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Investigators were, however, asked to provide further details of causes
of death for patients dying without recorded recurrence. This informa-
tion was supplemented by the use of national mortality records to help
ensure the completeness of long-term follow-up. Also, pharmacists
were supplied with a QUASAR pad to record the treatment pack used
and the 5-FU dose and schedule. Copies of these pads were sought
once patients had completed chemotherapy. Health economic data,
compliance, detailed treatment toxicity and quality of life were as-
sessed, for about 10% of patients, in a sub-study (which will be
reported separately).

Statistical considerations

QUASAR aimed to randomise 5000 patients between the four chemo-
therapy regimens in order to give at least an 80% power to detect a
difference of 5% in survival (e.g.. 50%-55%) from using the higher
dose of FA or from adding levamisole to 5-FU-FA. The main
endpoint was all cause mortality Subsidiary endpoints were (a) recur-
rence risk and (b) deaths from colorectal cancer. In both of these,
deaths due to other causes without recurrence were ignored. Standard
log-rank methods were used for these comparisons. Odds of death and
recurrence and the tests for heterogeneity of treatment effects between
subgroups use methods described by the EBCTCG [18]. There was a
prior hypothesis that the four-weekly five-day schedule would be more
effective than the once-weekly schedule.

Follow-up

Ninety-five percent of patients were entered from the UK. Of these,
94% were successfully flagged with the national death registry and
copies of death certificates for all such patients dying were sent to the
trial office, usually within three months. Flagged patients are assumed
to be alive as of 30 November 1999 unless notified otherwise. In
addition, a postal follow-up of the status of all patients was undertaken
in 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 are censored
at 30 June 1999. The median follow-up of the surviving patients is
3.6 years.

Results

Patient characteristics

Although this is a non-randomised comparison, patients
were well balanced with respect to baseline character-
istics (Table 2). The median age was 62 years, 41% were
female, 68% had colon cancer, 72% had Dukes' C (node
positive disease) and patients were of similar body mass
(median surface area 1.8 m ). Similar numbers had pre-
or post-operative radiotherapy.

The comparisons between groups were also closely
balanced with respect to the randomised comparators
(dose of L-FA and levamisole-placebo) as a minimised
randomisation procedure was used thereby ensuring
that the trial treatments were evenly balanced with
respect to participating centre, patient demographics,
chemotherapy schedule (once-weekly, four-weekly) and
indication (clear/uncertain). Other aspects of patient
management were also similar as randomised treatments
were double blinded. Choice of chemotherapy schedule
was left to the responsible clinician but was stated prior
to randomisation. Investigators generally opted for one

Table 2. Patient characteristics.

Mean age (years)
Mean surf area (m2)

Females
Colon
Dukes' C
Pre-op RT
Planned post-op RT
High-dose folinic acid
Levamisole
Portal vein infusion
Clear indication

Year randomised
1994
1995
1996
1997

Four-weekly.
% (;i = 2557)

61
1.80

41.7
68.3
71.0
3.3

16.9
50.1
53.2
0.4

87.2

8.2
35.4
43.8
12.7

Weekly.
%(n = 2370)

62
1.81

40.2
68.0
73.3
4.6

16.0
49.9
46.8
0.5

88.2

8.6
31.7
45 9
13.8

/'-value

0.28
0.82
0.07
0.02
0.23

0.46
0.28

0.62
<0.01
0.14
0.26

or the other schedule for administrative reasons with 79
clinicians using weekly only (769 patients) and 98 using
four-weekly only (1088 patients). Twenty-eight doctors
used one almost exclusively (1426 patients) whereas the
remaining 81 doctors used both schedules intermittently.
It might be expected that the choice of schedule for this
latter group of doctors would be determined at least to
some degree by patient selection factors. However, the
breakdown of risk factors by treatment schedule for
intermittent users only shows no marked differences in
prognostic variables with, if anything more high risk
(stage C) patients receiving the less toxic once-weekly
schedule. Nor, as might be expected, are more older
patients receiving once-weekly chemotherapy. There is,
however, a highly significant secular trend towards use
of once-weekly schedule in the latter part of the trial.
This indicated that the main reason why some clinicians
used both schedules was a developing preference for the
less toxic regimen for all patients rather than selective
use for particular patients. If so, this reduces the proba-
bility of any substantial selection bias.

