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Summary. Plasma pharmacokinetics of VP16-213 
were investigated after a 30-60  min infusion in 14 
adult patients and six children. In adults the elimina- 
tion half-life (T1/2 fl), plasma clearance (Clp) and 
volume of distribution (Vd) were respectively 
7.05 + 0.67 h, 26.8 +_ 2.4 ml/min/m 2, and 15.7 +_ 1.8 
1/m2; in children 3.37 +_ 0.5 h, 39.34 + 6.6 ml/min/m 2, 
and 9.97 +_ 3.7 l/m 2. After repeated daily doses no 
accumulation of  VP16-213 was found in plasma. The 
unchanged drug found in the 24 h urine after admin- 
istration amounted to 20-30% of the dose. 

In eight choriocarcinoma patients plasma levels of  
VP16-213 were measured after oral capsules and 
drinkable ampoules. The bioavailability compared to 
the i.v. route was variable, mean values being 57% for 
capsules and 91% for ampoules. In one further 
patient, with abnormal d-Xylose absorption results, 
VP16-213 was not detectable in plasma after the oral 
ampoule dose. 

Steady state levels investigated in three patients 
after 72h continuous VP16-213 infusion (100 
mg/m2/24h) were around 2 - 5  izg/ml. Levels of  
VP16-213 were undetectable in CSF after i.v. or oral 
administration. 

Introduction 

VP16-213 (VP16) (NSC-141540) is a semisynthet ic  
podophyl lo tox in-der iva t ive  r epo r t ed  to be active in 
some  exper imen ta l  and h u m a n  mal ignancies  [3, 5, 11, 
12, 14, 15, 17]. Pha rmacok ine t i c  studies could help  
rat ional ize and improve  the clinical efficacy of this 
c o m p o u n d ,  whose  an t i tumor  effect  is known  to be  
dosage-schedule  dependen t  in animal  models  and 
appears  increasingly to be  so in m a n  too [5, 15]. Some  
clinical pha rmacok ine t i c  studies are avai lable but  
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apar t  f rom the ques t ionable  specificity of  the m e t h o d s  
used,  they repor t  da ta  on only small  numbe r s  of  
pat ients  af ter  i.v. adminis t ra t ion,  whereas  the drug 
can also be  given orally. This need  for  be t t e r  
knowledge  of  the pharmacok ine t i c s  of  VP16 
p r o m p t e d  different  groups  to deve lop  analytical  
assays with the requi red  specificity, sensitivity, and 
reliability for  clinical research  studies [1, 9, 10, 18, 
19]. Using an H P L C  m e t h o d  deve loped  in our  
l abora to ry  [9], we have  invest igated VP16 kinetics 
after  i.v. adminis t ra t ion  to a cons iderable  n u m b e r  of  
adult  pat ients  and in children and c o m p a r e d  the  
bioavai labi l i ty  of  the  drug given oral ly in capsules  or  
dr inkable  ampoules .  Some  pre l iminary  da ta  on 
p lasma levels of  VP16 given in 72 h cont inuous  
infusion are also repor ted ,  

Materials and Methods 

Patients. Twelve adult patients were suffering from gestational 
choriocarcinoma relapsing from previous chemotherapy or with 
metastatic involvement of distant organs including abdominal 
cavity, lung or CNS. One of these patients (No. 13) and three other 
patients who received 2 h continuous infusion had lung cancer. 
Another patient (No. 10) had ovarian dysgerminoma. Six children 
were suffering from acute leukemia refractory to conventional 
chemotherapy. All patients had normal liver and renal func- 
tion. 

Drug Treatment. VP16 for clinical use was supplied by Bris- 
tol-Myers, New York, NY. The oral capsules or ampoules were 
given to patients fasted from 12 h before to 8 h after VP16 
treatment. All patients were given VP16 for 5 consecutive days and 
the courses were repeated every 4 weeks. The pharmacokinetic 
studies were performed in the 24 h after the first daily dose of the 
cycle. Patients 4 and 6 were also investigated after the 5th daily i.v. 
dose of the first course. Patients 3 and 6 received first the 5-day i.v. 
course, then after 4 weeks a 5-day oral capsules course, then after 
another 4 weeks a 5-day oral ampoules course. Patients 1, 2, and 7 
received first the 5-day i.v. course, after 4 weeks a 5-day oral 
ampoules course and after another 4 weeks a 5 day oral capsules 
course. Patients 4, 5, and 8 received first the 5-day oral capsules 
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course, after 4 weeks a 5-day i.v. course and after another 4 weeks 
a 5-day oral ampoules course. 

