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The two drugs, Paclitaxel and Cisplatin, have important roles in the treatment of breast 
and ovarian cancer, with the combination currently considered the optimum first line 
chemotherapy of epithelial ovarian cancer. There has been a variety of experimental and 
clinical studies to try to determine the most effective method to deliver these drugs. 
These studies consistently show that giving Paclitaxel prior to Cisplatin is the more 
effective regimen. However, the reasons why are not fully understood. Therefore, we 
have developed a mathematical model to describe and predict the effects of these two 
drugs. This model takes into account the cytotoxic effects of the drugs on the cell-cycle 
and the pharmacodynamic and pharmacokinetic effects of the drugs on each other. The 
model agrees with the experimental and clinical studies which show that Paclitaxel given 
prior to Cisplatin is the better combination and, in addition, the model also predicts more 
effective treatment regimens. These include conditions on the time between doaes and the 
dosing of each of the drugs. 
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1 INTRODUCTION 

Paclitaxel (Taxol - Bristol-Myers Squibb Com- 
pany) and Cisplatin are both cell-cycle spe- 
cific chemotherapeutic drugs. Each is currently 
being used to treat both breast and ovarian can- 
cer along with other types of cancer. Currently 
Taxol is being used alone as a monotherapy 
and also in combination with Cisplatin. Over- 
all, these treatments are having a 20%-61.5% 
complete or partial response in brea5t cancer 
and a 16%-48% complete or partial response 
in ovarian cancer (Spencer and Faulds [19]). 

However, two important questions remain incom- 
pletely answered: 

What is the optimal method of scheduling this 
combination of drugs? 
What causes one schedule of treatment to be more 
effective than another'? 
Taxol is an antimitotic agent which promotes 

the assembly of intracellular tubulin. However, 
unlike other antimitotic agents it then stabilizes 
the resulting microtubules which prevents the cells 
from dividing correctly (Arbuck et a]. [ I ] ;  Spencer 
and Faulds [19]). In contrast to this, Cisplatin is a 
platinum coordination complex which disrupts DNA 
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synthesis. It has been shown that these two drugs are 
non-cross-resistant (Engblom et al. [7]: Spencer and 
Faulds [19]) at least in part because they each act 
on a different stage of the cell-cycle. 

There is a variety of in vitro and in vivo ctud- 
ies that have attempted to determine acceptable 
sequencing of these two drugs to provide at least 
additive results [7,9,11,12,14,16,20]. The overall 
consensus of these studies (with the exception of 
[I I] which was inconclusive) is that the sequenc- 
ing of these two drugs is very important and in 
general they all conclude that when Taxol is admin- 
istered prior to Cisplatin there are additive or super- 
additive effects (sometimes called synergi?tic), but 
when they are administered together or in reverse 
order there are antagonistic results (less than addi- 
tive). However, when Taxol is administered prior 
to Cisplatin, it is still not clear, what the interval 
of time should be between the administration of 
each drug, and, even more importantly, what the 
cause of this sequence dependence is. Some sug- 
gest that the differences in sequencing are due to 
the fact that the two drugs are active in differ- 
ent phases of the cell-cycle (Liebmann et a[. [12]). 
That is, Cisplatin blocks cells from entering the M- 
phase and is therefore antagonistic to the M-phase 
drug Taxol. But Jekunen et al. [9] suggest that the 
differences in sequencing are not due to the cell 
kinetics, but are more likely to be of a molecu- 
lar nature, while Milross et al. [14] suggest that 
those cells surviving a dose of Cisplatin could then 
be more sensitive to Taxol. Also DeVos et al. [5] 

showed a significant reduction in the intracellular 
Cisplatin concentration in leukocytes in the pres- 
ence of Tween 80 and Cremophor EL (which is 
co-administered with Taxol), although this observa- 
tion was only made in hematopoietic cells. 