Recurrence and survival

There was no discernible difference in recurrence rates
between the weekly and four-weekly schedules (Figure 2)
with similar numbers of recurrences in both groups (874
of 2370 vs. 955 of 2557). The three-year risk of recur-
rence was 35.6% for the once-weekly group and 35.5%
for the four-weekly group. The odds of recurrence in the
four-weekly schedules was 0.99 (95% confidence interval
(95% CI): 0.90-1.08).

The odds of recurrence for the two groups with respect
to a range of subgroup analyses (site, stage, gender and
age) are summarised in Figure 3. There are no signifi-
cant subgroup effects on recurrence rates.

Survival is shown in Figure 4. Again, there is no
discernible difference in survival between the two
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Table 4. Dose delivery data.

Four-weekly Weekly P-values

0 1 2 3 4 5
Years from randomisation

Number still at risk
Weekly 2370 1975 1592 884 291 11
Monthly 2557 2167 1715 1027 338 19

Figure 2. Five-year recurrence risk of 4927 patients, weekly versus
four-weekly schedule.

Table 3. Number of patients reported to be suffering toxicity.

Diarrhoea
Stomatitis
Vomiting/nausea
Neutropenia
Other haemato-

logical
Dermatological
Cardiovascular
Neurological

Four-
weekly

440
337
174
154

40
122
42
23

Weekly

260
37

144
20

14
52
37
21

Odds
ratio

1.69
9.57
1.13
7.53

2.67
2.23
1.05
1.02

95% CI

1.43-1.99
6.78-13.51
0.90-1.42
4.71-12.04

1.45-4.93
1.61-3.11
0.67-1.64
0.56-1.84

f-values

< 0.001
< 0.001
0.30
<0.001

0.001
< 0.001
0.82
0.97

groups (822 of 2370 vs. 867 of 2557). Three-year survival
was 70.6% with the once-weekly and 71.0% with four-
weekly schedule. The odds of death in the four-weekly
group compared to weekly was 0.97 (95% CI: 0.88-
1.06).

The odds of survival for the two groups with respect
to a range of subgroup analyses (site, stage, gender and
age) are summarised in Figure 5. Again, there is no good
evidence in any of the groups that four-weekly is superior
to weekly scheduling and minor differences in survival
for younger patients (<50 years) in favour of the four-
weekly regimen are not statistically significant and
could well be chance findings given the number of sub-
group investigations undertaken.

Toxicity

Reported toxicity from annual follow-ups and sponta-
neous reporting of adverse events is shown in Table 3.
There are highly statistically significant differences
in toxicity which greatly favour the weekly schedule,
with 69% more diarrhoea, (P < 0.001) nine times more
stomatitis (P < 0.001) seven times more neutropenia
(P < 0.001) and twice as much dermatological toxicity
(P< 0.001). Although toxicity data were not systemati-
cally sought for all patients (detailed toxicity, quality of
life and health economic data are collected in a subset
of 600 patients), the large differences seen between the

Number of patients
Percentage of patients who

underwent 5-FU dose reduction
($80%)

Percentage of patients who
completed 5s 28 doses of 5-FU

Median total dose of 5-FU
delivered (g)

Median % of planned dose
delivered

Median dose intensity
(mg/m2/week)

1606

42

75.3

16.8

85

398

1439

17 <0.001

73.6 0.28

18.3 <0.001

95 < 0.001

345 < 0.001

two schedules could not plausibly be attributed to any
reporting bias.

To assess the risk of treatment related fatal toxicity,
all deaths, without recorded recurrence that occurred
within nine months of randomisation were reviewed in
detail to ascertain the cause of death. Only five deaths
were adjudged to be toxicity related, all of which were
among patients on the four-weekly schedule. It should be
noted, though, that the 0.2% treatment related mortality
seen with the four-weekly schedule in QUASAR is com-
paratively low, particularly given the setting of a large,
pragmatic multi-centre trial.

5-FU dose reductions, intensity and dose delivered

Pharmacy data sheets which recorded the dose of 5-FU
administered were obtained for 80% of patients. As
there were protocol specified recommendations that
individual consultants should reduce, or omit, the dose
of 5-FU during postoperative radiotherapy, patients
scheduled for post-operative radiotherapy have been
omitted from this analysis. The data are summarised in
Table 4.

