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The potential of raltitrexed (Tomudex2) in combination with 5-¯uorouracil (5-FU) as treatment for

advanced colorectal cancer has been investigated in two phase I clinical trials. In the ®rst study, ral-

titrexed was combined with bolus 5-FU; patients received raltitrexed as a 15-min infusion followed 24 h

later by bolus 5-FU every 3 weeks. In the second study, 5-FU was administered as a weekly 24-h infu-

sion for 5 weeks of a 6-week cycle and raltitrexed was given 15-min prior to 5-FU on days 8 and 29. The

recommended dose for bolus 5-FU in combination with raltitrexed is likely to be 1200 mg/m2 as dose-

limiting toxicity (DLT) of febrile neutropenia was observed at 1350 mg/m2, but escalation of raltitrexed

above the dose used for single-agent use (3.0 mg/m2) continues. In the raltitrexed/infusional 5-FU

study, dose escalation is also still continuing, but only in men as no DLT has been observed in men; 2

of 3 female patients had DLT of myelosuppression and diarrhoea at raltitrexed 3.0 mg/m2 and infu-

sional 5-FU 2400 mg/m2. Raltitrexed had a signi®cant eVect on the pharmacokinetics of 5-FU irre-

spective of 5-FU regimen. Preliminary response data is encouraging with 53% of patients receiving

raltitrexed/infusional 5-FU showing a partial response. In addition, signi®cant disease stabilisation

was observed in patients receiving raltitrexed combined with bolus 5-FU who had previously failed

5-FU therapy. Recruitment has recently commenced in two studies in which raltitrexed is combined

with oral derivatives of 5-FU. In conclusion, preliminary data from these phase I studies indicate that

the combination of raltitrexed and 5-FU is well tolerated and has encouraging clinical activity. # 1999

Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

At present, standard chemotherapy for advanced colorectal

cancer involves combinations of 5-¯uorouracil (5-FU) with

leucovorin (LV). Studies have shown that objective response

rates are equivalent for raltitrexed (Tomudex2) monotherapy

and 5-FU/LV-based regimens; typically between 15 and 20%

[1]. Combining raltitrexed with 5-FU regimens oVers the

opportunity to further improve this eYcacy.

The rationale for combining raltitrexed and 5-FU is mul-

tifactorial. Raltitrexed and 5-FU have both been shown to be

active as single agents in the treatment of advanced colorectal

cancer [1±4]. Both agents inhibit thymidylate synthase (TS),

an essential enzyme in the de novo synthesis of DNA, but via

diVerent mechanisms and with diVerent binding sites. In

addition, raltitrexed is a more speci®c inhibitor of the enzyme

than 5-FU. Raltitrexed is converted within target cells into

polyglutamate forms which are potent inhibitors of TS [5].

The mechanism of action of 5-FU is more complex; the meta-

bolite 5-¯uoro-20-deoxyuridine-50-monophosphate (FdUMP)

inhibits TS but 5-FU can also be cytotoxic following meta-

bolism to 5-¯uorouridine-50-triphosphate (FUTP) or 5-

¯uoro-20-deoxyuridine-50-triphosphate (FdUTP) which can

be incorporated into RNA and DNA, respectively [6].
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Another important consideration when combining agents

is their respective toxicity pro®les. Both raltitrexed and 5-FU

cause dose-limiting toxicities (DLTs) of myelosuppression

and diarrhoea. However, raltitrexed is associated with a lower

incidence of severe leucopenia and mucositis than 5-FU but a

higher incidence of anaemia and raised liver transaminases

[1, 7]. The myelosuppressive eVects of 5-FU can be reduced

by giving it as a continuous infusion rather than a bolus [8].

Therefore, the combination of raltitrexed with a continuous

infusion of 5-FU may maximise eVectiveness whilst minimis-

ing toxicity as higher doses of 5-FU can be given via this

regimen compared with the bolus administration. A recent

meta-analysis has shown a statistically higher response rate

coupled with lower toxicity for infusional 5-FU compared

with bolus 5-FU [9]. The cytotoxicity of bolus and infusional

5-FU are thought to be due to diVerent mechanisms; bolus

5-FU is believed to be more RNA-directed than infusional

5-FU which is thought to act more through inhibition of TS

[10].

