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ABSTRACT
A novel taxane (IDN 5109), originally selected for its
ability to overcome P-glycoprotein-mediated drug resistance, is characterized by an improved preclinical profile in
terms of efficacy and tolerability. Because P-glycoprotein
may critically influence intestinal absorption and oral bioavailability of taxanes, the purpose of the study was to
evaluate the bioavailability, the pharmacokinetic behavior,
and the antitumor activity of the new taxane after oral
administration. A comparative study of antitumor activity of
Taxol and IDN 5109 given orally was performed in a human
breast carcinoma model, MX-1, which is highly responsive
to i.v. treatment with both of the taxanes. In contrast to
Taxol, which was completely ineffective after administration
to MX-1-bearing mice, oral IDN 5109 exhibited an activity
comparable with that of i.v. treatment (i.e., 100% cures).
Again, the maximal tolerated doses were comparable (90
mg/kg, every 4 days for four doses) after i.v. and oral
treatment. Three other tumor models (LoVo, IGROV/DDP,
and U87) with a variable sensitivity to the drug were used to
compare the antitumor effects of i.v. and oral treatment with
IDN 5109. The efficacy after oral administration was only
slightly lower than that found after i.v. treatment at equivalent doses; but optimal effects were comparable likely as a
consequence of the long (>6 h) terminal half-life of oral IDN
5109. The bioavailability of IDN 5109 assessed by comparing
area-under-the-curve values after oral and i.v. administrations was approximately 50%. The oral efficacy of the novel
taxane, likely related to the inability of the P-glycoprotein to
recognize the drug, which allowed an adequate intestinal
absorption, is a unique feature among the taxanes and may
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represent a pharmacological breakthrough in their clinical
use.

INTRODUCTION
Taxanes represent a new class of antitumor drugs endowed
with a peculiar mechanism of action, i.e., inhibition of microtubule disassembly (1). The current clinical taxanes, Taxol and
Taxotere, are effective against a large number of human tumors,
in particular, ovarian and breast carcinomas (2). Both of the
drugs have been described as substrates for P-glycoprotein,
responsible for the MDR3 phenotype (3, 4). Besides being
involved in mechanisms of tumor cell resistance, P-glycoprotein
is overexpressed in the intestinal mucosa and may be relevant in
the processes of biliary excretion and fecal elimination and
strongly limits oral bioavailability of Taxol (5, 6). Cotreatment
with P-glycoprotein inhibitors enhances oral absorption of
Taxol (7, 8).
Overcoming MDR represents a goal in the development
of novel taxanes, and a series of analogs derived from 14␤hydroxy-10-deacetylbaccatin III has been synthesized and investigated with this purpose (9, 10). The analog IDN 5109 was
originally selected as the most promising molecule in the series,
and additional preclinical investigations have confirmed the
therapeutic interest of the molecule. Improved pharmacological
properties and an enlarged spectrum of the antitumor activity of
IDN 5109 compared with Taxol have been described in a large
panel of human tumor xenografts after i.v. drug treatment (11).
The attractive pharmacological profile and the reduced
recognition of IDN 5109 by MDR-related transport systems
stimulated interest to investigate its bioavailability and antitumor efficacy after oral delivery. In the present study, the effects
of IDN 5109 after i.v. or oral treatment were compared in
human tumor xenografts characterized by variable responsiveness to the drug (11). The results indicate that, in contrast to oral
Taxol (which was completely inactive), IDN 5109 maintained
an antitumor activity comparable with that obtained with parenteral administration. The oral efficacy of IDN 5109 was
consistent with a good bioavailability (50%) and a long terminal
half-life.

