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BSTRACT

 

Background

 

The combination of fluorouracil and
leucovorin has until recently been standard therapy
for metastatic colorectal cancer. Irinotecan prolongs
survival in patients with colorectal cancer that is re-
fractory to treatment with fluorouracil and leucovorin.
In a multicenter trial, we compared a combination of
irinotecan, fluorouracil, and leucovorin with bolus dos-
es of fluorouracil and leucovorin as first-line therapy
for metastatic colorectal cancer. A third group of pa-
tients received irinotecan alone.

 

Methods

 

Patients were randomly assigned to re-
ceive irinotecan (125 mg per square meter of body-
surface area intravenously), fluorouracil (500 mg per
square meter as an intravenous bolus), and leucovo-
rin (20 mg per square meter as an intravenous bolus)
weekly for four weeks every six weeks; fluorouracil
(425 mg per square meter as an intravenous bolus)
and leucovorin (20 mg per square meter as an intra-
venous bolus) daily for five consecutive days every
four weeks; or irinotecan alone (125 mg per square
meter intravenously) weekly for four weeks every six
weeks. End points included progression-free survival
and overall survival.

 

Results

 

Of 683 patients, 231 were assigned to re-
ceive irinotecan, fluorouracil, and leucovorin; 226 to
receive fluorouracil and leucovorin; and 226 to receive
irinotecan alone. In an intention-to-treat analysis, as
compared with treatment with fluorouracil and leu-
covorin, treatment with irinotecan, fluorouracil, and
leucovorin resulted in significantly longer progression-
free survival (median, 7.0 vs. 4.3 months; P=0.004), a
higher rate of confirmed response (39 percent vs. 21
percent, P<0.001), and longer overall survival (median,
14.8 vs. 12.6 months; P=0.04). Results for irinotecan
alone were similar to those for fluorouracil and leuco-
vorin. Grade 3 (severe) diarrhea was more common
during treatment with irinotecan, fluorouracil, and leu-
covorin than during treatment with fluorouracil and
leucovorin, but the incidence of grade 4 (life-threat-
ening) diarrhea was similar in the two groups (<8 per-
cent). Grade 3 or 4 mucositis, grade 4 neutropenia,
and neutropenic fever were less frequent during treat-
ment with irinotecan, fluorouracil, and leucovorin.
Adding irinotecan to the regimen of fluorouracil and
leucovorin did not compromise the quality of life.

 

Conclusions

 

Weekly treatment with irinotecan plus
fluorouracil and leucovorin is superior to a widely used
regimen of fluorouracil and leucovorin for metastatic
colorectal cancer in terms of progression-free survival
and overall survival. (N Engl J Med 2000;343:905-14.)
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HE antimetabolite fluorouracil is widely
used to treat metastatic colorectal cancer, the
second-leading cause of death from cancer
in North America.

 

1

 

 The drug inhibits thymi-
dylate synthase, an enzyme required for the synthesis
of DNA.

 

2

 

 It is commonly administered with leuco-
vorin, a reduced folate (tetrahydrofolate) that increas-
es the affinity of fluorouracil for thymidylate synthase.
Among various schedules of administration, the effi-
cacy of the Mayo Clinic bolus regimen, in which the
two drugs are injected daily for five days every four
weeks, has been validated in randomized trials

 

3-5

 

 and is
frequently used as first-line therapy for metastatic co-
lorectal cancer.

Irinotecan (Camptosar, Pharmacia) is a potent in-
hibitor of topoisomerase I, a nuclear enzyme involved
in the unwinding of DNA during replication.

 

6-8

 

 Irino-
tecan has demonstrated antitumor activity against met-
astatic colorectal cancer when used alone as first-line
treatment

 

9-12

 

 or as second-line treatment after the fail-
ure of fluorouracil.

 

10-18

 

 In randomized phase 3 trials,
second-line irinotecan extended survival significantly
as compared with supportive care

 

19

 

 or infusions of flu-
orouracil and leucovorin as a second-line therapy.

