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Clinical report
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The objective of this study was to compare the quantitative
excretion of paclitaxel and metabolites after i.v. and oral drug
administration. Four patients received 300 mg/m? paclitaxel
orally 30 min after 15 mg/kg oral cyclosporin A, co-adminis-
tered to enhance the uptake of paclitaxel. Three weeks later
these and three other patients received 175 mg/m? paclitaxel
by i.v. infusion. Blood samples, urine and feces were
collected up to 48-96 h after administration, and analyzed
for paclitaxel and metabolites. The area under the plasma
concentration—-time curve of paclitaxel after i.v. administra-
tion (175 mg/m?) was 16.2+1.7 uM- h and after oral adminis-
tration (300 mg/m?) 3.8+1.5 um- h. Following i.v. infusion of
paclitaxel, total fecal excretion was 56 +25%, with the
metabolite 6x-hydroxypaclitaxel being the main excretory
product (37+18%). After oral administration of paclitaxel,
total fecal excretion was 76+21%, of which paclitaxel
accounted for 61+14%. In conclusion, after i.v. administra-
tion of paclitaxel, excretion occurs mainly in the feces with
the metabolites as the major excretory products. Orally
administered paclitaxel is also mainly excreted in feces but
with the parent drug in highest amounts. We assume that this
high amount of parent drug is due to incomplete absorption
of orally administered paclitaxel from the gastrointestinal
tract. [© 2000 Lippincott Williams & Wilkins.]
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Introduction

Paclitaxel is a potent anticancer drug with proven
activity against a number of human solid tumors and
has become standard treatment as a single agent or in
combination chemotherapy for the management of
advanced breast, ovarian and non-small cell lung
cancer."? The drug is currently administered iv. at
different dosages and time schedules, and optimization
of the clinical application is pursued. Elimination
studies in man have shown that the primary route of
elimination of i.v. administered paclitaxel occurs via
hepatic metabolism and biliary excretion, whereas
renal excretion is minimal>* In man, three major
metabolic products of paclitaxel have been detected,
i.e. 6orhydroxypaclitaxel, 3'p-hydroxypaclitaxel and
60,3 p-dihydroxypaclitaxel (Figure 1).>>° The metabo-
lite 6o-hydroxypaclitaxel is in general the principal
metabolite. In vitro cytotoxicity studies have shown
that all three metabolites are substantially less active
than paclitaxel.>”” Biotransformation of paclitaxel is
catalyzed by two cytochrome P450 (CYP) isoenzymes.
The formation of 6o-hydroxypaclitaxel is catalyzed by
CYP 2C8, whereas the metabolite 3'p-hydroxypaclitax-
el is formed by CYP 3A4.57'° The dihydroxylated
metabolite 60,3'p-dihydroxypaclitaxel results from
stepwise hydroxylations by CYPs 2C8 and 3A4 (Figure
289

Recently, we reported on the oral administration of
paclitaxel. Development of treatment of paclitaxel by
the oral route has been limited due to its low oral
bioavailability (below 10%). Preclinical studies at our
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Structure R1 R>
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Figure 1. Molecular structures of paclitaxel, 6a-hydroxypaclitaxel, 3'p-hydroxypaclitaxel and 6a,3'p-dihydroxypaclitaxel.
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Figure 2. Major metabolic pathways of paclitaxel.

Institute have shown that the low oral bioavailability of
paclitaxel is, at least in part, due to paclitaxel’s affinity
for the multidrug efflux pump P-glycoprotein (P-gp),
which is abundantly present in the gastro-intestinal
tract. In mdria P-gp knockout mice, which lack
functional P-gp activity in the gut, bioavailability of
orally administered paclitaxel was increased up to
35%.'! Because uptake of orally administered paclitax-
el was complete, as was shown by the negligible
amount of paclitaxel excreted in feces, it can be
concluded that first-pass metabolism is an important
factor in the low oral bioavailability of paclitaxel as
well. Additional studies in wild-type mice revealed a
pronounced increase in the oral bioavailability of
paclitaxel when the drug was combined with cyclo-
sporin A (CsA), an efficacious blocker of P-gp and
substrate/inhibitor for the CYP 3A4 metabolic en-
zymes.'? Based on our preclinical studies we recently
initiated a clinical proof of concept study of orally
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administered paclitaxel (60 mg/m?®) in combination
with oral CsA (15 mg/kg). Co-administration of CsA
resulted in a pronounced increase in the systemic
exposure of orally administered paclitaxel and oral
bioavailability of the drug increased from 4% for
paclitaxel administered as a single agent up to 47%
when the drug was combined with CsA.1>1% The
increase in systemic exposure by CsA was most likely
caused by inhibition of P-gp and, in addition, by
inhibition of paclitaxel metabolism, as we observed
altered paclitaxel metabolism following CsA adminis-
tration.'* Furthermore, CsA may have other unknown
effects that may influence paclitaxel absorption.

