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Abstract Purpose: To investigate dose escalation of
bi-daily (b.i.d.) oral paclitaxel in combination with
cyclosporin A in order to improve and prolong the
systemic exposure to paclitaxel and to explore the
maximum tolerated dose and dose limiting toxicity
(DLT) of this combination. Patients and methods: A
total of 15 patients received during course 1 two doses of
oral paclitaxel (2x60, 2x90, 2x120, or 2x160 mg/mz) 7h
apart in combination with 15 mg/kg of cyclosporin A,
co-administered to enhance the absorption of paclitaxel.
During subsequent courses, patients received 3-weekly
intravenous paclitaxel at a dose of 175 mg/m? as a 3-h
infusion. Results: Toxicities observed following b.i.d.
dosing of oral paclitaxel were generally mild and in-
cluded toxicities common to paclitaxel administration
and mild gastrointestinal toxicities such as nausea,
vomiting, and diarrhea, which occurred more often at
the higher dose levels. Dose escalation of b.i.d. oral
paclitaxel from 2x60 to 2x160 mg/m? did not result in a
significant increase in the area under the plasma con-
centration-time curve (AUC) of paclitaxel. The AUC
after doses of 2x60, 90, 120, and 160 mg/m’ were
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3.77+£2.70, 4.57+2.43, 3.62+1.58, and 8.58+7.87
UM.h, respectively. The AUC achieved after intravenous
administration of paclitaxel 175 mg/m’> was 17.95+
3.94 uM.h. Conclusion: Dose increment of paclitaxel did
not result in a significant additional increase in the AUC
values of the drug. Dose escalation of the b.i.d. dosing
regimen was therefore not continued up to DLT. As
b.i.d. dosing appeared to result in higher AUC values
compared with single-dose administration (data which
we have published previously), we recommend b.i.d.
dosing of oral paclitaxel for future studies. Although
pharmacokinetic data are difficult to interpret, due to
the limited number of patients at each dose level and the
large interpatient variability, we recommend the dose
level of 2x90 mg/m? for further investigation, as this
dose level showed the highest systemic exposure to
paclitaxel combined with good safety.

Key words Oral paclitaxel - Cyclosporin A -
Pharmacokinetics

Introduction

Paclitaxel is an important anticancer agent widely
applied for the treatment of breast, ovarian, and lung
cancer and AIDS-related Kaposi’s sarcoma [13, 31]. The
cellular target for paclitaxel has been identified as the
tubulin/microtubule system that plays a significant role
in mitosis, intracellular transport, cell motility, and
maintenance of cell shape. Paclitaxel promotes the
assembly of stable microtubules and inhibits their
depolymerization, resulting in the arrest of cells in the
G»-M phase of the cell cycle [11, 23, 32].

Paclitaxel is currently administered intravenously
(i.v.) at different dosages and time schedules and opti-
mization of the clinical application is under investiga-
tion. Preclinical data from a variety of human cancer cell
lines reveal that the cytotoxicity of paclitaxel is schedule
dependent. In studies in which investigators evaluated
both concentration and exposure duration, prolongation
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of drug exposure seemed more important for the activity
of paclitaxel than an increase in concentration [1, 19, 20,
21, 30]. Furthermore, paclitaxel, like some other drugs
to which resistance is conferred by the multidrug resis-
tance (mdr) phenotype, was more effective in vitro when
applied to mdr cells for a longer duration [43]. In clinical
studies, prolongation of the infusion duration was as-
sociated with an increase in severity of bone marrow
suppression. Myelosuppression appeared to be related
to the duration of plasma paclitaxel concentrations
above either a threshold concentration of 0.05 uM [7, 29]
or 0.1 uM [12]. This increased toxicity with longer
infusion duration suggests that tumor cell cytotoxicity
may also increase as exposure duration increases.
Huizing et al. [17] found, in the presence of carboplatin,
a positive correlation between the duration of paclitaxel
exposure above 0.1 uM and the median survival time in
non-small-cell lung cancer patients, indicating that
prolongation of paclitaxel exposure may improve the
response rate and overall survival.

