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Abstract A new dihydrofolate reductase inhibitor, 
edatrexate (EDX), and the microtubule polymerization 
promotor, taxol (TXL) or taxotere (TXT), each have 
significant therapeutic activity against human breast 
cancer in clinical trials. Since they also have distinctly 
different mechanisms of actions and have mainly non- 
overlapping toxicities, they may be effective in combi- 
nation in the treatment of this disorder. Schedule- 
dependent interactions between these taxanes and 
EDX against human breast adenocarcinoma cells (SK- 
Br-3) were quantitatively assessed in vitro to determine 
whether these interactions are synergistic or antagonis- 
tic. SK-Br-3 cells were grown as a monolayer in 96-well 
microplates. The dose-effect relationships of the drugs, 
singly and in combination, in inhibiting the growth 
over a 7-day period were determined by the SRB pro- 
tein staining assays. Cell cultures were exposed to drug 
as a 3-h pulse at either 0-3 h or 24-27 h. Synergism or 
antagonism at different concentrations and at different 
effect levels were assessed with the medianeffect prin- 
ciple and the combination index-isobologram method 
using computer software. These methods were selected 
because they take into account both the potencies and 
the shape of the dose-effect curves. Exposure of cells to 
an equimolar combination of EDX + TXL (0 3 h) re- 
sulted in synergism at high effect levels. Pretreatment of 
cells with EDX (0-3 h) followed by TXL (24-27 h) 
showed even greater synergism in inhibiting cell growth. 
Moderate antagonism was observed with the reverse 
schedule. EDX + TXT (0 3 h) was additive, but pret- 
reatment with EDX (0-3 hr) followed by TXT (24-27 h) 
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showed synergism. However, the reverse order showed 
antagonism. Studies on another breast tumor cell line, 
ZR-57-1, also showed the schedule of EDX (0-3 h) 
+ TXT or TXL (24-27 h) to be more synergistic than, 

the other two schedules examined. These results show 
potent schedule-dependent synergism of the combina- 
tions of TXL or TXT with EDX, a n d  should form 
a rationale for designing clinical protocols utilizing 
these agents particularly for the treatment of breast 
cancer patients. 
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Introduction 

The taxane derivatives, taxol (TXL) and taxotere 
(TXT), have been shown to exhibit extremely encourag- 
ing therapeutic activity against human malignancies, 
particularly refractory ovarian and breast cancers 
[,1-7]. These agents are unique in that they enhance the 
polymerization of tubulin to stable microtubules by 
interacting stoichiometrically with microtubules in the 
absence of any cofactors [-1, 3, 4]. Consequently, tumor 
cells are blocked in the mitotic phase of the cell cycle 
and are unable to replicate. As with other chemo- 
therapeutic agents, the clinical utility of these taxane 
derivatives will depend upon their optimum use in com- 
bination with other clinically useful agents. Ideally, 
agents used in such combinations should exhibit min- 
imal overlapping toxicities and have confirmed effects 
that reflect at least additive, if not, synergistic interac- 
tions in the target tumor cells. 

Other studies [-8] have shown that the classical folate ana- 
logue, edatrexate (EDX, 10-ethyl-10-deazaaminopterin) 
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is similar to methotrexate (MTX) as an inhibitor of 
dihydrofolate reductase, but is more effectively trans- 
ported and polyglutamylated in tumor cells. More im- 
portantly, there is greater accumulation of cytotoxic 
EDX polyglutamates [-8] in tumor cells than in normal 
proliferative tissues that are sites of limiting toxicity. In 
other studies EDX has been shown to be more effica- 
cious than MTX in vivo against murine ascitic and 
solid tumors and against human tumor xenografts that 
are resistant to MTX [9, 10]. EDX has been evaluated 
as a single agent in phase I and phase II studies [11, 12] 
and has been shown to have therapeutic activity 
against a number of tumors greater than MTX, parti- 
cularly non-small cell lung cancer [13, 14] and breast 
cancer [-15, 16]. Toward the further clinical develop- 
ment of EDX, combination therapeutic studies have 
shown that EDX administered with alkylating agents 
or cisplatin [,17, 18] or vinca alkaloids [,-19] is highly 
effective against a number of MTX-resistant tumors. 
Retrospective analysis by the median-effect principle 
and combination index methodology [20-23~ of the 
effect of the combination of EDX and cisplatin against 
human leukemia [24] and human lung cancer [25, 26] 
cells has shown that this combination is potently 
synergistic, which would suggest a basis for the high 
degree of effectiveness of, at least, the EDX plus cis- 
platin combination in vivo. The results of these studies 
have led to a number of clinical trials evaluating EDX 
[11, 26] in combination with these other agents. 

