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ORIGINAL ARTICLE

High-dose radiotherapy and concurrent UFT plus l-leucovorin in
locally advanced rectal cancer: A phase I trial
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Abstract

A phase I trial of preoperative high dose pelvic radiotherapy and oral UFT/I-leucovorin in patients with locally advanced and
unresectable rectal cancer patients to evaluate toxicity and efficacy was performed. Eighteen patients (14 with primary
unresectable tumours and four with locally recurrent tumours) were treated. All patients were evaluable for acute toxicity
and efficacy. Patients received increasing doses of UFT (150 to 300 mg/m?/day UFT and a fixed dose of 22.5 mg/day
I-leucovorin) with each fraction, five days a week for 30 days, concomitantly with pelvic radiotherapy (60 Gy in 30 fractions
using concomitant boost technique). All patients received the planned dose of radiotherapy. No hematological toxicity was
observed. Only one patient developed grade 3 toxicity (diarrhea). Fourteen patients (78%) had surgery (11 RO and 3 R1)
after median 40 days. Two patients (11%) had a complete pathological response. Ten patients are alive after median follow-
up of 49 months. Toxicity, resection rate and survival are very encouraging and the study continues as a phase II trial.

Introduction

In patients with resectable rectal cancer, preopera-
tive therapy is used to reduce the incidence of local
failure and to improve survival [1,2]. In patients with
non-resectable tumour preoperative, therapy is
needed to allow a subsequent resection with tumour
free surgical margins [2—4].

Approximately 10% of patients with rectal cancer
present with a locally advanced non-resectable
tumour but without distant metastases at the time
of diagnosis. Patients with non-resectable local
recurrence face the same problems and the two
categories (LARC) often receive the same treatment.
The prognosis is poor with a median survival of
nine—18 months [5,6]. Uncontrolled LARC is
associated with substantial morbidity, primarily
pain, and in the past palliative radiation was often
the only therapy offered [7].

Radiotherapy in a dose of 40-50 Gy in 25
fractions can render a certain fraction of LARC
resectable [3,8], and perhaps a higher dose would
improve the local control [8—10], although a clear
dose-effect relationship has not been proven in
radiation treatment of LARC. A higher dose without
doubt increases the risk of toxicity, but the higher

risk of toxicity may be reduced by modern treatment
planning and a technique applying a high dose to the
tumour volume only. The concomitant boost tech-
nique seems to present an advantage as indicated by
radical radiation treatment of both head and neck
and cervix cancer [11].

Concomitant chemotherapy and radiation prob-
ably improves the effect and increases the chance of
complete pathological remission [3,12]. In recent
years, a number of phase I and II trials have
indicated that resection is possible in more than
50% of the patients receiving combined treatment,
and approximately 10% will have complete patholo-
gical remission [13]. The chemotherapy has been
based on 5-fluorouracil (5-FU) as the drug of
choice. There are indications that continuous infu-
sion is more effective than bolus 5-FU [14], but
continuous infusion is complicated by the use of
central venous catheter and portable infusion pumps
causing problems such as venous thrombosis and
infection. However, similar serum and tumour con-
centrations of 5-FU can be obtained by oral therapy
[13,15].

UFT (Bristol Myers-Squibb) is an oral formula-
tion of the prodrug tegafur and uracil, which inhibits

Correspondence: P. Pfeiffer, Associate Professor, Ph.D., Department of Oncology, Odense University Hospital, DK-5000 Odense C, Denmark. Tel: +45 65

41 16 44. Fax: +45 65 41 29 57.E-mail: Per.Pfeiffer@ouh.fyns-amt.dk.

(Received 5 Fuly 2004; accepted 31 Fanuary 2005)

ISSN 0284-186X print/ISSN 1651-226X online © 2005 Taylor & Francis

DOI: 10.1080/02841860510029671



the degradation of 5-FU. The serum concentration
of 5-FU on UFT treatment mimics that of contin-
uous infusion of 5-FU. In advanced colorectal
cancer, the effect of UFT equals that of 5-FU as
shown in two large randomized trials [16,17].
Furthermore, the possibility of the oral administra-
tion makes UFT an interesting drug for therapy of
rectal carcinoma in combination with radiation
therapy, and preliminary results have indicated
that adequate serum and intratumoural 5-FU con-
centration is maintained with a five days a week
schedule [18].

The purpose of the present study was to investi-
gate the feasibility of high dose radiotherapy (60 Gy
in 30 fractions) in combination with UFT in patients
with LARC in a phase I trial. The primary end-point
was to assess acute toxicity but as a secondary aim
we also wanted to assess efficacy.

