European FJournal of Cancer, Vol. 324, Suppl. 5, pp. $7-812, 1996

Copyright ©) 1996 Elsevier Science Ltd. All rights reserved

Pergamon Printed in Great Britain
0959-8049/96 $15.00+0.00

PII: S0959-8049(96)00330-9

Modulated 5-Fluorouracil (5-FU) Regimens in Advanced Colorectal
Cancer: A Critical Review of Comparative Studies
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Several modifications to the administration schedule of 5-fluorouracil (5-FU) alone or in combination with other
agents have been investigated in advanced colorectal cancer. Biochemical modulation of 5-FU with leucovorin
(LV) increases reponse rate compared with 5-FU alone, but without improvement of overall survival. The best
treatment schedule and optimal dose of LV remain unclear, although low doses seem equally as effective as high
doses, with the advantage of reduced cost. Methotrexate can increase the activity of 5-FU to a similar degree as
LV and a recent meta-analysis showed a slight improvement in survival. The combination of 5-FU + interferon
has been disappointing, with phase III trials showing similar activity to 5-FU + LV, but with high toxicity. Other
modulators (e.g. hydroxyurea, N-phosphonacetyl-L-aspartate, dipyridamole) show promising but sometimes
conflicting results. Standardisation of assessment criteria should be considered when comparing these data to
the activity of new drugs such as ‘“Tomudex’™ (raltitrexed, previously known as ZD1694), CPT-11 and oxaliplatin.
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INTRODUCTION position of potentiated 5-FU. Given the large number of pub-

THE oPTIMAL treatment for advanced colorectal cancer has not  lished comparative trials, this article aims to provide a critical
yet been established: usually, this disease has been regarded as  analysis of selected important papers, rather than an exhaustive
poorly chemosensitive and the drug of choice has been, for  review of all publications.
more than 30 years, 5-fluorouracil (5-FU). However, the
reported objective response rate (OR) using belus intravenous LEUCOVORIN + 5-FU
(i.v.) administration has been only 10-15%, with a median An increased inhibition of thymidylate synthase (TS) is the
overall survival of 1 year [1]. Several attempts at increasing the  rationale for this modulation. The administration of folic
activity of 5-FU have been made, chiefly through schedule coenzymes, precursors of S, 10-CH,-FH; acid, increases in-
modifications and addition of biochemical modulators. tracellular levels of this cofactor, leading to enhanced formation

Amongst the changes in the schedule of administration, of  and retention of the ternary complex with fluoro-deoxyuridine-
particular importance has been the use of longer low-dose  monophosphate (FAUMP) and TS. This subsequently en-
infusions [2] and the administration of the drug according toan  hances the inibition of DNA synthesis. The first successful trial
optimal circadian rhythm [3]. Several drugs have been em- in clinical oncology was performed by Machover and associates
ployed as biochemical modulators, both in experimental and  [4] and demonstrated high activity (approximately 40% OR).
clinical studies, in order to increase the therapeutic index of This has been confirmed by other phase II studies. The
5-FU. The most interesting agents in the clinic so far have regimen consisted of 200 mg/m? LV i.v. bolus immediately
been: folinic acid or leucovorin (LV), alpha-interferon (IFN), followed by 5-FU (370 mg/m? i.v. in 15-min infusion), both
methotrexate (MTX), N-phosphonacetyl-L-aspartate (PALA), drugs being given for 5 consecutive days with a 21-day interval.
hydroxyurea, dipyridamole and allopurinol. The other classic regimen was designed at Roswell Park