Oral administration of paclitaxel is investigated
because the oral route of administration is more practical
and convenient to patients and may enable chronic
continuous dosing of paclitaxel. However, paclitaxel
shows very low oral bioavailability, which has limited
treatment of the drug by the oral route. Preclinical
studies in mice have shown that the low oral bioavail-
ability is due to efficient transport of the drug by the
multidrug efflux pump P-glycoprotein (P-gp) abundantly
present in the gastrointestinal tract [37]. Efficient oral
uptake of paclitaxel has recently been made possible in
mice [39] and men [25, 26] by co-administration of oral
cyclosporin A (CsA), an inhibitor of P-gp and cyto-
chrome P-450 (CYP) 3A4-mediated drug metabolism. In
men, co-administration of CsA resulted in a significant
increase of at least sevenfold in the systemic exposure of
paclitaxel, and plasma concentrations increased from
negligible to therapeutic levels [25, 26]. The first prom-
ising clinical results at low paclitaxel dosages in a proof
of principle study [25, 26] and those obtained in a phase 1
dose-escalating study using a once daily dosing schedule
[22] encouraged us to explore a twice-daily dosing
schedule in an attempt to further increase and prolong
the systemic exposure to orally administered paclitaxel.

Patients and methods
Patient population

Patients with histological proof of cancer for whom no standard
therapy of proven benefit existed were eligible for the study. Pre-
vious radiotherapy or chemotherapy other than taxoid therapy was
allowed, provided that the last treatment was at least 4 weeks prior
to study entry and any resulting toxicities were resolved. Patients
had to have acceptable bone marrow (white blood cells >3.0 x
10%/1, platelets >100x10°/1), liver function (serum bilirubin <25
umol/l, serum albumin >25 g/l), renal function (serum creatinine
<160 pmol/l or clearance =50 ml/min), and a World Health
Organization (WHO) performance status <2. Patients were not
eligible if they suffered from uncontrolled infectious disease,

neurological disease, bowel obstruction, or symptomatic brain
metastases. Other exclusion criteria were concomitant use of
known P-gp inhibitors and chronic use of H, receptor antagonists
or proton pump inhibitors. The study protocol was approved by
the medical ethics committee of The Netherlands Cancer Institute,
and all patients had to give written informed consent.

Study design

Patients received oral paclitaxel at doses of 2x60, 2x90, 2x120, or
2x160 mg/m? during course 1 and i.v. paclitaxel administered as a
3-h infusion at a dose of 175 mg/m? during course 2. If it was
considered to be in their best interest, patients continued on a 3-
weekly schedule of i.v. paclitaxel. Per dose level of oral paclitaxel, 3
eligible patients were entered; 3 additional patients (total of 6) were
treated at a dose level if 1 of the first 3 patients exhibited dose-
limiting toxicity (DLT). DLTs were defined as grade 4 granulocy-
topenia of a duration of >35 days, grade 4 thrombocytopenia of
any duration, or any grade 3/4 non-hematological toxicity except
untreated nausea and vomiting. The maximum tolerated dose
(MTD) was defined as the highest dose level producing DLTs in
<2 of 6 patients. The i.v. formulation of paclitaxel (Paxene, pac-
litaxel 6 mg/ml, dissolved in Cremophor EL and ethanol 1:1 w/v,
Baker Norton Pharmaceuticals, Miami, Fla., USA) was used for
both i.v. and oral administration of paclitaxel. Oral paclitaxel was
administered in two doses 7 h apart, and 30 min prior to each
paclitaxel dose patients received 15 mg/kg CsA (Neoral, Novartis,
Basel, Switzerland). The first oral paclitaxel dose was administered
after an overnight fast and patients remained fasted until 2 h fol-
lowing administration. For the second oral dose patients were re-
fused food and drinks 1.5 h prior to paclitaxel administration and
up to 1 h after administration. To prevent nausea and vomiting
following administration of CsA and oral paclitaxel, 1 patient at
the dose level 2x90 mg/m? and all patients at dose levels 2x120 and
2x160 mg/m? received 1 mg oral granisetron (Kytril) 1 h prior to
CsA administration. In addition, 1 patient at dose level 2x160 mg/
m? received a light breakfast at least 2 h prior to the first oral
paclitaxel dose. Prior to i.v. administration of paclitaxel, patients
received standard i.v. premedication to prevent hypersensitivity
reactions, consisting of dexamethasone 20 mg orally 12 and 6 h
prior to, and clemastine 2 mg i.v. and cimetidine 300 mg i.v. 30 min
prior to paclitaxel administration. Premedication was not admin-
istered prior to oral administration of paclitaxel.

