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Oral bioavailability of a novel paclitaxel formulation
(Genetaxyl) administered with cyclosporin A in
cancer patients
Zyting Chua, Jen-Shi Chenb, Chi-Ting Liaub, Hung-Ming Wangb,
Yung-Chang Linb, Muh-Hwa Yangc, Po-Min Chenc, Erin R. Gardnerd,
William D. Figge and Alex Sparreboome

The formulation excipient Cremophor EL (CrEL) is known

to limit the absorption of oral paclitaxel given together with

cyclosporin A. We hypothesized that the use of oral

Genetaxyl, a paclitaxel formulation containing only 20%

CrEL would have an improved oral bioavailability. Cohorts

of six patients were treated with oral Genetaxyl at a dose of

60, 120, or 180 mg/m2 and 10 mg/kg of oral cyclosporin A

in cycle 1. In cycle 2, patients received intravenous (i.v.)

Genetaxyl (175 mg/m2, 3-h infusion). Three additional

patients received one dose of generic i.v. paclitaxel

(Genaxol, containing 50% CrEL; 175 mg/m2, 3-h infusion).

The median area under the plasma concentration–time

curve (AUC) and peak concentration of total paclitaxel

following i.v. Genetaxyl were lower than those for i.v.

Genaxol, as a result of significantly increased clearance

(P = 0.017), and the AUC ratio for unbound to total

paclitaxel for i.v. Genetaxyl was about two times higher

than that for i.v. Genaxol (P = 0.0077). After oral

administration of Genetaxyl at doses of 60, 120, and

180 mg/m2, the median total paclitaxel AUCs were 1.29,

1.60, and 1.85 lg�h/ml, respectively, suggesting a less

than proportional increase in systemic exposure with

increasing doses. The corresponding median values for the

apparent bioavailability of oral Genetaxyl were similar

when compared with i.v. Genetaxyl, when calculated either

on the basis of data for total paclitaxel (30.1%) or unbound

paclitaxel (30.6%). Anti-Cancer Drugs 19:275–281 �c 2008
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Introduction
Paclitaxel is an anticancer agent widely applied in the

treatment of advanced breast, lung, and ovarian cancer

[1–3]. Intravenous (i.v.) administration of paclitaxel,

however, is inconvenient to patients and associated with

significant and unpredictable side effects [4]. Theoreti-

cally, oral administration of paclitaxel is preferred because

of its convenience, reduced administration costs, and

potential use in more chronic treatment regimens.

Development of oral paclitaxel, however, is hampered

by poor bioavailability [5], which is due to the extensive

first-pass metabolism by the cytochrome P450 isoforms,

CYP2C8 and CYP3A4 [6] and, to a lesser extent, to

paclitaxel’s affinity for efflux transporters expressed in

the gastrointestinal tract and liver, such as ABCB1

(P-glycoprotein) [5] and ABCC2 (cMOAT, MRP2) [7].

Strategies used to improve the oral bioavailability of

paclitaxel include coadministration of enzyme/transporter

inhibitors such as cyclosporin A (CsA) with paclitaxel,

and more recently, the development of alternative

formulations of paclitaxel on the basis of mixed micelles,

nanoemulsions, or lipid nanocapsules [8–12].

CsA is an efficacious inhibitor of CYP3A4 [13], ABCB1

[14], and ABCC2 [15]. The feasibility of coadministering

CsA with oral paclitaxel to increase systemic exposure has

been demonstrated in various phase I [16–18] and phase

II clinical trials [19,20]. The apparent bioavailability of

oral paclitaxel, however, is still relatively low (about 30%),

which is partly due to the presence of high concentrations

(50%, v/v) of the formulation excipient, Cremophor EL

(CrEL), that limits drug absorption through the forma-

tion of micelles that entrap paclitaxel [21]. Furthermore,

the high content of CrEL poses issues related to the

calculation of bioavailability as its presence in the

conventional paclitaxel formulation is associated with

nonlinear drug disposition after i.v. administration [22].

