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Etoposide is one of the most important drugs available for the treatment of paediatric malignancies. 
Although there is evidence of schedule dependency for etoposide therapy in adults with small-cell 
lung cancer, the relevance of this observation to childhood cancers is uncertain. Prolonged parent- 
era1 or oral etoposide therapy has not yet shown a clear-cut advantage over intermittent treatment, 
and there are still no data to show that the administration of etoposide as a short intravenous (i.v.) 
daily infusion for 5 days does not represent acceptable therapy for primary disease. The pharmaco- 
kinetic variability seen with etoposide argues strongly for the use of pharmacologically guided dos- 
ing, and the introduction of etoposide phosphate will simplify both parenteral etoposide 
administration and the future evaluation of alternative etoposide schedules. Although the impact of 
molecular and cellular pharmacological investigations on the clinical use of etoposide has yet to be 
felt, the tools to perform these studies are now available and prospective trials can be designed. 
Such studies, performed in the setting of a pharmacologically guided trial to ensure control over 
pharmacokinetic variability, should identify the best way of treating children with etoposide. Copy- 
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INTRODUCTION 
ETOPOSIDE IS ONE of the most widely used agents in paedi- 
atric oncology, and as a single agent, has activity against 
neuroblastoma, leukaemia, Ewing’s sarcoma, soft tissue 
sarcoma, osteogenic sarcoma and Wilms’ tumour. 
Combination of etoposide with cisplatin, carboplatin, cyclo- 
phosphamide or ifosfamide has activity against various solid 
paediatric tumours including medulloblastoma, primitive 
neuro-ectodermal tumours and germ cell tumours. In the 
United Kingdom, over 70% of children with malignant dis- 
ease now receive etoposide at some point in their manage- 
ment and currently there are at least 20 protocols using 
etoposide with doses varying from 50 to 200 mg/m2, given 
1-21 times per course and over periods of 1 h to 2 1 days. 
Such diversity in dose, schedule and frequency of adminis- 
tration indicates that clinicians are conscious of the potential 
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importance of etoposide scheduling and a need to identify 
the best way to give the drug. The purpose of the current 
paper is to review the evidence for and against schedule 
dependency for etoposide and identify directions for future 
clinical research. 

Etoposide (VP16) is a semi-synthetic derivative of podo- 
phyllotoxin, which acts by inhibition of one of the most 
abundant nuclear proteins, DNA topoisomerase II. 
Etoposide is cell cycle specific, and leads to an accumu- 
lation of cells in G2/M [ 11. Given that etoposide inhibits an 
enzyme, and that this inhibition is saturated at high drug 
concentrations, prolonged exposure should lead to greater 
cytotoxicity than that using a high concentration for a short 
period of time. Although in vitro studies have demonstrated 
the importance of both concentration and duration of ex- 
posure to etoposide cytotoxicity, no study has unequivocally 
demonstrated an advantage for prolonged treatment at low 
concentrations over the same overall exposure produced by 
a high concentration for a short period of time [2-71. Thus, 
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the widely cited schedule dependency of etoposide cannot 
be clearly demonstrated in vitro. 

Etoposide has, however, shown schedule dependency in 
one preclinical in viva model system. Dombernowsky and 
Nissen [S] performed extensive studies with the L1210 mur- 
ine leukaemia, and demonstrated differences in efficacy with 
a wide variety of dosing schedules. For example, adminis- 
tration of etoposide as a single dose led to a cure in three 
out of 24 animals (13%), whereas the optimum dose given 
every 3 h for 24 h on days 1 and 5 cured 16 out of 16 ani- 
mals. Other schedules of administration led to cure rates 
between 19 and 63% and, in general, higher cure rates were 
seen where administration was separated by an interval of 4 
days. Despite the limitations inherent in any preclinical 
model, the study by Dombernowsky and Nissen is import- 
ant as it suggests that the therapeutic index of etoposide can 
be influenced by schedule. To investigate this possibility in 
the clinical setting, a number of trials have been performed. 

