
Abstract. We have previously reported the 5-fluorouracil
(5-FU) sensitivity of cancer cells from colorectal cancer (CRC)
patients using the collagen gel droplet embedded culture-drug
sensitivity test (CD-DST) under multiple drug concentrations
and contact durations. Moreover, the area under the concen-
tration curve (AUC) and growth inhibition rate (IR) were com-
bined, resulting in the AUC-IR curve, which was approximated
to the logarithmic curve. In the present study, we used the
AUC-IR curve to calculate the individualized AUCIR50, the
AUC value that imparts 50% growth inhibition. Individual
AUCIR50 was calculated in CRC patients, and its distribution
was evaluated. The cumulative distribution of individual
AUCIR50 was regressed over two lines (logarithmic scale).
Among the 45 resectable CRC patients, those who achieved
more than the individual AUCIR50 during post-operative 5-FU-
based chemotherapy demonstrated a trend towards better
disease-free survival compared to those who did not achieve
AUCIR50. Of the Dukes' D patients (n=10), those who achieved
more than twice the individual AUCIR50 during post-operative
5-FU-based chemotherapy demonstrated significantly better
survival rates (p=0.05) than those who did not. In this study,
the distribution of the individual AUCIR50 suggested that
approximately 6% of patients demonstrated very low 5-FU
sensitivity. Therefore, the individual AUCIR50 was useful in
classifying good, intermediate and poor 5-FU response.
Achievement of the individual AUCIR50 may be a prerequisite

for individualized 5-FU-based adjuvant chemotherapy. As
well, the early achievement of twice the individual AUCIR50

may indicate an improved prognosis in Dukes' D patients. The
individual AUCIR50 using CD-DST is useful in determining the
individualized chemotherapy of CRC patients, thus CD-DST
has the potential to facilitate the establishment of indivi-
dualized chemotherapy for CRC.

Introduction

Individualized chemotherapy is a therapeutic strategy based
on the features of a respective tumor, and has been proposed
to improve patient clinical outcome while maintaining quality
of life. In the field of gastrointestinal cancer, 5-fluorouracil
(5-FU) is the drug most often used to assess antitumor effect.
The drug sensitivity of tumor cells is one of the key factors
that must be assessed in individualized chemotherapy for
cancer patients. We have reported the 5-FU sensitivity of
cancer cells from colorectal cancer (CRC) patients using the
collagen gel droplet embedded culture-drug sensitivity test
(CD-DST) under multiple drug concentrations and contact
durations. Moreover, the area under the concentration curve
(AUC) and growth inhibition rate (IR) were combined,
resulting in the AUC-IR curve, which was approximated to
the logarithmic curve (1). We have also reported that the
growth inhibition rate, calculated from the AUC-IR curve, and
the actual growth inhibition rate, at an AUC of 48 μg x h/ml,
are identical. Based on these results, we proposed that the
in vitro antitumor effect of 5-FU depends on AUC in colorectal
cancer, and that the AUC-IR curve is reliable (2). However,
it remained to be elucidated whether the individual AUCIR50 -
the AUC value that imparts 50% growth inhibition with an
AUC-IR curve - reflects clinical outcome.

This study aimed to calculate the individual AUCIR50 using
the AUC-IR curve, and to evaluate the distribution of the
individual AUCIR50. The relationship between 5-FU sensitivity
as determined by the AUC-IR curve and clinical outcome was
also evaluated in early and advanced CRC patients treated
with 5-FU-based chemotherapy.
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Materials and methods

Patients. Surgical specimens of the primary tumor were
obtained from 63 colorectal cancer patients resected without
pre-operative chemotherapy between January 2002 and
September 2007. Informed consent for measuring drug
sensitivity was obtained from all patients.

Methods. Tumor tissue was excised from the primary surgical
specimen and applied to the CD-DST. The specimen was
washed out five times with saline (50 ml), then five times with
antibiotic fluid (50 ml) containing 1.0 mg/ml piperacillin and
0.5 mg/ml kanamycine. The transport bottle contained
1.0 mg/ml piperacillin, 0.5 mg/ml kanamycine and 2.5 μg/ml
amphotericin B. 5-FU tumor sensitivity was evaluated by
CD-DST, performed as described by Kobayashi et al (3).