Preclinical studies have also pointed to the possible

advantages of combining these agents. Exposure of colon

carcinoma cells to raltitrexed for 24 h followed by 5-FU

resulted in synergistic cytotoxicity [11, 12]. This synergy was

shown to be schedule dependent (the reverse sequence was

either additive or antagonistic) and time dependent (greater

synergy when 5-FU was given over 4 h as compared with a

5-day exposure). It has also been shown that there is an

increased aYnity of TS for FdUMP, the active metabolite of

5-FU, in the presence of raltitrexed polyglutamates [13].

Furthermore, pre-treatment of cells with raltitrexed has been

shown to increase the incorporation of FUTP into RNA [11].

Raltitrexed may also be able to inhibit dihydropyrimidine

dehydrogenase (DPD) activity [14], which could have eVects

on the antitumour activity of 5-FU as well as on clinical

toxicity.

Clinical trials are currently underway to determine the

maximum tolerated doses of raltitrexed and 5-FU in combi-

nation and to make preliminary evaluations of the eYcacy of

the combination. This paper will review the current status of

two phase I trials of raltitrexed in combination with 5-FU and

will brie¯y outline two further studies in which raltitrexed is

being combined with oral derivatives of 5-FU.

PATIENTS AND METHODS

Two phase I studies evaluating the combination of ralti-

trexed with 5-FU have been undertaken in centres in Ger-

many and the U.S.A. The US study investigated raltitrexed in

combination with bolus 5-FU [15], whereas the German

study was designed to evaluate the toxicity and eYcacy of

raltitrexed in combination with infusional 5-FU [16].

Raltitrexed/bolus 5-FU study

Raltitrexed was administered as a 15-min infusion followed

24 h later by a bolus injection of 5-FU. This was repeated on

a 3-weekly cycle. 3 patients were entered at each dose level;

the planned dose escalation scheme is shown in Figure 1. The

recommended doses for raltitrexed and bolus 5-FU were

actually determined (including protocol amendments) by ®rst

®xing the dose of 5-FU at 900 mg/m2 and escalating the dose

of raltitrexed from 0.5 to 3.0 mg/m2. As no DLT was

observed by raltitrexed 3.0 mg/m2 then this dose was ®xed

and the 5-FU dose was escalated until DLT at this ®xed dose

of raltitrexed was found. The dose of 5-FU was then lowered

by one dose level and was ®xed at this level. The raltitrexed

dose was then escalated from 3.0 mg/m2 until the toxic dose

was achieved; the recommended dose (equivalent to the

maximum tolerated dose, MTD) was the dose below the

toxic dose.

DLT were de®ned according to modi®ed WHO criteria as

neutropenic fever with a neutrophil count of < 500/mm3 plus

fever > 38.3�C; grade 4 haematological toxicities of neu-

tropenia or thrombocytopenia that persist for > 7 days; grade

4 non-haematological toxicities of mucositis or diarrhoea that

develop despite antidiarrhoeal prophylaxis; failure of throm-

bocytopenia, neutropenia or any of the non-haematological

toxicities to recover within 21 days after causing a dose delay.

Analysis of 5-FU pharmacokinetic parameters was per-

formed on patients at each dose level. Objective responses

were de®ned according to the decrease in the bidimensional

measurement of evaluable lesions: complete responseÐ100%

decrease; partial response > 50% but < 100% decrease; minor

response > 25% but < 50% decrease. Evaluations for

response were obtained after 3 cycles or 9 weeks of study,

whichever came ®rst (dependent on whether there were

treatment delays).

Raltitrexed/infusional 5-FU study

5-FU was administered weekly for 5 weeks of a 6-week

cycle (includes 1 week of rest from treatment) as a 24-h

infusion. Raltitrexed was administered on days 8 and 29 as a

15-min infusion followed 15 min later by the infusion of

5-FU. The raltitrexed dose was initially ®xed at 2.6 mg/m2

and 5-FU was escalated from 1200 mg/m2 to 2400 mg/m2 in

400 mg/m2 increments. If the MTD at this ®xed 2.6 mg/m2

dose of raltitrexed did not occur, then the raltitrexed dose was

increased to 3.0 mg/m2 and escalation of 5-FU continued.

3 patients were entered at each dose level. If no patients

experienced DLT, escalation to the next dose could proceed.

If 1 or 2 of the patients experienced DLT then an extra 3

patients were recruited; escalation could only proceed if � 2/6

patients had DLT. If all 3 of the original patients or � 4/6

patients experienced DLT this was classed as the toxic dose

and the recommended dose was designated as two doses

below (Figure 2).

DLT was de®ned according to WHO criteria as grade 3/4

diarrhoea, mucositis or thrombocytopenia; grade 4 (or grade

3 with complication) granulocytopenia; other toxicity grade 2

or higher (excluding nausea/vomiting, alopecia and increases

in transaminases).

