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Summary. Comparative in vitro drug testing was per-
formed in 72 of 183 surgically removed human colorectal
cancer specimens (34 primary lesions, 38 metastases). In
10 of these tumors, comparative dose-response curves were
obtained. Given a =70% ICF (inhibition of colony forma-
tion) as threshold for in vitro sensitivity, 5-FU was active
in 16/62 specimens, and FUDR in 14/62. Significantly
discordant sensitivity results were observed in 8/62 tests,
5-FU being the more active agent in 5 of these cases. These
data are supported by the finding of 3 considerably differ-
ing dose-response curves in 10 additional comparative
studies of human primary tumors.

Introduction

During recent years the HTCA (human tumor colony as-
say) has been developed by Hamburger and Salmon as a
promising technique for drug testing and biological studies
on primary human tumor cells. This is of particular value
for those tumor types with high drug resistance, such as
most gastrointestinal carcinomas.

5-FU and 5-FUDR are some of the most active com-
pounds for chemotherapy of colorectal cancer. In clinical
studies no consistent differences in activity were observed
[3]. However, in some animal-derived tumor lines, which
allow direct comparison, certain differences in biochemi-
cal action and antitumor effect were noted [11]. Whether
this phenomenon of only partial cross-reactivity also per-
tains to human cancer is unknown.

This study uses the HTCA to perform in vitro compar-
ative drug testing on primary human tumor cells to ad-
dress this question.

Materials and methods

In total, 183 fresh surgical specimens of colorectal cancer
were disaggregated mechanically and then assayed for
drug sensitivity after a 1-h incubation and cultured accord-
ing to the method described by Hamburger et al. [6], except
for the omission of DEAE-dextran and mercaptoethanol.
The serum concentrations used in the experiments were as
follows: 10% heat-inactivated FCS and 5% horse serum in
the underlayer and 15% horse serum in the upper plating
layer (serum distributed by Flow Laboratories, Calif). The
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drug concentrations during the 1-h incubation were 60 ug
5-FU/ml and 10 ug FUDR/ml when only single doses
were tested. The dose ratio between 5-FU and FUDR was
chosen to give equivalent inhibition of colony formation
in the human colon cancer-derived tissue culture line
Wi/Dr (supplied by EORTC/CASSG) and was confirmed
by comparative dose-response studies in colorectal pri-
mary tumors.

After drug exposure at a concentration of 10° cells/ml,
the cells were washed and incubated for 14-21 days at
37 °C, 5% CO,, and 95% humidity. The concentration was
5 x 10° celis/plate. Each experiment was done in triplicate.
Colony counting was accomplished with an inverted light
microscope. Aggregates over 60 um in size were consid-
ered to be colonies. Evaluation of an assay required
growth of at least 25 tumor colonies/control plate and less
than 10% of equivalent aggregates in fixed day 0 controls.
The definition of in vitro drug sensitivity was set at more
than 70% inhibition of colony formation (ICF).

For statistical evaluation one-step regression analysis
and chi-square analysis were used. '

Results

Comparative drug testing could be performed in 72/183
tumor specimens of colorectal cancer with sufficient co-
lony growth. There were 69 tumors that did not show co-
lony growth at all, and 32 assays were lost owing to con-
tamination. Plating efficiencies of the tumors with in vitro
colony formation ranged between 0.001 and 0.41, with a
mean of 0.03. Colony counts/plate in the tumors evaluated
were between 27 and 193. The variation within the tripli-
cate plates was consistently less than 20%.

Figure 1 shows comparative dose-response curves for
5-FU and FUDR in ten human colorectal cancers. In three
cases considerably different slopes are seen, suggesting
lack of cross-sensitivity. For quantitation D, values (drug
concentration giving a surviving fraction of 0.37 in the
steep portion of the dose survival curve) were estimated
when an exponential dose-effect ratio could be assumed.
From the remaining seven curves the approximate isoef-
fect-dose ratio between 5-FU and FUDR was 6:1. The
same dose ratio was found in experiments with human col-
on cancer-derived tissue line Wi/Dr. According to these
results, doses of 60 pg/ml for 5-FU and 10 pg/ml for
FUDR were chosen for further comparative experiments
at a single dose level. The results are shown in Fig. 2. Most
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Fig. 1. Dose response comparison for 5-FU (open symbols) and
FUDR (closed symbols)in human colorectal carcinomas. In brack-

ets:
D,FUDR

isoeffect dose ratio =
D,5-FU

Tumors 1, 2, and 7 show considerable differences in the slope of
the survival curves against 5-FU and FUDR

of the colorectal tumors studied show good correlation of
sensitivity between the two drugs (coefficient of correla-
tion 0.62). Differing sensitivities were assumed when one
drug led to =70% ICF and the other <50%.
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Fig. 2. In vitro comparison between 5-FU (60 ug/ml) and
FUDR (10 ug/ml) in 62 human colorectal carcinomas.
Dark areas represent discordant sensitivity between the two drugs

