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Summary

Background Standard adjuvant chemotherapy for colorectal
cancer consists of fluorouracil with folinic acid or levamisole.
The large QUASAR randomised trial aimed to investigate (in a
two�two design) whether use of a higher dose of folinic acid
or addition of levamisole to fluorouracil and folinic acid
improved survival.

Methods Patients with colorectal cancer, without evident
residual disease, were randomly assigned fluorouracil (370
mg/m2) with high-dose (175 mg) or low-dose (25 mg) L-folinic
acid and either active or placebo levamisole. The fluorouracil
and folinic acid could be given either as six 5-day courses
with 4 weeks between the start of the courses or as 30 once-
weekly doses. Levamisole (50 mg) or placebo was given
three times daily for 3 days repeated every 2 weeks for 12
courses. The primary endpoint was mortality from any cause.
Analyses were by intention to treat.

Findings Between 1994 and 1997, 4927 patients were
enrolled. 1776 had recurrences and 1576 died. Survival was
similar with high-dose and low-dose folinic acid (70·1% vs
71·0% at 3 years; p=0·43), as were 3-year recurrence rates
(36·0% vs 35·8%; p=0·94). Survival was worse with
levamisole than with placebo (69·4% vs 71·5% at 3 years;
p=0·06), and there were more recurrences with the active
drug (37·0% vs 34·9% at 3 years; p=0·16).

Interpretation The inclusion of levamisole in chemotherapy
regimens for colorectal cancer does not delay recurrence or
improve survival. Higher-dose folinic acid produced no extra
benefit in these regimens over that from low-dose folinic
acid. Trials of chemotherapy versus no chemotherapy will
show whether these four treatments are equally effective or
equally ineffective.
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Introduction
Colorectal cancer is the second most common malignant
disease in developed countries, with 700 000 new cases
and 500 000 deaths worldwide each year.1 The primary
treatment, surgery, is possible in about 70% of patients,
but about a half of those who undergo surgery
subsequently develop incurable recurrent disease.

Cytotoxic chemotherapy after apparently complete
resection can lower this high risk of recurrence. Such
adjuvant chemotherapy commonly consists of treatment
for 6 months or longer with fluorouracil-containing
regimens, but there is uncertainty as to which regimens
are most effective. Of the combinations tested, two of the
most promising are fluorouracil plus levamisole and
fluorouracil plus folinic acid. In an American Intergroup
Study, there were 33% fewer deaths in the subgroup of
patients with high-risk (Dukes’ stage C) colon cancer who
received fluorouracil and levamisole therapy for 1 year
than in untreated controls.2 UK and US consensus
development conferences therefore recommended this
combination as standard treatment for node-positive
(stage C) colon cancer.3,4 However, the contribution of
levamisole, an anthelmintic immunomodulator, to the
improved outcome was questioned.5 Levamisole alone
appeared ineffective,2,6 the combination of fluorouracil
and levamisole was no more effective than fluorouracil
alone in advanced disease,7 and the biological mechanism
for the postulated synergy between these drugs was
unclear.

Promising evidence was also reported from studies of
adjuvant fluorouracil with its biomodulator, folinic
acid.8–11 Supplementation of the intracellular reduced
folate pool by folinic acid prolongs the competitive
inhibition of thymidylate synthase by forming a stable,
ternary complex of the enzyme, reduced folate, and the
cytotoxically active metabolite of fluorouracil,
fluorodeoxyuracil monophosphate.12 The benefits from
adjuvant fluorouracil plus folinic acid were supported by
this clear pharmacological rationale for potentiation of
fluorouracil by folinic acid, and by definite evidence that
folinic acid increased the activity of fluorouracil in
advanced disease.13

The dose of folinic acid used in the adjuvant studies
ranged from 20 mg/m2 to 500 mg/m2. The pharma-
cological mechanism suggests that the regimens with
higher-dose folinic acid would be more effective than
those with lower doses. Preclinical studies suggested a
relation between dose of folinic acid and the intracellular
concentrations of its active principle, methylene
tetrahydrofolate. Moreover, higher doses of folinic acid
had been associated with better inhibition of tumour
growth in vitro and in mouse models of colorectal cancer.
However, there was no empirical evidence that the high-
dose regimens were more effective than the low-dose
regimen, and the higher dose was more expensive.
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These encouraging results led to wider use of adjuvant
fluorouracil-based chemotherapy for colorectal cancer.
However, uncertainty remained about which patients
should be offered chemotherapy and which regimen to
use. A 1993 survey by the UK Coordinating Committee
on Cancer Research of 500 UK clinicians who treated
colorectal cancer found that about half offered at least
some of their patients adjuvant chemotherapy—mainly
young, high-risk patients (unpublished). About half of the
clinicians who used chemotherapy reported using
fluorouracil with folinic acid (at high or low dose) and
most of the rest used fluorouracil with levamisole.

