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Summary. VP-16-213 (Etoposide) is an active antineoplas- 
tic agent which has undergone extensive evaluation of 
clinical dose escalation. To corroborate a putative dose-re- 
sponse relationship, we studied, in a modified clonogenic 
assay, various doses and durations of exposure. VP-16-213 
at doses of 0.01, 0.05, 0.10, 0.50, 1.0, 5.0, and 10.0 ~tg/ml, 
each with exposure durations of 1, 3, 18, and 30 h, was 
studied in vitro against two human tumor cell lines, 
MOLT and 9812. The doses and durations of exposure 
were chosen to approximate some of the pharmacokinetic 
values achievable in either standard-dose or high-dose 
clinical studies. The results, summarized as linear regres- 
sion lines, demonstrate with statistical significance 
(p< 0.03) that there is correlation between dose and cyto- 
toxicity and between dose x duration of exposure (repre- 
senting the area under the concentration-time curve) and 
cytotoxicity. Our in vitro data thus support the concept of 
intensive use of VP- 16-213 to maximize antitumor activity. 
However, how best to accomplish the manipulation of 
dose and duration of exposure is not yet clear and will be 
the subject of future clinical investigations. 

Introduction 

The epipodophyllotoxins are a new and important class of 
cytotoxic agents demonstrating activity in the treatment of 
acute leukemia, germ cell carcinoma, lymphoma and small 
cell carcinoma of the lung [12, 13]. VP-16-213 or etoposide, 
the most extensively evaluated epipodophyllotoxin, is now 
commercially available and has a recommended daily 
dose of approximately 100 m g / m  2 when given for 3 -5  
days [8, 10]. As a single agent, VP-16-213 at routine dosage 
produces modest myelosuppression as its predominant 
toxic effect. With this circumstance in mind, the dose of 
VP-16-213 has been escalated by accepting substantially 
more myelosuppression to a maximally tolerated total 
dose of approximately 2400 rag/m2; further escalation is 
contraindicated by mucous membrane toxicity [11, 23]. 
Pharmacokinetic evaluation of these high-dose studies re- 
vealed retention of the standard-dose drug half-life and 
plasma clearance but markedly higher peak plasma levels 
and concomitant increase in the area under the concentra- 
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tion-time curve [2, 3, 6, 7, 16]. Although some clinical trials 
have suggested increased antitumor activity with higher 
doses, conclusive proof  of this is still lacking [11, 21, 22, 
23, 24]. Therefore, to help establish a pharmacodynamic 
rationale for the use of high-dose VP-16-213, we deter- 
mined in vitro dose-response relationships of VP-16-213 
against two human tumor cell lines using various drug 
concentrations and durations of exposure. 

Materials and methods 

Cell lines. MOLT maintained in enriched RPMI with 10% 
fetal calf serum and 9812 maintained in Dulbecco's modi- 
fied Eagle's medium (DMEM) with 10% fetal calf serum 
were used as the target cell lines. MOLT was derived from 
a human T cell lymphoma and 9812 from a human ana- 
plastic bronchogenic carcinoma. Enriched RPMI consist- 
ed of RPMI-1640, fetal calf serum, L-glutamine (4 raM), 
penicillin (50 units/ml)/streptomycin (50 gg/ml),  sodium 
pyruvate (1 m M  GIBCO, Grand Island, NY), and gent- 
amicin (10 lxg/ml Schering Corp, Kenilworth, NJ). Our 
DMEM consisted of basic DMEM fetal calf serum, and 
penicillin/streptomycin. MOLT was grown as suspension 
culture in 25-cm 3 tissue culture flasks and 9812 as adherent 
culture in 75-cm 3 tissue culture flasks (Falcon Plastics, Ox- 
nard, Calif). Cultures were maintained in a 5% CO2, 37 °C, 
humidified incubator. Cells were harvested for assay in the 
log phase of growth. 

Assay system. Cytotoxicity was assayed in triplicate using 
percent reduction of colony growth in treated vs untreated 
cells in a two-layer agar system as described by Hambur- 
ger and Salmon [14]. Briefly, each 35 x 10 mm Petri dish 
(Falcon Plastics, Oxnard, Calif) contained a 1-ml feeder 
layer overlaid by a 1-ml layer containing the cells. The 
feeder layer was prepared from the stock culture media 
supplemented with 0.5% tryptic soy broth (DIFCO, De- 
troit Mich), DEAE-Dextran (0.24mg/ml;  Pharmacia, 
Uppsala, Sweden), and L-asparagine (64 f4g/ml; GIBCO, 
Grand Island, NY) mixed with bacto agar (DIFCO, De- 
troit, Mich) yielding a final agar concentration of 0.5%. 
The top layer was prepared from the cells in their appro- 
priate media mixed with agar to yield a final agar concen- 
tration of 0.3%. Experiments were reviewed microscopi- 
cally within 24 h of plating to assure that single-cell su- 
spensions were used. Dishes containing clumps of cells 
were discarded. Colonies (defined as greater than 30 cells) 



247 

were counted 14 days after plat ing using an inverted mic- 
roscope (×  40) by one individual  b l inded as to which dish 
was being counted. 