In order to further increase the systemic exposure
to orally administered paclitaxel we investigated dose
escalation of oral paclitaxel in combination with
CsA."> At the maximum tolerated dose of 300 mg/m>
oral paclitaxel, we studied the quantitative excretion
of the drug and compared this with the quantitative
excretion of i.v. administered paclitaxel.

Patients and methods

Patient population

Patients with a histologically confirmed cancer refrac-
tory to current therapies were eligible for the study.
Previous radiotherapy or chemotherapy other than
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taxoid therapy was allowed, provided that the last
treatment was at least 4 weeks prior to study entry and
any resulting toxicities were resolved. Eligibility
criteria included acceptable bone marrow function
(white blood cells >3.0 x 10%/1; platelets > 100 x 10%/
D, liver function (serum bilirubin <25 umol/l; serum
albumin >25 g/I), kidney function (serum creatinine
<160 umol/1 or clearance =50 ml/min) and a WHO
performance status <2. Patients were not eligible if
they suffered from uncontrolled infectious disease,
neurologic disease, bowel obstruction or symptomatic
brain metastases. Other exclusion criteria were con-
comitant use of known P-gp inhibitors and chronic use
of Hy-receptor antagonists or proton pump inhibitors.
The study protocol was approved by the Medical
Ethics Committee of the Institute and all patients gave
written informed consent.

Dosage and administration

Patients received 300 mg/m” paclitaxel orally 30 min
after the oral administration of 15 mg/kg CsA. Three
weeks later these patients received 175 mg/m?
paclitaxel by a 3-h iv. infusion. Patients continued
on a 3-weekly schedule of i.v. paclitaxel, if this was
considered in their best interest. The i.v. formulation
of paclitaxel (Paxene™, paclitaxel 6 mg/ml, dissolved
in Cremophor EL and ethanol 1:1 w/v; Baker Norton
Pharmaceuticals, Miami, FL) was used for both i.v. and
oral administration of paclitaxel. CsA was administered
as capsules (Neoral™; Novartis, Basel, Switzerland). To
prevent hypersensitivity reactions patients were pre-
medicated with dexamethasone 20 mg orally 12 and
6 h prior to, clemastine 2 mg iv. and cimetidine
300 mgi.v. 30 min prior to both i.v. and oral paclitaxel
administration. To prevent nausea and vomiting
patients received 1 mg oral granisetron (Kytril™) prior
to oral paclitaxel administration. In addition, two
patients received a light breakfast at least 2 h prior to
oral drug administration. Intake of food was not
allowed until 2 h following oral administration of
paclitaxel.

Sample collection

Blood samples for pharmacokinetic analyses were
collected during course 1 and 2. Following oral
administration samples were obtained pre-dosing, at
15, 30, 45, 60, 75 and 90 min, and 2, 3, 4, 7, 10, 24, 30
and 48 h after paclitaxel ingestion. For i.v. adminis-
tered paclitaxel, a previously established limited
sampling model using two timed blood samples drawn
at 1 and 8 h post-infusion was used.'® Blood samples
were collected in heparinized tubes. For the analysis of

paclitaxel and metabolites, blood samples were
centrifuged, and plasma was separated and immedi-
ately stored at —20°C until analysis. For CsA analysis,
1 ml of whole blood was transferred and stored at 4°C
until analysis. Urine was collected from O to 24 h and
24 to 48 h after paclitaxel administration. Samples
were stabilized with a mixture of 5% Cremophor EL/
ethanol 1:1 v/v to prevent paclitaxel precipitation and
these samples were stored at —20°C. The stools were
collected in separate portions up to 4 days after
dosing. The fecal samples were homogenized in 10
parts of water with a maximum of 2000 ml and
aliquots of the suspension were stored at —20°C.

