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Abstract Purpose: To improve the therapeutic efficacy
and minimize the toxicity of 5-fluorouracil (5-FU),
intermittent therapy consisting of alternate 24-h intra-
venous infusion and based on differences in generation
time (Ts) between normal cells and tumor cells was in-
vestigated. Methods: Two human gastric cancer cell
lines MKN-7 and MKN-74 with Tg of 35 h and 17 h,
respectively, were used in an in vitro cytotoxic assay.
The drug exposure schedule consisted of a continuous
144-h exposure and alternate 24-h exposures. In a
clinical trial, a total of 23 patients with advanced or
recurrent gastric cancer were treated with intermittent
therapy consisting of 24-h intravenous infusion with
5-FU 700 mg/m? per day on days 1, 3 and 5 in combi-
nation with low-dose cisplatin (CDDP) at 3.3 mg/m? per
day on days 1 to 5. One cycle of the combined chemo-
therapy lasted for four consecutive weeks, followed by
withdrawal over 1-2 weeks. Plasma 5-FU concentra-
tions were measured by high-performance liquid chro-
matography in 15 patients and dihydropyrimidine
dehydrogenase (DPD) activity in peripheral blood
mononuclear cells (PBMC) was measured in 13 patients.
Results: The in vitro study revealed no statistically sig-
nificant difference in cytotoxicity of 5-FU between the
two drug exposure schedules in MKN-7 cells. In MKN-
74 cells, however, a statistically significant decrease in
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cytotoxicity was found with the alternate 24-h exposure.
In a clinical trial, plasma 5-FU concentrations showed a
trapezoidal pattern. There was a significant correlation
between DPD activity in PBMC and total body clearance
of 5-FU. There were eight partial responders (8/22, 36%).
Toxicities were very mild in severity, with no grade 3 or 4
toxicity. In particular, diarrhea and stomatitis were in-
frequent (one patient), and none of the patients developed
thrombocytopenia. Conclusions: Toxicities which may be
observed in rapidly growing cells such as bone marrow
cells and gastrointestinal epithelial cells following con-
tinuous intravenous infusion of 5-FU seemed to be re-
duced by intermittent therapy of 5-FU consisting of
alternate 24-h intravenous infusions.

Keywords 5-Fluorouracil - Alternate 24-h intravenous
infusion - Generation time - Dihydropyrimidine
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Introduction

5-Fluorouracil (5-FU) was developed by Heidelberger
et al. [9] more than four decades ago and is still in wide
use as a chemotherapeutic agent, especially for gastro-
intestinal cancers. The mechanism of action of the drug
is considered to differ depending on the regimen, i.e.
disturbance of RNA function with bolus intravenous
infusion and inhibition of DNA synthesis with contin-
uous intravenous infusion [22]. Although several regi-
mens have been studied against various human tumors,
the optimal regimen for 5-FU is still a matter of debate.
In recent studies in patients with colorectal cancer,
continuous intravenous infusion has been shown to
provide superior antitumor activity and induce less
toxicity than intravenous bolus infusion. Myelosup-
pression is infrequent, and dose-limiting toxicities are
hand-foot syndrome, stomatitis, and diarrhea with this
regimen [6, 16, 18, 20].



Among several combination chemotherapies includ-
ing 5-FU, the combination with cisplatin (CDDP) is
considered to be one of the most successful for gastro-
intestinal cancers [15, 21, 23]. In Western countries, the
standard protocol for CDDP infusion is a high-dose
single short-term infusion [15, 23] or medium-dose daily
short-term infusion [21]. In Japan, on the other hand,
continuous intravenous infusion of 5-FU in combina-
tion with low-dose CDDP (continuous FLDP) has been
extensively investigated, and the efficacy of the combi-
nation in the treatment of gastric and colorectal cancers
has been demonstrated by several investigators [3, 13,
14, 32]. In this combination therapy, CDDP is used not
as an effector but as a modulator of 5-FU [1, 25, 26, 27].
The toxicity of the combination therapy is generally
minimal. However, myelosuppression, stomatitis and
diarrhea after repeated cycles of continuous intravenous
infusion of 5-FU are sometimes observed.