The dose-limiting toxicities of taxane derivatives in 
patients are leukopenia and peripheral neuropathy 
[-5-7]. In contrast, mucositis is the dose-limiting toxic- 
ity of EDX in patients [11-16]. Other toxicities includ- 
ing myelosuppression, small bowel disturbances, rash 
and pneumonitis, are generally mild to moderate in 
severity [11-16]. In view of the distinctly different 
mechanisms of action and the dissimilarity in toxicity 
associated with these clinically active agents, we in- 
itiated a prospective study of their combined effects 
against human breast cancer cells (SK-Br-3 and ZR-75- 
1) in cell culture. These studies used the median-effect 
principle and the combination index method [20-23], 
and computerized data analysis [27-28] for quantitat- 
ion of synergism or antagonism of the agents. The 
results of these studies may have utility in designing 
combination chemotherapy clinical protocols for these 
two types of agents that have non-overlapping toxici- 
ties, particularly in breast cancer patients. 

Materials and methods 

Drugs and drug solutions 

EDX, originally synthesized at SRI International, Menlo Park, 
Calif., was made available by the Ciba Geigy Corporation, Summit, 
N.J. EDX stock solutions were prepared at 2 mg/ml in 5% sodium 
bicarbonate and the pH was adjusted to 7.2. TXL was obtained 

from the Drug Developmental Branch, National Cancer Institute, 
Bethesda, Md., and was first dissolved in 50% ethanol and 50% 
cremophor and stored at - 20~ A stock solution was prepared 
( < 0.6 mg/ml TXL) prior to use by dilution with 0.5% ethanol, 5% 
cremophor and 90% saline. Further dilutions were made in 
MEM/f12 medium. TXT (RP56976) was obtained as a gift from 
Rhone-Poulenc Pharmaceuticals, France. TXT was first dissolved at 
50 mg/ml in ethanol and stored at - 20~ Immediately prior to 
use, 1 vol of the ethanolic stock solution was mixed with 1 vol of 
polysorbate 80 and then 18 vol of 5% glucose in aqueous solution 
was added to make a 2.5 mg/ml stock solution. Further dilutions 
were made in MEM/fl2 medium. 

Cells and incubation 

SK-Br-3 human breast adenocarcinoma and ZR 75-1 human breast 
carcinoma cells (obtained from American Type Culture Collection, 
Rockville, Md.) were used. They were grown as a monolayer in 
96-well plates, in MEM/f l2  supplemented with 10% fetal bovine 
serum, under an atmosphere containing 5% CO 2 in an incubator at 
37~ A suspension of 8 x 103 cells in 100 btl was added to each 
experimental well 24 h before drugs were added. Plates were read 
when control wells were almost confluent (7 days) using the SRB 
protein staining assay [29]. 

Drug combinations and schedules 

EDX combined with either TXL or TXT was explored with three 
different pulse treatment schedules: (a) simultaneous exposure: EDX, 
0 3h + another drug, 0 3h; (b) sequential exposure: EDX, 
0 3 h + another drug, 24-27 h; and (c) reverse exposure: another 
drug, 0-3 h + EDX, 24-27 h. For each drug combination, three 
96-well plates were used, one for each pulse schedule. Each experi- 
ment was repeated several times as indicated in Tables 1-3. 

Each plate included wells with the drugs combined, single-drug 
controls, solvent controls and cell controls. All single-drug wells as 
well as the control wells were handled in exactly the same way as the 
combination wells except for the concentration and timing of drug 
additions. Drugs were serially diluted twofold across the wells and 
any rows not getting drug at any time had medium passed from well 
to well. Similarly, when drugs were removed at the end of the pulse 
treatment (using a sterile pasteur pipette attached to vacuum) the 
medium of all control wells was similarly emptied and all were given 
fresh medium. Plates were read when control wells were almost 
confluent (7 days). The SRB protein staining assay [29] was used 
and absorbance was read on a microplate reader (Bio-Tek, model 
EL-340). Fractional inhibition (f~) of cell growth (percent inhibi- 
tion/100) as compared to untreated cell controls at the end of 
inhibition measurement was calculated. 

