
Abstract. Background: Irinotecan and raltitrexed are active
agents in advanced colorectal cancer (ACC) and preclinical
data suggest a remarkable synergistic activity. Phase I studies
demonstrated that single-agent full dose of both drugs can be
administered with moderate toxicity. The aim of this phase II
trial was to assess the activity and tolerability of the
combination in untreated ACC. Patients and Methods: Forty-
eight patients entered the trial and received irinotecan 350
mg/m2 d.1 and raltitrexed 3 mg/m2 d.2, every three weeks. After
recruitment of the first 16 patients, grade III-IV toxicity was
observed in 6 patients (38%). Therefore, an amendment
reduced by 15% the dose of both drugs (irinotecan 300 mg/m2,
raltitrexed 2.6 mg/m2). Results: A total of 290 cycles were
administered (range 1-18, median number 6). According to
intention-to-treat analysis, the overall response rate was 27%
(95% confidence interval 16%-42%), including 3 complete
responses and 10 partial responses. The median duration of
response was 10 months, while median progression-free
survival and overall survival were 5 and 14 months,
respectively. In the first 16 patients, the main toxicities were
grade III-IV diarrhea in 25% and grade III-IV neutropenia in
13%. In the subsequent 32 patients, they were grade III-IV
diarrhea in 34% and grade III neutropenia in 6%. Two toxic
deaths occurred. Conclusion: The combination irinotecan-
raltitrexed is an active regimen, but the significant incidence of
side-effects requires accurate patient selection and, eventually,
new schedules. 

Historically, in the treatment of advanced colorectal cancer

(ACC), 5-Fluorouracil (5-FU) has been the standard

cytotoxic agent over the past 30 years. Attempts have been

made to enhance its efficacy with new treatment

combinations and schedules, in order to produce a higher

response rate, with longer progression-free survival and

overall survival of patients with advanced disease. 

The efficacy of irinotecan (CPT-11) in combination with

5-FU as a first-line chemotherapy in ACC was demonstrated

in two large randomized phase III trials, that included more

than 1,000 patients. Saltz et al. (1) have published their

experience using a combination regimen of CPT-11/5-FU-

bolus administration/folinic acid (FA), compared with the

Mayo Clinic schedule. Douillard et al. (2) evaluated the

combination CPT-11/5-FU-infusional schedule/FA versus the

same 5-FU-infusional /FA regimen. Both demonstrated that

the combination CPT-11/5-FU/FA was superior in response

rates, time to progression and survival. 

However, there are some limitations to the use of 5-FU-

based-regimens: the infusional administration requires a

central line positioning that might affect the quality of life

of a metastatic colorectal cancer patient and that might

increase infective and thromboembolic risk. On the other

hand, bolus 5-FU requires frequent hospital visits and seems

to be aggravated by a higher toxicity rate, as investigated

recently by Bouzid et al. (3). Moreover, it is widely known

that the use of 5-FU is contraindicated in patients with

concomitant ischaemic heart disease or low levels of

dihydropyrimidine dehydrogenase (DPD), the initial and

rate-limiting enzyme in the metabolism of 5-FU (4, 5).

Raltitrexed, a specific thymidilate synthase inhibitor, is a

potential alternative to 5-FU. Its clinical activity is

comparable to that of infusional or bolus 5-FU regimens,

with a potential advantage in terms of patient convenience,

since it is administered as a short intravenous infusion once

every 3 weeks (6-8).

Because of the different mechanism of action and the

clinical activity of irinotecan and raltitrexed as single agents,
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pre-clinical studies have suggested a sequence-dependent

synergy for the combination. The synergy was maximal when

irinotecan was administered 24 hours before raltitrexed (9).

Three recent phase I studies demonstrated that single-agent

full-dose irinotecan and raltitrexed should be administered

in patients with refractory colorectal cancer. The

recommended dosages for phase II trials were 350 mg/m2

for irinotecan and 3 mg/m2 for raltitrexed, administered on

the same day or sequentially on days 1 and 2 every 3 weeks

(10-12).

Based on the results of these preliminary studies, we

investigated the tolerability and activity of the combination

at the maximum tolerated dose (MTD) suggested in phase I

studies, on a 2-day schedule of administration. The regimen

was administered as first-line treatment in patients with

advanced or metastatic colorectal cancer.

