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Clinical efficacy of 'Tomudex' (raltitrexed) in advanced

colorectal cancer
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Direct and specific thymidylate synthase inhibitors, such as
raltitrexed ("Tomudex', formerly ZD1694), provide a promis-
ing new therapeutic approach to the treatment of advanced
colorectal cancer.Two international phase Il trials (studies 3
and 12) compared raltitrexed (3 mg/m? with 5-fluorouracil
plus low-dose leucovorin or plus high-dose leucovorin, re-
spectively. Study 3 included a 15.5-month follow-up for effi-
cacy and a 26-month follow-up for survival. Results of an in-
terim analysis for study 12 are presented. Objective tumour
response rates for each treatment group were comparable in
both studies 3 (P=0.48) and 12 (P=0.896). The median time
to progression was similar between treatments in study 3
(P=0.44), but was significantly longer for 5-fluorouracil + leu-
covorin compared with raltitrexed in study 12 (5.1 versus 3.9
months, P=0.005). The median survival (raltitrexed versus 5-
fluorouracil + leucovorin) was comparable in both studies 3
(10.1 versus 10.2 months, P=0.42) and 12 (10.7 versus 11.8
months, P=0.36). Palliative benefits were similar between
treatments in both studies. A third phase Il trial (study 10),
carried out in North America, demonstrated a statistically sig-
nificantly longer median survival for 5-fluorouracil + leuco-
vorin compared with raltitrexed (12.7 months versus 9.7
months; P=0.01). However, the possible unfamiliarity of the
clinicians with raltitrexed and the early discontinuation of a
4 mg/m? raltitrexed arm due to toxicity may have led to an
unconscious investigator bias in this trial, leading to a non-
protocol-led withdrawal of patients from the study. Overall,
raltitrexed is comparable with standard 5-fluorouracil + leu-
covorin therapy in terms of response rates and overall sur-
vival, and has a more convenient dose schedule.
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Treatment of advanced colorectal cancer

Current standard therapy for advanced colorectal cancer
involves combinations of 5-fluorouracil and leucovorin.
The optimal treatment regimen for 5-fluorouracil + leuco-
vorin combinations has still to be established: the Mayo
(North Central Cancer Treatment Group) protocol of
5-fluorouracil combined with low-dose leucovorin has
been described as an acceptable treatment for advanced
colorectal cancer and is the only regimen to demonstrate
a survival benefit over 5-fluorouracil alone, but other com-
bination regimens, such as the Machover regimen of
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5-fluorouracil with high-dose leucovorin, or continuous
5-fluorouracil infusions are also frequently used [1-5].

The inhibition of thymidylate synthase accounts for at
least part of the cytotoxic efficacy of 5-fluorouracil + leu-
covorin, but toxicity may arise from the interaction of 5-
fluorouracil metabolites with other celtular systems, such
as RNA synthesis [6]. Administration of 5-fluorouracil +
leucovorin requires frequent hospital visits. Effective drug
therapy, available in a form which is more straightfor-
ward and convenient to administer than 5-fluorouracil +
leucovorin, is required. Raltitrexed ("Tomudex', formerly
ZD1694) is a direct, specific thymidylate synthase inhib-
itor which is currently being evaluated in a range of solid
tumours (7). This report compares the clinical efficacy of
raltitrexed and 5-fluorouracil + leucovorin in patients with
advanced colorectal cancer.

Phase Il studies

A phase 11 study [8], carried out in Europe in 176 patients
with advanced colorectal cancer treated with 3 mg/m?
raltitrexed, demonstrated an overall objective response
rate of 26% (95% confidence interval 19-33%), and a me-
dian survival of 11.2 months (95% confidence interval
9.6-13.1 months). On the basis of this study, two large,
randomized comparative international phase I1I trials were
conducted in a number of European countries, South Af-
rica and Australia. In study 3, 3 mg/m? raltitrexed given
as a 15-min infusion once every 3 weeks was compared
with the Mayo regimen [9] of 5-fluorouracil (425 mg/m?
and low-dose leucovorin (20 mg/m?), in 439 patients. In
study 12, 3 mg/m? raltitrexed was compared with the
Machover regimen [1] of 5-fluorouracil (400 mg/m?® plus
leucovorin (200 mg/m?), in a total of 495 patients.