MATERIALS AND METHODS
All of the experiments were carried out using 8 –10-weekold athymic Swiss nude mice (Charles River, Calco, Italy). Mice
were maintained in laminar flow rooms with constant temperature and humidity. Experimental protocols were approved by
the Ethics Committee for Animal Experimentation of the Istituto
Nazionale per lo Studio e la Cura dei Tumori according to the

3

The abbreviations used are: MDR, multidrug resistance/resistant; TW,
tumor weight; TWI, TW inhibition; BW, body weight; BWL, BW loss;
Max BWL, maximal BWL; HPLC, high-performance liquid chemiluminescence; AUC, area under the curve.
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United Kingdom Coordinating Committee on Cancer Research
Guidelines (12).
Taxanes were dissolved in absolute ethanol, Cremophor
ELP, and cold 0.9% NaCl solution (5, 5, and 90% of the final
volume, respectively), or in Tween 80, absolute ethanol, and
0.9% NaCl solution (10, 10, and 80%, respectively), stored, and
handled as described previously (11). Only the Tween 80 formulation was used for oral delivery of IDN 5109.
Antitumor Activity Studies. The tumor lines MX-1 (a
mammary carcinoma), LoVo (a colon carcinoma), IGROV/DDP
(an ovarian carcinoma resistant to cisplatin), and U87 (a glioblastoma) were used. They were maintained in vivo by successive transplants of tumor fragments in animal flanks. The tumors
examined expressed low levels of P-glycoprotein.
For chemotherapy experiments, tumor fragments (about
2 ⫻ 2 ⫻ 2 mm) obtained from tumor lines were used. Each
control or drug-treated group included 5 or 6 mice bearing
bilateral s.c. tumors. Tumors were implanted on day 0, and
tumor growth was followed by biweekly measurements of tumor diameters with a Vernier caliper. TW was calculated according to the formula: TW (mg) ⫽ Tumor Volume (mm3) ⫽
d2 ⫻ D/2 where d and D are the shortest and the longest
diameter, respectively. Drug treatment started when mean TW
was 80 –100 mg. Drug solutions of 6 mg/ml and 3.6 mg/ml were
prepared for IDN 5109 and Taxol, respectively, and different
drug doses were administered in variable volumes (10, 13, or 15
ml/kg body weight), with a schedule of every 4 days for four
doses (q4 d ⫻ 4), unless otherwise stated.
The efficacy of the drug was assessed as: (a) TWI% in
drug-treated versus control mice expressed as: TWI% ⫽ 100 ⫺
(mean TW treated/mean TW control ⫻ 100), usually evaluated
a week after the end of treatment; and (b) Log10 cell kill (LCK)
calculated by the formula: LCK ⫽ (T ⫺ C)/3.32 ⫻ DT where T
and C are the mean times (days) required for treated (T) and
control (C) tumors, respectively, to reach a predetermined
weight, and DT is the tumor doubling time. A LCK value greater
than 1 is indicative of an active compound.
For statistical comparison, TW of treated versus control
mice was compared over the entire period of observation, using
an ANOVA followed by the Newmann-Keuls test. P ⱕ 0.05
was considered significant.
Toxicity Studies. Toxicity was determined in tumorbearing mice as: (a) body weight (BW) loss calculated as:
BWL% ⫽ 100 ⫺ (mean BWdayx/mean BWday1 ⫻ 100), where
day 1 is the first day of treatment and day x is any day
afterwards. Maximal body weight loss values (Max BWL %) are
reported in the Tables; and (b) lethal toxicity, i.e., any death in
treated groups occurring before any control death.
Pharmacokinetic Studies. Plasma pharmacokinetic
studies were carried out in female CDF1 mice (Charles River,
Calco, Italy). The drug was formulated in Tween 80 and absolute ethanol as described above. After single i.v. or oral administration, blood samples were taken from four animals per time
point at 5, 15, 30, and 45 min and 1, 2, 4, 8, 16, and 24 h. Blood
was obtained from retro-orbital plexus under ether anesthesia
and collected in heparinated tubes. The plasma fraction was
immediately separated by centrifugation at 2000 ⫻ g for 10 min
at 4°C and stored at ⫺20°C until analysis of IDN 5109 and its
7-epi-form. IDN 5109 was measured by employing a recently

Fig. 1 Growth curves of human breast carcinoma, MX-1, xenografted
in nude mice after taxanes treatment (every 4 days for 4 doses). ⫻,
control; 䡬, 90 mg/kg oral Taxol; 䢇, 54 mg/kg i.v. Taxol; 䡺, 90 mg/kg
oral IDN 5109; f, 90 mg/kg i.v. IDN 5109. Arrows, days of treatment.