In this paper we will examine and model 
three experimentally observed interactions between 
Cisplatin and Taxol (the mathematical form of 
these interactions is discussed in Section 2 and 
summarized in Table I). These are as follows: 
(i) Vanhoefer et al. 1201 observed that when 
Cisplatin preceded Taxol there was a decreased 
intracellular retention of Taxol. Furthermore they go 
on to report that the cell-cycle changes caused by 
Cisplatin and Taxol are not sufficient to explain the 
antagonistic results observed with concurrent short- 
term exposure to both drugs. (ii) Another interesting 
pharmacodynamic interaction between Taxol and 
Cisplatin was observed by Jones et al. [lo]. They 
reported that Taxol increases the apoptotic rate. 
(iii) Finally, Rowinsky et al. [17] concluded from 
phar~nacolunetic studies that the difference in drug 
sequencing could be due to a 25% lower Taxol 
clearance rate when Cicplatin precedes Taxol. Their 
data suggest that the sequence dependence is 
more likely to be due to pharmacokinetics and 
pharmacodynamics rather than cell cycle effects. 

In the following sections of this paper we develop 
a mathematical model that describes the effects 
of the two drugs (Taxol, Cisplatin) on the growth 
of cancer cells in vitro - i.e, for cells undergo- 
ing exponential growth. This model will distinguish 

TABLE I Functional forms of the model parameters. The parameters are scaled values (thus non-dimensional) unless indicated 

Parameter Value or Functional form Reference Sections Discussed 

&(C,  T )  6, = 1.0: Bt = 0 - 50 (see Figures 7,9) [20] 3.3.3-3.3.4 
I + & C '  

6,(C; T) 6, = 1.0 (fixed) 

%LO-) ,,, [I + -1, l+OmT = = 4.0. On, = 0-50 (see Figure 8) [lo] 3.3.3-3.3.4 

%(T) 31 = 0.5 (fixed) 
D 7 = 0.1 (fixed except in Figure 10) 

At  (C , TI 
At A, = 2.0, O x  = 0-50 (see Figure 11) [I71 3.3.4 

1 +QxC' 
&(C,  T) A, = 2.0 (fixed) (May be an increasing function of Taxol.) [51 
L) Taxol: D = 0-60, Cisplatin: D = 0-100 (see Figures 5, 10) 3.3.1-3.3.3 
a Taxol: u = 1.0 (days), Cisplatin: (1 = 0.083 (days) or (2 hrs.) 
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between cells in the GI /S-phase, G2/M -phase, and 
also permits a subset of cells to be drug sensitized. 
In addition to qualitatively matching the results from 
various clinical studies, we use the model to try 
to help answer several important questions from a 
chemotherapeutic viewpoint: 

1. Does the sequence interaction of the two drugs 
depend on the cell-cycle and/or pharmacokinet- 
ics/pharmacodynamics? That is, are the changes 
in the cell-cycle due to the drugs sufficient to 
explain the synergistic and antagonistic results 
observed'? 

2. What sequencing does the model suggest gives 
the best cytotoxicity? 

3. How do the model results compare to current 
clinical practices in delivering this combination 
of drugs? 

2 THE MATHEMATICAL MODEL 

The main dynatnics that a mathematical model 
describing the growth and control of cancer treated 
with Taxol and Cisplatin should contain are those 
describing the rates of movement of the cancer cells 
through the cell-cycle, in particular the active phases 
GI ,  S ,  G2, and M .  In designing this model we will 
make several justifiable assumptions: 

1. We will only consider linear growth kinetics 
(i.e. the growth parameters are constant). Since 
we are modelling in v i m  growth lunetics then 
a legitimate assumption is that the cells will 
grow exponentially. This is consistent with the 
in vitro studies referenced to above which were 
performed with cells growing exponentially. 