Theoretically, paclitaxel formulated in solvents with less
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or no CrEL when given orally together with CsA, may be

associated with an improved oral bioavailability. Here, we

investigated the pharmacokinetics of a novel paclitaxel

formulation (Genetaxyl) containing only 20% (v/v) CrEL

[23] given orally in combination with CsA in cancer

patients.

Materials and methods
Patient selection criteria

Patients over 18 years of age with a histologically or

cytologically proven malignancy for which no standard

therapy of proven benefit was available were eligible for

the study. Tumor types were selected on the basis of

hypothetical benefit from paclitaxel treatment according

to the published data that included head and neck cancer,

gastric cancer, esophageal cancer, and urinary bladder

cancer. Previous radiotherapy and/or chemotherapy other

than taxane-based therapy were allowed as long as the last

treatment was at least 4 weeks old before the study entry

and any remaining toxicities had resolved. Patients had

to have acceptable bone marrow function (hemoglobin,

Z 9 g/dl; white blood cell count, Z 3.0� 109 cells/l;

absolute neutrophil count, Z 1.5� 109 cells/l; platelet

count, Z 100� 109 cells/l), liver function (total serum

bilirubin, r 1.5� the upper limit of normal; serum

transaminases, r 3� the upper limit of normal in the

absence of liver metastases; and r 5� the upper limit of

normal in the presence of liver metastases), kidney

function (serum creatinine, r 1.5� the upper limit of

normal), and a Eastern Cooperative Oncology Group

performance status of r 2.

Patients were excluded if they had a serious medical or

psychiatric illness that would prevent giving informed

consent and in case of a life expectancy less than 3

months. Patients were also excluded if they suffered from

uncontrolled infectious disease, neurological disease with

greater than grade 1 motor/sensory neurotoxicity from

previous treatment or diseases, bowel obstruction or

impaired swallowing function (such as tube feeding),

uncontrolled or severe cardiovascular disease, or sympto-

matic brain metastases. Women of childbearing potential

were required to have a negative serum pregnancy test

before the study entry. Further exclusion criteria included

known or suspected hypersensitivity to CrEL, polyethye-

neglycol 300, polysorbate 80 (Tween 80), ethanol, or CsA

and concomitant use of known ABCB1 inhibitors and

chronic use of H2-receptor antagonists or proton pump

inhibitors. The study protocol was approved by the

Medical Ethics Committee of the Institute, and all

patients signed written informed consent.

Paclitaxel administration

The Genetaxyl preparation was composed of paclitaxel

formulated in 20% (v/v) absolute ethanol, 20% (v/v)

CrEL, polyethyleneglycol 300, and a small [ < 11% (v/v)]

amount of polysorbate 80 [23]. Genaxol, a generic

formulation of Taxol, was composed of paclitaxel for-

mulated in absolute ethanol and CrEL at a 1 : 1 (v/v)

ratio. Both products were developed by Genovate

Biotechnology (Hsinchu, Taiwan) and were supplied as

a clear sterile solution in 5-ml vials containing 30 mg of

paclitaxel (concentration of paclitaxel, 6 mg/ml). For oral

administration, Genetaxyl was diluted in 5% dextrose

water solution before administration. Doses of Genetaxyl

of 60, 120, or 180 mg/m2 were dissolved in about 45, 65,

or 85 ml of 5% dextrose solution (final paclitaxel con-

centrations, B2, B3, and B3.5 mg/ml), respectively.

CsA (Neoral; Novartis, Basel, Switzerland) was used as a

modulator of paclitaxel pharmacokinetics because the

existence of prior data obtained with this agent allowed

for a preliminary comparison of data obtained with

Genetaxyl compared with Taxol [17]. CsA was admin-

istered orally at a dose of 10 mg/kg to patients 30 min

before oral intake of Genetaxyl. The dosages were

selected on the basis of prior data suggesting that

systemic paclitaxel exposure did not increase as the oral

dose was increased from 180 to 540 mg/m2 [17], and that

systemic exposure to paclitaxel was not further affected

by doses of CsA above 10 mg/kg [24]. For i.v. administra-

tion, Genetaxyl or Genaxol preparations were diluted in

500 ml of 5% dextrose or 0.9% normal saline in

nonpolyvinylchloride-containing containers with micro-

pore filters. Infusion pumps were used for precise control

of the infusion rates.