developed HPLC assay that is able to determine IDN 5109 and
its epi-form, with good degree of sensitivity, precision and
accuracy (13). The method involved the addition of a thioderivative of IDN 5109 as internal standard, a totally automated
solid-phase extraction on CN cartridges (Waters, Milford, MA),
and HPLC separation on a symmetry shield column
(Waters, Milford, MA) with a mobile phase of 10 mM NaH2PO4
(pH 5.2)/acetonitrile (47/53). The analytes were detected at 227
nm. The recovery of IDN 5109 and its epi-form from plasma
was more than 80 and 75%, respectively. The assay was linear
over a concentration range of 0.05–10 g/ml, and all of the
analytical runs performed in 3 days of the validation study had
a standard correlation coefficient ⬎0.995. The limit of quantitation for both the analytes is 0.050 g/ml, with an intra- and
interday precision within 5% and an accuracy comprised in the
range of 95–107%. Pharmacokinetic parameters were calculated
by using a nonlinear fitting program (14). The experimental 24 h
AUC i.v. and 24 h AUC oral of IDN 5109 were calculated by
the trapezoidal rule, and the deviation was calculated according
to the method described by van Asperen et al. (15).

RESULTS
Comparison between Oral Efficacy of IDN 5109 and
Taxol. The MX-1 tumor was chosen for being highly responsive (100% cures) to both of the taxanes when given by i.v.
route (11). When the drugs were administered orally, IDN 5109
(90 mg/kg) was still able to cure 100% of mice, whereas Taxol
(90 mg/kg) did not show any activity, although delivered at a
dose higher than that given by i.v. route (54 mg/kg; Fig. 1).
Comparison between i.v. and Oral Efficacy of IDN
5109. As in the previous study, for i.v. delivery, the drug was
dissolved in Cremophor (as in standard formulation for clinical
use; Ref. 11). However, because Tween 80 is a more standardized vehicle than Cremophor and allows a more linear pharmacokinetics (16), it may be more suitable for clinical development. The investigation on the oral efficacy of IDN 5109 was,
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Table 1
Tumor (days ⫾ SD)a

Comparison of i.v. and oral (p.o.) efficacy of IDN 5109

Doseb (mg/kg)

Routec

TWI%d

LCKe

Max BWL%f

Tox/totg

h

LoVo
(5 ⫾ 0.2)

60
90
90
Taxol

i.v.
i.v.
p.o.
i.v.

93
97h
94i
88

3.0
2.9
1.8
1.5

14 (24)
10 (17)
12 (22)
7 (15)

0/5
0/5
0/5
0/5

IGROV/DDP
(4.7 ⫾ 0.8)

54
90
60
90
Taxol

i.v.
i.v.
p.o.
p.o.
i.v.

82j
94j
76j
82j
45

1.2
1.7
0.9
1.1
0.4

5 (19)
11 (23)
2 (17)
5 (13)
9 (15)

0/4
0/4
0/5
0/5
0/5

U87
(5.2 ⫾ 2.2)

60
90
90
Taxol

i.v.
i.v.
p.o.
i.v.

47
64
52
47

0.2
0.5
0.3
0.2

11 (19)
13 (19)
7 (19)
6 (19)

0/5
0/5
0/5
0/5

a

In parentheses tumor doubling time in nude mice.
Drugs were delivered every 4 days for four doses. For Taxol, the dose of 54 mg/kg/injection was used.
c
Formulations for i.v. and oral administrations contained Cremophor and Tween 80, respectively.
d
TWI% calculated 7 days after the end of treatment.
e
Log10 cell kill (LCK) in treated tumors was calculated at mean TW of 0.3 g for LoVo and 1 g for IGROV/DDP and U87.
f
In parentheses is the day on which it was evaluated.
g
Number of toxic death/total number (Tox/tot) of mice in the group.
h
P ⬍ 0.001, versus control over the entire experiment interval, by Newman-Keuls test.
i
P ⬍ 0.01.
j
P ⬍ 0.05.
b