The development of raltitrexed in North America fol-
lowed a different path, beginning with a phase I dose-
finding study and then progressing directly to a phase III
comparative trial (study 10), in which raltitrexed was
compared with the Mayo regimen of 5-fluorouracil + leu-
covorin. Study 10 differed in design from the other phase
111 studies by originally including a 4 mg/m? raltitrexed
arm. The use of a higher dose was based on the results
of a phase I study in North America, which suggested
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Table 1. Objective response rates in phase Ill trials

Study 3 Study 10 Study 12
Raltitrexed 5-FU+LV (L) Raltitrexed 5-FU+LV (L) Raltitrexed 5-FU+LV (H)
(n=223) (n=216) (n=217) (n=210) (n=247) (n=248)

Complete response (%) 3.6 37 2.8 1.4 3.2 3.6
Partial response (%) 15.7 13.0 11.5 13.8 15.4 14.5
Overall response rate

Complete + partial (%) 19.3 16.7 14.3 15.2 18.6 18.1
Stable disease (%) 35.0 32.4 33.2 40.0 51.4 52.4

Raltitrexed was given at a dose of 3 mg/m? every 3 weeks. 5-FU+LV (L), 5-fluorouracil at 425 mg/m? per day plus leucovorin at 20 mg/m2 per day for 5
days every 4-5 weeks (Mayo regimen); 5-FU+LV (H), 5-fluorouracil at 400 mg/m2 per day plus leucovorin at 200 mg/m? per day for 5 days every 4 weeks
(Machover regimen). Odds ratios (95% confidence intervals) and significance values for differences between treatments in overall response rate: study
3: 1.2 (0.73-1.97), P=0.48; study 10: 0.86 (0.50-1.49), P=0.597; study 12: 1.03 (0.65-1.63), P=0.896.

that the maximum tolerated dose of raltitrexed was
4.5 mg/m? [10]. However, unacceptable toxicity in pa-
tients randomized to the 4 mg/m? dose of raltitrexed
caused a temporary suspension of the trial, which con-
tinued as a two-arm trial in 427 patients, following
notification of investigators and discontinuation of the
4 mg/m? arm. Subsequent analysis was based on the two-
arm study.

The doses of 5-fluorouracil + leucovorin used in all
three trials were selected as those which had demon-
strated optimal efficacy in published studies. In each case,
the two drugs were given as rapid injections once a day
for 5 days, repeated once every 4 or 5 weeks. The mini-
mum follow-up for an objective response was 15.5 months
in study 3 and 12 months in study 10; for study 12 a 9-
month interim analysis is presented. Follow-up for sur-
vival was 26 months in study 3, 12 months in study 10
and 9 months in study 12 (interim analysis). All analyses
were performed on an intent-to-treat basis and the treat-
ment groups were well balanced demographically.

Objective response

Objective responses occurring in the phase IIl studies are
shown in Table 1. The proportion of patients achieving a
complete response to treatment in study 3 was 3.6% for
raltitrexed and 3.7% for 5-fluorouracil + leucovorin. Simi-
lar results were obtained in study 10, where 2.8% of ralti-
trexed patients and 1.4% of 5-fluorouracil + leucovorin
patients achieved a complete response, and in study 12,
where complete responses occurred in 3.2% of raltitrexed
patients versus 3.6% of 5-fluorouracil + leucovorin patients.
Partial responses to treatment followed a similar pattern,
occurring in 15.7% of raltitrexed patients versus 13.0% of
5-fluorouracil +leucovorin patients in study 3, 11.5% ver-
sus 13.8% of patients in study 10 and in 15.4% of ralti-
trexed patients versus 14.5% of 5-fluorouracil + leucovor-
in patients in study 12. The overall response rates were
19.3 versus 16.7% in study 3 (P=0.48), 14.3 versus 15.2%
in study 10 (P=0.597) and 18.6 versus 18.1% in study 12
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(P=0.896) for raltitrexed and 5-fluorouracil + leucovorin
treatments, respectively.

In study 3, the disease remained stable in 35.0 and
32.4% of patients randomized to raltitrexed and 5-fluor-
ouracil + leucovorin, respectively (Table 1). Similar pro-
portions of patients with stable disease were seen in the
raltitrexed (33.2%) and 5-fluorouracil + leucovorin groups
(40.0%) in study 10. The proportion of patients with sta-
ble disease in study 12 was higher overall, but did not
differ between the raltitrexed and 5-fluorouracil + leuco-
vorin groups (51.4 and 52.4%, respectively).

Time to progression

Objective disease progression was assigned by a compu-
ter algorithm following an increase of 25% from the small-
est sum of lesions, or the appearance of a new lesion.
Also, patients who died without documented progression
were included in the analysis as progression events.

Disease progression occurred in over 90% of patients
in study 3. The median time to progression was 4.8 months
in raltitrexed patients and 3.6 months in 5-fluorouracil +
leucovorin patients. The hazard ratio for the difference
between treatments was 1.08 (95% confidence interval
0.89-1.31), and there was no significant difference in time
to progression between treatments (P = 0.44).