 

20

 

The mechanism of action of irinotecan and its activ-
ity against untreated and fluorouracil-resistant colorec-
tal cancer were the rationale for combining irinotecan
with fluorouracil and leucovorin as first-line therapy
for this disease. A phase 1 study

 

21

 

 developed a combi-
nation regimen based on the weekly irinotecan sched-
ule that had been the most widely studied in the Unit-
ed States.

 

9,11,13,14,16,18,22

 

 We conducted a phase 3 trial
in which the combination of irinotecan, fluorouracil,
and leucovorin was compared with the Mayo Clinic
bolus regimen of fluorouracil and leucovorin as a first-
line treatment for metastatic colorectal cancer. A third
group of patients was treated with irinotecan alone
to determine the activity of this drug as a single agent
in a multicenter trial.

T
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METHODS

 

Study Design and Entry Criteria

 

We conducted a phase 3, randomized, open-label, multicenter
trial. To be eligible, patients had to have histologically document-
ed colorectal cancer and measurable metastatic disease; an Eastern
Cooperative Oncology Group (ECOG) performance status of 0,
1, or 2; and adequate organ function. Prior therapy for metastatic
disease was not permitted; patients who had received adjuvant flu-
orouracil-based therapy were eligible if they had remained free of
disease for at least one year after the completion of adjuvant ther-
apy. Patients who had received pelvic irradiation were excluded. The
protocol was approved by the institutional review boards of all
participating institutions, and all patients gave written informed
consent before enrollment.

 

Stratification, Randomization, and Therapy

 

Patients were stratified according to age (<65 years vs. »65
years), ECOG performance status (0 vs. 1 or 2), interval from di-
agnosis to enrollment (<6 months vs. »6 months), and history of
adjuvant therapy with fluorouracil (yes vs. no) and were then ran-
domly assigned to one of three regimens (Table 1). Treatment was
continued until one of the following occurred: disease progression,
unacceptable adverse effects, or the withdrawal of consent by the
patient. After the first treatment, the doses were adjusted to accom-
modate individual levels of tolerance. The severity of adverse effects
was evaluated with use of the National Cancer Institute Common
Toxicity Criteria (version 1.0), in which a grade of 0 indicates no
adverse effects, a grade of 1 minor effects, a grade of 2 moderate
effects, a grade of 3 severe effects, and a grade of 4 life-threatening
effects. The doses of irinotecan and fluorouracil (in the triple-drug
group) were reduced by 20 percent during a cycle if a grade 2 ad-
verse effect occurred and were omitted in the event of a grade 3 or
4 effect. Once the adverse effect resolved, treatment was resumed;
the dose was reduced by 20 percent in the case of a grade 3 ad-
verse effect and by 40 percent in the case of a grade 4 adverse ef-
fect or neutropenic fever. After grade 3 or 4 mucositis, only the
doses of fluorouracil were reduced. For the Mayo Clinic bolus
regimen, the doses of fluorouracil were reduced by 20 percent after
a grade 3 adverse effect and by 40 percent after a grade 4 effect or
neutropenic fever.

Supportive care included intensive treatment with loperamide

 

23

 

for late diarrhea. Atropine was given as needed for irinotecan-relat-
ed cholinergic symptoms.

 

24,25

 

 Antiemetic agents were provided at
the discretion of the treating physician. The prophylactic use of
colony-stimulating factors was not permitted.