It was planned that a total of three patients would receive

one dose of i.v. Genaxol with pharmacokinetic sampling as

a 3-h infusion at a dose of 175 mg/m2 on day 1 of a 3-week

cycle (control group). These patients could receive

subsequent cycles of treatment with either i.v. Genetaxyl

or i.v. Genaxol for up to five cycles, if clinically indicated.

A total of 18 patients, six patients per dose level, were

planned to receive one dose of oral Genetaxyl. Subse-

quently, patients were scheduled to receive one dose of

i.v. Genetaxyl on day 1 of cycle 2, as a 3-h infusion at a

dose of 175 mg/m2. They were eligible to receive an

additional four cycles of the same regimen, if clinically

indicated. Toxicities were recorded for safety evaluation

according to the National Cancer Institute Common

Toxicity Criteria version 2.0.

Premedication and cyclosporin A administration

Premedication for cycle 1 included administration of

20 mg of i.v. dexamethasone, 5 mg of i.v. tropisetron (both

given about 1 h before Genetaxyl), 50 mg of i.v. diphen-

hydramine, and 50 mg of i.v. ranitidine (both given about

30 min before Genetaxyl). For i.v. Genetaxyl or i.v.

Genaxol, premedication included administration of

20 mg of i.v. dexamethasone (about 1 h before), 50 mg

of i.v. diphenhydramine, and 50 mg of i.v. ranitidine

(about 30 min before). Standard antiemetic therapy was

allowed if needed.
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Blood sampling and processing

Blood sampling for pharmacokinetic analysis was per-

formed for each of the three different administrations

(oral Genetaxyl, i.v. Genetaxyl, and i.v. Genaxol) after the

first dose. Blood samples were collected from a peripheral

site contralateral to the venous access used for drug

infusion. For i.v. Genetaxyl and Genaxol, samples were

obtained before drug administration, 1.5 h after the start

of the infusion; 2 min before the end of infusion; 6, 18,

30, and 60 min and 2, 4, 8, 12, 24, 30, and 48 h after the

end of the infusion. For oral Genetaxyl, blood samples

were obtained immediately before treatment, and at 0.25,

0.5, 0.75, 1, 1.25, 1.5, 2, 3, 4, 7, 10, 24, 30, 48, and 56 h

after drug administration. All the blood samples were

centrifuged at 2000g for 15 min at 41C to separate plasma,

which was stored at or below – 701C until the time of

analysis.

Analysis of total paclitaxel concentrations

Concentrations of total paclitaxel in plasma samples

were determined by a validated method based on high-

performance liquid chromatography with tandem mass-

spectrometric detection [25]. The lower limit of

quantitation of this method is 2 ng/ml, and the range

for calibrators was 2–2500 ng/ml. The percent deviation

from nominal values in quality control samples was less

than 8%, and the within-run and between-run precision

was less than 15%.

Analysis of unbound paclitaxel concentrations

The unbound concentration of paclitaxel in patient

samples was determined using a validated method based

on microequilibrium dialysis [26]. The fraction unbound

paclitaxel was calculated after subtracting the background

radioactivity reading, and unbound concentrations were

calculated as the product of the total plasma concentra-

tion and the fraction unbound paclitaxel.

Pharmacokinetic analysis

Estimates of pharmacokinetic parameters for paclitaxel

were derived from individual concentration–time data

sets using noncompartmental methods implemented in

the computer software program WinNonlin version 4.0

(Pharsight Corporation, Mountain View, California, USA).

