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ABSTRACT

Eleven patients with advanced cancer received navelbine (15 mg/m2)

as a single i.v. bolus injection. At least I week later, the patients were
given a 2-fold increased dose of navelbine (30 mg/m2) and, for seven of
them, the 30-mg/m2 dose was repeated after a delay longer than a week.

After each administration, plasma and urine were collected for 72 h and
monitored for navelbine concentration by radioimmunoassay. The com
parison of dose-normalized plasma level profiles showed significant time
dependence (/' < 0.05) in four of the seven assessable patients. Some
patients also exhibited significant (/' < 0.05) nonlinear (dose dependent)

kinetic profiles. Only 3 of the 10 appreciable patients were characterized
by both time independent and linear profiles. However, the plasma
concentration decay curves presented a triphasic shape similar to that
obtained with other antitumor Vinca alkaloids and the data were consist
ent with a three-compartment pharmacokinetic model. The dose and/or
time dependence evidenced for most of the patients did not result in
marked changes in pharmacokinetic parameters among courses. The
pharmacokinetics of navelbine were characterized by a high plasma
clearance (0.27 to 1.49 liter -h"1- kg"1), a large distribution volume (8.2
to 48.2 liter kg'1), and a long terminal half-life (22.1 to 67.8 h). Urine

excretion was low (less than 7.9%). Thus, navelbine pharmacokinetics
resembles that of other antitumor Vinca alkaloids.

INTRODUCTION

Navelbine has been developed by Mangeney et al. (I, 2), as a
potential alternative to natural or semisynthetic antitumor
Vinca alkaloids. In addition to an easier preparation procedure,
this drug demonstrated interesting antitumor properties in ex
perimental systems and a possible absence of cross-resistance
to vincristine (3, 4).

In rats, navelbine pharmacokinetics is associated with a sig
nificantly higher clearance than vinblastine (5), and more gen
erally, the 5'-noranhydro modification of the catharanthine

moiety of alkaloids such as vinblastine and vincristine (6) results
in increased plasma clearance (7). Navelbine is now under
clinical evaluation and the phase I study is being completed (8,
9). Its toxicity is relatively low in cancer patients; doses of up
to 43 mg/m2 have been administered (8) and in a recent study,

only a few cases of mild hematotoxicity with no neurotoxicity
or alopecia were observed at 30-mg/m2 dose (9). Clinical phar

macokinetic data for navelbine are scarce, and more are required
to provide a significant description of its pharmacokinetics in
humans and to address problems such as the possible relation
ships between clearance and toxicity, antitumor activity, and
antitumor spectra (10). In addition, the pharmacokinetic be
havior of antitumor Vinca alkaloids is characterized by large
interindividual variations (10), by poorly understood effects of
time and dose (11), and by the administration schedule (12-
15).
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Thus, in an attempt to better understand the complex prob
lem of the pharmacokinetics of this class of related drugs, we
undertook, as part of the phase I studies, a kinetic evaluation
of navelbine in cancer patients receiving repeated injections of
the drug. The patients were given 15 mg/m2 of navelbine the
first time and 30 mg/m2 for subsequent injections. Navelbine

concentrations in plasma and urine were determined using a
specific radioimmunoassay previously described (5). The aim
of the present study was to analyze time and dose effects on
kinetic profiles and to estimate navelbine pharmacokinetic pa
rameters.

MATERIALS AND METHODS

Patients. Eleven patients (5 women and 6 men) undergoing a single-
agent navelbine therapy (as part of a phase I clinical study) for histo-
logically documented neoplastic diseases were studied during their first
courses of navelbine therapy. Their ages ranged from 39 to 74 years
(Table 1). Their eligibility was based on the following criteria: WBC
count > 3,000/mm3; platelet count > 100,000/mm3; serum creatinine

< 120 Â¿imols/liter. Table 1 summarizes the clinical data on these
patients. Except for patient 1, who exhibited a high creatinine level,
their liver and renal functions were within the normal range at the time
of the study.

Protocol. Doses of 15 and 30 mg/m2 of navelbine (ditartrate salt; P.

F. MÃ©dicament,Paris, France) were given as i.v. bolus injections
(duration < 1 min). The 15-mg/m2 dose was always administered first,

followed, when applicable, by two successive administrations of 30 mg/
nr. At least 8 days elapsed between injections.