2. We will combine the cell-cycle phases GI and 
S and ,also G2 and M to form two separate 
compartments - GI /S and G2/M. The primary 
reason the cell-cycle is grouped in this manner 
is theoretical - the Taxol only affects cells in 
mitosis and the Cisplatin affects DNA replica- 
tion. Secondly, G2/M cannot be distinguished in 
FACS analysis (and therefore cannot be distin- 
guished in the subsequent confirmatory cell-line 

studies). Finally, this will reduce the number of 
equations that we consider. 

3. We assume that Cisplatin damages the DNA in all 
phases of the cell-cycle and damaged cells cannot 
proceed past the S -phase without repairing their 
DNA. 

4. Taxol only damages cells in the M -phase. 
5. Damaged cells die due to apoptosis, at a con- 

stant rate. 
6. The drug effects will be functions of Cisplatin 

and Taxol concentration to account for the vari- 
ous observed pharn~acokinetic/pharmacodynamic 
effects these two drugs have on each other. 

Therefore, we develop a model taking into 
account the above assumptions which define four 
distinct compartments in the cell cycle: G , / S ,  in 
which cells are resistant to Taxol; G2/M, in which 
cells are sensitive to Taxol; sensitized G1/S, for 
Cisplatin damaged cells; and sensitized G2/M, for 
Taxol damaged cells. 

The basic form of the model is described diagram- 
matically in Figure 1. 

To translate this schematic figure into a set 
of ordinary differential equations we use a "law 
of mass action" approach and examine the rates of 
change of each of the cell types. The variables used 

'T!tosis '?)psis 

FIGURE 1 The Cell-Cycle With Drug Treatment. 
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in the model are defined as follows: S,  the number 
of cellc in the GI- and S-phases; M ,  the number of 
cells in the GZ- and M-phases: S, ,  the number of 
Cisplatin-damaged cell\; M,, the number of Taxol- 
damaged cells; T, Taxol concentration; and, C,  Cis- 
platin concentration. For example if we examine the 
rate of change of the number of cells in the GI  I S -  
compartment, dS l d t ,  we see from the diagram that 
there is a loss of cells at rate cu into the G2/M com- 
partment; a loss of  cell^ at rate 6, mto the G l / S  
compartment; a gain of cells at a rate 2b' from the 
G 2 / M  compartment and a gain of cells at a rate 
from the G 1 /S compartment. Combining these facts 
leads to Equation (1 )  below. In a similar manner, we 
can derive the equations describing the other three 
cell types in the model. Therefore, mathematically 
the above figure translates to the following syhtem 
of ordinary differential Equations (1)-(4): 

dS, 
- = [h,(C. T ) C ] S  + [h, ( C ,  T ) C ] M  
dt 

Next, the pharmacokinetics of the model gov- 
erning the rates of change of the Taxol and Cis- 
platin concentrations are governed by Equations ( 5 )  
and (6):  

The parameters of Equations (1)-(6) are defined 
as follows. a is the rate of transition from S to M .  
is the rate of transition from M to S where the factor 
2/3 in Equation (2) accounts for the cell division. 
6; (C , T ) ,  i = c ,  t ,  represents the effectiveness for 
each of the drugs in "killing" the cancer cells. It 
may be a function of the drug concentrations to 
account for possible pharmacodynamic interactions. 

For example, to account for the decreased uptake of 
Taxol in the presence of Cisplatin (as observed in 
Vanhoefer et ul. [20])  we will consider b,(C, T) to 
be of the form 

The apoptosis rates from each of the drug sen- 
sitized compartments is represented by y, ( T ) ,  i = 
s, m.  These can be increasing functions of Taxol 
dose (as observed in Jones er r i l .  [ l o ] )  and we will 
consider the form 

The rate of DNA repair is represented by q. 
s i ( t ) .  i = t :  c. are the drug source terms. They are 
of the form of the step function 

where D is the drug concentration, a is the drug 
infusion time, and end is the end time of the exper- 
iment. Finally, A, ( C .  T ) .  i = t ,  c ,  represent the rate 
of decay of the drug from the system. These are 
functions of the drug concentrations to account for 
possible pharmacokinetic interactions, such as the 
decreased clearance of Taxol in the presence of 
Cisplatin observed by Rowinsky et al. [17]. Thus, 
we will consider its form to be 

Table I summarizes all the above parameter 
information including values or ranges of values for 
the parameters and which section they are discussed. 