Figure 1. Determination of recommended dose in the ralti-
trexed/bolus 5-FU study. DLT, dose-limiting toxicity; MTD,

maximum tolerated dose.
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Analyses of 5-FU pharmacokinetics were conducted at week

1 and 2 of the cycle in order to compare 5-FU pharmacokinetic

parameters in the absence and presence of raltitrexed.

Evaluation of objective tumour response, based on UICC

criteria using computed tomography, ultrasound and chest

X-ray, was performed 3 weeks prior to the study and then

repeated every 6 weeks until week 18.

RESULTS

Patients

To date, 67 patients have been recruited: 38 have received

bolus 5-FU and 29 infusional 5-FU (Table 1). The majority

of patients in the two studies have been male; 60.5% in the

raltitrexed/bolus 5-FU study and 69.0% in the raltitrexed/

infusional study. The median age of patients receiving ralti-

trexed/bolus 5-FU was 59 years of age compared with 60

years of age for those patients receiving raltitrexed/infusional

5-FU. The primary tumours were of the colon and rectum in

76 and 24% of patients, respectively, in the raltitrexed/bolus

study and 52 and 48%, respectively, in the raltitrexed/infu-

sional 5-FU study. In the study involving bolus 5-FU the

majority of patients had been unresponsive to prior therapy

with bolus 5-FU, whereas in the study involving infusional

5-FU most patients had not had any previous chemotherapy.

Toxicity

The MTD has not been reached for raltitrexed in combi-

nation with bolus 5-FU. No DLT was observed up to ralti-

trexed 3.0 mg/m2 and bolus 5-FU 1200 mg/m2 (Table 2); a

fourth patient was entered at this dose whilst awaiting

approval of a protocol amendment to increase the raltitrexed

dose above 3.0 mg/m2. DLT of febrile neutropenia was

observed in 3 out of 4 patients when raltitrexed and bolus

5-FU were combined at doses of 3.0 mg/m2 and 1350 mg/m2,

respectively and all 4 patients entered at this dose level had

grade 4 neutropenia. 4 patients were entered at this dose level

rather than the 3 speci®ed in the protocol because at the time

of expansion of the cohort only 1/3 patients were reported to

have had neutropenic fever, this was, however, later amended

to 2/3. The additional patient recruited at this dose level also

experienced neutropenic fever. 2 of these patients also had

grade 3 nausea and 1 patient had grade 4 vomiting, despite

the administration of anti-emetics to all 3 patients. The 5-FU

dose was subsequently reduced to 1200 mg/m2 and escalation

of raltitrexed continued. No patients experienced DLT at

3.5 mg/m2 raltitrexed; 1 patient had transient grade 4 neu-

tropenia and 2 patients had grade 3 neutropenia but these did

not require dose reductions. 6 patients were entered at ralti-

trexed 4.0 mg/m2 and 5-FU 1200 mg/m2 but only 1 patient

experienced DLT of febrile neutropenia and grade 4 muco-

sitis. Escalation of raltitrexed at a ®xed dose of 5-FU of

1200 mg/m2 continues.

Recruitment is also still continuing in the raltitrexed/infu-

sional 5-FU study, but only for male patients. DLTs, of

myelosuppression and diarrhoea were observed in 2/3 female

patients at 3.0 mg/m2 raltitrexed and 2400 mg/m2 5-FU

(Table 3). One patient had grade 4 thrombocytopenia, septi-

caemia and grade 3 diarrhoea in week 3 and the other patient

had grade 4 leucopenia, thrombocytopenia and died from

septicaemia in week 6. Interestingly, the 3 male patients

recruited at this dose level did not show any DLT and 6 men

have now been recruited at the next dose level (raltitrexed

3.0 mg/m2 and infusional 5-FU 2800 mg/m2). 3 patients were

withdrawn from the study due to adverse events but these

were not classi®ed as DLTs: 1 patient died from a gastro-

intestinal haemorrhage at dose level one, but he was later

found to have a long history of gastrointestinal ulcers; 1

patient had a recurrence of rectal cancer and was dis-

continued; 1 patient had 5-FU-induced angina pectoris at

dose level 3 and was discontinued.

Figure 2. Determination of recommended dose in the ralti-
trexed/infusional 5-FU study. DLT, dose-limiting toxicity;

MTD, maximum tolerated dose.