The development of 5-FU analogues (ftorafur, doxifluridine, ~Memorial Institute (RPMI) in Buffalo [5]: patients received LV
uracil-tegafur [UFT]) and of innovative compounds (“Tomu- (500 mg/m?%day in a 2-h infusion) and 5-FU (600 mg/m?*/day
dex’™=* irinotecan [CPT-11], oxaliplatin) has increased the i.v. bolus at mid-infusion), with both drugs given weekly for
number of active drugs available to the medical oncologist. 6-8 weeks. The activity was similar to that reported for the
However, a critical review of phase III studies evaluating the previous schedule [4]. The dose-limiting toxicity was diarrhoea
biochemical modulation of 5-FU is needed to assess the current  rather than the mucositis seen with the Machover regimen {5].
Other studies have employed a continuous infusion or oral
Correspondence to R. Labianca. administration of LV, which may produce selective absorption
* “Tomudex” is a trademark, the property of Zeneca Limited. of the active 1-isomer [6].
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Table 1. Randomised clinical trials of LV + 5-FU versus 5-FU

No. of

patients Schedule % CR + PR Survival Reference

82 5-FU 600 mg/m’? + LV 500 mg/m’ weekly versus 5-FU  16% versus 5% (P = 0.05) No significant difference [10]
600 mg/m?> weekly

318 5-FU 600 mg/m? + LV 500 or 25 mg/m?” out of § weeks 30.3% versus 18.8% versus 12.1% 55 versus 45 versus 46 weeks [11]
versus 5-FU 500 mg/m* X S every 4 weeks P < 0.01) P =0.08)

44 5-FU 600 mg/m? + LV 500 mg/m? 6 out of 8 weeks 48% versus 11% (P = 0.0009)  No significant difference [8]
versus 5-FU 450 mg/m? X 5 (P = 0.6)

153* 5-FU 400 mg/m? X S + LV 200 mg/m? X 5 every 4 weeks 18.8% versus 17.3% (P = 0.4) 24 versus 20 weeks (P = 0.4) [11]
versus 5-FU 480 mg/m? followed by 600 mg/m?*/week

181 5-FU 400 mg/m? X 5 + LV 200 mg/m? X 5 every 4 weeks 15% versus 16% 25 versus 21 weeks [12]
versus 5-FU 540 mg/m? x 5

182 5-FU 400 mg/m? X 5 + LV 200 mg/m? X 5 every 4 weeks 20.6% versus 10% (P = 0.046) 46 versus 44 weeks [13]
versus 5-FU 400 mg/m? X S every 4 weeks

208 5-FU 370 mg/m® x S + LV 20 or 200 mg/m® x 5 43% versus 26% versus 10% 53 versus 52 versus 34 weeks [14]
versus 5-FU 500 mg/m? X 5 (P = 0.001) P = 0.05)

74 5-FU 370 mg/m® X 5 + LV 500 mg/m? X 5 every 4 weeks
versus 5-FU 370 mg/m?® x §
124 SFU 370 mg/m? X 5 + LV 200 mg/m?® x S versus SFU
370 mg/m® X 5
64 SFU 600 mg/m? + LV 200 mg/m? weekly versus SFU
600 mg/m* weekly

44% versus 13% (P = 0.0019)

62 versus 55 weeks (P = 0.25) [15]

33% versus 7% (P < 0.0005) 54 versus 41 weeks [16]
(P = 0.05)t
26.4% versus 3.3% No significant difference [17]

* Randomisation 2:1. T Not confirmed in a further analysis.

From a review of 22 phase II studies of LV + 5-FU, an OR
(complete [CR] or partial [PR]) was achieved in 177 of 730
evaluable patients (24%) [7]. On the basis of these promising
results, at least 10 phase III trials comparing LV + 5-FU to
5-FU alone were performed and published from 1987 t0 1992 in
North America and Europe [8-17]. Table 1 provides an outline
of these trials. They can be divided into two groups, one
evaluating the RPMI weekly intensive regimen [5] and the
other the daily-times-five combination designed by Machover
[4]. A significant advantage in terms of OR was observed for
LV + 5-FU in 8 out of 10 studies, whilst in the remaining two,
the activity was similar to that of 5-FU alone. In one study only,
North Central Cancer Treatment Group INCCTG), a prolonga-
tion of survival was reported [14]. In the same trial a favourable
impact on quality of life (pain relief and improvement of
performance status) was also observed. Considering all trials,
up to 75-80% of patients treated with this combination failed to
achieve an OR and there was significant toxicity, chiefly
diarrhoea and mucositis. Despite this rather modest advantage
over 5-FU alone, the general opinion amongst medical oncolog-
ists after the final publication of these trials was that LV +
5-FU represented a step forward in the treatment of advanced
colorectal cancer.