For the purpose of minimizing the toxicity of 5-FU
while preserving its antitumor activity, we devised an
intermittent 5-FU schedule which consisted of alternate
24-h infusions and is based on differences in generation
time (Tg) between tumor cells and normal cells [28]. To
elucidate the mechanism by which intermittent therapy
reduces the toxicity of 5-FU, we used two gastric cancer
cell lines with different T (17 h and 35 h) and investi-
gated differences in cytotoxicity. We also investigated
the clinical efficacy of low-dose CDDP consisting of al-
ternate 24-h infusion of 5-FU in 23 patients with gastric
cancer as well as the pharmacokinetic parameters and
dihydropyrimidine dehydrogenase (DPD) activity in
peripheral blood mononuclear cells (PBMC).

Materials and methods

Cells

Two human gastric cancer cell lines MKN-7 (T 35 h) and MKN-
74 (T 17 h) were obtained from the Riken Cell Bank (Institute of
Physical and Chemical Research, Saitama, Japan). These cells,
cultured in RPMI-1640 medium containing 10% fetal calf serum
(FCS; Gibco, Rockville, Md.), were incubated at 37°C in an at-
mosphere containing 5% CO,. All experiments were conducted
using cells in logarithmic growth phase.

Chemotherapeutic agent

5-FU was purchased from Kyowa Hakko Kogyo (Tokyo, Japan).
The agent was dissolved into RPMI-1640 medium containing 10%
FCS before use.

Colony-forming assay

The cytotoxicity of 5-FU was determined by the colony-forming
assay. Cells were plated onto a 24-well tissue culture plate at
3x10? cells/ml per well for MKN-7 cells and 2x10* cells/ml per well
for MKN-74 cells. Cells were precultured at 37°C in an atmosphere
containing 5% CO, for 48 h. Various concentrations of 5-FU were
added, and cells were incubated for a further 144 h. The cell
treatment schedules consisted of a continuous 144-h exposure and
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alternate 24-h exposures. In the alternate 24-h exposure group,
drug-containing medium was aspirated and washed twice with
fresh medium. The medium was changed every 24 h in all wells to
eliminate its effect on cell growth. After the 144-h incubation, the
medium was removed and cells were fixed with 1 ml 10% formal-
dehyde solution for 30 min. Cells were then extensively washed
with distilled water and stained with 0.1% crystal violet. Colonies
were counted using an automatic colony analyzer.

Patients

Patients with histologically confirmed advanced gastric adenocar-
cinoma were eligible for the present study. All patients were re-
quired to meet the following eligibility criteria: <75 years of age,
Eastern Cooperative Oncology Group performance status (PS) 0 to
3, no chemotherapy or radiotherapy during the 4 weeks prior to
entry, normal bone marrow function (WBC >4000/mm® and
platelets > 100,000/mm?), normal liver function (serum aspartate
transaminase and serum alkaline phosphatase less than three times
the upper limit of normal, and serum total bilirubin <1.5 mg/dl)
and normal renal function (serum creatinine < 1.2 mg/dl and cre-
atinine clearance >60 ml/min). Informed consent was obtained
from all patients prior to enrollment. The present study was con-
ducted with the approval by the Institutional Review Board.

Treatment schedule

The regimen was as follows: 5-FU was continuously infused for
24 h at a dose of 700 mg/m? per day on days 1, 3 and 5 in com-
bination with CDDP diluted in 100 ml 0.9% sodium chloride so-
lution which was infused over 1 h at a dose of 3.3 mg/m? per day
on days 1 to 5. One cycle lasted for four consecutive weeks, fol-
lowed by withdrawal over 1 to 2 weeks. The combined chemo-
therapy was continued until the disease progressed or unacceptable
toxicities developed.

Pharmacokinetic analysis of 5-FU

In 15 of 23 patients, plasma 5-FU concentrations were measured on
day 1 of treatment. Plasma was collected at five time-points: just
before 5-FU infusion, at 2, 12 and 24 h after the initiation of 5-FU
infusion and 2 h after completion of 5-FU infusion. Plasma sam-
ples were stored at —70°C until assay. Plasma 5-FU concentrations
were measured by high-performance liquid chromatography as
previously described [19]. From plasma 5-FU concentration, stea-
dy-state concentration (Cg), area under the curve (AUC) and total
body clearance (Cly,;) were calculated.

Measurement of DPD activity in PBMC

In 13 of 23 patients, DPD activity in PBMC was measured.
Approximately 10 ml peripheral venous blood was collected at 8
a.m. from all patients to minimize circadian variability. PBMC
were collected by differential centrifugation using Ficoll-Hypaque
solution. DPD activity in PBMC was measured using a radioen-
zymatic method as described previously [31].

