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Abstract Pemetrexed is a novel multitargeted antifolate
with significant clinical activity against a variety of
tumors. We studied the schedule-dependent cytotoxic
effects of pemetrexed in combination with paclitaxel in
vitro to improve our understanding of how this combi-
nation might be used clinically. Human lung cancer
A549 cells, breast cancer MCF7, ovarian cancer PA1,
and colon cancer WiDr cells were exposed to both
pemetrexed and paclitaxel in vitro. Cell growth inhibi-
tion after 5 days was determined and the effects of drug
combinations were analyzed by the isobologram method
(Steel and Peckham). Simultaneous exposure to
pemetrexed and paclitaxel for 24 h produced antago-
nistic effects in A549 and PAI1 cells, additive/antago-
nistic effects in MCF7 cells, and additive effects in WiDr
cells. Pemetrexed for 24 h followed by paclitaxel for 24 h
produced synergistic effects in A549 and MCF7 cells and
additive effects in PA1 and WiDr cells, while the reverse
sequence produced additive effects in all four cell lines.
Cell cycle analysis supported these observations. Our
findings suggest that the simultaneous administration of
pemetrexed and paclitaxel is suboptimal. The optimal
schedule of pemetrexed in combination with paclitaxel is
the sequential administration of pemetrexed followed by
paclitaxel, and this schedule should be assessed in clin-
ical trials for the treatment of solid tumors.
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Introduction

The development of several new antifolates with dis-
tinctive chemical features and target enzymes has pro-
vided new opportunities to expand the role of antifolates
in cancer chemotherapy. Multitargeted antifolate
(MTA, pemetrexed) is a pyrrole-pyrimidine analogue of
folate [33] currently in broad clinical evaluation.
Pemetrexed is transported into cells mainly through the
reduced folate carrier system and metabolized to
polyglutamated forms [7] which inhibit thymidylate
synthase, dihydrofolate reductase, and glycinamide
ribonucleotide formyl transferase [30, 31], and has an-
tithymidylate and antipurine effects [5]. Preclinical
studies of pemetrexed have demonstrated its antitumor
activity against a variety of human cancer cells [2, 29].
Phase I studies have shown that the dose-limiting
toxicity includes neutropenia and thrombocytopenia,
and other toxicities which are manageable, such as
mucositis, skin rashes and transient elevations of trans-
aminases [18, 23-25]. Daily and weekly schedules are
associated with severe toxicity and 500 mg/m? of
pemetrexed every 3 weeks was selected as the optimal
schedule and dose for the further development of
pemetrexed. Patients with a folate-deficient state showed
severe toxicity. In preclinical models, folate supplemen-
tation reduced toxicity while maintaining antitumor
activity. Based on these observations, folate and cobal-
amin administration before pemetrexed has been routine
in recent clinical trials of pemetrexed [9, 26]. Pharma-
cokinetic studies have shown that pemetrexed undergoes
biphasic plasma clearance with a terminal half-life of
1.1-3.1 h, depending on the schedule of administration
[23]. The findings from the phase II trial results are
encouraging: clear responses were observed in colorectal
cancer, pancreatic cancer, lung cancer, breast cancer,
mesothelioma, etc. [3, 4, 8, 10, 19-21, 26, 37]. A recent
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phase III study has shown that treatment with pemetr-
exed and cisplatin results in survival times superior to
those achieved with cisplatin alone in patients with
malignant pleural mesothelioma [39].

Paclitaxel is an established anticancer agent with
activity against a variety of solid tumors [1, 6]. Paclitaxel
is a mitotic inhibitor that promotes the polymerization
and stabilization of tubulin to microtubules [27]. Clinical
studies have indicated that neutropenia is the dose-lim-
iting toxicity of paclitaxel [1, 6]. Other toxicities include
hypersensitivity reactions, neurotoxicity, mucositis, mild
nausea and vomiting, and cardiac injury.

The combination of pemetrexed and paclitaxel may
have a major role in the treatment of a variety of solid
tumors. The wide range of antitumor activity of pemetr-
exed and paclitaxel, their different cytotoxic mechanisms
and toxic profiles, and the absence of cross-resistance,
provide the rationale for using combinations of these
agents. Since pemetrexed and paclitaxel are cell cycle-
specific agents [17, 38], the disturbances of the cell cycle
produced by these agents may influence the cytotoxic ef-
fects of each agent, and the drug schedule may play a
significant role in the outcome. Therefore, the design of a
protocol using them in combination requires careful
consideration. As expected, experimental studies for the
combination of pemetrexed [22, 30, 36] or paclitaxel [13—
15] with other agents have shown schedule-dependent
interactions.

