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Phase I trial of sequential raltitrexed followed by bolus
5-fluorouracil in patients with advanced colorectal cancer
Gary K. Schwartza, Joseph Bertinoa, Nancy Kemenya, Leonard Saltza,
David K. Kelsena,William Tonga, Mary Welcha, Sandra Endresa and Isaiah Dimeryb

Our objective was to determine the maximum tolerated

dose (MTD) of sequential raltitrexed (Tomudex) and 5-

fluorouracil (5-FU) by bolus administration every 3 weeks

in patients with advanced colorectal cancer (aCRC) and

appendiceal adenocarcinoma. This phase I dose-escalation

study was carried out in three stages: (1) 5-FU fixed at

900mg/m2, raltitrexed escalated from 0.5 to 3.0mg/m2, (2)

raltitrexed fixed at 3.0mg/m2, 5-FU escalated from

900mg/m2 until dose-limiting toxicity (DLT) and (3) 5-FU

fixed at the dose level below DLT, raltitrexed escalated

from 3.0mg/m2 until MTD. Seventy-one patients with

measurable disease were enrolled. No DLTs were observed

during stage 1 of treatment. At a fixed dose of raltitrexed

3.0mg/m2, DLT developed when 5-FU was increased to

1350mg/m2 (stage 2). When 5-FU was fixed at 1200mg/

m2 and raltitrexed was increased to 6.0mg/m2 (stage 3),

DLTwas dose limiting. The recommended doses for further

study are 5.5mg/m2 ralitrexed and 1200mg/m2 5-FU. Of

the 69 patients evaluated for efficacy, one had a complete

response (8.0 months) and five had partial responses

(5.1–11.6 months). Thirty patients had stable disease for 5

or more cycles of therapy (mean time to progression: 3.6

months). Median survival was 11.7 months. We conclude

that raltitrexed can be combined with bolus 5-FU, at

raltitrexed doses that are higher than the recommended

single-agent dose of 3.0mg/m2, with manageable toxicity.

This combination shows encouraging activity, and survival

appears promising in the pre-treated aCRC patient

population. Further clinical trials are warranted. Anti-Cancer
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Introduction
Colorectal cancer (CRC) is the fourth most common form

of cancer worldwide. It affects both men and women in

similar proportions, and its incidence has been rapidly

increasing since 1975 [1]. CRC is the second leading

cause of death in the US and approximately 500 000

people worldwide die as a result of this malignancy every

year [2,3].

Chemotherapy is commonly used to treat cases of

metastatic or advanced CRC (aCRC) for which surgical

removal is not sufficient. Amongst the various chemother-

apeutic options, 5-fluorouracil (5-FU), alone or in

combination with a modulating agent such as leucovorin

(LV), has been the mainstay of treatment for the last 40

years. Nevertheless, only approximately 20% of patients

have an objective response (OR) to such treatment

(a measurable tumor decrease of more than 50%) [4].

The primary target of 5-FU is the enzyme thymidylate

synthase (TS), which catalyzes the synthesis of thymi-

dine monophosphate (TMP) from deoxyuridine mono-

phosphate (dUMP). TMP is a precursor of thymidine

triphosphate (TTP), which is essential for DNA replica-

tion and repair. 5-FU is metabolically inactive and for it to

inhibit TS, it must be converted to fluorodeoxyuridine

monophosphate (F-dUMP), which is able to bind

covalently to the dUMP binding site of TS and eventually

halt the production of TTP. However, 5-FU is also

converted via several other enzymatic pathways to other

metabolites such as fluorouridine triphosphate (FUTP)

and fluorodeoxyuridine triphosphate (F-dUTP), which

interfere with RNA and protein synthesis (Fig. 1) [5].

In order to function properly, TS needs the cofactor

tetrahydrofolate. Raltitrexed (‘Tomudex’), an inhibitor of

TS, blocks the folate-binding site of TS, specifically

inhibiting the activity of this enzyme. Raltitrexed under-

goes intracellular polyglutamation and this increases the

potency of the drug as well as its intracellular retention

time, which allows a less frequent dosing schedule (every

3 weeks). Raltitrexed has shown efficacy and tolerability

as a single anti-tumor agent in previous clinical trials in

patients with CRC. In this setting, raltitrexed has shown

similar objective responses, overall survival and time to

progression to those achieved with 5-FU/LV [6–8].
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Raltitrexed (3.0mg/m2) is currently approved as mono-

therapy for the first-line treatment of aCRC in over 40

countries worldwide.