Material and methods
Criteria of eligibility

All patients had locally advanced (primary or recur-
rent) rectal adenocarcinoma (LARC). Patients were
eligible if the tumour was fixed to the pelvic wall and
unresectable as judged clinically by a colorectal
surgeon. MR-scan was not part of the routine
investigations. Patients were required to have a
WHO performance status 0—2, age 18—-80 years,
adequate bone marrow, renal and hepatic function
(WBC >3 x 10%/1, platelet count >100 x 10%/1, total
bilirubin level <1.5 xupper normal value and
creatinine < 150 mol/l).

The exclusion criteria were extrapelvic disease,
prior systemic chemotherapy or pelvic radiotherapy.
In addition, patients who had other prior or con-
comitant malignant disease were excluded with the
exception of adequately treated in situ carcinoma of
the uterine cervix and basal or squamous cell
carcinoma of the skin.

Trial design

Phase I/IT trial with escalating doses of oral UFT
(and l-leucovorin) in combination with a fixed high
dose of radiotherapy (60 Gy in 30 fractions).

Investigations and follow-up

The pretreatment investigations included a complete
history, blood chemistry, physical examination, chest
x-ray, and CT-scans or ultrasound scans of the liver
were performed.

Overall survival time was calculated as the time
from start of therapy until death from any reason or
the last date of follow-up.
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Ethics

The protocol and the procedures followed were
according to the Helsinki Declaration and were
approved by the regional and national Ethical
Committee.

Radiotherapy

RT was delivered five days per week, once per day, to
a total dose of 60 Gy in 30 fractions to the primary
tumour. This was accomplished using 27 fractions of
1.8 Gy to the pelvis with a concomitant boost of 27
fractions of 0.2 Gy to the primary tumour, and a
final boost of three fractions of 2.0 Gy.

Macroscopically identified tumour tissue (GTV)
included the primary tumour and other macrosco-
pically identified tumour. GTV was defined by
integrated information obtained by CT- and MR-
scan and/or any clinical information. The clinical
target volume (CTV) was defined as GTV plus
tissue volumes harbouring potential microscopic
disease including presacral and perirectal areas with
lymph nodes as well as internal iliac lymph nodes.

The upper border of the radiation portals was the
junction L5-S1 and the lower border was 3 cm below
the primary tumour or 1 cm below the obturator
foramen, whichever was more inferior. If there was
distal extension of the tumour to the anal verge, the
perineum was included.

RT was given by a high-energy megavoltage linear
accelerator and patients were treated in the supine
position. A 3-beam technique with concomitant
boost was used. A posterior (field 1) and two lateral
fields (fields 2 and 3) encompassed CTV (1.8 Gy/
day) and, as concomitant boost, two lateral boost
portals (fields 4 and 5) encompassed GTV with a
1-cm margin (0.2 Gy/day). The two lateral boost
portals were also used for a final 6 Gy boost (2.0 Gy/
day). CTV thus received 48.6 Gy in 27 fractions and
GTYV received 60 Gy in 30 fractions. The prescribed
dose to GTV was specified according to ICRU 50
and 62 with the isodose distribution to the GTV of at
least 95%. All five fields were treated in the same
session.

Chemotherapy

Concurrent with radiation cohorts of three patients
received increasing doses of oral UFT (150 to
300 mg/m?/day, five days a week for 30 days),
divided in three doses plus a fixed dose of Isovorin
7.5 mg [19,20] with each UFT dose (Table I).
Sufficient serum and tumour concentrations can be
obtained by this schedule [18]. The dose of UFT
was increased if no severe (grade 3 or 4) toxicity was
observed. However, the dose was not increased
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Table I. UFT dose escalation levels and number of patients.

UFT mg/m> No
Level 0 150 3
Level 1 200 3
Level 2 250 3
Level 3 300 9

beyond 300 mg/m?/day, which is the recommended
standard dose for systemic therapy. At 300 mg/m?/
day, nine patients were included to secure the
observed low toxicity.

Toxicity

Toxicity was graded according to NCI Common
Toxicity Criteria. Dose limiting toxicity (DLT) was
reached if grade 3 toxicity was observed. Cohorts of
at least three patients were entered at each dose level
and we evaluated each cohort for the entire com-
bined treatment course before dose escalation was
allowed. If one or more patients at a given dose level
developed DLT, three additional patients were
planned to be treated at that dose level. Blood
samples were taken every week during chemoradia-
tion.