Far more patients underwent dose reduction (to 80%
or less of starting dose) in the four-weekly (42%) com-
pared to weekly (17%) schedule, although the dose
reductions appeared effective as the proportions of pa-
tients eventually completing the planned course of treat-
ment of 5-FU were similar (75.3% vs. 73.6%). The ma-
jority of dose reductions occurred following cycle 1 in
the four-weekly regimen (Figure 6) but were more evenly
spread over the entire treatment course for weekly
administration. The time course of the percentage of
patients stopping therapy prematurely shows a rather
different pattern with a smooth 'stopping' rate for
weekly, whereas the four-weekly schedule, naturally, re-
veals a stepped reduction after cycle 1 (Figure 7a,b).

Discussion

Analysis of the randomised comparisons in the QUASAR
trial suggests that there were no survival benefits accrued
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Events/Patients Monthly events
Monthly Weekly (O-E) Var.

Colon

Rectum or both

Stage A/B

Stage C

Males

Females

301.1

154.1

630/1747 579/1611 -6.0
( 36.1%) ( 35.9%)
32S/810 295/759 3.1
( 40.1%) ( 38.9%)

Interaction between 2 groups X* = 0.2; p=.69

166/741 138/633 -1.5 74.8
(22.4%) (21.8%)
789/1816 736/1737 4.6 380.8
( 43.4%) ( 42.4%)

Interaction between 2 groups x] = 0.1; p=.8O

578/1490 517/1418 16.1 273.2
( 38.8%) ( 36.5%)
377/1067 357/952 -20.1 182.1

( 35.3%) ( 37.5%)

Subtotal: 955/2557
( 37.3%)

-4.0 455.3

<50 yrs

50-59 yrs

60-69 yrs

70+ yrs

874/2370
( 36.9%)

Interaction between 2 groupsx]= 3.1; p=.O8

-11.6 65.5137/407
( 33.7%)
249/696
( 35.8%)
376/974
( 38.6%)
193/480
( 40.2%)

129/344
( 37.5%)
215/603
( 35.7%)
345/958
( 36.0%)
185/465
( 39.8%)

Subtotal:

Clear indication

Uncertain indication

Levamisole

No levamisole

Subtotal:

High dose

Low dose

^M Subtotal:

I Unstratified

0.9

10.1

-1.9

-2.5

115.3

180.2

94.3

455.3955/2557 874/2370
( 37.3%) ( 36.9%)

Heterogeneity between 4 groups x\ = 2.7; p=.45

898/2229 821/2091 6.3 429.1
( 40.3%) ( 39.3%)
57/328 53/279 -5.2 26.9

( 17.4%) ( 19.0%)
Interaction between 2 groups x\ = 1.1; p=.3O

469/1260 452/1169 -10.3 229.8
( 37.2%) ( 38.7%)
486/1297 422/1201 5.7 226.0
(37.5%) (35.1%)

-4.6 455.8955/2557 874/2370
( 37.3%) ( 36.9%)

Interaction between 2 groups x\= 0.6; p=.45

8.6 228.5486/1276
( 38.1%)
469/1281
( 36.6%)

430/1188
( 36.2%)
444/1182
( 37.6%)

-13.3

-4.7

227.5

456.0955/2557 874/2370
( 37.3%) ( 36.9%)

Interaction between 2 groups x\= 1.1; p=.3O

-4.8 455.9955/2557
( 37.3%)

874/2370
( 36.9%)

Odds Ratio & Cl
Monthly:Weekly

Reduction
(% & SD)

2% sd 6

-2% Sd 8

2% sd 11

- 1 % sd 5

-6% sd 6

10% sd 7

1%Sd 5

(2p=.85)

16% s d 1 1

• 1 % sd 9

-6% sd 8

2% sd 10

1%Sd 5

(2p=.91)

- 1 % sd 5

18% sd 18

4% sd 6

-3% sd 7

1%Sd 5

(2p=.83)

•4% sd 7

6% sd 6

1%sd 5

(2p=.83)

1.0% sd 4.7

(2p=.82)

99% or < £ > 95% confidence intervals

Monthly better Weekly better

Figure 3. Effect of schedule on the risk of recurrence by site, stage, sex, age and treatment subgroups.

