombopenia G1-2 - 4 - - - 1 5(4)
G3-4 - 1 - - - - 1(0.8)

Anaemia G1-2 13 28 11 13 23 22 110 (89)

aNo. of courses affected/total courses.

Table 4 Non-haematological toxicity?

Dose level | 1l 1] \% \% \Y| Total (%)
Capecitabine (mg m=2 b.i.d.) 825 825 825 1000 1000 1250
Docetaxel (mg m) 75 85 100 100 75 75
No. evaluable courses 14 32 16 14 24 23 123
Nausea G1-2 3 15 4 7 8 3 40 (33)
G3-4 - 1 1 - - 1 3(2.4)
Vomiting G1-2 2 2 2 5 3 13 (11)
G3-4 - - - - - 1 1(0.8)
Diarrhoea G1-2 8 9 4 4 13 3 41 (33)
G3-4 - - - - 1 - 1(0.8)
Mucositis G1-2 6 11 8 8 13 5 51 (42)
G3-4 - 1 - 1 - - 2 (1.6)
Asthenia Gl 5 11 4 - 3 7 30 (24)
G2-3 2 4 1 13 6 6 32 (26)
Alopecia G1-2 9 24 12 9 18 18 90 (73)
Hand—foot G1-2 4 15 3 - 8 2 32 (26)
G3-4 - 1 - - - - 1(0.8)
Nail toxicity® 4 7 1 4 6 7 29 (24)
Neurotoxicity G 1-2 4 7 5 4 5 1 26 (21)
Oedema G 1-2 6 2 - 1 1 10 (8)
Allergy - 3 3 1 1 9 (7)

aNo. of courses affected/total courses; "see text.
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was complicated with paronychia in four patients. One patiengeneral, the pharmacokinetics demonstrated high interpatient vari-
treated at dose level Il developed septic paronychia that requirability. Overall the kinetic data of capecitabine and the metabol-
dose reduction. Docetaxel related toxicities like neuropathyites in the presence of docetaxel indicate a very minor effect of
oedema and allergy were mild and never a reason to stop therapgo-treatment with the taxane (Table 5). However, whereas
identical parameters were observed for capecitabinBFER,
5'-DFUR and FBAL between study courses, the systemic expo-
sure to 5-FU tended to decrease in the presence of docetaxel. This
Three patients at dose level II, one patient at dose level IV and omdfect was particularly striking at the 1250 mg?rh.i.d. dose
patient at dose level V underwent dose reduction. The method d&ével, resulting in a 1.8- and 1.9-fold lower values @ and
dose reduction was not pre-established. In two of the three patiemJC (Table 5).
at dose level Il the dose of both drugs was reduced by 25% The plasma concentration-time profiles for docetaxel were
because of hand—foot syndrome in cycle 3 in one patient and similar with and without capecitabine co-treatment. In both cases,
cycle 4 in the other patient. One patient at dose level Il developedisposition phases of docetaxel exhibited a bi-exponential decay
thrombocytopenia grade 4 in cycle 4 that required a dose reducti@nd could be best fitted to a two-compartmental model. The mean
by 50% of only capecitabine, because it was assumed thastimated pharmacokinetic parameters of docetaxel for both study
capecitabine rather than docetaxel contributed to the occurrence @durses are summarized as a function of the treatment cohort in
thrombo-cytopenia. The patient at dose level IV underwent a dosEable 6.
reduction by 25% of both drugs in cycle 2 because of grade 2 Substantial interpatient kinetic variability was apparent with
nausea and anorexia. The patient at dose level V underwent a dasgues for the coefficient of variation up to 50%. There were no
reduction by 25% of both drugs because of hand—foot syndrome significant differences in dose-normalized pharmacokinetic para-
cycle 4. Treatment was delayed because of hand—foot syndromerimeters between the docetaxel dose levels, as shown by the dose-
two patients at dose level Il after cycle 3 and 4 respectively. Botimdependent values for docetaxel plasma clearance. The mean
hand—foot syndrome and nail toxicity were sometimes problematioverall total body clearance of docetaxel across all dose levels
with prolonged treatment. However, no other cumulative toxicitywithout capecitabine co-treatment was 2%48.79 | h' m=
was observed. The dose intensity of this treatment schedule wasean+ standard deviation). Docetaxel pharmacokinetics were
high at all dose levels (0.95-1), but lower at dose level IV (0.84).not significantly altered by co-treatment with capecitabin
(P < 0.05 for all kinetic parameters using two-tailed Student’s
t-test), indicating no mutual kinetic interaction between these two
drugs (Table 6).
In the pharmacokinetic calculations only patients with complete
AUC were taken into consideration. Capecitabine pharmaco-
L . . . . "Responses
kinetics were characterized by a rapid absorption after oral dosing,
with peak plasma levels occurring at approximately 1 h. In thélwo complete responses were documented in a patient with ACUP
majority of patients the main circulating compounds were 5 (total disappearance of previously found metastatic sites: lymph-
DFUR (the immediate precursor of 5-FU) and the 5-FU metaboliteodes, adrenal glands and soft tissue) and in another patient with
FBAL. The pharmacokinetic characteristics of capecitabine angastric cancer (metastatic sites: lymph nodes and pancreatic
the metabolities are listed in Table 5 as a function of the dose. Iregion). Time to progression was 8 months in both patients. Partial