The peak plasma concentration (Cmax) was the observed

value. The area under the plasma concentration–time

curve (AUC) from time zero to infinity was calculated

using the log–linear trapezoidal method by extrapolation

to infinity by dividing the last measured concentration by

the terminal rate constant, lz, which was determined

from the slope of the terminal phase of the AUC using

weighted least-squares as the estimation procedure,

and inverse variance of the output error (linear) as the

weighting option. The mean ( ± SD) percent extrapola-

tion of the AUC beyond the last sampling time point was

9.64 ± 3.68%. The terminal half-life (T1/2) was calculated

as 0.693 divided by lz. Additional pharmacokinetic

parameters included the volume of distribution at steady

state (Vss) and the systemic clearance, which was

calculated as dose divided by AUC. The time-to-peak

concentration (Tmax) was obtained from the experimental

data. The apparent oral bioavailability of total and

unbound paclitaxel was calculated as the dose-corrected

ratio of median AUC values after oral Genetaxyl

administration and i.v. Genetaxyl administration.

Statistical evaluation

All pharmacokinetic parameters are reported as median

with range, unless stated otherwise. The effect of the

respective formulations of Genaxol and Genetaxyl on the

systemic clearance of paclitaxel was evaluated using a

nonparametric Mann–Whitney U-test. The effect of drug

dose on the apparent oral bioavailability and apparent oral

clearance obtained after oral administration was assessed

using a nonparametric Kruskal–Wallis test. Statistical

calculations were performed using the software program

Number Cruncher Statistical Systems version 2001

(NCSS, Kaysville, Utah, USA). The a priori level of

statistical significance was set at 0.05.

Results
Patient characteristics

A total of 23 patients enrolled on this study (Table 1).

Two patients were not assessable because they went off-

study due to violation of inclusion or exclusion criteria

after they had received only oral Genetaxyl in cycle 1. In

total, 18 patients (six patients at each dose level) were

treated at each consecutive Genetaxyl dose level of 60,

120, and 180 mg/m2, and complete pharmacokinetic

Table 1 Patient demographicsa

Characteristics Genaxol
(n = 3)

Genetaxyl
(n = 20)

All patients
(n = 23)

Age (years)
Median 53.2 54.6 54.5
Range 41.6–55.0 30.6–76.6 30.6–76.6

Sex
Male 3 (100%) 19 (95%) 22 (96%)
Female 0 1 (5%) 1 (4%)

Performance status
0 1 (33%) 2 (10%) 3 (13%)
1 0 (0%) 18 (90%) 18 (78%)
2 2 (66%) 0 2 (9%)

Body surface area (m2)
Median 1.38 1.66 1.65
Range 1.20–1.54 1.50–1.94 1.20–1.94

Primary tumor type
Stomach 1 (33%) 2 (10%) 3 (13%)
Head and Neck 2 (67%) 12 (60%) 14 (61%)
Esophagus 0 1 (5%) 1 (4%)
Bladder 0 1 (5%) 1 (4%)
Biliary tract 0 1 (5%) 1 (4%)
Unknown primary 0 3 (15%) 3 (13%)

Prior surgery 3 (100%) 15 (75%) 18 (78%)
Prior radiotherapy 2 (67%) 16 (80%) 18 (78%)
Prior chemotherapy 3 (100%) 20 (100%) 23 (100%)

aCategorical data are shown as number of patients with percentage in
parenthesis.

Oral bioavailability of Genetaxyl Chu et al. 277

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



profiles were evaluable on all patients. These same 18

patients were treated in cycle 2 with a 3-h i.v. infusion of

Genetaxyl at a dose of 175 mg/m2. Of these, two patients

had extremely high paclitaxel concentration values

measured in the samples drawn 1.5 h after the start of

infusion, suggesting that the sample was not drawn from a

site away from the site of infusion, and were excluded

entirely. Another patient was not assessable because

blood samples could not be obtained from a peripheral

site due to a clotted catheter. Eventually, complete data

were obtained from 15 patients for the i.v. Genetaxyl

analysis. For comparative purposes, three additional

patients received one dose of Genaxol (generic Taxol)

as a 3-h i.v. infusion at a dose of 175 mg/m2.

Paclitaxel pharmacokinetics after intravenous

administration

The median AUC and Cmax of total paclitaxel following

the administration of i.v. Genaxol were 14.3 mg�h/ml and

4.43 mg/ml, respectively (Table 2) (Fig. 1). These values

are comparable with the values found after the i.v.

administration of Taxol [27]. The median AUC and Cmax

of total paclitaxel following i.v. Genetaxyl were lower than

those for i.v. Genaxol (Table 2), as a result of significantly

increased clearance (P = 0.017). The median exposure to

unbound paclitaxel was almost twofold higher after

administration of i.v. Genetaxyl compared with i.v.