The aim of the present study was to elucidate the
cytotoxic effects of combinations of pemetrexed and
paclitaxel in various schedules on four human carci-
noma cell lines. The data obtained were analyzed using
the isobologram method of Steel and Peckham [32]. The
combination showed schedule-dependent synergism and
antagonism.

Materials and methods
Cell lines

Experiments were conducted with the human lung cancer
A549, breast cancer MCF7, ovarian cancer PAl, and
colon cancer WiDr cell lines. These cells were obtained
from the American Type Culture Collection (Rockville,
Md.) and maintained in 75-cm? plastic tissue culture flasks
containing RPMI-1640 medium (Sigma Chemical Co., St
Louis, Mo.) supplemented with 10% heat-inactivated
fetal bovine serum (FBS) (Grand Island Biological Co.)
and antibiotics. The cells used were devoid of mycoplasma
infection. The doubling times of A549, MCF7, PA1, and
WiDr cells under our experimental conditions were in the
range 20-24 h.

Drugs

Pemetrexed was kindly provided by Eli Lilly and Com-
pany (Indianapolis, Ind.). Paclitaxel was purchased from

Bristol-Myers Squibb Japan Co. (Tokyo). The drugs, at
a concentration of 1 mM, were stored at —20°C and
diluted with RPMI-1640 plus 10% FBS prior to use.

Cell growth inhibition using combined anticancer agents

On day 0, cells growing in the exponential phase were
harvested with 0.05% trypsin and 0.02% EDTA and
resuspended to a final concentration of 5.0x10% cells/ml
in fresh medium containing 10% FBS and antibiotics.
Cell suspensions (100 pl) were dispensed into the indi-
vidual wells of a 96-well tissue culture plate (Falcon,
Oxnard, Calif.). Each plate had one eight-well control
column containing medium alone and one eight-well
control column containing cells without drug. Eight
plates were prepared for each drug combination. The
cells were preincubated overnight to allow attachment.

Simultaneous exposure to pemetrexed and paclitaxel

After the overnight incubation for cell attachment,
solutions of pemetrexed and paclitaxel (50 pl) at differ-
ent concentrations were added to the individual wells.
The plates were also incubated under the same condi-
tions for 24 h. The cells were then washed twice with
culture medium containing 1% FBS, and then fresh
medium containing 10% FBS (200 pl) and antibiotics
was added. The cells were incubated again for 4 days.

Sequential exposure to pemetrexed followed
by paclitaxel or the reverse sequence

After overnight incubation, medium containing 10%
FBS (50 pl) and solutions (50 ul) of pemetrexed (or
paclitaxel) at different concentrations was added to
individual wells. The plates were then incubated under
the same conditions for 24 h. The cells were washed
twice with culture medium containing 1% FBS; then
fresh medium containing 10% FBS (150 pl) and anti-
biotics was added, followed by the addition of solutions
(50 pl) of paclitaxel (or pemetrexed) at different con-
centrations. The plates were incubated again under the
same conditions for 24 h. The cells were then washed
twice with culture medium, and fresh medium contain-
ing 10% FBS (200 pl) and antibiotics was added. The
cells were then incubated again for 3 days.

MTT assay

Viable cell growth was determined by the 3-(4,5-dim-
ethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay as described previously [12]. For all four
cell lines examined, we were able to establish a linear
relationship between the MTT assay value and the cell
number within the range shown.



Isobologram

The dose-response interactions between pemetrexed and
paclitaxel for the MCF7, PA1 and WiDr cells were
evaluated at the ICgq level by the isobologram method
(Fig. 1) [32]. The ICgy was defined as the concentration
of drug that produced 80% cell growth inhibition, i.e.,
an 80% reduction of absorbance. Since the A549 cells
were resistant to pemetrexed and the I1Cg, level was not
obtained, the interactions between pemetrexed and
paclitaxel were evaluated at the 1Csq level. We used the
isobologram method of Steel and Peckham because this
method can cope with any agents with unclear cytotoxic
mechanisms and a variety of dose-response curves of
anticancer agents [32]. The concept of the isobologram
has been described in detail previously [11, 16].

