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Dihydropyrimidine dehydrogenase inhibition as a strategy for
the oral administration of 5-fluorouracil: utility in the
treatment of advanced colorectal cancer

Hans-Joachim Schmoll?

Dihydropyrimidine dehydrogenase (DPD), the rate-limiting
enzyme in 5-fluorouracil (5-FU) catabolism, has been a key
target for the development of novel oral fluoropyrimidines.
DPD-inhibiting oral fluoropyrimidines showing promise in
early clinical studies included UFT (the 5-FU prodrug,
tegafur, plus the DPD substrate, uracil), eniluracil (an
irreversible DPD inhibitor that improves the oral
bioavailability of 5-FU) and S-1 (tegafur plus a reversible
DPD inhibitor, 5-chloro-2,4-dihydroxypyridine, and oxonic
acid). However, results from phase I1/1ll trials evaluating
these agents as first-line therapy for metastatic colorectal
cancer have been disappointing. Although DPD-inhibiting
oral fluoropyrimidines have some activity in colorectal
cancer and oral administration provides significant
convenience advantages, the inferior efficacy of UFT/
leucovorin and eniluracil/5-FU versus 5-FU/leucovorin in
phase lll trials does not support the use of these
compounds. A feasible regimen for the phase Il
development of S-1 outside Japan has not been defined.

Introduction

5-Fluorouracil (5-FU) remains the most widely pre-
scribed therapeutic agent for the treatment of colorectal
cancer. 5-FU is administered predominantly as an i.v.
therapy, with studies showing that protracted or contin-
uous infusion 5-FU is associated with a modest survival
advantage, as well as a significant increase in response
rate compared with bolus administration [1,2]. With a
view to improving convenience, and avoiding the
complications and discomfort associated with daily i.v.
administration, considerable efforts have been directed
towards developing a viable oral fluoropyrimidine.

The development of oral formulations of 5-FU has been
hampered by the poor and unpredictable bioavailability of
5-FU, which ranges from 0 to 80% with wide inter- and
intra-patient variability [3]. The key enzyme in the
catabolism of 5-FU, dihydropyrimidine dehydrogenase
(DPD) (Fig. 1), is estimated to account for the break-
down of more than 80% of 5-FU [4] and shows broad
inter-patient variability [5]. When DPD is inhibited,
renal excretion becomes the principal route of 5-FU
elimination [6]. DPD is widely distributed in many
tissues, and the DPD activities of the intestinal mucosa
and liver contribute to the low systemic exposure to 5-FU
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following oral administration [7]. As the rate-limiting
enzyme in the breakdown of 5-FU, DPD has been
identified as a key target for the development of novel
oral therapeutic strategies.

The inhibition of DPD has the potential to reduce inter-
patient variability in the catabolism of 5-FU and enable
predictable oral administration. A number of oral
fluoropyrimidines incorporating agents that inhibit DPD
have been developed to provide alternatives to i.v. 5-FU.
The aim of the DPD-inhibiting fluoropyrimidines (DIFs)
is to mimic continuous infusion 5-FU, while avoiding the
requirement for central venous access and infusion
pumps. This paper reviews the clinical development
and current status of DIFs as therapy for metastatic
colorectal cancer.

UFT (tegafur plus uracil)

Tegafur (1-[2-tetrahydrofuranyl]-5-fluorouracil) is an oral
5-FU prodrug, which is most commonly administered in
combination with a DPD inhibitor. It is slowly converted
to 5-FU by the cytochrome P450 pathway, thus avoiding
breakdown by DPD in the small bowel [8]. The original
clinical evaluation of tegafur was undertaken using short
duration i.v. schedules [9-11]. Although some antitumor
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activity was demonstrated, clinical utility was limited by
severe neurotoxicity caused by the tegafur metabolite,
butyrolactone. Regardless of the route of administration
(oral or i.v.), tegafur was associated with a high incidence
of severe neurotoxicity at the doses required for
antitumor activity [11-15]. However, development con-
tinued in Japan, where research focused on the oral
administration of the drug at lower doses in combination
with the DPD inhibitor, uracil [16]. Uracil is a DPD
substrate that competitively inhibits the catabolism of 5-
FU, thereby reducing 5-FU clearance, and increasing
plasma and intratumoral 5-FU concentrations [17]. The
addition of the DPD inhibitor improved the bioavail-
ability of tegafur and enabled lower doses of tegafur
to be administered, thus reducing the incidence of
neurotoxicity.