Patient evaluation

Pretreatment evaluation included a complete medical history and
complete physical examination. Before each course, an interim his-
tory, including concomitant medications taken, toxicities, and per-
formance status, was recorded and a physical examination was
performed. Hematology was checked twice weekly after course 1 and
2 and weekly after subsequent courses. Blood chemistries, including
liver and renal function, serum electrolytes, total protein, and albu-
min and glucose levels, were checked weekly. All toxicities observed
were graded according to the National Cancer Institute Common
Toxicity Criteria (NCI CTC) [28]. Tumor measurements were per-
formed every other cycle, but initially after the first two i.v. courses.
Responses were evaluated according to the WHO criteria [42].

Sample collection and analysis

After oral drug administration of paclitaxel and CsA, blood
samples and urine were collected for pharmacokinetic analysis.
Blood samples were obtained in heparinized tubes, pre dose, 30 min
and 1,2,3,4,6,7,7.5,8,9,10, 11, 13, 24, and 48 h after ingestion
of the two oral doses. For CsA whole-blood concentrations, an
aliquot of the blood sample was stored at 4 °C and analyzed within
1 week using a specific fluorescence polarization immunoassay
(FPIA, Abbott TDx-FLx, Amstelveen, The Netherlands) [3]. For
paclitaxel plasma concentrations, the remainder of the blood



samples was centrifuged and plasma samples were stored at —20 °C
until analysis. Paclitaxel plasma concentrations were determined
using a validated high-performance liquid chromatography
(HPLC) assay [15]. In addition to measuring CsA and paclitaxel
levels after oral drug administration, ethanol and Cremophor EL
concentrations were measured. The plasma samples obtained for
paclitaxel analysis were used for analysis of ethanol and Cremo-
phor EL. Plasma ethanol levels were measured for all patients at
the dose levels of 2x90, 120, and 160 mg/m? at 30 min and 1 h
following each oral dose of paclitaxel and analyzed by gas chro-
matography. Plasma concentrations of Cremophor EL were mea-
sured for 2 patients (dose level 2x160 mg/m?) at six time points up
to 13 h after the first oral dose of paclitaxel using a validated
HPLC assay [34] with minor modifications as described elsewhere
[40]. Urine was collected in 24-h aliquots for 48 h. Urine samples
were stabilized with a mixture of 5% Cremophor EL/ethanol 1:1 v/
v and stored at —20 °C until analysis. Paclitaxel concentrations in
urine were determined using a validated HPLC assay [16].
During i.v. administration of paclitaxel blood samples for
paclitaxel analysis were obtained according to a previously estab-
lished limited sampling model using two concentration-time points
at 1 and 8 h after the end of paclitaxel infusion [14]. Blood samples
were collected in heparinized tubes, centrifuged, and plasma
samples were stored at —20 °C until analysis. Paclitaxel plasma
concentrations were determined using a validated HPLC assay [15].

Pharmacokinetic analysis

Non-compartmental pharmacokinetic methods were applied to
process the results [8]. For orally administered paclitaxel, the
maximal drug concentration (Cmax) and time to maximal drug
concentration (Tmax) were obtained directly from the experimental
data. The area under the plasma paclitaxel concentration-time
curve (AUC) was estimated by the trapezoidal rule up to the last
measured concentration-time point (AUCt) and extrapolated to
infinity using the terminal rate constant k. The terminal half-life
(t12) was calculated as In2/k. The time above the previously defined
threshold concentrations of 0.05 uM and 0.1 pM (T >0.05 uM,
T>0.1 uM) was determined using linear interpolation. For i.v.
administered paclitaxel the parameters AUC and T>0.1 uM were
determined using our previously established limited sampling
model [14]. The percentage of the administered dose recovered in
the urine (Uey.,) Was calculated as the amount excreted in the urine
divided by the actual administered dose times 100%. Statistical
analysis of the data was performed using the non-parametric
Jonckheere-Terpstra test [10] and the Mann-Whitney U-test. The
a priori level of significance was P=0.05.
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Results
Patients and treatment