Three isoeffect curves, mode I and mode II, were
constructed, based upon the dose-response curves of
pemetrexed and paclitaxel (Fig. 1). Mode I and mode 11
were generated by the assumption regarding overlap and
non-overlap damage in combinations, respectively.
Thus, when the data points of the drug combination fell
within the area surrounded by mode I and/or mode II
lines (i.e., within the envelope of additivity), the com-
bination was described as additive. We used this enve-
lope not only to evaluate the simultaneous exposure
combinations of pemetrexed and paclitaxel, but also to
evaluate the sequential exposure combinations, since the
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Fig. 1 Schematic representation of an isobologram (Steel and
Peckham) [32]. The envelope of additivity, surrounded by mode I
(solid line) and mode II (dotted lines) isobologram lines, was
constructed from the dose-response curves of MTA and paclitaxel.
The concentrations which produced 80% cell growth inhibition are
shown as 1.0 on the ordinate and the abscissa of all isobolograms
for MCF7, PA1, and WiDr cells, while the concentrations which
produced 50% cell growth inhibition are shown as 1.0 on the
ordinate and the abscissa of all isobolograms for A549 cells.
Combined data points Pa, Pb, Pc, and Pd show supraadditive,
additive, subadditive, and protective effects, respectively
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second agent under our experimental conditions could
modulate the cytotoxicity of the first agent.

A combination that gives data points to the left of the
envelope of additivity (i.e., the combined effect is caused
by lower doses of the two agents than is predicted) can
confidently be described as supraadditive (synergistic). A
combination that gives data points to the right of the
envelope of additivity, but within the square or on the
line of the square can be described as subadditive (i.e.,
the combination is superior or equal to a single agent
but is less than additive). A combination that gives data
points outside the square can be described as protective
(i.e., the combination is inferior in cytotoxic action to a
single agent). A combination with both subadditive and/
or protective interactions can confidently be described as
antagonistic. The Steel and Peckham isobologram is
generally more strict regarding synergism and antago-
nism than other methods.

Data analysis

The findings were analyzed as described previously [14].
When the observed data points of the combinations
mainly fell in the area of supraadditivity or in the areas
of subadditivity and protection, i.e., the mean value of
the observed data was smaller than that of the predicted
minimum values or larger than that of the predicted
maximum values, the combinations were considered to
have a synergistic or antagonistic effect, respectively. To
determine whether the condition of synergism (or
antagonism) truly existed, a statistical analysis was
performed. The Wilcoxon signed-ranks test was used for
comparing the observed data with the predicted mini-
mum (or maximum) values for additive effects, which
were closest to the observed data (i.e., the data on the
boundary (mode I or mode II lines) between the additive
area and supraadditive area (or subadditive and pro-
tective areas). Probability (P) values <0.05 were con-
sidered significant. Combinations with P=0.05 were
regarded as indicating additive to synergistic (or additive
to antagonistic) effects. All statistical analyses were
performed using the Stat View 4.01 software program
(Abacus Concepts, Berkeley, Calif.).

Results

The 1Cgy values of pemetrexed for a 24-h exposure
against MCF7, PA1, and WiDr cells were 3.3+0.4,
0.15+0.02, and 0.45+0.04 pM, respectively, while those
of paclitaxel against MCF7, PA1, and WiDr cells were
5.9+0.4,2.5+0.06, and 5.8 £0.06 nM, respectively. The
ICs5o values of pemetrexed and paclitaxel for a 24-h
exposure against A549 cells were 2.5+0.3 uM and
3.4£0.3 nM, respectively.

Figure 2 shows the dose-response curves obtained
from simultaneous exposure and sequential exposure
to pemetrexed and paclitaxel for the MCF7 cells. The
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Fig. 2 Schedule dependence of the interaction between MTA and
paclitaxel in MCF7 cells. Cells were exposed to (a) these two drugs
simultaneously for 24 h, (b) MTA first for 24 h followed by
paclitaxel for 24 h, or (c¢) the reverse sequence. The cell number
after 5 days was measured using the MTT assay and was plotted as
a percentage of the control (cells not exposed to drugs). The
concentrations of MTA are shown on the abscissa. The concen-
trations of paclitaxel were 0 (open circles), 1 (filled circles), 2 (filled
squares), 3 (filled uptriangles), 4 (filled downtriangles), 6 (filled
diamonds), and 8 (crosses) nM, respectively. Data are the mean
values for three independent experiments; SE was <20%

dose-response curves were plotted on a semilog scale as a
percentage of the control, the cell number of which was
obtained from the samples not exposed to the drugs
administered simultaneously. The pemetrexed concen-
trations are shown on the abscissa. Dose-response
curves in which paclitaxel concentrations are shown on
the abscissa could be made based on the same data
(figure not shown).