Therefore, although raltitrexed and 5-FU both inhibit

TS, they have different mechanisms of action and

consequently incompletely overlapping toxicity profiles

[9]. In particular, bolus 5-FU is believed to be directed

towards RNA, whereas raltitrexed acts through direct

inhibition of TS [10]. Combining raltitrexed with 5-FU

may augment the efficacy of 5-FU in a manner similar to

the methotrexate/5-FU combination [11,12]. In vitro
studies have shown that raltitrexed followed by 5-FU

results in synergistic cytotoxicity in human colon tumor

(HCT)-8 cells [13]. Pre-treatment with raltitrexed also

increases the incorporation of FUTP into RNA. Other

authors have shown improved response rates in patients

with CRC using the combination of raltitrexed and 5-FU

with either infusional 5-FU or oral 5-FU pro-drugs

[14–16].

The primary aim of this phase I trial was to determine the

maximum tolerated dose (MTD) of sequential raltitrexed

and bolus 5-FU in patients with aCRC. It is hoped that

the results from this study will ultimately allow further

clinical research into such a drug combination.

Methods
Patient selection

Male or non-pregnant female patients with aCRC and

appendiceal adenocarcinomas were eligible for the study

if they were agedZ 18 years, had a WHO performance

status r 2 and Z 4 weeks had elapsed since the last

administration of chemotherapy (Z 8 weeks if treated

with nitrosoureas or mitomycin C). Patients may have

received prior adjuvant therapy or treatment for meta-

static disease (5-FU-based regimen and/or irinotecan).

Exclusion criteria included severe recurrent infection or

recent surgery (<4 weeks), inadequate renalfunction

(serum creatinine clearance <65ml/min), insufficient

hepatic function [bilirubin >1.5mg/dl, or serum gluta-

mic-oxaloacetic transaminase (SGOT) >2.5� upper

limit of normal (ULN), or > 5�ULN for subjects with

known liver metastases], impaired hematologic function

[absolute neutrophil count (ANC) <2000/mm3, plate-

lets < 100 000/mm3]; concomitant anticancer therapy or

folate supplements, brain metastases or prior radio-

therapy to >30% of bone marrow.

All patients gave written informed consent prior to

participation. The study received Institutional Review

Board approval and was performed in adherence with the

Declaration of Helsinki and Good Clinical Practice

(GCP) guidelines.

Treatment

Raltitrexed was supplied by AstraZeneca as a lyophilized

product that was reconstituted with 4ml of water for

injections to produce a 0.5mg/ml. isotonic solution. This

solution was diluted further with 50ml of 5% dextrose or

0.9% saline and administered as a short i.v. infusion over

15min 5-FU was commercially available and was supplied

Fig. 1

Mechanism of action of raltitrexed and 5-FU.
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as 500mg/10-cm3 vials, administered undiluted by rapid

i.v. injection 24 h after raltitrexed infusion. This treat-

ment was repeated once every 3 weeks.

No prophylactic treatment for vomiting, diarrhea or

stomatitis was administered for at least the first treat-

ment dose. However, full supportive care measures and

symptomatic treatment for chemotherapy-associated

toxicity were given on the first signs of toxicity. Imodium

(two caplets) was given if subjects presented with a loose

bowel movement, and treatment (one caplet every 2 h)

was continued until patients were free from diarrhea for

12 h or more. Subjects with neutropenic fever (ANC

<500/mm3 plus fever Z 38.31C) could receive granulo-

cyte colony stimulating factor (G-CSF) if it was

considered necessary.

Study design and dose-escalation schedule

This was an open-label, non-comparative, phase I trial of

raltitrexed in combination with 5-FU according to a

three-stage dose escalation (Fig. 2): (1) 5-FU fixed at

900mg/m2, raltitrexed increased from 0.5 to 3.0mg/m2 in

increments of 0.5mg/m2, (2) raltitrexed fixed at 3.0mg/

m2 (the standard single-agent dose), 5-FU escalated from

900mg/m2 in increments of 150mg/m2 until dose-limit-

ing toxicity (DLT; see definition below) in two or more

patients and (3) 5-FU fixed at the dose level below DLT

in at least two of three or two of six patients, raltitrexed

Fig. 2

Dose-escalation schedule.
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escalated from 3.0mg/m2 in increments of 0.5mg/m2

until MTD was defined (the dose level immediately

preceding the dose level in which two or more patients

have DLT).