No previous randomised study has directly compared
fluorouracil plus levamisole versus fluorouracil alone, or
fluorouracil plus high-dose folinic acid versus fluorouracil
plus low-dose folinic acid. Moreover, for realistically
moderate survival differences between two such regimens
(eg, 60% vs 65% 5-year survival) to be detected or
refuted, such trials need to recruit not just several
hundred, but several thousand patients.

The QUASAR (Quick And Simple And Reliable)
trial was designed to provide large-scale randomised
evidence on the true value of these different adjuvant
chemotherapy regimens among different types of patient.
There were two parts to QUASAR. One, which is still
in progress and will be reported elsewhere, compared
adjuvant with no adjuvant therapy. The second, reported
here, compared various different fluorouracil-based
adjuvant regimens to investigate whether levamisole and
high-dose folinic acid, together or alone, confer additional
benefit.

Methods
Patients
A patient was eligible if the responsible clinician judged that he or
she had had a complete resection of colorectal cancer with no
evidence of distant metastases and had no definite
contraindications to any of the chemotherapy regimens. Patients
with resection margins or peritoneal washings positive for
malignant cells were not eligible. Definite contraindications to
chemotherapy were specified not by the protocol but by the
responsible clinician (and could involve both medical and other
considerations). The patient’s consent was sought before
randomisation, and after a full written and oral explanation of the
treatment options had been given. Ethical approval for the study
was given by the local research ethics committee at each
participating institute. Two categories of patient were included.
The “certain” category consisted of patients whose clinicians
were (for whatever reasons) reasonably certain that some form of
adjuvant therapy was appropriate; the protocol required that all
such patients were allocated one of the four study treatments.
The “uncertain” category, which was smaller, consisted of
patients who were randomly assigned adjuvant therapy or no
adjuvant therapy because the clinician was uncertain whether any
such treatment was appropriate. Those allocated active treatment
were allocated one of the four study regimens and contribute data
to this report (those allocated no active treatment do not).

Design and procedures
In a two�two factorial design, patients were randomly assigned
either high-dose or low-dose folinic acid and either levamisole or
placebo (figure 1). The treatments were given for 6 months in
combination with fluorouracil at the same fixed dose for all
patients. Where possible, adjuvant treatment had to begin within
6 weeks of surgery. The levamisole/placebo randomisation closed
in July, 1997, when supplies of levamisole ran out, so there are 64
fewer patients (4863) in the levamisole/placebo comparison than
in the high-dose/low-dose folinic acid comparison.

All chemotherapy patients received 30 doses of 370 mg/m2

fluorouracil intravenously combined with either high-dose (175
mg intravenous fixed dose) or low-dose (25 mg intravenous fixed
dose) L-folinic acid. 25 mg L-folinic acid, the active isomer, is
equivalent to 50 mg DL-folinic acid.14,15 The chemotherapy tested
was a practicable outpatient regimen involving either six 5-day
courses with 4-week intervals between the start of the courses or a
once-weekly schedule for 30 weeks. The choice of schedule was
decided by the clinician before randomisation. The 4-weekly
schedule was recommended, but the once-weekly schedule was
allowed if the 4-weekly schedule was impracticable—eg, because
clinics were once a week. In the event of toxic effects between
courses (on either schedule), the dose of fluorouracil for all
subsequent courses was lowered, depending on the worst grade
of toxic effects observed after the previous course.

Levamisole (or matching placebo) was given at 50 mg three
times daily for 3 days repeated every 2 weeks for 12 courses.
Chemotherapy and levamisole or placebo treatment started in the
same week.

Trial drugs were supplied to each centre in treatment packs
identified only by code numbers to ensure masking. To maintain
double-blinding of folinic acid dose, syringes containing either 25
mg or 175 mg L-folinic acid in 20 mL normal saline were made
up in the hospital pharmacy. Levamisole and placebo were
provided in calendar packs containing capsules of identical
appearance.

