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Summary. Vinzolidine (VZL), a novel, semi-synthetic 
vinca alkaloid showing evidence of oncolytic activity in 
phase I/II clinical trials, was studied in six patients for its 
pharmacokinetic and metabolic behavior. Following i.v. 
administration of [3H]-VZL at doses of 5, 6.7, and 
9 mg/m2, blood and urine samples were collected and ana- 
lyzed by sample oxidation and HPLC. Following a single 
i.v. dose, decay of total tritium in plasma was tetraphasic, 
with a rapid initial tl/2a of 0.044+0.013 h, followed by a 
tl/213 of 0.54_+ 0.22 h and a tl/2T of 9.48 +4.89 h; the termi- 
nal tl,,2~, was 219_+57 h. The mean plasma clearance of 
total tritium was 0.054_+0.044 1.kg/h, and the mean 
volume of distribution was 14.3 + 5.4 l/kg; mean urinary 
excretion was 13.6% -+ 4.3% of the delivered radioactivity. 
Qualitative analysis of plasma and urine revealed the pre- 
dominance of unchanged VZL plus two unidentified meta- 
bolites with different elution times. In comparison with 
oral VZL, as previously reported [7], i.v. injected VZL 
showed comparable values with respect to the volume of 
the central compartment (Vc), plasma clearance (Clp), and 
terminal tl/2 for total tritium. Qualitatively, the metabolites 
observed in plasma and urine were comparable in number 
and quantity with values obtained in analyses after oral 
administration. 

nonfunctional with respect to alkylation. The presumptive 
mechanism of action of VZL involves binding to tubulin, 
as has been reported for other vinca alkaloids [ 1 ]. 

In tumor screens, VZL was active against B 16 melano- 
ma, PI534J leukemia, Gardner's lymphosarcoma, 
6C3HED lymphosarcoma, 755 adenocarcinoma, C3H 
mammary carcinoma, and CA115 carcinoma. No activity, 
however, was found against Ridgeway osteosarcoma, 
L 1210 leukemia, or Lewis lung carcinoma [2]. 

Originally tested by oral administration in phase I and 
II studies, VZL showed significant antitumor activity [3, 6, 
9, 10, 13]. However, there was a wide variation in the oral 
dose of VZL that could be tolerated by patients, resulting in 
unpredictable and severe toxicity in some cases. The mech- 
anism of this unpredictable toxicity was never clearly de- 
fined but may have been due to differences in the extent of 
systemic absorption or differences in metabolism among 
patients. 

Because of its unpredictable clinical toxicity when giv- 
en orally, this drug was studied in a phase I trial of i.v. 
bolus administration once every 2 weeks [4, 5]. This paper 
presents the results of a.pharmacokinetic study with radio- 
labeled VZL that was carried out in six patients with 
cancer during evaluation of the drug's clinical pharma- 
cology after i. v. bolus administration. 

Introduction 

Vinzolidine (VZL) is a semi-synthetic vinca derivative 
with a substituted heterocyclic oxazolidine-dione ring at 
the 4" position of the vinblastine molecule. These modifi- 
cations contribute more rigid and lipophilic areas to the 
vinca alkaloid, possibly modifying the binding of the mol- 
ecule to receptor sites. The 13-chloroethyl side chain is 
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Patients and methods 

All patients treated with tritiated VZL met the same entry criteria out- 
lined for the phase I study by Budman et al. [4]. Special informed consent 
was obtained for the use of radioactive VZL as per institutional guide- 
lines. 

The doses used for the present studies were 5, 6.7, and 9 mg/m 2, 
comparable with those used in the then ongoing phase I study [5]. 
Tritiated VZL was synthesized by Lilly Research Laboratories. The 
radiolabeled preparation was supplied in vials containing 5 mg lyophil- 
ized powder (sp. act. 99.2 laCi/mg). Chemical purity tests revealed no 
other UV-absorbing material, and the radioactive purity was 94.8% as 
evaluated by HPLC in the laboratories of Eli Lilly and Company. 