At least three patients were entered at each dose level. If

one of three patients had DLT within the first cycle, a

further three patients were entered at the same dose.

The MTD was exceeded if at least two of three or two of

six patients had DLTwithin the first cycle.

The next cycle of treatment was delayed for a maximum

of 21 days in the presence of any grade drug toxicity, with

the exception of grade 1 neutropenia. Treatment was

continued for an ANC Z 1500/mm3. If the toxicity had

not resolved within 21 days, DLTwas reached. However,

further treatment could be continued at the next lowest

dose level once toxicity had resolved and if clinically

appropriate. Patients with stable or responding disease

continued treatment for as long as they were benefiting

from therapy, unless they had DLT.

An additional 15 patients were entered at the recom-

mended dose (RD) of 5-FU and raltitrexed (the RD was

defined as the same dose level as the MTD).

DLT was defined as drug-related WHO grade 4 neutro-

penia or thrombocytopenia of more than 7 days duration,

grade 4 neutropenia with fever Z 38.31C, grade 4

mucositis, dermatitis or diarrhea (despite anti-diarrheal

prophylaxis), or failure of thrombocytopenia, neutropenia

or non-hematologic toxicity to resolve within 21 days

(neutropenia to resolve to grade 1 or less).

Assessments

Tolerability

Clinical assessments including a physical examination and

performance score evaluation were performed within 1

week before starting treatment, on each day of raltitrexed

administration, and 3 weeks after the final dose of

raltitrexed. Blood samples (5–10ml) were collected for

biochemical and hematologic analyses. Biochemical tests,

including serum creatinine, urea and bilirubin, were

performed within 1 week before each dose of raltitrexed

(initial dose 3.5mg/m2) and 3 weeks after the final dose

of raltitrexed. Hematologic tests (hemoglobin, white cell

and platelet counts) were performed within 1 week

before each administration of raltitrexed, on the day of

treatment and weekly during treatment. Laboratory

results were used to determine whether the patient had

reached DLT or was ready for another course.

Adverse events (AEs) were assessed according to WHO

criteria [17] and patients were followed for 3 weeks after

the final cycle of treatment for any new AEs.

Pharmacokinetics

Blood (5ml) and urine samples (5–10ml) were collected

during the first course of treatment for pharmacokinetic

analyses of 5-FU metabolites. Blood samples were drawn

prior to 5-FU administration, and at 15 and 55min post-

administration. Using a limited sampling strategy, 5-FU

levels were characterized by the methods of Bierman et al.
[18] and Moore et al. [19].

Efficacy

The total tumor burden was assessed within 3 weeks

before starting treatment by abdominal/pelvic computer-

ized axial tomography (CAT) scans and chest X-rays

(CXR). Objective disease assessments were performed

every 9 weeks during treatment and defined according to

the Union Internationale Contre le Cancer (UICC)

criteria. Since CAT scans were obtained every 9 weeks,

confirmatory CAT scans were not required to assess

response.

Results
Patients

From April 1996 to September 1999, a total of 71 patients

with measurable colorectal and appendiceal adenocarci-

noma were enrolled in this trial at the Memorial Sloan-

Kettering Cancer Center, New York. Three patients were

evaluable for toxicity, but not for response, because of

withdrawal from the study after one cycle of therapy. One

patient withdrew for toxicity (neutropenic fever), another

decided she no longer wanted to receive an investiga-

tional drug and the third elected to receive another

investigational agent in a cancer center that was

geographically closer to home. Almost all patients (97%)

had CRC (76% colon cancer and 21% rectal cancer). Two

patients (3%) had appendiceal cancer. The mean

Karnofsky performance status was 90 (range 70–90).

The majority of patients (90%) had received prior 5-FU-

based regimens either as adjuvant therapy or as treatment

for advanced disease (Table 1). This included 17 patients

who had only received chemotherapy as adjuvant treat-

ment.