from treatment with high-dose FA or from adding leva-
misole to 5-FU-L-FA [10]. In this report we show that
there is also no apparent difference in recurrence rates
or survival when we compare weekly and four-weekly
schedules of 5-FU and FA. This is a non-randomised
comparison and therefore must be treated with consid-
erable caution, but there are a number of features of the
trial which are likely to reduce any systematic bias; the
chemotherapy options (high-dose vs. low-dose FA and

levamisole vs. placebo) were all double blinded and
balanced between schedules at randomisation; demo-
graphic factors which have the potential to influence
prognosis were very evenly balanced in the treatment
groups.

Although recurrence and survival do not appear to
be schedule dependent in QUASAR, there is an impor-
tant difference in toxicity comparing the weekly and
four-weekly schedules. There were highly significantly
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0

-Weekly
• Monthly

p=0.49

0 1 2 3 4 5
Years from randomisation

Number still at risk
Weekly 2370 2175 1847 1310 509 75
Monthly 2557 2356 1980 1433 610 87

Figure 4. Five-year survival for 4927 patients, weekly versus four-
weekly schedule.

increased rates of stomatitis (OR 9.6), neutropenia (OR
7.5) and diarrhoea (OR 1.7) for the five-day bolus regi-
men. This was also manifest in an increased fraction of
patients undergoing dose reductions (42% vs. 17%),
most of which occurred following the first cycle of
therapy in the four-weekly group (Figure 6). At one level,
the dose reduction scheme was effective, as the propor-
tion of patients who went on to complete the planned
course of treatment of 5-FU was similar for four-weekly
(75.3%) and weekly (73.6%) schedules. The projected
total dose of 5-FU delivered in both regimens was 11.1
g/m2 (or about 20 g, given median body surface area of
1.8 m2), although the planned dose intensity of the four-
weekly schedule was higher (463 mg/m2/week) com-
pared to weekly (370 mg/m2/week). The median total
dose of 5-FU delivered was higher in the weekly regimen
(18.3 g vs. 16.8 g, p< 0.001) Table 4, whereas the actual
dose intensity was higher in the four-weekly regimen
(398 mg/m2/week vs. 345 mg/m2/week, P < 0.001).

The uneven pattern of toxicity following treatment in
the four-weekly schedule, skewed significantly towards
first cycle dose reductions (Figure 6), has been reported
in trials of advanced colorectal cancer [19]. Interestingly,
recent analysis of randomised trials in advanced colo-
rectal cancer [20] shows that serious toxicity consequent
to cycle 1 treatment with 5-FU, 425 mg/m2 and D,L-
folinic acid, 20 mg/m2, daily for 5 days (repeated four-
weekly) was more common in the elderly (> 70 years)
and women. This phenomenon was partly seen in QUA-
SAR in that dose reductions were more common in
females (35% vs. 27%; P < 0.0001), as was toxicity:
diarrhoea (OR = 1.46; P < 0.0001), stomatitis (OR =
1.59; P < 0.0001), and neutropenia (OR = 1.34; P - 0.08).
However, dose reductions, or toxicity, were not signifi-
cantly increased for patients over 70: OR = 1.13; P = 0.18.

There is some evidence to suggest that six months
adjuvant therapy is as effective as one-year's treatment
[21], which is an important observation given the fre-
quent patient attrition in adjuvant trials. In the present
study, 70% of patients completed the full course of treat-
ment with the majority of patients coming off treatment
in the second three months (Figure 7b). The apparent

dip at the end of each curve was due to odd individual
doses being missed because of public holidays, etc. Dose
reductions for conventional toxicity do not reflect this
pattern (Figure 7a), with an even decrement in 5-FU
dose with time, apart from the stepped decrease in dose
following the first cycle of the four-weekly treatment.
This implies that there may be underlying chronic or
cumulative toxicity which is not amenable to the dose
reduction scheme used to compensate for acute toxicity.
There was no obvious excess of cardiac or neurological
events, but cumulative fatigue is often under-reported
and may have been a contributory factor.