The tritiated material was injected only once per patient and was 
given either alone (to the two patients receiving 5 mg/m 2) or mixed with 
unlabeled material in the syringe used for bolus i.v. injection. The drug 
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Table 1, Pharmacokinetics after a single i. v. dose of [3H]-vinzolidine: 4--exponential model a 

Patient Age Weight. Dose A" a hp.a B' 13 tu,.¢ C' '7 tw-r IY 5 ht'-8 V,.~ CIp AUC~o 
(years) Sex (kg) (rag) (mg/kg) (mg/m") (kg/1) (h -~) a(h) (kg/1) (h -t) I~(h) (kg/I) (h-') 8(h) kg/l (h -~) 8(h) I/kg l/kgha (pghml -~) 

LC 66 F 60 7.7 0.128 5 11.09 14.2 0.049 0.771 1.56 0.44 0.269 0.0679 10.19 0.094 0.002 233 9.1 0.027 4.73 

SJ 68 M 57 8.5 0.149 5 6.17 15.7 0.044 0.493 1.58 0.44 0.158 0.1158 5.98 0.043 0.003 223 20.1 0.063 2.38 

NN 70 M 83 13.3 0.161 6.7 5.25 12.8 0.054 0.623 0.99 0.70 0.169 0.0802 8.69 0.069 0.003 236 12.7 0.037 4.30 

SC 57 M 56 11.2 0.198 6.7 2.99 11.9 0.058 0.470 0.81 0.86 0.131 0.0700 9.90 0.028 0.006 109 22.1 0.141 1.41 

FF 47 M 86 18.4 0.213 9 7.16 16.4 0.042 0.802 1.17 0_58 0.171 0.0381 18.17 0.077 0.003 240 10.7 0.031 6.91 

DH 65 M 71 16.6 0.234 9 14.30 32.6 0.021 1.370 3.05 0.23 0.366 0.1742 3.97 0.081 0.002 274 11.2 0.028 8.23 

Mean 62 69 12.6 0.181 7.83 17.3 0.044 0.755 1.52 0_54 0.211 0.0910 9.48 0.065 0.003 219 14.3 0.054 

SD 8.7 13 4.3 0.041 4.14 7.7 0.013 0.331 0.81 0.22 0.089 0.0478 4.89 0.025 0.001 56.8 5.4 0.044 

a All values were calculated from quantitative evaluations of [3Hl-VZL-derived tritium. A', B', C °, and D' represent the dose-in variant y-intercept 
coefficients corrected for the l-min infusion interval; ~, 13, "/and 8 represent the exponents in the polyexponential equation; tlr2 represents plasma 
half-lives ~, ~, 7, and 8; AUC is expressed over time O..--~oo or O---~t; Vd5 represents the volume of distribution (area); and Clp represents plasma 
clearance 
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Fig. 1. Plasma vinzolidine (VZL) equivalents after i. v. administration of 
9 mg/m 2 [3H]-VZL to patient FF 

was always injected i. v. over I min to patients who had fasted overnight. 
Each patient received only one radiolabeled dose of VZL, given with the 
first course of therapy. Two patients were treated for each of the three 
doses evaluated, namely, 5, 6.7, and 9 mg/m 2. At time 0 (before drug 
administration) and at 5, 10, and 30 rain as well as at l, 2, 3, 4, 8, 16, and 
24 h and days 2 -8 ,  10, 12, 14, 16, and 18, blood was collected in 
siliconized tubes containing 150 units heparin; urine was collected quan- 
titatively at 0 -4 ,  4 - 8 ,  and 8 -24  h and, subsequently, every 24 h until 
day 18. Plasma was prepared from the specimens by centrifugation at 
2,000 rpm for l0 rain in a Damon IEC HN-S centrifuge (Damon, Need- 
ham Heights, Mass.). Samples were stored at -70" C until analysis. 

Extraction and analytical procedures, such as combustion analysis 
and I-IPLC methodology, were identical to those reported in our previous 
study using oral VZL [7]. All values presented are expressed as VZL 
equivalents. 

Both a 3-exponential and a 4-exponential model were used to eval- 
uate the data. Initial estimates for these polyexponential models were 
obtained using CSTRIP [ 12] and were further refined by nonlinear least- 
squares regression analysis using the program NONLIN 84 [15]. The 
weighting scheme used in the nonlinear least-squares regression was 
1/Y. The resulting fits indicated that the 4-exponential model best de- 
scribes the data. The equation for the four-compartment (postinfusion) 
model was: 

Cp = Dose (Ae-m+Be~ t +Ce-~' +De~), Eq. (1) 
where Cp represents the concentration in plasma or whole blood; 

t, the time from the start of infusion; and Dose, the dose in milligrams per 
kilogram body weight. 