The use of radiotherapy for rectal cancers was left to the
discretion of the responsible physician. The protocol
recommended, however, that any radiotherapy should be given
preoperatively, partly to avoid disruption of chemotherapy and
partly because preoperative radiotherapy is at least as effective
as postoperative radiotherapy in preventing local recurrence.16 If
postoperative radiotherapy was preferred, the chemotherapy
regimen was slightly modified. Centres using the weekly
fluorouracil plus folinic acid regimen could allow radiotherapy to
coincide without any interruptions but with the fluorouracil dose
decreased to 300 mg/m2 during the period of radiotherapy.
Centres using the 4-weekly schedule substituted one 5-day
course of chemotherapy with a 5-week course of once-weekly
chemotherapy during radiotherapy, again at 300 mg/m2, with a
treatment-free interval of 4 weeks before the remaining 5-day
courses of chemotherapy were given. For older or frail patients,
for whom there were concerns about unacceptable toxic effects if
chemotherapy and radiotherapy were given simultaneously, the
protocol allowed suspension of chemotherapy during the period
of radiotherapy and resumption 4 weeks after completion of
radiotherapy. The levamisole regimen was unaffected by any
radiotherapy.

4927 included 
in folinic acid
randomisation

4927 included in endpoint analyses

64 not included
in levamisole
randomisation

2464
assigned
high-dose
folinic acid

2463
assigned
low-dose
folinic acid

4863 included 
in levamisole
randomisation

2429
assigned
levamisole

2434
assigned
placebo

4927 enrolled

Figure 1: Trial profile
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To facilitate large-scale recruitment, QUASAR imposed the
smallest possible extra workload on participating clinicians.
Randomisation was by a short telephone call to the Oxford
Clinical Trial Service Unit. The relevant characteristics of the
patient were recorded during the phone call, so no entry form
had to be completed. A minimised randomisation procedure was
used, thereby ensuring that the trial treatments were evenly
balanced with respect to age-group, site of cancer, stage, portal-
vein infusion or not, preoperative radiotherapy or not, planned
postoperative radiotherapy or not, chemotherapy schedule
(weekly or not), and indication (certain or uncertain).
Treatments were also partly balanced within participating centres
through the QUASAR treatment cases. Apart from the trial
treatments, all other management (eg, antiemetics, antibiotics)
was entirely at the discretion of the local doctors. Patients were
managed in whatever way seemed best for them, with the
protocol imposing no special treatments or investigations, no
delay of discharge, and no extra follow-up visits over the usual
practice at each centre.

Collaborators were required to notify the trial office by
telephone of any serious unexpected adverse experiences believed
to be caused by chemotherapy. Apart from such notification,
there was just one annual follow-up form, requesting brief details
of serious toxic effects, recurrence, and death. This information
was supplemented by the use of national mortality records to help
ensure the completeness of long-term follow-up. Investigators
were asked to provide extra details on the cause of death for
patients who died without recorded recurrence. Also,
pharmacists were supplied with a QUASAR pad to record the
treatment pack used, the dates of drug administration, and the
fluorouracil dose and schedule. Copies of these pads were
obtained once patients had completed chemotherapy. Data on
health economics, compliance, detailed treatment toxicity, and
quality of life were assessed for about 600 patients in a substudy
that will be reported elsewhere.

Statistical analyses
QUASAR aimed to recruit 5000 patients in total, which would
give a chance of more than 80% that the study could detect a 5%
difference in 5-year survival (eg, 60% vs 65%) from addition of
levamisole to fluorouracil plus folinic acid, or from use of high-
dose rather than low-dose folinic acid. The main endpoint for
treatment evaluation was all-cause mortality. Subsidiary
endpoints were death from colorectal cancer and recurrence.
Both the subsidiary analyses ignored deaths due to other causes
without recorded recurrence. All treatment comparisons were by
intention to treat and used standard log-rank methods. Tests for
heterogeneity of treatment effects within subgroups also used
standard log-rank methods.17

During the recruitment period, interim analyses of mortality
(and of any other information on major endpoints that was
available) were supplied, in strict confidence, to an independent
data-monitoring committee, along with any other analyses that
the committee requested. The committee’s remit was to notify
the chairman of the trial’s steering committee if the randomised
comparisons in QUASAR provided proof beyond reasonable
doubt that for all, or for some, types of patient one particular
treatment was clearly indicated or clearly contraindicated in
terms of a net difference in long-term survival, and evidence that
might reasonably be expected to influence the management of
patients by many clinicians who are already aware of the other
main trial results. The steering committee would then decide
whether to modify intake to the study. Unless this happened,
however, the steering committee, the collaborators, and all the
central administrative staff (except the statisticians who supplied
the confidential analyses) remained ignorant of the interim
results.