Preclinical investigations showed that combination of
tegafur and uracil in a 1:4 ratio (UFT) yielded the
maximal benefit to risk ratio [9]. Clinical evaluation of
UFT in Japan demonstrated promising antitumor activity
and stimulated worldwide interest in the drug. However,
as the Japanese clinical studies of UFT did not formally
establish the maximum tolerated dose (MTD) and
rationale for schedule selection, clinical development of
the drug in the US and Europe required formal phase I/I1
evaluation.

The principal dose-limiting toxicities associated with oral
UFT are myelosuppression [18] or gastrointestinal
toxicities [19], depending upon the administration
schedule. Pharmacokinetic analyses showed that UFT
was associated with an increased elimination half-life,
higher peak plasma concentrations and similar area under
the concentration curve (AUC) compared with infused 5-
FU [20]. UFT was also evaluated in combination with
leucovorin (LV), as preclinical studies had shown that,
like 1.v. 5-FU, co-administration with LV enhanced the
activity of UFT [21]. Pharmacokinetic analyses have
demonstrated that the ingestion of food significantly
reduces the oral bioavailability of UFT/LV causing a 37—
76% decrease in the Cp,x and AUC for uracil and 5-FU
[22]. Therefore, it is recommended that food should not
be consumed within 1 h before or after every dose of oral
UFT/LV.

The clinical development programme for UFT/LV has
utilized 3-times-daily dosing. With this schedule, long-
lasting grade 3/4 diarrhea was observed in 71% of patients
treated with UFT 350 mg/m? plus LV 150 mg, days 1-28
every 35 days [23]. This led to a reduction in the dose to
300 mg/m?, at which grade 3/4 diarrhea occurred in 11% of
patients, indicating a narrow therapeutic index. It could
be anticipated that patient compliance and convenience
would be improved with a twice-daily regimen. However,
a twice-daily regimen with UFT 300 mg/m*/day plus LV
30 mg twice daily, days 1-28 every 35 days, was associated
with a higher incidence of grade 3/4 diarrhea (26%) [24].

Phase Il studies

Two large, phase III trials have compared the efficacy of
UFT/LV with iv. 5-FU/LV as first-line treatment for
metastatic colorectal cancer. One trial was conducted in
the US, Canada and Europe [25] and the other in Europe
[26] (Table 1). Both trials evaluated the same UFT/LV
regimen (UFT 300 mg/m?/day with LV 75 or 90 mg/day
administered for 5 days every 28 days). However, the i.v.
5-FU/LV comparator regimens differed. The international
trial used the regulatory standard, the Mayo Clinic
regimen (i.v. 5-FU 425 mg/m?/day plus LV 20 mg/m? daily
on days 1-5, every 28 days), while the European trial used
a non-regulatory standard, modified (35-day) Mayo Clinic
regimen, in which the planned 5-FU dose intensity was
25% lower than with the standard regimen.