CLINICAL STUDIES OF THE SCHEDULE 
DEPENDENCY OF ETOPOSIDE IN ADULTS 

Cavalli and associates [9] were the first to study the 
schedule dependency of etoposide in patients; 60 patients 
with small cell lung cancer (SCLC) received etoposide as: 

(1) 250 mgim’ intravenously over 5 min, once weekly; 
(2) 500 mg/m’ orally over 3 days weekly; or 
(3) 850 mgim’ orally over 5 days every 3 weeks. 

Response rates [complete response (CR) plus partial 
response (PR)] after 6 weeks were (a) 20%, (b) 65% 
and (c) 42%, respectively, with the rates for schedules 
(a) and (b) being significantly different. Assuming 50% 
oral bioavailability, the same exposure to etoposide would 
be expected with schedules (a) and (b), and the authors 
concluded that oral administration over 3 days was superior 
to a single i.v. dose. However, without appropriate phama- 
cokinetic monitoring, the possibility of greater exposure in 
the oral group cannot be excluded. 

Mead and associates [lo] performed a randomised trial of 
etoposide given orally to patients with extensive SCLC. 
Patients received a total dose of 500 mg/m* as either a 
single dose or over 5 days, combined with cyclophospha- 
mide and doxorubicin, every 21 days. No notable differ- 
ences in response rates or survival were seen between the 
two arms of this study. However, response rates were less 
than that for similar patients in the study by Slevin and 
associates ([ 1 I], see below) and it is possible that the rela- 
tively low dose of etoposide (the administered dose was the 
same as that given in the Slevin study [ll], but the oral 
route of administration results in a lower total exposure) 
used by Mead and associates may have reduced the impact 
of the drug in this regimen. 

The pivotal study of etoposide schedule dependency was 
performed by Slevin and associates [l I] who conducted a 
randomised trial of the effect of schedule upon efficacy in 
previously untreated SCLC. Patients were treated with eto- 
poside alone either as a single iv. dose of 500 mg/m2 over 
24 h, or as 5 daily infusions of 100 mg/m*, each over 2 h 
every 3 weeks. Response rates (CR + PR) in the two arms 
were highly significantly different, being 10% after the single 
dose and 89% after the five divided doses. Bone marrow 

toxicity in both arms was mild, with only 3 patients becom- 
ing neutropenic (< 1 x lo9 cells/l) after single dosing. No 
patient developed thrombocytopenia (< 100 x lo9 platelets/ 
1). The median survival time after divided dosing was sig- 
nificantly better than after single dosing (10 months versus 
6.3 months). Pharmacokinetic studies were performed in all 
patients, and equivalent exposure (area under the plasma 
concentration versus time curve-AUC) was seen in each 
arm, but the duration of exposure above a plasma level of 1 
pgiml was significantly greater with divided dosing than 
with the single dose. In a later study, the same group 
reported no additional benefit in response rates for a more 
prolonged schedule of administration (8 days versus 5 days) 
of the same total dose of 500 mg/m2 [12]. This result was 
confirmed by Clark and colleagues [ 131, although in this 
study the haematological toxicity was significantly less in the 
S-day arm than in the 5-day arm. 

Supporting the conclusions of Slevin and colleagues [l l] 
is a study of l-day versus 5-day etoposide therapy for 
SCLC given in combination with doxorubicin and vincris- 
tine [ 141. Response rates were significantly different (52 ver- 
sus 75%) for the l-day and 5-day arms, respectively, again 
suggesting a therapeutic advantage for prolonged adminis- 
tration. However, lack of pharmacokinetic monitoring and 
the use of different routes of administration in the two arms 
limits the interpretation of these data. 