Quantitation of synergism or antagonism 

For each of the individual drugs (EDX, TXL, TXT) and their two 
drug combinations, the dose-effect relationships obtained from 
two fold serial dilution and the SRB cytoxicity assay were subjected 
to a median-effect plot analysis [23, 28]. Briefly, the median-effect 
equation is expressed as: 

(fa)/(f~) = (D/Dm) m 

o r  

log 0cjj~) = m logD - m l o g D  Eq. 1 

For EDX, D is the dose of EDX, D m is the median-effect dose (EDso 
or ICso ) of EDX, f a is the fractional inhibition (e.g.f~ = 0.95 for 95% 
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Table 1 Dose-effect relationship parameters of EDX, TXL and TXT 
against the growth of SK-Br-3 and ZR-75-1 breast adenocarcinoma 
cells with different drug exposure times during a 7-day incubation 
period as described in Materials and methods. (m, Din, and r are the 
slope, antilog of the x-intercept, and the linear correlation coefficient 

of the median-effect plot [21-23] which signify the shape of the 
dose-effect curve, the potency (ICs0) and the conformity of the data 
to the mass-action law, respectively [27]; n is the number of sets of 
dose-effect relationship experiments carried out). Values are mean _+ 
SEM for SK-Br-3 cells, and mean +_ variation for ZR-75-1 cells 

Breast 
cancer D m 

Drug cells (gM) m r n 

EDX (0-3 h) SK-Br-3 0.085 + 0.022 
ZR-75-1 0.273 + 0.165 

TXL (0 3 h) SK-Br-3 0.039 _+ 0.020 
ZR-75-1 0.020 _+ 0.004 

TXT (0-3 h) SK-Br-3 0.013 + 0.004 
ZR-75-1 0.043 _+ 0.012 

EDX (24-27 h) SK-Br-3 0.120 __+ 0.043 
ZR-75-1 0.435 _+ 0.193 

TXL (24-27 h) SK-Br-3 0.071 _+ 0.027 
ZR-75-1 0.047 _+ 0.017 

TXT (24-27 h) SK-Br-3 0.017 _+ 0.006 
ZR-75-1 0.049 + 0.026 

0.802 _+ 0.173 0.851 + 0.050 11 
0.811 __ 0.281 0.880 _+ 0.010 2 
0.648 _+ 0.105 0.943 +_ 0.013 8 
0.738 __ 0.157 0.919 __ 0.044 2 
1.039 -- 0.172 0.955 + 0.017 5 
0.541 _+ 0.111 0.875 __ 0.081 2 
0.964 _+ 0.350 0.925 _+ 0.020 6 
0.595 _+ 0.046 0.853 _+ 0.013 2 
0.734 +_ 0.072 0.971 + 0.014 4 
0.785 _ 0.359 0.960 _+ 0.001 2 
1.248 _+ 0.297 0.905 _+ 0.053 4 
0.726 + 0.299 0.886 + 0.059 2 

inhibition by EDX),f~ is the fraction unaffected (1 - s  and m is the 
coefficient signifying the slope of the dose-effect curve for EDX 
(m = 1, > 1, and < 1 indicate a hyperbolic, sigmoidal, and nega- 
tively sigmoidal curve, respectively). Based on Eq. 1, the median- 
effect plot of x = logD vs y = log[fa/(1 - fa) ]  yields a straight line 
with a slope (m) and an x-intercept of logD m. Thus, the m and 
D m parameters of EDX can be easily determined quantitatively 
(Table 1). The same procedure was carried out for TXL, TXT and 
the combinations. The conformity of the experimental data to the 
median-effect principle of the mass-action law is indicated by the 
linear correlation coefficient (r) of the median-effect plot (Table 1). 

From the m and D m values, the isoeffective dose (Dx) for any effect 
level (e.g. ED7o forf ,  = 0.7, ED9o forf~ = 0.9) for each drug or for 
the combinations can be easily determined by rearrangement 
of Eq. 1. 

D x = Dm[fa/(l - f a ) ]  1/m Eq. 2 

Synergism or antagonism for EDX plus TXL or TXT is deter- 
mined by using m and D m parameters and Eq. 2 by substituting 
D x values into the combination index (CI) equation of Chou and 
Talalay [21 23], where CI < 1, > 1 and > 1 indicate synergism, an 
additive effect, and antagonism, respectively. Based on the classical 
isobologram for mutually exclusive drug effects relative to the end- 
point of measurement, the CI value for x% inhibition is calculated 
a s :  