A total of 15 patients (3 males and 12 females) was
enrolled in the study. At study entry, the median age of
the patients was 57 years (range 34-75 years) and the
median WHO performance status was 0 (range 0-1).
Primary tumor types included breast (3), ovarian (3),
non-small-cell lung cancer (3), adenocarcinomas of
unknown primary site (3), colon (2), and pancreas (1)
tumors. All patients, except 2, had received prior surgi-
cal therapy, radiotherapy, and/or chemotherapy.
Toxicities observed following b.i.d. dosing of oral
paclitaxel and after the first i.v. course of paclitaxel are
presented in Tables 1 and 2. After oral intake of pac-
litaxel, hematological toxicities observed included ane-
mia, which was often pre-existing, and leukocytopenia/
granulocytopenia. The main non-hematological toxici-
ties were alopecia, arthralgia/myalgia, fatigue, neuro-
toxicity, mucositis, diarrhea, nausea, and vomiting.
Other incidental toxicities were gastric pain (1 patient),
skin reactions (1 patient), flushes (2 patients), and mild
and reversible hypotension (1 patient) (not listed in
Table 2). Toxicities observed were generally mild (grade
1-2); 1 patient experienced granulocytopenia grade 3
(dose level 2x160 mg/m?). Toxicities clearly related to
CsA administration were nausea and vomiting, which
were observed in 3 patients. These toxicities arose prior
to paclitaxel intake. During the first course of i.v.
paclitaxel, a similar profile of hematological and non-
hematological toxicities was observed as after oral
intake of the drug. Toxicities observed were generally
mild; 1 patient developed leukocytopenia grade 3 and
another patient experienced granulocytopenia grade 4.
In this study 1 partial response, which was documented
after the third course (1 oral and 2 i.v.), was observed in
a patient with ovarian cancer (dose level 2x120 mg/m?).

Table 1 Hematological toxicities observed following bi-daily (b.i.d.) dosing of oral paclitaxel and after the first i.v. course of paclitaxel

Oral paclitaxel Oral paclitaxel

Oral paclitaxel

Oral paclitaxel Oral paclitaxel i.v. paclitaxel

2x60 mg/m? 2x90 mg/m? 2x120 mg/m? 2x160 mg/m? all dose levels 175 mg/m?
(3-h infusion)

No. of patients 4 3 3 5 15 11
Anemia

Grade 1 1 0 1 3 5

Grade 2 2 2 1 0 5 1

Grade 3 0 0 0 0 1
Leukocytopenia

Grade 1 0 0 0 0 0 2

Grade 2 0 1 0 2 3 1

Grade 3 0 0 0 0 0
Granulocytopenia

Grade 1 0 0 0 0 0 2

Grade 2 0 1 0 1 2 2

Grade 3 0 0 0 1 1 0

Grade 4 0 0 0 0 0 1
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Pharmacokinetics

Three patients were considered not evaluable for phar-
macokinetic analysis. In 1 patient the oral course was
interrupted due to respiratory problems (not drug-relat-
ed) and 2 other patients vomited within 2 h of intake of
oral paclitaxel. Therefore, 12 patients, 3 at each dose
level, were considered eligible for pharmacokinetic
analysis.

Pharmacokinetic parameters of b.i.d. dosing of oral
paclitaxel are presented in Table 3. Dose increment of oral
paclitaxel from 2x60 to 2x160 mg/m? did not result in a
significant increase in the AUC of paclitaxel nor in a sig-
nificant increase in time above the threshold concentra-
tions of 0.05 uM and 0.1 uM (Jonckheere-Terpstra test).
An individual plasma concentration-time curve of b.i.d.
dosing of 2x90 mg/m? oral paclitaxel is depicted in Fig. 1.

CsA whole-blood pharmacokinetic parameters are
shown in Table 4. Cremophor EL plasma levels after
oral administration of paclitaxel were measured in 2
patients (dose level 2x160 mg/m?) and were at all in-
vestigated time points lower than the limit of quantita-

tion of the assay (<0.01% v/v). Maximal blood ethanol
concentrations were reached within 1 h of oral intake of
either dose of paclitaxel. Paclitaxel doses of 2x90, 2x120,
and 2x160 mg/m?® (corresponding to 2x7.5, 2x10, and
2x13.3 ml/m? ethanol) resulted in mean maximal ethanol
concentrations of 0.07+0.05, 0.21+0.04, and 0.29+
0.12%,, respectively after the first oral dose. After the
second oral dose mean maximal ethanol concentrations
were comparable to those after the first dose.