In the studies performed by Slevin and colleagues, 
divided dosing led to significantly longer exposure at or 
above a plasma level of 1 pg/ml than did single dose admin- 
istration. One possible explanation put forward for the 
improved response rate, but similar toxicity, seen with 
divided dosing was that high etoposide concentrations are 
associated with toxicity, whereas time of exposure to low 
concentrations (l-5 pg/ml) determines antitumour effect. 
However, studies with continuous infusions (CI) of etopo- 
side compared to divided short infusions given over the 
same time period have failed to show any differences in 
terms of toxicity or response. For example, Chatelut and 
colleagues [15] reported a study of etoposide administered 
as either a CI of 360 mg/m* over 72 h or as three separate 
doses of 120 mg/m’ on consecutive days, in combination 
with cisplatin, to patients with previously untreated non- 
small-cell lung cancer. No difference in pharmacokinetic 
parameters, response rates or toxicity was seen in this study, 
and the authors concluded that there was no therapeutic ad- 
vantage to be gained from using infusion therapy. The same 
conclusion was reached by Goldberg and colleagues [ 161 in 
a study of infusion versus repeated short infusion etoposide 
and cisplatin therapy for stage IV non-small cell lung can- 
cer. Similarly, in an early study published by Schell and col- 
leagues in 1982 [17], 77 patients with breast cancer who 
had previously failed chemotherapy received etoposide as 
either a l-h infusion of 50-70 mg/m* for 5 days, or as a CI 
at the same dose over 5 days. Response rates (CR + PR) 
were equivalent in the two arms (13% and 14% for infusion 
and intermittent treatment, respectively) and, in this group 
of heavily pretreated patients, haematological toxicity was 
severe. 

In summary, whilst the superiority of prolonged or 
repeated therapy as opposed to bolus administration appears 
logical for an enzyme inhibitor such as etoposide, preclinical 
and clinical data do not consistently show any benefit. 
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Specifically, only in SCLC, a highly chemosensitive tumour 
type, has an advantage for repeated or prolonged etoposide 
administration been unequivocally demonstrated. 
Randomised studies in other tumour types are needed to 
confirm this observation. There have been no randomised 
trials of the effect of etoposide schedule on the activity of 
the drug in paediatric tumours. 

OTHER ADULT STUDIES 
Continuous infusion studies 

Thompson and colleagues have described studies of very 
prolonged infusion therapy in adults with advanced malig- 
nancies [ 18, 191. Patients received etoposide as a continu- 
ous infusion initially at 25 mg/m2/day until haematological 
toxicity was seen. Therapy was continued for a total of 
3-80 weeks (median = IO), and etoposide doses of between 
375 and 8838 mg/m2 (median = 1115) were administered. 
Haematological toxicity was generally mild, since infusion 
was interrupted if the white cell count fell below 2 x 109/1. 
Responses were seen in patients with SCLC and non- 
Hodgkin’s lymphoma; no other tumour type was found to 
respond to this regimen. 

The study performed by Thompson and colleagues was 
undertaken with the intention of maintaining plasma etopo- 
side concentrations between 0.5 and 1 pgiml for as long as 
possible. Patients were entered at a starting dose of 25 mg/ 
m’/day, which proved to be the MTD, with myelosuppres- 
sion as the dose limiting toxicity. A dose of 25 mgim’/day 
corresponds to a total administered dose of 525 mg/m2 
every 3 weeks, which is the MTD found in the majority of 
studies of etoposide administered by conventional inter- 
mittent schedules. In practice, from the data presented by 
Thompson and colleagues, patients actually received a 
mean dose of only 336 mgim’ over 21 days, which is below 
the MTD reported for etoposide in most conventional 
schedule studies. Furthermore, the response rate seen was 
not dramatically better than that reported for conventional 
regimens. 