D r u g  prepara t ion .  VP-16-213 (etoposide,  Bristol Laborato-  
ries, Syracuse, NY) was di luted with normal  saline just 
pr ior  to use. As an addi t ional  control ,  the solvent for the 
drug was prepared  from the manufac turer ' s  instructions:  
400 mg Tween-80, 3.25 g polyethylenglycol ,  10 mg anhy- 
drous citric acid (Sigma Chemicals ,  St Louis Mo),  150 mg 
benzyl  alcohol,  and  absolute alcohol  to br ing the final vo- 
lume to 5 ml. Dilut ions of  the solvent cor responding to the 
concentrat ions  found in the appropr ia te  drug di lut ion 
were used as controls  for evaluat ion of  cytotoxicity.  

D r u g  exposure .  Cell lines were collected, counted,  and via- 
bil i ty de termined by t rypan  blue exclusion. Next,  1.15 ml 
fresh media,  0.20 ml MOLT cells (0.75 × l04 ml) or 9812 
cells (2.25 × 104/ml), and  0.15 ml drug (or normal  saline 
control)  were mixed in a 15-ml conical  polystyrene tube 
(Falcon Plastics, Oxnard,  Calif) and incubated  for 1, 3, 18, 
or 30 h. After comple t ion  of  incubat ion,  the tube was cen- 
tr ifuged at 1500 rpm for 5 min and the supernatant  was re- 
moved and replaced with fresh media.  Washing  was re- 
peated twice more and the final cell pellet  was resus- 
pended  with 2.7 ml media.  

S ta t i s t i ca l  me thods .  Results were analyzed using the 
C L I N F O  data  system. Linear  regression was calculated by 
the least squares method.  Curves were forcefit ted through 
the origin. For  regression computat ions ,  values of  dose or 
dose × durat ion were not  included in the calculat ions 
once 100% cytotoxici ty was achieved. 

R e s u l t s  

So l ven t  cy to tox ic i t y  

Solvent a lone at concentrat ions  equivalent  to that present  
in experiments  with 1 I.tg/ml VP-16-213 caused less than 
10% cytotoxici ty with exposure from 1 to 30 h. Higher sol- 
vent concentrat ions  for short  exposure  durat ions  (1 and 
3 h) also caused no substantial  cytotoxicity.  Results are 
therefore not adjusted for solvent cytotoxicity.  

VP-16-213 cy to tox ic i t y  

Cytotoxici ty  was studied at seven doses, 0.01, 0.05, 0.10, 
0.50, 1.0, 5.0, and 10.0 l.tg/ml, each at four durat ions of  ex- 
posure,  l ,  3, 18, and  30 h. Each exper iment  (performed in 
tr iplicate) was repeated and the results are summarized in 
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Fig. 2. Cytotoxicity of VP-16-213 against 9812 cells. Plotted are 
the dose-response relationships at constant duration of exposure. 
Curves are linear regressions forced through the origin 

graphic  form in Fig. 1 and Fig. 2 for M O L T  cells and  9812 
cells respectively. The lines drawn are l inear  regression 
analyses forcefit ted through the origin. As shown, with in- 
creasing dose of  drug there was increasing cell cytotoxici-  
ty. Addi t ional ly ,  for each dose, there was increasing cyto- 
toxicity with increasing durat ion of  exposure. For  regres- 
sion calculations,  once maximal  (100%) cytotoxici ty was 
observed,  higher doses were not included in the regression 
computat ions.  Tables 1 and 2 summarize  the regression 
lines: r values ranged from 0.70 to 0.89. Also shown is the 
lowest dose producing  maximal  cytotoxicity.  As the dura-  
t ion of  exposure increases, the dose required to produce  
maximal  cytotoxici ty decreases. To evaluate the influence 
of  the area under  the concentra t ion- t ime curve, cytotoxici-  
ty was compared  with dose × durat ion of  exposure.  Gra-  
phic  representat ions of  l inear  regression lines are shown in 
Figs. 3 and 4 for MOLT cells and 9812 cells respectively. 
All  possible dose × durat ion values were calculated and 
ranged from 0 (control) to 300 Ixg. h r /ml .  As demonst ra ted  
in these plots,  maximal  cytotoxici ty was observed at dose 
× durat ion values of  8 - 1 0  p~g. h r /ml .  As for the previous 
plots,  lines were forced through the origin. The r and p 
were 0.83 and <0.001 for MOLT cells and  0.80 and 
<0.001 for 9812 cells. 