Blood samples were drawn 5 min before injection, then, 5, 10, IS,
30 min and 1, 2, 3, 4, 6, 8, 12, 24, 36, 48, 60, and 72 h after injection.
Blood samples were collected in heparinized glass tubes from a vein on
the arm not used for the injection and then were immediately placed at
4'C. The blood was centrifuged at 1000 x g for 10 min and the resulting
plasma was kept frozen at -30Â°Cuntil analysis.

The urine outputs were collected separately, the volume was mea
sured, and an aliquot was kept frozen for analysis.

Sample Analysis. The concentrations of navelbine in plasma and in
urine were measured by radioimmunoassay according to the technique
previously described by Rahmani et al. (5). Briefly, plasma was diluted
if necessary in phosphate-buffered (50 HIM, pH 7.4) saline (0.15 M)
containing 1g/liter bovine serum albumin (Fraction V; Sigma, St Louis,
MO) and incubated with antiserum and '"I-labeled navelbine glycyl-L-
tyrosine conjugate at 4Â°Cfor 22 h. Human plasma from healthy donors

(Centre de Transfusion Sanguine, Marseille, France) was added as
necessary to maintain a constant amount of human plasma components
in the incubation medium. At the end of the incubation, polyethylene
glycol 6000 (Merck, Darmstadt, Federal Republic of Germany) was
added to reach a final 12.5% (w/v) concentration.

Precipitated immune complexes were separated by centrifugation
(2000 x g, 10 min) and counted for 1 min on a Kontron MR252 7
counter. Navelbine concentrations were determined by interpolation on
the logit-log linearized standard curve (useful range, 0.1 to 20 ng/ml;
coefficient of variation <15%). Nonspecific inhibitions from predose
plasma (always less than 10% of control binding) were taken into
account to calculate navelbine concentrations. Urine samples were
analyzed after dilution using the same procedure. Preinjection urine or
urine from healthy donors did not produce measurable nonspecific
inhibitions.

Data Analysis. Time (identity of kinetic profiles from one course to
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Table 1 Patient characteristics

Wt Height Body area
Patient Sex Age (kg) (m) (mj) Diagnosis

1234567891011MMMMFFFFMMF65627439566065417055496050555166416662466460.69.71.70.78.60.60.55.57.59.68.64.7.7.7.6.7.4.7.6.4.7.6MyelomaEpidermoid
carcinomaTongue
carcinomaTongue
carcinomaBreast
cancerTongue
carcinomaBreast
cancerBreast
cancerMyelomaEpidermoid

carcinomaEpidermoid
carcinoma

another) and dose independence (direct proportionality between plasma
concentrations and administered dose at any time after injection) of
navelbine pharmacokinetics were studied by comparison of dose-nor
malized plasma level profiles. Since the sampling protocol was the same
following each dosing phase, the kinetic profiles of a given patient were
compared two by two using the following statistics

'IP- XCÂ«I2

where Cu-and C,c are the measured concentrations at each time /,â€¢(/' =

1, 2,... m, m being the number of measurements) following courses P
and Q, respectively, Xdenotes the dose ratio between the two compared
courses, and <rÂ¡is the variance of the measured C, level. Due to the
high sensitivity of the radioimmunoassay, the measured error was
attributed mainly to serial dilutions of plasma samples, and a constant
relative variance model (constant coefficient of variation) (16) was
retained to express <rÂ¡AIn this model a,2 = K2-C2 where K is the
coefficient of variation. A value of 20% (K = 0.2) was used in the
calculations. A high value was chosen to avoid false rejections of the
null hypothesis. Z2 follows a x2 distribution with n - 1 degrees of

freedom. The time (comparison of courses 2 and 3; X = 1) or dose
independence (comparison of courses 1 and 2 or 1 and 3; X= 0.5) were
rejected with a probability of error P <swhen Z2 Â»\2(m - I).

Pharmacokinetic parameters were estimated using a three compart
ment linear model consistent with the triphasic plasma concentration-
time curves. The three exponential equations describing the model were
fitted to the data by a nonlinear weighted least-square iterative algo
rithm, implemented in an interactive program (APIS) (17, 18). The
data were weighted according to the reciprocal of the squared measured
levels to account for measurement error (see the model of variability
defined above). The minimization of the weighted sum of squares was
iteratively performed using the BFGS formula (19). The validity of the
model was assessed by the goodness of fit expressed by a small relative
residual error. The relevant pharmacokinetic parameters Cl, rft, and
yâ€ž}were computed by the classical relations from fitted parameters

(20).
Urinary excretion was assessed as the fraction of administered dose

recovered in urine during 72 h.

