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BACKGROUND

ADENOCARCINOMA OF the colon and rectum is the second
most common cause of cancer death in Western societies.
Although many patients present with what are considered to
be resectable tumours, a large number will go on to die from
recurrent/metastatic disease. Approximately 60000 people
die from colorectal adenocarcinomas among the 150 000 new
cases which are diagnosed in Europe each year.

Adjuvant chemotherapy and, in cases of rectal cancer, the
addition of radiotherapy are aimed at increasing the overall
survival of patients at high risk of recurrence after resection of
the primary tumour. Radiotherapy and combined modality
treatments (chemoradiotherapy) usually reserved for the
management of rectal cancer will not be considered further in
this article. For more than three decades there has been con-
troversy about the use of adjuvant treatment programmes in
colon cancer. Early adjuvant studies testing single agent sys-
temic chemotherapy failed to show a significant increase in
survival [1-5]. Four adjuvant studies in the late 1970s and
early 1980s tested systemic chemotherapy with 5-fluorouracil
(5-FU) and lomustine with (MOF) or without oncovin [6-9],
only one of them demonstrating a significant benefit in terms
of survival [9]. In 1988, the first meta-analysis reporting on
adjuvant chemotherapy in colorectal cancer was published. It
concluded that, overall, regimens that contained 5-FU added
a small benefit in terms of overall survival, with an odds ratio
of 0.83 (95% confidence interval, CI 0.70-0.98).

5-FU AND MODULATING AGENTS
With the uncertainty surrounding the effectiveness of bolus
5-FU therapy, a number of investigators started looking at
the use of modulating agents. Levamisole (LEV), a phenyli-
midothiazole compound, is an antihelminthic agent with
immunomodulatory activity (T-cell stimulation) [10], that
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has no effect on survival when used alone adjuvantly [11].
The concurrent administration of 5-FU and LEV was first
tested in the advanced disease setting with one trial showing
an improvement in median survival as compared with the 5-
FU alone arm [12], although two subsequent trials failed to
confirm this [13, 14]. Despite these reports, interest in LEV
continued. The first Intergroup study of adjuvant 5-FU and
LEV was initiated in 1984, and by 1989 the 3-year survival
data were reported [15]. On the basis of a reduction in the
relapse rate by 40% and mortality by one third for the 5-FU/
LEV arm, the National Cancer Institute (NCI) concluded
that ““the therapeutic option of post-surgical observation (‘no
treatment’ control groups) is no longer justifiable for NCI-
sponsored adjuvant studies for Dukes’ C patients” [16]. The
final report of the Intergroup trial confirmed the early obser-
vations [17]. For the last 6-7 years, this treatment has been
considered as standard for patients with Dukes’ C disease in
North America. Despite these results, there has been con-
siderable debate about the efficacy of treatment, especially in
Europe, where studies with a no treatment control arm have
continued. However, recent preliminary data from the Dutch
adjuvant chemotherapy trial using the same chemotherapy
regimen, show a significant survival advantage at 26 months’
follow-up, for both Dukes’ B and C patients, although not for
rectal cancer patients (F.A. Zoetmulder). Three-year data
from this study will be available shortly.

The combination of 5-FU and leucovorin (LV) has proved
superior to 5-FU alone in patients with advanced colorectal
cancer [18]. A number of studies have since confirmed the
efficacy of 5-FU modulated by LV as adjuvant treatment,
when compared with a no treatment control arm [19-22].
The NSABP (National Surgical Adjuvant Breast and Bowel
project) protocol CO0-3 indicated a disease free (73% versus
64%) and overall (84% versus 77%) survival advantage for
the 5-FU/LV combination when compared with MOF
(lomustine, oncovin, 5-FU) at 3 years for patients with
Dukes’ stage B and C colon cancer [19]. The control arm in
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this study (MOF) had previously shown a survival advantage
in the adjuvant setting [9]. The Canadian and European
consortium trial IMPACT) compared adjuvant treatment
with high-dose 5-FU and LV with no treatment in nearly
1500 patients: they demonstrated a 22% reduction in mor-
tality at 3 years, both in Dukes’ B and C patients [20]. A
similar in design but smaller Italian study showed a 39%
reduction in mortality for the same group of patients [21].
With a median follow-up duration of 72 months, an Inter-
group study indicated that patients who received a combina-
tion of 5-FU and low dose LV over 6 months experienced
significant improvement in time to relapse (<0.01) and
survival (P=0.02) compared with control patients treated
with surgery alone [22].