One gram of tissue was treated with dispersion enzyme
cocktail containing 1.0% collagenase for 2 h. Dispersed cell
suspensions were inoculated in pre-culture media on collagen-
coated flasks overnight, and then viable tumor cells were
recovered by 0.05% collagenase treatment. Recovered cells
were embedded in 30-μl collagen gel droplets. Embedded cells
were cultivated in culture media containing 5-FU at 0.2 μg/ml
for 3 h, 1.0 μg/ml for 3 h, 10.0 μg/ml for 3 h, 0.2 μg/ml for
24 h, 1.0 μg/ml for 24 h, 10.0 μg/ml for 24 h, 0.2 μg/ml for
120 h, 1.0 μg/ml for 120 h and 10.0 μg/ml for 120 h. After the
removal of 5-FU-containing media, the cells were further
cultured for 7 days in serum-free culture media to prevent the
growth of fibroblasts. Viable cells were stained by neutral red
solution and counted by the imaging colorimetric quantification
method. The surviving cell number ratio between the drug-
treated and control groups was calculated. Patients who
recorded ≥4 conditions as well as those with a growth rate
>0.8 were regarded as successful cases.

After converting the drug concentrations and contact time
to AUC, an AUC-IR curve was plotted against the growth
inhibition rate, and the individual AUCIR50 - the AUC value
that imparts 50% growth inhibition - was calculated from the
AUC-IR regression curve. Subsequently, the distribution of the
individual AUCIR50 and its correlation to patient background
(histological type and Dukes' stage) were evaluated.

The 45 resectable CRC patients with Dukes' stages A, B
or C who received 5-FU-based adjuvant chemotherapy were
divided into achieved and non-achieved groups. The total
administered AUC of 5-FU was more than the individual
AUCIR50 in the achieved group, but less than the individual
AUCIR50 in the non-achieved group. The disease-free survival
(DFS) rates were evaluated and compared in the two groups.

The 10 Dukes' D patients who had distant metastasis and
received post-operative 5-FU-based chemotherapy after the
primary tumor was resected were also divided into achieved
and non-achieved groups. The total administered AUC was
more than twice the individual AUCIR50 in the achieved group,
but less than twice the individual AUCIR50 in the non-achieved
group. Overall survival (OS) rates were evaluated and com-
pared in the two groups.

Statistics. The primary study endpoint was the OS, estimated
as the time from the date of surgery to last contact or to the
date of the patient succumbing to other causes. The secondary

endpoint was the DFS, estimated as the time from the date of
surgery to the occurrence of any local or distant relapse or to
the date of the patient succumbing to other causes.

Comparisons of patient characteristics in the ‘achieved’
and ‘non-achieved’ groups were compiled using the ¯2 test,
and gender and tumor site by the t-test. Age, Dukes' stage
and histological type were estimated using Tukey's test.
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Table I. Backgrounds of the 63 patients.
–––––––––––––––––––––––––––––––––––––––––––––––––
No. of patients 63

Mean age, years (range) 65.9 (30-85)

Gender (male/female) 33/30

Histological type (well/mod/poor/muc) 8/48/2/5

Dukes' stage (A/B/C/D) 5/30/16/12

Colon/rectum 51/12
–––––––––––––––––––––––––––––––––––––––––––––––––
Well, well-differentiated; mod, moderately-differentiated; poor,
poorly-differentiated; muc, mucinous carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Growth inhibition according to a representative 5-fluorouracil area
under the curve (AUC); IR, inhibition rate; AUCIR50, AUC value imparting
50% growth inhibition.

Figure 2. Cumulative distribution of individual AUCIR50.
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OS and DFS were calculated using Kaplan-Meier
analysis, and a primary and secondary comparison between
the two groups was carried out using the log-rank test.
Statistical tests were two-sided (·=0.05) and were carried out
using the SPSS package (version II for Windows).

Results

The backgrounds of the 63 patients are shown in Table I. The
AUC-IR curve of a representative patient is shown in Fig. 1.
The approximate expression and correlation coefficients
were y = 10.809 Ln(x)+5.8345 (R2=0.9657) for AUC, and
59.5 μg x h/ml [y = 10.809 Ln(x)+5.8345, R2=0.963] for the
individual AUCIR50 value calculated from the regression curve
in this patient.

The curve between AUC and the growth IR approximated
a logarithmic curve (R2=0.655-0.999). The individual AUCIR50

value was calculated from the AUC-IR curve (AUCIR50 =
8.1 μg-98.8 g x h/ml) for all patients. The cumulative distri-
bution of the individual AUCIR50 in 63 patients is shown in
Fig. 2. The curve fits to two regression lines almost exactly

[y = 0.0046 Ln(x)+0.9154, R2=0.9657 and y = 0.2268 Ln(x)-
0.7031, R2=0.9509]. Patients on the regression line with a
high AUCIR50 value accounted for ~6% of all patients.