Sample analysis

Paclitaxel and metabolite concentrations in plasma,
urine and feces were determined using validated high-
performance liquid chromatography (HPLC) as-
says.' 71811 All assays used 2-methylpaclitaxel as the
internal standard. Pretreatment of the plasma samples
involved solid-phase extraction (SPE) on Cyano Bond
Elut columns. The concentrations of the plasma
metabolic products 6o-hydroxypaclitaxel, 3'p-hydroxy-
paclitaxel and 6a,3'p-dihydroxypaclitaxel were deter-
mined using the paclitaxel standard curve with a
correction of 1.14 for the metabolite 6u,3'p-dihydroxy-
paclitaxel.'” Pretreatment of urine samples involved
liquid-liquid extraction (LLE) with n-butylchloride.'®
Fecal samples were pretreated by LLE with diethyl
ether followed by automated SPE using Cyano Bond
Elut columns. Analysis of the fecal samples was
analogous to the assay used by Sparreboom et al.'!
with minor modifications to make the assay more
suitable for human feces. Further details and validation
of the assay will be published elsewhere. The lower
limit of quantitation for paclitaxel and metabolites was
10 ng/ml for plasma, 25 ng/ml for urine and 250 ng/
ml for feces. CsA whole blood concentrations were
analyzed using a specific fluorescence polarization
immunoassay (FPIA, TDxFLx; Abbott Laboratories,
Amstelveen, The Netherlands).'® The concentration
of Cremophor EL in feces was measured after oral
intake of paclitaxel using a validated HPLC assay”’
with minor modifications.*'

Pharmacokinetic analysis

Non-compartmental pharmacokinetic methods were
applied to process the results.”” The maximal drug
concentration (Cpa) and time to maximal drug
concentration (7,,x) were obtained directly from the
experimental data. The area under the concentration-
time curve (AUC) was calculated by the trapezoidal

Anti-Cancer Drugs - Vol 11 - 2000 815



MM Malingré et al.

rule up to the last measured time point with
extrapolation to infinity using the terminal rate
constant k. The time above the threshold concentra-
tion of 0.1 um (I'>0.1 um) was determined using
linear interpolation. The excretion of paclitaxel,
metabolites and Cremophor EL in feces and urine
was calculated relative to the administered dose. Renal
clearance of paclitaxel (Cl,) was calculated by dividing
the amount of drug excreted in the urine by the
plasma AUC. A statistical analysis of the data was
performed using the Pearson correlation coefficient.
The a priori level of significance was p=0.05.

Results

Patients and treatment

Seven patients (four males and three females) were
enrolled in the study. At study entry, the median age
was 55 years (range 35-78) and the median perfor-
mance score was 1 (range 0-2). Primary tumor types
included breast (z=1), esophagus (z=1), thymoma
(n=1), gall bladder carcinoma (= 1) and adenocarci-
noma of unknown primary site (z = 3). All patients had
received prior surgical therapy, radiotherapy and/or
chemotherapy. Four patients received both oral and
i.v. administered paclitaxel; three other patients
received only i.v. administered paclitaxel.

Pharmacokinetics

Cumulative excretion profiles of paclitaxel and meta-
bolites after i.v. and oral administration of paclitaxel
are depicted in Figure 3(a and b).

After both i.v. and oral administration, excretion of
paclitaxel and metabolites occurred mainly in the
feces, i.e. 56% (n=7) and 76% (n=4), respectively
(Tables 1-3). In most of the patients (i.v. #=5 and oral
n=4) more than 75% of the total fecal excretion was
recovered within 2 days following administration. After
i.v. administration, the main compound recovered in
the feces was the metabolite 6o-hydroxypaclitaxel,
accounting for 37% of the administered dose. After oral
administration, paclitaxel was mainly excreted as
unchanged drug accounting for 61% of the adminis-
tered dose. The amount of Cremophor EL recovered in
feces after oral intake of paclitaxel was 32% of the
administered Cremophor EL dose. The total fraction of
Cremophor EL excreted in feces for each patient was
significantly correlated with the total fraction of
paclitaxel excreted in feces (p =0.04, r=0.96).