therefore, performed formulating the compound in Tween 80,
absolute ethanol, and 0.9% NaCl solution (10, 10, and 80%,
respectively). A comparison of antitumor efficacy of i.v. IDN
5109 in the two formulations showed no differences against the
LoVo carcinoma. Thus, all of the studies were carried out using
the Tween 80 formulation for oral administration and the cremophor formulation for i.v. administration of IDN 5109.
The comparison between i.v. and oral efficacy of IDN
5109 was assessed on three human tumor xenografts, including sensitive (LoVo colon carcinoma and IGROV/DDP ovarian carcinoma) and only moderately responsive (U87 glioblastoma) tumors (Table 1). Against the LoVo tumor, the
drug given orally (90 mg/kg) showed a high level of efficacy,
only slightly inferior to that achieved by the same i.v. dose
and comparable with that achieved by the lower (60 mg/kg)
i.v. dose. Toxicity (toxic death and BWL) was comparable.
Against the IGROV/DDP tumor, two dose levels were investigated by both routes. A good dose-response relationship
was found with particular reference to LCK values. Again,
the efficacy achieved by oral 90 mg/kg was closer to that
achieved by 60 mg/kg than by 90 mg/kg given i.v. The
glioblastoma U87 showed a low responsiveness to the same
dose (90 mg/kg) of IDN 5109 with both administration routes
(TWI, between 50 and 60%). For purpose of comparison, the
antitumor efficacy achieved by i.v. administration of Taxol at
its maximal tolerated dose (54 mg/kg) against the tumor
models investigated is also reported in Table 1. In no case
was the efficacy of oral IDN 5109 lower than that of Taxol.
Comparison of Drug Efficacy Using Different Schedules of Oral Administration. LoVo colon carcinoma was
chosen to study the effect of administration schedule on drug
efficacy (Table 2). A total dose of 360 mg/kg was given to mice
by delivering the drug at various doses and intervals. Although
all of the regimens were effective, the best activity was obtained

Table 2

Comparison of different schedules of oral administration of
IDN 5109 on LoVo carcinoma

Dose
(mg/kg)

Schedule

TWI%a

LCKb

Max
BWL%c

Tox/totd

20
60
60
90
120

qdx18
q2dx6
q4dx6
q4dx4
q7dx3

56
71e
75
94e
89 f

0.5
1.9
0.8
1.8
1.4

6 (29)
20 (24)
6 (26)
12 (22)
4 (22)

0/5
1/5
0/5
0/5
0/5

a

TWI% calculated 7 days after the end of treatment.
Log10 cell kill (LCK) in treated tumors was calculated at mean
TW of 0.3 g.
c
In parentheses is the day on which Max BWL% was evaluated.
d
Number of toxic death/total number (Tox/tot) of mice in the
group.
e
P ⬍ 0.01 versus control over entire experiment interval by
Newman-Keuls test.
f
P ⬍ 0.05 versus control over entire experiment interval by
Newman-Keuls test.
b

with 90 mg/kg given every 4 days for 4 doses, which markedly
inhibited tumor growth without toxic deaths. A higher dose, 120
mg/kg delivered every 7 days for 3 doses, was somewhat less
active and well tolerated. Using a lower dose level (60 mg/kg),
the efficacy was reduced (TWI ⬍80%), but the tolerability was
dependent on the treatment intensity (i.e., every 2 days for 6
doses was more toxic than every 4 days for six doses). A low
dose, 20 mg/kg, administered daily for 18 days was even less
effective.
Bioavailability and Pharmacokinetics. Fig. 2 shows the
plasma levels of IDN 5109 in CDF-1 mice. After i.v. treatment
with 60 mg/kg (Fig. 2A), the drug disappeared in a biphasic
fashion with a terminal half-life of 3.5 h. After oral doses, from
30 to 120 mg/kg (Figs. 2, A and B), the peak plasma levels of
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Fig. 2 Pharmacokinetic profile of IDN 5109 in CDF1 female mice. A, comparison of drug plasma levels after 60 mg/kg given by oral (–––) or i.v.
(- - -) route. B, comparison of drug plasma levels after oral doses of 30 mg/kg (. . .), 60 mg/kg (––), and 120 mg/kg (. – . – . –). Means ⫾ SD are
reported.

Table 3 Main pharmacokinetic parameters of IDN 5109 in CDF1
female mice
Dose
Cmax
(mg/kg) Route (g/ml ⫾ SD)
30
60
120
60
a

F ⫽

p.o.
p.o.
p.o.
i.v.

