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Clinical report
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The purpose of our study was to investigate the pharmaco-
kinetics of Cremophor EL following administration of
escalating doses of Taxol® (paclitaxel dissolved in Cremo-
phor EL/ethanol) to non-small cell lung cancer (NSCLC)
patients. Patients with NSCLC stage lllb or IV without prior
chemotherapy treatment were eligible for treatment with
paclitaxel and carboplatin in a dose-finding phase | study.
The starting dose of paclitaxel was 100 mg/m? and doses
were escalated with steps of 25 mg/m?, which is equal to a
starting dose of Cremophor EL of 8.3 m/m® with dose
increments of 2.1 ml/m? Carboplatin dosages were 300,
350 or 400 mg/m?. Pharmacokinetic sampling was performed
during the first and the second course, and the samples were
analyzed using a validated high-performance liquid chroma-
tographic assay. A total of 39 patients were included in this
pharmacokinetic part of the study. The doses of paclitaxel
were escalated up to 250 mg/m? (20.8 ml/m? Cremophor EL).
Pharmacokinetic analyses revealed a low elimination-rate of
Cremophor EL (CI=37.8-134 ml/h/m?; t,,=34.4-61.5 h) and a
volume of distribution similar to the volume of the central
blood compartment (Vss=4.96-7.85 I). In addition, a dose-
independent clearance of Cremophor EL was found indicat-
ing linear kinetics. Dose adjustment using the body surface
area, however, resulted in a non-linear increase in systemic
exposure. The use of body surface area in calculations of
Cremophor EL should therefore be re-evaluated. [© 2000
Lippincott Williams & Wilkins.]
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Introduction

Paclitaxel is a taxane derivative with significant activity
in various cancers, including breast, ovarian, non-small
cell lung, and head and neck cancer."? Its iv.
administration, however, is complicated due to the
poor water solubility of the drug.® The current clinical
i.v. formulation of paclitaxel (T axol‘ﬁ) contains ethanol
and Cremophor EL (polyoxyethyleneglycerol tririci-
noleate 35), a polyoxyethylated castor oil (1:1 v/
The latter vehicle is an effective histamine releaser and
has been associated with hypersensitivity reactions in
paclitaxel-treated patients.””” Other findings of clinical
importance are the effects of Cremophor EL on the
pharmacokinetics and biodistribution of paclitaxel.®”
Dose increments of paclitaxel dissolved in ethanol/
Cremophor EL result in non-linear increases in the
systemic exposure to paclitaxel, as represented by the
area under the concentration-time curve (AUC), and,
therefore, side effects are poorly predictable.'®'! In
addition, combination chemotherapy with paclitaxel
preceded or followed by cisplatin is associated with
important schedule-dependent toxicities, such as
leukocytopenia. Recent in vitro studies showed that
Cremophor EL might contribute to this effect by
reducing the intracellular accumulation of cisplatin.'?
Finally, several studies suggest that Cremophor EL may
enhance cytotoxicity of paclitaxel,'>'* whereas in
other studies investigators observed that high levels of
Cremophor EL antagonized the in vitro cytotoxicity of
paclitaxel at certain concentrations.'”> The ability of
Cremophor EL to increase drug sensitivity through
reversal of P-glycoprotein-mediated multidrug resis-
tance (MDR) has been extensively investigated and it
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was demonstrated that the plasma concentrations of
Cremophor EL after administration of Taxol™ are
sufficiently high to reverse MDR.'*"'® However, more
recent in vivo data contradict this finding.?>*' In
summary, the various implications associated with the
clinical use of Cremophor EL warrant a more extended
pharmacologic examination of this pharmaceutical
vehicle. So far, little is known about the human
pharmacokinetics of Cremophor EL in dose-escalation
studies with paclitaxel or in combination schemes of
paclitaxel and platinum compounds. We investigated,
therefore, the pharmacokinetics of Cremophor EL as
part of a dose-escalating and sequencing study of
paclitaxel and carboplatin, performed by Huizing et

al.**>* in patients with non-small cell lung cancer.

