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Efficacy of adjuvant fluorouracil and folinic acid in colon cancer

International Multicentre Pooled Analysis of Colon Cancer Trials (IMPACT) investigators

Summary
The role of fluorouracil and folinic acid and adjuvant
therapy for colon cancer is not clear. We undertook

independently three randomised trials to find out the

efficacy of fluorouracil and high-dose folinic acid after

surgery for Dukes’ B and C stage colon cancer. The three
studies by the Gruppo Interdisciplinare Valutazione

Interventi Oncologia (GIVIO), the National Cancer Institute
Canada Clinical Trials Group (NCIC-CTG), and the Fondation
Francaise de Cancerologie Digestive (FFCD) were pooled
for combined analysis.
Each trial was multicentre and used the same treatment

regimen (fluorouracil 370-400 mg/m2 plus folinic acid 200
mg/m2 daily for 5 days, every 28 days for 6 cycles). A
pooled analysis of the results was done on the basis of a
previously agreed protocol when there were sufficient

events to detect at least a 10% reduction in mortality with
80% power. 1526 patients with resected B (56%) and C

(44%) carcinoma of the colon were enrolled and 1493 were
confirmed as eligible. 736 were assigned to the treatment
group and 757 to the control group. Fluorouracil/folinic
acid significantly reduced mortality by 22% (95% Cl 3-38;
p=0&middot;029) and events by 35% (22-46; p<0&middot;0001),
increasing 3-year event-free survival from 62% to 71% and
overall survival from 78% to 83%. Compliance with

treatment was good; more than 80% of patients completed
the planned treatment. Side-effects were clinically
acceptable with only 1 treatment-related death. The

commonest side-effects were gastrointestinal, but severe
toxic effects (WHO grade 4) occurred in fewer than 3% of
cases.

We conclude that fluorouracil plus high-dose folinic acid
is a well-tolerated and effective 6-month adjuvant regimen
for colon cancer.
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Introduction
Adenocarcinoma of the colon affects about 1 in 20 people
in developed countries and represents one-sixth of all
cancers.’ Fluorouracil is the most active single agent in
the treatment of advanced colon cancer. However,
investigations of fluorouracil-based adjuvant therapy did
not show significant benefits in survival2 until a trial of
MOF (fluorouracil, vincristine, methyl-chloroethyl-
cyclohexyl-nitrosourea [methyl-CCNU]) in patients with
Dukes’ B and C colon cancer showed a reduction in

mortality of 24% compared with surgery; however, this
regimen was very toxic and had long-term leukaemogenic
effects.3 The combination of fluorouracil with levamisole
reduced mortality by 33% in Dukes’ C colon cancer

compared with surgery aloney Results for Dukes’ B
cancer are not yet available. This combination is much
less toxic than MOF and has no leukaemogenic effects.
These findings led the US National Cancer Institute to
convene a consensus conference, which recommended
fluorouracil plus levamisole as standard treatment for
Dukes’ C colon cancer. As a consequence, most trials of

adjuvant systemic treatment in Dukes’ C patients that did
not offer this combination as standard treatment were

prematurely closed.
The cytotoxic activity of fluorouracil is potentiated by

folinic acid.7 An individual data meta-analysis of ten
randomised clinical trials comparing folinic-acid-
modulated fluorouracil with fluorouracil alone in patients
with metastatic colorectal cancer,8 showed superiority of
the combination in terms of response. On the basis of
such results several combinations of folinic acid and
fluorouracil were chosen as the experimental treatment in
many adjuvant trials.
We became aware of three cooperative group trials on

the efficacy of a specific high-dose folinic acid and
fluorouracil regimen in Dukes’ B and C colon cancer
patients-Gruppo Interdisciplinare Valutazione Interventi
Oncologia (GIVIO; protocol SITAC-01), National
Cancer Institute Canada Clinical Trials Group (NCIC-
CTG ; protocol C-03), and Fondation Francaise de

Cancerologie Digestive (FFCD; protocol 8802). The
principal investigators of the three trials decided to

conduct a pooled analysis of their data. This approach has
been used in studies of neurological disorders.9

Patients and methods

Collaborative analysis protocol
In October, 1991, representatives of the three groups wrote the
protocol for the pooled collaborative analysis.’"’" The protocol
established criteria for pooling study patients in one common
dataset; standard definitions and codings for events and patients’
characteristics; the minimum clinical difference to be tested in
the main hypothesis and the required statistical power, duration
of follow-up, and appropriate timing for the main comparisons;
and the analytical approach. During 1992, a common database
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*Definition of colon limits FFCD. >12 cm from anal margin; GIVIO, NCIC-CTG colon and proximal rectum covered by pentoneum. tRandomlsatlon stratified by srte; for this analysis
only colon patients included. ECOG=Eastern Cooperative Oncology Group.