Genaxol (1.17 vs. 0.624 mg� h/ml, respectively) (Table

2), but this difference did not reach statistical signifi-

cance (P = 0.43), presumably because of limited statis-

tical power to detect differences using the small sample

size studied. As expected, the AUC ratio for unbound to

total paclitaxel for i.v. Genetaxyl was about two times

higher than that for i.v. Genaxol (P = 0.0077; Table 2).

Pharmacokinetics and bioavailability of oral paclitaxel

After oral administration of Genetaxyl at doses of 60, 120,

and 180 mg/m2, the median total paclitaxel AUC values

were 1.29, 1.60, and 1.85 mg� h/ml (Table 3), respec-

tively, suggesting a less than proportional increase in

systemic exposure to total paclitaxel with increasing

doses (Fig. 2). The corresponding values for the apparent

oral bioavailability, however, were not statistically sig-

nificantly dependent on the oral dose when calculated

either on the basis of data for total paclitaxel (overall

median, 30.1%; P = 0.73) or unbound paclitaxel (overall

median, 30.6%; P = 0.087) (Fig. 2).

Table 2 Pharmacokinetic parameters of paclitaxel after
intravenous administrationa

Parameter Genaxol (n = 3) Genetaxyl (n = 15) P valueb

Dose (mg/m2) 175 175
Absolute dose (mg) 242 (210–270) 291 (263–340)
CrEL in formulation

(%)
50 20

Cmax (mg/ml) 4.43 (2.36–5.79) 2.25 (0.960–5.80) 0.10
AUCt (mg� h/ml) 14.3 (9.48–17.4) 7.85 (3.71–21.2) 0.13

% CV 29.0 51.5
AUCu (mg� h/ml) 0.624 (0.462–0.930) 1.17 (0.351–2.92) 0.43

% CV 35.4 57.7
Fu (%) 5.66 (1.99–9.14) 10.6 (4.29–20.4) < 0.001
AUCu/AUCt (%) 4.87 (2.59–6.49) 11.8 (8.14–16.5) 0.0077
CLu (L/h) 387 (290–454) 245 (113–836) 0.43
CLt (L/h) 18.8 (13.9–22.1) 36.8 (15.5–72.8) 0.017
T1/2 (h) 11.1 (8.51–11.6) 13.8 (9.51–16.5) 0.059

% CV, percent coefficient of variation in AUC; AUC, area under the plasma
concentration versus time curve extrapolated to infinity; CL, systemic clearance;
Cmax, peak plasma concentration; CrEL, Cremophor EL; Fu, fraction unbound
paclitaxel measured in all individual plasma samples; n, number of patients; t, total
paclitaxel; T1/2, half-life of the terminal phase; u, unbound paclitaxel.
aAll data are shown as median value for total paclitaxel, unless indicated
otherwise, with range in parentheses.
bNonparametric Mann–Whitney U-test.
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Plasma concentration–time profile of total and unbound paclitaxel
following a 3-h intravenous infusion of Genaxol or Genetaxyl at a dose
of 175 mg/m2. The data are shown as mean values (symbols) with SD
(error bars).

Table 3 Pharmacokinetic parameters of paclitaxel after oral
administration of Genetaxyl given in combination with oral
cyclosporin A (10 mg/kg)a

Parameter 60 mg/m2

(n = 6)
120 mg/m2

(n = 6)
180 mg/m2

(n = 6)

Absolute
dose (mg)

108 (98–117) 198 (180–222) 296 (270–320)

Tmax (h) 1.50 (1.05–2.00) 2.50 (1.25–3.00) 2.01 (1.00–4.00)
Cmax

(mg/ml)
0.185 (0.147–0.350) 0.206 (0.129–0.424) 0.290 (0.222–0.529)

AUCt

(mg� h/ml)
1.29 (1.12–1.64) 1.60 (1.03–2.41) 1.85 (0.865–9.51)