In study 10, disease progression also occurred in more
than 90% of patients in either group. The median time to
progression in this study was 3.1 months in the raltitrexed
group, and 5.3 months in the 5-fluorouracil + leucovorin
group, with a hazard ratio of 1.55 (95% confidence inter-
val 1.26-1.90), indicating a significantly longer time to
progression in the 5-fluorouracil + leucovorin group
(P <0.000D).

In study 12, over 75% of patients had progressed, or
died without documented disease progression, and me-
dian times to progression were 3.9 months in raltitrexed
patients and 5.1 months in 5-fluorouracil + leucovorin pa-
tients. The hazard ratio for the difference between treat-
ments in this trial was 1.33 (95% confidence interval 1.09—



Table 2. Survival in international phase Ill trials

Efficacy overview

Median survival Death Hazard ratio
Trial Arm (months) (%) - (95% Cl) Pvalue
3 Raltitrexed (n=223) 10.1 89 1.09 (0.89-1.33) 0.42
5-FU+LV (n=218) 10.2 85
10 Raltitrexed (n=217) 9.7 75 1.35 (1.07-1.71) 0.01
5-FU+LV (n=210) 12.7 65
12 Raltitrexed (n=247) 10.7 50 1.13 (0.87-1.45) 0.36
5-FU+LV (n=248) 11.8 48
5-FU, 5-fluorouracil; LV, leucovorin.
Table 3. Palliative effects in phase Il trials
Study 3 Study 10 Study 12
Raltitrexed 5-FU+LV Raltitrexed 5-FU+LV Raltitrexed 5-FU+LV
All patients (no.) 223 216 199 179 230 222
Weight gain of at least 5% (%) 16.6 15.7 211 27.4 13.0 18.9
PS =1 on entry (no. patients) 121 128 115 103 123 132
PS score improvement (%) 36.4 29.7 39.1 40.8 38.2 31.1
Disease symptoms on entry (no. patients) NA NA NA NA 116 124
Symptom improvement (%) NA NA NA NA 86.1 83.1

5-FU, 5-fluorouracil; LV, leucovorin; PS, performance status; NA, not assessed.

1.62), indicating a significant difference in time to pro-
gression in favour of 5-fluorouracil + leucovorin
(P =0.005).

There is statistical evidence that in study 12 the ralti-
trexed patients were assessed for progression significant-
ly earlier than the 5-fluorouracil + leucovorin patients,
partly because the first protocolled assessment visit at
week 6 coincided with the raltitrexed dose, whereas in
study 3, the first assessment for progression occurred at
12 weeks. Furthermore, in study 12, survival postpro-
gression was greater in raltitrexed patients than 5-fluor-
ouracil + leucovorin patients (7.1 versus 6.4 months) re-
gardless of whether or not second-line therapy was giv-
en, indicating that the time to progression results may
have been influenced by the study design.

Survival

In study 3, 89 and 85% of patients randomized to
raltitrexed and 5-fluorouracil + leucovorin, respectively,
died during follow-up (Table 2); in study 10, the corre-
sponding figures were 75 and 65%, while in study 12,
50% of raltitrexed and 48% of 5-fluorouracil + leucovorin
patients died. Median survival in the two groups was
10.1 and 10.2 months in study 3, 9.7 and 12.7 months in
study 10, and 10.7 and 11.8 months in study 12, respec-
tively (Table 2). The hazard ratios for treatment differ-
ences, 1.09 (95% confidence interval 0.89-1.33) in study
3 (P =0.42) and 1.13 (95% confidence interval 0.87—-1.45)
in study 12 (P=0.36), indicated that the duration of sur-
vival did not differ significantly between treatments in

either trial. However, in study 10, the hazard ratio for
treatment differences was 1.35 (95% confidence interval
1.07-1.71), indicating a significant difference in survival
in favour of 5-fluorouracil + leucovorin.

Palliative effects
Palliative effects of treatment on weight gain, perform-
ance status and disease symptoms are shown in Table 3.
A gain in body weight of at least 5% was observed in
16.6% of patients in the raltitrexed group and 15.7% of
patients in the 5-fluorouracil + leucovorin group in study
3. In study 10, 21.1% of raltitrexed patients and 27.4% of
5-fluorouracil + leucovorin patients gained at least 5% of
their baseline body weight during treatment, while in
study 12, the corresponding figures were 13.0 and 18.9%.
More than half of the patients in each study had a
performance status score of one or more. Improvements
in performance status score were seen after treatment in
36.4% of raltitrexed patients and 29.7% of 5-fluorouracil
+ leucovorin patients in study 3, in 39.1% of raltitrexed
patients and 40.8% of 5-fluorouracil + leucovorin patients
in study 10, and in 38.2% of raltitrexed patients and 31.1%
of 5-fluorouracil + leucovorin patients in study 12. More
than 80% of patients with disease symptoms at the time
of entry to study 12 reported improvements in symptoms
after treatment with either drug. The results demonstrate
the quality-of-life benefits that can be achieved with
chemotherapy in a significant number of patients. These
palliative improvements were more likely to occur in
patients who responded to treatment or whose disease at
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Fig. 1. Percentage of patients with an improvement in weight
of at least 5% during study 3. Figures under columns denote
numbers of patients. CR, complete response; PR, partial re-
sponse; open bars, raltitrexed; closed bars, 5-fluorouracil +
leucovorin.

