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ABSTRACT

l-/8-D-Arabinofuranosylcytosine (ara-C) was tested at a concentration
of 10 Mg/mlin the human tumor colony-forming assay against 55 human
tumors of various histolÃ³gica!types. Using the criterion for sensitivity of
at least 70% inhibition of colony formation, 12 tumors (22%) were
sensitive to ara-C. ara-C was most active against lung tumors (3 of 8
tumors were sensitive), and melanomas (6 of 8 sensitive). However, ara-
C was not active against breast cancer (0 of 7) or colon cancer (0 of 3),
and only 1 of 13 ovarian cancers was sensitive to ara-C. The activity of
ara-C against melanoma and other solid tumors was confirmed using a
thymidine incorporation assay. The time (/) and concentration (C) de
pendency of the cytotoxicity of ara-C and other chemotherapeutic agents
was determined. Most agents such as Adriamycin, m-diamminedichlo-
roplatinum(II) (cÃº-platinum), and bleomycin were found to follow the C
x i rule. That is, as the drug concentration was doubled, an equivalent
amount of cell kill was achieved in half the time. However, the activity
of ara-C was more concentration dependent than time dependent. ara-C
was more effective when cells were exposed to high concentrations for
short time periods. Synergy of activity between ara-C and cis-platinum
was demonstrated in the breast 231 and melanoma M19 cell lines. No
synergy of interaction between these two drugs was observed in the colon
HT29 and lung P3 cell lines. When fresh biopsy specimens were tested
with the combination, there was evidence of a synergistic interaction in 9
of 36 (25%). Maximum cytotoxicity was obtained when cells were ex
posed to ara-C 2 h before the addition of cis-platinum. The addition of
cÂ»-platinumbefore ara-C decreased the synergism.

INTRODUCTION

ara-C,2 in combination with other anticancer agents, is the

most common treatment for acute nonlymphocytic leukemia
(1). While the activity of ara-C against hematopoietic malig
nancies has been demonstrated in many clinical trials, there is
only scant information available concerning the activity of this
agent against solid tumors (2). Early clinical trials had suggested
that this agent possessed essentially no activity against solid
tumors (3, 4). Since ara-C is a cell cycle phase-specific agent
with an extremely short half-life, the drug has most often been
administered as a continuous infusion (5). However, the amount
given by this method is limited by myelosuppression and gas
trointestinal injury. The development of new protocols for the
administration of anticancer drugs through high-dose regional
chemotherapy led us to reevaluate ara-C as an anticancer agent
for solid tumors. The in vitro activity of ara-C against a number
of human tumor types was determined, and a pharmacodynamic
model was developed to suggest optimal routes of administra
tion of ara-C.
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MATERIALS AND METHODS

Tumor Dissociation. Solid tumors were finely minced and placed in
125-ml trypsinizing flasks. Prewarmed Hanks' balanced salt solution

containing 0.01% DNase I (2560 Kumt/ units/mg; Sigma Chemical
Company, St. Louis, MO) and 0.14% collagenase type 1 (Sigma) were
added at a volume of 30 ml/g of tissue. After digestion at 37Â°Cfor 1.5

h, the free cells were passed through two layers of sterile gauze and
washed twice with 30 ml of CEM medium (MA Bioproducts, Walkers-
ville, MD) supplemented with 15% heat-inactivated fetal bovine serum
(Flow Laboratories, McLean, VA), 100 units/ml penicillin (Grand
Island Biological Company, Grand Island, NY), 100 Mg/ml strepto
mycin (Grand Island), and 50 Mg/ml Fungizone (Grand Island). Cell
yield and viability were determined by trypan blue exclusion.

HTCFA. Cells were cultured on an underlayer of 0.5% agarose
(Seaplaque; FMC Corp., Rockland, ME) in supplemented CEM. One
ml of this agarose mixture was added to each 35- x I(i nini well of a
six-well plate (Linbro 76-247-05; Flow Laboratories) and plates were
allowed to harden for 10 min at 4*C. Cells were plated in 1 ml of 0.4%
agarose in supplemented CEM at a final concentration of 3 x 10s cells/
well. Plates were incubated at 37Â°Cin a 6% CO2 atmosphere. Colony

formation was monitored weekly under an inverted microscope at x4
and xlO. Colony counts were made 15 to 20 days after plating with an
Omnicon FAS II (Bausch & Lomb, Inc., Rochester, NY). Minimum
colony diameter was 60 Â¿im.Sodium azide added at a tina Iconcentration
of 4 x IO3Mg/ml to three control wells served as the positive control.