Patients and methods

Patients

The pharmacokinetics of Cremophor EL were deter-
mined in addition to a pharmacologic evaluation of
paclitaxel and carboplatin kinetics, in a study pre-
viously reported.?® This study was performed at three
institutes in Amsterdam; the Academic Medical Center,
the Free University Hospital and the Netherlands
Cancer Institute/Antoni van Leeuwenhoek Hospital.
Briefly, patients with NSCLC stage IlIb or IV were
included and eligibility criteria were the following: (i)
age <75 years and >18 years; (i) an Eastern
Cooperative Oncology Group (ECOG) performance
status <2; (i) life expectancy >12 weeks; (v)
acceptable functions of bone marrow [absolute
neutrophil count (ANC) >2.5x10°1 and platelet
count >100x 10°/1), liver (serum bilirubin
<30 umol/l, alanine aminotransferase (ALAT) and
aspartate aminotransferase (ASAT) < 2.5 x the upper
normal limit] and kidneys (serum creatinine
<140 umol/l); and (v) written informed consent.

Study plan

At each dose level six patients were entered who were
randomized for either paclitaxel followed by carbopla-
tin or carboplatin followed by paclitaxel at the first
course. At the second and subsequent courses the
alternate sequence was administered. The starting
dose of paclitaxel was 100 mg/m* and doses were
escalated with dose steps of 25 mg/m’ paclitaxel.
Initially, the dose of carboplatin was fixed at 300 mg/
m?. Paclitaxel (Taxol/@ ; Bristol-Myers Squibb, Syracuse,
NY) was administered in a 3-h infusion and carboplatin
(Paraplatin™; Bristol-Myers Squibb) was administered
in a 30-min infusion immediately after paclitaxel (or in
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the alternate sequence). Courses were repeated every
4 weeks. Carboplatin was supplied as a lyophilized
product containing 150 mg carboplatin and 150 mg
mannitol as bulking agent. The content of each vial
was reconstituted with 15 ml water for injection and
subsequently diluted in 250 ml dextrose 5% prior to
infusion.

Paclitaxel was provided as a sterile 6 mg/ml solution
in a mixture of Cremophor EL and ethanol (1:1 v/v;
Taxol™) and prior to administration this concentrated
solution was diluted with 500-1000 ml 0.9% sodium
chloride solution to a final paclitaxel concentration not
exceeding 0.6 mg/ml. As Cremophor EL may leach
plasticizer from the infusion lines, an adapted PVC-Afree
administration equipment was used. Patients were
premedicated with dexamethasone, clemastine and
cimetidine, according to a standard scheme.? Anti-
emetics were given according to the institutional
guidelines.

Pharmacokinetics

Pharmacokinetic sampling was performed during the
first and second course. Samples for Cremophor EL
analysis were collected in heparinized tubes at 21 time
points up to 48 hafter paclitaxel administration: prior to
the start of the infusion, 1 and 2 h after the start, at the
end of the infusion (about 3 hafter start), at5, 10, 15, 30,
45 and 60 min after the end of the infusion, and at 1.5, 2,
3,4,5,06, 8,10, 12, 30 and 48 h after the end of the
infusion. Whole blood was centrifuged immediately
after withdrawal (5 min; 1500 g) and the plasma
fraction was stored at — 20°C until analysis. Cremophor
EL concentrations in plasma were quantified using a
validated high-performance liquid chromatographic
assay, with a lower limit of quantification of 0.5 ml/
12425 Non-compartmental methods were applied to
calculate the pharmacokinetic parameters of Cremo-
phor EL.*® The AUC was calculated, using the linear
trapezoidal rule with extrapolation of the terminal
phase to infinity (Cp/R, in which Cpg is the last
measured concentration). The slope of the terminal
phase and the elimination rate constant (R) were
calculated by linear regression analysis of the logarith-
mic plasma concentration-time curve. A minimum of
three concentration-time points were used. The Cp.x
is the highest measured concentration and the T,y
represents the point in time at which this concentra-
tion was reached. The clearance (Cl) was estimated as
dose/AUC and the volume of distribution at steady
state (Vss) was calculated using the following equation:

dose x AUMC dose x infusion time
AUC2 2 x AUC

ss =



AUMC in this equation represents the area under the
moment-time curve and was also calculated using the
linear trapezoidal rule with extrapolation to infinity
[(Ciase X Tias)/k+Cias/R>), With Tiue as the time point at
which Cj,,; was measured). The elimination half-life
(t,) was determined as In 2/k. Statistical analysis of the
results was performed using SPSS/PC+ (SPSS/PC+
Advanced Statistics@, version 6.1, 1994; Chicago, IL).

Results

Patients and study course

Cremophor EL samples were analyzed in 39 courses
from 39 patients; 27 females and 12 males. Their
median age was 57 years (range 38-74) and their
median performance status was 1 (range 0-2). During
all analyzed courses the sequence of administration
was paclitaxel followed by carboplatin. Dose escala-
tion of paclitaxel was performed as follows: 100-125-
150-175-200-225-250 mg/m?, which is equivalent to
dose escalation steps of Cremophor EL of 8.33-10.4-
12.5-14.6-16.7-18.8-20.8 ml/m”. One patient at the
dose level of 250 mg/m? paclitaxel received 350 mg/
m? carboplatin and one patient received 400 mg/m?
carboplatin, also in combination with 250 mg/m?

CrEL concentration (ml/I)
£
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paclitaxel. All other patients received 300 mg/m?
carboplatin.

Pharmacokinetics

Pharmacokinetic parameters of Cremophor EL for all
dose levels are summarized in Table 1. In Figure 1 the
mean plasma concentration-time curves for each dose
level are depicted. In Figure 2 the AUCs of Cremophor
EL are plotted against the dose of Cremophor EL in ml/
m? and in Figure 3 the AUC values are plotted against
the total dose in ml. Plots of the C,,,, versus the dose
are shown in Figures 4 and 5. Figure 6 presents a plot
of the AUC values of Cremophor EL versus the AUC
values of paclitaxel, as reported by Huizing et al.*
Regression analysis resulted in a significant correlation
(p <0.001) between the plotted values. The mean 7Ty,
was not significantly different at increasing doses and
coincided with the end of the infusion. The mean Cl of
Cremophor EL at a paclitaxel dose of 100 mg/m” was
not significantly different from the mean Cl at a dose of
250 mg/m>. A large, although not statistically signifi-
cant (p=0.061) difference, in Cl was found between
the two cohorts when Cl/m* was considered. Differ-
ences between the mean £, and mean Vg values were
not statistically significant.

——8.33 mi/im?
-—8~10.4 mim?
—a&— 12.5 mifm?
—&— 14.6 ml/m?
—8— 16.7 mliim?
—0— 18.8 miim*
—A—20.8 mim?

0 12 24

36 48

Time (h)

Figure 1. Mean plasma concentration—time curves of Cremophor EL after administration of escalating doses of paclitaxel.
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Table 1. Pharmocokinetics of Cremophor EL after paclitaxel infusion

Dose of Dose of n AUC Crnax Tinax Cl Cl ty, Vss
paclitaxel Cremophor EL (hmi/1) (miA) (h) (ml/h) (mlifh/m?) (h) ()]
(mg/m?) (ml/m?)