% CV 14.5 37.8 63.9
AUCu /AUCt

(%)
14.2 (9.95–21.9) 12.5 (10.0–20.1) 8.61 (7.42–10.1)

Bioavailability (%)
Unbound 39.5 (16.1–67.5) 27.6 (17.6–51.7) 25.9 (16.7–76.9)
Total 42.2 (22.3–56.0) 29.8 (14.9–42.3) 30.1 (29.8–65.5)

T1/2 (h) 19.7 (14.5–23.2) 17.9 (14.3–21.6) 20.8 (14.4–24.9)

% CV, percent coefficient of variation in AUCt; AUC, area under the plasma
concentration versus time curve extrapolated to infinity; CL, systemic clearance;
Cmax, peak plasma concentration; n, number of patients; t, total paclitaxel; T1/2,
half-life of the terminal phase, u, unbound paclitaxel.
aAll data are shown as median value for total paclitaxel, unless indicated
otherwise, with range in parentheses.
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Adverse events

Toxicities observed following one course of oral paclitaxel

with CsA were generally mild (grade 1–2), except that

one patient developed grade 3 neutropenia and another

patient developed grade 3 leukopenia after treatment

with oral Genetaxyl at a dose of 180 mg/m2 (Table 4). The

low degree of nonhematological toxicity after oral

Genetaxyl is possibly the result of the extensive

premedication regimen that was used. Six patients

experienced grade 3–4 myelosuppression after i.v. Gene-

taxyl, whereas no such side effects were observed for the

patients receiving i.v. Genaxol. Although the study was

not designed to detect statistical differences in the

incidence and severity of hematological toxicities, it is

possible that the increased exposure to unbound

paclitaxel observed in patients receiving i.v. Genetaxyl

compared with i.v. Genaxol is related to this differential

toxicity. One patient experienced a septic shock after i.v.

Genaxol, but this was not considered a drug-related

adverse event.

Discussion
This study reports on the oral bioavailability and

pharmacokinetics of total and unbound paclitaxel after

oral administration of a novel paclitaxel formulation

containing only 20% CrEL given in the presence of

CsA. An earlier study showed that a large fraction of both

paclitaxel and CrEL was recovered unchanged in fecal

samples after oral administration of Taxol [21], suggesting

that the cosolvent CrEL could limit absorption of orally

administrated paclitaxel by forming micelles entrapping

the drug without being itself absorbed [28]. On the basis

of this finding, it was expected that the systemic

exposure to paclitaxel after oral administration of

Genetaxyl, containing 60% less CrEL as compared with

Taxol, would be higher than those after the administra-

tion of Taxol. Unfortunately, a group of patients receiving

oral Taxol in this study was not included to allow for a

direct comparison, owing to limited patient resources.

Although it is difficult to compare pharmacokinetic data

across different trials, a number of interesting points were

noted. First, the median time-to-peak concentration of

paclitaxel following the oral administration of Genetaxyl

at 60 mg/m2 was 1.5 h, consistent with prior results

showing that this parameter is lower when paclitaxel

administered in a formulation with lower concentrations

of CrEL (1.5–2.9 vs. 3.3–4.1 h) [11,21]. This suggests

that paclitaxel is absorbed more rapidly when the

formulation contains no or less CrEL; it is possible that

the rate of absorption of paclitaxel is affected by

concentration-dependent entrapment of paclitaxel in

CrEL micelles, thereby preventing paclitaxel from cross-

ing the gastrointestinal membrane.

Second, values for peak concentration and AUC at the

currently studied dose levels for oral Genetaxyl were

similar with those reported previously in a study using

oral Taxol at similar dose levels [17]. These results

indicate that CrEL may play a more important role in

affecting the initial rate of gastrointestinal absorption

than processes taking place subsequently. Indeed, it is

possible that the micellar effects of CrEL limit the

absorption of paclitaxel in a time-dependent fashion and

that these effects are diminished with time due to

enzymatic and/or chemical hydrolysis of the excipients

within the gastrointestinal tract, as suggested previously [11].