Experiments were considered valid if: (a) the net number of colonies in
the untreated controls was greater than 30; (b) the initial plate count
was less than 25 "colonies" or clumps; and (c) the sodium azide treated

wells showed at least 70% inhibition of colony formation when com
pared to the controls.

TIA. Assays were plated as described above. After 72 h, 5 fid of
tritiated thymidine (specific activity, 2.0 Ci/mmol; New England Nu
clear, Boston, MA) were layered over each well and the plates were
returned to the incubator for an additional 24 h. Incorporation of
thymidine was terminated by transferring the agarose layers from each
well to 15-ml centrifuge tubes (C3051-870; Beral Scientific, Ã•rlela,
CA), bringing the volume up to 13 ml with PBS (Grand Island), and
boiling the tubes for 30 min in a water bath. The tubes were centrifuged,
and the pellets were washed with PBS and then dissolved in 3 ml of
0.85 N KOH for 1 h at 80'C. Tubes were cooled to below 4Â°Cand the

hydrolysate was precipitated by the addition of 30 id of 1% human
serum albumin solution (Cutter Biological, Berkeley, CA) and 2.4 ml
of ice-cold trichloroacetic acid. After overnight storage at 4Â°C,the

precipitate was collected by centrifugation, and the pellets were washed
with 5% trichloroacetic acid, dissolved in 0.3 ml of 0.075 N KOH, and
transferred to scintillation vials containing 5 ml Liquiscint (National
Diagnostics, Sommerville, NJ). Radioactivity in each vial was measured
in a Beckman liquid scintillation counter (LS 230; Beckman Instru
ments, Irvine, CA). An assay was considered valid if the average count
of the untreated controls was greater than 300 cpm and the sodium
azide control showed at least 95% inhibition when compared to the
controls.

Cell Lines. Cell lines used were: breast cancer MDA-MB-231 (6);
melanoma UCLA-SO-M19 (7); lung cancer UCLA-SO-P3 (8); and
colon HT29 (9). Cells were propagated in CEM supplemented with
20% fetal bovine serum, 100 units/ml penicillin, and 100 Mg/ml strep
tomycin. Cell lines were used in the TIA at 5 x IO4cells/well.

Anticancer Drugs. Drug solutions were prepared from standard i.v.
formulations at the concentrations (mg/ml) indicated: Adriamycin
(0.2); ara-C (2.0); bleomycin (0.2); l-(2-chloroethyl)-3-cyclohexyl-l-
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nitrosourea (0.2); melphalan (0.2); en-platinum (0.2); and vinblastine
(0.2). Solutions were aliquoted and stored at -70Â°C.Drugs were thawed

immediately before use, and appropriate dilutions were made in PBS
and added in 100 ^1 volume over the upper layer. For nontreatment
controls, 100 Â¿tlof PBS were added. Drug effects were calculated as
percentage of inhibition of colony formation or thymidine incorpora
tion relative to the controls (no drug). AH drug tests were performed in
triplicate. Six control (no drug) wells were included in each experiment.
Sodium azide was used as a positive control at a concentration of 4
mg/ml.

RESULTS

Cytotoxicity of ara-C against Primary Cultures of Human
Tumors. ara-C was tested against 55 human tumors of various
histolÃ³gica! types in the HTCFA at a concentration of 10 tig/
ml. Using at least 70% inhibition of colony formation as our
criterion for sensitivity, 12 tumors were sensitive (Table 1).
This in vitro response rate of 22% compares favorably with
other chemotherapeutic agents tested at 10 ng/ml against the
same tumors, including c/s-platinum, l-(2-chloroethyl)-3-cy-
clohexyl-1 -nitrosourea, melphalan, and vinblastine. Sensitivity
varied with tumor type: 0 of 7 breast cancers; 0 of 3 colon
tumors; and only 1 of 13 ovarian tumors were sensitive to ara-
C. By contrast ara-C was found to be active against 3 of 8 lung
tumors and 6 of 8 melanomas.

In light of the somewhat surprising activity of ara-C in solid
tumors (especially melanoma) as measured in the HTCFA a
subsequent study was designed with the TIA in an additional
71 tumors to confirm these results. ara-C at 10 iÂ¿g/m\was active
against 9 of 20 (45%) melanomas (Table 2). Overall, 19 of 65
(29%) tumors of various histolÃ³gica! origins were sensitive to
ara-C (10 Mg/ml) and 30 of 71 (42%) were sensitive to cis-
platinum tested at 1 Me/ml.