100 8.33 5 108+744 33+06 22+12 258+273 134+121 35.9+34.4 4.96+3.13
125 10.4 7 162+81.8 3.7+09 35+05 138+51.4 75.6+28.6 344+13.4 5.65+1.77
150 12.5 5 2474801 4.4+07 31401 1024+47.5524+4+25.8 51.3+14.6 6.94+4.56
175 14.6 7 373+129 51+10 37+0.8 84.6+28.0 43.2+13.8 61.5+22.1 6.37+1.86
200 16.7 7 435+895 6.0+12 3.1+03 72.1+18.0 39.6+8.28 58.5+14.8 5.98+1.21
225 18.8 5 438+688 6.8+14 3.0+03 84.4+127 37.84+15.7 53.3+16.3 6.10+2.72
250 20.8 3 377+116 71406 35+05 108+33.6 44.2+21.7 54.9+33.3 7.854+3.87

Area under the concentration—time curve (AUC), maximal concentration (Ciax), time of Cinax (Tmax), clearance (Cl), elimination half-life (t,) and
volume of distribution (Vss) of Cremophor EL after paclitaxel infusion. Data are presented as means + SD.
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Figure 2. AUC of Cremophor EL plotted against the administered dose of Cremophor EL in mi/m?.

Discussion

It is widely assumed that Cremophor EL is involved in
the hypersensitivity reactions associated with the i.v.
administration of paclitaxel and that Cremophor EL is
responsible for the non-linear pharmacokinetic beha-
vior of paclitaxel.>'! For these and other reasons, it is
important to investigate the plasma pharmacokinetics
of Cremophor EL after administration of escalating
doses of paclitaxel. Complete plasma concentration-
time curves of Cremophor EL were measured in 39
patients.

A plot of the AUC of Cremophor EL versus the dose/
m? revealed a clear non-linearity (Figure 2). A
disproportional increase in AUC with dose was
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observed in the paclitaxel dose range 100-175 mg/
m? (Cremophor EL 8.3-14.6 ml/m®), whereas no
further increase in AUC occurs at the higher dose
levels (175-250 mg/mz; Cremophor EL doses 14.6-
20.8 ml/m®) (Figure 2). Apparently, at paclitaxel doses
exceeding 175 mg/m?, a further increase in adminis-
tered dose does not result in any further increase in
the AUC of Cremophor EL. An increase in clearance is
not a likely explanation for this phenomenon, as the
elimination system appeared to become saturated
already at lower dose levels. A more likely explanation
is an increase in the volume of distribution at doses
exceeding 14.6 ml/m® with a longer halflife. Con-
sidering the relatively small volume of distribution
(Vss) of Cremophor EL, small differences will have
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Figure 3. AUC of Cremophor EL plotted against the administered dose of Cremophor EL in ml.
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Figure 4. C,..x values of Cremophor EL plotted against the dose of Cremophor EL in ml/m?.

considerable impact. We did not observe statistically
significant differences in Vgs and terminal halflives at
exceeding doses of Cremophor EL; however, this
could be due to the large interpatient variability and
the relatively small number of patients per cohort.
When the AUC of Cremophor EL was plotted against

the total dose administered, the results indicated a
linear behavior (Figure 3). Plots of the C,.. of
Cremophor EL against the dose, either in ml/m? or
in ml, also revealed linearity (Figures 4 and 5). This
inconsistency implies that the use of the body surface
area (BSA) for dose adjustment in this case should be
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Figure 5. C,,ax values of Cremophor EL plotted against the dose of Cremophor EL in ml.
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Figure 6. Plot of the AUC values of Cremophor EL versus the corresponding AUC values of paclitaxel, as reported by

Huizing et al®®

re-evaluated. BSA is equivalent to the two-dimensional
surface area of an individual’s skin and it has been
known for almost a century that BSA correlates with
basal metabolic rate. However, for a number of drugs,
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among which paclitaxel, no correlation was found
between BSA and pharmacokinetic parameters as Cl
and Vgs.2”?® 1t is therefore not unlikely that the use of
BSA in this study was inappropriate and results in an



incorrect prediction of the exposure to paclitaxel, or
in this case, to Cremophor EL. When considering the
total dose administered, the exposure to Cremophor
EL tends to increase in a linear way with increasing
doses.