Patients and Methods

Patient population. Patients with histologically confirmed

metastatic colorectal cancer, untreated with chemotherapy for

advanced disease, were eligible for the study. The required wash-

out period from previous adjuvant chemotherapy was a minimum

of 12 months. Additional eligibility criteria included: ECOG

performance status (PS) ≤2; age ≥18 years; a life expectancy of

at least 3 months; measurable metastatic lesions that had not

been previously irradiated; and adequate bone marrow, renal and

hepatic function [neutrophil count ≥1,500/mm3, platelet count

>100,000/mm3, serum creatinine ≤1.5 mg/dl, serum bilirubin

≤1.5 upper limit of normal (ULN), transaminase levels ≤2.5

ULN in the absence of liver metastases or ≤5 ULN in the

presence of liver metastases]. Patients were ineligible for study

entry if there was a history of serious concomitant disease, prior

malignancy (except adequately treated basal cell skin cancer or in
situ carcinoma of the uterine cervix), presence of central nervous

system metastases, pregnancy, breast-feeding and inadequate

contraceptive precautions.

The protocol was submitted and approved by the local ethical

committee and written informed consent for the study was

necessary before patient registration onto the study.

Treatment schedule. Irinotecan was administered intravenously on

day 1, at a dose of 350 mg/m2, over 30 minutes; raltitrexed was

administered 24 hours later at a dose of 3 mg/m2, in a 15-minute

intravenous infusion. Courses were repeated every 21 days until

progression of disease, patient’s refusal or unacceptable toxicity.

Specific antiemetic prophylaxis was based on 5-HT3 receptor

antagonists. All patients were given Atropine 0.25 mg

subcutaneously before the CPT-11 administration, to prevent

cholinergic syndrome.

Treatment evaluation. Baseline evaluation included assessment of

hepatic, hematopoietic and renal functions, CEA and CA 19-9

levels, ECG, chest X-ray/computerized tomography (CT) and

abdominal-pelvic CT scan. After 3 cycles of treatment, assessment

of tumor response was performed by adequate instrumental

examination consistent with the baseline evaluation. Disease

response was evaluated according to WHO criteria (13).

Physical examination, assessment of toxicity and evaluation of

hepatic, renal and hematopoietic function were performed at the

beginning of each course. Toxicity was graded according to the

National Cancer Institute Common Toxicity Criteria (NCI-CTC,

version 2.0) (14). In case of any grade II toxicity, the treatment was

delayed for one week, while in case of grade III hematological or

gastrointestinal toxicity, a 20% dose reduction of both drugs was

applied after complete recovery from the side-effects. In case of

any grade IV toxicity, the dose reduction was 50%. 

Delayed-onset diarrhea was managed with the conventional

high-dose loperamide schedule (15). Patients were consistently

rehydrated. Patients with severe or refractory diarrhea, or with

diarrhea and concomitant fever or dehydration, and those with

febrile neutropenia, were hospitalized for supportive therapy.

Statistical analysis. The expected number of patients to be accrued

was calculated with the minimax Simon's design, with a two-step

recruitment scheme (16). Having set · error=0.05 (probability to

accept an inactive treatment), ‚ error=0.01 (probability to refuse

an active treatment) and ‰=20%, the combination was not

considered effective if the response rate was less than or equal to

20%, while it was considered interesting for further clinical use if
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Table I. Patients’ characteristics: median age 63 (range 46-77 years).

Characteristic NÆ of patients %

Sex 

Male 32 67

Female 16 33

Performance status

0 25 52

1 17 36

2 6 12

Primary tumor site

Colon 32 67

Rectum 16 33

Prior treatment

Surgery 48 100

Adjuvant CT 20 42

Relapse-free interval

Absent 22 46

Present 26 54

Site of disease

Liver 33 69

Nodes 9 19

Lung 14 29

Pelvis 6 13

Peritoneum 4 8

Local relapse 4 8

Other 2 4

Liver disease only 20 42

No. of metastatic sites

Single 30 62.5

Multiple (2) 12 25

Multiple (≥3) 6 12.5



the response rate was at least 40%. A sample of 24 patients was

required in the first stage. If 6 out of 24 patients experienced a

clinical response, a further 21 patients were enrolled in the second

step and up to 3 more patients could be accrued to correct for

attrition. The treatment under investigation could be considered

interesting for further trials if more than 14 clinical responses were

observed out of the total number of enrolled patients.

Analyses were conducted according to the intention-to-treat

method.

Results

Between August 2000 and April 2002, 48 consecutive

patients were entered into the trial. The patient

characteristics are listed in Table I. The median age was 63

years (range 46-77) and median ECOG Performance Status

was 0 (range 0-2). Twenty-two patients (46%) had

synchronous metastases, 26 had metastatic disease and 4

patients presented local relapse associated with distant

metastases. Thirty patients had a single involved site, while

18 patients presented multiple metastatic sites. A total of 20

out of 48 patients had undergone prior adjuvant

chemotherapy consisting of 5-FU/FA combination regimens

in 17 cases, and methotrexate/5-FU/FA regimen in 3

patients. After recruitment of the first 16 patients, toxicity

grade III-IV was observed in 6 patients (Table II).