Pharmacodynamics of ara-C. The cell line M19 was used for
pharmacokinetic studies of ara-C. The time and concentration

Table 1 Activity of ara-C and other anticancer agents against human solid
tumors as measured in the human tumor colony-forming assay

No. of sensitive tumors/no, of tumors tested (%)"

l-(2-Chloroethyl)-
3-cyclohexyl-1 -ni-

Tumor type ara-C cis-Platinum trosourea Melphalan Vinblastine

Breast 0/7 (0) 0/6(0)Colon
0/3 (0) 0/6(0)Lung
3/8 (38) 3/7(42)Melanoma
6/8 (75) 6/17(35)Ovary
1/13(8)6/27(22)Other*
2/16(13)2/7(28)Totals

12/55(22) 17/70(24)0/4

(0)0/3
(0)3/11(27)0/5

(0)0/15(0)1/7

(14)4/45

(9)1/12(8)

0/5(0)0/2
(0) 0/5(0)0/8
(0) 1/4(25)3/5
(60) 4/9(44)1/16(7)

1/14(7)2/29
(7) 7/24(29)7/72(10)

13/61 (21)
" All tests were performed at 10 Mg/ml in continuous drug exposure. Activity

was defined as at least 70% inhibition of colony formation.
* Other tumor types included adrenal, kidney, pancreas, sarcoma, and stomach.

Table 2 Activity of ara-C and cis-platinum against human solid tumors as
measured in the thymidine incorporation assay

Tests were performed at 10 and 1 #ig/ml for ara-C and cu-platinum, respec
tively. Activity was defined as at least 80% inhibition of thymidine incorporation.

No. of sensitive tumors/no, of
tumors tested (%)

TumortypeBreast

Colon
Lung
Melanoma
Ovary
SarcomaTotalsara-C2/7

(29)
4/15(27)
0/4 (0)
9/20 (45)
2/7 (29)

2/12(17)19/65

(29)t/.v-

Platinum1/6

(16)
5/15(33)
0/4 (0)

20/25 (80)
2/7 (29)

3/15(20)31/72

(43)

dependency of the cytotoxicity of ara-C was determined in the
TIA and compared to other chemotherapeutic agents, c/'s-plat-

inum, Adriamycin, and bleomycin followed the C x t rule. This
is illustrated for c/.v-plaiinuin in Fig. 1. As the drug concentra
tion was doubled, the same degree of cell kill was achieved in
half the time. However, the cytotoxicity of ara-C was more
concentration dependent than time dependent (Fig. 2). Table 3
gives the calculated Cx t values for ara-C and for c/.v-platintim.
Note that for a's-platinum the C x r was constant over all time

points, but for ara-C the C x t was at a minimum at 4-6 h. ara-
C was most effective when cells were exposed to high concen
trations for short periods of time. These results were confirmed
in a second (breast 231) cell line.

Synergistic Interaction between ara-C and co-Platinum. Cells
were treated in culture with both ara-C and a's-platinum indi-
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Fig. 1. Dose and time effects on the cytotoxicity of cu-platinum against M19
melanoma cells. Thymidine incorporation was plotted as percentage of control
(cells not exposed to drug). Standard errors averaged 8%. Numbers on curves,
time of exposure (h).
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Fig. 2. Dose and time effects on the cytotoxicity of ara-C against M19
melanoma cells. Thymidine incorporation was plotted as percentage of control
(cells not exposed to drug). Standard errors averaged 8%. Numbers on curves,
time of exposure (h).

Table 3 Concentration x time (C x t) relationships for ara-C and cis-platinum

Time of ex
posure(h)2

4
6

12
24
48
72CxÃ(ara-C40

12
1017

22
34
32Kg

x h/ml)Â°r/t

Platinum24

26
22
25
26
28
29

* C x t required to achieve 90% inhibition of thymidine incorporation.
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vidually, and with the combination at various concentrations.
Exposure time was 72 h. The drugs were assumed to act as
independent variables. An expected value of the cell survival,
S-exp, was defined as the product of the survival observed for
ara-C alone and the survival observed for m-platinum alone:

S-exp = (5-ara-C) x (S-m-platinum)

The actual survival observed for the combination of ara-C and
cis-platinum was defined as S-obs. A synergistic ratio, R, was
calculated as:

R = (5-esp)/(5-obs)

Synergy was defined as any value of R greater than unity.
Values of R of 1.0 or less indicated an absence of synergy.