These studies formed the basis for the evaluation of LV +
5-FU as adjuvant therapy, with positive results reported in at
least four studies [18-21] in North America and Europe. A
strict meta-analysis [22] has considered all the aforementioned
studies (with the exception of the NCCTG trial). In this
analysis of 1381 patents, there was a significant advantage of
LV + 5-FU versus 5-FU alone in terms of OR (odds ratio =
0.44), with a slight superiority of weekly compared with
monthly regimens (odds ratio = 0.31 and 0.58, respectively).
However, no difference was detected for overall survival (odds
ratio = 0.97).

An important issue in the biochemical modulation of 5-FU
with LV concerns the dose of LV needed for optimal potentia-
tion. Whilst high doses seem to be required for the weekly

schedule, in the daily-times-five regimen low doses appear to be
at least equally effective in terms of response rate, symptomatic
relief and overall survival. Several studies have performed a
direct comparison between two dose levels within the same
regimen and in the weekly and monthly schedules (Table 2) [9,
14, 23-28]. An important study [26] has compared the low-dose
daily-times-five schedule developed by the Mayo Clinic with
the high-dose weekly regimen designed at RPMI. The authors
concluded that the low-dose modulation had similar activity to
the high-dose schedule, but with less life-threatening toxicity
and lower costs, and should be preferred both in clinical
practice and as a reference arm in clinical trials.

Although the low-dose monthly regimen is considered the
standard treatment for advanced colorectal cancer in North
America and is also widely used in Europe, there is still much
debate about the optimal dosage of LV [29-31]. Additionally, a
lower response rate has been recently reported for this regimen
compared with the high-dose L-isomer of LV [25], a higher
dose combination of LV + 5-FU [27] or the new potent
inhibitor of TS, ‘Tomudex’ [32]. A similar trend has been
observed in a large seven-arm study recently published by the
South West Oncology Group (SWOG) [28]. A meta-analysis,
based on individual patient data of all trials comparing low-dose
with high-dose LV as modulator of 5-FU in advanced colorectal
cancer, has been planned by the Meta-Analysis Group In
Cancer (MAGIC).

METHOTREXATE + 5-FU

MTX appears to have little activity as monotherapy in the
treatment of advanced colorectal cancer [7]. However, it can
potentiate the activity of 5-FU through an increase of 5-
phosphoribosyl-1-pyrophosphate, which is required for the
conversion of 5-FU into its active metabolites. The combina-
tion of MTX and 5-FU, generally with LV rescue, has been
evaluated in phase I-1II studies [8, 11, 14, 33-39]. A compari-
son of the various regimens is difficult because of the lack of
uniformity in dosage of MTX and 5-FU, differences in the
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Table 2. Randomised clinical trials comparing low-dose with high-dose LV as modulator of 5-FU in advanced colorectal cancer

Institution Low-dose LV + 5-FU

High-dose LV + 5-FU

GITSG [9] LV 25 mg/m? (10-min infusion)
5-FU 600 mg/m? i.v.
LV 20 mg/m? (2-h infusion)

5-FU 500 mg/m? i.v.

PALL I Study Group [23]

NCCTG [14] LV 20 mg/m? i.v.
5-FU 370-425 mg/m? i.v.
NCCTG [24] LV 20 mg/m? i.v.

5-FU 425 mg/m? i.v.

L-LV 10 mg/m? i.v.

5-FU 370 mg/m? (15-min infusion)
LV 20 mg/m? i.v.

5-FU 425 mg/m® i.v.

LV 20 mg/m? i.v.