Assessment of response and toxicity

Patients were evaluated for response every 4 weeks by standard
chest radiography, computed tomography, ultrasonography, and/
or upper gastrointestinal radiography. Objective responses were
classified according to the Japanese Classification of Gastric Car-
cinoma [10] as follows: complete response (CR), partial response
(PR), no change (NC), and progressive disease (PD). Toxicities of
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the regimen in each cycle were evaluated according to the National
Cancer Institute Common Toxicity Criteria (NCI-CTC) version 2.
The time to progression (TTP) was calculated from the start of
treatment to disease progression, and survival was calculated from
the start of treatment to death.

Statistical analysis

Statistical analysis was carried out with Stat View version 5.0
software (SAS Institute, Cary, N.C.). The significance of differences
between two group was evaluated using to the Mann-Whitney
U-test. To determine the degree of correlation between two
variables, linear regression analysis was performed to calculate
Spearman’s rank correlation coefficient. Fischer’s exact probability
test was used for testing the correlation between DPD activity in
PBMC and toxicity of 5-FU. Overall survival and TTP were
calculated by the Kaplan-Meier method. P-values less than 0.05
were considered statistically significant.

Results

Cytotoxicity of 5-FU determined by the colony-forming
assay with different cell treatment schedules

Dose-response curves in MKN-7 cells (Tg 35 h) and
MKN-74 cells (Tg 17 h) with different treatment

Fig. 1 Cytotoxicity of 5-FU determined by a colony-forming assay
in relation to different cell treatment schedules. Cells were plated
onto a 24-well culture plate. Cells precultured for 48 h were
incubated with various concentrations of 5-FU for a further 144 h.
The cell treatment schedules consisted of continuous (@) and
alternate 24-hr (O) exposures to 5-FU. Cell viability was
determined by counting the number of colonies. The mean numbers
of colonies in the treated cultures were calculated as a percentage of
the number in nontreated cultures. Error bars indicate standard
error (*P<0.05)
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schedules are shown in Fig. 1. MKN-7 cells showed no
statistically significant decrease in cytotoxicity of 5-FU
with either the continuous 144-h exposure or the alter-
nate 24-h exposure. However, in MKN-74 cells, the
cytotoxicity was significantly lower with the alternate
24-h exposure than with the continuous exposure. The
50% growth inhibitory concentrations (ICsg) calculated
from the dose-response curves are shown in Table 1. In
MKN-7 cells, the ICs5y, was about twofold higher with
the alternate 24-h exposure than with the continuous
144-h exposure; however, the difference was not statis-
tically significant. In MKN-74 cells, in contrast, the ICs,
was 11-fold higher with the alternate 24-h exposure than
with the continuous 144-h exposure; this difference was
statistically significant.

To exclude differences in total drug exposure time,
the product of the ICsq and total drug exposure time
(CxT) was calculated and compared for each cell treat-
ment schedule (Table 1). In MKN-7 cells, no significant
difference was found in CxXT between cell treatment
schedules. However, the CxT was statistically signifi-
cantly higher with the alternate 24-h exposure than with
the continuous 144-h exposure in MKN-74 cells.

Patient characteristics

Enrolled in the present study were 23 patients of whom
16 had advanced gastric adenocarcinoma and 7 had
recurrent gastric adenocarcinoma. One patient had an
unmeasurable lesion. Therefore, response rates were
calculated in 22 patients, and toxicity and survival were
evaluated in 23 patients. Patient characteristics are
summarized in Table 2. The median age of the patients
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Table 1 Comparison of cytotoxicity between continuous exposure and alternate 24-hr exposure to 5-FU (T generation time)

Cell line 1Cs¢ (png/ml) 1Cs (ug h/ml) x exposure time

Continuous Alternate 24-h P value® Continuous Alternate 24-h P value®
MKN-7 (T 35 h) 6.2+7.3 129+15.5 0.1489 886+ 1051 928 +1117 0.7728
MKN-74 (T 17 h) 1.7+1.5 19.6+14.8 0.0090 242 +208 1408 + 1065 0.0283

“Mann-Whitney U-test



Table 2 Patient characteristics

Age (years)

Median 58.9

Range 34-76
Gender

Male 12

Female 11
Performance status

0 6

1 13

2 4
Histology

Differentiated 5

Undifferentiated 16

Not determined 2
Prior chemotherapy

None 16

Methotrexate/5-FU 3

Doxifluridine 2

Tegafur plus uracil (UFT) 1

Capecitabine 1

was 58.9 years (range 34 to 76 years). Of the 23 patients,
19 (83%) had good PS (0 or 1), 16 (70%) had undif-
ferentiated gastric adenocarcinoma, and 7 (30%) had
received 5-FU previously.