In all 63 patients, the relationship between the individual
AUCIR50 and patient background, histological type (Fig. 3) and
Dukes' stage (Fig. 4) was evaluated. No apparent trends were
found for these parameters.

The backgrounds of the 45 resectable CRC patients
according to group are shown in table II. In these patients,
the background basis between the two groups was not sig-
nificant. There was a trend towards a better DFS rate in the
achieved group that failed to reach significance. The 5-year
DFS rates were 88.9% for the achieved group and 72.2% for
the non-achieved group (Fig. 5).

The backgrounds of the 10 Dukes' D patients according to
group are shown in Table III. The background basis between
the two groups was not significant. The OS rate of the achieved
group was significantly better than that of the non-achieved
group (P=0.05, Fig. 6). The median survival time in the
achieved group was 534 days (95% CI 119-949), while in the
non-achieved group it was 449 days (95% CI 26-872).
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Figure 3. Distribution of individual AUCIR50 by histological type. Well, well-
differentiated; mod, moderately-differentiated; poor, poorly-differentiated;
muc, mucinous carcinoma.

Figure 4. Distribution of individual AUCIR50 according to Dukes' stage.

Table II. Backgrounds of the 45 resectable CRC patients.
–––––––––––––––––––––––––––––––––––––––––––––––––

Non-achieved Achieved
–––––––––––––––––––––––––––––––––––––––––––––––––
No. of patients 18 27 NS

Mean age, years (range) 65.9 (35-78) 65.0 (30-79) NS

Gender (male/female) 8/10 16/11 NS

Histological type 1/15/0/2 5/22/0/0 NS
(well/mod/poor/muc)

Dukes' stage (A/B/C/D) 0/8/10/0 4/18/5/0 NS

Colon/rectum 14/4 23/4 NS
–––––––––––––––––––––––––––––––––––––––––––––––––
Well, well-differentiated; mod, moderately-differentiated; poor,
poorly-differentiated; muc, mucinous carcinoma; NS, not significant.
–––––––––––––––––––––––––––––––––––––––––––––––––

Table III. Backgrounds of the 10 Dukes' D patients.
–––––––––––––––––––––––––––––––––––––––––––––––––

Non-achieved Achieved
–––––––––––––––––––––––––––––––––––––––––––––––––
No. of patients 5 5 NS

Mean age, years (range) 63.4 (55-72) 62.3 (56-71) NS

Gender (male/female) 3/2 3/2 NS

Histological type 1/1/1/2 0/4/0/1 NS
(well/mod/poor/muc)

Colon/rectum 4/1 4/1 NS
–––––––––––––––––––––––––––––––––––––––––––––––––
Well, well-differentiated; mod, moderately-differentiated; poor,
poorly-differentiated; muc, mucinous carcinoma; NS, not significant.
–––––––––––––––––––––––––––––––––––––––––––––––––
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Discussion

Many meta-analyses show that there are responders and non-
responders in adjuvant chemotherapy for gastric cancer (4-8),
though there is currently no useful method for distinguishing
the two, as many steps are involved in the pharmacokinetics of
anticancer drugs; e.g., absorption, metabolism and excretion.
On the other hand, many in vivo factors affect the sensitivity
of an anticancer drug; e.g., activation enzymes, degradation
enzymes, membrane transport proteins, DNA repair enzymes
and the target protein in the cancer cell. These factors are
controlled by individual genes. Single nucleotide polymor-
phisms (SNPs), a type of gene polymorphism, are considered
to be one of the factors affecting individual differences in the
exertion of drug effects. Progress has recently been made in
their analysis (9), but not enough for SNPs to be considered
in individualized chemotherapy for intestinal cancer. Possible
reasons for this are that the activity of the whole cancer type
has been influenced by the living body, tumor and cell function,
enzyme activity, the amounts of enzymes, mRNA expression
and, lastly, gene polymorphisms. The cancer chemotherapy
chemosensitivity test is therefore seen as very reasonable,
and as the most useful in distinguishing responders and non-
responders. Iwahashi et al reported that overall survival was
significantly better in a chemosensitivity-guided chemotherapy

group than in a standard chemotherapy or non-chemotherapy
group in advanced gastric cancer (10). There have been several
studies employing the chemosensitivity assay in ovarian
cancer, breast cancer and leukemia (11-14), while the number
of studies using CD-DST in particular are increasing (15-24).