(D)~ (D) 2 
CI = + -  Eq. 3 

(Dx)~ (Dx)z 

For example, at 90% inhibition level, (Dx) 1 and (Dx) z are the doses 
for 90% inhibition by EDX and TXL, respectively, which can be 
obtained from Eq. 2; and (D)I and (D)2 in the numerators are the 
doses of EDX and TXL in combination that also inhibit cell growth 
by 90% (i.e. isoeffective compared with the single drugs alone). If the 
calculation is based on the conservative isobologram equation, 
assuming that the effects of two drugs are mutually nonexclusive (i.e 
totally independent relative to the end-point of measurement), then 
an approximated third term designated as the product of the first 
two terms should be added to Eq. 3. For simplicity, CI values 
obtained from the classical isobologram equation (Eq. 3) have fre- 
quently been used, but the underlying assumption needs to be stated. 
When exclusivity is unknown, the CI value is routinely calculated in 
both ways [27, 28]. 

The dose-reduction index (DRI) defines the extent of dose reduc- 
tion possible in a combination for a given degree of effect as com- 
pared with the dose of each drug alone [23, 28]: (DRI)I = (Dx)I/(D) 1 

and (DRI)z = (Dx)2/(D)2; therefore, the relationship between DRI 
and CI is expressed as 

(D)I (D)2 1 1 
CI = + + Eq. 4 

(Dx)l (Dx)2 (DRI)I (DRI)2 

Computer softwares [27, 28] can be used for fully automated data 
analysis based on Eqs. 1-4. Example calculations on a set of crude 
data, using a pocket calculator, are demonstrated in references 22 
and 24. 

Results 

Single-drug efficacy and parameters 

As shown in Table 1, SK-Br-3 and ZR-75-1 breast 
cancer cells showed characteristic differences in their 
sensitivity to drugs (Dm values or ICso values) and the 
shapes of the dose-effect curves (m values) at both 0-3 h 
and 24-27 h drug exposure. EDX and TXT were about 
threefold more effective against SK-Br-3 cells than 
against ZR-75-1 cells. By contrast TXL was about 
twofold more effective against ZR-75-1 cells than 
against SK-Br-3 cells. In addition, ZR-75-1 cells 
showed shallower dose-effect curves (lower m values) 
toward TXT and EDX, and somewhat steeper dose- 
effect curves (higher or similar m values) for TXL, when 
compared with SK-Br-3 cells. 

Drug combination and scheduling studies 

To avoid inter-experimental variations, each deter- 
mination of synergism/antagonism was carried out in 
a large-scale experiment using a 96-well microplate 
reader so that the parameters (Dr,, m and r) and the CI 
values were calculated from the dose-effect relation- 
ships within each experiment. The experiments were 
repeated four or more times and the average CI and its 



Table 2 Combination effects of EDX + TXL during a 7-day incuba- 
tion against SK-Br-3 and ZR-75-1 cell growth. CI < 1, = 1, and > 1 
indicate synergism, an additive effect, and antagonism, respectively. 
Values are mean + SEM for SK-Br-3 cells and mean _+ variation 
for ZR-75-1 cells. Each data set for the CI calculations consisted of 
dose-effect relationships of two single drug,g and their combinations 
obtained from individual experiments (n number of sets of dose- 
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effect relationship experiments). Each dose-effect relationship con- 
sisted of six to eight drug concentrations in duplicate. D m and 
rn values were used for calculating the CI values based on the CI 
equation of Chou and Talalay 1-21-23] using computer soft- 
ware [27]. Equations used were: D x = D  m I f  j(1 _f~)]l/m and 
CI = (D)I/(Dx) 1 + (D)2/(Dx) z, where Dx is the dose (concentration) 
for x% inhibition 

CI value at 
Drug 
Combination (h l  molar ratio) Breast :ancer cells ICso ICvs IC90 IC95 

EDX + TXL SK-Br-3 3.324 _+ 1.596 1.105 _+ 0.154 0.740 _+ 0.160 0.595 _+ 0.167 4 
(0 3 h) (0-3 h) ZR-75-1 1.644 +_ 0.018 2.916 + 1.551 6.791 _+ 5.65 13.009 _+ 12.00 2 
EDX + TXL SK-Br-3 1.335 _+ 0.289 0.684 + 0.160 0.486 _+ 0.173 0.446 _+ 0.174 5 
(0-3 h) (24-27 h) ZR-75-1 0.767 + 0.133 0.693 _+ 0.202 0.646 _+ 0.251 0.621 _+ 0.276 2 
EDX + TXL SK-Br-3 1.088 + 0.223 0.854 _+ 0.145 1.004 +_ 0.280 1.714 _+ 0.822 5 
(24-27 h) (0-3 h) ZR-75-1 0.507 _+ 0.373 0.714 _+ 0.032 2.160 _+ 1.610 6.182 _+ 5.690 2 