Tolerability of multiple cycles

Pharmacokinetics

Table 5 Summary of paired capecitabine and metabolities pharmacokinetics in the presence or absence of docetaxel®

Capecitabine (mg m 2 b.i.d.) 825 825 1000 1000 1250 1250
Docetaxel (mg m 2) 75,100 - 75,100 - 75 -

Capecitabine

t,, (n) 0.59 +0.31 0.55 +0.31 0.69 +0.29 0.70 £0.32 0.58 +0.28 0.66 + 0.38
AUC (ug h mi™) 519 +3.01 3.82+1.31 5.58 +2.96 5.66 + 2.38 7.01+4.21 6.39 +0.83
5'-DFCR
t,, (h) 0.82 +0.24 0.86 +0.38 0.80+0.13 0.87 £0.20 0.87 £0.24 0.76 +0.09
AUC (ug h mi-) 3.56 +2.35 4.35+2.65 7.61+3.35 8.23 +3.95 11.9+5.24 9.78 +1.08
5'-DFUR
t,, (n) 0.65 +0.12 0.70 £0.23 0.79 £ 0.32 0.71+0.18 0.81+0.27 0.63+0.12
AUC (ug h mi™) 12.3+3.20 10.8 + 3.24 12.6 £ 2.27 11.8+3.78 16.1+3.70 16.9 +2.37
5-FU
t,, (h) 0.71+0.16 0.70 £0.17 0.87 % 0.47 0.72+0.18 0.92 +0.50 0.68 +0.09
AUC (ug h mi-) 0.36 +0.19 0.41+0.15 0.48 £0.15 0.61+0.31 0.42 +0.13 0.80 +0.28
FBAL
t,, (n) 2.43+0.36 2.83+0.45 2.76 £ 0.61 2.96 +0.50 2.11+0.36 2.24+0.11
AUC (ug h mi™) 16.8 +5.38 2114485 23.3+9.55 25.4+9.65 20.8 +2.29 20.4+0.61

aData were obtained from 16, ten and four patients treated at capecitabine dose levels of 825, 1000 and 1250 mg m2 b.i.d. respectively.
Kinetic terms are arithmetic mean values + standard deviation (¢,,, and AUC). Abbreviations: t,,, terminal elimination half-life; AUC, area
under the plasma concentration—time curve; 5'-DFCR, 5'-deoxy-5-fluorocytidine; 5'-DFUR, 5'-deoxy-5-fluorouridine; 5-FU, 5-fluorouracil;

(FUH,), dihydro-5-fluorouracil; FBAL, a-fluoro-B-alanine
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Table 6 Summary of paired docetaxel pharmacokinetics in the presence or absence of capecitabine?