Synergy between ara-C and m-platinum was clearly demon
strated in the melanoma M19 cell line. As seen in Fig. 3, M19
cells were resistant to m-platinum at concentrations up to 3.0
Mg/ml and to ara-C up to 10 Me/ml. The combination of the
two drugs caused greater cell killing than predicted from S-exp,
and R values up to 3 were obtained at pharmacologically
achievable concentrations of ara-C and m-platinum (Table 4).
For all cell line experiments the standard deviation averaged
less than 10%. Therefore, differences in R values of 0.5 or
greater were significant at P < 0.05. Synergistic interactions
between ara-C and m-platinum were also observed with the
breast 231 cell line. However, synergy was not observed with
the colon HT29 and lung P3 cell lines. Dose-response and
kinetic curves for HT29 are shown in Fig. 4. Although both
ara-C and m-platinum were active against HT29 cells, cell kill
with the combination was never greater than that observed with
the more active individual drug. R values for HT29 did not
exceed 1.3 (P > 0.05) and values as low as 0.04 were observed
(Table 5). This indicated that the cytotoxicity of the combina
tion was no better than additive and considerably less than
additive at the higher drug concentrations. A total of 36 freshly
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Ara C alone
cis-Platinumalone
Ara C-i-cis-Platinum

O 0.0003 0.003 0.03 0.3

Concentration of ds-Platmum (pg/ml)
3.0

Fig. 4. Dose-response curves for the exposure of HT29 colon carcinoma cells
to combinations of ara-C and cu-platinum. Cells were exposed to drugs for 72 h
and thymidine incorporation was plotted as percentage of control (cells not
exposed to drug). Standard errors averaged 5%. Numbers on curves, ara-C (ng/
ml).

Table 5 Synergistic ratios for HT 29 colon carcinoma cells exposed to ara-C and
cis platinum in combination

Cells were exposed to ara-C and cu-platinum simultaneously at the concentra
tions indicated.

ara-C
(Mg/ml)0.01

0.1
1.0

10.0
100.0cu-Platinum

(^g/ml)0.00030.0

1.0
1.01.11.00.0031.1

1.1
1.1
0.91.00.031.00.91.30.80.30.7

0.7
0.8
0.40.23.00.9

0.90.9

0.09
0.04

â€¢5

Iâ€¢&

Table 6 Synergy of interaction between ara-C and cis-plalinum in freshly
biopsied specimens

Aro C olone
â€¢C'S-Plotinum alone
â€¢Ara C +CIS-PIO

O O0003 0003 003 0.3
Concentration of cis-Plotinum {juq/ml)

Fig. 3. Dose-response curves for the exposure of M19 melanoma cells to
combinations of ara-C and m-platinum. Cells were exposed to drugs for 72 h.
Thymidine incorporation was plotted as percentage of control (cells not exposed
to drug). Standard errors averaged 6%. Numbers on curves, ara-C (/ig/ml).

Table 4 Synergistic ratios for Ml 9 melanoma cells exposed to ara-C and cis-
platinum in combination

Cells were exposed to ara-C and ci's-platinum simultaneously for 2 h at the

concentrations indicated.

ara-C
(Mg/ml)0.01

0.1
1.0

10.0
100.0fis-Platinum

Oig/ml)0.00031.0

1.2
1.2
1.41.50.0031.1

1.2
1.2
1.8
1.80.031.2

1.6
1.4
1.82.80.31.5

1.1
1.7
1.82.13.00.9

1.01.5

3.02.4

Thymidine incorporation
as % ofcontrolsTumor

typeMelanomaMelanomaLung

Lung
ColonOvarianMelanomaBreastBreastS-exp30.022.19.3

22.5
4.316.538.220.851.5Â¿â€¢-obs3.15.03.9

9.92.08.122.513.435.55-expÂ°S-obs9.74.42.42.3
2.22.01.71.61.5

' All values significant (P < 0.05) by / test.

biopsied tumors including 15 melanomas, 7 sarcomas, 4 ovar
ian, 4 gastrointestinal, 3 lung and 3 breast carcinomas were
tested in the TIA to ara-C (10 tig/m\) alone, m-platinum (1
Â¿ig/ml)alone, and the combination of the two drugs. Cells were
exposed to the drugs simultaneously for 72 h. In 27 instances
S-obs was equal to, or slightly greater than, S-exp. However, in
9 tumors (25%) a statistically significant (P < 0.05) decrease in
S-obs was found. R values up to 10 were observed for 3
melanomas, 2 lung tumors, 2 breast tumors, 1 ovarian carci
noma, and 1 gastrointestinal carcinoma. The S-exp, S-obs, and
R values for these 9 tumors are shown in Table 6.