Table 1. Demographics of patients treated with raltitrexed in

combination with bolus or infusional 5-FU

Raltitrexed/

bolus 5-FU

Raltitrexed/

infusional 5-FU

No. patients 38 29

Men:women 23:15 20:9

Median age (range), years 59 (40±76) 60 (33±77)

Primary tumour

Colon 29 15

Rectum 9 14

Prior therapy

None 6 20

Chemotherapy 32* 7y
Radiation ± 2y

*5-FU (bolus). yAdjuvant therapy (stopped at least 6 months before

study).

Table 2. Dose-limiting toxicity of raltitrexed in combination with

bolus 5-FU

Raltitrexed

(mg/m2)

5-FU

(mg/m2)

No. patients

entered

Dose-limiting

toxicity

0.5 900 3 None

1.0 900 3 None

1.5 900 3 None

2.0 900 3 None

2.5 900 3 None

3.0 900 3 None

3.0 1050 3 None

3.0 1200 4 None

3.0 1350 4 Febrile neutropenia

(3 patients)

3.5 1200 3 None

4.0 1200 6 Febrile neutropenia

(1 patient)

4.5 1200 (trial ongoing)

Raltitrexed (Tomudex2) and 5-¯uorouracil S11



Pharmacokinetics

In the raltitrexed/bolus 5-FU study increases in 5-FU Cmax

(Figure 3) and 5-FU area under the curve (AUC) were

observed when the raltitrexed dose was raised to 2.5 mg/m2

compared with 2.0 mg/m2, with the 5-FU dose ®xed at

900 mg/m2. In the raltitrexed/infusional 5-FU study pharma-

cokinetics of 5-FU were studied at week 1 (5-FU alone) and

week 2 (5-FU plus raltitrexed) of the cycle. Increases in 5-FU

Cmax (Figure 4), AUC and a prolonged terminal half life were

observed when 5-FU was given in combination with ralti-

trexed compared with 5-FU alone.

Objective response

Overall, 37 patients have been evaluated for response in the

raltitrexed/bolus 5-FU study, across all the dose levels. In

total, 1 patient had a complete response, 3 patients had a

partial response; 3 of these patients had previously failed

5-FU therapy. 17 (46%) patients had stable disease (SD),

including 1 patient who had a minimal response; 13 of these

patients had received prior 5-FU therapy.

17 patients were evaluable for response in the infusional

5-FU study at the four highest dose levels (raltitrexed/5-FU,

mg/m2): 2.6/2000, 3 patients; 2.6/2400, 6 patients; 3.0/2400,

6 patients; and 3.0/2800, 2 patients. 9 patients (53%)

achieved at least a partial response (PR) and (35%) had SD.

Phase I combination study with oral derivatives of 5-FU

A dose-escalating pilot study of raltitrexed in combination

with tegafur-uracil (UFT) in patients with advanced color-

ectal cancer is scheduled to begin in the autumn of 1998 at

centres in Spain. Raltitrexed will be administered as a 15-min

infusion on days 1 and 22 of a 6-week cycle, and UFT will be

given orally every day for 28 days. Raltitrexed will be esca-

lated from 2.0 mg/m2 to 3.5 mg/m2 and UFT will be esca-

lated from 200 mg/m2 to 350 mg/m2. The MTD and DLT

are de®ned as for the raltitrexed/5-FU infusional study. Once

the MTD has been achieved a further 20±30 patients will be

enrolled at the recommended dose level. It is expected that

20±50 patients will be recruited in a 9-month period. This

second phase will be conducted to assess eYcacy and further

assess tolerability at the chosen dose levels.

A further study is ongoing in Finland (study director

P. OÈ sterlund), in which raltitrexed is combined with 1-hex-

ylcarbomoyl-5-¯uorouracil (HCFU), an oral derivative of

5-FU. Raltitrexed is being given as a 15-min infusion on day

1 followed by oral HCFU on days 2±14 of a 3-week cycle.

Raltitrexed is being escalated from 1.5 mg/m2 and HCFU

from 300 mg/m2. To date, 16 patients have been recruited

and escalation has proceeded to raltitrexed 3.0 mg/m2 and

HCFU 300 mg/m2.

CONCLUSIONS

The data from the two ongoing phase I trials, combining

raltitrexed with either bolus 5-FU or infusional 5-FU, sup-

port the preclinical rationale for combining these agents. In

both studies, raltitrexed has been combined with 5-FU at

doses which have been shown to be eVective for the single

agents whilst still maintaining acceptable toxicity.