Table 1: Trial outlines

was set up and verified when investigators from the three data
centres visited each other. In November, 1992, the principal
investigators and statisticians of each trial finalised the conduct of
the pooled collaborative analysis. A first analysis limited to event-
free survival was done in March, 1993. The first analysis on
survival is presented here.

Trial designs
Each trial randomised patients by telephone through its own

head office. In all three trials randomisation was done after

surgery and was stratified by centre and stage of disease. Baseline
information and follow-up were the same in the three trials.

Eligibility criteria are reported in table 1. All the trials allowed

entry of patients with intestinal obstruction for which radical
surgery would be needed.

All three trials used a regimen of fluorouracil 370-400 mg/m2
plus folinic acid 200 mg/m daily for 5 days, every 28 days for 6
cycles. The racemic form of folinic acid (leucovorin) was initially
used, but the racemic mixture was not available in Italy after July,
1990, so about 150 patients were treated in GIVIO with pure L-
form at a dose of 100 mg/m2.

Information on toxic effects was obtained differently in the
three trials. In NCIC-CTG patients were scored for toxic effects

*% of randomised; all other percentages calculated over eligible patients. tRlght
colon=caecum, ascending, hepatic flexure and transverse; left colon=splenic flexure,
descending sigmoid, and rectosigmoid Junction.
Table 2: Patients’ characteristics by treatment group

weekly during treatment and before each cycle, usually by
oncology nurses or trial data managers. Full blood counts were
also taken weekly, and biochemistry was done monthly before
each cycle. In FFCD and GIVIO patients were assessed mainly
by physicians, monthly, before each cycle. Full blood counts and
biochemistry were also done monthly. In all trials the WHO

toxicity scoring system was used.

Figure 1: Kaplan-Meier event-free and overall survival in treated
and control groups
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Table 3: Event-free and overall survival

Systems of quality assurance were similar in the three trials. In
all three, consistency was checked and discrepancies from

patients’ notes were investigated.

Statistical analysis
The study objective was to detect a 10% increase in overall

survival associated with fluorouracil/folinic acid. This difference
can be translated into a hazard ratio of 0-67, with the assumption
of an exponential lifetime for patients and a 50% baseline

survival rate. With these assumptions, the number of events

required for 80% power with a conventional one-tailed test at
5% ’ was calculated. The number of events for the event-free
survival comparison was achieved in November, 1992, and the
number of deaths for the survival comparison a year later.
Event-free survival is defined as the time from randomisation

to the first event. Events were first recurrence, second tumour,
death with no relapse, or date of last observation. Survival is

defined as the time from randomisation to death from any cause.
All eligible patients were analysed on an intention-to-treat basis.
Survival curves were generated by the Kaplan-Meier method.
The cumulative frequency of relapses at various sites was also

calculated." The stratified log-rank test and Cox proportional
hazards model were used to compare differences between

treatment groups adjusted for prognostic factors. The 95% CI
for the hazard ratios of treatment effect and other prognostic
factors were determined from the asymptotic standard errors in

’Reference category Not retamed in final model (p>005).

Table 4: Cox analysis of prognostic factors

Figure 2: Kaplan-Meier event-free and overall survival by
Dukes’ stage and treatment group

the Cox regression model. Interaction terms for treatment by
country and stage were tested under the final Cox model. The

global test for interactions compared a model with main side-
effects plus treatment by country and stage interaction to one
with only main effects. A Cox regression model was used to
assess prognostic factors other than country and stage; potential
prognostic factors include site of primary colon cancer, age,
number of positive nodes, and sex. All statistical tests reported
are two-sided.

Results

Patients’ characteristics

Of 1526 patients randomised, 1493 were confirmed as
eligible. Reasons for ineligibility were incorrect histology
(3), wrong stage (25), or other (5). The median follow-up
times of the fluorouracil/folinic acid and control groups
were 40 and 37 months (interquartile range [IQR] 29-48
for both groups), with 2% of patients censored alive with
less than 1 year of observation. The last follow-up
examination was between June and November, 1993. The
cut-off date for analysis was Nov 1, 1993.