Tolerability

In the first phase of the study, 5-FU was fixed at 900mg/

m2 and raltitrexed was escalated from 0.5 to 3.0mg/m2 in

six successive cohorts (0.5, 1.0, 1.5, 2.0, 2.5 and 3.0mg/

m2). When raltitrexed reached 3.0mg/m2 (the target

dose), there were no DLTs reported at these dose levels.

During the second phase of the trial, raltitrexed was fixed

at 3.0mg/m2 and 5-FU was dose escalated starting at

1050mg/m2. At 5-FU doses of 1050 and 1200mg/m2,

there were no DLTs. However, when 5-FU was escalated

to 1350mg/m2, dose-limiting febrile neutropenia oc-

curred in three patients (Table 2). For the second cycle

of combination therapy, each of these patients had 5-FU

reduced by one cohort to 1200mg/m2 without developing

recurrent neutropenic fever. One patient received 5
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cycles at this reduced dose of 5-FU without developing

subsequent DLT.

In the third drug escalation phase, 5-FU was fixed at the

RD and MTD of 1200mg/m2. Raltitrexed was escalated

in successive cohorts by incremental doses of 0.5mg/m2

starting at 3.5mg/m2. One DLT (febrile neutropenia) was

seen in six patients treated with raltitrexed doses of 4.0

and 5.0mg/m2 (Table 2). One patient also developed

grade 4 mucositis and withdrew consent after the first

episode of neutropenia; one patient was re-treated with a

reduced raltitrexed dose of 4.5mg/m2 and developed

recurrent neutropenic fever despite this dose reduction.

DLT (dose-limiting neutropenia of more than 7 days

duration) was observed in two of six patients when

raltitrexed was escalated from 5.5 to 6.0mg/m2. There-

fore, based on this dose escalation study, the MTD/RD

on a 3-weekly schedule was to be raltitrexed and 5-FU at

5.5 and 1200mg/m2, respectively.

In total, 319 cycles of treatment with raltitrexed and

5-FU were administered in this clinical trial (mean 4.5

cycles, range 1–15 cycles). The most common grade 3/4

AEs were short-lived, non-dose-limiting neutropenia,

which occurred in 44 (64%) patients and was not related

to dose (Fig. 3). Nevertheless, dose-limiting febrile

neutropenia did account for several of the respective

DLTs, but none of these were life threatening and all of

these patients recovered completely. The two patients

with prolonged neutropenia with 6.0mg/m2 of raltitrexed

Fig. 3

Total incidence of grade 3/4 adverse events (highest grade in each cycle).

Table 2 DLTs during the first cycle

Cohort Dose raltitrexed/5-FU (mg/m2) Patients (N) DLT (N) Adverse event

9 3.0/1350 4 3 febrile neutropenia
11 4.0/1200 6 1 febrile neutropenia and grade 4 mucositis
13 5.0/1200 6 1 febrile neutropenia
15 6.0/1200 6 2 grade 4 neutropenia >7 days duration

Table 1 Patient characteristics

Patients (N=71)

Males/females (N) 41/30
Age (years)
mean 61
range 40–78

Race [N (%)]
white 61 (86)
black 5 (7)
Asian 3 (4)
Hispanic 2 (3)

Primary tumor site [N (%)]
colon 54 (76)
rectal 15 (21)
appendix 2 (3)

Median baseline Karnofsky performance
status (range)

90 (70–90)

Prior treatment [N (%)]
none 7 (10)
5-FU-based adjuvant only 17 (24)
5-FU-based and irinotecan for advanced
disease

47 (66)a

aIncludes 38 patients who were previously treated in the adjuvant setting.
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and 1200mg/m2 5-FU recovered completely without

significant sequelae. Other common grade 3/4 AEs were

leukopenia in 26 (38%) patients and fatigue in seven

(10%) patients, none of which appeared to be related to

renal insufficiency.