Oral etoposide therapy as an alternative to parenteral 

administration 

In adults there have been a large number of studies of 
oral etoposide and, because of the schedule dependency of 
systemic therapy, a number of these have involved SCLC. 
In general, oral administration appears to have similar ac- 
tivity to parenteral etoposide, although comparisons with 
historical data are complicated by varying bioavailability and 
scheduling [20-251. Recently, the issue of prolonged oral 
versus intermittent systemic etoposide treatment for SCLC 
has been addressed in a randomised trial of cisplatin and 
etoposide therapy [26]. The two arms of the trial were 130 
mg/m2 etoposide i.v. plus 25 mg/m’ cisplatin i.v. daily for 3 
days, repeated every 21 days, versus 50 mg/m2 etoposide 
orally daily for 21 days plus 33 mg/m2 cisplatin i.v. daily for 
3 days, repeated every 28 days. The response rates in the 
two arms were similar, and prolonged oral administration of 
etoposide was the more toxic treatment. 

The use of oral etoposide in adults has recently been 
reviewed by Hainsworth and Greco [27] who concluded 
that prolonged oral etoposide therapy was both feasible and 
relatively well tolerated. However, these authors felt that the 
potential benefit of prolonged oral administration was likely 

to be limited to etoposide-sensitive tumours. There is still a 
need for further prospective randomised studies of intermit- 
tent versus prolonged exposure etoposide therapy in which 
(a) bioequivalent etoposide doses are compared, (b) there is 
pharmacokinetic monitoring to ensure bioequivalence, (c) 
concomitant therapy is equivalent, both in terms of the 
drugs used and the doses given, and (d) overall dose inten- 
sity, for each drug is equal in both arms. 

ETOPOSIDE SCHEDULES EXPLORED FOR THE 
THERAPY OF PAEDIATRIC TUMOURS 

Continuous infusion studies 

Campbell and colleagues [28] reported a dose escalation 
study involving 96-h infusion therapy consisting of doxo- 
rubicin, cisplatin and etoposide, with bolus ifosfamide, in 
heavily pretreated patients with refractory neuroblastoma. 
Doses of etoposide were escalated to 500 mg/m2/course, 
with cisplatin 160 mg/m’/course, doxorubicin 40 mg/m’/ 
course, and ifosfamide 10 g/m2/course. Toxicity was severe, 
with all patients developing grade IV neutropenia, 47% with 
associated fever. Six per cent of patients developed severe 
mucositis. With the highest etoposide dose, a response was 
seen in 3 of 5 patients [2 CR and 1 VGPR (very good PR)] 
and the overall response rate was 43%, which compares 
favourably with previous reports of regimens containing eto- 
poside in the relapse setting. Meresse and colleagues [29] 
reported a series of patients with refractory neuroblastoma 
treated with CI etoposide and high-dose cyclophosphamide. 
All patients received both drugs as first-line therapy. 
Etoposide was given at a dose of 50 mglm2/day for 5 days, 
and cyclophosphamide was given at 2 g/m2/day for 3 days. 
Myelotoxicity was significant in all patients, with neutro- 
penia (< 0.5 x IO9 cells/l) lasting for a median of 14 days. 
Febrile episodes developed in 96% of courses, with docu- 
mented septicaemia in 15 of 56. Vomiting, diarrhoea and 
mucositis were seen in 33%, 10% and 14% of courses, re- 
spectively. The overall response rate was 36% (1 CR + 9 
PR), comparable with previous studies. However, the fact 
that responses were seen, despite previous treatment failure 
with conventional methods of administration, was taken as 
evidence of improved therapeutic efficacy. 

Infusions of longer than 5 days have not been studied in 
children, but the case for investigating prolonged parenteral 
etoposide administration in children at this time is not 
strong, considering results observed in adults [ 18, 191. 