The concept of dose intensity and its importance to
outcome in adjuvant trials of colorectal cancer has been
reviewed [22]. In that analysis the authors attempted to
relate the planned, total dose of 5-FU to outcome of
adjuvant chemotherapy for Dukes' B and C colorectal
cancer using available published trials. They found that
the greatest improvement in survival was in studies in
which the largest dose of 5-FU was planned, particu-
larly over the first three months. Their review excluded
trials involving 5-FU and folinic acid, they did not
obtain individual data sets from the trials involved in
their analysis and data on the actual dose administered
were not available.

There is no clear consensus as to the optimal combi-
nation schedule of 5-FU and FA to be used in an
adjuvant setting for colorectal cancer patients. A num-
ber of different regimens have been used [2-8], but there
are no randomised comparisons, apart from QUASAR,
which have controlled for drug dose (either 5-FU or FA)
or schedule using bolus administration. There are trials
underway, or recently completed, exploring bolus vs.
prolonged infusional 5-FU regimens, building on inter-
esting results in advanced disease [13, 14], but these have
not yet been formally reported.

At first glance these results seen somewhat surpris-
ing. Not the differential toxicity in favour of the weekly
schedule, but rather the fact that both schedules seem to
be equally effective in terms of recurrence and survival.
There is good pre clinical evidence that 5-FU is most
effective at killing dividing cells in the DNA synthetic or
S-phase of the cell cycle [11, 12]. This applies both in
vitro and in vivo, but raises the question of comparability
or relevance of murine tumour model systems to solid
human tumours given the large differences in cell growth
kinetics. Nevertheless, when prolonged infusions of 5-FU
have been compared to bolus therapy in patients with
advanced colorectal cancer, meta-analysis of randomised
clinical trials shows a significant increase in tumour
response and marginal survival benefits for extended
exposure to 5-FU, in keeping with the cell kinetic
hypothesis [14]. There is less evidence to show that
frequent intermittent schedules are superior to infre-
quent intermittent schedules. In a literature review of
all published data of FA and 5-FU intravenous bolus
therapy in advanced colorectal cancer with comparable
dose intensity, an attempt was made to characterise the
possible differences of the variations of schedules used
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Events/Patients Monthly events
Monthly Weekly (O-E) Var.

Colon

Rectum or both

Stage A/B

Stage C

Males

Females

567/1747
( 32.5%)
300/810
( 37.0%)

546/1611
( 33.9%)
276/759
( 36.4%)

-14.2

0.5

277.6

143.7

Interaction between 2 groups x]= 0.3; p=.59
•0.2 64.1141/741

( 19.0%)
726/1816
( 40.0%)

118/633
( 18.6%)
704/1737
{ 40.5%)

-6.7 357.2

Interaction between 2 groups x*= 0.0; p=.91
12.5 257.1537/1490

( 36.0%)
330/1067
( 30.9%)

492/1418
{ 34.7%)
330/952
( 34.7%)

Subtotal:

-25.1

-12.6

164.0

421.1

<50 yrs

50-59 yrs

60-69 yrs

70+ yrs

867/2557 822/2370
( 33.9%) ( 34.7%)

Interaction between 2 groups x\= 4.1; p=.O4
-13.5 52.2

Subtotal:

Clear indication

Uncertain indication

Levamisole

No levamisole

Subtotal:

High dose folinic acid

Low dose folinic acid

Subtotal:

Unstratified

105/407
( 25.8%)
225/696
( 32.3%)
338/974
( 34.7%)
199/480
( 41.5%)

867/2557
( 33.9%)

107/344
(31.1%)
196/603
( 32.5%)
331/958
( 34.6%)
188/465
( 40.4%)

822/2370
( 34.7%)

2.2

-1.5

3.1

-9.7

104.9

167.2

96.7

421.0

Heterogeneity between 4 groups x\= 3.4; p=.33
-2.5 398.1819/2229

( 36.7%)
48/328

( 14.6%)

775/2091
(37.1%)
47/279

( 16.8%)
-5.5 23.3

Interaction between 2 groups X* = 1-2; p=.28
-5.8 215.8440/1260

( 34.9%)
427/1297
( 32.9%)

424/1169
( 36.3%)
398/1201
( 33.1%)

822/2370
( 34.7%)

•8.1

-13.9

205.5

421.3867/2557
( 33.9%)

Interaction between 2 groups x]= 0.0; p=.9O
6.8 212.7448/1276

( 35.1%)
419/1281
( 32.7%)