Urinary excretion of paclitaxel after both i.v. and oral
administration was minimal, i.e. 9% (=6) and 1%
(n=4) of the administered dose, respectively (Tables
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Figure 3. (a) Cumulative urinary and fecal excretion of

paclitaxel and metabolites after i.v. administration of
paclitaxel (175 mg/m? as a 3-h infusion) in seven patients.
(b) Cumulative urinary and fecal excretion of paclitaxel and
metabolites after oral administration of paclitaxel (300 mg/
m?) in four patients.

1-3). Renal clearance (Cl) of paclitaxel was 1.1+0.4 I/
h/m? after i.v. administration and 1.1+ 0.6 I/h/m? after
oral drug intake. More than 80% of the total urinary
excretion of paclitaxel after i.v. and oral administration
occurred within 1 day. In urine samples no metabo-
lites of paclitaxel could be detected.

Using our limited sampling model the calculated
plasma AUC after iv. administration of 175 mg/m?
given by a 3-h infusion was 16.2+ 1.7 uMm- h. After oral
administration of 300 mg/m? paclitaxel in combina-
tion with 15 mg/kg CsA, the plasma AUC was
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Table 1. Urinary and fecal excretion values of paclitaxel and metabolites after i.v. administration of pacitaxel (175 mg/m?

iv.) (n=7)
Patient Urine Feces
Paclitaxel Paclitaxel 60-HP 3'p-HP 60,3 p-DHP
(% of dose) (% of dose) (% of dose) (% of dose) (% of dose)
1 11.0 5.8 22.7 6.0 4.8
2 ND 8.7 33.7 54 4.7
3 9.0 11.8 416 4.2 5.3
4 135 34 9.5 1.3 1.8
5 75 13.6 62.8 44 6.2
6 6.4 13.5 51.3 8.4 121
7 34 8.4 36.5 35 22
Mean +SD 85+35 9.3+3.9 36.9+17.6 47+22 53+34

60-HP, 6a-hydroxpaclitaxel; 3'p-HP, 3 p-hydroxpaclitaxel; 60,3 p-DHP, 64,3 p-dihydroxypaclitaxel. ND, not determined due to loss of urine.

Table 2. Urinary and fecal excretion values of paclitaxel and metabolites and the co-solvent Cremophor EL after oral

administration of pacitaxel (300 mg/m?) (n=4)

Patient Urine Feces
Paclitaxel Paclitaxel 6o-HP 3'p-HP 60,3 p-DHP Cremophor EL
(% of dose) (% of dose) (% of dose) (% of dose) (% of dose) (% of dose)
1 34 54.1 12.7 3.7 35 31.0
2 04 68.0 55 1.0 0.7 33.8
3 0.8 76.0 18.9 32 4.3 39.8
4 1.1 45.6 5.0 0.6 1.0 23.1
Mean +SD 14+1.3 60.9+13.6 10.5+6.6 21+16 24+18 31.9+6.9

6a-HP, 6x-hydroxpaclitaxel; 3'p-HP, 3 p-hydroxpaclitaxel; 64,3 p-DHP, 60,3 p-dihydroxypaclitaxel.

Table 3. Urinary and fecal excretion values of paclitaxel
and metabolites following oral and i.v. administration of
paclitaxel (mean+ SD)

Oral 300 mg/m?  iv. 175 mg/m?
(n=4) (n=7)

Urine (% of dose)

paclitaxel 14+1.3 85+35
Feces (% of dose)

paclitaxel 60.9+13.6 9.3+39

60-HP 10.5+6.6 36.9+17.6

3'p-HP 21+16 47+22

60,3 p-DHP 24+1.38 53+34

total 76.0+20.6 56.2+25.1

60-HP, 6o-hydroxpaclitaxel; 3'p-HP, 3'p-hydroxpaclitaxel; 60,3 p-
DHP, 60,3 p-dihydroxypaclitaxel.