More recent reports from the NSABP protocol C0-4 [23],
and a collaborative trial of the NCCTG (North Central
Cancer Treatment Group) and the National Cancer Institute
of Canada (INCIC) [24] suggest that 5-FU/LV is probably
superior to 5-FU/LEV. The NSABP C0-4 indicated that the
5-FU/LV combination was at least as effective and possibly
had a disease free and overall survival advantage in patients
with Dukes’ B and C colon cancer, when compared with
5-FU/LEV. The NCCTG/NCIC study showed that survival
for 6 months of the 5-FU/LEV group was significantly infer-
ior to the group that received 5-FU/LV/LEV for the same
duration. Preliminary results of trial INT-0089 showed that
no additional benefit appears to be gained from the addition
of LEV when 5-FU/LV is given [25].

As yet there are no studies indicating a role for the mod-
ulation of 5-FU by interferon in the adjuvant setting,
although a number of randomised studies in patients with
advanced disease show no benefit either in terms of response
rates or survival [26-28].

INFUSIONAL VERSUS BOLUS 5-FU

In addition to modulating the activity of 5-FU by agents
such as LV and alpha-interferon, the pharmacology of 5-FU
may be altered by prolonged infusional therapy. Two main
features distinguish all the bolus schedules from the infu-
sional ones: different toxicities occur and much higher-dose
intensities are possible when 5-FU is given as a continuous
infusion. Bolus schedules produce leucopenia, mucositis and
diarrhoea, whereas infusional schedules are usually compli-
cated by mucositis and dermatitis (plantar/palmar erythema).
A phase IIT trial by Anderson and Lokich demonstrated
improved response rates for the infusional schedule com-
pared with standard bolus therapy in advanced colorectal
cancer [29]. The ‘De Gramont regimen’ [30] which is popu-
lar in northern Europe as well as the U.K. was randomised
against the ‘Mayo regimen’ in patients with advanced color-
ectal cancer [31]. The De Gramont regimen combines bolus
with infusional 5-FU and was found to be more effective,
with an increased progression free survival and significantly
less toxicity. There was no difference in terms of survival
between the two regimens. This regimen has not yet been
tested in the adjuvant setting.

PORTAL VEIN AND INTRAPERITONEAL
CHEMOTHERAPY
The use of a continuous infusion of fluoropyrimidines into
the liver via the portal vein, for 1 week during the immediate
postoperative period, has been supported by the theoretical
advantage that with this approach, for the many patients who
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will develop hepatic micrometastases, infusional 5-FU may
provide a higher-dose intensity within the liver. A recently
published meta-analysis of 4,000 patients in 10 studies
showed encouraging results for this approach, indicating an
improvement in 5-year survival for patients treated with por-
tal vein infusion [32]. This confirms the results of an earlier
meta-analysis which showed a significantly lower mortality
for patients treated with portal vein infusion (13% risk
reduction; P=0.02) [33].

Another interesting technique currently under investiga-
tion in the adjuvant treatment of colorectal cancer is intra-
peritoneal chemotherapy, in combination with systemic
treatment. Such an approach would have the potential
advantage of acting on both microscopic peritoneal tumour
spread as well as on liver micrometastases, since intrapar-
itoneal 5-FU is absorbed through the portal vein and results
in a high 5-FU concentration in the portal blood. Although
the benefit of such an approach is not proven, a small rando-
mised study from investigators in Austria indicates a possible
advantage over conventional adjuvant therapy. Patients with
resected Dukes’ B or C colon cancer were assigned to either
intravenous and intraperitoneal 5-FU/LV or intravenous 5-
FU/LEV as the ‘standard therapy’ arm. A preliminary analy-
sis after a median follow-up time of 27 months showed a sig-
nificant disease free survival advantage in favour of the
experimental arm (17/94 versus 35/96 recurrences,
P=0.0015) [34].

DUKES’ B COLON CANCER

It is more difficult to detect a survival advantage in Dukes’
B patients, as the number of events is smaller and large
numbers of patients are required. The Intergroup study of 5-
FU/LEV for Dukes’ B2 patients suggested a decreased
relapse rate for the treatment group, but without a significant
improvement in survival [35]. However, a review of the
comparative efficacy of adjuvant chemotherapy for patients
with stage II disease from four NSABP studies, concluded
that “Dukes’ B colon cancer patients receive at least as much
relative benefit from adjuvant chemotherapy as Dukes’ C,
and should be offered that treatment” [36]. An event free but
not overall survival benefit for Dukes’ B patients was shown
in the IMPACT trial [20].

TREATMENT DURATION

The study describing the combination of 5-FU and LEV
by Moertel and colleagues [17], as most other studies
including LLEV adjuvantly, have had a treatment duration of 1
year. In studies in which a combination of 5-FU and LV was
used, the drugs were mostly given for 6 months [19-22]. This
treatment duration would appear to be at least as effective
[23].