Based upon the dose-response curves of pemetrexed
alone and paclitaxel alone, three isoeffect curves (mode 1
and mode II lines) were constructed. Isobolograms at
the ICgq and ICs levels were generated based upon these
dose-response curves for the combinations.

Simultaneous exposure to pemetrexed
and paclitaxel for 24 h

Figure 3 shows the isobolograms of the A549, MCF7,
PAI1, and WiDr cells exposed to both agents simulta-
neously. For the A549 and PA1 cells, all or most com-
bined data points fell in the areas of subadditivity and
protection (Fig. 3a,c). The mean values of the data were
larger than those of the predicted maximum data (Ta-
ble 1). The differences were significant (P <0.05 and
P <0.05), indicating antagonistic effects. For the MCF7
cells, the combined data points fell within the envelope
of additivity and in the areas of subadditivity and pro-
tection (Fig. 3b; Table 1). The mean value of the data
was larger than that of the predicted maximum data.
The difference was not significant (P>0.05), indicating

MTA (uM)

MTA (uM)

additive/antagonistic effects. For the WiDr cells, the
combined data points fell mainly within the envelope of
additivity (Fig. 3d). The mean value of the data was
larger than that of the predicted minimum data and
smaller than that of the predicted maximum data
(Table 1), indicating additive effects. A quite similar
tendency was observed in the ICs, isobologram of the
MCF7, PA1, and WiDr cells (not shown).

Sequential exposure to pemetrexed for 24 h
followed by paclitaxel for 24 h

Figure 4 shows the isobolograms of the four cell lines
exposed first to pemetrexed and then to paclitaxel. For
the A549 and MCF7 cells, the combined data points fell
in the area of supraadditivity and within the envelope of
additivity (Fig. 4a,b). The mean values of the data were
smaller than those of the predicted minimum data
(Table 1). The differences were significant (P <0.05 and
P <0.05), indicating synergistic effects. For the PAl
cells, the combined data points fell within the envelope
of additivity (Fig. 4c), indicating additive -effects
(Table 1). For the WiDr cells, the combined data points
fell within the envelope of additivity and in the area
of supraadditivity (Fig. 4d). The mean value of the
data was smaller than that of the predicted maximum
data and larger than that of the predicted minimum data
(Table 1), indicating additive effects. A quite similar
tendency was observed in the ICs, isobologram of the
MCF7, PA1, and WiDr cells (not shown).

Sequential exposure to paclitaxel for 24 h
followed by pemetrexed for 24 h

Figure 5 shows the isobolograms of cells exposed first to
paclitaxel and then to pemetrexed. For all four cell lines,
all or most of the data points fell within the envelope of
additivity, indicating additive effects (Table 1). A quite



Fig. 3 Isobolograms of
simultaneous exposure to MTA
and paclitaxel for 24 h in (a)
A549, (b) MCF7, (¢) PAL, and
(d) WiDr cells. For the A549,
and PA1 cells, all or most
combined data points fell in the
areas of subadditivity and
protection. For the MCF7 cells,
combined data points fell
within the envelope of
additivity and in the areas of
subadditivity and protection.
For the WiDr cells, combined
data points fell mainly within
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similar tendency was observed in the ICs, isobologram
of the MCF7, PA1, and WiDr cells.

Discussion

We studied the cytotoxic activity of various schedules of
pemetrexed in combination with paclitaxel in culture to
investigate the optimal schedule of this combination.
The analysis of the effects of drug—drug interaction was
carried out using the isobologram method of Steel and

MTA

MTA

Peckham [32]. Among the solid tumor cell lines studied,
PA1 was most sensitive to pemetrexed, while A549 was
most resistant to pemetrexed. The pemetrexed concen-
trations required for ICgq and/or I1Csy were well within
the range that can be attained in human plasma using
standard dosing regimens [23].