Response to treatment

Tumor responses to treatment are summarized in
Table 3. There was no CR. PR was observed in eight
patients, with an overall response rate of 36% (95% CI
15-58%). Response rates by site of tumor were 25%,
57%, 38%, 0% and 0% for the stomach, lymph nodes,
peritoneum, liver and bone, respectively. No statistically
significant difference was found in response rate
according to histological type (differentiated 20% vs
undifferentiated 44%) or prior treatment (none 31% vs
prior fluoropyrimidine 43%). There was also no signif-
icant difference in response rate between patients with
recurrent disease (29%) and patients with advanced
disease (38%). The median TTP was 4.3 months, and
the median survival was 6.5 months. One- and two-year
survival rates were 18.2% and 6.1%, respectively.

Toxicities

Major toxicities are listed in Table 4. Toxicities were
minimal, and no grade 3 or 4 toxicity was observed. The
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most frequently observed toxicities were nausea, leuko-
cytopenia, neutropenia and anemia, which developed in
about half of the patients. Hand-foot syndrome was
observed in two patients who received two or more cy-
cles of the present regimen. Diarrhea and stomatitis were
infrequent (one patient each), and none of the patients
developed thrombocytopenia.

Pharmacology of 5-FU

Changes in plasma 5-FU concentration are shown in
Fig. 2. Plasma 5-FU concentrations increased soon after
the infusion of the drug and remained at a plateau level
during infusion. After termination of infusion, plasma
5-FU concentrations rapidly decreased to almost zero.
The Ci and AUC were 226.2+72.9 ng/ml (range 112—
387 ng/ml, coefficient of variability, CV, 32.2%) and
5924 +2575 ng h/ml (range 2,575-11,595 ng h/ml, CV
43.5%), respectively. Similarly, the Cl, of 5-FU was
231.4+98.8 I/h per m? (range 118-436 1/h per m?, CV
42.7%). None of these pharmacokinetic parameters was
correlated with therapeutic effect or toxicities (data not
shown).

DPD activity in PBMC

DPD activity in PBMC ranged from 69 to 480 pmol/mg
per min (median 217 pmol/mg per min). There was a
significant linear relationship between DPD activity in
PBMC and Cli of 5-FU (r,=0.674, P=0.0195; Fig. 3).
There was no correlation between DPD activity in
PBMC and therapeutic effect. However, if the cut-off
level of DPD activity in PBMC was set at 175 pmol/mg
per min, the incidence of leukocytopenia and neutrope-
nia was significantly higher among patients with low
DPD activity than among those with high DPD activity
(Table 5).

Discussion

Recently, the efficacy of FLDP therapy against gastro-
intestinal cancers has been extensively investigated in
Japan [3, 13, 14, 32]. The regimen currently used is
CDDP 5-10 mg and 5-FU 330-500 mg per patient per
day infused intravenously 5 days per week. The rates of
efficacy with this regimen have been reported to be 45 to

Table 3 Response to treatment

No. of patients CR PR NC PD Response rate (%)

Overall 22 0 8 11 3 36
Site of tumor

Stomach 13 0 4 9 0 31

Lymph nodes 7 0 4 3 0 57

Peritoneum 8 0 3 5 0 38

Liver 3 0 0 2 1 0

Bone 3 0 0 2 1 0
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Table 4 Major toxicities (evaluated according to NCI-CTC version
2)

Toxicity Grade
0 1 2 3 4

Nausea 11 8 4 0 0
Diarrhea 22 1 0 0 0
Stomatitis 22 1 0 0 0
Hand-foot syndrome 21 0 2 0 0
Leukocytopenia 12 8 3 0 0
Neutropenia 13 7 3 0 0
Thrombocytopenia 23 0 0 0 0
Anemia 15 5 3 0 0