Sequence of ara-C and m-I'hi)inuni. Since maximum synergy

under conditions of simultaneous exposure had been observed
in the M19 cell line with a m-platinum concentration of 0.03
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/Â¿g/ml(Table 4), this concentration and cell line were used for
sequencing studies. The sequence of addition of ara-C and c/s-
platinum was found to be important in achieving maximum
synergy (Table 7). Exposure of cells to cis-platinum 2 h before
the addition of ara-C yielded no increased cytotoxicity over that
of ara-C alone. However, exposure of cells to the two drugs
simultaneously, or exposure of cells to ara-C 2 h before the
addition of cis-platinum, resulted in a synergistic interaction
between these two agents. Synergy was greatest with prior
exposure to ara-C. Since ara-C has a terminal half-life in vivo
of 2 h (5), the sequencing of ara-C 2 h before the administration
of ci's-platinum should be clinically feasible.

DISCUSSION

The dose-limiting property of ara-C is its severe bone marrow
toxicity. Plasma levels of ara-C of up to 5 ng/m\ have been
obtained following a single i.v. bolus of 200 mg/m2 (10). Very

low response rates of solid tumors have been observed in
patients treated with systemic ara-C (2-4). However, the in
vitro data presented here suggest that the activity of ara-C
against solid malignancies may be increased if the drug were
given at concentrations higher than achievable by i.v. drug
delivery. Significant activity of ara-C against solid tumors was
detected in both the HTCFA and the TIA at a concentration of
10 fig/ml, and synergy with c/s-platinum was seen at concentra
tions of 10 and 100 fig/mi. Chemosensitivity results from the
TIA and HTCFA have been shown in numerous studies to be
comparable (11-13). However, drug concentrations and expo
sure times must be optimized for each assay. Certain chemo-
therapeutic agents (e.g., c/s-platinum) have been found to be
more cytotoxic in the TIA than the HTCFA. Therefore, the
concentrations of drugs used for in vitro testing were adjusted
to accurately reflect clinical experience (14).

Mathematical modeling studies have suggested that the per
itoneal cavity might be a preferred site for the administration
of high-dose ara-C (15). Most chemotherapeutic molecules are
cleared from the peritoneal cavity through the portal circula
tion. Agents instilled into the peritoneal cavity might supply
high concentrations of drug directly to the tumor while the
concentrations of ara-C in the plasma would remain at accept
able levels. The clinical efficacy of i.p. administration of ara-C
given for a 5-day course every 4 weeks was evaluated in 10
patients with ovarian carcinoma who had failed systemic
chemotherapy (16). Two patients were rendered completely free
of disease and four others had disease stabilization. No patient
had any evidence of severe toxicity. In another study seven
previously treated patients with malignant pleural disease were
treated with combination chemotherapy containing ara-C and
cis-platinum (17). Two patients demonstrated clinical improve
ment following therapy while there was no evidence of severe
toxicity in any patient. In a third study 31 patients with refrac
tory ovarian cancer and other malignancies confined to the
abdominal cavity were treated with i.p. combination chemo-

Table 7 Synergistic ratiosfor M19 melanoma cells exposed to the combination of
ara-C and cis-platinum

Total drug exposure was 4 h and ci.v-plalinuni concentration was 0.03 Â¿ig/ml.

ara-C
Gig/ml)0.01

0.1
1.0

10.0
100.0civ

Platinum
2 h before

ara-C0.7

0.8
0.7
0.61.2ara-C

and cis-
platinum si

multaneously1.2

1.51.81.72.7ara-C

2 h
before cis-
platinum1.0

0.9
1.8
2.0
3.8

therapy regimen consisting of ara-C, c/s-platinum, and doxo-
rubicin (15). Eight of 26 Ã©valuablepatients demonstrated clin
ical response. Systemic toxicity was mild. These studies indi
cated that high-dose ara-C may be efficacious against certain
solid malignancies.

Techniques have been developed recently to allow for the
direct infusion of high dose chemotherapy into the hepatic
artery for the treatment of liver mÃ©tastasesof several common
human malignancies (18). Limb perfusion is another route in
which high-dose regional chemotherapy could be applied to
solid tumors (19). Whether by intracavity (abdominal or
pleural) infusion, hepatic artery infusion, or limb perfusion,
each of these routes may allow treatment of solid malignancies
with high-dose, short-term ara-C with minimal systemic toxic
ity.