404/1188
( 34.0%)
418/1182
( 35.4%)

867/2557
( 33.9%)

-20.8

-14.0

208.6

421.3822/2370
( 34.7%)

Interaction between 2 groups x\= 1.8; p=.18
-14.0 421.4867/2557

( 33.9%)
822/2370
( 34.7%)

99% or < £ > 95% confidence intervals

Odds Ratio & Cl
Monthly:Weekly

<J
1 I

Reduction
(% & SD)

5% sd 6

-0% sd 8

0% sd 12

2% sd 5

-5% sd 6

14% sd 7

3% Sd 5
(2p = .54)

23% sd12

-2% sd 10

1% sd 8

-3% sd 10

2% sd 5
(2p=.64)

1% sd 5

21% sd 18

3% sd 7

4% sd 7

3% sd 5
(2p=.5O)

-3% sd 7

9% sd 7

3% sd 5
(2p=.5O)

3.3% sd 4.8
(2p=.5O)

I I I I I

0.0 0.5 10 1.5

Monthly better Weekly better

2.0

Figure 5 Effect of schedule on survival by tumour site, stage, sex. age and trial arm subgroups.

[23]. The antitumour activity increased significantly
from 19% to 30%-35% when the two drugs were used
concomitantly in multiple fractions per cycle rather than
on a single day. However, fractionation changed the type
of dose-limiting toxicity from haematologic and neuro-
logic to gastrointestinal side effects. The different sched-
ules did not differ significantly in the overall frequency
of severe toxicities; however, these between trial com-
parisons may be biased by patient selection factors, and
the authors of this study felt that recommending a
certain schedule outside of controlled trials should be

done cautiously [23]. The similar outcome with the once-
weekly and four-weekly schedules in QUASAR shows
their cautious interpretation was appropriate. The phar-
macology of 5-FU is relatively well understood and there
are some data to suggest that the molecular mechanism
of 5-FU differs according to mode of administration,
with a greater degree of DNA inhibition following bolus
delivery and RNA inhibition with prolonged exposure.
Therefore, not only might the method of drug adminis-
tration influence its capacity to kill cycling cells, but also
its fundamental mechanism of action.
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Figure 6. Timing of first dose reduction.
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Figure 7. (a) Mean dose for courses received: (b) number of doses
received.

One hypothesis worth considering is akin to Zeno's
dialectic of the 'Tortoise and the Hare', in that the total
amount of 5-FU delivered was higher for the weekly

(tortoise) rather than the more dose intensive, rapidly
delivered four-weekly (hare) schedule. This is related to
the greatly increased incidence of toxicity driven dose
reductions in the four-weekly schedule which resulted
ultimately in a lower total delivered dose of 5-FU.
Clearly the weekly dose of 5-FU in the QUASAR study
is lower than those doses used in other weekly regimens
[2-8], and it is likely that the dose of 5-FU could be
increased, no doubt at the cost of increased toxicity. The
lack of any apparent differences in efficacy between the
two schedules raises the question of whether they were
equally effective or equally ineffective. The latter seems
unlikely as, although the absolute survival differences
are moderate, the controlled trials of 5-FU-FA versus
no chemotherapy collectively demonstrate a highly sig-
nificant benefit. In addition the IMPACT trials group
used the same regimen as the QUASAR high-dose
regimen (5-FU 370 mg/m2 and FA 200 mg/m2 daily
for five days every four weeks) and showed a signifi-
cant survival benefit for this chemotherapy versus con-
trol.

One could conceive of a randomised trial comparing
5-FU 370 mg/m2 and FA 20 mg/m2 either by weekly or
four-weekly schedules but with a dose escalation scheme
added that would allow 15% increments in dose until
grade 2 (assumed tolerable) toxicity was reached. This
might be the truest way to determine the optimal dose of
weekly 5-FU in combination with low dose folinic acid
in a large population based trial, however it is inherently
difficult to run trials with dose escalation steps unless
there is a very committed clinical work force.

There is still a substantial debate about which group
of colorectal cancer patients derive enough benefit from
chemotherapy to justify its cost and toxicity. Of particular
interest is the role of systemic adjuvant chemotherapy for
Dukes' stage B and rectal cancer patients. The ongoing
QUASAR 1 study should shed light on these issues.
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