The coefficients and exponents of this 4-exponential equation were 
fit to the data observed for each patient. Subsequently, the corresponding 
i. v. equivalent bolus coefficients were calculated using Eq. 2 to "correct" 
the coefficients for the infusion period: 

Z" = (Z~.x)/(l-e-X~), Eq.(2) 
where Z' represents the i. v. equivalent coefficient (A', B', CO, or D'); 
Z, the postinfusion coefficient (A, B, C, or D); x, the duration of the 

infusion; and ~., the exponent (a, 13, 7, or 5). 
In the analysis of these kinetic models, a l-min infusion period was 

assumed for all doses evaluated. For i.v. bolus equivalent pharmacoki- 
netic variables, such as the area under the curve, clearance, and the 
volume of distribution, the linear pharmacokinetic equations published 
by Wagner [ 14] were used. The trapezoidal rule area (AUC ") is the area 
calculated by a triangulation of the experimental data points. It differes 
from the AUC~o because it does not include the "tail end" of the curve 
AUC*0. The AUCo was calculated by integration of the pharmacokinetic 
model (Eq. 1). 

Results  

After a single i.v. bolus injection of [3H]-VZL, plasma 
decay of total tritium was best fitted to a 4-exponential 
curve, with a rapid mean initial-distribution a-phase half- 
life of 0.044+0.013 h for all six patients evaluated and 
two middle distribution-phase half-lives of (13) 0.54 + 0.22 
and (3') 9.48 + 4.89 h. The terminal half-life was character- 
ized by a mean of 219+57 h (range, 109-274 h) (Ta- 
ble 1). A representative decay curve for total tritium is 
demonstrated in Fig. 1 for a dose of 9 mg/m2. 

Whereas t l/2ct, t 1/213, and t I/2~, values showed little inter- 
patient variation, the tl/25 value for patient SC was substan- 
tially lower than that obtained for cohort NN, who received 
the same dose of 6.7 mg/m 2 (108.9 h vs 235.7 h). There 
was no obvious correlation of any of the tlf2 values with the 
delivered dose. The volume of distribution, Vd 
(14.3___5.4 l/kg), deviated substantially from the mean 
only in patients LC and SC. 

By dividing the trapezoidal area AUC t by the modeled 
area AUCgo, we found that 87% of the theoretical tritium 
curve area was included during 18 days of sampling. Mean 
plasma clearance was 0.054+0.044 l/kg&. When the 
AUC (in ngAa/ml) was plotted vs dose (in mg/kg), the 
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Fig. 2. Cumulative urinary excretion of tritium after administration of a 
9 m~m 2 i. v. bolus of [3H]-VZL to patient FF 
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Fig. 4. Comparison of plasma levels of total tritium ( t )  vs VZL ( • )  in 
patient LC following administration of 7.7 mg (5.0 mg/m 2, 0.128 mg/kg) 
[3H]-VZL. - - ,  NONLIN84 fit for total tritium; . . . .  , NONLIN84 
fit for VZL 
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Fig, 3. Elution pattern of VZL 
and its derivatives in the plasma 
and urine of patient FF in com- 
parison with a [3H]-VZL solu- 
tion 

Table 2. Pharmacokinetic variables for total tritium vs [3H]-VZL based 
on an i. v. bolus of 5 mg/m 2 [3H]-VZL given to patient LC 

Pharmacokinetic variable total tritium [3H]-VZL 

AUC~o (lag. h/ml) 4.73 0.27 

ht2_tt (min) 2.94 2.73 

tl~ terminal (h) (~)233 (y) 15.2 

Clearance (1/kg/h) 0.027 0.461 

Volume of distribution (Vdp)(t/kg) 9. l O l O. [ 

presence of a relationship between the AUC and the dose 
was suggested (not shown), in that a larger AUC was 
achieved for a greater dose of VZL (ra = 0.280). However, 
these data are insufficient to establish whether the kinetics 
of tritiated VZL were linear or nonlinear with respect to the 
dose. 