Oral etoposide therapy 

To date, relatively few trials of the efficacy of oral etopo- 
side have been carried out in children. Davidson and col- 
leagues [30] reported a series of 22 children with relapsed 
or refractory disease treated with etoposide at doses of 
50-100 mg/m’/day for 21 days. Patients had diagnoses of 
neuroblastoma (n = 1 l), soft tissue sarcoma (n = 5), leukae- 
mia (n = 4), Hodgkin’s disease (n = 1) and germ cell tumour 
(n = 1). Only one patient, with neuroblastoma, achieved a 
PR, although he was, in fact, unable to tolerate the oral 
preparation, and subsequently received an equivalent daily 
intravenous dose. 6 other patients with neuroblastoma had 
mixed responses. 8 patients, including all 4 with leukaemia, 
had progressive disease, but useful palliation was documen- 
ted in 11 of 15 patients who had pain prior to commencing 
therapy. The major toxicity of this therapy was bone mar- 
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row suppression, which occurred in 3 out of 4 patients who 
received 80 mg/m2/day. At lower doses, toxicity was less 
severe, and 2 children completed 8 and 9 courses with good 
palliation. The overall efficacy of this regimen was disap- 
pointing, since no patient receiving oral etoposide attained a 
response, but the excellent palliation seen, and the ease of 
this method of administration were important consider- 
ations. Furthermore, the patients included in this study had 
all received aggressive multi-agent chemotherapy, including 
etoposide in conventional doses and schedules, and the a 
priori likelihood of response from any single agent was, 
therefore, small. Based upon this pilot study, a phase II trial 
of etoposide at a dose of 50 mg/m2/day in patients with 
relapsed and refractory disease was, therefore, initiated by 
the New Agents Group of the UKCCSG. This trial has 
recently been closed, but the results have not yet been 
published. 

In 1994, Mathew and associates reported a second phase 
I study of single agent oral etoposide in children with refrac- 
tory solid tumours [31]. 20 patients received etoposide at 
doses of 50, 60 and 75 mg/m2 for 21 days every 4 weeks, 
and pharmacokinetic studies were performed on days 1, 7, 
14 and 21. Etoposide was administered three times daily, 
aiming to maximise the duration of exposure above 1 ugiml. 
The major dose-limiting toxicity in this study was haemato- 
logical, with 217 patients developing grade 4 neutropenia at 
the 75 mg/m2 dose level, but diarrhoea was also a problem. 
The maximum tolerated dose was defined as 60 mg/m2/day 
with this three-times daily regimen. One complete response, 
two partial responses and two ‘objective responses’ were 
observed in this study. The CR and two objective responses 
were in patients with neuroblastoma and 4 additional 
patients had stable disease, which in one case was for 27 
courses of oral etoposide. Pharmacokinetic studies were per- 
formed in 17 patients and, although full pharmacokinetic 
data were not reported, the median duration of plasma con- 
centrations in each 24-h period during which etoposide 
plasma concentrations were greater than 1 @ml were 9.4, 
15.4 and 13.5 h for doses of 50, 60 and 75 mg/m2/day, re- 
spectively. 

Mahmoud and colleagues [32] have reported preliminary 
results from 25 children with relapsed ALL treated with a 
novel re-induction regimen, with 3 patients in second 

relapse. Etoposide was administered orally at a dose of 50 
mg/m2/day, on days l-22, with vincristine, dexamethasone 
and L-asparaginase given on days 8-36. 21 of 22 evaluable 
patients attained CR with this regimen, which compares 
favourably with other remission re-induction protocols. 
However, toxicity was severe, with 22125 patients develop- 
ing grade 4 haematological toxicity and 4 patients unable to 
tolerate the regimen, as a result of severe diarrhoea. One 
patient died of disseminated fungal disease during induc- 
tion, and 9 developed sepsis (5 bacterial, 4 fungal). 

In principle, oral etoposide for paediatric tumours is an 
attractive option in the setting of palliative therapy. 
However, it is essential in each patient to ensure that safe 
plasma levels of etoposide are not being exceeded, and 
pharmacokinetic monitoring is helpful in this respect. As 
first-line therapy, it is unlikely that prolonged oral etoposide 
will offer any advantage over intermittent systemic treat- 
ment, and alternative approaches have a higher priority. 

