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BACKGROUND. Protracted oral administration of tegafur (TG) and leucovorin (LV)

attempts to simulate the continuous infusion of 5-fluorouracil, with a higher

intracellular folate pool. In a prior dose-finding study with a fixed TG dose of 0.75

g/m2/day for a period of 21 days and continuous oral LV, the recommended dose

of LV was 45 mg/day in 28-day cycles.

METHODS. Thirty-nine patients with histologic confirmation of adenocarcinoma of

the colon or rectum, either advanced or metastatic disease, and who were not

candidates for radical treatment were included in a Phase II study using this

schedule.

RESULTS. One hundred sixty-three cycles of chemotherapy were delivered (medi-

an, 4 cycles per patient). Toxicity was observed in the form of diarrhea, which was

severe in 12 patients (30.7%). Grade 3 (according to the World Health Organization

criteria) oral mucositis was recorded in 7 patients (18%). Asthenia was severe in

10% of the patients. Recuperation from toxicity was rapid and managed primarily

on an outpatient basis. Two complete (5.1%) and 13 partial (33.3%) responses were

observed, with a global response index of 38.5% (95% confidence interval, 23.2–

53.6%). The median overall survival was 11.3 months.

CONCLUSIONS. The results of this study show that an all-oral regimen of tegafur and

leucovorin can obtain biochemical modulation, with a significant response rate, in

patients with advanced colorectal carcinoma. Randomized trials are needed to

assess the possible advantage of this regimen over intravenous schedules. Cancer

1998;83:254 – 8. © 1998 American Cancer Society.
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The best available therapy for advanced colorectal carcinoma is
capable of achieving only a 20 – 40% objective remission rate with

marginal improvement in survival. 5-fluorouracil (5-FU) is the most
studied drug in this setting and its biochemical modulation with
leucovorin (LV) consistently shows more activity than 5-FU alone.1

The factors that affect this biochemical modulation depend on
the dose, treatment schedule, and method of folate administration
and can vary between patients and between neoplasms. Therefore,
more than 10 years after the publication of the first study of 5-FU
modulated with folinic acid, there is still no optimal treatment schedule.

Tegafur (TG) is a highly lipophilic prodrug that is slowly metab-
olized into 5-FU in vivo2 and has practically complete oral bioavail-
ability, with a serum half-life of 10 hours.2 Phase I studies recommend
a 1 g/m2/day dose by continuous oral administration, with diarrhea
being the toxic limitation of the dose.2 In controlled studies, TG
achieved response rates, mean duration of response, and survival
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similar to intravenous 5-FU in patients with advanced
colorectal carcinoma.3–5 Protracted administration of
oral TG comes closest to reproducing the pharmaco-
kinetics of true 5-FU infusions. Biochemical modula-
tion of TG by oral folinic acid is an attractive approach
to increase its efficacy. Furthermore, oral administra-
tion of folinic acid may have some pharmacokinetic
advantages and repeated low doses of folinic acid
could provide sufficient concentration to modulate
the action of 5-FU.6

In a previous dose-finding study with a fixed TG
dose of 0.75 g/m2/day for 21 days and oral folinic acid
at different levels (15, 30, 45, 60, and 90 mg/day) in
28-day cycles, we observed a statistically linear corre-
lation between folinic acid dose and an increase in
toxicity to a plateau of 60 mg of folinic acid daily. The
recommended dose of folinic acid for the dose of TG
given earlier was 45 mg/day in Phase II studies.7

Given this background, we conducted a Phase II
study of oral TG and folinic acid in patients with
advanced or metastatic colorectal carcinoma, with the
goal of analyzing the efficacy and confirming the toxic
profile of this schedule. This study used the doses of
TG and oral folinic acid suggested in the aforemen-
tioned Phase I trial. The main advantage expected of
an all-oral regimen of biochemical modulation was
avoiding the need for frequent administration of in-
travenous treatment associated with the use of 5-FU
and folinic acid.

PATIENTS AND METHODS
Eligible patients had histologically confirmed colorec-
tal adenocarcinoma (CRC), advanced or metastasic
disease, were not candidates for radical treatment,
were age , 75 years, and had a Karnofsky index of $

60%, a life expectancy . 3 months, bidimensionally
measurable disease, adequate bone marrow reserve as
well as normal hepatic and renal function (except
secondary to tumoral invasion), and the ability to
maintain adequate oral intake. No patient was to have
received previous chemotherapy for metastasic dis-
ease, radiotherapy for the measurable disease studied,
or have received adjuvant chemotherapy within the
preceding 12 months. All patients were informed be-
fore a witness of the objectives of the study and in-
formed consent was obtained.

Therapeutic Plan
The treatment schedule, which was administered on
an outpatient basis, was comprised of 0.75 g/m2 of
oral TG daily (capsules contain 400 mg of TG, so daily
doses were rounded to the nearest multiple according
to body surface area) administered in 2 or 3 doses after
meals (depending on the total dose) for 21 consecutive

days in 28-day cycles. Folinic acid was administered
continuously (15 mg orally every 8 hours). Patients
experiencing World Health Organization Grade 1–2
toxicity received symptomatic treatment and no dose
reduction of TG. In patients developing severe toxicity
(Grade 3– 4), TG was suspended until the complete
resolution of the symptoms and treatment could be
reinitiated, according to clinical criteria, with a 25%
dose reduction in subsequent cycles. Patients with
Grade 3 toxicity after dose reduction were removed
from the study. Treatment was maintained until dis-
ease progression or unacceptable toxicity, up to a
maximum of six cycles.