Sample Collection. Blood samples of 3 ml were collected from a 
forearm vein at intervals from 0 - 2 4 h  after infusion or oral 
administration, immediately put into heparinized tubes and spun 
down at 2,000 rpm. From patients 1, 2, 3, and 8, 8 ml of CSF were 
taken by lumbar puncture between 4 -17  h after the i.v. drug and 
in patients i and 3 again 3 - 4  h after oral capsule administration. 
The volume was replaced with saline containing 10rag of 
methotrexate. Five ml of CSF were sent to the laboratory for 
fl-HCG determination and the other 3 ml were stored like the 
plasma samples at - 20  ° C for drug assay. A part of the 24 h urine 
was also stored at - 2 0 ° C  until analysed. 

Drug Assay. The method, described in detail elsewhere [9], can be 
summarized as follows: after diisoporopyl ether washing of plasma 
(1 ml), urine (0.5 ml) or CSF (2.5 ml), extraction is carried out with 
chloroform using VM26 as internal standard. The organic phase is 
dried under vacuum and the residue is redissolved in 100 ~tl of 
mobile phase; 5 -20  ~l of this solution was injected into a Waters 
Model 440 HPLC equipped with a 254 nm absorbance detector. 
Separation was achieved with an isocratic solvent system of water 
(45%) and methanol (55%) at a flow rate of 1 ml/min using a 25 cm 
long Lichrosorb RP-8 (5 ~tm) column purchased from Merck, 
Darmstadt, FRG. 

A calibration curve was plotted using VP16 concentrations of 
0.5, 1, 5, and 20 ~tg/ml. Extraction recovery was 79 + 3%. The 
lower limit of sensitivity was 0.5 ~tg/ml of plasma and the coefficient 
of variation of the method was less than 10%. 

Pharmacokinetic Calculations. The following formulae were used 
for pharmacokinetic evaluation: 
AUC = Area under the plasma concentration vs. time curve 

0--* ~ extrapolated to infinity (trapezoidal method) 
F = Bioavailability, i.e., ratio of AUC 0--~ ~ after oral to 

that after intravenous administration in the same sub- 
ject 

VD = Apparent volume of distribution: 
Dose × F 

AUC ×/3 
F = 1 in the case of i.v. administration 
fl = Apparent first order rate constant for elimination of 

drug from the body 

Clp = Plasma clearance: Dose × F 
AUC 0--> 

F = 1 in the case of i.v. administration 

A 3-compartment open model after oral administration was 
applied for data of patients 1, 2, 3, 4, and 6 and a 2-compartment 
model for patients 5, 7, and 8. The 2-compartment open model was 
applied after i.v. administration. All data were processed using a 
non linear fitting program. 

Results 

After 30-60rain infusion VP16 disappears from 
plasma following a biphasic pattern. Tables 1 and 2 
show the pharmacokinetic parameters respectively in 
adults and children. As indicated by the Clp and Tt/2 fl 
values the elimination of VP16 appears to be faster in 
children, particularly when after 100 mg/m 2, than in 
adults. Figure 1 shows the virtually identical VP16 
plasma levels after the 1st and 5th daily i.v. doses of 

the 5-day course, indicating no drug accumulation in 
plasma. Urinary elimination of the unchanged VP16 
in the 24 h after treatment accounted for 20-30% of 
the dose (data not shown). 

Table 3 summarizes the pharmacokinetic and 
bioavailability data in the eight patients given cap- 
sules or drinkable ampoules. The peak plasma level 
was achieved in 0 .5 -4h ,  then rapidly declined, 
corresponding to the distribution phase, followed by 
a slower elimination rate. The elimination half-life of 
VP16 was 4.7 + 0.78 after capsules and 5.98 + 1.0 
after ampoules. The bioavailability of capsules and 
ampoules was respectively 57 (29-137)% and 91 
(48-149)% of that found after i.v. administra- 
tion. 

In patient No. 9, who did not absorb d-Xylose 
normally, no VP16 was detectable in plasma after the 
oral ampoule dose and the lack of absorption of VP16 
was confirmed when the investigation was repeated 
1 month later. VP16 was not detectable in CSF 
sampled 3, 4, 6, and 17 h after 60 rain infusion in four 
patients and 3 and 4 h after oral capsules. 

As shown in Figure2 after 72h continuous 
infusion of 100 mg/mZ/24 h VP16, plasma levels of 
2 - 5  ~g/ml were reached approximately 2 -3  h from 
the beginning and were maintained until the end of 
the infusion period, after which thus declined at the 
same elimination rate as after rapid infusion. 