RESULTS

Fig. 1 shows concentration-time curves obtained following
i.v. bolus administration of navelbine for two typical patients
at two different doses.

Time- and dose-dependence of navelbine pharmacokinetics
were assessed by the paired comparison of dose-normalized
concentration-time profiles. Results are given in Table 2. The
time dependence could be evaluated for 7 of the 11 patients
(those receiving two successive 30-mg/m2 doses: courses 2 and

3). For four patients (patients 8 to 11), the kinetic profiles were
not superimposable and therefore time independence was re
jected (P < 0.05). For these patients (as for example, patient
10, Fig. IB) significant (P < 0.05) dose dependence was also
demonstrated (comparison of courses 1 and 2 and/or 1 and 3,
15 and 30 mg/m2, respectively). However, this observation

TIME Chr>
Fig. 1. Plasma concentration-time curves of navelbine. Patient 5 (A, typical

example of time and dose independence) and patient 10 (B, typical example of
time and dose dependence) were given 15 mg/m: on day 1, 30 mg/m2 on day 16,
and again 30 mg/m2 on day 30 by i.v. bolus injection. Navelbine concentrations
are plotted versus time on a log-linear scale. â€¢first course; â€¢.second course; O,
third course.

Table 2 Time and dose dependence of navelbine pharmacokinetics evaluated by
paired comparison of dose-normalized plasma profiles

Patient1234567891011Time

dependence"

(P)NS<eNSNSâ€”â€”<0.01<0.05<0.01<0.01Dose

dependence*(P)<0.00l'NS<0.05NSNS<0.001â€”<0.05<0.05<0.01<0.05

Â°Comparison of courses 2 and 3 (30 mg/m2).
'Comparison of courses 1 and 2 or 1 and 3(15 and 30 mg/m2).
' NS, no significant differences between the dose-normalized profiles (/' <

0.05).
''Significant difference between the dose-normalized profiles resulting in a

rejection of time and dose independence for a given patient.'' â€”,not evaluated; courses 2 and/or 3 not available.

might be related to the time dependence evidenced between
courses 2 and 3. Three other patients (1,3, and 6) also exhibited
nonlinear kinetics. Time- and dose-independent kinetics were
observed in only 3 of the 10 assessable patients (2, 4, and 5,
Fig. IA).

The observed kinetic profiles were well described by a three
compartment pharmacokinetic model as indicated by the value
of the coefficient of variation of the residual variability (not
explained by the model) consistent with the analytical variabil
ity (Table 3). The mean values of the parameters of the three
exponential equation fitted to the data are given in Table 3.
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Table 3 Mean Â±SD fitted parameters of the three compartment pharmacokinetic model"

Dose
(mg/m2)1530

30nIff

6"7CV*

(%)16.3

Â±4.7
17.9Â± 2.4
15.7 Â±3.9A(IO'2

liter1)3.01

Â±2.72
2.95 Â±3.39
6.82 Â±3.65B(lO-'-liter1)1.83

Â±1.17
4.52 Â±6.90
2.75 Â±1.60C(lO-'-liter1)3.30

Â±1.96
3.59 Â±1.35
4.22 Â±2.27a8.94

Â±5.15
8.35 Â±3.58
16.4Â±3.8IT1Â»0.360

Â±0.202
0.339 Â±0.119
0.460 Â±0.179T0.0193

Â±0.0041
0.0200 Â±0.0078
0.0201 Â±0.0067

â€¢Model equation: C(/) = Dose (Ai""' + Be'
* CV, coefficient of variation of the residual error (i.e., the error not explained by the model).
; One kinetic profile not fitted by the model (patient 8).
'' Four kinetic profiles not fitted by the model (patients 3, 6, 10, and 11).

Table 4 Mean Â±SD pharmacokinetic parameters
Values were calculated from fitted parameters given in Table 3.

Dose
(mg/m2)15

3030n10 67CI(liter

h-'kg-')0.83

Â±0.33
0.78 Â±0.41
0.66 Â±0.29Mh)37.3

Â±7.5
40.2 Â±17.8
38.0 Â±12.7Vm(liter-

kg-')28.6

Â±11.727.2
Â±8.0

25.0 Â±11.0

The mean computed pharmacokinetic values of relevant param
eters (Cl, /./,, yss) are given in Table 4. The kinetics was often
noised by rebounds during the second and/or third phases. For
this reason, in 5 of the 28 available kinetics, it was impossible
to fit the data to the three exponential equation. Large inter-
individual variations were observed. However, some common
features appeared: I/high total Cl (from 0.27 to 1.49 liter-hr~'-
kg"1): 2/large Fss(from 8.2 to 48.2 liter-kg'1), and 3/long tv,

(from 22.1 to 67.8 h).
Navelbine pharmacokinetic parameters remained essentially

unchanged from one administration to another. This is con
firmed by comparison of the mean parameter values among
courses presented in Table 4. However patients 1 and 6 exhib
ited a 2-fold reduced Cl following the highest dose. It should
be noted that these two patients presented the most pronounced
dose dependence in the paired comparison of plasma profiles
(P< 0.001; Table 2).