In order to gain more experience with the planned RD, an

additional 15 patients were treated at 5.5mg/m2 ralti-

trexed and 1200mg/m2 5-FU. In this expanded cohort,

we observed only one DLT: neutropenic fever with the

first cycle of therapy. This patient received 6 subsequent

cycles of raltitrexed at a reduced dose of 5.0mg/m2 with

1200mg/m2 5-FU without DLT. There were also three

cases of transient grade 4 neutropenia (without fever)

following the first cycle of combination therapy. The first

patient was re-treated without dose modification, accord-

ing to the protocol. This had been proven safe on all prior

patients. This patient subsequently developed neutro-

penic fever and dehydration which required hospitaliza-

tion. Even though her white blood cells were recovering,

she had a cardiac arrest requiring intubation. The family

elected against further intervention and the patient died

on study. This patient had been heavily pre-treated with

four prior regimens. Of the other two patients with

transient grade 4 neutropenia in this expanded cohort,

one had the raltitrexed dose reduced to 5.0mg/m2 with

1200mg/m2 5-FU. This patient received this dose of

raltitrexed in this combination for an additional 4 cycles

without subsequent grade 4 neutropenia or fever. The

other patient continued on the full dose of raltitrexed

without dose-limiting neutropenia on the subsequent 4

cycles. Three additional patients developed grade 4

neutropenia, but without fever, on cycle 2 of the

combination therapy. Two of these patients were re-

treated with a reduced raltitrexed dose of 5.0mg/m2

without subsequent grade 4 neutropenia. The third

patient progressed before a third cycle could be

administered.

Pharmacokinetics

Pharmacokinetic analysis demonstrated significant in-

creases in 5-FU exposure at raltitrexed doses of 2.5mg/m2

or higher (Table 3). With the raltitrexed dose increased

from 2.0 to 2.5mg/m2 and with the 5-FU dose fixed at

900mg/m2, the mean maximum observed plasma con-

centration (Cmax) for 5-FU significantly increased from

213±24 to 648±74 mM (p<0.007) and the mean area

under the plasma concentration–time curve (AUC)

significantly increased from 6794±1167 to 19

593±6074 mM/min (p<0.05). When raltitrexed was

increased from 2.5 to 3.0mg/m2, with 5-FU still fixed at

900mg/m2, the Cmax and AUC for 5-FU did not increase

any further, although the levels still remained signifi-

cantly greater than that observed with raltitrexed at

2.0mg/m2 and 5-FU at 900mg/m2 (p<0.02 for Cmax and

p<0.05 for AUC). With higher doses of 5-FU (1050–

1200mg/m2) and raltitrexed (3.5–6.0mg/m2), the 5-FU

Cmax and AUC were not significantly higher than when

the raltitrexed dose was increased from 2.0 to 2.5mg/m2

and 5-FU was 900mg/m2. Raltitrexed levels were not

obtained as part of this study, as the methodology for the

determination of raltitrexed had not been formulated at

the time of this clinical trial.

Efficacy

Sixty-eight patients were evaluable for efficacy assess-

ments. Of these, six (9%) patients had an objective

response (OR) [one complete response (CR) and five

partial responses (PR)] to treatment (mean time to

tumor progression 7.3 months, range 5.1–11.6 months).

One patient who experienced a PR had lung metastases

and had completed adjuvant 5-FU 3 months before

starting the raltitrexed plus 5-FU combination (Table 4).

Of the remaining patients with PRs, one patient had liver

metastases and had not received prior chemotherapy, and

three patients had lung, liver and peritoneal metastases,

and had received either neoadjuvant or adjuvant 5-FU

Table 3 Pharmacokinetics of 5-FU

Cohort Dose raltitrexed/5-FU (mg/m2) Patients (N) Mean (SD) 5-FU Cmax (mM) Mean (SD) 5-FU AUC (mM/min)

1 0.5/900 3 306 (32) 10498 (1119)
2 1.0/900 3 278 (52) 9176 (611)
3 1.5/900 3 166 (86) 5362 (2591)
4 2.0/900 3 213 (24) 6794 (1167)
5 2.5/900 3 648 (74)a 19593 (6074)b

6 3.0/900 3 521 (97) 16360 (1452)
7 3.0/1050 3 667 (116) 20979 (6046)
8 3.0/1200 4 737 (129) 20770 (5178)
9 3.0/1350 4 834 (77) 20377 (1063)
10 3.5/1200 3 686 (169) 22801 (8269)
11 4.0/1200 6 654 (118) 16880 (3628)
12 4.5/1200 3 743 (177) 20748 (7539)
13 5.0/1200 5 739 (128) 20624 (5654)
14 5.5/1200 10c 835 (209) 22471 (6755)
15 6.0/1200 6 624 (334) 17000 (8204)

ap<0.007 versus 3.0/900 dose level.
bp<0.05 versus 2.0/900 dose level.
cExpanded MTD cohort.
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more than 1 year before study entry. The patient with

peritoneal metastases represented one of the two

patients in the study who had metastatic adenocarcinoma

of the appendix. The patient experiencing a CR had liver

metastases and had received no prior chemotherapy. This

patient remained on study for 8.0 months.

