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Summary. Serum levels of etoposide obtained 5 rain after 
administration of 100mg/m 2 were between 11 and 
30 ~tg/ml. By 24 h after drug administration, serum levels 
had fallen to between 0.19 and 1.11 lxg/ml. Interpatient 
variation of etoposide serum concentrations obtained 
5 rain after drug administration was low, whereas interpa- 
tient variation 24 h later was noticeably higher. A signifi- 
cant correlation was observed (r = -0.698) between the 
WBC nadir and the mean etoposide serum concentrations, 
measured 24 h after drug administration, in patients re- 
ceiving etoposide in combination with cyclophosphamide 
and actinomycin D. However, a relationship was not ob- 
served in those patients receiving etoposide alone. 

There was no observed difference in the efficacy or 
toxicity of 500 m g / m  2 etoposide when the dose was admin- 
istered either as 100 m g / m  2 on each of 5 consecutive days 
or as 250 m g / m  2 on days 1 and 3. There was no significant 
difference between AUC values calculated from etoposide 
concentration versus time profiles in patients receiving the 
drug on days 1 and 3 and those values obtained with the 
5-day schedule. 

Patients resistant to a conventional dose of etoposide 
were given a higher dose of 1 g/m2/24 h, but this schedule 
did not cause an increase in efficacy despite an increase in 
serum levels of the drug. CSF levels in two of these pa- 
tients receiving high-dose etoposide were 1.28% and 2.09% 
of the serum concentrations. 

Introduction 

Etoposide is a semisynthetic podophyllotoxin derivative 
extensively used in the treatment of small cell carcinoma 
of bronchus, malignant lymphoma, gestational choriocar- 
cinoma, and malignant teratoma [12, 18, 19, 25]. Animal 
studies have shown the drug to be schedule-dependent for 
optimum antitumour activity [8]. In clinical practice the 
drug is frequently given at a total dose of 500 m g / m  2 
fractionated over 5 consecutive days. However, the opti- 
mum dosage and schedule for etoposide in patients are un- 
known, and it therefore seemed appropriate to compare 
the efficacy and serum pharmacokinetics of the drug with 
different schedules. 

A number of authors [2, 6, 17, 22] suggest that the re- 
sults of cancer treatment with cytotoxic drugs can be ira- 
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proved by adjusting the therapy after monitoring the indi- 
vidual patient's metabolism and excretion of the drug; 
methotrexate serum concentrations, for example, are mea- 
sured after high-dose therapy [9, 13, 15]. 

In the study reported here an attempt was made to 
correlate serum concentrations of etoposide with its dose- 
limiting toxicity to facilitate the rational use of  the drug in 
the clinical setting. 

Etoposide is thought to enter cells by passive diffusion 
[1, 4]. On this basis, increasing the dose should increase the 
intracellular concentration, thereby potentially increasing 
its cytotoxicity in those patients with tumours resistant to a 
low-dose regimen. Since >95% of etoposide is bound to 
plasma proteins [5], higher serum concentrations may also 
result in a greater proportion of free drug owing to satura- 
tion of protein binding sites. Since only unbound drug en- 
ters the cell, more etoposide would be available to elicit its 
cytotoxic effect. Patients resistant to a low dose of etopo- 
side were therefore given a higher dose of 1 g/m2/24 h, 
and both the efficacy and the serum levels of the drug were 
monitored. 

Material and methods 

Assay of etoposide by HPLC. Etoposide was donated by 
Bristol-Myers Pharmaceuticals, Syracuse, USA. Organic 
solvents were obtained from BDH chemicals and were 
'Analar '  grade reagents. 

Serum, urine, and CSF samples were stored at - 2 0  °C 
until required for analysis. The assay was similar to that 
described by Farina et al. [11] and Strife and Jardine [24] 
and is briefly decribed below. 