Assessment of Results
All patients receiving one cycle were considered evalu-
able for response and toxicity. Physical examination
and biochemical tests were performed after each cycle
and an evaluation of all measurable lesions was per-
formed every two cycles. After treatment, physical ex-
amination, biochemical tests, and imaging evaluation
were performed every 2 months. Response and toxic-
ity were recorded according to the WHO criteria.8 A
complete clinical response was comprised of the dis-
appearance of all measurable tumor during at least a
4-week period. A partial response required a decrease
of . 50% in the largest perpendicular dimensions of
the most representative lesions (initial minimum di-
mension of 2 cm) without an increase in the size of the
remaining lesions or the appearance of new lesions for
at least 4 weeks. Stabilization was defined as a de-
crease in size of , 50% or an increase of , 25% in the
most representative lesions without the appearance of
new lesions for at least 4 weeks. Progressive disease
was defined as the appearance of new lesions or a .
25% increase in any existing lesion. Toxicity was re-
corded on a monthly basis and evaluated according to
the WHO recomendations. Neurologic toxicity in the
form of fatigue was evaluated according to the criteria
established for interferon : 0: none, 1: mild, 2: moder-
ate, 3: severe, and 4: intense.9

Statistical Methods
Wilcoxon rank sum statistics were used to compare
quantitative variables and the chi-square test was
used for percentages. Survival was measured from the
initiation of therapy using the Kaplan-Meier method.
The progression free interval was defined as the period
between treatment onset and the first documentation
of tumor progression.

RESULTS
From November 1993 to November 1995, 39 patients
with advanced CRC were evaluated for response and
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toxicity. The main patient characteristics are listed in
Table 1. The metastasic site was unique in 41% of the
patients and there were $ 3 sites in 25% of patients.
Hepatic involvement was the most frequent meta-
static distribution (72%), and was multiple in 50% of
the patients. Only one patient had an unresectable,
locally advanced tumor as a unique site of disease. The
mean carcinoembryonic antigen value was 109 ng/dL
(range, 2–968 ng/dL). These values reflect the high
tumoral load of the patients included in this study.

A total of 163 cycles of treatment were adminis-
tered, with a median of 4 cycles per patient (range, 1– 6
cycles). Nineteen patients (49%) received the maxi-
mum planned treatment of 6 cycles.

Toxicity principally was in the form of diarrhea,
observed in 9% of the cycles and in 18 of 39 patients,
being severe in 12 patients (30.7%) (Table 2). There
was a greater incidence of oral mucositis, presenting
in 20% of the cycles and in 22 patients; it was Grade 3
in 7 patients (18%) and 5% of the cycles. Asthenia was
severe in 10% of patients. Mild cutaneous toxicity was
registered in the form of hand-foot syndrome in 30%
of patients. Hematologic and hepatic toxicity was min-
imal. A dose reduction was required for 15 of 39 pa-
tients (38.5%), but in only 2 patients was treatment
suspended due to toxicity (one case due to myocardial

ischemia and the other due to hemolytic syndrome).
Grade 4 toxicity was observed in only six patients, all
with Grade 4 diarrhea requiring hospitalization. There
were no deaths due to toxicity.

Two complete responses (5.1%) (both in patients
with lung metastases) and 13 partial responses (33.3%)
were observed, with a global response rate of 38.4%
(95% confidence interval, 23.2–53.6%). The mean
number of cycles to achieve a response was two (range
one to six cycles). Stabilization was achieved in 12
patients (30.8%) and disease progression occurred in
12 other patients (30.8%). There were no significant
differences between the various clinical factors ana-
lyzed and response.

The median global survival was 11.3 months. In
patients with an objective response, the median sur-
vival was 24.4 months, in patients with stable disease
the median survival was 11.3 months, and in those
with disease progression the median survival was 3.3
months (P , 0.001). The median time to progression
was 7.6 months in patients with a response and 7.5
months in patients with stabilization. At 12 months
41% of the patients were still alive, and at 24 months
18% were still alive. Two patients were long term sur-
vivors.