8.5 ⫾ 0.5
12.0 ⫾ 0.3
15.6 ⫾ 3
112.0 ⫾ 17

Terminal
half-life
AUC (0 3 ⬁)
(h)
Fa (%)
(g䡠h/ml)
7.9
8.8
6.2
3.5

64
49
37

33.5
50.9
76.1
103.9

AUCp.o. dose i.v.
⫻
.
AUCi.v. dose p.o.

IDN 5109 were achieved in 15 min, and drug disappearance was
slower than after the i.v. route, with elimination half-lives ranging between 6.2 and 8.8 h. The relatively long half-life of IDN
5109 given orally is attributable to the high plasma concentrations of the drug at the late time points.
As shown in Table 3, the bioavailability after oral administration of IDN 5109 ranged between 47 and 62%. Both Cmax
and AUC values seemed to increase proportionally to the dose
administered.

DISCUSSION
Taxol is a substrate of P-glycoprotein (3), which is known
to contribute to drug elimination by mediating biliary excretion
and/or limiting reuptake from the intestinal lumen after hepatobiliary excretion (5, 16). Thus, P-glycoprotein plays a role in
drug excretion from the circulation into intestinal lumen after
i.v. treatment and limits oral absorption of the drug (5, 6).
Coadministration of P-glycoprotein inhibitors is required for
therapeutic effects of Taxol (7, 8, 17). In agreement with the
very low bioavailability of oral Taxol (less than 10%), our study
showed a complete lack of antitumor efficacy of the drug when
delivered orally against a hypersensitive human tumor, the
MX-1, which is cured by i.v. Taxol. The lack of activity of a
relatively high oral dose of Taxol (90 mg/kg) confirms that the

low absorption after oral administration is not exploitable for
therapeutic use.
The finding that a novel taxane, IDN 5109, originally
selected for its ability to overcome P-glycoprotein-mediated
MDR (9, 10), had a good oral bioavailability further supported
previous observations that the novel analog is a poor substrate
for P-glycoprotein. The high bioavailability of IDN 5109
(around 50%) explained the good antitumor activity of this
taxane when given by oral route. In fact, when the oral and i.v.
administrations were compared, the optimal antitumor efficacy
of IDN 5109 was comparable at the same dose against the MX-1
breast tumor (100% cures by both routes) and the U87 glioblastoma (poorly sensitive; 50/60 TWI%). In the other tumor models
investigated, the effects achieved by oral delivery were slightly
lower than those achieved by i.v. treatment with the same dose
level (90 mg/kg).
After i.v. administration in mice, Taxol has a short plasma
terminal half-life of approximately 1 h (18), and this behaviour
accounts for a marked increase in activity after intensification of
treatment (19, 20). In contrast, the pharmacokinetic studies in
mice showed a very long terminal half-life of IDN 5109 in
plasma after either oral (more than 6 h) or i.v. (3.5 h) administration. Since the critical factor for tumor response to taxanes
seems to be the time-persistence over a critical plasma concentration rather than the AUC values themselves (16, 21), it is
likely that, after oral treatment, a critical plasma concentration
of IDN 5109 can be reached, and its persistence is sufficient to
inhibit tumor growth. This interpretation is consistent with the
observation that oral doses of IDN 5109 that are 1.5-fold higher
than those used i.v. were sufficient to achieve comparable
antitumor efficacy, in spite of a 50% lower AUC after oral
compared with i.v. administration. This peculiar behavior may
explain the appreciable reduction of drug activity with low daily
doses because they do not ensure threshold concentrations required for optimal activity.
The peculiar pharmacokinetic behavior of oral IDN 5109
also accounts for its tolerability at therapeutic dose levels. The
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maximal tolerated dose orally, according to a every-4-days-forfour doses schedule, was 90 mg/kg, as for the i.v. delivery of the
drug (11). Indeed, the observation is consistent with a preliminary myelotoxicity evaluation performed with such a therapeutic dose of IDN 5109. A comparable myelotoxic effect was
observed with the i.v. or the oral route (data not shown). An
increased incidence of mice presenting a swollen belly after oral
as compared with i.v. treatment was observed. In contrast, the
reversible neurotoxicity symptoms (i.e., tremor, ataxia) observed with i.v. administration were absent after oral administration, which suggests a somewhat different toxicity profile of
IDN 5109 according to whether the route is oral or i.v. A
detailed study of preclinical toxicology of oral IDN 5109 is in
progress in view of clinical development.
In addition to an improvement in the therapeutic index and
antitumor efficacy of IDN 5109 as compared with Taxol after
parenteral (i.v.) administration (11), the present results provide
evidence of additional pharmacological advantages of the novel
taxane analog. Indeed, considering the water insolubility of
taxanes, their parenteral use requires formulations with solvents
associated with clinical drawbacks. Thus, oral administration
would offer obvious advantages for clinical development in
terms of reduction of side effects and patient compliance (22).
In conclusion, the study showed that, in contrast to Taxol,
the novel taxane IDN 5109 fully maintained its antitumor activity when administered by the oral route, possibly as a consequence of the inability of P-glycoprotein, which is expressed in
the gastrointestinal tract, to use the taxane analog as substrate.
The oral efficacy of the novel analog is supported by a good
bioavailability and by a distinctive pharmacokinetic behavior.