Urinary excretion amounted to 13.6%__+4.3% of the 
delivered radioactivity. A representative cumulative uri- 
nary excretion of tritium is shown in Fig. 2 for patient FF. 

Qualitatively, analysis of plasma extracts by HPLC 
revealed that the predominant product was unchanged 
VZL; moreover, significant amounts of unidentified meta- 
bolites or breakdown products were detected (Fig. 3). It is 
obvious that the major radioactivity in plasma was repre- 
sented by material other than VZL, including metabolites, 
breakdown products, and tritiated water (Fig. 4). When the 
pharmacokinetic variables for total tritium vs parent com- 
pound were compared (Table 2), large differences were 
especially noted in the AUCT, terminal tl/2, and clearance 
values, whereas the initial tl/2~ and Vd~ values and the 
terminal half-lives were comparable. The same prevalence 
of VZL was also noted in urine; the observed metabolites 
eluted at times comparable with those seen in plasma. No 
attempts were made to identify these substances. When the 
data for radioactivity in plasma were compared with those 
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in whole blood (not shown), it was found that the VZL- 
derived radioactivity was located predominantly in the 
plasma. 

Discussion 

In contrast to the data obtained after oral administration of 
VZL, the i.v. injected drug displayed a 4-exponential 
decay curve (Fig. 1) for total radioactivity. Whereas the 
mean terminal half-life following i. v. administration of the 
drug evaluated as total radioactivity, is comparable with 
that obtained after its oral administration (219 vs 172 h) 
(Table 1), both values are considerably greater than the 
corresponding values for i.v. vincristine, vinblastine, and 
vindesine (85, 25, 24 and 50 h, respectively) [8, 11]. 

As expected, the dose-normalized area under the curve 
(AUCT) showed a substantial increase over the value 
reported for oral administration at doses higher 
(29.2-36.5 rag/m2) than that used in the present study 
( 5 -  9 mg/m 2) (mean, 25.75 vs 11.76 kg/h/1). Unlike the 
situation with oral VZL, a relationship between AUC7 and 
injected dose was less obvious; this may be attributable to 
the small dose increments given in the present study, to the 
limited number of patients evaluated, or to interpatient 
variability in this respect. 

Mean plasma clearance (CIp) for total tritium was 
0.054 + 0.044 l/kg/h, with little interpatient variation being 
observed except in patient SC. This clearance was compa- 
rable with the mean value observed after oral VZL treat- 
ment (0.093 + 0.030 l/kg/h) but lower than those reported 
for vindesine (0.252+0.1 l/kg/h) and vinblastine 
(0.74 + 0.32 1/kg/h) [8]. Comparison of the volumes of the 
central compartment (Vc) revealed that VZL had a value of 
0.138 1/kg in the present study; for oral VZL, the value was 
6.7 + 2.9 l/kg. Corresponding values for i.v. vincristine, 
vinblastine, and vindesine were 0.328, 0.696, and 
0.045 l/kg, respectively [8]. The higher value obtained in 
the present study, along with those reported for vincristine 
and, especially, vinblastine may reflect rapid binding to 
formed blood elements. The high values for the volume of 
distribution (Vd) probably reflect extensive, reversible 
tissue binding. In this respect, VZL is comparable with 
vincristine and vindesine but not vinblastine, with values 
obtained for these four compounds being 11.4+4.0, 
8.42 ___ 3.17, 8.84 +__ 4.35, and 27.3 _+ 14.9 l/kg, respectively. 

Analysis by HPLC of a representative series of plasma 
samples obtained from patient LC after a bolus injection of 
5 mg/m2 [3H]-VZL (Fig. 3, Table 2) revealed significant 
amounts of radioactivity no longer associated with [3H]- 
VZL. This suggests metabolism, chemical breakdown, or 
exchange of tritium for hydrogen. Whereas minor metabo- 
lites (or related substances) of VZL as evaluated by HPLC 
were obvious in plasma as early as 5 min after the injection 
(Fig. 3), the initial (t l/2a) half-lives and volume of distribu- 
tion were comparable for total tritium and VZL-derived 
tritium (Table 2), but the AUC, terminal tl/2, and clearance 
showed large differences. This implies that metabolism, 
chemical degradation, and tritium exchange were taking 
place predominantly after the distribution phase, i.e., intra- 
cellularly. 