5-FU 425 mg/m? i.v.

GISCAD [25]
NCCTG [26]

FFCD/GERCOD/SFNMI [27]

SWOG [28] LV 20 mg/m? i.v.

5-FU 425 mg/m? i.v.

LV 20 mg/m? i.v. every week
5-FU 200 mg/m? continuous

infusion, day 1-28, every 5 weeks

weekly (6/8)
weekly

X 5 days every

LV 500 mg/m? (2-h infusion)
5-FU 600 mg/m? i.v.

LV 500 mg/m? (2-h infusion)
5-FU 500 mg/m? i.v.

LV 200 mg/m? i.v.

weekly (6/8)
weekly

X S days every

4-5 weeks 5-FU 370 mg/m? i.v. 4-5 weeks
x 5 daysevery LV 200 mg/m? i.v. x 5 days every
4-5 weeks 5-FU 370 mg/m? i.v. 4-5 weeks
X 5 daysevery L-LV 100 mg/m? i.v. X 5 days every
4 weeks 5-FU 370 mg/m? (15-min infusion) 4 weeks
x 5 days every LV 500 mg/m? (2-h infusion) weekly
4-5 weeks 5-FU 600 mg/m? i.v. (6/8)
x 5 daysevery LV 200 mg/m? (2-h infusion) days 1-2 every
4 weeks 5 FU 400 mg/m?” i.v. + 600 mg/m?* 2 weeks
(22-h infusion)
x 5 days every LV 500 mg/m? (2-h infusion) weekly

4-5 weeks

5-FU 600 mg/m? i.v.

GITSG, Gastrointestinal Tumour Study Group; NCCTG, North Central Cancer Treatment Group; GISCAD, Gruppo Italiano Studio Carcinomi
Apparato Digerente; FFCD, Fondation Francaise de Cancerologie Digestive; SWOG, South West Oncology Group.

interval of administration between the two drugs and variations
in the interval between courses. One critical point concerns the
time between exposure to MTX and subsequent administration
of 5-FU; in experimental models (human cell lines) the optimal
interval has ranged from 18 to 24 h [7]. Several phase II studies
have indicated good activity with this combination, and this
promising observation has prompted phase III evaluation of
this schedule (Table 3). The most important study was con-
ducted by the Nordic Gastrointestinal Tumour Adjuvant Ther-
apy Group [33] in which 249 patients were randomised to
receive either (i) MTX (250 mg/m? i.v. X 2 h) + 5-FU (500
mg/m? i.v. push at 3 h and 23 h) + rescue with LV (15 mg X 8,
beginning at 24 h), or (i) 5-FU (600 mg/m? X 2 consecutive
days). The therapy was repeated every 14 days for eight
treatment cycles and then every 4 weeks. The combination was
significantly superior to 5-FU in terms of response rate (24%
versus 3%, P = 0.0001), median survival (8.5 versus 6 months,
P < 0.01) and palliative effect (45% versus 23%, P = 0.01). A
recent meta-analysis by the Advanced Colorectal Cancer Meta-
Analysis Project group performed on phase III trials has
compared MTX + 5-FU £ LV with 5-FU alone [34] and has
demonstrated a superiority of the combination in terms of
response rate (19% versus 10%) and overall survival (median
10.7 versus 9.1 months). A prolonged interval (e.g. 24 h)
between administration of the two drugs permits adequate
biomodulation of 5-FU with a relatively low dose of MTX, thus
reducing the risk of side effects [40].