Results
Characteristics of patients
The trial opened in May, 1994. Randomisation between
the high-dose and low-dose folinic acid regimens closed in
October, 1997, by which time 4927 patients had been
randomised by 320 doctors from 134 centres in five
countries (figure 1). Because randomisation involved
minimisation, the study groups were well balanced in
terms of baseline characteristics (table 1). The median age
was 62, 59% of the participants were male, and 68% had
colon cancer. The disease was of Dukes’ stage C (node-
positive) in 72%, stage B in 28%, and stage A in 0·2%.
4% (12% of rectal cancer patients) had received
preoperative radiotherapy; 16% (42% of rectal cancers)
were scheduled for postoperative radiotherapy.
Chemotherapy was scheduled to be every 4 weeks for
52% of patients and once a week for 48%.

The main assessment of folinic acid doses compared the
2464 patients who were assigned high-dose folinic acid
with the 2463 who were assigned low-dose folinic acid,
irrespective of whether they were assigned levamisole
(figure 1). The main assessment of levamisole compared
the 2429 patients who were assigned active levamisole
with the 2434 who were assigned placebo, irrespective of
their dose of folinic acid; the 64 patients who did not enter
the levamisole randomisation are not included in this
comparison.

Follow-up
95% of patients were entered from the UK. Of these, 93%
were flagged with the national death registry, and copies
of death certificates for all flagged participants who died
were sent to the trial office, usually within 3 months.
Flagged patients from England and Wales are assumed to
be alive as of April 30, 1999, and those from Scotland as
of Jan 31, 1999, unless notified otherwise. In addition, a

Folinic-acid dose comparison Levamisole comparison

High-dose Low-dose Levamisole Placebo
(n=2464) (n=2463) (n=2429) (n=2434)

Age (years)
<50 375 376 369 372
50–59 647 652 638 640
60–69 968 964 953 953
�70 474 471 469 469
Median 62 62 62 62
IQR 54–68 54–68 54–68 54–68
Range 15–86 22–86 20–86 15–86

Sex
Male 1457 1451 1437 1434
Female 1007 1012 992 1000

Site of cancer
Colon 1680 1678 1651 1659
Rectum 703 707 700 696
Both 81 78 78 79

Dukes’ stage
A 5 6 2 9
B 682 681 664 660
C 1777 1776 1763 1765

Portal-vein infusion
No 2451 2455 2418 2424
Yes 13 8 11 10

Preoperative radiotherapy
No 2368 2365 2335 2337
Yes 96 98 94 97

Planned postoperative radiotherapy
No 2057 2058 2024 2030
Yes 407 405 405 404

Randomisation option
Clear indication 2160 2160 2146 2150
Uncertain indication 304 303 283 284

Chemotherapy schedule
Every week 1188 1182 1169 1174
Every 4 weeks 1276 1281 1260 1260

Table 1: Characteristics of patients at baseline
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postal follow-up of the status of all patients was
undertaken in January, 1999. Replies to this follow-up
have been received for 93% of patients. For analyses of
recurrence, and for survival analyses for patients who have
not been successfully flagged, analyses were censored at
January, 1999, if a follow-up reply had been received, or
at last follow-up otherwise. The median follow-up of the
surviving patients is 3 years (range 1·5–5·0).

High-dose versus low-dose folinic acid
There was no difference in recurrence rate between the
folinic acid groups (figure 2); there were precisely the
same number of recurrences in the high-dose and low-

dose groups (888/2464 vs 888/2463). The 3-year risk of
recurrence was 36·0% with high-dose folinic acid and
35·8% with low-dose folinic acid (difference 0·2% [SD
1·6]). The odds ratio of recurrence in the high-dose versus
the low-dose group was 1·00 (95% CI 0·91–1·09;
p=0·94).