The international trial, which enrolled 816 patients, was
designed to demonstrate statistical equivalence in
survival between patients treated with oral UFT/LV and
i.v. 5-FU/LV (with the protocol defining that equivalence
could not be concluded if survival was reduced by 20% or
more with UFT/LV compared with 5-FU/LV) [25]. The
per-protocol final analysis of survival after 640 deaths was
not able to demonstrate equivalence with UFT/LV, based
on the margins of the confidence interval (CI) for the
hazard ratio (HR = 0.933; 95.6% CI: 0.794-1.097) (Table
2). In a subsequent, unplanned analysis (HR = 0.964;
95.6% Cl: 0.826-1.125), after 700 deaths were recorded,
equivalence could be concluded based on the protocol
definition of equivalence. Of note, disparity in the
survival data, which favored sites outside the US (survival
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Table 1 Efficacy and safety of oral UFT/LV versus i.v. 5-FU/LV as first-line therapy for metastatic colorectal cancer
UFT/LV versus Mayo Clinic regimen [25,27] UFT/LV versus modified Mayo Clinic regimen® [26]
UFT/LV 5-FU/LV HR? p value UFT/LV 5-FU/LV HR? p value
(n = 409) (n = 407) (n=190) (n=190)
Response rate (%) 12 15 - 0.232 11 9 - 0.593
Median TTP (months) 3.5 3.8 0.823 0.011 3.4 3.3 0.941 0.591
Median survival (months) 12.4 134 0.933 0.391 12.2 10.3 1.14 0.226
Grade 3/4 toxicities (%)
diarrhea 21 16 - NS 18 11 - NS
mucositis/stomatitis 1 19 - <0.001 2 16 - <0.001
leukopenia <1 19 - <0.001 13 57 - <0.001
neutropenia 1 56 - <0.001 3 31 - <0.001
25-FU/LV : UFT/LV.
b35-day schedule with 25% reduced planned dose intensity compared with standard 28-day Mayo Clinic regimen.
NS = not significant.
Table 2 Survival analyses: phase Il trial of UFT/LV versus 5-FU/LV (Mayo Clinic regimen)
Median survival [95% CI] (months) HR (5-FU/LV : UFT/LV) P value Reference
UFT/LV 5-FU/LV
Planned interim analysis (453 deaths) 12,4 [10.9-13.6] 13.2 [11.6-15.4] 0.873 [98.3% CI: 0.696-1.095] 0.178 [27]

Protocol-defined analysis (631 deaths) NR NR
Final analysis (640 deaths) 12.4 [11.1-13.6] 13.4 [11.6-15.4]
Unplanned analysis (700 deaths) 12.4 [11.2-13.6] 13.4 [11.6-15.4]

0.924 [95.6% CI: 0.785-1.086] NR [27]
0.933 [95.6% ClI: 0.794-1.097] 0.391 [25]
0.964 [95.6% CI: 0.826-1.125] 0.630 [25]

NR = not reported.

for UFT/LV was 3.4 months shorter at the median in the
US compared with the Mayo Clinic regimen), led to the
FDA expressing concerns about the true impact of UFT/
LV on survival [27]. Moreover, UFT/LV resulted in
significantly inferior time to disease progression com-
pared with i.v. 5-FU/LV (p =0.011) with a HR (5-FU/
LV:UFT/LV) of 0.823 (95.1% CI: 0.708-0.958). The HR
indicates that the risk of a patient experiencing disease
progression with UFT/LV was increased by 22% com-
pared with 5-FU/LV. In the worst-case scenario, the upper
limit of the CI indicates that the risk of disease
progression could be increased by 41% with UFT/LV
compared with 5-FU/LV and in the best case could be 4%
worse with UFT/LV. Furthermore, considering that time
to disease progression (T'TP) as a direct, drug-related
efficacy endpoint was inferior and that the protocol-
defined analysis of survival did not allow equivalence to
be concluded, the later survival analysis showing equiva-
lence between the treatment arms may have been
influenced by effective post-study treatment. In addition,
a lower response rate for UFT/LV compared with i.v. 5-
FU/LV (12 versus 15%) was also observed.