Table 1. VP- 16-213 cytotoxicity against MOLT cells: evaluation of 
the effect of dose 

Duration of r p Maximal 
exposure cytotoxicity 

1 h 0.86 <0.001 10 ~tg/ml 
3 h 0.71 0.005 5 ~tg/ml 

18 h 0.88 <0.001 1 l.tg/ml 
30 h 0.85 0.002 0.5 ~g/ml 

Table 2. VP-16-213 cytotoxicity against 9812 cells: evaluation of 
the effect of dose 

Duration of r p Maximal 
exposure cytotoxicity 

2 4 6 8 I0 
l h  

dose  (3Jglml) 3 h 
Fig. 1. Cytotoxicity of VP-16-213 against MOLT cells. Plotted are 18 h 
the dose-response relationships at constant durations of exposure. 30 h 
Curves are linear regressions forced through the origin 

0.89 <0.001 10 ~tg/ml 
0.79 <0.001 5 Ixg/ml 
0.85 <0.001 1 ~tg/ml 
0.70 0.027 0.5 I.tg/ml 
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Fig. 3. Cytotoxicity of VP-16-213 against MOLT cells. Plotted is 
the value of the dose x duration o f  exposure (representative of 
the area under the concentration-time curve) vs cytotoxicity. The 
lines are linear regressions fm'ce-fitted through the origin with 
95% confidence limits 
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Fig. 4. Cytotoxicity of VP-16-213 against 9812 cells. Plotted is the 
value of the dose x duration of exposure (representative of the 
area under the concentration-time curve) vs cytotoxicity. The lines 
are linear regressions force-fitted through the origin with 95% con- 
fidence limits 

Discussion 

VP- 16-213 (etoposide) is now a widely used antineoplastic 
agent which has been extensively dose-escalated. This 
study evaluated a wide variety of  drug doses against an in 
vitro model to corroborate a dose-response relationship. 

We modified the standard tumor stem cell assay to in- 
corporate not only dose as a variable, but also a wide 
range of  durations of  drug exposure. We selected values of  
these parameters to approximate in vitro the in viva phar- 
macokinetics in man. Noting that the terminal half-life of  
VP-16-213 is approximately 5 - 1 0 h ,  and with standard- 
dose to high-dose peak plasma levels ranging from 10 to 
100 gg/ml ,  we selected suitable doses and duration o f  ex- 
posure. For example, with standard-dose administration, 
VP-16-213 plasma levels are generally < 1 Ixg/ml within 
24 h, but with high-dose infusions are > 1 Ixg/ml. How- 
ever, it would be unwise to suggest anything more than a 
qualitative comparison between the in vitro model and the 
in viva situation, since the model cannot capture dynamic 
in viva circumstances [18-20]. 

Our results demonstrate that there is both a dose-re- 
sponse relationship and a dose x duration relationship 
between VP-16-213 and cytotoxicity. Linear regression 
curves drawn through the origin demonstrate the signifi- 
cance of  these relationships. Dose-response relationships 

have also been reported previously, although in more re- 
stricted dose ranges [4, 5]. Therefore, our in vitro data 
would support the concept of  high-dose therapy and fur- 
ther suggest that methods to increase the area under the 
concentration-time curve be sought in order to maximize 
anti tumor activity. However, maximizing the area under 
the concentration-time curve may also increase toxicity, 
thus negating any improvement in therapeutic ratio. Addi- 
tionally, our experimental design is unable to determine 
whether there is a cytotoxic difference between short expo- 
sures to high concentrations and prolonged exposures to 
lower drug concentrations. Experiments designed to 
answer this question are now in progress. 

Besides administration o f  high doses, another method 
of  sustaining plasma levels is the use of  continuous infu- 
sion. To date, three studies have been reported using this 
technique [1, 9, 15]. Doses were from 60-150  mg /m2 /day  
administered for 5 days. For the larger doses, maintenance 
of  plasma levels over 1 Ftg/ml would be anticipated. In- 
deed, in these studies, evidence of  both tumor response 
and severe toxicity (myelosuppression) was observed even 
at the lower concentrations. 

How best to administer VP-16-213 in clinical situations 
remains a topic for speculation. Although there are now 
clinical and laboratory data to warrant intensification of  
VP-16-213 administration, how to manipulate dose and 
duration of  exposure is not yet clear. Clinical studies to 
evaluate these parameters are necessary. A recent prelimi- 
nary report compared two methods of  administration of  
VP-16-213, with both schedules designed to yield similar 
areas under the concentration-time curve [17]. VP-16-213 
was administered either as a 24-h infusion of  500 m g / m  2 or 
as five daily 2-h infusions of  100 m g / m  z. Twenty patients 
received the single infusion and 18 patients received multi- 
ple infusions. Interestingly, the response rate was signifi- 
cantly greater in the group receiving multiple infusions. In 
that study, although the pharmacokinetics were similar, 
there appeared to be improved cytotoxicity with longer 
durations of  exposure. Early phase I evaluations of  VP- 
16-213 had also suggested the superiority of  multiple daily 
infusions to single-dose administration. With the availabi- 
lity of  pharmacokinetic data, specific dosing intervals can 
now be chosen to maintain and maximize the area under 
the concentration-time curve. In this context, our next 
clinical study will evaluate the anti tumor activity of  high- 
dose VP-16-213 administered for 3 alternate days as op- 
posed to the previous schedule of  3 consecutive days in or- 
der to increase the area under the concentration-time 
curve without modifying peak plasma levels. 
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