ALPHA-INTERFERON + 5-FU

After promising experimental data [41], the first clinical
study was reported in 1989 by Wadler [42]. In this phase II
trial, 17 previously untreated patients received a loading course
of 5-FU (750 mg/m? by continuous i.v. infusion daily for 5
days), followed by a 1-week interval, then weekly bolus therapy
at 750 mg/m?. Alpha-2a IFN was administered subcutaneously
at a dose of 9 x 10° IU three times weekly, starting on day 1. A
very high response rate (76%) was reported and this observation

was confirmed in a subsequent update by the same author [43].
Although the toxicity was severe (two toxic deaths were
reported), these interesting results generated several confirma-
tory studies [44, 45], some of which obtained a similar activity
[45], whilst others found a lower response rate [45]. However,
the toxicity was considerable in all of these trials. In other phase
II trials, a modification of the original schedule was introduced,
or a double modulation of 5-FU with both IFN and LV was
attempted. A response rate of approximately 20-30% was
obtained from these complex data, but was coupled with a high
incidence of severe toxicity [46-50]. These studies show that
IFN has only a limited capability of increasing 5-FU activity
and that this small advantage is not superior to that achieved,
with less toxicity, by LV.

OTHER MODULATORS

PALA acts on r-aspartic acid transcarbamoylase to block
de novo synthesis of pyrimidines. This depletes the non-
fluorinated pool of uracil nucleotides, altering the competition
for TS between FAUMP and dUMP, thus enhancing blockade
of the enzyme. As little as 250 mg/m’ PALA is capable of
suppressing uracil synthesis for as long as 1 week. Based upon
the encouraging results of a phase I study with weekly courses
of PALA followed 24 h later by 5-FU (2.6 g/m? in 24 h
infusion), O’Dwyer [51] tested this schedule in a phase II trial
and obtained a 43% response rate in 37 patients. This apparent-
ly promising regimen has been recently challenged in a random-
ised study [27] and showed a discouraging response rate of only
15%.

Dipyridamole inhibits the efflux of 5-FU nucleosides (FUrd
and FdUrd). However, no advantage in terms of antitumour
activity was observed in a randomised trial comparing 5-FU +
LV versus 5-FU + LV + dipyridamole [52].

ALTERNATING REGIMENS
Preclinical and clinical studies, conducted at the National
Cancer Institute of Genoa, indicated that 5-FU can act in two
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Table 3. Randomised trials comparing 5-FU alone with 5-FUI/MTX in patients with advanced colorectal cancer
Group S-FU alone 5-FU/MTX
EORTC [34] 5-FU 60 mg/kg over 48 h, every 7 days X 4, every 14 days MTX 40 mg/m?; 5-FU 60 mg/kg over 48 h; every 7 days X
X 4, and then every 21 days (n = 156) 4, every 14 days X 4, and then every 21 days (n = 154)
NGTATG [33] 5-FU 600 mg/m’ days 1 and 2, every 14 days X 8, then MTX 250 mg/m? over 2 h; 5-FU 500 mg/m® at 3 h and
every 21-28 days (n = 127) 23 h; LV at 24 h; every 14 days X 8, then every 21-28 days
(n=122)
NCCTG/Mayo 5-FU 500 mg/m?” days 1-5, every 35 days (n = 70) MTX 40 mg/m?, 5-FU 700 mg/m? at 24 h, days 1 and 8
Clinic {14] - every 28 days (n = 71)
MTX 200 mg/m? over 4 h; 5-FU 900 mg/m? at 7 h; LV
dose at 24 hours, every 21 days X 2, then every 28 days
n=71)
AIOQ [35] 5-FU 450 mg/m? days 1-5, every 21 days (n = 82) MTX 300 mg/m? over 4 h; 5-FU 900 mg/m? at 7 h; LV
dose at 24 h, every 14 days X 3, then every 21 days (n = 88)
NCOG[11] 5-FU 12 mg/kg/day, days 1-5, then 15 mg/kg/day, day 1, MTX 50 mg/m?” orally every 6 h x 5; 5-FU 500 mg/m? at
every 7 days (n = 55) 24 h; LV at 30 h, every 14 days (n = 103)
GOCS [36] 5-FU 1200 mg/m? over 2 h, every 14 days (n = 61) MTX 200 mg/m?; 5-FU 1200 mg/m® over 2 hat 20 h; LV
dose at 24 h, every 14 days (n = 64)
Mar del Plata [37] 5-FU 500 mg/m’ days 15, then 5-FU 500 mg/m? day 1, MTX 50 mg/m?; LV 150 mg/m? i.v. over 6 hat 12 h; 5-FU
every 7 days (n = 33) 600 mg/m? at 18 h, every 14 days (n = 28)
Spain [38] 5-FU 1200 mg/m?’ day 1, every 14 days (n = 33) MTX 500 mg/m? over 1 h; LV 200 mg/m?i.v. over 1 hat
10 h; 5-FU 600 mg/m?, every 14 days (n = 26)
RPMI [8] 5-FU 450 mg/m? days 1-5 + 5-FU 200 mg/m? every other ~ MTX 50 mg/m? over 4 h, then 5-FU 600 mg/m°, every 7