THE OPTIMISATION OF ETOPOSIDE THERAPY 
WHEN GIVEN IN COMBINATION SCHEDULES 
The majority of clinical protocols using etoposide involve 

multi-agent chemotherapy. In addition to the issues of 
schedule dependency raised above, drug interactions can 
occur in combination protocols both at the whole body and 
the cellular level. In particular, a number of paediatric pro- 
tocols involve the co-administration of etoposide and plati- 
num complexes. Adults with SCLC who received cisplatin 
prior to etoposide have a significantly superior response rate 
and survival than patients receiving the drugs in the oppo- 
site sequence [33]. The reasons for this difference are 
unclear. Relling and colleagues have shown that in children 
the co-administration of etoposide and cisplatin leads to a 
reduction in etoposide clearance [34]. A plausible expla- 
nation is that cisplatin causes an acute reduction in the 
renal and/or metabolic clearance of etoposide, which leads 
to higher drug levels and hence an improved clinical out- 
come. Prospective trials are needed to address this possi- 
bility. 

The combination of carboplatin with etoposide in chil- 
dren during high-dose marrow-ablative therapy may lead to 
a prolongation of the time to engraftment [35], which may 
also be related to reduced etoposide clearance. More gener- 

Table 1. Phamacokinetic-phamacodynamic relationships for etoposide therapy 

Pharmacokinetic Pharmacodynamic Coefficient of 

Authors Schedule parameter parameter Model determination [Ref.] 

Brindley et al. i.v. daily x 5 C24h Leucopenia Linear ra = 0.49 [361 
Bennett et al. 3 day CI Css Leucopenia Non-linear ? = 0.49 ]371 
Des&e er al. 5 day CI C days 335 Response NA* NA ]381 
Miller et al. 24 h CI AUC Leucopenia Linear r2 = 0.50 1391 

Thrombocytopenia Linear 2 = 0.46 

Anaemia Linear rz = 0.70 

Mick and Ratain 3 day CI C24h Leucopenia Non-linear ]401 
Stewart et al. iv. days 1, 3, 5 Unbound AUC Leucopenia Non-linear P ,Noq59 ]411 
Miller et al. i.v. daily x 3 Unbound AUC Neutropenia Linear 12 = 0.94 [421 
Minami et al. 14 day CI Css Leucopenia Non-linear P = 0.41 ]431 

Thrombocytopenia Non-linear ? = 0.46 

Millward et al. 14 day p.o. Day 1 AUC Neutropenia Non-linear P = 0.77 1441 
Joel et al. i.v. daily x 5 or 8 Unbound AUC Neutropenia Non-linear 12 = 0.39 ]451 

C24h, concentration at 24 h; Css, concentration at steady state; C, concentration; AUC, area under the plasma concentration versus time 

curve; NA, not applicable. 
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Table 2. Pharmacokinetic variability of etoposide in children 

Clearance (ml/min/m’) 

Authors Number of patient Ages (years) Dose (mglm*/day) Mean k S.D. Median Range [Ref.] 

D’Incalci et al. 6 4-10 95-216 39 20-46 [461 
Evans et al. 9 0.25-18 200-250 20 12* + [471 
Sinkule et al. 8 4-22 200 21*5 [481 
Lowis et al. 33 0.4-16 89-208 26 14-54 [491 
Relling et al. 16 l-10 260 20t 16-50 [341 

162 11-19 
20§ 16-26 

Rodman et al. 29 2-24 320-500 14 7-30 [351 
Boos et al. 11 0.7 f 0.2 125 22+9 19 PO1 

39 4.9 k 4.6 125 19*5 18 

* Values are mean f S.D. t With concurrent cyclophosphamide: course 2 of a 6-course multi-agent regimen. $ With concurrent cisplatin: 
course 4 of a 6-course multi-agent regimen. 5 With concurrent cyclophosphamide: course 6 of a 6-course multi-agent regimen. 

ally, etoposide is used in combination with several cytotoxic 
drugs. The clinical justification for multi-agent therapy is 
often not proven whereas the potential for drug interactions, 
sometimes with adverse clinical consequences, is clear. 
Simplified clinical protocols, with full laboratory support, 
which address well-defined questions, are needed. 