We demonstrated that cytotoxic interactions between
pemetrexed and paclitaxel were schedule-dependent and
cell line-dependent. Simultaneous exposure to pemetr-
exed and paclitaxel showed antagonistic effects in A549
and PAT1 cells, additive/antagonistic effects in MCF7

Table 1 Mean values of

n Observed
data

Predicted data for an Effect

additive effect

Minimum Maximum

observed data, predicted Schedule Cell line
minimum, and predicted
maximum values of MTA in
combination with paclitaxel at
1Cgg for MCF7, PA1 and WiDr ]
cells and at ICs, for A549 cells MTA + paclitaxel A549
MCF7
PA1
WiDr
MTA — paclitaxel A549
MCEF7
PAl
WiDr
Paclitaxel - MTA A549
MCF7
PA1
WiDr

6 >0.92 0.22 0.69 Antagonism (P <0.05)
11 0.61 0.42 0.52 Additive/antagonism

7 0.71 0.33 0.60 Antagonism (P <0.05)
9 0.6l 0.29 0.78 Additive

8 0.31 0.36 0.80 Synergism (P <0.05)

8 0.45 0.60 0.66 Synergism (P <0.05)

7 041 0.32 0.70 Additive

10 0.34 0.33 0.83 Additive

6 078 0.31 0.82 Additive

8 0.58 0.44 0.66 Additive

6 055 0.44 0.67 Additive

9 0.64 0.25 0.93 Additive
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Fig. 4 Isobolograms of
sequential exposure to MTA
(24 h) followed by paclitaxel
(24 h) in (a) A549, (b) MCF7,
(c) PA1, and (d) WiDr cells. For
the A549 and MCF7 cells, most
data points of the combinations
fell in the area of
supraadditivity. For the PA1
cells, all the data points fell
within the envelope of
additivity. For the WiDr cells,
the data points fell within the
envelope of additivity and in the
area of supraadditivity. Data
are the mean values for at least
three independent experiments;
SE was <20%

Fig. 5 Isobolograms of
sequential exposure to
paclitaxel (24 h) followed by
MTA (24 h) in (a) A549, (b)
MCF7, (¢) PA1, and (d) WiDr
cells. For all four cells, all or
most data points of the
combinations fell within the
envelope of additivity. Data are
the mean values for at least
three independent experiments;
SE was <25%

e
o

Paclitaxel
©
H

o
o

o
=)

e
(=)

02 04 06 08 1.0 1.2
MTA

Paclitaxel

0.0

00 02 04 06 08 1.0 1.2
MTA

Paclitaxel
o o
- D

o
()

0.0 -
00 02 04 06 08 1.0 1.2
MTA

o
o

Paclitaxel
©
=Y

o
)

0.0 -
0.0 02 04 06 08 1.0 1.2
MTA

Paclitaxel
o ©
H [e;]

o
()

0.0 !
00 02 04 06 08 1.0 1.2
MTA

Paclitaxel
o
=y

0.0
00 02 04 06 08 1.0 1.2
MTA

Paclitaxel
© o
= [+;]

o
()

0.0 .
00 02 04 06 08 1.0 1.2
MTA

g
o

Paclitaxel
©
=

o
()

0.0
00 02 04 06 08 1.0 1.2
MTA




cells and additive effects in WiDr cells. Sequential
exposure to pemetrexed for 24 h followed by paclitaxel
showed synergistic effects in A549 and MCF7 cells and
additive effects in PA1 and WiDr cells. However, the
combined data points in PA1 and WiDr cells were close
to the borderlines between supraadditive and additive
areas (Fig. 4), and the observed data were close to the
predicted minimum values for an additive effect (Ta-
ble 1). The combined data points in WiDr cells fell both
in the area of supraadditivity and within the envelope of
additivity (Fig. 4). Since the isobologram of Steel and
Peckham is more strict for synergism and antagonism
than other methods for evaluating the effects of drug
combinations, simultaneous exposure to pemetrexed and
paclitaxel and sequential exposure to pemetrexed fol-
lowed by paclitaxel would be defined as having antag-
onistic and synergistic effects, respectively, using other
methods.

On the other hand, sequential exposure to paclitaxel
followed by pemetrexed showed additive effects in all
four cell lines tested. The results of flow cytometric
analysis of PAT1 cells were consistent with these findings.
Enhanced apoptosis was observed only in the pemetr-
exed—paclitaxel sequence (data not shown).