ACKNOWLEDGMENTS
We thank L. Zanesi for editorial assistance, Dr. R. Maggi for
suggestions in statistics and Dr. A. M. Casazza for helpful comments.

REFERENCES
1. Horwitz, S. B., Cohen, D., Rao, S., Ringel, I., Shen, H-J., and Yang,
C-P. H. Taxol: mechanisms of action and resistance. J. Natl. Cancer
Inst. Monogr., 15: 55– 61, 1993.
2. Rowinsky, E. K. The development and clinical utility of the taxane
class of antimicrotubule chemotherapy agents. Annu. Rev. Med., 48:
353–374, 1997.
3. Casazza, A. M., and Fairchild, C. R. Paclitaxel (Taxol) mechanisms
of resistance. In: W. N. Hait (ed.), Drug Resistance, pp. 149 –171.
Boston: Kluwer Academic Publishers, 1996.
4. Vanhoefer, U., Cao, S., Harstrick, A., Seeber, S., and Rustum, Y. M.
Comparative antitumor efficacy of docetaxel and paclitaxel in nude
mice bearing human tumor xenografts that overexpress the multidrug
resistance protein (MRP). Ann. Oncol., 8: 1221–1228, 1997.
5. Sparreboom, A., van Asperen, J., Mayer, U., Schinkel, A. H., Smit,
J. W., Meijer, D. K. F., Borst, P., Nooijen, W. J., Beijnen, J. H., and van
Tellingen, O. Limited oral bioavailability and active epithelial excretion
of paclitaxel (Taxol) caused by P-glycoprotein in the intestine. Proc.
Natl. Acad. Sci. USA, 94: 2031–2035, 1997.
6. Fujita, H., Okamoto, M., Takao, A., Mase, H., and Kojima, H.
Pharmacokinetics of paclitaxel in experimental animals. Part 1. Blood
level. Jpn. J. Cancer Chemother., 21: 653– 658, 1994.