day X 6 doses, every 46 days (n = 23)

days X 4, then every 14 days (n = 23)

Note: Treatment groups other than 5-FU or 5-FU/MTX are not shown. Mode of administration is i.v. bolus, unless otherwise specified.
EORTC, European Organization for Research and Treatment of Cancer; NGTATG, Nordic Gastrointestinal Tumour Adjuvant Therapy Group;
AIO, Association of Medical Oncology of the German Cancer Society; NCOG, Northern California Oncology Group; GOCS, Grupo Oncologico
Cooperativo del Sur, Argentina; RPMI, Roswell Park Memorial Institute.

Reprinted by permission of W.B. Saunders Company, from the Advanced Colorectal Cancer Meta-Analysis Project, ¥ Clin Oncol 1994, Vol 12,

Pp. 960-969.

different ways according to the schedule of administration and
the specific modulator employed [53, 54]. In particular, 5-FU
bolus, modulated by MTX, can be successfully alternated with
5-FU administered by continuous infusion and modulated by
weekly low-dose LV. In a phase II trial the response rate
exceeded 40%, with an apparent increase in overall survival
[55]. This exciting hypothesis is now being explored in a phase
IIT study (Genoa, GISCAD Italian Group for the Study of
Digestive Tract Cancer, collaborating centres), comparing this
innovative strategy to MTX + 5-FU.

CONCLUSIONS

The biochemical modulation of 5-FU is one of the most
interesting strategies developed in recent years for the treat-
ment of colorectal cancer. Experimental data provided a
rationale and prompted its evaluation in the clinical setting.
Several phase II trials with various agents demonstrated a
promising activity, even though toxicity was significant in
many studies. In phase III trials, however, evaluation of this
treatment in comparison to standard chemotherapy (5-FU
alone) led to less positive results. In general, the advantage of
modulated 5-FU over 5-FU as monotherapy is limited (usually
only in terms of response rate and not overall survival) and this
appears to be of little value in the treatment of advanced
colorectal cancer. However, this small improvement is impor-
tant for the outcome of this strategy in the adjuvant setting, as
demonstrated by several studies, chiefly in combination with
Lv.

For optimal biochemical modulation, several issues (e.g.
patient selection, optimum dose and schedule, minimisation
and management of toxicity) need to be clarified. An obvious

first step would be to use a less empirical choice of schedule.
Closer interaction between laboratory and clinic could be seen
as mandatory. Moreover, in interpreting the clinical results, it
must be realised that several factors can influence the outcome
of treatment. Such factors include patient selection, definition
and application of response criteria, variable assessment of
progression or response, whether an independent review of
response was included, fluctuations in drug-dose intensity, and
differences in administration and statistical interpretation of the
results. This is also important to bear in mind when biochemic-
al modulation is compared with new drugs.

At present, no standard chemotherapeutic regimen can be
recommended for advanced colorectal cancer. The choices
seem to lie between giving 5-FU alone in appropriate dosage
schedules, biochemical modulation of 5-FU or with the promis-
ing new drugs. An in-depth knowledge of the comparative
studies mentioned in this article and of other emerging data
may help the medical oncologist in clinical decisions for
individual patients and in the design of new trials.
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