UFT/LV was associated with significant improvements in
safety compared with 5-FU/LV, including lower inci-
dences of neutropenia, stomatitis (p < 0.001 for both)
and diarrhea (p <0.05). However, analysis of the
published data [25] by Fisher’s exact test [28] showed
a trend for increased incidence of grade 3 or 4 diarrhea
with UFT plus LV (21 versus 16% with 5-FU/LV;
» =10.057), based on a safety population of 406 patients

for UFT plus LV and 396 for the Mayo Clinic regimen
[29,30]. This high incidence of grade 3 or 4 diarrhea
(21%) has also been observed in a phase III adjuvant trial
(26%) [31]. In addition, hyperbilirubinemia was observed
more frequently in patients receiving UFT/LV
(» <0.001).

As discussed above, the European trial, which enrolled
367 patients, used a comparator regimen with a 25% lower
planned dose intensity of 5-FU compared with the
standard Mayo Clinic regimen [26]. In the absence of
sufficient published survival data with this regimen, the
appropriateness of this comparator was strongly ques-
tioned by the FDA [27]. Therefore, any comparison of
UFT/LV with this low-dose-intensity regimen does not
provide generally applicable data to define the role of
UFT/LV in the treatment of colorectal cancer. Unsurpris-
ingly, the response rate for this suboptimal 5-FU/LV
regimen was low (9%) and similar to that achieved with
UFT/LV (11%) in this trial, as well as in the international
trial (12%). Time to disease progression was similar in the
two treatment arms (median 3.4 and 3.3 months for the
UFT/LV and i.v. 5-FU/LV arms, respectively, HR = 0.941,
p =0.591). Survival in the UFT/LV arm was similar to
that observed with the low-dose-intensity Mayo Clinic
regimen (median 12.2 versus 10.3 months, respectively,
HR = 1.144, p = 0.226). Median survival in the UFT/LV
arm was similar to that observed in the international trial
(12.2 and 12.4 months, respectively). The safety profile
of UFT/LV mirrored that observed in the international
trial.
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Phase lll studies: summary

The pivotal, phase 111 trials comparing UFT and 5-FU/LV
as first-line therapy for metastatic colorectal cancer
confirmed the favorable toxicity profile for UFT/LV, with
reduced incidences of neutropenia, stomatitis (» < 0.001)
and diarrhea (p <0.05), but failed to establish defini-
tively equivalent efficacy with the standard 5-FU/LV
(Mayo Clinic regimen). UFT/LV has failed to receive
regulatory approval in the US as first-line therapy for
metastatic colorectal cancer.

Eniluracil/oral 5-FU

Eniluracil (5-ethynyluracil; GW776C85) is a ‘suicide
substrate’ that irreversibly inhibits DPD [32] and
improves dramatically the oral bioavailability of 5-FU
[33]. Co-administration of 5-FU with eniluracil increases
the half-life and decreases the clearance of 5-FU [6].
Following administration of 5-FU alone, more than 50% of
the 5-FU dose is recovered in the urine as a-fluoro-p-
alanine (FBAL). In the presence of eniluracil, the
principal 5-FU elimination pathway is renal excretion of
intact 5-FU rather than DPD-related catabolism with less
than 2% of the administered dose excreted in the urine as
FBAL. Due to the key role of renal excretion, caution
should be exercised when administering eniluracil/5-FU
to patients with impaired renal function. In addition,
extreme caution is necessary when treating patients with
standard doses of iv. 5-FU following exposure to
eniluracil, as the long-lasting inactivation of DPD (greater
than 4 weeks) has led to fatalities when patients received
i.v. 5-FU [34,35].

A phase I/pharmacokinetic study showed that oral
eniluracil plus oral 5-FU, administered twice daily for
28 of 35 days, had a similar toxicity profile to that of
continuous infusion 5-FU [6]. The principal DLT was
diarrhea and the dose recommended for further evalua-
tion was oral 5-FU 1 mg/m? twice daily in combination

with eniluracil 20 mg twice daily for 28 days followed by a
7-day rest period. In phase II studies, eniluracil/5-FU
demonstrated promising efficacy and safety in patients
with metastatic colorectal cancer [36,37].