least remained stable during trial therapy, compared with
patients who progressed. For example, in study 3 re-
sponders to treatment were more likely to gain weight
(Fig. 1) or achieve an improvement in performance sta-
tus (Fig. 2), compared with patients who did not achieve
these treatment outcomes. These data suggest a substan-
tial clinical benefit for patients with stable disease in ad-
dition to those who respond to treatment.

Discussion

Raltitrexed has now been studied in three large
randomized clinical trials, incorporating 1393 patients with
advanced colorectal cancer, representing a uniquely large
database. The trials involved comparison of raltitrexed
with standard 5-fluorouracil + leucovorin regimens, with
a minimum follow-up for efficacy of between 9 and 15.5
months, and a minimum follow-up for survival of be-
tween 9 and 26 months.

Objective response rates were similar in the raltitrexed
and 5-fluorouracil + leucovorin arms in all the compara-
tive studies to date, and are consistent with the results of
published studies [11-14]. Although slight but statistically
significant increases in time to progression were seen in
studies 10 and 12, the median survival did not differ sig-
nificantly between groups for either study 3 or study 12,
and only the North American study 10 demonstrated a sta-
tistically significant difference in overall survival in favour
of 5-fluorouracil + leucovorin. It is interesting that in this
study, which was not preceded by a phase II study in North
America, the duration of treatment with 5-fluorouracil +
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Fig. 2. Percentage of patients with an improvement in World
Health Organization (WHO) performance status during study
3 (patients with a score of 21 at baseline). Figures under col-
umns denote numbers of patients. CR, complete response;
PR, partial response; open bars, raltitrexed; closed bars, 5-
fluorouracil + leucovorin.

leucovorin was almost twice that of raltitrexed. Problems
associated with excess toxicity in the 4 mg/m? raltitrexed
arm may have heightened awareness in investigators,
which led to a lower relative threshold of continuation of
raltitrexed therapy. Overall, the European/South African/
Australian phase III studies demonstrate that the effects
of raltitrexed on survival are comparable with those of 5-
fluorouracil + leucovorin. The survival of patients receiv-
ing best supportive care alone is 5-6 months [15,16). Sur-
vival in patients treated with raltitrexed ranged from 9.7
months to 11.2 months across the phase II and III stud-
ies, which is clearly longer than in patients given best sup-
portive care alone. The median durations of survival with
raltitrexed in randomized phase III studies (9.7-10.7
months) are consistent with the range of estimates of sur-
vival from published randomized studies (3,9,17-21] in
patients treated with bolus 5-fluorouracil combined with
either low-dose leucovorin (9.3-12.7 months) or high-dose
leucovorin (8.0-13.5 months).

Active treatment with raltitrexed was associated with
considerable palliative benefits, such as weight gain, im-
provement in performance status and improvement in
disease symptoms in all three of the phase Il studies.
These palliative benefits were also comparable to those
seen in the 5-fluorouracil + leucovorin groups. It is clear
that for either treatment, the greatest palliative benefits
are seen in patients who achieve a complete or partial
response to treatment or stabilization of their disease (45—
70% of all patients). The tolerability of raltitrexed in the
phase 111 trials is discussed elsewhere in this supplement
[22].



Conclusions

Four large trials incorporating 1570 patients have evalu-
ated raltitrexed as treatment for advanced colorectal can-
cer. Three comparative phase III studies have shown that
response rates with raltitrexed are comparable with those
gained using standard 5-fluorouracil +leucovorin regi-
mens. Survival in patients treated with raltitrexed is com-
parable to that described for 5-fluorouracil + leucovorin
regimens in the literature, with two out of three large
phase III studies confirming comparable survival in pa-
tients treated with raltitrexed and 5-fluorouracil + leucovor-
in. Raltitrexed also provides similar palliative benefits
compared with 5-fluorouracil + leucovorin. The activity of
raltitrexed, combined with a simpler and more convenient
dosing schedule, thus represents a step forward in the
treatment of advanced colorectal cancer.
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