Characteristics of the patients are reported in table 2. A
high proportion of stage B patients was observed, because
recruitment of stage C patients was stopped prematurely
in two trials when the fluorouracil/levamisole results
became available.5,6
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Number (%) of patients In group.

Table 5: Site of first event

Survival

Fluorouracil plus folinic acid significantly increased
survival and event-free survival. There were 141 deaths in
the treated group and 172 in the control group; 193 and
262 patients, respectively, experienced a relapse or a

second tumour or death as a first event. Crude Kaplan-
Meier event-free survival and survival curves are shown in

figure 1. In both curves differences between treated and
control patients were apparent by the first year. At 3

years, 83% of patients who had received
fluorouracil/folinic acid and 78% of controls were alive,
and 71 % and 62%, respectively, were event-free.

Survival rates and hazard ratios are given in table 3.

Results were consistent with and without stratification.
The global test for interaction of treatment effect with

stage and country was not significant for event-free

(p=0’176) or overall survival (p=0-254). However, when
only stage was taken into account the test was borderline
significant for event-free survival (p=0-032). After

adjustment, the fluorouracil/folinic group had significantly
lower risks of an adverse event (35% lower) and death
(22% lower) than the control group. Event-free and
overall survival curves by stage and treatment are given in
figure 2. The analysis including all 1526 randomised

patients gave similar results.
In the multivariate Cox analyses nodal status was the

only independent predictor other than treatment for
overall or event-free survival, but age was significantly
associated with survival (table 4). Sex and site of primary
tumour were not significant. The risk of a negative event
was two times greater in patients with 1-4 positive nodes
than in stage B patients (no positive nodes); the risk was 4
times greater in patients with more than 4 nodes than in
stage B patients.

Figure 3: Cumulative frequency of isolated liver relapse as first
event

Number (%) of patients; denommator=paUents who received at least 1 cycle of
treatment (358 GIVIO, 179 NCIC-CTG, 118 FFCD).

Table 6: Non-haematological toxic effects

First events

Overall there were 394 relapses. The pattern of relapse
differed slightly between the treatment groups (X2 for

heterogeneity= 6 - 997, p=0-072). For hepatic recurrence as
a first event (a third of all recurrences) the crude relapse
rate was twice as high in the control group as in the
fluorouracil/folinic acid group (table 5). The estimated
cumulative frequency of isolated liver relapse at 3 years
was 9% in the controls and 5% in the treated patients
(figure 3). 35 patients developed a second tumour as the
first event. Deaths unrelated to the tumour were equally
distributed in the two groups.
Compliance with treatment was good. Information on

compliance was available for 699 (92%) treated patients.
The median number of courses received was 6 in all trials

(IQR: GIVIO 6-6; NCIC-CTG 4-6; FFCD 6-6), and
the median total fluorouracil dose delivered was 11-1 g/m2
(10-7-11-1), 9-7 g/m2 (7-4-11-0), and 12-0 g/m2 (11-7-
12-0), respectively.
The median relative dose intensity (dose intensity

received/dose intensity planned) was 97% (90-100), 85%
(76-96), and 98% (94-100), respectively. Weekly blood
counts and relative dose reductions were done only in the
NCIC-CTG trial. 43 patients (6%) never started
treatment (2% NCIC-CTG, 7% GIVIO and FFCD).
Overall, 94 patients (13%) did not complete protocol
treatment in the absence of severe documented toxic
effects.

Toxic effects

The commonest adverse effects of treatment were

gastrointestinal (table 6). There was substantial variation
among the trials (p value for association of side-effects
with trial site <0-001). However, grade 4 gastrointestinal
side effects occurred in fewer than 3% of patients in all
trials. Toxic effects on bone marrow could not be fully
documented in FFCD and GIVIO since blood counts
were not monitored weekly. In GIVIO 41 of 358 evaluable
patients had grade 1 or 2 leucopenia at 28 days. In FFCD
there were 12 (of 118) cases of leucopenia grade 1 or 2.