Phase Il studies

The encouraging activity of eniluracil/oral 5-FU observed
in early clinical trials was not confirmed in subsequent
phase III evaluation [38,39]. Two large, independent,
phase IIl trials involving more than 1400 patients
demonstrated that as first-line treatment for metastatic
colorectal cancer, the efficacy of eniluracil/5-FU is inferior
to that observed with i.v. 5-FU/LV (Mayo Clinic regimen)
(Table 3). One trial was conducted predominantly in
Europe [38] and the other trial was conducted in North
America [39]. Both trials compared the safety and
efficacy of oral eniluracil 11.5mg/m? plus oral 5-FU
1.15mg/m? (both twice daily for 28 days every 35 days)
with the standard Mayo Clinic regimen (i.v. 5-FU 425 mg/
m?, LV 20 mg/m? daily for 5 days every 28 days).

In the European study, the overall safety profile of
eniluracil/5-FU was favorable compared with 5-FU/LV,
with significantly lower incidences of grade 3/4 mucositis
(» <0.001), neutropenia (p <0.001) and leukopenia
(» =0.002). However, the efficacy of eniluracil/5-FU
regimen was inferior to that of i.v. 5-FU/LV. Although
not statistically significant, the response rate was lower in
the eniluracil/5-FU arm than in the 5-FU/LV arm (12
versus 14%). The HR for progression-free survival was
0.831 (95% CI: 0.69-1.00), which suggests a strong trend
towards the inferiority of eniluracil/5-FU compared with
5-FU/LV. In addition, overall survival was statistically
inferior with eniluracil/5-FU compared with 5-FU/LV
(HR =0.770; 95% CI: 0.62-0.95), with median overall
survival of 10.9 months with eniluracil/oral 5-FU versus
14.7 months with 5-FU/LV (Fig. 2). The HRs indicate
that patients receiving eniluracil/5-FU had a 17%

Table 3 Efficacy and safety of oral eniluracil/5-FU versus i.v. 5-FU/LV (Mayo Clinic regimen) as first-line therapy for metastatic colorectal

cancer [38,39]

European study [38]

North American study [39,59]

Eniluracil/5-FU ~ 5-FU/LV HR? p value Eniluracil/5-FU ~ 5-FU/LV HR® p value
(n=1268)  (n=263) (n = 485) (n = 479)
Response rate (%) 12 14 - NS 12 13 - 0.845
Progression-free survival (months) 4.4 5.3 0.831 NS 4.6 5.2 0.832 0.011®
Median survival (months) 10.9 14.6 0.770 statistically inferior 13.3 14.5 0.880 0.31°°
Grade 3/4 toxicities (%)
diarrhea 7 10 - NS 19 16 - 0.354
nausea NR NR - - 3 7 - 0.012
mucositis 1 13 - <0.001 1 12 - <0.001
granulocytopenia/neutropenia 2 32 - <0.001 5 47 - <0.001
febrile neutropenia NR NR - - 0 9 - <0.001
leukopenia 2 8 - 0.002 NR NR - -
thrombocytopenia 4 1 - 0.037 3 2 - -

25-FU/LV : eniluracil/5-FU.
PLog-rank p value.

®Although not statistically significant, survival did not meet the protocol-specified statistical criteria for equivalence to 5-FU/LV.

NS = not significant; NR = not reported.
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Fig. 2
1.0 e
Eniluracil/5-FU
o 0.8 4
G — 5-FU/LV
[2]
<
2 0.6+
[]
e U SU HR =0.770
o ' ! 95% Cl: 0.62-0.95
o 0.4+ 1 —
£ H o
8_ 1 1
° : |
& 0.2 ! [ =
1 1 -
1 1
] 1
1 109 1147
0.0 . — i : .
0 6 12 18 24 30

Months from randomization

Overall survival: eniluracil/5-FU versus 5-FU/LV (European study). (Modified from [38].)

increased risk of experiencing disease progression and a
23% increased risk of dying compared with those
receiving 1.v. 5-FU/LV.