Docetaxel Capecitabine n Cox t, AUC CL Ve,

(mg m-?) (mg m~2b.i.d.) (ng mi—) (h) (hg hmi~) (th=*m=) (tm=) (h)
75 825 3 2.25+0.23 2.83+1.19 2.47 +£0.35 30.9 +4.53 41.3+12.9
75 - 3 2.10+1.04 1.81 £ 0.96 2.32+1.16 32.8+15.6 33.3+159
85 825 4 2.57 £0.53 7.52 £5.42 3.74 £ 1.09 25.0 £7.92 63.1+24.4
85 - 4 2.64 +0.47 5.88 +2.87 3.37+0.97 27.7 £ 8.86 68.5+24.8

100 825 4 3.28 £0.78 12.2+9.24 4.45 +1.26 24.5 +7.00 123 +89.9

100 - 4 3.96+1.76 9.81+4.62 6.07 £2.48 18.7 £5.44 75.9+44.3

100 1000 3 3.78 £ 0.56 12.4+9.24 5.09 +0.97 20.4 + 3.86 86.7 £ 1.75

100 - 3 3.73+0.06 9.39+2.88 5.13+0.51 19.7£2.01 72.0£28.5
75 1000 6 2.29+0.11 6.90 +3.71 3.05 + 0.56 25.4 +4.44 82.0+42.8
75 - 6 2.54 +0.70 540+241 3.45+1.29 243 +7.11 57.4+14.2
75 1250 5 2.34 +0.67 8.15 +9.05 3.25+1.08 26.1 +9.45 95.9 + 100
75 - 5 2.78 £0.55 8.46 +9.36 3.16 £0.70 25.1+6.23 115+ 134

?Kinetic terms are mean values + standard deviation. Abbreviations: n, number of patients with complete paired kinetic data; C,__ ., peak plasma level; t,,,

terminal elimination half-life; AUC, area under the plasma concentration-time curve; CL, total body clearance; V_, volume of distribution at steady state.

responses were reported in two patients with breast canceeutropenia grade 3 and 4, lasting <7 days, which occurred in
(metastatic sites: liver in 1 patient and skin and lymphnodes in thé8% of all courses. However, in only three courses was
other patient) and in one patient with colon cancer (metastatioeutropenia complicated with fever requiring hospital admission.
sites: liver and peritoneal). Time to progression in these patientSastrointestinal toxicity was frequent but again usually mild.
was 6 months for the patients with breast cancer and 9.5 monthktand—foot syndrome, which is characteristic of capecitabine, was
for the patient with colon cancer. reported in 26.8% of courses; in most cases this was not severe an
only required dose reduction in three patients and treatment delay
in two patients. The incidence of docetaxel-specific toxicities like
fluid retention and allergy was low and did not constitute a major
Capecitabine is a new orally available tumour-selective fluoro<linical problem, probably because all patients received corticos-
pyrimidine carbamate, that is bioactivated by a three-enzymeeroid comedication. Neurotoxicity was also mild and only
process to provide prolonged high levels of the active moietypccurred in 21% of courses, which is less than reported in patients
5-FU, in tumour cells (Investigational drug brochure: capecitabingreated with docetaxel as a single agent (Hilkens et al, 1996).
1997). Capecitabine is active against advanced breast cancer thidwever, nail toxicity was sometimes problematic in patients with
is resistant to anthracyclines and taxanes (Blum et al, 1999). lprolonged treatment.
most cases, however, combination therapy is prefered to single- The evaluation of pharmacokinetic interaction when combining
agent treatment. Docetaxel was selected for the combination withovel, active chemotherapy agents is extremely relevant. In this
capecitabine, since it is probably the most active single agent in trgtudy the possible up-regulation of TP by taxanes raised the possi-
treatment of breast cancer (Ten Bokkel Huinink et al, 1994hility that exposure to 5-FU may be increased by co-administration
Chevallier et al, 1995). In addition, docetaxel and capecitabinef docetaxel. Pharmacokinetic studies were performed for
have toxicity profiles that only partially overlap. In this phase Icapecitabine as a single agent and in the presence of docetaxe
study we have shown that capecitabine and docetaxel can [Bdasma peak concentrations for the drug were reached shortly aftel
combined safely and effectively, giving both agents at doses wheal dosing. As predicted by earlier investigations, capecitabine
they possess single-agent activity. was extensively metabolized by hepatic carboxylesterases'into 5
Dose escalation was performed in 2 phases, firstly combining BFCR with subsequent cytidine deamination to form the 5-FU
fixed dose of capecitabine with increasing doses of docetaxel. Iprecursor 5DFUR (Budman et al, 1998; Mackean et al, 1998).
the second phase the dose of capecitabine was increased witftze latter compound was, together with the 5-FU metabolite
fixed dose of docetaxel demonstrated to be tolerable in the firgtBAL, the main circulating compound in the majority of patients.
phase of dose escalation. A starting dose of 75 mgfrdocetaxel ~ The pharmacokinetics of capecitabine showed high interpatient
was chosen as phase | studies showed this dose to be active witriability and were highly consistent with recently published
a favourable toxicity profile (Pronk et al, 1995). A dose ofvalues obtained in patients treated at a single-agent dose of
825 mg m? bid of capecitabine when given as an intermittent1657 mg m? day* (Budman et al, 1998). Overall, the kinetic data
schedule was well tolerated and active in phase | studies (Budmafi capecitabine and its metabolites were similar for capecitabine as
et al, 1998; Mackean et al, 1998). These starting doses weeesingle agent and in the presence of docetaxel. However, the
combined as it was anticipated that this combination would bsystemic exposure to 5-FU tended to decrease in the presence o
active and tolerable. docetaxel. This effect was particularly striking at the 1250 nfg m
The most important non-haematological toxicity was asthenid.i.d. dose level. More pharmacokinetic studies will be needed to
which was considered dose-limiting when 1000 mg loi.d. of  explain the significance of this observation.
capecitabine was combined with 100 mg wf docetaxel (dose The plasma concentration-time profiles for docetaxel given as a
level IV). Other DLTs as foreseen in the protocol were not encounsingle agent and with capecitabine were similar. The interpatient
tered. The major haematological toxicity of the combination wakinetic variability, particularly at the 75 mg-fdose level, was
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substantial which could in part be accounted for by missing'en Bokkel-Huinink WW, Prove AM, Piccart M, Steward W, Tursz T, Wanders J,