Therefore, an amendment of the protocol was proposed to

the ethical committee for a reduction of 15% of the total

dose of both drugs of the combination (irinotecan 300

mg/m2 and raltitrexed 2.6 mg/m2) for the subsequent

patients entering the trial.

Overall, 290 cycles of irinotecan and raltitrexed were

administered. The median number of treatment courses per

patient was 6 (range 1-18). Twenty-three patients required

20% dose reductions, corresponding to 79/290 (27.2 %) of

overall courses. In 2 patients, 50% dose reduction was

necessary. Overall, 13 cycles (4.5 %) were delayed for 1

week and 6 courses (2 %) for 2 weeks to allow for toxicity

recovery. Overall, the median dose-intensity was 0.90 (0.58-

1.00) for irinotecan and 0.91 (0.54-1.00) for raltitrexed.

As salvage treatment, 21 patients received combination

chemotherapy including oxaliplatin + 5-FU/FA and 4

patients received 5-FU/FA schedules.

Toxicity. Table II reports the toxicity observed in the first

16 patients treated with irinotecan 350 mg/m2 +

raltitrexed 3 mg/m2 (worst toxicity in 102 courses). Six/16

patients experienced severe toxicity as follows: grade III

diarrhea in 2 patients after the 3rd and 7th course,

respectively, grade III diarrhea and neutropenic fever in

one patient after the 7th course, grade IV diarrhea and

neutropenia in one patient after the 4th cycle; 3/6 patients

required hospitalization due to diarrhea and/or
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Table II. Toxicities per patient of 16 patients who received CPT-
11/raltitrexed at 350/3 mg/m2 (maximum NCI-CCT grade) in 102 courses
overall.

G1 G2 G3 G4

no. no. no. no.

Diarrhea 4 4 3 1

N/V 4 6 2

Weight loss 1

Mucositis 3 2

Fever 4

Anemia 1

Neutropenia 1 2 1* 1

Thombocytopenia 1 1

Asthenia 2 3 1

TOTAL 20 18 8 2

*neutropenic fever

Table III. Toxicities per patient of 32 patients who received CPT-
11/raltitrexed at 300/2.6 mg/m2 (maximum NCI-CCT grade) in 188
courses overall.

G1 G2 G3 G4

no. no. no. no.

Diarrhea 6 1 9 2

N/V 8 6 7

Weight loss 2 1

Mucositis 2 1 1 1

Fever 5 2

Anemia 1 2

Neutropenia 1 2

Hepatic toxicity* 1 4 2

Asthenia 5 5 2

TOTAL 31 22 23 3

* increase of SGOT and SGPT



neutropenia. In total, 3/16 patients interrupted the

chemotherapy: 2 patients having experienced grade III-IV

toxicity at the 4th and the 7th cycle, while 1 patient refused

further therapy after the 5th cycle, in which grade II

toxicity was recorded.

In Table III, the toxicity in the 32 patients treated with the

initial dose of irinotecan 300 mg/m2 and raltitrexed 2.6 mg/m2 is

reported. Seventeen/32 patients experienced grade III-IV

toxicity: grade IV toxicity was observed in 2 patients (6%);

grade III significant toxicity was registered in 23 cases and

consisted mainly of diarrhea, nausea/vomiting, neutropenia,

transaminase elevation, asthenia and stomatitis. Hospitalization

of 3 patients was required due to grade III hepatic toxicity,

grade III diarrhea and grade IV mucositis. In 1 patient, 50%

dose reduction was employed for grade IV mucositis and grade

III neutropenia. Two toxic deaths occurred: in one case as a

consequence of dehydration due to grade IV diarrhea

associated with grade III emesis; in the other patient, it was

correlated with grade III diarrhea and grade II emesis after the

2nd course of chemotherapy (at 20% dose reduction). Five

patients interrupted chemotherapy due to combined grade III-

IV toxicity after a median of 3 courses (range 1-6) and 1 patient

refused therapy after the 6th course, not associated with toxicity;

in 2 cases, patients had achieved an objective response (1

complete response + 1 partial response).

Activity and survival. Forty-three/48 patients were evaluable

for response. The reasons for non-evaluability were

chemotherapy discontinuation in 2 patients after the first

course due to grade III-IV toxicity and in 3 patients after

the second cycle, due to grade III-IV side-effects (including

2 toxic deaths).

According to intention-to-treat analyses, the overall

response rate was 27% (95% C.I. 16%-42%), including 3

complete responses (6.3%) and 10 partial responses

(20.8%). Fourteen patients (29.2%) had stable disease and

16 patients (33.3%) progressed. We observed 5/16 objective

responses (31%) in patients receiving an initial dose of

irinotecan 350 mg/m2 and raltitrexed 3 mg/m2 and 8/32

objective responses (25%) in patients treated with

irinotecan 300 mg/m2 and raltitrexed 2.6 mg/m2.