There was little difference in survival between the two
groups, with slightly more deaths in the high-dose group
(801 vs 775). 3-year survival was 70·1% with high-dose
and 71·0% with low-dose folinic acid (difference 0·9%
[SD 1·3]). The odds ratio of death in the high-dose group
compared with the low-dose group was 1·04 (0·94–1·15;
p=0·43).
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Figure 3: Risk of recurrence according to assignment to high-
dose or low-dose folinic acid, by various characteristics of
patients, tumours, and treatments
O=observed; E=expected; Var=variance.

Figure 2: Risk of recurrence and survival for 4927 patients
randomly assigned high-dose or low-dose folinic acid

Folinic-acid dose comparison Levamisole comparison

High-dose Low-dose Odds ratio (95% CI) Levamisole Placebo Odds ratio (95% CI)

Diarrhoea 362 338 1·08 (0·92–1·27) 337 356 0·93 (0·80–1·10)
Stomatitis 216 158 1·40* (1·13–1·74) 181 191 0·95 (0·77–1·17)
Vomiting/nausea 169 150 1·14 (0·91–1·43) 173 143 1·23 (0·98–1·55)
Any haematological 111 116 0·95 (0·73–1·25) 109 117 0·93 (0·71–1·22)
Dermatological 95 79 1·21 (0·89–1·64) 110 63 1·79† (1·30–2·45)
Cardiovascular 42 37 1·14 (0·73–1·78) 39 40 0·98 (0·63–1·52)
Neurological 22 22 1·00 (0·55–1·81) 25 19 1·32 (0·73–2·41)
Other or unspecified 327 285 1·17 (0·99–1·39) 325 283 1·17 (0·99–1·39)
Any fluorouracil dose reduction 33% 30% 1·14 (0·99–1·30) 32% 31% 1·06 (0·92–1·21)
Completion of chemotherapy 69% 70% 0·99 (0·93–1·06) 68% 70% 0·96 (0·90–1·03)
Completion of levamisole 67% 68% 0·95 (0·83–1·09) 65% 70% 0·77* (0·68–0·89)

p>0·05 for all comparisons except: *p=0·002; †p<0·0001.

Table 2: Numbers of toxic events reported by treatment
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Figure 3 shows the odds of recurrence for high-dose
versus low-dose folinic acid in various subgroups of
patients or treatment. In none of these subgroups,
however, was there good evidence that high-dose folinic
acid was better or worse than low-dose folinic acid. None
of the subgroup differences was significant.

Although toxicity data were not systematically sought
for all patients, comparisons between groups are unlikely
to be biased in relation to treatment allocation because the
study was double-blind. The only significant difference in
toxic effects seen between the high-dose and low-dose
folinic acid groups was in the number of patients reporting
stomatitis (table 2). However, this apparent excess with
high-dose folinic acid could be a chance finding given the
many types of toxic effects investigated. Information on
compliance was available for 81% of patients on 3997
pharmacy record cards. The proportions of patients
completing the 6 months of chemotherapy and the
proportions taking the full course of levamisole or placebo
capsules were similar in the high-dose and low-dose
folinic acid groups.

Levamisole versus placebo
There were more recurrences among the patients assigned
levamisole than among those assigned placebo (903/2429
vs 862/2434 recurrences; figure 4). The risk of recurrence
at 3 years was 37·0% with levamisole and 34·9% with

placebo (difference 2·1% [SD 1·6]). The odds ratio for
recurrence with levamisole compared with placebo was
1·07 (95% CI 0·97–1·17; p=0·16).

Similarly, no survival benefit from levamisole was
apparent, with more deaths among patients assigned
levamisole than among those assigned placebo (815 vs
755). 3-year survival was 69·4% with levamisole and
71·5% with placebo (difference 2·1% [SD 1·4]). The
odds ratio for death with levamisole compared with
placebo was 1·10 (1·00–1·22; p=0·06).

The various subgroup analyses (figure 5) gave no
indication that any category of patient would benefit from
levamisole. In particular, no selective benefit was apparent
in colon cancer or in stage C cancer, subgroups reported
to benefit in a previous study.2 Among patients over age
70, the risk of recurrence was significantly higher in those
allocated levamisole than in those allocated placebo.
However, this heterogeneity of treatment effect within
age-groups was not significant (p=0·07) and could well be
a chance finding, given the number of subgroups
investigated.