Discussion 

As previously described by Creaven and Allen [2, 7] 
VP16 disappears biphasically from patients' plasma, 
but the elimination rate found in this study was faster 
than reported by these authors. The mean elimina- 
tion half-life (Tv2fl) after i.v. administration was 
about 7 h, compared to 11.5 h described by Creaven 
and Allen [2, 7]. This discrepancy could be due to the 
different analytical method used. Creaven et al. 
determined 3H-VP16 after labelled drug treatment 
and the radioisotopic method may be less specific, 
possibly not distinguishing some chloroform extract- 
able metabolites from the parent drug. More recent 
data obtained measuring VP16 by HPLC are in fact 
closer to the present results [11, 14, 15]. As the Tvzfl 
is much shorter than the interval between subsequent 
doses (24h), it is not surprising that no drug 
accumulates in plasma after five consecutive daily 
doses. 

The faster [9, 16] disappearance of VP16 in 
children is likely to be related to the faster drug 
biotransformation or elimination already described 
for other compounds. The kinetic differences could to 
some extent, explain why children appear to tolerate 
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Table 1. Pharmacokinetic parameters of VP16 after i.v. administration to adult patients 
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Patient Age Dose A a T1/2 a B fl 
(years) (mg/m 2) (Ixg/ml) (min -1) (min) (~tg/ml) (min -1) 

T1/2 fl AUC Clp Vd 
(h) 0----> oo (ml/mirdm 2) (1/m 2) 

(~g/ml × min) 

1 38 100 10.21 0.0086 81 3.63 0.0019 
2 29 100 12.37 0.0599 12 7.86 0.0018 
3 30 100 11.27 0.0082 84 2.91 0.0019 
4 28 100 10.64 0.0073 95 3.85 0.0015 
5 33 100 8.99 0.0075 92 4.11 0.0012 
6 31 100 12.38 0.0082 85 1.43 0.0017 
7 26 100 4.93 0.0099 70 5.60 0.0020 
8 40 100 4.37 0.0130 53 6.34 0.0022 
9 29 100 13.64 0.0064 108 7.07 0.0016 

10 12 100 17.93 0.0094 74 5.88 0.0023 
11 40 100 6.92 0.0572 12 9.06 0.0026 
12 32 100 11.40 0.0094 74 8.62 0.0019 
13 55 100 6.63 0.0222 31 2.86 0.0014 
14 45 200 26.07 0.0057 122 5.51 0.0008 

6.0 3,049 32.8 17.3 
6.4 4,641 21.5 12.0 
6.0 3,072 32.5 17.1 
7.7 4,079 24.5 16.3 
9.6 4,723 21.2 17.6 
6.8 2,391 41.8 24.9 
5.8 3,351 29.8 14.9 
5.2 3,270 30.6 13.9 
7.2 6,832 14.6 5.6 
5.0 4,607 21.7 9.4 
4.4 3,616 27.6 10.6 
6.0 5,960 16.8 8.8 
8.2 2,291 43.6 31.2 

14.4 12,306 16.2 20.3 

A 

T1/2 a = 
B = 
# = 

T1/2fl = 

T a b l e  2 .  

Intercept of fastest disposition slope with ordinate 
Fastest disposition rate constant 
Distribution half life 
Intercept of slowest disposition slope with ordinate 
Slowest disposition rate constant 
Biological terminal half life 

Pharmacokinetic parameters of VP16 after i.v. administration to children 

Patient Age Dose A a T1/2 a B fl 
(years) (mg/m 2) (~tg/ml) (min -1) (rain) (~tg/ml) (min -1) 

Twz fl AUC Clp Vd 
(h) 0 ~ oo (ml/min/m 2) (1/m 1) 

(~tg/ml x min) 

15 4.4 95 6.77 0.0943 7 8.13 0.0069 
16 3.7 100 12.55 0.0522 13 9.90 0.0048 
17 4.8 108 14.33 0.0330 21 9.85 0.0048 
17 4.8 216 21.27 0.0099 70 8.40 0.0023 
18 9 200 41.32 0.0107 65 13.15 0.0022 
19 7 200 67.67 0.0120 58 8.12 0.0026 
20 9.5 200 16.35 0.0573 12 17.66 0.0046 

1.7 1,324 71.7 10.4 
2.4 2,503 39.9 8.3 
2.4 2,631 41.0 8.5 
5.0 6,055 35.7 15.5 
5.2 10,080 19.8 9.0 
4.4 9,471 21.1 8.1 
2.5 4,332 46.2 10.0 

Table 3. Pharmacokinetic parameters of VP16 after oral capsules (cp) or ampoules (amp) 

Patient Dose Peak Time A a T1/2a B fl T1/2fl AUC F Vd 
(mg/m 2) level (rain) (~tg/ml) (rain -1 ) (rain) (vg/ml) (min -1 ) (h) 0 --> ~ (%) (1/m 2) 