FUTURE DIRECTIONS FOR CLINICAL 
RESEARCH WITH ETOPOSIDE IN 

PAEDIATRIC ONCOLOGY 
A number of recent developments have highlighted ways 

in which the treatment of paediatric malignancies with eto- 

poside might be improved. Overall, the priorities for 

research are: 

(1) 

(2) 

(3) 

to improve the consistency of therapy by reducing 
intra- and interpatient pharmacokinetic and pharma- 
codynamic variability; 
to enhance the activity of etoposide against tumours 
with intrinsic or acquired drug resistance; and 
to minimise the doses of etoposide given to patients 
with chemocurable tumours in order to reduce the 
risk of second malignancies. 

In responding to these priorities, it is important to note that 
there is considerable evidence for exposure-toxicity relation- 
ships for etoposide, but much less data to support exposure- 
response relationships [36-451. These data are summarised 
in Table 1. For leucopenia and neutropenia, 50% of the 
variability in toxicity can be accounted for by variation in 
etoposide levels (i.e. median r2 = 0.5 for pharmacokinetic- 
pharmacodynamic relationships). Etoposide plasma clear- 
ance in children shows marked interpatient variability [34, 
35, 46-501, and dosing on the basis of surface area, or in 
infants body weight [50], does not compensate for inter-in- 
dividual differences. As shown in Table 2, most studies have 
found that surface area-normalised etoposide clearance in 
children varies 3-4-fold. Pharmacologically guided dosing, 
to compensate for pharmacokinetic variability, should result 
in greater reproducibility and thereby improve the thera- 
peutic index of the drug. Studies in adults have shown that 
pharmacologically guided dosing does allow safer adminis- 
tration of etoposide [51], and paediatric trials have con- 
firmed the feasibility of adaptive dosing, with feedback 
control for the related epipodophyllotoxin teniposide [52], a 
drug for which there is strong evidence of a pharmacoki- 

netic-response relationship in paediatric tumours [53]. 
More practical, limited sampling strategies have been 
reported [44, 54-571 and future protocols incorporating eto- 
poside, regardless of the schedule being studied, should con- 
sider pharmacologically guided dosing as an option. 

Although pharmacologically guided dosing may compen- 
sate for pharmacokinetic variability, the response of the 
tumour cell will also depend upon molecular and cellular 
determinants of chemosensitivity. For example, a large body 
of preclinical data implicates the intracellular activity of 
topoisomerase II as a determinant of the activity of etopo- 
side. Prospective documentation of the levels of topoisom- 
erase II in tumour samples and their relationship to 
subsequent tumour response is another high priority for 
clinical research, although such studies are complicated by 
the fact that etoposide is often used in combination with 
other drugs. 

In vitro sensitivity to etoposide is also influenced by the 
levels of the MDRl drug efflux pump. In an attempt to 
overcome resistance due to the action of the MDRl glyco- 
protein, studies have been performed with modulators such 
as verapamil, cyclosporin A and PSC833 [58]. Trials in 
children with refractory tumours have been performed using 
cyclosporin A and verapamil [59, 601, but it is clear that 
pharmacokinetic interactions between the ‘modifier’ and the 
cytotoxic drug can significantly complicate the interpretation 
of results. As with studies to investigate the potential of 
different routes of etoposide therapy, clinical trials with re- 
sistance modifiers must include pharmacokinetic monitoring 
to ensure that bioequivalent etoposide exposures are com- 
pared. 

Finally, the recent identification of etoposide phosphate, a 
water-soluble prodrug, which is activated by plasma phos- 
phatase enzymes, is of potential significance to paediatric 
oncology. Etoposide phosphate can be administered in a 
purely aqueous vehicle, thereby avoiding potential toxicities 
of the excipients used in current parenteral etoposide for- 
mulations [61]. Pharmacokinetic studies in adults have con- 
firmed that etoposide, given intravenously as etoposide 
phosphate, is fully bio-equivalent [62Z65], and high priority 
should now be given to the investigation of this in children. 
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