Table 3 Combination effects ofEDX + TXT during a 7-day incubation against SK-Br-3 and ZR-75-1 cell growth. For an explanation of the 
CI values and their calculation, see Table 2 

CI values at 
Drug Combination 
(10:1 molar ratio) Breast cancer cells IC5o IC75 ICgo IC95 

EDX + TXT SK-Br-3 1.447 _+ 0.174 1.457 _+ 0.255 1.497 _+ 0.330 1.540 __ 0.381 3 
(0-3 h) (0-3 h) ZR-75-1 1.181 _+ 0.146 0.783 + 0.092 0.611 +_ 0.006 0.552 _+ 0.059 2 
EDX + TXT SK-Br-3 1.233 _+ 0.098 1.050 + 0.056 0.900 _%+ 0.060 0.807 _+ 0.070 3 
0-3 h) (24-27 h) ZR-75-1 0.865 + 0.131 0.661 -- 0.129 0.509 +_ 0.118 0.428 _+ 0.108 2 
EDX + TXT SK-Br-3 1.240 _+ 0.040 1.278 _+ 0.027 1.495 __ 0.135 1.680 + 0.260 3 
(24-27 h) (0 3 h) ZR-75-1 0.813 + 0.304 1.639 -- 0.002 5.473 + 2.845 15.48 + 11.62 2 

variations were then determined for EDX + TXL sched- 
ules (Table 2) and EDX + TXT schedules (Table 3). 
Since the experiments involved pulse drug exposure 
which includes washing of cells with fresh medium, this 
manipulation of cells would increase the variability of 
the data when compared with experiments involving 
continuous drug exposure without a washing, as has 
been described previously for EDX and cisplatin com- 
binations [25]. 

Among the three treatment schedules for 
EDX + TXL given in Table 2, EDX (0-3 h ) +  TXL 
(24-27 h) in both SK-Br-3 and ZR-75-1 cells showed 
a greater synergism than the (0-3 h) simultaneous ex- 
posure schedule or the reverse schedule with EDX 
(24-27 h). For the EDX (24-2'7 h) + TXL (0-3 h) 
schedule, antagonism was observed for both SK-Br-3 
and ZR-75-1 cell lines. The EDX (0-3 h) + TXL (0-3 h) 
simultaneous schedule showed mixed results with SK- 
Br-3 cells showing antagonism at low effect levels and 
synergism at high effect levels, and ZR-75-1 cells show- 
ing antagonism. 

As shown in Table 3, among the three schedules 
for EDX + TXT, EDX (0-3 h) + TXT (24-27 h) was 
consistently synergistic in both SI<-Br-3 and ZR-75-1 
cells, EDX (0-3 h ) +  TXT (0-3 h} showed mixed re- 
sults, and EDX (24-27 h) + TXT (0-3 h) showed vari- 
ous degrees of antagonism. 

A set of data for an EDX (0-3 h) + TXL (24-27 h) 
experiment were used to illustrate the actual data anal- 
ysis using the computerized simulation. For the fa-CI 
plot (Fig. 1), the open circles are the actual experi- 
mental data points and the curve was obtained from 
computer simulation using Eqs. 2 and 3. In order to 
condense the y-axis for all CI values, Fig. 1 was plotted 
in Fa-log(CI) format. This format made the CI scale 
symmetrical at log(CI = 1)= 0. The results indicate 
that synergism (i.e. CI < 1) occured at highf~ values. It 
should be noted that in actual cancer chemotherapy, 
f ,  > 0.95 orf~ > 0.99 is considered to be more relevant 
to actual practice. Therefore, synergism at high effect 
levels in these experiments is more important  than that 
at low effect levels. 

Figure 1 is the effect-oriented plot (i.e. f~-CI plot) 
for indicating synergism or antagonism. The same set 
of data can be presented in a dose-oriented format 
[21, 28] as shown in Fig. 2. Figure 2 is the computer- 
generated isobologram at EDso, ED7o and ED9o effect 
levels for both EDX and TXL. Combination data 
points that fall to the lower left of the diagonal line 
of each effect level indicate synergism, those that fall 
on the diagonal line indicate an additive effect, and 
those that fall to the upper right indicate antagonism 
[21, 23]. In Fig. 2, the combination effect at EDso, 
EDTo, and ED9o shows an additive effect, synergism 
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Fig. 1. Computer-simulated CI 
at various effect levels (f~) for the 
combination of EDX (0-3 h) 
with TXL (24-27 h) at an 
equimolar ratio. The experiment 
was carried out on SK-Br-3 
cells. Since CI < 1, = 1, and 
> 1 indicate synergism, an 