A volume of 1 ml serum, urine, or CSF was gently 
mixed in a glass-stoppered tube with 5 ml chloroform for 
20 rain. After centrifugation the organic layer was decant- 
ed and evaporated to dryness under a stream of nitrogen 
at 40 °C. The residue was redissolved in 100~xl mobile 
phase and again centrifuged to remove particulate matter. 
The supernatant ( 5 - 4 0  ~1) was injected onto the HPLC 
column. 

Etoposide was separated using an isocratic solvent sys- 
tem consisting of methanol (60%) and water (40%) for ser- 
um and CSF analysis and (50%) methanol, (49%) water, 
and (1%) acetic acid for the urine assay. The mobile phase 
flowed through a CIS, 5 Ixm, 8 mm Waters rad-pak column 
at 1 ml /min with the aid of a Waters 6000A pump. Ex- 
tracted samples were injected onto the HPLC column us- 
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ing a Waters automatic injector (WISP) with a precision 
error of less than 0.5%. Etoposide was detected by UV ab- 
sorbance at a wavelength of 254 nm. 

Drug quantitation was achieved by means of external 
standardisation. The coefficient of variation for repeated 
measurement was less than 10%. The calibration curve was 
linear in the concentration ranges 0 .05-  10 ~tg/ml 
( r> 0.998) and 1 0 -  100 Ixg/ml (r> 0.999). 

Recovery of etoposide from serum and urine was 
81%_ 5% and 79% +_ 6% respectively. The limit of detection 
was 50 ng/ml, 

The 95% confidence limits (T) were calculated from: 

T = Standard deviation of  mean value x 1.96 
Number of  values 

Pharmacokinetics. The serum etoposide concentration 
curves were fitted and the pharmacokinetic parameters es- 
timated using the interactive computer program, STRIPE 
[16]. Etoposide concentration versus time profiles best fit- 
ted a two-compartment model. The terminal phase par- 
ameters were fitted to a straight line by the method of least 
squares linear regression analysis. The distribution phase 
parameters were estimated by curve stripping, and concen- 
trations were calculated from the equation C t = A • e-Bt. 

Elimination half-life (?A) was calculated from the 
equation taA --- In 2/k  where k is the elimination rate con- 
stant given by the slope of In serum concentration x time. 
AUC from time 0 to the final time t was estimated by the 
trapezoidal method. The remaining AUC from t to oo was 
estimated from the equation AUC ( t -  oo) = Ct/k, where C t 
is the blood concentration at t. AUC values given in the 
Results section for AUC (0 -o~ )  are obtained by adding 
AUC ( 0 -  t) and AUC ( t -  ~) .  The volume of distribution 
(Vd) and the clearance (CL) were calculated from Vd --- 
Drug dose AUC ( 0 -  ~ )  x k and CL = k x Vd. 

The AUC obtained for the 5-day schedule after a total 
dose of 500 m g / m  2 etoposide was calculated by multiply- 
ing the AUC obtained after a single administration by a 
factor of 5. This is theoretically correct, since no evidence 
of etoposide serum accumulation was observed over the 5 
consecutive days either in our studies or those of D'Incalci 
et al [7]. 

Therapeutic drug monitoring. In all, 21 male patients with 
malignant teratoma and 13 female patients with gestation- 
al choriocarcinoma were studied. Patients received a total 
dose of 500 m g / m  2 etoposide given as a 100-mg/m 2 IV in- 
fusion over 30 rain on each of 5 consecutive days (schedule 
1). Those patients with malignant teratoma also received 
actinomycin D and cycIophosphamide [20]. 

Blood samples ( 5 -  10 ml) were taken 5 rain after each 
infusion was complete and again 24 h later (immediately 
before the next administration of etoposide). Three or four 
serum samples were obtained 24 h after etoposide adminis- 
tration and the mean drug concentration was then calcu- 
lated for each patient. In four patients, 24-h pooled urine 
samples were collected. 

Schedule dependency. Four female patients with gestation- 
al choriocarcinoma were treated according to schedule 1. 
Six weeks later each patient again received a total dose of 
500 m g / m  2, but in this case 250 mg /m 2 was infused over 
3 h and repeated 48 h later (schedule 2). 