3.8+ 1.5 um-h (Table 4). For i.v. administered paclitax-
el we could not determine pharmacokinetic para-
meters of the metabolites due to the fact that only two
timed blood samples were drawn. For orally adminis-
tered paclitaxel, plasma AUC(?) values of the metabo-
lites 6a-hydroxypaclitaxel, 3'p-hydroxypaclitaxel and
60,3’ p-dihydroxypaclitaxel were 1.5+1.5, 1.0+0.8

and 0.8+0.8 uM-h, respectively. AUC(®) values have
been calculated because extrapolation of the AUC
could not be performed properly due to the limited
detection time of the metabolites. Mean CsA whole
blood pharmacokinetic parameters were: Cpx=1.9+
0.4 mg/l, AUC=18.8+2.7 mg-h/l and T},,,x=2.4+1.5
h (n =4).

Discussion

Following i.v. administration of paclitaxel the major
excretion route of paclitaxel and metabolites was
feces, i.e. 56% of the administered dose. The major
compounds detected in feces were the metabolites,
ie. 47% of the administered dose, of which 6a-
hydroxypaclitaxel accounted for 37%. Extensive ex-
cretion of metabolites in feces supports the hypothesis
that paclitaxel metabolism, especially biotransforma-
tion to OGa-hydroxypaclitaxel, followed by biliary
excretion comprises an important elimination route
of i.v. administered paclitaxel. Our results are in good
agreement with those obtained by Walle et al* who

Anti-Cancer Drugs - Vol 11 - 2000 817



MM Malingré et al.

Table 4. Plasma pharmacokinetic parameters of paclitaxel and metabolites after i.v. (175 mg/m?) and oral administration

(300 mg/m?) (mean+SD)

Paclitaxel 6a-Hydroxypaclitaxel 3’ p-Hydroxypaclitaxel 6,3 p-Hydroxypaclitaxel
i.v. (n=6)% AUC (uM-h) 16.2+1.7 ND ND ND
7>0.1 uM (h) 22.3+2.8 ND ND ND
Oral (n=4) AUC (uM-h) 38+15 15+15° 1.0+0.8° 0.8+0.8°
T7>0.1 uM (h) 9.3+4.7 ND ND ND
Cinax (M) 0.36+0.17 0.15+0.12 0.09+0.05 0.08+0.07
Trmax (h) 3.8+05 5.2+2.0 6.0+2.0 7.0+0.1

ND, not determined.

#0ne patient was not evaluable because one sample of the limited sampling model was not taken.

PAUC(t) values.

treated patients with radiolabeled paclitaxel (Taxol™)
and extracted 59% of the administered radioactivity
from feces of which 5% consisted of paclitaxel and
26% of the metabolite 6o-hydroxypaclitaxel. In that
study total radioactivity recovered in feces amounted
up to 71%. Our preclinical studies in mice treated with
i.v. administered paclitaxel also showed that a
substantial fraction of the administered dose (26%)
was excreted in feces as metabolites; however, the
excretion of unchanged paclitaxel of 51% in feces was
substantially higher than in humans.?®> Thus, although
paclitaxel metabolism in mice qualitatively resembles
that in humans, the drug is less extensively metabo-
lized in mice than in humans.