Neutropenia and thrombocytopenia occurred in 76% and
4%, respectively, of the NCIC-CTG patients. Grade 4
thrombocytopenia was not observed but 14% of evaluable
patients had grade 4 neutropenia. There was only 1

episode of infection. This patient presented at hospital
with febrile neutropenia 2 weeks after completing his first
course of chemotherapy; he died of septic shock in the
third week. He had had severe mucositis (grade 3) but
this was resolving.
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Discussion
This pooled analysis is the first to show a survival benefit
in a direct comparison with surgery alone for colon cancer
of a folinic-acid-modulated fluorouracil combination. The
combination was well tolerated when given for 6 months
at a good dose-intensity with no severe toxic effects.
Other adjuvant regimens are active in this disease.3,5,15-17

MOF increased 5-year survival3 but the benefit was no
longer apparent at 8 years, perhaps because of the
increased risk of secondary leukaemia and renal failure
due to methyl-CCNU.’6 MOF was then compared with a
folinic-acid-modulated fluorouracil regimen. 16 This

regimen was administered intermittently for a year at

almost twice the dose of fluorouracil that we used and
three times the dose for folinic acid (cumulative
calculated dose 18 g/m2 for both drugs’6). Fluorouracil
plus levamisole is the most widely used adjuvant
treatment in the USA and Canada in Dukes’ stage C

patients Treatment with levamisole alone had no

detectable effect, but the combination with fluorouracil
increased 3-5-year survival from 55% to 71%. The
survival advantage remains significant at 5 years.18 The
role of levamisole remains unknown since the original
trials did not have a group receiving fluorouracil alone.

Since the National Cancer Institute consensus

conference in 1990, surgery alone is no longer deemed an
ethical choice for Dukes’ C patients in North America.
According to the National Institutes of Health,
fluorouracil plus levamisole is now the standard treatment
for Dukes’ C and high-risk Dukes’ B patients, and

levamisole has been approved by the Food and Drug
Administration for this use.19,20 Elsewhere, however, this
combination is not considered standard treatment, and

the question of whether adjuvant systemic therapy should
be routinely given at all remains a matter of debate.2’

IMPACT adds some 1500 new cases in favour of

chemotherapy. With IMPACT, there have been three

published large-scale trials totalling more than 4000

randomised patients, showing a 20-30% reduction in

mortality with post-surgical chemotherapy.3,5 We believe
there is now sufficient evidence to support the use of
some form of adjuvant treatment in colon cancer.
Which adjuvant chemotherapy to use remains

uncertain. MOF can be ruled out because this
combination is less effective and has severe toxic effects
and because methyl-CCNU is not available commercially.
For patients with Dukes’ C disease IMPACT has shown
that a monthly regimen of high-dose folinic acid plus
fluorouracil given for 6 months can achieve a similar
survival benefit to that achieved with a year of therapy a
different schedule of fluorouracil and folinic acid or with
fluorouracil plus levamisole. At present there is no

evidence that one regimen is better than the others. That
will come from large-scale trials that are comparing
fluorouracil and folinic acid regimens with
fluorouracil/levamisole and exploring various high-
dose/low-dose, short-term/long-term schedules of

fluorouracil and folinic acid.

Another question is whether patients with stage B
disease should be treated. We found a borderline

significant interaction between stage and tretment for

event-free survival but not for overall survival. An

interaction suggests the possibility of a difference in the
treatment effect by stage. The clinical question is whether
this heterogeneity between stages is large enough to

influence treatment choices. A different direction in the

effect of treatment in node-positive and node-negative
patients would definitely affect treatment decisions, but
this is not the case for fluorouracil/folinic acid since there
were fewer recurrences among treated patients of stage B
or stage C. Although this evidence is consistent with the
results of previous trials,3’g we believe that longer follow-
up is needed for proper assessment of interaction between

stage of treatment effect on survival. The results for

fluorouracil/levamisole, which have longer follow-up, have
been published only for the Dukes’ C subset.
The IMPACT results are the first example of a

prospective pooled analysis of cancer trials. The main
benefit of data pooling was the acquisition of a sample of
almost 1500 cases, which gave the analysis sufficient

power to observe the estimated benefit in survival with
median follow-up of 3 years. Another advantage of
IMPACT is that the results are widely applicable. The
absence of country/treatment interaction shows that the
treatment regimen was used with reproducible efficacy by
differently trained physicians, in different populations of
patients, cared for under different health-care systems.
Such treatment robustness is essential in clinical practice
in oncology.

In conclusion, IMPACT confirms the efficacy of high-
dose fluorouracil/folinic acid in Dukes’ B and C patients
and suggests that the antitumour activity obtained by the
biochemical modulation of fluorouracil with folinic acid
can be achieved with different schedules, dosages, and
durations of treatment. The results also emphasise the
need to reconsider the concept of standard therapy in this
disease.
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