Sparreboom et al. reported linear Kkinetics of
Cremophor EL,**° and their pharmacokinetic data
are in well agreement with our data. However, they
also observed substantial interpatient variability. Ear-
lier observations in mice and preliminary data from
humans®>?°-3? also indicated a Vss of Cremophor EL
roughly equivalent to the volume of the intravascular
compartment, implying that the tissue distribution of
Cremophor EL is insignificant. The elimination half-life
was relatively long and consequently, 24 h after
administration of paclitaxel substantial levels of
Cremophor EL are still present for sustained periods
of time. In addition, our Cremophor EL kinetic data are
in agreement with published data of paclitaxel
administered as a single agent.>"*> Thus, the combina-
tion with carboplatin apparently did not influence the
pharmacokinetics of Cremophor EL.

Varijous processes may be involved in the elimina-
tion of Cremophor EL, including degradation in the
blood stream by serum lipases, hepatic metabolism
and biliary clearance. As indicated by the long
elimination halflife, any metabolic conversion in the
blood occurs at a low rate and the involved enzymes
may be easily saturated. In addition, binding of
Cremophor EL to plasma lipoproteins may be con-
centration-dependent, which may in turn produce
significant changes in biodistribution and clear-
ance.®3* Therefore, the overall effects on the pharma-
cokinetic profile can be quite complex and more data
are warranted to elucidate the various mechanisms
involved and their relative influences.

Several speculations exist regarding the pharmaco-
kinetic interactions of Cremophor EL and paclitaxel. It
has been suggested that inhibition of P-glycoprotein
(P-gp) by Cremophor EL results in a diminished
clearance of paclitaxel.>? It is possible that Cremophor
EL inhibits P-gp-mediated biliary excretion of paclitax-
el, as was also demonstrated for doxorubicin.>’
Secondly, Cremophor EL is capable of forming
micelles which can entrap paclitaxel.>’ Micellar
entrapment of the drug by Cremophor EL may result
in a decreased or delayed liver uptake and, conse-
quently, a decreased clearance of paclitaxel. It is,
however, unlikely that the non-inear pharmacoki-
netics of paclitaxel are caused mainly by saturation of
drug elimination pathways.”® Therefore, the non-
linearity is more likely to be due to an alteration in
distribution. It was previously mentioned that Cremo-
phor EL alters the biodistribution of paclitaxel through
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its effects on plasma protein binding.® Other in vitro
experiments indicate that Cremophor EL, at clinical
relevant concentrations, increases the affinity of
paclitaxel for plasma, thereby causing the free fraction
of paclitaxel to be dependent on the Cremophor EL
concentration.*’ Cremophor EL plasma AUC values
were significantly correlated to the corresponding
plasma AUC values of paclitaxel in our study
(» <0.001, Figure 6), which favors the hypothesis that
Cremophor EL entraps paclitaxel in the plasma
compartment. Thus far, none of the above-mentioned
mechanisms has been fully elucidated and based on
the few available data in humans, any firm conclusions
regarding their pharmacokinetic interaction cannot be
drawn yet.

In summary, we investigated the pharmacokinetics
of Cremophor EL after administration of paclitaxel in
order to clarify its pharmacologic effects. The most
important findings were a low rate of elimination,
resulting in sustained high levels of Cremophor EL and
a linear increase in the systemic exposure (AUC) with
increasing doses. Adjustment of dose for BSA resulted
in a different non-linear profile. Recognition of the
pharmacokinetic behaviour of Cremophor EL is
important in particular with respect to the clinical
use of paclitaxel formulated in Cremophor EL, as non-
linear pharmacokinetics potentially result in an
unpredictable toxicity profile. The presented results
may therefore be a valuable addition to the current
knowledge of Cremophor EL pharmacology.