DISCUSSION
To our knowledge, the intravenous modulation sched-
ules for 5-FU with LV are the most studied and have
the most consistent results. Therefore a meta-analysis
of 5-FU modulation with LV shows significant differ-
ences in terms of the objective rate of response (23%
vs. 11%) when compared with 5-FU alone.1

The results of randomized trials comparing high
LV doses versus low LV doses10 –14 led us to believe that
the LV dosage by itself has less significance in the
biochemical modulation of 5-FU. The grade and ex-

TABLE 1
Patient Characteristics

No. (%)

Gender
Male 25 (64.1)
Female 14 (35.9)

Mean age (yrs) (range) 59.7 (37–75)
Location of primary tumor

Colon 26 (66.7)
Rectum 13 (33.3)

Karnofsky index
60–70 8 (20.5)
80–90 22 (56.4)
100 9 (23.1)

Previous complementary chemotherapy 8 (20.5)
No. of metastatic sites

1 16 (41)
2 13 (33.3)
$3 10 (25.7)

Location of disease
Primary tumor 17 (43.6)
Peritoneum 6 (15.4)
Liver 28 (71.8)
Lymph nodes 8 (20.5)
Lung 12 (30.8)
Other 2 (5.1)

Median CEA (ng/dL) (range) 109.3 (2–968)

CEA: carcinoembryonic antigen.

TABLE 2
Toxicity of 163 Cycles

WHO Grade 1–2 WHO Grade 3–4

Per patient
No. (%)

Per cycle
No. (%)

Per patient
No. (%)

Per cycle
No. (%)

Diarrhea 6 (15.4) 22 (13.5) 12 (30.8) 14 (8.5)
Mucositis 15 (38.5) 25 (15.3) 7 (17.9) 8 (4.9)
Fatigue 14 (35.9) 40 (24.5) 4 (10.3) 4 (2.5)
Nausea and emesis 8 (20.5) 14 (8.6) 2 (5.1) 2 (1.2)
Hematologic 7 (17.9) 11 (6.7) — —
Skin 12 (30.7) 15 (9.2) 1 (2.6) 1 (0.6)
Conjunctivitis 4 (10.2) 4 (2.5) — —

WHO: World Health Organization.
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tent of the biochemical modulation of the fluoropyri-
midines by LV depend in large part on the formation
of polyglutamates of 5,10 methylenetetrahydrofolate.
The larger the chain of polyglutamates, the more ac-
tive the modulation. Based on in vitro data, the for-
mation of polyglutamates appears related to the du-
ration of exposure to LV.15

Conversely, the slow rate of growth of colorectal
carcinoma, together with the very short serum half-life
of 5-FU and its specificity of action in the S-phase of
the cell cycle supposes that only a small part of the
neoplastic cells will be susceptible to each adminis-
tration of 5-FU in bolus. This is the rationale for the
administration of 5-FU in continuous infusion. Con-
tinuous, protracted 5-FU infusion treatment sched-
ules have been demonstrated to be superior to shorter
administration schedules.16,17

In agreement with our working hypothesis, in an
excellent review of the clinical factors that can opti-
mize the biochemical modulation of 5-FU by LV, Eti-
enne et al18 recommended protracted exposure to
5-FU and LV as an optimal means of biochemical
modulation. The administration of low dose oral TG
and LV, but in a continuous manner, conforms with
this recommendation. Our rates of activity achieved
(overall response 38%) compare favorably with respect
to intravenous modulation schedules.1 An additional
30% of patients achieved stable disease. Therefore, a
high proportion of patients with CRC received some
therapeutic benefit that lasted . 7 months. We spec-
ulate that a longer treatment duration may result in
more prolonged benefit.

In the same manner that the data regarding the
modulation activity of 5-FU with folinic acid consis-
tently point out its superiority to 5-FU alone,1 this
increase in activity is accompanied by an increase in
toxicity. The type of toxicity depends more on the
schedule than the dose of LV used.

We noted an incidence of severe diarrhea in 30%
of patients, a rate similar to that observed in high
dosage schedules in weekly administration.12,13,14,19

Half of these patients required hospitalization for in-
travenous hydration. Approximately 18% of patients
had Grade 3 oral mucositis, similar to the percent-
age observed in intensive administration sched-
ules.10,12,14,19,20

It is very important to emphasize that the correc-
tion and management of this registered toxicity was
rapid in all patients, and was performed on an outpa-
tient basis in the majority of cases. Hospital admission
was required in only 15% of our patients compared
with 21% in intensive schedules with low dose LV and
31% in weekly schedules with high dose LV.14 The TG
dose reduction made the administration of successive

treatments in these patients possible without further
complications. This explains the lower percentage of
toxicity per administered cycle compared with the
toxicity per patient. We did not encounter any clinical
data indicating a greater risk of toxicity.

The practically nonexistent hematologic toxicity,
as well as the appearance of cutaneous toxicity in the
form of hand-foot syndrome in 33% of patients, is very
similar to results obtained in protracted, continuous
5-FU administration.16,19

Whatever LV modulation schedule is used, the
increase in effectiveness is achieved universally at the
expense of an increase in toxicity. Our protracted ad-
ministration schedule of low dose oral TG and LV
reproduces a spectrum of toxicity that is common in
intravenous modulation schedules. The early detec-
tion of this toxicity over the length of the cycle allows
for rapid, outpatient correction in the majority of pa-
tients, allowing management to be on a largely outpa-
tient basis.

We believe that a simple treatment schedule with
oral administration can achieve results similar to more
complex intravenous administration schedules, with
an improvement in quality of life for these patients. To
assess the possible advantage of an all-oral regimen
over intravenous schedules, we have begun a random-
ized trial comparing our regimen with standard intra-
venous modulation.
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