Third, the estimated oral bioavailability of paclitaxel

following the oral administration of Genetaxyl at a dose of

60 mg/m2 was slightly higher than the relative oral

bioavailability reported for Taxol administered at the

same oral dose (42 vs. 31%) [17], and a similar difference

between the two formulations was noted for an oral dose

Fig. 2
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Plasma concentration–time profile of total and unbound paclitaxel after
oral administration of Genetaxyl at doses of 60, 120, and 180 mg/m2.
The data are shown as mean values (symbols) with SD (error bars).

Table 4 Major toxicities observed for oral and intravenous
genetaxyl and intravenous genaxol

Side effect Genetaxyl Genaxol

Cycle 1
(oral; 60, 120, or

180 mg/m2) n = 20

Cycle 2
(i.v.; 180 mg/m2)

n = 18

(i.v.;
180 mg/m2)

n = 3

Grade 1–2 Grade 3–4 Grade 1–2 Grade 3–4 Grade 1–4

Leukopenia 5 (25) 1 (5)a 8 (44) 2 (11) 0
Neutropenia 4 (20) 1 (5)a 6 (33) 4 (22) 0
Anemia 6 (30) 0 10 (56) 0 1 (33)b

Diarrhea 2 (10) 0 0 0 0
Nausea 2 (20) 0 2 (11) 0 1 (33)b

i.v., intravenous.
aPatients from 180 mg/m2 cohort had grade 3 adverse events. These two
patients were not the same.
bAdverse event was graded as 2 in each category.
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of 180 mg/m2 (30 vs. 21%) [17]. It should be pointed out

that the reduction in CrEL content of the currently

studied Genetaxyl formulation resulted in much smaller

values for paclitaxel AUC after i.v. administration

compared with those obtained for Taxol, and resulted in

a higher apparent bioavailability of paclitaxel following

the administration of oral Genetaxyl after correction for

differences in dose. The faster clearance of total

paclitaxel following the administration of i.v. Genetaxyl

compared with i.v. Genaxol is consistent with data

reported recently for a comparison of i.v. ABI-007

(nanoparticle albumin-bound paclitaxel containing no

CrEL) and i.v. Taxol [29]. The underlying mechanism

for the altered clearances between the two formulations

is not entirely clear but is presumably associated with the

differential distribution to tissues of relevance to

paclitaxel elimination such as the liver [30] and,

subsequently, more rapid metabolism of paclitaxel when

low CrEL levels are present in the circulation.

As mentioned previously, CrEL causes an apparent

nonlinear disposition profile of total paclitaxel after i.v.

Taxol, resulting in disproportional increases in plasma

concentrations with increasing dose, and this process

hampers the ability to calculate absolute oral bioavail-

ability when i.v. Taxol is used as a reference. In this study,

it was noted that the bioavailability estimates for the

Genetaxyl formulation were similar between calculations

performed on the basis of unbound drug or total drug.

This notion is consistent with the finding that the

fraction of unbound paclitaxel and the AUC ratio for

unbound to total paclitaxel is similar with the values

obtained after oral and i.v. administration of Genetaxyl.

Furthermore, the median fraction for unbound paclitaxel

was about 11%, which was similar with simulated in vivo
values that were reported earlier for paclitaxel in the

absence of CrEL [22].

As observed previously for oral Taxol, it was noted that

systemic exposure to paclitaxel after oral Genetaxyl was

not proportionately increasing with increases in dose.

These results seem to indicate that there is a maximum

availability of paclitaxel for transfer across the intestinal

barrier. It is unclear whether this dose-dependence is

caused by increasingly larger amounts of CrEL being

administered with increasing doses, but this possibility is

likely given the amount of CrEL administered concur-

rently with Genetaxyl at a dose of 180 mg/m2. Regardless

of the underlying mechanism, the observed dose-

dependence in systemic exposure can likely be amelio-

rated by applying low-dose schedules in conjunction

with short-interval dosing of the oral Genetaxyl–CsA

combination. Further evaluation of such dosing schedules

with oral administration of Genetaxyl with CsA is

warranted.
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