samples at essential time points in some patients. (There was no Franklin H, Clavel M, Verweij J, Alaki M, Bayssas M and Kaye SB (1994) A
. L phase Il trial with docetaxel (Taxotere) in second-line treatment with

systemic reason for the mISSIr_]g data') The mean overall total bOdy chemotherapy for advanced breast cancer. A study of the EORTC Early

clearance of docetaxel as a single agent across all dose levels was cjinical Trials GroupAnn Oncol: 527-532

25.4+ 8.79 | it m2 (meanz standard deviation). This is consis- Brundage MD, Pater JL and Zee B (1993) Assessing the reliability of two toxicity

tent with previously pub“shed values obtained in phase 1 clinical scales: implications for interpretating toxicity datdNatl Cancer Ins85:

trials on docetaxel as a single agent (Bruno and Sanderink 199@.%1138_1148

.. . . . 0 R and Sanderink GJ (1993) Pharmacokinetics and metabolism of Taxotere.
These data indicate that capecitabine has no significant effect on . pharmacokinetics and Cancer Chemotheraprkman P and Graham MA

docetaxel pharmacokinetics. (eds), pp. 305-313. Cold Spring Harbor Laboratory: New York, NY
The combination of capecitabine and docetaxel is clearly activBudman DR, Meropol NJ, Reigner B, Creaven PJ, Lichtman SM, Berghorn E, Behr

with two complete responses (one patient with ACUP, one with J, Gordon RJ, Oste_rwgl_derBand anﬂn.T (1998) Preliminary results of a

astric cancer) and three partial responses (two with breast cancer novel oral fluoropyrimidine carbamaClin Oncol16: 1795-1802
gastric partial resp A aSt CanCElis 1, irvin R, Kuhn J, Kalter S, Smith L, Shaffer D, Fields S, Weiss G, Eckardt
one with colon cancer). The antitumour activity of capecitabine as 3, Rrodriguez G, Rinaldi D, Wall J, Cook G, Smith S, Vreeland F, Bayssas M,
a single agent in patients with advanced breast cancer has been Le Bail N and Von Hoff D (1993) Phase | clinical trial of Taxotere
demonstrated in series of phase Il trials. A randomized phase || administered as either a 2-hour or 6-hour intravenous infusion every 3 Weeks.
study in women aged 55 years or older compared capecitabine Clin Oncol11: 950-958