(~tg/ml) 0xg/ml × rain) 

1 cp 214 18.9 120 16.96 0.0072 96 11.20 0.0016 
amp 143 15.1 150 36.15 0.0083 83 5.72 0.0012 

2 cp 200 21.6 35 14.68 0.0111 62 9.22 0.0018 
amp 133 9.1 60 - - - 9.21 0.0021 

3 cp 200 6.9 150 6.79 0.0078 89 6.36 0.0022 
amp 133 10.6 160 11.70 0.0061 114 3.40 0.0015 

4 cp 186 6.6 50 8.77 0.0262 26 4.29 0.0018 
amp 125 10.6 120 8.84 0.0065 107 7.94 0.0014 

5 cp 193 12.32 45 - - - 9.63 0.0022 
amp 129 10.36 120 - - - 10.62 0.0018 

6 ep 207 5.0 60 5.43 0.0099 70 2.47 0.0022 
amp 138 8.0 30 11.38 0.0100 69 1.11 0.0013 

7 cp 182 9.85 45 - - - 9.74 0.0041 
amp 121 8.41 30 - - - 6.44 0.0025 

8 cp 150 4.8 240 - - - 8.50 0.0021 

7.2 8,940 137 20.5 
9.6 6,488 149 27.4 

6.4 5,939 64 12.0 
5.5 4,306 70 10.3 

5.2 3,028 49 14.7 
7.7 3,705 91 21.7 

6.4 2,479 33 13.7 
8.2 6,172 121 17.5 

5.2 4,244 46 9.5 
6.4 5,554 91 11.7 

5.2 1,445 29 18.9 
8.9 1,590 48 32.0 
2.8 2,124 35 7.3 
4.6 2,640 65 11.9 

5.5 3,042 62 14.6 



144 M. D'Incalci et al.: VP16-213 Pharmacokinetics 

VP16 
/ag/ml  

50. 

° "6 '  Z '  8 '  ,'o' 

Fig. 1. VP16 plasma levels after 
1st ( ) and 5th ( - - - )  i.v. daily dose 
(100 mg/m2/day) in patient 3 (O) and 
patient 9 (©) 
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Fig 2. VP16 plasma levels in three patients receiving 72 h continuous infusion (100 mg/m2/24 h) 

VP16 treatment better. Even though it cannot be 
statistically demonstrated, it is suspected that the 
elimination half-life of VP16 grows longer at larger 
doses. This tendency was observed in children, 
patient No. 17 showing VP16 half-lives of 2.4 and 5 h 
after 108 and 216 mg/m 2. In addition, only adults 
given 200 mg/m 2 had a Tu2# more than double the 
mean T u ~  of the other 13 subjects given 100 mg/m 2. 
The possibility of dose-dependent kinetics of VP16 
cannot be excluded and requires further studies. 

After oral administration the bioavailability of 
VP16 appeared to be variable. Previous studies 
indicate that a double oral dose is necessary to 
produce bone marrow toxicity equivalent to that 
arising after i.v. administration [4], suggesting that 
systemic bioavailability of the drug given p.o. is 50%. 
The present findings suggest that in some cases 
doubling the dose may not be sufficient to reach the 

same levels as after i.v. treatment, but in others much 
higher drug concentrations are reached, possibly 
resulting in severe toxicity. The observation of 
bioavailability higher than 100% in patient 1, after 
oral capsules and ampoules, further suggests that the 
elimination of VP16 is not proportional to the plasma 
concentration. When a higher oral than i.v. dose is 
given, if the absorption is efficient plasma levels 
should be higher than after the i.v. dose; this could 
result in a slower elimination rate. Patient 1 had in 
fact an elimination half-life of 6 h after the i.v. dose 
and 7.2 and 9.6h after the oral capsules and 
ampoules. Therefore, when the i.v. route cannot be 
used, oral administration should be carefully fol- 
lowed by monitoring plasma drug levels to permit 
appropriate dose adjustment in each patient. It also 
appears advisable to test the absorption of d-Xylose 
before starting oral VP16 treatment, particularly in 
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patients who have previously received other chemo- 
therapy known to cause gastrointestinal toxicity, 
altering absorption [13]. 

When tolerable doses of VP16 are given by 
continuous infusion, steady state levels reported to be 
highly cytotoxic on different cell lines [7a, 11] are 
achieved; this offers a rationale for investigating the 
clinical efficacy of this method of administration. 

As previously described, there is poor CSF 
penetration by VP16, and this is in good agreement 
with distribution data in mouse indicating very low 
drug levels in the brain [6]. 
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