References

1. Huizing MT, Sewberath Misser VH, Pieters RC, et al.
Taxanes: a new class of antitumor agents. Cancer Invest
1995; 13: 381-404.

2. Rowinsky EK, Donehower RC. Paclitaxel (taxol). N Engl J
Med 1995; 332: 1004-14.

3. Meerum Terwogt JM, Nuijen B, ten Bokkel Huinink WW,
Beijnen JH. Alternative formulations of paclitaxel. Cancer
Treat Rev 1997; 23: 87-95.

4. Adams JD, Flora KP, Goldspiel BR, et al. Taxol: a history of
pharmaceutical development and current pharmaceutical
concerns. J Natl Cancer Inst 1993; 15: 141-7.

5. Lorenz W, Reimann HJ, Schmall A, et al. Histamine release
in dogs by Cremophor EL and its derivatives. Ag Actions
1977; 7: 63-7.

6. Weiss RB, Donehower RC, Wiernik PH, et al. Hypersen-
sitivity reactions from taxol. J Clin Oncol 1990; 8: 1263-8.

7. Nannan Panday VR, Huizing MT, ten Bokkel Huinink
WW, et al. Hypersensitivity reactions to the taxanes
paclitaxel and docetaxel. Clin Drug Invest 1997; 14: 418-
27.

8. Sykes E, Woodburn K, Decker D, et al. Effects of
Cremophor EL on distribution of taxol to serum
lipoproteins. Br J Cancer 1994; 70: 401-4.

Anti-Cancer Drugs - Vol 11 - 2000 693



JM Meerum Terwogt et al.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

694

Sparreboom A, van Tellingen O, Nooijen WJ, et al.
Nonlinear pharmacokinetics of paclitaxel in mice results
from the pharmaceutical vehicle Cremophor EL. Cancer
Res 1996; 56: 2112-5.

Huizing MT, Keung ACF, Rosing H, et al. Pharmacoki-
netics of paclitaxel and metabolites in a randomized
comparative study in platinum pretreated ovarian cancer
patients. J Clin Oncol 1993; 11: 2127-35.

Gianni L, Kearns CM, Giani A, ef al. Nonlinear
pharmacokinetics and metabolism of paclitaxel and its
pharmacokinetic/pharmacodynamic relationships in hu-
mans. J Clin Oncol 1995; 13: 180-90.

de Vos Al, Nooter K, Verweij J, et al. Differential
modulation of cisplatin accumulation in leukocytes and
tumor cell lines by the paclitaxel vehicle Cremophor EL.
Ann Oncol 1997; 8: 1145-50.

Nygren P, Csoka K, Jonsson B, et al. The cytotoxic activity
of Taxol in primary cultures of tumour cells from patients
is partly mediated by Cremophor EL. Br J Cancer 1995;
71: 478-81.

Csoka K, Dhar S, Fridborg H, et al. Differential activity of
Cremophor EL and paclitaxel in patients’ tumor cells and
human carcinoma cell lines in vitro. Cancer 1997; 15:
1225-33.

Liebmann J, Cook J, Lipschultz C, et al. The influence of
Cremophor EL on the cell cycle effects of paclitaxel
(Taxol) in human tumour cell lines. Cancer Chem Pharm
1994; 33: 331-9.

Woodcock DM, Jefferson S, Linsenmeyer ME, et al.
Reversal of the multidrug resistance phenotype with
Cremophor EL, a common vehicle for water-insoluble
vitamins and drugs. Cancer Res 1990; 50: 4199-203.
Woodcock DM, Linsenmeyer ME, Chonowski G, et al.
Reversal of multidrug resistance by surfactants. Br J
Cancer 1992; 66: 62-8.

Webster L, Linsenmeyer M, Millward M, et al. Measure-
ment of Cremophor EL following Taxol: plasma levels
sufficient to reverse drug exclusion mediated by the
multidrug-resistant phenotype. J Natl Cancer Inst 1993;
85: 1685-90.

