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Abstract-In patients with small-cell lung camel VP-16-21 3 is oftnr given in combination 
with doxorubicin and cyclophosphamide. Little is known about possible interactions between these 
drugs. Therefore we investigated in 7 patients the phannacokinetics of VP-16-213, with and 
without the other two drugs. 

We found no change in the phartnacokinetics. We also provide evidence that the pharmacokinetics 
did not change in two sequential administrations of the drug. 

Phannacokinetic data are in agreement with previous reports. 

INTRODUCTION 
VP-16-213 (etoposide, NSC 141540), a semisyn- 
thetic epipodophyllotoxin derivative, is an active 
agent against small-cell lung cancer (SCLC), tes- 
ticular cancer, malignant lymphomas and some 
other malignancies [ 11. 

For SCLC, VP- 16 is one of the most active drugs 
[2]; the response seems to be schedule dependent 
[3]. Combination chemotherapy results in higher 
response rates for SCLC than single agent therapy 
of VP-16-213 [2]. In 1975 the three-drug combi- 
nation, consisting of cyclophosphamide, doxoru- 
bicin and VP-16-21 3, was recognized as a highly 
active combination against SCLC by the Cancer 
Centre of the University of Maryland [4]. 
Pharmacokinetic studies of VP- 16-2 13 in patients 
have been reported for medium [4-91 and for high 
dose treatment [lo]. All three drugs are bound 
to protein, metabolized extensively and important 
amounts of the parent drugs or metabolites are 
excreted in the urine (see Discussion). 

An influence on pharmacokinetic behaviour of 
VP-16-2 13 can be expected from these possible 
interactions. Therefore we compared the pharmaco- 
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Table 1. Main characteristics of thcpatients 

Patient No. Sex Age Stage* 

1 Male 59 LD 
2 Male 72 ED 
3 Female 74 ED 
4 Female 57 ED 
5 Male 59 ED 
6 Male 65 LD 
7 Male 48 LD 

*LD = limited disease; ED = extensive disease. 
No patient had abnormal liver or kidney function tests. 

kinetic data of VP-16-213, after simultaneous 
administration of doxorubicin and cyclophospham- 
ide, with data obtained after administration of VP- 
16-213 alone, in the same patient. 

PATIENTS, TREATMENT AND SAMPLING 
PROCEDURE 

We studied 7 patients with SCLC. The main 
characteristics of the patients are presented in 
Table 1. 

In our hospital two alternating drug combi- 
nations have been given. Cyclophosphamide, 
doxorubicin and VP-16-213 alternate with cyclo- 
phosphamide, methotrexate, CCNU and vincris- 
tine. The first combination is given as follows: 
cyclophosphamide 800 mg/sqm (bolus, i.v.), 
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doxorubicin 40 mg/sqm (bolus, i.v.) and VP-16- 
213 100 mg/sqm ( 1 hr infusion) on day 1 and day 
8. In our study, cyclophosphamide and doxorubicin 
on day 1 were given just before the administration 
of VP-l 6-2 13. Therefore we were able to investigate 
the pharmacokinetics of VP-16-213 with (day 1) 
and without (day 8) the other two drugs. Samples 
were taken on day 1 and 8 at 0 min, 30 min. (during 
infusion), 60 min (directly after the infusion), 
75 min, 90 min, 2 hr, 2.5 hr, 3 hr, 4 hr, 5 hr, 6 hr, 
11 hr and 25 hr. 

In all patients the study was done during the first 
course of treatment. The samples were directly put 
on ice, centrifuged and stored at -30” C. 

Drug assay 
VP-16-213 was determined with a HPLC system 

in combination with an electrochemical detection 
system. The method has been developed by Hol- 
thuis et al. [ 111. VP- 16-2 13 and VM-26 (teniposide) 
were kindly provided by Bristol-Myers (Syracuse, 
New York, U.S.A.). All other chemicals used were 
of analytical grade. VM-26 was used as an internal 
standard. VM-26, in a methanolic solution, was 
transferred into a polypropylene tube. The plasma 
(0.25-l cc) was added after evaporating the meth- 
anol. After vortexing, dichloromethane (3 cc) was 
added. The extraction mixture was shaken and 
centrifuged (2500 rpm). The plasma was then 
removed and the dichloromethane was evaporated. 
The residue was redissolved by vortexing and son- 
ification in 200 pl of the mobile phase. The mobile 
phase consisted of methanol/O.065 M phosphate 
buffer (60 : 40, v/v); 10-50 pl were injected in 
the HPLC system. We used a phenyl Bondapack 
column (Waters, Bedford, MA 01730, U.S.A.). The 
flow rate was 1 ml/min. Using this procedure the 
recovery was higher than 90%. 

The electrochemical detector has been described 
elsewhere [ 121. ,We measured at a constant electrode 
potential of + 0.6OV (vs Ag/AgCl). The correlation 
coefficient of a standard plot, constructed by meas- 
uring seven concentrations in the expected range, 
was 0.99. Our limit of quantitation was 10 ng VP- 
16-2 13/ml of plasma. 