3 NUMERICAL SIMULATIONS 

3.1 Growth Model Parameter Estimation 

We estimate the growth parameters cu and P using 
the methods discussed in Panetta [15]. Here we 
take the doubling time to be between 0.25 and 
6 days and the percentage of cells in G1/S-phase 
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TABLE 11 Model Parameters 

Doublircg Time = 2.3 days. Units = dqys-' 

MCF-7ILY2 n = 0.762 3 = 0.625 
Cell-Cycle Distribution GI / S  -phase = 55% G z / M  -phase = 45% 

Doubling Time = 1.2 days. Units = riaYs-l 

A2780 cu = 0.9755 3 = 2.132 
Cell-Cycle Distribution GI  /S-phaae = 72% G2/M-phase = 28% 

FIGURE 2 MCF-7/LY2 (Left) and A2780 (Right) growth data. .'x - " represent the experimental data and " - " represent model 
results. 

to be between 50-80% and G2/M to be between 
20-50%. Using data on the breast cancer cell line 
MCF-7LY2 and ovarian cancer cell line A2780 
(obtained from Billy Day, Ph.D. - University of 
Pittsburgh) we obtain appropriate model parameters 
(see Table TI). Figure 2 compares the MCF-7LY2 
and A2780 data to the estimated parameters. As can 
be seen, the fit is acceptable. Using the parameters 
in Tables I and 11. the system of ordinary differen- 
tial Equations (1)-(6) was solved numerically using 
standard Runge-Kutta methods, the results of which 
are presented in Section 3.3. 

3.2 Methods of Measuring the Combination 
Effects 

The question that we ask for each combination 
of drugs is: are the effects additive, super-additive 
(synergistic), or sub-additive (antagonistic)? There 
are several measures used to determine additivity 

in combination therapy. Some measures include the 
isobologram, combination index, or response surface 
method. (see Chou and Talalay [4], Berenbaum [2], 
and Greco et ul. [8] respectively for more details 
on these methods.) We determine the combination 
effect by considering the absolute growth delay 
(AGD) caused by the dose (see Milross et al. [14]). 
The AGD is defined as the difference in the time it 
takes for the treated cell mass to grow to a specified 
level and the time it takes for the untreated cell mass 
(control) to grow to the same level. For the AGD to 
be consistent, this level should be chosen such that 
the cell populations are in their exponential phase 
(i.e. as seen in Figure 3, the solutions should be past 
the transient part of their solutions). 

3.3 Model Results 

Now we will use the model to help indicate effec- 
tive regimens of delivering the combination of 
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100 r- 

FIGURE 3 MCF-7LY2 Parameters. 

Taxol and Cisplatin. First we consider the model 
results without pharmacodynamic or pharmacoki- 
netic interactions. Here we would like to know 
if, considering only the cell-cycle kinetics, the 
model can be at least qualitatively related to known 
experimental and clinical information. Then we 
consider how each of the observed pharmacody- 
namic or pharmacokinetic interactions (listed in 
Table I) affect the model results, first separately 
and then in combination. In all cases we will 
give Taxol for 24 hours ( a  = I in Equation 9) and 
Cisplatin for 2 hours ((1 = 0.083 in Equation 9) 
which compares to common infusion times for 
these drugs. 