Antiemetic or antidiarrheal drugs were not offered
prophylactically but could be used on demand.

Surgery

The tumour response and resectability was evaluated
with an abdominal CT scan and digital rectal
examination by an experienced rectal surgeon four
weeks after completing the treatment. Surgical
resection was planned six weeks after the completion
of the chemoradiotherapy.

Statistical evaluation

Non-parametric statistics were applied. All median
values are followed by range in brackets. Overall
survival curve were generated according to the
Kaplan-Meier method.

Results

From May 1998 to September 1999, 18 patients
(11 men and 7 women) were treated according to
this phase I study. Median age was 65 years (range
31-74 years) and all patients had performance status
0 or 1. Fourteen patients had primary LARC and
four patients had recurrent pelvic disease. Median
tumour size was 7 cm (range 4—10 cm).

All 18 patients received the planned preoperative
60 Gy in 30 fractions. Median duration of RT was 43
days (range 39-48 days). Seventeen patients re-

ceived the planned dose of UFT (three patients
received 150, 200, and 250 mg/m?, respectively and
nine patients received 300 mg/mz, Table I). One
patient discontinued UFT (300 mg/m?) by own
request (nausea grade 1) after one week, but
continued and completed RT. Table II shows acute
toxicity associated with preoperative chemoradia-
tion. No hematological toxicity was observed. Non-
hematological toxicity grade 1 or 2 (diarrhea,
nausea, or dysuria) was seen in most patients. Only
one case of grade 3 toxicity was observed, a patient
receiving UFT 300 mg/m?/day developed grade 3
diarrhea, which responded well to antidiarrheal
drugs (Table II).

Two patients had clinical complete response, eight
patients had partial response, eight patients had
stable disease as evaluated by clinical examination
and CT scan. One patient developed extrapelvic
metastatic disease. Fourteen patients (78%) went on
to have surgical resection (11 RO and 3 R1) after
median 40 days (range 22-82 days). Two patients
(11%) with a clinical CR and PR respectively had a
complete pathological response (pCR). Three pa-
tients still had clinical non-resectable disease and
one patient had progressive disease outside the
radiation field and a laparotomy was not performed.
Postoperative therapy was not part of this protocol
but four to six months of adjuvant systemic therapy
was offered to five out of 12 patients with lymph
node metastases.

Survival is very encouraging (Figure 1). Eight
patients died after median 12 months (range 11—
27 months) but ten patients are alive after a median
follow-up of 49 months (range 46—62 months).

Discussion

There is no agreed definition of LARC [4,8] but
patients were included in the present study if the
tumour was fixed and unresectable as judged clini-
cally by an experienced colorectal surgeon. In these
patients, primary radical resection is seldom possible
but it is now clear that a combination of radiotherapy
and chemotherapy can produce tumour shrinkage
which allows radical surgery in more than 50% of the

Table II. Toxicity according to CTC.

Grade 1% Grade 2% Grade 3%

Leucopenia 0 0 0
Trombopenia 0 0 0
Nausea/vomiting 29 7 0
Diarrhea 36 43 7
Skin 29 14 0
Dysuria 22 7 0
Pain 36 14 0
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Figure 1. Kaplan-Meier estimation of overall survival in 18
patients with LARC pretreated with chemoradiation (60 Gy and
UFT) before surgery (in 14 patients).

patients [8]. It may be anticipated that the improved
tumour remission translates to survival benefit
although this has not been proven in randomized
trials.

The present study presents high dose radiation
and concurrent chemotherapy. The rate of acute
complications, however, was very low. Only one
patient had grade 3 toxicity and only one patient
did not receive the planned dose of UFT (the patient
stopped UFT after one week of therapy due to
nausea). All 18 patients received the planned
60 Gy protocol dose without any delay (median
duration of radiotherapy was 43 days). Furthermore,
the treatment did not seem to increase the operative
risk. None of the 18 patients presented with a serious
complication requiring re-operation and no fatality
within 30 days was recorded. One explanation may
be that the radiation technique with five fields
implies that only a small volume receives the high
dose. Compared to conventional three fields therapy
(one posterior and two lateral fields), the technique
used in the present study allows a substantial sparing
of both bladder and intestines. The dose outside
GTV with a small margin was only 48.6 Gy. Thus,
concomitant boost technique presents an easy way to
differentiate the dose level between tumour and
lymph node at risk.