The median progression-free-survival was 5 months and

overall survival was 14 months. The median duration of

response was 11 months for patients in complete response

(range: 4-23+) and 10 months (range: 3-24) for patients in

partial response.

Discussion

The availability of several active drugs in recent years has

improved the prognosis of patients with ACC, which

nevertheless remains one of the major causes of cancer

deaths in Western countries.

First-line chemotherapy with irinotecan in addition to

bolus or infusional 5-FU demonstrated its efficacy in terms

of response rate, time to progression and overall survival.

To overcome the limitations arising with 5-FU, different

agents have been evaluated in combination with irinotecan.

The use of 5-FU, in fact, requires caution in patients with

DPD deficiency, which is estimated to be as high as 3% in

the general population, since it results in an approximately

33% mortality rate. Moreover, the drug is often

contraindicated in case of ischaemic heart disease (4, 5).

Furthermore, in case of infusional 5-FU, there may be

specific contraindications or even refusal to the

implantation of a central venous catheter. Indeed, the

combination of CPT-11/5-FU bolus /FA has been reported

to be associated with a high rate of early death related to

gastrointestinal syndrome and ischaemic events, suggesting

that an increased awareness is needed among health care

providers (17).

The use of the irinotecan-raltitrexed combination is

justified based on at least three distinct considerations: the

different mechanism of action of the two drugs documented

by preclinical data resulting in a synergistic cell kill; the non-

overlapping specific toxicity of the two drugs; the feasible

schedule administration on an out-patient basis (9-12). 

The present study confirmed the activity of the

combination of irinotecan and raltitrexed, achieving 27%

(95% CI 16%-42%) objective response rate, 30% stable

disease and a median duration of response and overall

survival of 10 and 14 months, respectively. However,

unexpectedly, the toxicity profile of the regimen was

significant in the subset of patients treated with the dosage

suggested by phase I trials. The dose reduction performed in

the subsequent set of patients, allowed the administration of

an adequate dose-intensity of both drugs and an appropriate

median number of courses/patient. Nevertheless, the

tolerability of the combination regimen did not significantly

improve: in fact, important gastrointestinal toxicity was

observed in 40% of the patients (grade III and IV diarrhea

in 11 patients and grade II and IV mucositis in 2 patients)

and 2 toxic deaths occurred. Moreover hepatic toxicity,

diarrhea and mucositis required hospitalization in 3 cases.

However, myelosuppression was less frequent and

manageable on an outpatient basis, compared to toxicity

recorded in the 16 patients treated with full doses.

Recently, three phase II studies have been published

confirming the efficacy of the combination of irinotecan and

raltitrexed in patients with ACC. Carnaghi et al. (18)

showed that this regimen was active at the dose of

irinotecan 350 mg/m2 and raltitrexed 2.6 mg/m2, obtaining

46% overall response rate. The administration of a full dose

of irinotecan, the most active drug in the combination, could

explain the higher response rate compared to the present

study. However, toxicity data demonstrated ‘not negligible’
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side-effects, mainly gastrointestinal and hematological. In

particular, grade III-IV diarrhea (26% of patients)

compared well with our toxicity data (34%), while

neutropenia was significantly superior (20% vs. 6%). Other

authors have investigated the tolerability and activity of the

sequence of CPT-11 and raltitrexed both administered on

day 1. In a large series of untreated patients, Feliu et al. (19)

achieved 30% overall response rate and observed mild

toxicity with 15% grade III-IV diarrhea and 3% neutropenic

fever. The same regimen had been tested by Aparicio et al.
among pretreated metastatic patients. An encouraging

response rate (15.4%) associated with only moderate

toxicity was reported (20).

It should be underlined that the schedule designed to

optimize the maximum synergism between the two drugs

(24-h interval) resulted in a moderate advantage in response

rate, at the expense of a considerable toxicity. The safety

profile in our experience is that of a somewhat high toxicity.

Manageable toxicity was recently reported by Garcia et al.
(21) with a bi-weekly schedule of irinotecan 200 mg/m2 and

raltitrexed 2 mg/m2. In a series of 95 patients, an objective

response rate of 32% was achieved and side-effects

consisted of grade III-IV diarrhea and neutropenia in 18%

and 11%, respectively. A weekly low-dose irinotecan

schedule could be investigated to improve tolerability in

association with biological agents (22, 23). These data

suggest that alternative drug combinations should

ameliorate the combination regimen, offering the

opportunity to deliver an adequate dosage of drugs.
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