Five (7%) patients, all of whom had liver or lung

metastases, experienced minor responses (MRs; mean

time to tumor progression 3.6 months, range 2.1–4.6

months). Four of these five patients had progressed on

prior 5-FU/LV and irinotecan; the fifth had received

adjuvant 5-FU more than 1 year before inclusion on this

trial. In addition, 30 (43%) patients showed stable disease

(SD) (mean time to tumor progression 5.2 months, range

2.5–13.4 months); this included two patients who

remained on the study for more than 1 year (13.0 and

13.4 months, respectively). Neither of these patients had

received prior chemotherapy. There was no evidence of a

dose–response relationship.

Seventy-one patients were eligible for median survival

analysis. Using the drug combination, median survival was

11.7 months [95% confidence interval (CI) 8.9–14.0]

(Fig. 4). As of 16 August 2002, six patients from this study

remain alive. Median follow-up time for survivors was

25.3 months (range 8.0–71.2 months).

Discussion
aCRC remains a difficult disease to treat and, in order to

maximize the benefits of the current drug portfolio,

effective drug combinations are still being sought. In vitro
studies using 5-FU followed by raltitrexed have resulted

in synergistic cytotoxicity in human colon tumor cell

lines; this suggests that this effect might also occur in vivo
[13]. This preliminary study was undertaken to deter-

mine the MTD of raltitrexed and 5-FU in combination, in

order that future clinical trials may use the regimen that

provides the greatest efficacy to tolerability ratio. Based

on the DLTs observed at each dose level, we had planned

to recommend raltitrexed and 5-FU at 5.5 and 1200mg/

m2, respectively. We therefore expanded this cohort to

examine toxicity further. By the definitions of the

protocol, we only had one DLT in this expanded patient

population (i.e. neutropenic fever on cycle 1). However,

we also had three patients who developed grade 4

neutropenia without fever on cycle 1 and an additional

three patients on cycle 2. Many of these patients went on

to receive a reduced raltitrexed dose of 5.0mg/m2

without significant hematologic toxicity. In view of the

multiple, safe doses administered in this expanded cohort

with raltitrexed at 5.0mg/m2 and 5-FU at 1200mg/m2, we

would recommend these respective doses of raltitrexed

and 5-FU for subsequent phase II trials.

Raltitrexed could be combined with 5-FU, at higher

doses than the recommended single-agent dose of 3.0mg/

m2, with manageable toxicity. However, the reason for

this is unclear. The results suggest that the standard dose

of raltitrexed is either too low or that the combination of

raltitrexed and 5-FU somehow reduces the toxicity of 5-

FU. A similar observation was made when raltitrexed was

combined with irinotecan [20].

The toxicity profile (neutropenia, leukopenia, fatigue)

observed in this study was as expected for these two

chemotherapeutic agents [21]. Although neutropenia was

common, it was of short duration (less than 7 days), not

Table 4 Objective disease assessment

Cohort Dose raltitrexed/5-FU (mg/m2) Patients (N) OR [N (months)] SD and MR [N (months)] PD (N)

1 0.5/900 3 1PR (17.9)a 1 (3.5)b 1b

2 1.0/900 3 0 2 (12.9, 3.8)b,b 1a

3 1.5/900 3 0 2 (9.8, 5.9)a,c 1c

4 2.0/900 3 1PR (5.1)a 1 (6.7)c 1a

5 2.5/900 3 0 3 (5.5, 7.4, 3.7)a,c,c 0
6 3.0/900 3 1CR (7.8)b 0 2a,a

7 3.0/1050 3 0 1 (4.4)a 2a,c

8 3.0/1200 4 0 1 (3.8)c, 1 MR (3.9)a 2c,c

9 3.0/1350 4 1PR (6.0)c 2 (6.0, 2.5)c,c 1a

10 3.5/1200 3 0 1 (4.3)a 2a

11 4.0/1200 5 0 2 (6.4, 0.8)b,c 3c,c,c

12 4.5/1200 3 0 2 (5.5, 1.8)a,c 1c
13 5.0/1200 6 1PR (7.3)b 2 (3.3, 1.8)a,c 3c,c,c