First we consider the case where the only kinetic 
effects are those of the cell cycle. Thus in this 
section we assume that the drugs do not inter- 
act and therefore do not alter the effectiveness of 
each other. Therefore, the functions S t ,  h,, y,, y,, 
At, A, are all constant (i.e. 0, = 0,  i = t ,  c ,  s, m ,  A). 
Figure 3 shows the differences when Taxol precedes 
Cisplatin given a fixed dose and vice versa. Note 
that for this example Taxol preceding Cisplatin is 

the better combination since it has a larger AGD. 
This is qualitatively what has been observed exper- 
imentally. The reason for this sequence depen- 
dence is the difference in cell-cycle specificity 
between the two drugs. Thus, if Cisplatin is given 
first, it blocks cells at S-phase preventing them 
from entering M-phase which is the effect site of 
Taxol. 

Next we consider how the time between doses 
affects the additivity of the combinations. Figure 4 
indicates again that Taxol given before Cisplatin 
is the better of the two combinations. Note that 
since the infusion time of Taxol is fixed at 1 day, 
then for the Taxol -. Cisplatin regimen, a time 
between dose of -1 days is equivalent to the two 
drugs being administered simultaneously and a time 
between dose of -2/3 of a day represents start- 
ing Cisplatin 113 of a day into the Taxol infu- 
sion. Figure 4 also shows that when the drugs are 
administered simultaneously we observe the great- 
est antagonism. However, at best the model only 
indicates an additive response for the combination 
Taxol -, Cisplatin, when the drugs are administered 
at least two days apart. 

Finally, we consider how altering the dose level 
for each drug affects the additivity. Figure 5 shows 
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FIGURE 5 MCF-7LY2 parameters. The ratio between Taxol and Cisplatin dose is kept fixed in the right figure. 

that in all cases giving Taxol before Cisplatin is 
the better combination, but in no case is there 
synergy and as the doses are increased the level of 
antagonism is increased. 

3.3.2 Doubling time 

Now we observe the sensitivity of the results to 
changes in the doubling time of the cells (changes 
in cr and a) while fixing the other parameters. In 
Figure 6 we observe that for doubling times in the 
range of 0.25 days to 7 days (a reasonable range 
for the in v i m  studies) Taxol prior to Cisplatin is 

consistently the better regimen. Also we observe that 
the doubling time has little effect on the percent 
change from additivity, indicating that changes in 
the growth rate have only minor effects on treatment 
efficacy. 

When we do not consider the possibility of 
pharmacodynamics or pharmacokinetics the model 
always indicates (as suggested by experimental data) 
that giving Taxol before Cisplatin is the better corn- 
bination. And, giving some time between treatments 
itnproves additivity. But the model fails to show 
any synergy - at best it shows additivity when 
Taxol precedes Cisplatin. This indicates the possible 
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FIGURE 6 The effects of altering the doubling time on the MCF-7ILY2 (Left) and A2780 ( ~ i g h t )  cell-line. 

importance of the pharmacodynamics andlor phar- shows the effect that increasing the parameter has 

macokinetic interactions in producing true synergy. on the additivity. Note that as Qt. increases, Cisplatin 
has more of an effect on decreasing the uptake of 
Taxol. We observe that the greater the effect of Cis- 

3.3.3 Pharmacodynamics platin on Tdxol uptake, the more antagonistic the 

In this section we include some of the known combination. Again we observe that Taxol preced- 
pharmacodynamic effects into the model. First, we ing Cisplatin is the more favorable sequence. We 
include the effect described by Vanhoefer et al. I201 obtain very similar results when using the model 
of decreased uptake of Taxol in the presence of parameters for the cell-line MCF-7l~Y2. 
Cisplatin by making b,(C , I )  a decreasing function Now we consider the phamacodynamic effect 

of Cisplatin as described in Equation (7). Figure 7 described by Jones et af. [lo] - Taxol increases 