There was a highly significant excess of dermatological
toxic effects with levamisole (table 2) but no other
significant differences in toxic effects. Vomiting or nausea
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Figure 4: Risk of recurrence and survival for 4863 patients
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Figure 5: Risk of recurrence according to assignment to
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and “other” toxic effects were reported about 20% more
frequently with levamisole than with placebo but these
differences did not reach significance, perhaps because of
small numbers of events. Haematological toxic effects,
diarrhoea, and stomatitis occurred at the same frequency
in the two groups. A significantly smaller proportion of
patients completed the levamisole course than completed
the placebo course (table 2). Similarly, a smaller
proportion of the levamisole group than of the placebo
group completed the fluorouracil and folinic acid
chemotherapy, but this difference was not significant.

Serious adverse events
Serious, unexpected adverse events were rare; almost all
the toxic effects seen were those expected with these
chemotherapy regimens. To check the completeness of
reporting of treatment-related deaths, all deaths without
recorded recurrence that occurred within 9 months of
randomisation were reviewed and extra information was
sought on their causes. Only four were believed to be
related to the toxicity of chemotherapy. This 0·1%
treatment-related mortality seen in QUASAR shows that
the regimens tested are safe, even in a large multicentre
trial.

Discussion
Because the QUASAR study is large, its overall findings
provide reliable evidence that there is little or no
difference in clinical efficacy between high-dose and low-
dose folinic acid, or between levamisole and placebo.
Three small studies in advanced disease have compared
response and toxic effects for high-dose and low-dose
folinic acid regimens, and in aggregate they found no
obvious differences (table 3).18–20 Studies that reported
similar efficacy but less toxicity with high-dose folinic acid
used a lower dose of fluorouracil with high-dose folinic
acid than with low-dose folinic acid, which may well
account for the lower toxicity. There is, therefore, no
worthwhile benefit from use of high-dose folinic acid to
potentiate fluorouracil; if a combination of fluorouracil
and folinic acid is to be used, the cheaper low-dose
regimen (25 mg L-folinic acid or 50 mg DL-isomer)
should be used in routine clinical practice.

This conclusion is consistent with re-examination of the
cellular pharmacology of folinic acid, which suggests that
plasma concentrations over 1 �mol/L of the active
(reduced) metabolite of folate may adequately expand
intracellular folate pools. Plasma concentrations of
reduced folate are maintained above 1 �mol/L for more
than 1 h after an intravenous bolus of 50 mg DL-folinic
acid; this finding supports the concept that low-dose
folinic acid is sufficient.

If this conclusion is correct, several commonly used
chemotherapy regimens that include high-dose folinic
acid are doing so unnecessarily. For example, the
Machover regimen, which was shown to be effective in the
International Multicentre Pooled Analysis of Colorectal
Cancer Trials studies,9 is identical to the 4-weekly high-

dose folinic acid regimen tested in QUASAR. We can
therefore conclude that equivalent results would have
been achieved with 20 mg/m2 instead of 200 mg/m2 DL-
folinic acid. There was no selective benefit of high-dose
folinic acid when used in the once-weekly schedule of
fluorouracil and folinic acid in QUASAR, so high-dose
folinic acid (500 mg/m2) is probably also unnecessary in
the once-weekly Roswell Park regimen, which was used in
the National Surgical Adjuvant Breast and Bowel Project
C-03 study.11 Finally, treatments based on the de
Gramont regimen, with or without extra drugs, are widely
used in advanced disease and use high-dose bolus folinic
acid with fluorouracil before a 2-day continuous infusion
of fluorouracil, but there is no good reason to believe that
high-dose folinic acid is important in this context. Use of
low-dose folinic acid, at much less expense, in these
regimens should be equally effective.