(ng/mL)
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Plasma concentration of 5-FU
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Fig. 2 Pharmacokinetic profile of 5-FU in human plasma. 5-FU
was infused intravenously for 24 h at a dose of 700 mg/m?® in
patients with histologically confirmed advanced gastric adenocar-
cinoma. Plasma samples were collected immediately before
infusion, 2, 12 and 24 h after infusion and 2 h after the completion
of infusion. Plasma 5-FU concentrations were determined by high-
performance liquid chromatography

50% for gastric cancer. The mechanism of action of this
combination chemotherapy is considered to involve the
biochemical modulation of 5-FU by CDDP, i.e. CDDP
is used not as an effector but as a modulator of 5-FU as
described previously [1, 25, 26, 27]. Life-threatening
toxicities have not been observed with this combination
chemotherapy [3, 13, 14]. However, thrombocytopenia,
leukopenia and diarrhea are considered to be dose-lim-
iting toxicities during repeated cycles of this therapy [28].
Therefore, we devised intermittent therapy of 5-FU to
reduce its toxicity based on differences in Ty between
tumor cells and normal cells.

Lipkin et al. [17] and Clarkson et al. [4] investigated
T of human normal cells and tumor cells using the
’H-dThd labeling regimen. They reported that Ty in
tumor cells are generally 5-7 days and Ts in normal
cells, e.g. bone marrow cells and intestinal epithelium,
are 0.5-2 days. Their findings support the evidence that
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Fig. 3 Correlation between DPD activity in PBMC and total body
clearance of 5-FU (Cltot). A significant positive correlation was
observed between DPD activity in PBMC and body clearance of
5-FU (r,=0.674, P=0.0195)

Table 5 Toxicities (evaluated according to NCI-CTC version 2) in
relation to DPD activity in PBMC

Toxicity Incidence of toxicity P value®
Low DPD High DPD
Nausea 2/3 6/10 0.8351
Diarrhea 1/3 0/10 0.2308
Stomatitis 1/3 0/10 0.2308
Hand-foot syndrome 1/3 0/10 0.2308
Leukocytopenia 3/3 2/10 0.0350
Neutropenia 3/3 2/10 0.0350
Anemia 1/3 3/10 0.6307

“Fisher’s exact probability test

toxicities against normal cells with shorter Ty than
tumor cells, e.g. bone marrow cells and intestinal epi-
thelial cells, are dose-limiting with long-term continuous
infusion of S-phase-specific agents as represented by
5-FU. Based on this valuable discovery, we used two
gastric cancer cell lines, i.e. MKN-7 with a long Tg
(35 h) and MKN-74 with a short Ts (17 h), as a cancer
cell model and a normal cell model, respectively, in an
attempt to determine whether differences in T; might be
associated with a reduction in 5-FU’s cytotoxicity while
preserving its antitumor activity. MKN-7 cells showed
no statistically significant decrease in cytotoxicity with
either the continuous 144-h exposure or the alternate
24-h exposure, in contrast to MKN-74 cells which
showed statistically significantly reduced cytotoxicity
with the alternate 24-h exposure compared to continu-
ous exposure.

Saga et al. [24] also investigated differences in cyto-
toxicity between 96-h continuous exposure and alternate
6- and 24-h exposures in ovarian cancer cell lines with
short T (15 h) and long T (45 h). They found a sta-
tistically significant decrease in cytotoxicity with the al-
ternate 24-h exposure in the cell line with a shorter Tg
than the drug exposure interval, and found that the



difference in cytotoxicity was minimal in the cell line
with a longer Ts; than the drug exposure interval.
Therefore, we hypothesized that intermittent 5-FU
therapy with a drug exposure interval longer than the T
might reduce its cytotoxicity. Since the duration of S-
phase has been reported to be about 10 h in normal cells
and 17-60 h in tumor cells [4], intermittent 5-FU ther-
apy with a drug exposure interval of not shorter than
10 h and not longer than 60 h may sufficiently preserve
antitumor activity with less cytotoxicity as compared
with continuous FLDP therapy.

This hypothesis was confirmed in a clinical trial. The
overall response rate was 36% with intermittent FLDP
therapy. Response rates with continuous FLDP therapy
in a phase II study carried out at a different institute
have been reported to be from 45 to 50% [3, 13, 14].
Recently, Toge et al. [32] reviewed FLDP therapy at 82
medical institutes in Japan and reported that the overall
response rate was 35%. The above-mentioned reports
allow us to conclude that the efficacy is almost compa-
rable between intermittent FLDP therapy and continu-
ous FLDP therapy.