additive effect, and antagonism, 
respectively, in thef- log(CI)  
plot, log(CI) < 0, = 0, and > 0 
indicate synergism, an additive 
effect, and antagonism, 
respectively. Open circles are the 
actual combination data points, 
and the curve was obtained from 
computer simulation 
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Fig. 2. The computer-generated classical isobologram for the com- 
bination of EDX (0-3 h) and TXL (24-27 h) at EDso (O), EDT0 ([]) 
and ED90 (/k) dose levels. The same data as those in Fig. 1 were 
used for the analysis, x- and y-axes show the EDs0, EDT0 and EDgo 
values for taxol and EDX, respectively. The combination data points 
that fall on the diagonal line, to the lower left and to the upper right, 
represent an additive effect, synergism, and antagonism, respectively. 
Note that the EDs0 isobologram shows an additive effect, whereas 
the ED7o and EDg0 isobolograms show synergism 

and synergism, respectively. Isobolograms at any other 
effect levels for EDX and TXL (e.g. ED95 or ED99 
isobologram) can be readily constructed using com- 
puter software [27, 28]. The method for step-by-step 
calculation with a pocket calculator has been demon- 
strated previously [23, 24]. Figures 1 and 2 should give 
numerically identical conclusions since they are based 
on the same set of data and have used the same CI 
equation of Chou and Talalay [21-23]. It should be 
noted that isobolograms in Fig. 2 cannot show too 
many effect levels since they tend to be congested and 
become difficult to read whereas Fa CI or F,-log(CI) 
plots do not have such a restriction (Fig. 1). 

Discussion 
The combination of TXL or TXT with EDX would 
appear to offer considerable potential in the treatment 
of breast and other human cancers that are responsive 
to these agents. In view of the non-overlapping toxici- 
ties associated with these agents [6, 12], the tolerance 
of patients to these combinations is a reasonable expec- 
tation. Moreover, the present studies showed syner- 
gism between both taxanes and EDX in the context of 
the two breast tumor cell culture systems. The syner- 
gism observed appeared to be schedule-dependent. 
There were mixed results of moderate synergism or 
antagonism following simultaneous exposure of SK- 
Br-3 or ZR-57-1 cells to taxane and EDX at 0-3 h, but 
synergism was consistently observed when EDX was 
given 24 h before either taxane. Most importantly, the 
synergism seen with those schedules was greatest at 
high-effect levels, a situation most relevant to the clini- 
cal use of these agents. It is not uncommon that drug 
combinations tend to be antagonistic at low doses 
and synergistic at high doses [21-24]. Interesting, 
as well, were other results showing that sequential 
administration of these agents in the reverse order was 
antagonistic. The causes for the schedule dependence of 
these effects is unknown. We also noted that the syner- 
gism attained for the combination of TXL with EDX 
was greater than for TXT with EDX, while TXT was 
threefold more cytotoxic than TXL. However, this re- 
sult may only reflect the cytotoxic properties of these 
agents against these two particular cell lines and not 
necessarily others, and no general conclusion is offered 
in this regard. 

These results may have particular relevance to the 
treatment of metastatic breast cancer. Standard combi- 
nation therapy for this disorder, although achieving 
relatively high response rates (reviewed in reference 16), 
has had little impact on survival of these patients. 
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Although doxorubicin is the most active single agent in 
this disorder, its use is limited by acute toxicities and 
irreversible cardiotoxicity with high cumulative doses. 
TXL, TXT and EDX are among the new promising 
antitumor agents that are under active investigation in 
breast cancer and have shown promise as single agents 
against metastatic diseases [-15, 16, 30]. The adminis- 
tration of recombinant human granulocyte colony 
stimulating factor reduces the incidence, depth and 
duration of neutropenia induced by TXL [-31, 32] com- 
pared with previously reported experience. These find- 
ings, and others pertaining to the non-overlapping 
toxicities of these agents discussed above, prompted 
our investigation in vitro as to whether these two 
categories of agents might show a synergistic dose 
reduction in their effects on human breast cancer cells 
in the absence of granulocyte colony stimulating factor. 
These results have prompted the initiation of phase 
I clinical trials of TXL with EDX and planning for 
upcoming phase II trials at our institution and else- 
where. 
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