. . . s Catimel G, Verweij J, Mattijsen V, Hanauske A, Piccart M, Wanders J, Franklin H,
with CMF as first-line treatment (O'Shaugnessy et al, 1998); | ¢ g4l N, Clavel M and Kaye SB (1994) Docetaxel (Taxotere): an active drug

preliminary results showed that capecitabine monotherapy is at for the treatment of patients with advanced squamous cell carcinoma of the

least comparable with CMF combination chemotherapy. However, head and neciinn Oncob: 533-537

severe hand—foot syndrome and diarrhoea were more frequent ‘?ﬁ”‘i’ TF KaEI'F"“HSR' Pag“g's N,SS(clhgongS)kllDP, Efe'bla(”Tm R; Va;‘,'\"eetr_be?k J, Wa“de"rs

. . . . . , Frankiin an aye ocetaxe axotere) Is active In non-smal

the_ capem@ablne t_reatment arm. In a mUItlc_:enter phase II trial in cell lung cancer: a phase |l trial of the EORTC Clinical Trials Gr8ug.

patients with paclitaxel-refractory metastatic breast cancer, who  cancer7o: 384-387

were all also pretreated with anthracyclines, patients received Ghevallier B, Fumoleau P, Kerbrat P, Dieras V, roche H, Krakowski I, Azli N,

dose of 2510 mg A day? given for 2 weeks followed by a 1- Bayssas M, Lentz MA and van Glabbeke M (1995) Docetaxel is a major

week rest period, repeated every 3 weeks (Blum et al, 1998). The cytotol><|lc drug for the treatment pf advanced breast cancer: a pha;e I'I trial of
.. . o the Clinical Screening Cooperative Group of the European Organization for

toxicity prof|.Ie was acceptable .and the response rate was 2Q/o, Research and Treatment of Candetlin Oncoll3 314322

with a median response duration of 8.1 months and a mediatxtra JM, Rousseau F, Bruno R, Clavel M, Le Bail N and Marty M (1993) Phase |

survival of 12.8 months. The median time to disease progression and pharmacokinetic study of Taxotere (RP 56976; NSC 628503) given as a

was 93 days. This study shows that capecitabine is active in pacli- Shortintravenous infusio€ancer Re§3: 1037-1042 =
taxel/anthracycline resistant breast cancer, and su ts that th':'F1d|ay M, Van Cutsem E, Kocha W, Allman D, Laffranchi B, Griffin T,
Y ! ggests that there Osterwalder B, Dalley D, Pazdur R and Verweij J (1997) A randomized phase

is no cross-resistance between capecitabine and taxanes, a further i study of xeloda (Capecitabine) in patients with advanced colorectal cancer.
justification for the use of capecitabine and docetaxel in combina-  Proc Am Soc Clin Oncdl6: 227a (abstract 798)

tion. The combination of capecitabine with paclitaxel is also undePe Forni M, Rougier P, Adenis A, Ducreux M, Djazouli K, Adams D, Clouet P,
investigation in a phase | study in patients with previously treated Blanc C, Bayssas M, Bonneterre J and Armand JP (1994) Phase Il study of

R . . Taxotere in locally advanced and/or metastatic pancreatic came©ncolb
metastatic breast cancer (Khoury et al, 1998). The combination (g, 5y 509 Y P

appears to be active, even in patients who had prior bone marrawssella Fv, Lee JS, Shin DM, Calayag M, Huber M, Perez-Soler R, Murphy WK,
transplantation. Lippman S, Benner S, Glisson B, Chasen M, Ki Hong W and Raber M (1995)
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cycles of capecitabine 825 mg%rhnd combined with docetaxel Gueritte-Voegelein F, Guenard D, Lavelle F, Le Goff MT, Mangatal L and Poitier P

100 mg m? or capecitabine 1250 mgb.i.d. with docetaxel (1991) Relationships between the structure of Taxol analogues and their
75mg m? are both feasible. A randomized phase Il study  antimitotic activity. Med Chen84: 992-998
comparing the combination of capecitabine 1250 mg amd Hilkens PHE, Verweij J, Stoter G, Vecht Ch, Van Putten WLJ and van den Bent MJ

docetaxel 75 mg Mwith docetaxel 100 mg thas a single agent (1996) Peripheral neurotoxicity induced by docetabelirology46: 104-108

. . . . . . g ._Investigational drug brochure: Capecitabine (Ro 09-1978) Fourth Version,

is ongoing in patients with metastatic breast cancer as first-line  pocemper 1997

treatment. Van Hoesel QGCM, Verweij J, Catimel G, Clavel M, Kerbrat P, van Oosterom AT,
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