In the North American study, the toxicity profiles of the
two regimens were similar to those observed in the
European study. In addition, in this study grade 3/4
hyperbilirubinemia was significantly more frequent with
eniluracil/5-FU than with 5-FU/LV (22 versus 9%;
»<0.001), and the incidences of grade 3/4 nausea (3
versus 7% with 5-FU/LV; p = 0.012) and febrile neutro-
penia (0 versus 9% with 5-FU/LV; p <0.001) were
significantly reduced. The response rates for eniluracil/
5-FU and 5-FU/LV were similar (12 and 13%, respec-
tively), but progression-free survival with eniluracil/5-FU
was significantly inferior compared with 5-FU/LV
(»=0.01). Median progression-free survival was 4.6
months with eniluracil/5-FU versus 5.2 months with 5-
FU/LV. Although overall survival with eniluracil/5-FU was
not statistically significantly different from that achieved
with 5-FU/LV (p = 0.314), it did not fulfill the protocol-
specified statistical criteria for equivalence because the
lower boundary of the 95% CI for the HR was below 0.8
(HR = 0.880; 95% CI: 0.75-1.03). Median overall survival
was 13.3 months with eniluracil/5-FU versus 14.5 months
with 5-FU/LV.

Phase lll studies: summary

Early studies suggested that eniluracil/5-FU was a
promising new, oral fluoropyrimidine, achieving good
efficacy with a tolerable dose regimen in patients with
metastatic colorectal cancer. The phase III studies
demonstrated improved tolerability of eniluracil/5-FU
compared with 5-FU/LV (Mayo Clinic regimen). How-

ever, the inferior efficacy observed with this tolerable
regimen in these two well-designed, randomized studies
does not support the use of this DIF as first-line therapy
for colorectal cancer. As a result, the clinical development
of eniluracil/5-FU has been abandoned.

S-1

S-1 is another DIF that has been evaluated as therapy for
colorectal cancer, although phase III development is not
being pursued currently. This agent comprises a fixed
mixture (1:0.4:1molar ratio) of tegafur and two
biomodulators: 5-chloro-2,4,-dihydroxypyridine (CDHP)
and oxonic acid. CDHP is a reversible DPD inhibitor that
is 200 times more potent than uracil. Oxonic acid is
intended as an inhibitor of 5-FU phosphorylation in the
gastrointestinal tract, with the aim of reducing gastro-
intestinal side effects.

Following evaluation of S-1 in Japan, a formal clinical
evaluation programme for the agent began in Europe in
the 1990s. A Dutch phase I study investigated S-1
administered twice daily for 28 of 35 days [40]. Diarrhea
was the principal DLI. The antitumor activity
was modest, with partial responses in only two of 28
patients (7%).

Phase Il studies

More promising efficacy was demonstrated in a Japanese
phase II study investigating the twice-daily regimen
(40 mg/m* twice daily for 28 days followed by a 14-day
rest period) as first-line therapy for metastatic colorectal
cancer [41]. Partial responses were observed in 22 of 62
evaluable patients (35%), with median overall survival of
12.0 months. In this study, hematological toxicities
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predominated, with grade 3/4 neutropenia and thrombo-
cytopenia occurring in 13 and 8% of patients, respectively.