Rischin D, Webster LK, Milward MJ, et al. Cremophor
pharmacokinetics in patients receiving 3-, 6-, and 24-hour
infusions of paclitaxel. ] Natl Cancer Inst 1996, 88: 1297-
301.

Sparreboom A, van Tellingen O, Nooijen WJ, et al. Tissue
distribution, metabolism and excretion of paclitaxel in
mice. Anti-Cancer Drugs 1996; 7: 78-86.

Watanabe T, Nakayama Y, Naito M, et al. Cremophor EL
reversed multidrug resistance 7z vitro but not in tumor-
bearing mouse models. Anti-Cancer Drugs 1996; 7: 825-
32.

Giaccone G, Huizing M, ten Bokkel Huinink W, et al.
Preliminary results of two dose finding studies of
paclitaxel (taxol) and carboplatin in non-small cell lung
and ovarian cancers. Semin Oncol 1994; 21: 34-8.

Anti-Cancer Drugs - Vol 11 - 2000

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Huizing MT, Giaccone G, van Warmerdam LJC, et al.
Pharmacokinetics of paclitaxel and carboplatin in a dose
escalating and sequencing study in patients with non-
small cell lung cancer: a European Cancer Centre (ECC)
trial. J Clin Oncol 1997; 15: 317-29.

Sparreboom A, van Tellingen O, Huizing MT, et al.
Determination of polyoxy ethyleneglycerol triricinoleate
35 (Cremophor EL) in plasma by pre-column derivatiza-
tion and reverse-phase high-performance liquid chroma-
tography. J Chromatogr 1996; 681: 355-62.

van Tellingen O, Sparreboom A, Huizing MT, et al. The
analysis and preliminary pharmacokinetics of Cremophor
EL (CrEL) in human plasma. Proc Am Soc Clin Oncol
1996; 15: 479.

Gibaldi M, Perrier D. Noncompartmental analysis based
on the statistical moment theory. In Swarbrick J, ed.
Pharmacokinetics, 2nd edn. New York: Dekker 1982:
409-17.

Gurney H. Dose calculation of anticancer drugs: a review
of the current practice and introduction of an alternative.
J Clin Oncol 1996; 14: 2590-611.

Grochow LB, Baraldi C, Noe D. Is dose normalization to
weight or body surface useful in adults? J Natl Cancer Inst
1990; 82: 323-5.

Sparreboom A, Verweij J, van der Burg MEL, er al
Disposition of Cremophor EL in humans limits the
potential for modulation of the multidrug resistance
phenotype in vivo. Clin Cancer Res 1998; 9: 1937-42.
Sparreboom A, Verweij ], Loos WJ, et al. Human
pharmacokinetics of Cremophor EL—implications for its
reversal of the multidrug resistance phenotype. Proc Am
Ass Cancer Res 1998; 39: 3545.

van Tellingen O, Huizing MT, Nannan Panday VR, et al.
Cremophor EL causes (pseudo)nonlinear pharmacoki-
netics of paclitaxel in patients. Br J Cancer 1999; 81:
330-5.

Sparreboom A. Altered tissue distribution and excretion of
paclitaxel in mice lacking mdrla P-glycoprotein. Thesis,
University of Utrecht 1996: 151-71.

Nannan Panday VR, Huizing MT, van Tellingen O, et al.
Pharmacologic study of Cremophor EL in cancer patients
with impaired hepatic function receiving Taxol®™. Thesis,
University of Utrecht 1998: 109-20.

Ludden TM. Nonlinear pharmacokinetics—clinical impli-
cations. Clin Pharmacokinet 1991; 20: 429-46.
Webster LK, Cosson EJ, Stokes KH, et al. Effect of the
paclitaxel vehicle, Cremophor EL, on the pharmacoki-
netics of doxorubicin and doxorubicinol in mice. Br J
Cancer 1996; 73: 522-4.

(Received 28 June 2000; revised form accepted 18 July
2000)