Calculation d’pharmacokinetic data 
The area under the plasma concentration vs time 

curve (AUC) was calculated with the trapezoidal 
rule and the halflife time with the stripping method 
[ 131. The mean residence time (MRT) was calcu- 
lated according to van Rossum [ 141. Total body 
clearance (Cl,,) was calculated from Cl,, = D/ 
AUC in which D is the dose and AUC is the area 
under the plasma concentration vs time curve. The 
distribution volume belonging to the beta phase was 
calculated according to Gibaldi and Perrier [ 131. 

RESULTS AND DISCUSSION 
Typical plasma concentration vs time curves of 

two patients are represented in Fig. 1. 
The calculated pharmacokinetic parameters for 

VP-16-213 for 7 patients have been summarized in 
Table 2. No drug was detected in the pretreatment 
samples on day 8. In the first 25 hr the plasma 
levels of VP- 16-2 13 describe a biexponential decay 
curve. On day 1 and 8 the individual differences in 
the patients and the mean differences were very 
small. Because of this, it was not reasonable to look 
for a correlation with toxicity or response in these 
few patients. Our data show that there is no influ- 
ence of doxorubicin and cyclophosphamide admin- 
istration on VP-l 6-2 13 plasma disappearance rate 
for the applied schedule. 

Some comparative data of previous studies are 
summarized in Table 3. Our data are in accordance 
with those ofearlier reports. Protein binding, metab- 
olism and renal clearance are important variables 
of VP-16-213 and these can be influenced by other 
drugs. Although the body is a very complex system, 
only a few processes determine the shape and the 
height of the plasma concentration vs time curve 
[ 151. Apparently these factors are not significantly 
influenced by the presence of the other drugs, 
resulting in a change ofpharmacokinetic par- 
ameters of VP- 16-2 13. 

Protein binding of VP-16-213 is high (94%) [7]; 
doxorubicin is bound for 70% [16] and cyclopho- 
sphamide for 12-24% [ 17 1. Both doxorubicin [ 181 
and cyclophosphamide [ 191 are metabolized exten- 
sively. In viuo metabolism of VP- 16-213 is largely 
unknown, but may be considerable. After adminis- 
tration of radiolabelled VP-16-213 50% of the 
radioactivity did not leave the body within 72 hr 
[20]. For high-d ose VP-16-213 Holthuis et aE. have 
found considerable amounts of the glucuronide in 
urine and low amounts of the c&isomer and the 
trans-hydroxy acid [lo]. Interesting metabolites, 
responsible for the antineoplastic effect, have been 
suggested by Van Maanen et al. [21]. Sinkule et al. 
[22] found a strong correlation between elevated 
liver enzymes in plasma and diminished systemic 
clearance. 

Kidney clearance is important in the elimination 
ofVP-16-213 (about 30% ofthe administered dose) 
[5, 211. Also at this level the other drugs could 
have an effect since both doxorubicin [19] and 
cyclophosphamide [20] and metabolites are 
excreted in the urine. 

CONCLUSION 
This study has provided evidence that important 

factors, such as protein binding, metabolism and 
renal clearance were not affected by the other cyto- 
static drugs to the degree that the change resulted 
in a different plasma concentration vs time curve. 
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Fig. 1, Typical plasma concentration us time curoes of 2 patients at day 1 (0) and day 8 (A) during and after VP- 16-2 13 
infusion (dose 100 mgisqm). 

Table 2. Calculatedphawnacokineticparameters for VP-16-213 

Patients Day t+ AUC MRT Cl,“, Vd 
(min) (mg.hr/l) (min) (ml/min.sqm) (l/sqm) 

1 

2 

3 

4 

5 

6 

7 

Mean 

1 346 102 418 16.3 8.2 
8 316 88 392 18.9 8.6 
1 384 104 478 15.9 8.8 
8 409 92 457 18.0 10.7 
1 291 76 396 21.8 9.2 
8 348 76 369 22.0 11.0 
1 346 82 418 20.3 8.7 
8 316 105 392 15.8 7.2 
1 287 64 336 26.1 10.8 
8 311 56 320 29.9 13.4 
1 290 105 479 15.9 6.7 
8 307 102 510 16.3 7.3 
1 262 69 364 24.1 9.1 
8 279 78 325 21.4 8.6 
1 315 86 413 20.1 8.7 
8 327 85 395 20.3 9.5 
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Table 3. Comparative data of previous studies 

Study 
Dose No. of 

(mg/sqm) patients 
Gt,,,, 

(ml/min.sqm) 
Ref. 

Hande 409-800 12 8.05 28.0 [51 
D’Incalci 200-250 14 5.80 19.5 Kl 
Allen 100-200 10 7.05 26.8 [71 
Scalzo 80 6 5.95 19.2 Fl 
Ho 40-120 12 3-14 16?7 [91 

The previous administration of VP-16-2 13 itself 
did not affect the pharmacokinetics either by e.g. 
induction or change in metabolism or clearance. 
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