The results of an EORTC phase II study of S-1 in
patients with metastatic colorectal cancer have raised
questions about the safety of this DIF [42]. In this study,
the initial S-1 starting dose (40 mg/m* twice daily days 1-
28 followed by a 7-day rest period) resulted in
unacceptable toxicity, with serious treatment-related
adverse events occurring in six of 16 patients (38%)
during the first treatment cycle and four patients (25%)
discontinuing treatment due to toxicity. Therefore, for
the second part of the trial (z = 31), the starting dose was
reduced to 35mg/m? twice daily. During this second
phase, diarrhea remained the most common treatment-
related grade 3/4 adverse event, occurring in 35% of
patients. Partial responses were observed in two (13%) of
the 16 patients treated with S-1 40 mg/m* and seven
(23%) of the 31 patients treated with S-1 35 mg/mz.

Summary

Clinical data indicate that, despite the presence of oxonic
acid, grade 3/4 diarrhea is the predominant toxicity
associated with S-1. Before further development of this
compound is pursued, additional studies are required to
identify the optimal dosing schedule for this DIF and
clarify the differing toxicity profiles observed in the
Japanese and European studies.

The current status of the DIFs

During preclinical and early clinical studies, regimens
incorporating DPD inhibitors showed considerable pro-
mise. In addition, the theoretical advantage of over-
coming DPD-related 5-FU-resistance in colorectal cancer
using DPD inhibitors was attractive to investigators.
However, the results from phase III trials evaluating the
DIFs as first-line therapy for metastatic colorectal cancer
have been disappointing. The inferior efficacy demon-
strated by both UFT/LV and eniluracil/5-FU (including
inferior overall survival) compared with iv. 5-FU/LV
(Mayo Clinic regimen) in randomized, phase III trials
does not support the use of these compounds in their
explored regimens. In addition, a feasible dose and
regimen for the phase III development of S-1 outside
Japan has not yet been defined. The DIFs have therefore
failed to fulfill their early promise. Although some activity
has been demonstrated, clinical data indicate that none of
these compounds is likely to make a significant impact on
therapeutic outcomes for patients with metastatic colo-
rectal cancer.

Recently, numerous phase I studies investigating the
DIFs in combination regimens have been reported at
major oncology meetings. As oral agents, DIFs have the
potential to replace i.v. 5-FU/LV and simplify combination
regimens with oxaliplatin or irinotecan. However, as with

single-agent DIFs, large phase II and phase III rando-
mized trials are required to establish the true potential of
these combinations. Preliminary studies indicate that the
limitations observed in single-agent studies may also limit
the utility of the DIFs in combination regimens [43-47].

Is there a future for oral fluoropyrimidines?
There is a medical need for oral formulations capable of
mimicking infused 5-FU. Oral agents have the potential
to enhance patients’ quality of life by enabling home-
based therapy that avoids the inconvenience, pain and
discomfort associated with i.v. therapy. In addition,
studies have shown that the majority of patients prefer
oral chemotherapy to i.v. therapy, as long as efficacy is not
compromised [48,49].

DPD inhibition has not been the only strategy for design
of oral fluoropyrimidines. The prototype for a non-DPD-
inhibiting oral fluoropyrimidine is the rationally designed
agent capecitabine, which avoids degradation in the gut
via its carbamate side chain [50]. Furthermore, the
enzymatic activation of capecitabine generates 5-FU
preferentially in tumor tissue through exploitation of
the significantly higher activity of thymidine phosphor-
ylase in tumor compared with healthy tissue. Capecita-
bine has achieved superior response rates and equivalent
overall survival and time to disease progression compared
with iv. 5-FU/LV (Mayo Clinic regimen) in phase III
trials as first-line therapy for colorectal cancer [51-53].
Furthermore, the safety profile of capecitabine is
improved compared with i.v. 5-FU/LV. Based on these
data, capecitabine has been approved in the US and
Europe as first-line therapy for metastatic colorectal
cancer.

In the future, the highly active oral fluoropyrimidine,
capecitabine, is likely to replace i.v. 5-FU as the backbone
of treatment for metastatic colorectal cancer. Ongoing
combination trials are identifying additional roles for
capecitabine as a more convenient component of
combination regimens [54-58].
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