Urinary excretion amounted to a mean of 13.6% of the 
delivered radioactivity. In comparison, following oral ad- 
ministration, the mean radioactivity excreted in urine 
amounted to only 3.6% over a comparable duration of 
urine collection. By calculation, the oral absorption of VZL 
amounted to about 25% of the delivered dose. 

From these studies we concluded that i.v. injection of 
tritiated VZL results in a half life for total radioactivity that 
is comparable with that observed after oral administration. 
VZL has a considerably longer terminal half-life for total 
tritium than that reported for other commonly used vinca 
alkaloids. Qualitative HPLC showed breakdown products 
and true metabolites that were similar to those previously 
reported by us in a study using oral VZL [7]. 

References 

1. Bender RA, Chabner BA (1982) Tubulin binding agents. In: Chab- 
ner B (ed) Pharmacologic principles of cancer treatment. Saunders, 
Philadelphia, pp 256-268 

2. Brochure (1981) Vinzolidine, an investigational new drug. Eli Lilly 
Co., p 92 (on file with the Food and Drug Administration) 

3. Budman DR, Schulman P, Marks M (1984) Phase I trial of vin- 
zolidine (LY 104208) given on an every two week schedule. Cancer 
Treat Rep 68:979 

4. Budman DR, Kreis W, Milazzo J, Schulman P, Allen S, Weisel- 
berg L, Satterlee W, Vineiguerra V (1988) Phase I trial of i.v. vin- 
zolidine (LY 104208) on a two week dosing schedule. Proc Am Soc 
Clin Oncol 7:55 

5. Budman DR, Kreis W, Milazzo .l, Schulman P, Allen S, Weisel- 
berg L, Satterlee W, Vinciguerra V (1990) Phase I trial of i.v. vin- 
zolidine (LY 104208) on a two week dosing schedule. Invest New 
Drugs (in press) 

6. Koeller TM, Trump DL, Wittes RS, Davis TE, Nelson RL, Tormey 
DC, Ramirez G (1984) Phase I trial and pharmacokinetics of vin- 
zolidine on a daily x 5 oral schedule. Proc Am Assoc Cancer Res 25: 
163 

7. Kreis W, Budman DR, Schulman P, Freeman J, Greist A, Nelson RL, 
Marks M, Kevill L (1986) Clinical pharmacology of vinzolidine. 
Cancer Chemother Pharmacol 16:70 

8. Nelson RL (1982) The comparative clinical pharmacology and phar- 
macokinetics of vindesine, vincristine and vinblastine in human 
patients with cancer. Med Pediatr Oncol 10: ! 15 

9. Nelson RL (1983) Clinical pharmacology of vinzolidine, a new 
orally active vinca alkaloid derivative. Proc Am Soc Clin Oncol 2:19 

10. Nelson RL (1983) Review of phase I - I I  clinical trials with vin- 
zolidine, a new orally active semisynthetic vinblastive derivative. In: 
Proceedings of the 10tb International Symposium on Biological 
Characterisation of Human Tumors, Brighton, England, Oct, 1983, 
Abstract IV. 7. 

11. Owellen RT, Root MA, Haius RD (1977) Pharmacokinetics of 
vincristine and vindesine in humans. Cancer Res 37:2603 

12. Sedman A J, Wagner JG (1976) CSTRIP, a FORTRAN IV computer 
program for obtaining initial polyexponential parameter estimates. 
J Pharm Sci 65:1006 

13. Takasugi BT, Louis SE, Robertone AB, Miller TP (1983) Phase II 
study of vinzolidine, a new oral vinca alkaloid. Proc Am Assoc 
Cancer Res 24:122 

14. Wagner JG (1976) Scientific commentary: linear pharmacokinetic 
equations allowing direct calculation of many needed pharmacoki- 
netic parameters from coefficients and exponents of polyexponential 
equations which have been fitted to the data. Pharmacokinet 
Biopharm 4:433 

15. Weiner DL (1986) NONLIN 84/PCNONLIN. Software for the 
statistical analysis of nonlinear models. Methods Find Exp Clin 
Pharmacol 8:625 