Urinary excretion was consistently low and relatively con
stant over successive courses for a given patient. The 72-h
recovery averaged 4.0 Â±2.0 (SD), 4.1 Â±2.2, and 3.3 Â±1.4% of
the dose following 15, 30, and 30 mg/m2, respectively (range,

0.5 to 7.9%). Fig. 2 illustrates the cumulated urinary excretion
for the two representative patients (patients 5 and 10). It should
be noticed that patient 1, the only patient with high serum
creatinine, and patient 11, exhibited the lowest navelbine renal
excretion over 72 h.

DISCUSSION

Navelbine (5'-noranhydrovinblastine) is a novel antitumor

drug (1,2) currently under clinical investigation. It is structur
ally related to vinblastine and congeners, and its properties can
be compared to those of other Vinca alkaloids.

The pharmacokinetic properties of this compound have been
assessed following i.v. bolus administration to 11 patients as
part of a phase I clinical trial (9). The triphasic kinetic profile
observed was characteristic of Vinca alkaloids administered by
i.v. bolus (10-12). However, interpretations of plasma concen
tration decay kinetics in terms of multiple compartment models
achieve satisfactory statistical fittings, but linear modeling im
plies, for observations made on the same patient, that kinetics
are identical at a constant dose and that plasma concentrations
at any time after administration are directly proportional to the
dose. The present study was intended to test these implications.
The paired comparison of kinetic profiles obtained following
repeated administration at two dose levels (15 and 30 mg/m2)

Fig. 2. Urinary excretion of navelbine. Cumulative urine amounts of navelbine
are plotted versus time for patient 5 (A) and 10 (/>)â€¢â€¢.first course; â€¢,second
course; O, third course.

evidenced significant (P < 0.05) time and/or dose dependence
for most of the patients (7 of 10). Both phenomena were
probably related to the presence of nonsystematic rebounds in
the concentration-time curves, although no change in pharma
cokinetic parameters occurred except for two patients charac
terized by a marked reduction of Cl following the highest dose.
Such a behavior was previously reported for vindesine following
i.v. bolus dosing (11) and in pharmacokinetic studies following
long-term infusions of vindesine (15), vinblastine (14), and
vincristine (13) which demonstrated a reduction of Cl, indica
tive of nonlinear pharmacokinetics.

Parameters of the three compartment model reported in
Table 3 provide a data base useful in designing future clinical
trials and in optimizing therapeutic protocols. Cl and I',, are

slightly higher than those estimated for vinblastine (10). How
ever, this cannot explain the much lower toxicity of navelbine
(weekly clinical dose: 15 to 30 mg/m2) as compared with
vinblastine (weekly clinical dose: 7 to 8 mg/m2). Therefore the

linear relationship between clearance and weekly doses dem
onstrated by Nelson et al. (10) for vincristine, vindesine, and
vinblastine does not hold true for navelbine. Terminal half-life
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is similar to that of vinblastine or vindesine (10-12) and is
usual for this class of compounds.

As expected, renal excretion of navelbine was very low, as
was the case for other Vinca alkaloids. Thus, hepatic clearance
and/or metabolism must be very important in navelbine elimi
nation. Studies on metabolism of navelbine are in progress to
better understand its pharmacokinetics and to determine the
real signification of radioimmunoassay measurements, which is
still a general problem for Vinca alkaloids. Since no data on
navelbine metabolism are yet available, radioimmunoassay may
not be assumed to be strictly specific for the parent compound.
However, the specificity was primarily directed toward the
modified catharanthine moiety of the molecules, thus distin
guishing clearly navelbine and its analogues from vinblastine
and congeners.

In conclusion, navelbine might be considered in many re
spects as another member of the series of antitumor Vinca
alkaloids. Its comparatively low toxicity is partially accounted
for by its high clearance and its extensive distribution. Thus,
navelbine could be tolerated at high doses, leading to plasma
levels higher than is usually possible with other Vinca alkaloids.
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