CD-DST is a method for the evaluation of drug sensitivity
using isolated 3-dimensionally cultured tumor cells in a small
collagen gel droplet (25). CD-DST has the following features:
i) a high success rate due to the micro-3-dimensional culture;
ii) the ability to work with a small quantity of specimen; iii)
the ability to evaluate the anti-tumor effect of drugs in
clinically equivalent doses; and iv) the ability to accurately
evaluate the anti-cancer effect using an image analysis device
when fibroblast contamination is <67% (3). However, it is
critical that the sample being examined be obtained from the
soft part of the tumor tissue, in order to prevent the possible
contamination of the fibroblast component.

In our previous report using CD-DST, the correlation
between the 5-FU AUC and antitumor effect in colorectal
cancer was evaluated, and in vitro AUC values and inhibition
rates were found to be approximate to the logarithmic curve.
Based on these results, we reported that the in vitro antitumor
effect of 5-FU depends on the AUC in colorectal cancer, and
that the AUC-IR curve is reliable. Moreover, we suggested
that we were able to obtain the individual AUCIR50 - the AUC
value that imparts 50% growth inhibition - from the AUC-IR
curve (2).

In this study, we calculated the individual AUCIR50 using
the AUC-IR curve. Thus, 5-FU sensitivity is low in tumors
with high AUCIR50 values. The cumulative distribution of the
individual AUCIR50 curve fitted to two regression lines. Patients
on the high AUCIR50 regression line were poor responders
in vitro, while patients on the other regression line were good-
to-intermediate responders in vitro. The first step for individ-
ualized 5-FU-based chemotherapy is the selection of these poor
responders, for whom an alternative regimen is appropriate.
Favourable responders are candidates for shorter-term standard
5-FU-based chemotherapy; e.g., oral 5-FU, oxaliplatin plus
5-FU or leucovorin (FOLFOX)/irinotecan plus 5-FU and
leucovorin (FOLFIRI), whereas intermediate responders are
candidates for longer-term or more intensive 5-FU-based
chemotherapy; e.g., FOLFOX with molecular target drugs,
such as bevacizumab and cetuximab/FOLFIRI with molecular
target drugs. However, in chemotherapy for poor responders,
5-FU is always included in the standard regimens, and the
single response rates of irinotecan and oxaliplatin are not as
high. In individualized chemotherapy against colorectal cancer,
this problem is in need of further study.

Tumor histological type analysis showed no significant
correlation with AUCIR50. In other words, poorly-differentiated
adenocarcinoma and mucinous carcinoma are not necessarily
poor responders in vitro. Therefore, we should not discount
5-FU-based chemotherapy for poorly-differentiated adeno-
carcinoma and mucinous carcinoma. However, Dukes' stage
analysis showed no significant correlation with the indivi-
dual AUCIR50. The progress of Dukes' stage does not always
indicate 5-FU refractory cancer, and Dukes' D patients are not
necessarily poor responders in vitro. Therefore, 5-FU-based
chemotherapy should also not be discounted for Dukes' D
patients.
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Figure 6. Overall survival of the achieved and non-achieved groups among
the Dukes' D patients.

Figure 5. Disease-free survival rate of the achieved and non-achieved groups
among the resectable colorectal cancer patients.
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Analysis of the resectable CRC patients treated with 5-FU-
based adjuvant chemotherapy showed that the recurrence rate
of the non-achieved group (total administered AUC less than
individual AUCIR50) was higher than that of the achieved group
(total administered AUC greater than individual AUCIR50).
Moreover, the DFS rate of the achieved group was better than
that of the non-achieved group. Therefore, this study suggests
that the achievement of the individual AUCIR50 is a prerequisite
for individualized 5-FU-based adjuvant chemotherapy. In
contrast, analysis of Dukes' D patients treated with 5-FU-based
chemotherapy revealed that the OS rate of the achieved group
(total administered AUC more than twice the individual
AUCIR50) was significantly better than that of the non-achieved
group (total administered AUC less than twice the individual
AUCIR50). These findings indicate that the early achievement
of twice the individual AUCIR50 is associated with improved
prognosis in Dukes' D patients.

In the present study, we were able to obtain the individual
AUCIR50 from the AUC-IR curve using CD-DST, and to select
poor responders in the cumulative distribution of the individual
AUCIR50 curve. The results also suggest that individual AUCIR50

is useful in the establishment of individualized chemotherapy
for colorectal cancer patients.
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