Blood samples were taken at the following times; 0, 
0.5, 1.0, 1.5, 2.0, 4.0, 6.0, 8.0, 12.0, and 24 h after drug ad- 
ministration according to schedule 1. Blood samples were 
taken from patients treated according to schedule 2 at the 
following times; 0, 1.5, 3.0, 3.5, 4.0, 6.0, 8.0, 12.0, 24, and 
48 h after administration. 

High-dose therapy. Three patients with gestational chorio- 
carcinoma who were resistant to etoposide were given 
1 g /m 2 drug as a 24-h infusion (schedule 3). Pharmacokin- 
etic studies were performed up to 96 h after drug adminis- 
tration. In two patients, 1 ml CSF was also obtained by 
lumbar puncture 0.5 or 6.5 h following etoposide infusion. 

Administration to patient with renal failure. One patient 
(DC) received 100 or 160 mg etoposide prior to haemodi- 
alysis. Serum levels of etoposide were measured before 
and after dialysis. 

Administration to patient with pineal choriocarcinoma. One 
patient (MS) with a pineal choriocarcinoma received 
360rag etoposide. At 14h after drug administration a 
blood sample and a CSF sample were taken. 

Results 

Serum concentrations of etoposide obtained for patients 
receiving 100 mg /m 2 drug on each of 5 consecutive days 
are shown in Fig. 1. The 95% confidence limits for serum 
concentrations of etoposide calculated from mean values 
over 5 days are shown in Table I. In patients with either 
choriocarcinoma (Fig. 1B) or teratoma (Fig. 1A) the etopo- 
side serum concentrations obtained 5 rain after adminis- 
tration did not reveal marked interpatient variation over 
the 5-day period. There was no significant increase in 
etoposide serum levels shown in Fig. 1, indicating a lack of 
drug accumulation over the 5-day course. The combina- 
tion of actinomycin D and cyclophosphamide did not ap- 
pear to have an effect on serum levels 5 rain after infusion, 
since drug concentrations shown in Fig. 1 are virtually 
identical (see Table 1). 

The mean amount of  unchanged etoposide excreted in 
the urine within 24 h after the first administration was 38% 
of the dose administered in the four patients studied. Fol- 
lowing the fourth consecutive administration of 
100 mg /m 2 etoposide the amount of unchanged drug ex- 
creted had increased to 43% of the dose administered. 
However, for 4 days of the 5-day course there was no sign- 
ificant change in urinary excretion of etoposide. Approxi- 
mately 30%-40% of etoposide was excreted unchanged 
within 24 h of administration, a similar value to those re- 
ported by other authors [3, 23]. Renal handling of this drug 
is relevant, since in one patient with renal failure serum 
concentrations were markedly higher 21-31.5  h after re- 
ceiving 100 mg drug than in patients receiving 100 mg /m 2 
(Tables 1 and 2). It appears that since etoposide is protein- 
bound it is not efficiently dialysed. 

Serum levels of etoposide obtained 24 h after drug ad- 
ministration had fallen to 0 .24-  0.94 ~tg/ml and 
0 .19-  1.11 ~tg/ml in patients with teratoma and choriocar- 
cinoma, respectively (Table 1). There was marked interpa- 
tient variation in serum levels over the 5-day course. How- 
ever, variation in serum concentrations in individual pa- 
tients was small. Also, AUC values calculated from etopo- 
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Fig. 1 A, B. Serum concentrations of 
etoposide in patiens with malignant 
teratoma (A) and gestational 
choriocarcinoma (B) who received 
100 mg/m 2 of the drug. High drug levels 
were obtained from blood samples taken 
5 min after infusion of etoposide and low 
levels from samples taken immediately 
before drug administration 

Table 1. VP16 serum concentration a (gg/ml) 

Teratoma 
(n=21) 

Choriocarcinoma 
(n= 13) 