Preoperative RT (with or without chemotherapy)
is more effective than postoperative therapy in
patients with resectable rectal cancer [1,2]. Several
studies over the past decade have reported that a
combination of RT and 5-FU, bolus or CVI, and
with or without leucovorin (LV) can induce patho-
logic complete response (pCR) in 10 to 20%,
depending on efficacy and selection of patients [3].
Continuous venous infusion of 5-FU (CVI) is the
standard regimen in conjunction with radiotherapy
in postoperative chemoradiotherapy [14], but the
substitution of oral therapy (UFT/Lv or Capecita-
bine) for CVI is more convenient for patients and
probably as effective [13,21]. No study has com-
pared efficacy and toxicity of UFT and capecitabine
in combination with radiotherapy but hand-foot
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syndrome I seen more often in patients receiving
capecitabine [8].

The combination of UFT (with or without LV)
with RT has been reported in number of phase I and
IT studies primarily in primarily cancer of the rectum
[22—27] but also in a range of other gastro-intestinal
malignancies [8,28]. In most studies 45 Gy to 50 Gy
was used and none have used UFT and leucovorin
(Lv) in combination with a radiation dose of 60 Gy
in 30 fractions. Diarrhea grade III-IV was seen in up
to 40% of patients and was in all cases the dose-
limiting toxicity [22—-27].

The recommended dose of UFT in most studies
was 300 mg/m? (with a range from 260 to 350 mg/
m?) given five days a week.

The optimal dose of leucovorin is not known and
there is no evidence that a higher dose (e.g. 90 mg
daily) has a better effect than 45 mg daily (equilva-
lent to pure l-leucovorin in a dose of 22.5). In
combination with radiotherapy and UFT the dose
has ranged from 0 to 90 mg/day [22-27].

Hoff et al. [22] presented a phase I trial including
15 patients with stage 2 or 3 rectal cancer receiving
preoperative radiation (45 Gy). During delivery of
radiation therapy, patients received increasing doses
of UFT and a fixed dose of Lv (90 mg/d) daily for the
five consecutive days of radiation each of the five
weeks of radiation treatment. They concluded that
MTD of UFT was 350 gm/m?®/day, and suggested a
dose of 300 mg/m? for further studies as also used in
the present study. Three patients had pCR.

De la Torre et al. [23] have reported a phase II
trial of UFT and Lv administered concomitantly
with pelvic radiotherapy (45 Gy) in patients with
LARC but they used a different schedule. Patients
received UFT 300 mg/m?*/day and Lv 30 mg/day on
days 8-35 concomitantly with radiotherapy and
three patients obtained pCR. Eight of 35 (23%)
patients developed grade 3 diarrhea.

A phase II study performed by Feliu et al. [24]
also examined preoperative therapy with UFT and
Lv in combination with radiotherapy (45 GY plus
boost 5.4 Gy) in 41 patients with resectable T3 or
T4 rectal cancer but they also used a different
schedule. Patients received UFT (300 or 350 mg/
m?/day) twice daily on days 1-14, Lv 500 mg/m?
intravenously on day 1, and 15 mg Lv orally twice
daily on days 2-14 every four weeks. More than
50% of patients were downstaged and three patients
obtained pCR (11%). Nine patients (32%) experi-
enced grade 3 or 4 toxicity consisting of diarrhea,
vomiting or mucositis (7/16 of patients who received
350 mg/m? of UFT). The occurrence of unaccep-
table toxicity resulted in a reduction in the UFT
starting dose to 300 mg/m?/day. Only two of the
remaining 12 patients (16%) developed grade 3
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diarrhea. They concluded that longer follow-up is
needed to determine whether this strategy will
ultimately improve local control or survival.

Fernandez-Martos et al. [25] used a combination
of radiotherapy (45 Gy in 25 fractions) and UFT
(400 mg/m?/d, five days a week without leukovorin)
in 94 patients with resectable rectal cancer. All
patients received the full radiation dose but 15
patients needed dose reduction of UFT. Diarrhea
grade III was seen in 14%. Resection was performed
in 91 patients, 9% had pCR and further 23% had
only residual microscopic foci left. At three years OS
was 75%.

Even though we present data from a phase I study,
long-term results with ten out of 18 patients alive
after a median follow-up of 49 months are very
encouraging and therefore this phase I study has
continued as a phase II study to determine the
number of patients achieving radical surgery (RO)
but acute and late toxicity will also be evaluated.

Preoperative high-dose RT (60 Gy in 30 fractions
using concomitant boost technique) and concurrent
oral UFT/Isovorin to patients with LARC can be
delivered with low toxicity. The combination down-
stages most patients with LARC, pathologically
complete responses are seen and survival are very
promising.
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