The pharmacokinetic data of i.v. paclitaxel (175 mg/
m? as a 3-h infusion) were in good agreement with ear-
lier observations [12, 17]. The mean plasma AUC and
T>0.1 uM values were 17.95+£3.94 uM.h and 17.1 £
6.7 h, respectively (n=11).

In Table 5 a comparison is made between the phar-
macokinetic data of b.i.d. dosing of oral paclitaxel
(2x60, 2x90, and 2x120 mg/m?) and those of single-dose
administration of oral paclitaxel (120, 180, and 250 mg/
m?) [22]. At all dose levels fractionated administration of
oral paclitaxel resulted in consistently higher values of
AUC and T>0.1 pM. Differences were, however, not
statistically significant (Mann-Whitney U-test).

Table 2 Non-hematological toxicities observed following b.i.d. dosing of oral paclitaxel and after the first i.v. course of paclitaxel

Oral paclitaxel Oral paclitaxel

Oral paclitaxel

Oral paclitaxel Oral paclitaxel i.v. paclitaxel

2%60 mg/m> 2x90 mg/m?> 2x120 mg/m> 2x160 mg/m> all dose levels 175 mg/m>
(3-h infusion)

No. of patients 4 3 3 5 15 11
Alopecia

Grade 1 2 1 2 0 5 0

Grade 2 0 1 1 2 4 3
Arthralgia/myalgia

Grade 1 1 1 2 2 6 3

Grade 2 1 0 0 1 2
Fatigue

Grade 1 2 0 1 1 4 3

Grade 2 0 1 1 2 1
Neurotoxicity

Grade 1 1 1 0 2 4 3
Mucositis

Grade 1 2 1 1 0 4 4
Diarrhea

Grade 1 0 1 1 3 5 1
Nausea

Grade 1 0 1 1 1 3 1
Vomiting

Grade 1 2 1 0 1 4 1

Table 3 Pharmacokinetic parameters of b.i.d. dosing of oral paclitaxel [data listed as mean & (SD)] (CsA4 cyclosporin A, U,,., percentage

of administered dose recovered in urine)

Paclitaxel dose  CsA dose No. of Tmax Cmax AUCy_, T>0.1 uyM T>0.05uM  Ugyer

(mg/m?) (mg/kg) patients (h) (uM) (uM.h) (h) (h) (% dose)

2%60 2x15 3 3.4 (0.6) 0.21 (0.10) 3.77 (2.70) 11.4 (10.9) 26.9 (11.1) 1.7 (1.1)
3.4 (0.6) 0.21 (0.08)

2x90 2x15 3 3.4 (0.6) 0.23 (0.16) 4.57 (2.43) 12.1 (8.8) 21.8 (10.3) 2.2 (1.0)
3.2 (1.0) 0.32 (0.16)

2x120 2x15 3 3.0 (1.0) 0.20 (0.09) 3.62 (1.58) 8.7 (7.7) 17.1 (7.9) 1.2 (0.7)
0.9 (1.5) 0.25 (0.17)

2x160 2x15 3 3.5(2.5 0.44 (0.37) 8.58 (7.87) 19.1 (18.6) 28.6 (23.1) 1.0 (1.0)
2.3 (1.6) 0.49 (0.41)




Discussion

Dose escalation of b.i.d. dosing of oral paclitaxel plus
CsA was performed starting at 2x60 mg/m2 up to
2x160 mg/m>. Pharmacokinetic analysis revealed that
dose increment of oral paclitaxel from 2x60 mg/m? to
2x90 mg/m? or higher doses did not result in a signifi-
cant additional increase in the systemic exposure to
paclitaxel nor in the time above the threshold concen-
trations of 0.05 and 0.1 uM. Apparently, the absorption
of orally administered paclitaxel is limited. Saturation of
absorption after oral paclitaxel administration was also
observed in the dose escalation study of single-dose oral
paclitaxel [22]. It was then hypothesized that limited
dissolution, due to release of paclitaxel from its phar-
maceutical formulation and precipitation as a result of
its poor aqueous solubility, could cause the apparent
saturation in absorption of orally administered paclit-
axel. At the highest dose level of 2x160 mg/m? Cmax
and AUC values appear to be higher than those at the
lower paclitaxel dose levels. However, at this dose level
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Fig. 1 Typical individual paclitaxel Plasma concentration-time
curve of bi-daily dosing of 2x90 mg/m~ oral paclitaxel
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the extremely high Cmax (0.80 and 0.90 pM) and AUC
(16.79 uM.h) values of 1 patient contribute largely to the
high mean values. It remains unclear why this patient
absorbed oral paclitaxel this well. Saturation of drug
absorption has also been observed for other anticancer
agents, including methotrexate, etoposide, and leu-
covorin [9, 24, 38]. This has led to hyperfractionated
approaches, whereby the drug has been administered
multiple times a day rather than as one large daily dose,
to achieve a greater overall daily systemic exposure.
Comparison of the pharmacokinetic data of b.i.d. dos-
ing of oral paclitaxel with those of single-dose admin-
istration of the drug [22] showed that fractionated
administration of oral paclitaxel resulted in consistently
higher values of systemic exposure (AUC) to paclitaxel
and the duration of systemic exposure (T >0.1 puM and
T>0.05 uM) to the drug. However, due to the large
interpatient variability and the small number of patients
enrolled at each dose level, these differences were not
statistically significant. Nevertheless, we suggest that
for oral paclitaxel, administration of a multiple-dose
regimen is a realistic option to further increase and
prolong the systemic exposure to paclitaxel.