Our findings effectively rule out any worthwhile
reduction in the risk of death with levamisole. Results of
other studies reinforce the QUASAR findings. The
National Surgical Adjuvant Breast and Bowel Project C-
04 and Intergroup 0089 studies both reported equivalent
survival with fluorouracil plus folinic acid and with
fluorouracil plus folinic acid plus levamisole, and better
survival with fluorouracil plus folinic acid than with
fluorouracil plus levamisole.21,22 Another study directly
tested the value of levamisole as used in the Moertel
regimen by comparing 1 year of fluorouracil alone with 1
year of fluorouracil plus levamisole, and again found no
benefit from levamisole.23 That study was too small to rule
out a moderate survival improvement, but it did not
support the biologically unlikely hypothesis that
levamisole adds to the effectiveness of fluorouracil alone
but adds nothing to fluorouracil plus folinic acid.
Levamisole alone seems ineffective in colorectal cancer,6

and no direct randomised assessment of levamisole added
to various fluorouracil regimens has shown benefit.

If levamisole adds nothing to fluorouracil, as now seems
clear, what explains the large (33% reduction in death
rate) benefit seen in the Intergroup 0035 study2 of
fluorouracil plus levamisole? This reported benefit is a
little inflated by emphasis on the stage C subgroup. The
overall survival benefit in that study was a 25% reduction
in mortality, which was somewhat smaller than that
reported for stage C patients because the parallel
comparison among stage B patients found less benefit.5

Nevertheless, fluorouracil plus levamisole does seem
effective, because the 0035 study results are reinforced by
the report of a significant reduction in mortality with
fluorouracil plus levamisole compared with a no-
chemotherapy group in a Dutch “confirmatory” study.24

Given the QUASAR results, however, the likely
explanation for these findings is the high dose intensity
and duration of exposure to fluorouracil and not the
inclusion of levamisole.25 The Moertel regimen without
levamisole would, therefore, probably be equally effective,
and a little less toxic. Even so, fluorouracil plus folinic
acid seems preferable to fluorouracil plus levamisole

Study Total Eligible Doses (mg/m2) Tumour response (%) Median survival (weeks)
enrolled (efficacy)

Fluorouracil High-dose Low-dose High-dose Low-dose High-dose Low-dose
folinic acid folinic-acid

PALL-1 199618 325 291 500 500 20 22 18 55 54
Petrelli 198919 343 328 600 500 25 30 19 55 45
Ychou 199820 83 73 400 200 20 8 16 46 49

Table 3: Summary of trials in advanced colorectal cancer that compared high-dose and low-dose folinic acid
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because of the shorter treatment period, and because
direct randomised comparisons suggest that fluorouracil
plus folinic acid is at least as effective as fluorouracil plus
levamisole.21,22,26

Another important message from QUASAR is that
large-scale recruitment to cancer trials can be achieved by
simplifying trial procedures and, thereby reducing the
burden on participating clinicians. In particular, few
outcome data were collected on each patient, and no extra
investigations or follow-up visits were required. Reliability
is not compromised by this approach, particularly because
the study was double blinded. Data on the main endpoint,
survival, were collected in an unbiased way through the
Office of National Statistics. This central flagging of UK
QUASAR patients was supplemented by annual follow-up
of all surviving patients. Cross-checking between these
independent data sources confirmed the completeness
and high reliability of the information provided. Cross-
checking between pharmacy record cards and information
collected in the detailed toxicity substudy also found high
concordance. Baseline data, recorded at randomisation,
were not checked systematically against source data; nor
were dates of recurrence, except to resolve
inconsistencies. However, the probably small numbers of
misclassifications of age or stage, or imprecisions in dates
of recurrence, would have negligible effect on statistical
power, and would not materially change the study
findings.27 Thus, the simplification of QUASAR trial
procedures does not reduce the reliability of the study
findings. Instead, the reduction of random error through
the much larger numbers of patients entered increased the
reliability of the findings.28

The lack of any apparent differences in efficacy among
the four chemotherapy regimens tested raises the question
of whether they were all equally effective or all equally
ineffective. The latter seems unlikely; although the
absolute survival differences are moderate, the controlled
trials of fluorouracil plus folinic acid versus no
chemotherapy collectively show a highly significant
benefit.29

However, there remains uncertainty about which
patients derive sufficient benefit from chemotherapy to
justify the toxicity, inconvenience, and cost, and how long
any survival benefits from chemotherapy persist. In
particular, a worthwhile benefit from fluorouracil plus
folinic acid for patients with disease of Dukes’ stage B is
not yet firmly established30 and there is no direct
confirmation of benefit for patients with rectal cancer23 to
justify their widespread treatment. The continuing
QUASAR-1 study will help resolve these uncertainties
about the appropriate use of chemotherapy.
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