0.0 7-' I I 

I 
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the apoptotic rate. For our model increasing ern in 
Equation (8) increases the effect Taxol has on apop- 
tosis. As can be seen in Figure 8, this effect gives 
us the first evidence for synergy in the model along 
with the fact that giving Taxol first remains the bet- 
ter combination according to the model. Figure 9 
shows what happens as the time between doses (for 
Taxol before Cisplatin) is changed. For the A2780 

cell line parameters this indicates that a delay of 
about a half a day between doses is the best due to 
the largest percent change from additivity. Figure 9 
again shows the antagonistic effects of the sequence 
Cisplatin prior to Taxol. Finally, we observe the 
effects of altering dose with 8, = 50. Figure 10 
shows that smaller doses of Taxol followed by larg'er 
doses of Cisplatin have better synergic effects. 

FIGURE 8 A2780 parameters Increased Q,, represents increased apoptotic activity due to Tarol. 

1 
I 
I 

J 
I 

Taxol->Cispiatin I 
I 

I 
I 

0 0 

T~me Between Doses---(Days) 

Tlms Between Dorer 

FIGURE 9 A2780 Parameters. 
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FIGURE 10 A2780 parameters There is more DNA repair ( i e  more resistance to Cisplatin, larger 77) in the right figure. 

Again in all these a r e s  it should be noted that in all the previous cases, we observe that the model 
the of Tarol given prior to Cisplatin is predicts that the administration of the Taxol before 

the Cisplatin to be the more effective regimen. better. 

3.3.4 Pharmacokinetics 4 DISCUSSION 
Figure 11 shows the effects of increasing QA in 
Equation 10. Here we see that as we increase 8; The combination of Cisplatin and ~ a x o l  is the 
(decrease the clearance of Taxol due to Cisplatin current standard first-line chemotherapy in the 
as dec,cribed by Rowinsky el nl .  [17]) we see that treatment of advanced ovariiin cancer clinical 
the treatment for both Tanol prior to Cisplatin and studies suggest that the o ~ t i ~ n a l  schedule for this 
Cisplatin prior to Tax01 are both synergistic But, as combination is to administer the Tax01 before the 

I 
I 



MODELLING BREAST AND OVARIAN CANCER 21 

Cisplatin. However, despite several clinical and 
laboratory studies, the reason for this schedule- 
dependency remains unclear, and therefore one 
cannot be sure that this combination is being given 
optimally at present. Furthermore there are no data 
to confirm that the interaction is synergistic, or 
whether the schedule of Taxol before Cisplatin 
simply minimizes any antagonism between the 
agents. 

Therefore, we have constructed a mathematical 
model in order to try and identify the mechanisms 
of any schedule-dependent interaction between Cis- 
platin and Taxol. The model therefore incorporates 
terms that reflect the likely cell-cycle dependent 
effects of these two drugs, as well as the currently 
identified pharmacokinetic and pharmacodynamic 
interactions. However, Figure 3 confirms that even 
in the absence of any pharmacological interactions, 
there is evidence of a schedule-dependent difference 
in efficacy, that appears to be consequent upon the 
particular phases of the cell-cycle in which the cells 
are active. Furthermore, adding the PDfPK effects 
does not alter the schedule dependence. This sug- 
gests that the schedule of Taxol before Cisplatin is 
fundamental to obtaining optimum efficacy, and the 
nature of any pharmacological or biological interac- 
tions may modulate this rather than be the primary 
cause. 

Figure 7 demonstrates that any inhibition of Taxol 
uptake into tumor cells by prior administration of 
Cisplatin (as reported by Vanhoefer et al. [20]) 
results in significant antagonism. However it is 
interesting to note that the alternative schedule is 
still antagonistic but to a lesser degree. The data 
that suggest optimum efficacy when the drugs are 
administered around 24 hours apart (as seen in 
Figures 4 and 9) will considerably reduce this inter- 
action. This is clearly something that could be 
done in the laboratory and the clinic, where both 
efficacy and intra-tumoural pharmacology could be 
investigated. 