An important pharmacokinetic parameter of pacli-
taxel is the time period of exposure above a certain
threshold concentration. Earlier data indicate a strong
positive relationship between duration of the paclitaxel
plasma concentration above 0.05 or 0.1 uM and phar-
macological activity [7, 12, 17, 29]. The feasibility of oral
paclitaxel administration may enable the development of
more chronic treatment schedules with the aim of

Table 5 Pharmacokinetic parameters of b.i.d. dosing of oral pac-
litaxel compared with single-dose administration of the drug [18]
[data listed as mean +(SD)]

Paclitaxel dose AUC T>0.1 uM T>0.05 uM
(mg/m?) (uM.h) (h) (h)

2x60 3.77 (2.70)* 11.4 (10.9)* 26.9 (11.1)*
120 2.55(2.29) 7.9 (8.0) 13.0 (12.7)
2x90 4.57 (2.43)**  12.1 (8.8)** 21.8 (10.3)**
180 3.33(2.39) 7.9 (6.7) 14.6 (12.3)
2x120 3.62 (1.58)*** 8.7 (7.7)***  17.1 (7.9)***
250 3.27 (2.94) 7.0 (9.3) 13.6 (11.1)

*Not statistically significant compared with 120 mg/m?
#* Not statistically significant compared with 180 mg/m?
*+% Not statistically significant compared with 250 mg/m?

Table 4 Pharmacokinetic

- . Paclitaxel dose CsA dose No. of Tmax Cmax AUC
arameters of b.i.d. dosin : 000
of CsA [data lisied as - © (mg/m’) (mg/ke) patients (h) (mg/) (mg.h/)
mean £ (SD)] 2x60 215 3 2.1 (1.3) 275(034) 5543 (29.73)
5.2 (2.0) 2.81 (1.10)
2%90 2x15 3 2.1 (1.5) 3.01 (0.69) 62.75 (23.53)
3.5(2.2) 3.65 (1.42)
2120 2x15 3 1.4 (0.4) 2.60 (0.62) 42.40 (12.49)
2.6 (1.9) 2.22 (0.87)
2x160 2x15 3 1.1 (0.0) 2.98 (1.58) 50.37 (37.03)
0.7 (2.5) 2.90 (2.25)
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achieving sustained plasma concentrations above these
pharmacologically relevant threshold levels. However, it
is unclear whether for orally administered paclitaxel the
threshold concentrations of 0.05 and 0.1 uM are relevant
and should be pursued. The plasma Cremophor EL
concentrations are a key factor in this discussion. After
oral administration of paclitaxel, plasma Cremophor EL
plasma levels were undetectable, which was also seen in
our previous studies of orally administered paclitaxel
[22, 25, 26]. Thus, after oral administration of the pac-
litaxel i.v. formulation (Paxene) the co-solvent Cremo-
phor EL is not absorbed. This is important, first because
systemic exposure to Cremophor EL can induce severe
hypersensitivity reactions requiring extensive premedi-
cation [5, 41]. In the current study patients did not
receive premedication prior to oral administration of
paclitaxel. Potential hypersensitivity reactions observed
following orally administered paclitaxel were very mild
(grade 1) and consisted of flushes (2 patients), skin re-
actions (1 patient), and mild and reversible hypotension
(1 patient), which did not require additional measures.
Evidently, paclitaxel (Paxene) can be administered orally
without premedication. Furthermore, Cremophor EL is
responsible for the non-linear pharmacokinetic behavior
of i.v. paclitaxel [7, 36]. It entraps paclitaxel in the
plasma compartment, which results in a more than
proportional increase in plasma paclitaxel levels with
increasing doses. However, studies in mice show that
these higher total drug levels in plasma do not result in
higher drug levels in tissues [35]. This pseudo non-lin-
earity of i.v. paclitaxel [40] has two important implica-
tions for the pharmacology of oral paclitaxel. First, oral
bioavailability of paclitaxel, calculated by comparing
plasma AUC values after oral and i.v. administration,
will be underestimated as the affinity of paclitaxel for the
plasma compartment is increased after i.v. administra-
tion due to the presence of systemic Cremophor EL.
Secondly, the pseudo non-linearity of i.v. paclitaxel im-
plies that after oral administration, when Cremophor
EL is not present, plasma levels of paclitaxel represent
a higher fraction of free drug, which will result in
enhancement of the availability of paclitaxel for the
(tumor) tissues [40]. Consequently, the optimal value of
the threshold level may be lower for orally administered
paclitaxel than i.v. paclitaxel; this needs further confir-
mation. Thus, pharmacokinetics of i.v. paclitaxel and
oral paclitaxel, with and without Cremophor EL in
the systemic circulation, respectively, are substantially
different and therefore comparison of pharmacokinetic
parameters of iv. and oral paclitaxel should be
performed with caution.

