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Abstract-Following oral administration considerable variation in the bio- 
availability of etoposide has been reported between patients and with different 
formulations of the drug. The variation within patients following repeated doses is 
unknown and has therefore been studied in seven patients receiving therapy on 
three successive days for relapsed small cell lung carcinoma. Etoposide was 
administered at a dose of 400 mg orally and plasma concentrations were measured 
using high-performance liquid chromatography. Within-patient coefficients of 
variation over three successive days ranged over 19-45% for peak plasma 
concentrations and 16-53% for the area under the plasma concentration-timecurve. 
There was no evidence of a trend to suggest improving or worsening absorption and 
accumulation did not occur. Urinary excretion was < 25% and showed no increase 
over the 3 days. These data indicate that etoposide bioavailability is not constant 
and oral therapy may lead to unsuspected underdosing or unexpected toxicity in 
schedules extending over several days. Monitoring blood concentrations for a single 
day following oral therapy may givea misleading idea of the total bioavailability of 
etoposide during a course of therapy. Studies of the relationship between the 
pharmacokinetics of prolonged schedules of etoposide and disease outcome may 
lead to unreliable conclusions unless intravenous etoposide is used. 

INTRODUCTION 
ETOPOSIDE is a cytotoxic agent derived from 
podophyllotoxin [ 1 J, which is established in the 
treatment of several malignancies [2-191, in- 
cluding small cell lung carcinoma, germ cell lung 
tumours and lymphomas. It has been shown to 
exhibit schedule dependency in experimental 
systems [lo, 111 andpossiblyalsoinman[12]. Asa 
consequence it is usually given over several days 
[2,3,13,14]. In common with much chemo- 
therapy it is frequently given as part of a 
combination regimen [4], particularly in those 
tumours in which it shows greatest activity 
[5-7,9, 151. 

The majority of studies of etoposide pharma- 
cokinetics have followed single doses of the drug 
and have shown marked variation between 
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patients following both intravenous [16-191 and 
oral [16, 17,20-221 administration. Despite the 
frequent administration of etoposide over several 
days, there are few data on the pharmacokinetics 
of repeated doses and none for repeated oral 
administration. D’Incalci and co-workers have 
shown virtually identical plasma concentrations 
after the first and fifth intravenous doses of a 5- 
day course, with no evidence of accumulation in 
two patients [17]. The absence of data concerning 
within-patient variation following oral admin- 
istration prompted the study reported here. 

MATERIALS AND METHODS 
Patients 

Seven adult patients receiving treatment either 
for relapsed extensive small cell lung carcinoma 
(five patients) or for previously untreated diffuse 
malignant mesothelioma (two patients) were 
studied. All were ambulant (Kamofsky score 
>60% [23]) and all had normal bone marrow, 
renal and hepatic function. There was no clinical 
evidence of gastrointestinal disturbance. 
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Treatment 
Therapy consisted of etoposide capsules, 

400 mg, as a single dose on each of three successive 
days. The capsules were administered after an 
overnight fast with the patient sitting in bed and 
with sufficient water (approximately 100-200 ml) 
to allow swallowing. The five patients with 
extensive small cell lung carcinoma received 
etoposide as part of a combination regimen but 
the other drugs (adriamycin and procarbazine) 
were administered on day 4 after the completion 
of the pharmacokinetic study. The two patients 
with diffuse malignant mesothelioma received , 
etoposide as a single agent administered over 5 
days, but underwent pharmacological study only 
on the first 3 days. Antiemetic therapy was not 
required and no patients vomited. 

Samfiling and assay 
After an overnight fast an heparinised poly- 

ethylene catheter was introduced into a suitable 
forearm vein under local anaesthesia. A pre- 
treatment sample was taken. After etoposide 
administration blood samples were taken at 0.25, 
0.5,0.75,1,1.5,2,2.5,3,3.5,4,4.5,5,6,8,10,12and 
24 hr. Blood samples were taken into lithium 
heparin tubes, centrifuged, separated and the 
plasma stored at -20°C until assay. Urine was 
collected from the time of etoposide adminis- 
tration for 24 hr. The total quantity for each day 
was measured and an aliquot taken and stored at 
-20°C until assay. 

Assay was performed using reverse-phase high- 
performance liquid chromatography with de- 
tection by ultraviolet absorbance at 229 nm as 
previously described [24]. The lower limit of 
sensitivity was <lOO ng/ml and coefficients of 
variation were <4% within-run and<7% between- 
run. 

Calculation and statistics 
Pharmacokinetic profiles were plotted using 

STRIPE [25], an interactive computer program, 
for the analysis of drug pharmacokinetics. This 
program calculates the area under the plasma 
concentration-time curve (AUC) by the tra- 
pezoidal method and extrapolates to infinity. The 

Table 1. Pharmacokinetics 

effect of the residual concentrations from the 
previous day, where appropriate (i.e. days 2 and 
3), were removed by curve stripping. AUC values 
are presented corrected to a standard surface area 
of 1.7 m* to compensate for the fixed dosage to 
patients of varying body size. The volume of 
distribution ( Vd) was calculated from the formula 

Vd = 
dose 

AUCXk’ 

where k = elimination rate constant. Clearance 
(CI) was obtained from the formula 

Cl= V, X k ) 
60 

and bioavailability from the ratio AU&,,: 
AUC “LvO”enO”I~ expressed as a percentage. 