14 5.5/1200 17 1 PR (11.6)a 6 (5.1, 5.0, 13.4, 3.0, 2.9, 3.5)b, 4
MR (3.5, 2.1, 4.0, 4.6)c

6c

15 6.0/1200 6 0 4 (3.8, 2.7, 4.4, 2.8)c 2a,c

Total 69 6 (5 PR+1 CR) 35 (30 SD+5 MR) 28

OR, objective response; CR, complete response; PR, partial response; MR, minor response (25–50% decrease in the dimensions of all measurable lesions); PD,
progressive disease.
aPatient previously failed adjuvant 5-FU-based therapy or irinotecan.
bPatient received no prior treatment.
cPatient previously failed 5-FU-based therapy or irinotecan for advanced disease.
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associated with fever and did not require growth factor

support. The most severe toxicity was seen in a patient

who had been heavily pre-treated, suggesting that patients

with poor bone marrow reserve should not be treated with

the recommended doses of raltitrexed and 5-FU.

The reason for the increase in 5-FU Cmax and AUC

observed above the raltitrexed dose of 2.0mg/m2 is

unclear. A similar increase in 5-FU was reported in a

second trial in which raltitrexed was combined with 5-FU

and administered as a 24-h infusion [9]. This also

appeared to be associated with a threshold raltitrexed

level (2.5mg/m2), above which the pharmacokinetics for

5-FU did not increase appreciably. Raltitrexed is pre-

dominantly excreted renally and biliary [22]. This is in

contrast to 5-FU where less than 10% is excreted renally

and most is cleared through metabolic pathways, includ-

ing inactivation by dihydropyrimidine dehydrogenase

(DPD) [23]. 5-FU and its metabolites then undergo

biliary excretion or enterohepatic recirculation. All

patients who entered this study were required to have

normal renal and biliary function, which was carefully

monitored during the course of the study. Since we did

not measure raltitrexed levels in the plasma it is not

possible to comment on the raltitrexed pharmacology or

how this could be affecting the 5-FU. However, it does

suggest that above a certain dose (2.0mg/m2), raltitrexed

may be able to decrease 5-FU clearance (resulting in an

increase in AUC) by mechanisms which are currently

unclear. This may be at the level of biliary excretion or

raltitrexed may also be able to inhibit DPD activity [24],

which could account for the increase in 5-FU pharmaco-

kinetics observed in this study. This hypothesis will

require further testing in subsequent clinical trials.

Several CRs or PRs were obtained and a substantial

proportion of patients showed disease stabilization. This

included two patients who had SD for more than 1 year.

Although these favorable effects were most often

observed in patients who had received no prior che-

motherapy, one patient with a PR had only recently

completed adjuvant therapy before developing metastatic

disease. However, the clinical activity of this combination

appears most active in chemonaive patients. Preliminary

results of a phase II study of raltitrexed combined with

carmofur, an oral 5-FU pro-drug, as first-line treatment in

patients with metastatic CRC, showed a response rate of

42% (eight of 19 patients) [15]. However, prior failure on

5-FU did not exclude either a response or SD to the

raltitrexed and 5-FU combination. In addition, the

median survival of 11.7 months is comparable with other

second-line regimens (after 5-FU failure), including

irinotecan (9.2–10.8 months) [25,26] and oxaliplatin/5-

FU (9.6 months) [27].

These data show that raltitrexed can be safely adminis-

tered in combination with bolus 5-FU and the clinical

activity observed indicates that this is a promising drug

combination, meriting further evaluation in phase II

clinical trials. Although there are theoretical reasons for

Fig. 4

Kaplan–Meier survival curve. Tick mark (l) indicates lost follow-up.
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the use of bolus 5-FU with raltitrexed, future considera-

tion is likely to be given to combining raltitrexed with

protracted 46-h infusions of 5-FU, which has become part

of standard therapy.
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