Following oral paclitaxel administration in combina-
tion with the P-gp inhibitor CsA the major excretion
route of paclitaxel and metabolites was also with feces,
ie. 76% of the administered dose. The major
compound recovered in feces was paclitaxel, account-
ing for 61% of the administered dose. In our preclinical
studies with oral paclitaxel in both wild-type and
mdr1a P-gp knockout mice we observed that the fecal
excretion of paclitaxel decreased from 87% in wild-
type mice to 2% in the mdrla P-gp knock-out mice.'!
This large decrease in fecal excretion of paclitaxel
suggests almost complete (re)uptake of the drug from
the gastrointestinal tract in P-gp knockout mice. Thus,
according to our preclinical studies we expected only
a small fraction of the paclitaxel dose excreted in the
feces instead of the observed 61%. We assume that the
large amount of paclitaxel recovered in feces in our
study is largely due to excretion of unabsorbed drug,
which is supported by the lower plasma AUC value of
orally administered paclitaxel (300 mg/m?) compared
to i.v. administered paclitaxel (175 mg/mz), ie. 3.8
and 16.2 uM- h, respectively. The plasma pharmacoki-
netic data of oral paclitaxel in the dose-escalation
study,’”> of which this excretion study was part,
revealed significant increases in the paclitaxel AUC
values when the dose was escalated; however, the
increases in systemic exposure were disproportional
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with the increases in dose, suggesting incomplete
absorption of the drug, which was more pronounced
at the higher dose levels. In that study, we suggested
that the incomplete absorption of orally administered
paclitaxel was most likely caused by the poor aqueous
solubility of paclitaxel in the gastrointestinal tract. A
second potential explanation we proposed was
incomplete blockade of intestinal P-gp by CsA.
Incomplete P-gp inhibition by CsA would necessitate
the use of more potent P-gp modulators such as PSC
833.2%% In this study, we propose a third possibility,
i.e. entrapment of paclitaxel by Cremophor EL in the
gastrointestinal tract which will hamper its release and
may therefore lead to incomplete absorption. This
hypothesis is supported by the large amounts of
Cremophor EL that we detected in feces after oral
intake of paclitaxel, i.e. 32% of the administered
Cremophor EL dose, which are in contrast to the
undetectable Cremophor EL levels in feces of the
mdrla P-gp knockout mice after oral paclitaxel
administration (unpublished data). Moreover, the total
fraction of Cremophor EL excreted in feces for each
patient was significantly correlated with the total
fraction of paclitaxel excreted in feces (p=0.04,
r=0.96). Further research is warranted to get a better
picture of the incomplete absorption of paclitaxel after
oral ingestion. We are currently investigating the
absorption of oral paclitaxel administered in a
formulation without Cremophor EL.

Urinary excretion of paclitaxel was low after both
i.v. and oral administration, and accounted for 9 and
1% of the administered dose, respectively. Clearly,
urinary excretion contributes minimally to the excre-
tion of paclitaxel as was shown in previous studies.>*
The lower urinary excretion fraction of paclitaxel after
oral drug administration compared to i.v. administra-
tion can be explained by the incomplete absorption of
orally administered paclitaxel. In addition, CsA may
inhibit urinary paclitaxel excretion and may therefore
contribute to the lower amount of the dose recovered
in urine following oral administration. Lum e¢ al.*®
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found a 40% decrease in renal clearance of i.v.
administered etoposide in combination with CsA
compared to etoposide alone, which was presumed
to be caused by inhibition of P-gp-mediated drug
transport in the kidneys. However, in this study, renal
clearance of paclitaxel after i.v. and oral administration
was comparable, suggesting that either P-gp is not a
major factor in urinary excretion of paclitaxel or that P-
gp in the renal tubule is not inhibited by CsA given at
the current dose level.

The total urinary and fecal excretion of paclitaxel
and the three metabolites Ga-hydroxypaclitaxel, 3'p-
hydroxypaclitaxel and  60,3'p-dihydroxypaclitaxel
amounts to 65 and 77% of the administered i.v. and
oral paclitaxel dose, respectively. One patient in this
study (patient 4) suffered from obstipation, which
resulted in incomplete feces collection following both
i.v. and orally administered paclitaxel. If this patient is
omitted, total recovery in the remaining patients
becomes 71 and 86% of the administered i.v. and oral
dose, respectively. Thus, in our study the majority of
parent drug and metabolites after both i.v. and oral
paclitaxel administration was recovered. The remain-
ing unrecovered fraction of the administered dose may
be lost due to incomplete urine and feces collection
and/or metabolism to yet unidentified metabolites.
Monsarrat et al.® detected five metabolites in human
bile and Huizing et al.>’ found 11 putative metabolites
of paclitaxel in human plasma.

In conclusion, paclitaxel given by i.v. infusion is
mainly excreted in the feces with the hydroxylated
metabolites as the major excretory products. Orally
administered paclitaxel is also mainly excreted in the
feces, but with the parent drug in highest amounts.
We assume that the high amount of parent drug
recovered in feces after oral administration is due to
incomplete absorption from the gastrointestinal tract,
which may be due to paclitaxel’s poor aqueous
solubility, incomplete P-gp inhibition by CsA, entrap-
ment of paclitaxel by Cremophor EL and/or other, yet
unknown, factors.
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