A pharmacokinetic review has revealed differences in
the time-point at which plasma 5-FU concentrations
peak from one patient to another, which might be due to
differences in each individual’s circadian rhythm [7].
However, plasma 5-FU concentrations showed a trape-
zoidal pattern in most patients. The pharmacokinetic
profile of 5-FU was quite similar between cell treatment
in vitro and intermittent therapy in the clinical setting,
providing coincidence between a preclinical study and a
clinical trial. Continuous infusion of 5-FU at a dose of
300 mg/m” per day is a commonly used regimen in the
treatment of colorectal cancer. Jodrell et al. [11] reported
that the plasma Cg of 5-FU was 94+25 ng/ml in this
dose setting and estimated the AUC per week as
15,792 ng h/ml. In the present study, the AUC of 5-FU
per week, which was calculated to be 17,772 ng h/ml
(AUC 5924 ng h/ml x3), was greater than the value
with continuous infusion of 5-FU. Severe stomatitis and
diarrhea have been reported with continuous intrave-
nous infusion of 5-FU [6, 16, 18]. In the present clinical
trial, on the other hand, stomatitis and diarrhea, if they
occurred at all, were infrequent and mild despite com-
bined use of CDDP. Although myelosuppression is not
considered to be dose-limiting with continuous intrave-
nous infusion of 5-FU, leukopenia seemed to be less
severe in the present study than with continuous intra-
venous infusion of 5-FU and continuous FLDP therapy
[3, 14, 16, 18]. These results strongly support the concept
that toxicities in rapidly growing cells, especially gas-
trointestinal epithelial cells, are reducible by intermittent
therapy of 5-FU.

Recently, it has been found that DPD, an initial and
rate-limiting catabolic enzyme, has significance for the
pharmacokinetics and toxicity of 5-FU [7, 8], and it has
been reported that patients with DPD deficiency show
severe toxicity to 5-FU administration [29]. It has also
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been reported that, in tumors with high DPD activity,
5-FU decomposition is accelerated, resulting in resis-
tance to 5-FU [2, 31]. In the present study, we found a
positive correlation between DPD activity in PBMC and
Clio of 5-FU. Fleming et al. have also demonstrated a
significant relationship between DPD activity in PBMC
and 5-FU systemic clearance [5]. Thus, it is probable
that a relationship exists between DPD activity in
PBMC and the systemic pharmacokinetics of 5-FU.
Furthermore, we found a significant relationship
between DPD activity in PBMC and toxicity of 5-FU in
the present study. Katona et al. investigated the rela-
tionship between DPD activity in PBMC and the tox-
icity of 5-FU in 48 patients with colorectal cancer and
found that the incidence of toxicity was significantly
higher in patients with low DPD activity than in those
with moderate or high DPD activity [12].

We have previously investigated the relationship be-
tween DPD activity in PBMC and the toxicity of oral
fluoropyrimidines and have found that DPD activity in
PBMC is significantly lower in patients showing toxicity
to oral fluoropyrimidines than in those without toxicity.
In addition, the toxicity of oral fluoropyrimidines can be
predicted if the cut-off level of DPD activity is set at
175 pmol/mg per min [30]. Thus, we used the same cut-
off level of DPD activity in the present study. These
findings indicate that monitoring of DPD activity in
PBMC is useful as a marker of 5-FU toxicity. However,
as the sample size was too small to draw a definite
conclusion, a further prospective trial should be carried
out to confirm the relationship between DPD activity in
PBMC and 5-FU toxicity.

In the present study, intermittent therapy with 5-FU
with a drug exposure interval longer than the T; showed
a marked decrease in cytotoxicity while sufficiently pre-
serving antitumor activity compared to continuous
intravenous infusion of 5-FU. Our therapeutic approach
provides 5-FU-based chemotherapy based on the novel
concept of utilizing differences in T between tumor cells
and normal cells. Although this concept seems to be
applicable to other antimetabolites which exert cyto-
toxicity in an S-phase-specific manner, no definitive
conclusion can be drawn because of the small sample
size in the present clinical trial. To verify the clinical
applicability of this concept, a large-scale, randomized,
controlled clinical trial to compare continuous FLDP
therapy and intermittent FLDP therapy should be con-
ducted in the future.
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