Our findings suggest that the simultaneous adminis-
tration of pemetrexed and paclitaxel on the same day is
convenient for clinical use but is suboptimal. The
sequential administration of pemetrexed followed by
paclitaxel may be the optimal schedule for these com-
binations. For example, administrations of pemetrexed
on day 1 and paclitaxel on day 2 would be worthy of
clinical investigation. Several in vitro and in vivo studies
of combinations of pemetrexed with paclitaxel have been
reported [28, 34, 35]. Schultz et al. observed synergistic
effects when pemetrexed exposure preceded paclitaxel
exposure by 24 h, while the reverse order produced only
additive effects in three human cancer cells in vitro [28].
Although the detailed experimental systems are not
described in the abstract, our data support their findings.

Teicher et al. studied the combination of pemetrexed
and paclitaxel in vivo against EMT-6 murine mammary
carcinoma using a tumor cell survival assay [34]. They
observed that pemetrexed administered four times over
48 h with paclitaxel administered with the third dose of
pemetrexed produced an additive or more than additive
tumor response. They further studied the combination
of pemetrexed and paclitaxel in human tumor xenografts
[35]. Administration of pemetrexed (days 7-11,
days 14-18) along with paclitaxel (days 8, 10, 12, and
15) produced greater-than-additive effects on human
lung cancer H460 tumor growth delay, while that of
pemetrexed (days 7-11) along with paclitaxel (days 7, 9,
11, and 13) produced additive effects on human breast
cancer MX-1 tumor growth delay. Since the schedules of
administration of pemetrexed with paclitaxel were quite
different from ours, comparison seems difficult.

The mechanisms underlying the schedule-dependent
synergism and antagonism of the combination of
pemetrexed and paclitaxel are unclear. Cell cycle

511

analysis showed that initially exposing cells to pemetr-
exed leads to synchronization in the S phase (data not
shown). Cells in the S phase are sensitive to paclitaxel, in
addition to cells in G,/M phase [17]. This may explain
the synergistic effects of sequential exposure to pemetr-
exed followed by paclitaxel. Simultaneous exposure to
pemetrexed and paclitaxel produced antagonistic effects.
Pemetrexed has a cytotoxic effect by blocking cells in the
S phase [38], while paclitaxel has cytotoxic effects by
blocking cells in the G,/M phase [17, 27]. Thus, one
agent might reduce the cytotoxicity of the other agent by
preventing cells from entering the specific phase in which
the cells are most cytotoxic to the other agent. Inter-
estingly, we have observed similar cytotoxic interactions
between methotrexate and paclitaxel [15]. Simultaneous
exposure to methotrexate and paclitaxel produces
antagonistic effects, while the methotrexate/paclitaxel
sequence produces synergistic effects and the reverse
sequence produces additive effects. These experimental
data suggest that antifolates, which inhibit dihydrofolate
reductase, may enhance the cytotoxic action of paclit-
axel in sequential administration.

It should be noted that in vitro studies cannot eval-
uate toxic and pharmacokinetic interactions. Thus, in
vivo studies are required to confirm whether the
pemetrexed—paclitaxel sequence is optimal or not. In
clinical oncology, drug interaction may result in syner-
gism, not only in terms of efficacy but also in terms of
toxic side effects. If the toxicities of the drug combina-
tions were compared between the schedules of syner-
gistic and antagonistic interactions at the same doses,
the schedules with antagonistic interactions may pro-
duce less toxicity than the schedules with synergistic
interactions. Our data showed that the drug doses
required for ICgq or ICsq levels with sequential exposure
to pemetrexed followed by paclitaxel are less than 70%
of the drug doses required for ICgq or ICso with simul-
taneous exposure to the two agents (Figs. 3 and 4). This
suggests that the optimal doses for sequential adminis-
tration of pemetrexed followed by paclitaxel may be
lower than those for the simultaneous administration of
the two agents. This is important and must be kept in
mind for translating in vitro data to clinical applications,
since the schedule showing antagonistic effects of the
combination may be selected because of less toxicity
during the first stage of clinical study.

In conclusion, our findings suggest that the cytotoxic
effects of the combination of pemetrexed and paclitaxel
are schedule-dependent. The optimal schedule of
pemetrexed in combination with paclitaxel is the
sequential administration of pemetrexed followed by
paclitaxel. Although there are a number of difficulties in
the translation of results from in vitro to clinical ther-
apy, this schedule should be assessed in clinical trials for
the treatment of solid tumors.
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