5 min after administration 20.87 4-1.30 
Concentration range (14.30-26.59) 
24 h after infusion 0.56 4- 0.17 
Concentration range (0.24- 0.94) 

19.88 + 1.46 
16.4- 24.78) 
0.46+0.13 
(0.19-1.11) 

a Figures not in parentheses express mean ___ 95% confidence limits 

side concentra t ion  versus t ime curves were found  to be di- 
rectly p ropor t iona te  to 24-h e toposide  serum concentra-  
t ions ( r>0.99)  after adminis t ra t ion  of  100 m g / m  2 of  the 
drug to five pat ients  with gestat ional  chor iocarc inoma.  
These observat ions raised the possibi l i ty  of  a corre la t ion 
between mean  etoposide serum levels ob ta ined  24 h after 
adminis t ra t ion  and the degree of  myelosuppress ion.  

The dose-l imit ing toxici ty o f  e toposide  is myelosup-  
press ion and the WBC nadi r  usual ly occurs between 5 and 
15 days  after drug adminis t ra t ion  according to the 5-day 
schedule. Figure 2A shows a significant correla t ion 
( r =  -0 .698)  between WBC nadi r  and  mean e toposide  con- 
centrat ions taken 24 h after drug adminis t ra t ion  to patients 
with mal ignant  t e ra toma (when act inomycin D and cyclo- 

phosphamide  are included in the course). However ,  this 
correlat ion was not  observed in those patients with gesta- 
t ional  chor iocarc inoma who received e toposide alone 
(Fig. 2B). In both tumour  types a relat ionship between 
platelet  count nad i r  and  e toposide serum levels was not  
observed.  There was also no significant correlat ion be- 
tween WBC nadi r  and the dose (mg/kg) .  

The AUCs  calculated from concentra t ion versus t ime 
profi les after adminis t ra t ion  of  500 m g / m  2 e toposide  ac- 
cording to schedule 2 were 30 .8-89 .4% higher (mean 
48.7%) than the values obta ined with schedule 1 (Fig. 3). 
However ,  this difference was not  statistically significant. 

The four pat ients  with gestat ional  chor iocarc inoma 
who were resistant to the 5-day course showed no evidence 
o f  response when the dose was increased to 1 g / m  2 over 
24h.  Al though etoposide serum levels rose to 
1 6 - 4 2  Ixg/ml in the three pat ients  studied, increased effi- 
cacy of  the drug was not  obtained.  In two of  these patients 
t reated according to schedule 3, the CSF  levels of  the drug 
measured  were 1.28% and 2.09% of  the serum etoposide le- 
vels (Table 3), whereas the drug was not  measurable  in the 
C S F  of  patients t reated according to schedule 1. However,  
0.21 p,g/ml e toposide  was found in the CSF  in one pat ient  
(MS) with a p ineal  chor ioncarc inoma who received 
360 mg drug. This CSF  concentra t ion of  e toposide repre- 
sented 15.6% of  the serum drug level. 

Table 2. Etoposide serum levels before and after haemodialysis in one patient (DC) with 
renal failure 

Dose Predialysis 
Time post- Serum Time post 
treatment concentration treatment 

(mg) (h) (~tg/ml) (h) 

100 21.0 2.1 27.0 1.6 
160 31.5 3.5 37.5 1.8 

Postdialysis 
Serum 
concentration 
(I,tg/ml) 
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Fig. 3. Comparison of etoposide concentration versus 
time profiles obtained from two patients with gestation- 
al choriocarcinoma who received the drug by different 
schedules. AUC values calculated for a total dose of 
500 mg/m 2 in the four patients studied are shown be- 
low: 

Patient AUC 0 -  oo (mg. h/l) 

Schedule 1 Schedule 2 

S. P 484.28 633.27 
M. K 298.55 424.22 
Y. P 291.19 551.47 
D. B 575.51 763.57 

Table 3. CSF/serum ratio of etoposide 

Patient Dose Time post Drug serum Drug CSF level 
(mg/m 2) infusion (h) level (~tg/ml) % serum level 