IMMUNOTHERAPY

A growing interest in the immunological treatments of
malignancy has led to the development of both specific and
non-specific immunotherapy adjuvant trials in colorectal
cancer. One of the first studies (NSABP C-01) had a three
arm randomisation to either no postoperative therapy, MOF
chemotherapy, or intradermal BCG. At 5 years’ follow-up,
the BCG treatment group demonstrated a slight survival
advantage compared with surgery alone, although there was
no difference in terms of disease free survival in the two
groups [37]. A study by the ECOG (Eastern Cooperative
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Oncology Group) revised in 1990 after the 5-FU and LEV
data in 1989, randomly assigned Dukes’ C patients to either
receive ‘standard’ 5-FU/LEV chemotherapy, or chemother-
apy and active specific immunotherapy. The results of this
study are awaited.

The adjuvant use of monoclonal antibodies (MAb) has
recently attracted much interest after the publication of the
7-year follow-up data for treatment with the murine MAb
17-1A [38]. This demonstrated a reduction in mortality rate
for the antibody arm of 32% and in recurrence rate of 23%.
There was a significant overall survival advantage for the
antibody arm (£<0.01).

CONCLUSIONS

Significant progress has been made in recent years in the
adjuvant treatment of colorectal cancer. There is now over-
whelming evidence to support the use of adjuvant che-
motherapy in patients with Dukes’ C colon cancer. Patients
with Dukes’ B tumours also appear to derive a definite but
smaller absolute benefit. Adjuvant treatment programmes are
now firmly established as part of the standard management of
patients in this setting. New chemotherapeutic agents with
interesting activity in colorectal cancer, as well as the
increasing use of immunotherapy in addition to conventional
treatments, offer further opportunities to improve results.
The prediction of chemosensitivity for individuals by asses-
sing the expression of proteins such as p53, thymidylate syn-
thase (T'S) and bcl-2 may also enhance our ability to optimise
treatment [39-41].

The body of evidence presented here suggests that adju-
vant chemotherapy for Dukes’ C and high risk Dukes’ B
patients is standard treatment. The optimal regimen should
probably be a combination of 5-FU and LV for a duration of
6 months. The combination of 5-FU/LEV for 1 year is a
reasonable alternative.
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COLORECTAL CANCER is estimated to rank third in incidence in
men in Europe, it is the second most frequent cancer in
women and approximately 60 000 people will die from col-
orectal adenocarcinomas among the 150 000 new cases which
will be diagnosed this year. Adjuvant treatment aims at
increasing life expectancy, especially of people at high risk of
recurrence after resection of colon carcinoma Astler-Coller
stage B2 and C [1], or UICC stage II and III [2]. After more
than 30 years of efforts, the results of recently published large
randomised trials have given important indications on what
adjuvant treatment to administer and whom it will benefit.
However, there is no single standard treatment, but many
efficient protocols, and clinicians and patients have to choose
which will be the more appropriate in each case.

The combination of 5-fluorouracil (5-FU) and levamisole
was the first efficient adjuvant chemotherapy for colon cancer
Dukes’ stage C curatively resected (Table 1). In 1990,
Moertel and colleagues reported a very significant benefit for
Dukes’ C patients receiving a 1 year combination of weekly 5-
FU and biweekly oral levamisole [5]. After that publication,
this combination was considered as the standard adjuvant
treatment for colon cancer [7], but many physicians, espe-
cially in Europe, were not convinced for many reasons:

e The combination of 5-FU and oral levamisole is no
more active than 5-FU alone in metastatic patients, but
is more toxic;

e There is no clear explanation for the mechanism of
action of 5-FU and oral levamisole;

e Oral levamisole has no antitumour activity in rando-
mised trials [6, 8];

e There was no 5-FU alone arm in the INT 0035 trial
and it is possible that the positive results reported by
Moertel and colleagues were to the 5-FU efficacy alone
and, if the previous adjuvant trials using 5-FU alone
were individually not effective, this was in part related
to the small number of patients included. A meta-
analysis has demonstrated that there was a significant
benefit when all these trials using 5-FU were analysed
together [9].

e More active combinations of 5-FU were known at this
time, especially with leucovorin or methotrexate in
metastatic patients [10, 11];

e The survival rate of the control group was abnormally
low (around 40% at 5 years) and the quality of the
‘radical’ surgery has been questioned by many surgeons
thinking that a better quality of surgical excision very
significantly increase the control group survival rate and
decrease the need for adjuvant chemotherapy; presently
there is an ongoing trial in The Netherlands which aims
to reproduce the INT 0035 trial results.

Because, since 1984 the combination of 5-FU and leucov-
orin has been known to be effective in metastatic colorectal