A synergistic interaction of ara-C and c/s-platinum was pre
viously demonstrated in the LoVo cell line derived from a
human colon carcinoma (20). Maximum synergy was demon
strated when both agents were administered simultaneously for
l h in vitro. By contrast, our data indicated that maximal
synergism was obtained when ara-C was administered 2 h before
c/s-platinum. The reason for this difference is not clear, but our
cell lines and assay techniques were quite different from those
used for the LoVo studies. A recent report of studies in mice
with ovarian tumors treated by i.p. administration of ara-C and
c/s-platinum indicated that maximum survival resulted when
ara-C was given prior to c/s-platinum, while survival was re
duced when c/s-platinum was given first (21). These in vivo
observations are consistent with our in vitro findings.

It is apparent from the present report that there is consider
able heterogeneity in the response of human solid tumors to
the combination of ara-C and c/s-platinum. However, it is
noteworthy that synergy between these two drugs was demon
strated in a wide variety of solid tumors, including malignant
melanoma and carcinomas of the lung, ovary, breast, and gas
trointestinal tract. We believe this is the first indication of
synergy between ara-C and c/s-platinum in primary cultures of
freshly biopsied human solid tumors.

The biological relevance of the synergistic ratios observed in
these studies can be better appreciated in view of the absence
of synergy reported in most in vitro studies. In a previous study
of 332 human tumor specimens tested in the HTCFA for
sensitivity to standard chemotherapeutic agents, including bleo-
mycin-Oncovin-lomustine-dacarbazine in melanoma, Cytoxan-
Adriamycin-c/s-platinum in lung cancer, Cytoxan-Adriamycin-
vincristine in lymphoma, Cytoxan-methotrexate-5-fluorouracil
and 5-fluorouracil-Adriamycin-Cytoxan in breast cancer, Cy-
toxan-vincristine-adriamycin-dacarbazine in sarcoma, 5-fluo-
rouracil-adriamycin-methotrexate in stomach cancer, and 5-
fluorouracil-1, 3-bis (2-chloroethyl)-l-nitrosourea-vincristine)
in colon cancer, no evidence of significant synergy was found
(22). In fact, the activity of the combination highly correlated
with the activity of the most cytotoxic single agent of that
combination and gave a stronger association than a classical
model based on the product of the survivals for the individual
agents. Mulne et al. (23) tested 16 brain tumors to 8 standard
chemotherapeutic agents, singly and in combination, in the
HTCFA and found no single case in which the effect of the
combination was additive. A multiple t test analysis showed no
difference in results between the eight-drug combination and
the best drug tested individually.

Chou et al. (24) proposed a generalized method for quanti-
tation of synergy of anticancer drugs in vitro but observed
antagonism between ara-C and 5-fluorouracil and between cy-
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clophosphamide and l,3-bis(2-chloroethyl)-l-nitrosourea. While
the term antagonism implies some negative interaction between
drugs, it is clear that their model for synergy overpredicted the
effects of drug combinations. Jones et al. (25) reported on 34
correlations using the HTCFA to predict responsiveness of
breast cancer to combination therapy. They found that a model
based on the product of individual drug sensitivities signifi
cantly overpredicted clinical response, a finding consistent with
our previous report (22). That the poor predictiveness of these
synergy models is not due to problems inherent in in vitro
assays but rather to faulty assumptions regarding combination
testing is demonstrated by our reports of good clinical correla
tions obtained from testing combinations directly in the
HTCFA for breast cancer (26) and for other tumor types (27).

The optimal dosages and duration of drug administration for
high-dose chemotherapy have not been defined. However, in
vitro pharmacodynamic models as reported in this present work
can provide valuable information for the development of regi
mens based on high-dose regional chemotherapy. Our labora
tory has previously demonstrated that an in vitro model could
accurately predict the responses of patients with metastatic liver
tumors to high-dose intraarterial infusions of anticancer agents
(28). Such models might also be useful in the design of Phase I
trials of new anticancer agents by optimizing doses, routes of
administration, and exposure time.

The mechanism of the synergistic interaction between ara-C
and r/.v-platinum remains unknown. It has been suggested that
in the presence of ara-C there is an increase in the affinity of
c/s-platinum for its DNA-binding sites (29). Alternately, ara-C
could inhibit repair of e/s-platinum-induced DNA damage (30).
A better understanding of the mechanism of synergy between
ara-C and c/5-platinum may lead to improved clinical applica
tion of these two drugs.
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