(ug/ml) 

KW 1,000/24 h 6.5 11.0 0.23 2.09 
IS 1,000/24 h 0.5 18.0 0.23 1.28 

Discussion 

A linear relationship was found between WBC nadir  and 
the concentrat ion of etoposide in the serum of patients 
with mal ignant  teratoma who also received act inomycin D 
and cyclophosphamide. However, other studies are re- 
quired to confirm these findings before any clinical appli- 
cations can be proposed. No relationship was found be- 
tween WBC nadir  and etoposide serum concentrat ions in 

those patients with gestational choriocarcinoma who re- 
ceived etoposide alone. We suggest three possible explana- 
tions for this difference. First, those patients with malig- 
nan t  teratoma also received act inomycin D and cyclophos- 
phamide together with etoposide, and a drug interaction 
effect may have altered the late disposition of etoposide 
from the serum. The second possible explanat ion is greater 
myelosuppression owing to prior chemotherapy; that is to 
say, a higher serum concentrat ion of etoposide in patients 
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with te ra toma may  have had a more intense effect on the 
a l ready  low WBC levels compared  with the WBC levels in 
patients with chor iocarc inoma.  Thirdly,  Sinkule et al. [23] 
have shown that  clearance of  e toposide was lower in pa- 
tients receiving pr ior  cisplatin. Our  pat ients  with malig- 
nant  te ra toma also received cisplatin pr ior  to etoposide,  
and  this may be an addi t ional  factor in the resultant  
myelosuppress ion.  

Whether  500 m g / m  2 e toposide was adminis te red  ac- 
cording to schedule 1 or 2, d id  not  cause any apparen t  dif- 
ference in efficacy since gestat ional  chor iocarc inoma is so 
sensitive to this drug. That the AUCs obta ined  with sche- 
dule  2 Were not  significantly different from those seen with 
schedule 1 suggests that e toposide obeys l inear  (dose-relat-  
ed) pharmacokinet ics  (Fig. 3). Indeed,  a l inear  re la t ionship 
( r=0.999)  was observed between A U C  values obta ined  
with schedules 1, 2, and 3 and the dose adminis te red  
(Table 4). Evidence to suppor t  this hypothesis  is given by 
other authors [3, 14]. 

Increasing the dose of  e toposide to 1 g /m2/24  h in pa- 
tients resistant to a lower dose of  the drug was not  thera- 
peut ical ly  effective. However,  some penet ra t ion  into the 
C S F  was found in pat ients  receiving high-dose e toposide  
(Table 3). This observat ion has also been repor ted  recently 
elsewhere [21], and the f inding may  be relevant  in the 
t reatment  of  bra in  metastases. It is interest ing that  in the 
pat ient  with a pineal  chor iocarc inoma,  where the b l o o d -  
bra in  barr ier  was not  intact,  apprec iable  concentra t ions  of  
e toposide  (0.21 p.g/ml) were found in the CSF  after admin-  
is trat ion of  a relat ively low dose of  drug (360 mg). 

Renal  failure in one pat ient  resulted in higher serum 
levels of  e toposide after adminis t ra t ion  of  a dose of  either 
I00 or 160 mg drug. Haemodia lys is  failed to reduce circu- 
lat ing drug levels to any marked  degree. Presumably  the 
p ro te in -bound  fraction was unable  to penetra te  the dialy- 
sis membrane .  These observat ions suppor t  the use of  drug 
level moni tor ing  with dose modif ica t ion  in those pat ients  
with renal  dysfunct ion to reduce exposure to etoposide.  
Indeed ,  it has been shown previously that  the systemic and 
renal  clearance of  e toposide is lower in those patients who 
have received pr ior  cisplat in [23], and  this effect on etopo- 
side pharmacokine t ics  may be related to renal  demage.  

Addi t iona l  studies are required to establish guidelines for 
dosage modif icat ion.  
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