7. van Asperen, J., van Tellingen, O., van der Valk, M. A., Rozenhart,
M. and Beijnen, J. H. Enhanced oral absorption and decreased elimination of paclitaxel in mice cotreated with cyclosporin A. Clin. Cancer
Res., 4: 2293–2297, 1998.
8. van Asperen, J., van Tellingen, O., Sparreboom, A., Schinkel, A. H.,
Borst, P., Nooijnen, W. J. and Beijnen, J. H. Enhanced oral bioavailability of paclitaxel in mice treated with the P-glycoprotein blocker SDZ
PSC 833. Br. J. Cancer, 76: 1181–1183, 1997.
9. Appendino, G., Gariboldi, P., Gabetta, B., Pace, R., Bombardelli, E.,
and Viterbo, D. 14␤-hydroxy-10-deacetyl-baccatin III, a new taxane
from Himalayan yew (Taxus wallichiana Zucc.). J. Chem. Soc. Perkin
Trans., 1: 2925–2929, 1992.
10. Distefano, M., Scambia, G., Ferlini, C., Gaggini, C., De Vincenzo,
R., Riva, A., Bombardelli, E., Ojima, I., Fattorossi, A., Benedetti Panici,
P., and Mancuso, S. Anti-proliferative activity of a new class of taxanes
(14␤-hydroxy-10-deacetyl-baccatin III derivatives) on multidrug-resistance-positive human cancer cells. Int. J. Cancer, 72: 844 – 850, 1997.
11. Polizzi, D., Pratesi, G., Tortoreto, M., Supino, R., Riva, A., Bombardelli, E., and Zunino, F. A novel taxane with improved tolerability
and therapeutic activity in a panel of human tumor xenografts. Cancer
Res., 59: 1036 –1040, 1999.
12. Workman, P., Twentyman, P., Balkwill, F., Balmain, A., Chaplin,
D., Double, J., Embleton, J., Newell, D., Raymond, R., Stables, J.,
Stephens, T., and Wallace, J. United Kingdom Co-ordinating Committee on Cancer Research (UKCCCR) guidelines for the welfare of animals in experimental neoplasia (second edition). Br. J. Cancer, 77:
1–10, 1998.
13. Colombo, T., Frapolli, R., Bombardelli, E., Morazzoni, P., Riva, A.,
D’Incalci, M., and Zucchetti, M. High-performance liquid chromatographic assay for the determination of the novel taxane derivative IDN
5109 in mouse plasma. J. Chromatogr. Biomed. Appl., 736: 135–141,
1999.
14. Sacchi-Landriano, G., Guardabasso, V., and Rocchetti, M. NL-FIT:
a computer program for non-linear fitting. Comput. Programs Biomed.,
16: 35– 42, 1983.
15. van Asperen, J., Schinkel, A. H., Beijnen, J. H., Nooijen, W. J.,
Borst, P., and van Tellingen, O. Altered pharmacokinetics of vinblastine
in mdr-1 a P-glycoprotein-deficient mice. J. Natl. Cancer Inst., 88:
994 –999, 1996.
16. Sparreboom, A., van Tellingen, O., Nooijen, W. J., and Beijnen,
J. H. Preclinical pharmacokinetics of paclitaxel and docetaxel. Anticancer Drugs, 9: 1–17, 1998.
17. Meerum Terwogt, J. M., Beijnen, J. H., ten Bokkel Huinink, W. W.,
Rosing, H., and Schellens, J. H. M. Co-administration of cyclosporin
enables oral therapy with paclitaxel. Lancet, 352: 285, 1998.
18. Verweij, J., Clavel, M., and Chevalier, B. Paclitaxel (Taxol™) and
docetaxel (Taxotere™): not simply two of a kind. Ann. Oncol., 5:
495–505, 1994.
19. Zhan, Z., Scala, S., Monks, A., Hose, C., Bates, S., and Fojo, T.
Resistance to paclitaxel mediated by P-glycoprotein can be modulated
by changes in the schedule of administration. Cancer Chemother. Pharmacol., 40: 245–250, 1997.
20. Rose, W. C. Taxol-based combination chemotherapy and other in
vivo preclinical antitumor studies. Natl. Cancer Inst. Monogr., 15:
47–53, 1993.
21. Eiseman, J. L., Eddington, N. D., Leslie, J., MacAuley, C., Sentz,
D. L., Zuhowski, M., Kujawa, J. M., Young, D., and Egorin, M. J.
Plasma pharmacokinetics and tissue distribution of paclitaxel in CD2F1
mice. Cancer Chemother. Pharmacol., 34: 465– 471, 1994.
22. DeMario, M. D., and Ratain, M. J. Oral chemotherapy: rationale
and future directions. J. Clin. Oncol., 16: 2557–2567, 1998.

Downloaded from clincancerres.aacrjournals.org on October 16, 2017. © 2000 American Association for Cancer
Research.

Oral Efficacy and Bioavailability of a Novel Taxane
Donatella Polizzi, Graziella Pratesi, Silvia Monestiroli, et al.
Clin Cancer Res 2000;6:2070-2074.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://clincancerres.aacrjournals.org/content/6/5/2070

This article cites 18 articles, 4 of which you can access for free at:
http://clincancerres.aacrjournals.org/content/6/5/2070.full#ref-list-1
This article has been cited by 1 HighWire-hosted articles. Access the articles at:
http://clincancerres.aacrjournals.org/content/6/5/2070.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, contact the AACR Publications
Department at permissions@aacr.org.

Downloaded from clincancerres.aacrjournals.org on October 16, 2017. © 2000 American Association for Cancer
Research.