In this study we have used CsA to increase the sys-
temic exposure to oral paclitaxel. CsA is an efficacious
inhibitor of P-gp and was one of the first agents applied
to modulate P-gp [6]. In addition to CsA, more-potent
inhibitors of P-gp have been developed, such as the
CsA analogue SDZ PSC 833 [2] or the acridone carb-
oxamide derivative GF120918 [18]. Importantly, these
newly developed modulators of P-gp have no known

immunosuppressive activity such as CsA, and may
therefore be better candidates for clinical use, especially
for repeated administration. CsA is, however, com-
mercially available and an advantage in its use to in-
crease the systemic exposure to oral paclitaxel is its
potential to inhibit metabolism of paclitaxel. Metabo-
lism of paclitaxel is catalyzed by two cytochrome P-450
(CYP) isoenzymes; CYP 2C8 catalyzes the degradation
to the 6a-hydroxypaclitaxel metabolite and CYP 3A4
results in formation of the 3’p-hydroxypaclitaxel me-
tabolite [4, 27]. Both metabolites are substantially less
active than the parent drug [27]. CsA itself is also me-
tabolized by CYP 3A4 [33]. In our previous study of
single-dose oral paclitaxel in combination with CsA [26]
we found that after oral paclitaxel administration in
combination with CsA the relative contribution of
formation of the metabolite 3’p-hydroxypaclitaxel was
substantially lower than after i.v. administration of the
drug, indicating inhibition of CYP 3A4-mediated pac-
litaxel metabolism by CsA.

Because pharmacokinetic analysis revealed limited
absorption of orally administered paclitaxel, we did not
continue dose escalation of b.i.d. dosing oral paclitaxel
up to DLT. Toxicities observed following oral paclitaxel
administration in combination with CsA were mild
(CTC grade 1-2) at all investigated dose levels. At the
dose level 2x160 mg/m? diarrhea occurred more often (3
of 5 patients) than at other dose levels, and at this dose
level 1 patient continued to experience acute nausea and
vomiting despite granisetron administration. Therefore,
we considered the lower dose levels more suitable for
future studies.

In conclusion, dose escalation of b.i.d. dosing of oral
paclitaxel was not continued up to DLT, as the phar-
macokinetic data revealed no significant additional
increase in the systemic exposure to paclitaxel with
increment of the administered dose. Because fractionated
administration of oral paclitaxel resulted in consistently
higher values of the paclitaxel pharmacokinetic para-
meters, we will continue with additional clinical studies
focused on multiple dose regimens of oral paclitaxel.
Although pharmacokinetic data are difficult to interpret,
due to the limited number of patients at each dose level
and the large interpatient variability, we recommend the
dose level of 2x90 mg/m? for further investigation, as this
dose level showed the highest systemic exposure to
paclitaxel combined with good safety.
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