A more interesting suggestion perhaps, in terms of 
the mechanism of cell-killing (as reported by Jones 
et nl. [lo]), is the possibility that Taxol can induce 
bax expression and thus increase the likelihood of 

a cell undergoing apoptosis. Figure 8  shows quite 
clearly that this is predicted to result in synergy 
between the two drugs, as might be anticipated. This 
could be clinically relevant - there are conflicting 
data on the response and outcome for ovarian can- 
cers that express mutated or abnormal p53, which 
normally serves to trigger apoptosis in a cell with 
damaged DNA. However the available data suggest 
that the outcome for patients whose tumors con- 
tain abnormal p53 is worse with Cisplatin therapy 
(Buttitta et al. [3]), but not necessarily worse when 
treated with Taxol (Smith-Srensen et al. [ l a ] ) .  If 
Taxol can not only induce apoptosis in a p53 inde- 
pendent manner (Debernardis et nl. [6] and Menen- 
dez et al. [13]), but also increase the likelihood of 
a Cisplatin-treated cell to undergo apoptosis, then 
it may be possible to overcome some of the con- 
sequences of a mutant p53 and hence produce, at 
the very least, additive effects in combination with 
Cisplatin. 

In determining the relevance and value of the 
model we must consider how sensitive the model 
results are to changes in the parameters. In order 
to investigate this, we have performed extra simu- 
lations of the model using different values for some 
of the parameters. Firstly, we considered changes in 
dose (D) (cf. Figures 5 and 10). In these cases, we 
observed that the changes we made did not alter the 
conclusions. Next, we considered changes in a and 
$ (cf. Figure 6). It was observed that these changes 
had minimal effect on the AGD and again did not 
alter the conclusions. Finally, we made changes to 
the parameters 6,, y,,, and A, via changes in Q,, B,,, 
and Ox respectively (cf. Figures 7-9, and 11). As in 
all the previous cases, these changes did not alter 
the model conclusion that Taxol prior to Cisplatin is 
the more effective sequence. Though this is by no 
means an exhaustive search of the complete param- 
eter space, it does indicate that changes in some of 
the more important model paratneters resulted in no 
changes to the conclusions. 

Clinically one cannot be sure that administer- 
ing the Taxol prior to Cisplatin rehults in syn- 
ergy. However, knowledge of the most synergistic 
schedule of drug administration would potentially 
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allow the best therapeutic strategy, and so use of 
this model can help predict possible schedules that 
appear more or less synergistic than others. It is 
however interesting to note that the model pre- 
dicts an improved therapeutic effect for Taxol being 
administered before Cisplatin, and suggests an inter- 
val of one day between drug administrations to be 
optimal. 

Clinical confirmation of these data will of 
course be difficult to achieve. However, studying 
various ovarian cancer cell lines in vitro gives 
one the possibility of determining whether or not 
the proposed schedules do produce the predicted 
synergy andlor antagonism. Such studies are 
currently in progress and will seek to determine in 
vifro the accuracy of the predicted drug schedule 
effects of the mathematical model. They may also 
help identify the importance of pharmacodynamic 
and cell-cycle interactions, but by necessity cannot 
consider any pharmacokinetjc effects. However, 
such studies may help eliminate insigniticant 
interactions so that a simpler model can be 
developed which can then be tested prospectively 
in patients. 

In conclusion, this mathematical model of the 
combination of Taxol and Cisplatin appears to give 
results consistent with the current limited clinical 
and experimental data, and suggests that true syn- 
ergy is only seen when Taxol increases the sensi- 
tivity of cells to Cisplatin by favorable changes in 
the balance of the intracellular proteins that regulate 
apoptosis. This would suggest that further improve- 
ment in the therapeutic efficacy may be achieved by 
strategies that alter the control of cellular responses 
to cytotoxics rather than more complicated clinical 
drug scheduling, although the truth of this observa- 
tion awaits testing in both model systems and the 
clinic. 
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