Statistical significance was calculated using 
Student’s t test. 

RESULTS 
The pharmacokinetic data for the 3 days are 

shown in Table 1. Mean results for elimination 
half-life, peak plasma concentration, AUC and 
percentage of dose excreted in the urine in 24 hr 
were not significantly different for the 3 days. 

There was, however, marked variation within 
patients over the 3 days, particularly in peak 
plasma concentrations (>2-fold variation in 417 
patients) and in AUC (>2-fold variation in 217 
patients and >1.5-fold variation in’a further four 
patients). Mean results for the individual patients 
together with the coefficients of variation are 
shown in Table 2 and represented diagram- 
matically in Fig. 1 (peak plasma concentration) 
and Fig. 2 (AUC). Despite the variation within 
patients, there was no trend to accumulation or 
decreasing concentrations over the 3 days. 

Urinary excretion also varied considerably, but 
was universally <25% and did not increase over 
the 3 days. 

of oral etoposide (400 mg) _ 
following repeated administration over 3 days (mean results f 

95% confidence limits) 

Day 1 Day 2 Day 3 

Elimination half-life (hr) 6.7 f 1.5 7.3 f 2.6 6.8 f 1.4 
Peak plasma cont. (pg/ml) 14.2 f 6.0 12.1 f 4.9 16.5 f 10.5 
AUC (pg/ml.hr/min/l.7 m*) 93.2 f 51.5 68.2 f 26.5 109.1 f 50.1 
Urinary excretion 12 f 6 12 f 3 15 f 6 
(% of dose given) 
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Table 2. Within-patient variation in pharma- 
cokinetic data following oral etoposide .on three 

successiwe days* 

Peak plasma 
concentration CVt AUC CV 

Patient !&ml ) (%) (Mm1.W (%I 

1 16.4 21.5 105.2 24.2 
2 10.4 44.1 97.8 22.5 
3 8.7 45.4 43.0 45.7 
4 25.8 42.3 136.1 52.1 
5 17.2 22.8 109.4 15.8 
6 7.1 19.1 83.3 23.9 
7 11.4 42.7 103.0 28.6 

*Mean data over 3 days. 
t&efficient of variation. 
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Fig. 1. Peak plasma concentrations of etoposide in 
individual patients following oral administration on three 

successive days. 

obvious gastrointestinal toxicity and no patient 
vomited, a few patients felt mildly nauseated and 
this may have affected the rate of gastric 
emptying. On the other hand, there was little 
variation within patients in the time to peak 
plasma concentrations, which was achieved in all 
patients between 45 min and 2 hr. The most 
obvious variable was the preceding doses of 
etoposide in patients treated on days 2 and 3. 
While this might explain consistent improve- 
ment or worsening of absorption, it is difficult to 
understand how this explains the inconsistent 
pattern noted. 

DISCUSSION 
These data show substantial within-patient 

variation over three consecutive days without any 
evidence of accumulation or decrease in the 
bioavailability of etoposide over this time. The 
explanation for this variation is not easily 
apparent. 

It has been suggested that the bioavailability of 
oral etoposide may be non-linear above 200 mg 
[21] and therefore the dose of 400 mg used in this 
study may have accentuated any variability in 
absorption. Such an explanation suggests the 
need for further studies of within-patient 
variation at lower doses. 

Many of the usual reasons for variable The observation reported here raises questions 
bioavailability were eliminated in this study. with regard to the reliability of bioavailability in 
Patients acted as their own control. Therapy was therapeutic schedules of 3-5 days duration. 
administered over only three consecutive days, Erratic bioavailability as shown here cannot be 
given consistently after an overnight fast, with the taken into account and it is possible that 
patient assuming the same sitting posture with successive courses may lead to over- or under- 
sufficient water for complete swallowing [26], dosing. The variation within patients may result 
without concomitant therapy and with only one in other difficulties. Attempts to relate the 
formulation of the drug. Etoposide is poorly pharmacokinetics of oral etoposide to tumour 
soluble in water [2], but in the formulation used response or to study the effect of schedule on 
was already dissolved in a mixture of organic outcome will require the drug concentrations in 
solvents, thus removing the problem of drug the plasma to be monitored for the entire course as 
dissolution, the most common rate-limiting step those present on a single day may give a 
in drug absorption [27]. Although there was no misleading estimation of the total bioavailability. 
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Fig. 2. AfJC in individual patients following oral etoposide 
administration on three successive days. 
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Alternatively, intravenous therapy should be used etoposide, the data have suggested that absorption’ 
in these studies. may be erratic. Such variation may be difficult to 

While the oral route of administration remains recognise during schedules of therapy extending 
a useful, practical and convenient means of giving over several days and in the presence of other 

chemotherapy. 
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