The recommended dose for bolus 5-FU in combination

with raltitrexed is likely to be 1200 mg/m2 as DLT of febrile

neutropenia was observed at 1350 mg/m2. Dose escalation of

raltitrexed, above the recommended dose of 3.0 mg/m2 for a

single agent, appears to be possible and is currently being

investigated. The reason why higher doses of raltitrexed

appear to be possible in combination than for single agent use

is at present unclear. Interestingly, in the ®rst phase I study of

raltitrexed as a single agent, conducted in the U.S.A., the

recommended dose for further study was 4.0 mg/m2 [17]. It is

also possible that the de®nition of the MTD was more stringent

in studies of raltitrexed as a single agent than the de®nition

Figure 3. Mean 5-FU Cmax at diVerent doses of raltitrexed in
the raltitrexed/bolus 5-FU study. The 5-FU dose was ®xed at

900 mg/m2.

Table 3. Dose-limiting toxicity of raltitrexed in combination with

infusional 5-FU

Raltitrexed

(mg/m2)

5-FU

(mg/m2)

No. patients

entered

Dose-limiting toxicity

2.6 1200 4 None

2.6 1600 3 None

2.6 2000 4 None

2.6 2400 6 None

3.0 2400 6* G3 thrombocytopenia,

septicaemia, G3 diarrhoea

in week 3 (1 female)

G4 leucopenia,

thrombocytopenia, lethal

septicaemia in week 6 (1 female)

3.0 2800 6y Too early

*The 3 male patients had no dose-limiting toxicity. yAll male.

Figure 4. EVect of raltitrexed on 5-FU Cmax in the raltitrexed/
infusional 5-FU study. The Cmax values are shown for week 1
(5-FU alone; non-shaded) and week 2 (5-FU+raltitrexed, &) of

the cycle.
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used in this study. In terms of the 5-FU dose it is diYcult to

extrapolate from single agent regimens; bolus 5-FU is com-

monly given as 425 mg/m2 per day with 20 mg/m2 of folinic

acid per day, for 5 days every 4 weeks [18].

For raltitrexed in combination with infusional 5-FU, the

recommended doses are likely to be 2.6 mg/m2 for raltitrexed

and 2400 mg/m2 for 5-FU in women. However, as no men

experienced DLT at 3.0/2400 mg/m2 raltitrexed/infusional

5-FU the possibility of a gender diVerence is being investi-

gated with recruitment of men continuing at raltitrexed and

infusional 5-FU doses of 3.0 mg/m2 and 2800 mg/m2,

respectively. The likely recommended dose of infusional

5-FU combined with raltitrexed is comparable with infusional

doses of 5-FU modulated with folinic acid. The recom-

mended dose of 5-FU, administered as weekly 24-h infusion

every 6 weeks and modulated with folinic acid, is 2600 mg/m2

[19].

Preliminary objective response data indicates that this

combination does have clinical activity, with 53% of patients

who received raltitrexed in combination with infusional 5-FU

at doses of 2.6 mg/m2 and 2000 mg/m2, respectively and

above, showing a partial response. Clinical activity was also

observed with the bolus 5-FU/raltitrexed combination in

patients who had previously failed 5-FU therapy. In both

studies, raltitrexed had a signi®cant eVect on the pharmaco-

kinetics of 5-FU, increasing the AUC and Cmax at doses

above 2.5 mg/m2. This will require further evaluation.

Studies combining raltitrexed with two oral derivatives of

5-FU, UFT and HCFU, are now underway. UFT is a non-

speci®c inhibitor of TS with a similar mechanism of action to

5-FU. The clinical eVects of UFT are due to tegafur, a 5-FU

prodrug which is metabolised to 5-FU by cytochrome P450

in the liver, thymidine phosphorylase in tumour tissue and by

spontaneous degradation; uracil competitively inhibits the

degradation of 5-FU by inhibition of dihydropyrimidine

dehydrogenase, resulting in higher 5-FU levels remaining in

the tumour cells [20]. HCFU is also a 5-FU prodrug and has

shown similar response rates to other 5-FU regimens in

advanced colorectal cancer [21]. The recommended dose of

HCFU as a single agent is 300±600 mg/m2. Patients are cur-

rently being recruited at doses of both raltitrexed and HCFU

that are recommended for single agent use, i.e. 3.0 mg/m2

raltitrexed and 300 mg/m2 HCFU.

In conclusion, the combination of raltitrexed and 5-FU has

shown promising clinical activity, whilst maintaining accep-

table toxicity, and should be further investigated in phase II

clinical trials.
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