Using these rigid criteria, which relate to experience
with in vitro-in vivo correlations [4], lack of cross-reactivi-
ty was found in 8/62 studies. In 5 of these 5-FU was supe-
rior, while in the remaining 3 tumors FUDR was the more
potent drug.

Nevertheless, these criteria may even underestimate the
actual proportional reduction in cross-reactivity compared
with the difference in ICF between 5-FU and FUDR for
each tumor or the slope of dose-response curves, which
were plotted for 10 tumors.

In 14 of the 72 tumors studied, clinical correlations to
the in vitro response were obtained (11 for 5-FU, 3 for
FUDR). Using WHO criteria [12] for clinical response
there were 4 true-positives, 6 true-negatives, 2 false-posi-
tives, and 2 false-negatives, resulting in an overall predic-
tivity of 71.5% in this set of tumors.

Discussion

5-FU is one of the most active agents used in the treatment
of colorectal cancer, with clinical response rates of
20%-25%. Similar results have been obtained in clinical
studies with FUDR [2, 13]. This agent is now mainly used
for regional chemotherapy of hepatic metastases on ac-
count of its nearly complete clearance by the liver [5].

The use of HTCA makes a direct comparison of drug
effects against the same human tumor specimen possible,
as was recently shown for adriamycin and esorubicin by
Salmon et al. [16].

In our study comparative drug evaluation of 5-FU and
FUDR in HTCA showed a good correlation of sensitivity
at a dose ratio of 6:1 in the human colon cancer-derived
tissue culture line Wi/Dr in 7 of 10 dose-response studies
of surgically removed human colorectal cancer and in 54
of 62 specimens tested at a single dose level. Experiments
with animal tumors and tissue culture lines have revealed a
considerably lower dose of FUDR for equivalent cytotoxi-
city [7). This difference might be explained by biochemical
differences between the rapidly proliferating experimental
tumors and primary human solid tumors. The effect could
also be influenced by the specific culture conditions of the
soft agar assay and the tissue culture medium used.

Antimetabolites may be particularly susceptible to
those factors. However, the fairly good predictivity of in
vitro-in vivo correlations in this set of tumors points to the
validity of the system for at least short-term response and
is in agreement with the overall results reported in the li-
terature [1, 18].

There is good evidence that 5-FU exerts its cytotoxic
effect both by inhibition of thymidylate synthetase and by
incorporation into RNA [11], while FUDR is thought to
inhibit mainly de novo synthesis of thymidylate, since only
single-step conversion to the active metabolite FAUMP is
needed. Some differences in activity between the two
agents have been observed in tumor lines. The effects of
FUDR were reversed by thymidine, while in some lines
there was only partial thymidine rescue for 5-FU or none
at all [17]. Different mechanisms of resistance to fluoropy-
rimidines have been described. It seems conceivable that
lack of thymidine kinase [14], uridine kinase [15], or an al-
tered thymidilate synthetase [7] may have different effects
on the incorporation of fluoropyrimidines into RNA or on
the inhibition of thymidylate synthesis. Moreover, a potent
salvage pathway such as is described in solid tumors [19]



will mainly counterbalance the inhibitory effects on thy-
midylate synthesis.

Incorporation of 5-FU into RNA seems to vary widely
in different tumor lines [9], and the impact of FU-RNA
formation on cytotoxicity seems to differ [8, 10]. In view of
the experimental evidence for possible differences in activ-
ity between 5-FU and FUDR, the lack of correlation in
3/10 dose-response studies and in 8/62 single-dose studies
in this investigation suggests that there may be different
biochemical targets for the action of fluoropyrimidines in
human colorectal tumors. This could account for the par-
tial lack of cross-reactivity seen.
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