 

Evaluation of Patients

 

Tumors were measured every 6 weeks through week 24 and then
every 12 weeks until the tumor progressed. An objective response

was defined as a reduction of at least 50 percent in the area of all
measurable lesions on computed tomographic (CT) or other scan-
ning. Confirmed objective responses were those for which a follow-
up scan obtained at least four weeks later demonstrated the persist-
ence of the response. Tumor progression was defined as an increase
of at least 25 percent in the overall area of the tumor or the ap-
pearance of new lesions. The determination of responses and pro-
gression was based on investigator-reported measurements. Safety
assessments and complete blood counts were performed weekly.
Serum chemical values and the quality of life were assessed at the
beginning of each treatment cycle. The Quality of Life Question-
naire of the European Organization for Research and Treatment of
Cancer (version 2) was used to assess the quality of life. On this test,
scores can range from 0 to 100, with higher scores on functional
scales and lower scores on symptom scales indicating a better qual-
ity of life. Data on subsequent treatments for colorectal cancer and
survival were collected approximately every three months after the
end of the study treatment.

 

Statistical Analysis

 

The primary end point was progression-free survival. Progression-
free survival was defined as the length of time from randomization
to disease progression or to death from disease progression or un-
known causes. For patients who were removed from the study or
died of causes unrelated to colorectal cancer, progression-free sur-
vival was conservatively defined as the time from randomization to
the last date on which the patient was known to be free of progres-
sive disease.

Past experience suggested that the median progression-free sur-
vival with fluorouracil and leucovorin would be five months.

 

4,5

 

 We
estimated that 220 patients would be needed in each group in or-
der to detect a 40 percent improvement in median progression-
free survival, to seven months, with triple-drug therapy with a pow-
er of 0.85.

In the evaluation of efficacy end points, all patients enrolled in
the study were included and analyzed according to the intention-
to-treat principle. In the analysis of treatment administration and
adverse effects, only the patients who actually received treatment
were assessed. (Of the 683 patients who enrolled in the study, the
16 who were not treated were excluded from this part of the analy-
sis and the adverse effects in the 4 patients who received the wrong
treatment were attributed to the drugs they actually received.) We
used two-tailed, unstratified, log-rank tests, with a P value of 0.05
or less considered to indicate statistical significance, in the analy-
ses comparing time-to-event end points between the triple-drug
group and the two-drug group, which were selected a priori as
the only groups to be used in statistical hypothesis testing. For
response rates, we used chi-square tests to compare these two
groups. We assessed changes in subscale scores of the quality of
life between groups using analysis of variance for repeated meas-

 

*For each regimen, the agents are listed in the order in which they were administered. IV denotes
intravenous.
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Irinotecan

Leucovorin
Fluorouracil

125 mg/m

 

2

 

 of body-surface area intra-
venously over a 90-minute period

20 mg/m

 

2

 

 as an IV bolus
500 mg/m

 

2 

 

as an IV bolus

 





 

Each one given weekly for 4 weeks 
every 6 weeks

Leucovorin
Fluorouracil

20 mg/m

 

2

 

 as an IV bolus
425 mg/m

 

2

 

 as an IV bolus
Each one given daily for 5 days (on 

days 1–5) every 4 weeks

Irinotecan alone 125 mg/m

 

2

 

 intravenously over a 90-
minute period

Given weekly for 4 weeks every 
6 weeks
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ures, whereas we used Student’s t-tests to compare the greatest wor-
sening in the quality of life from base line.

We used proportional-hazards modeling with forward selection
to determine the influence of the patients’ base-line characteristics
on response, progression-free survival, and overall survival. A P val-
ue of less than 0.05 was considered to indicate statistical signifi-
cance. Interactions between treatment and the various factors with
a P value of less than 0.10 were assessed. Predefined base-line char-
acteristics for this analysis included the four stratification factors
and other potentially prognostic factors: sex, race or ethnic group,
the site of the primary tumor, the time from diagnosis of disease to
the occurrence of metastasis, the number of involved organs, the
presence or absence of liver involvement, hemoglobin level, white-
cell count, and serum levels of carcinoembryonic antigen, lactate
dehydrogenase, and total bilirubin.

 

RESULTS

 

Characteristics of the Patients

 

A total of 683 patients were enrolled in the study
and randomly assigned to one of the three treatments
between May 1996 and May 1998 at 71 sites in the
United States, Canada, Australia, and New Zealand.
Data were collected for an additional 19 months af-
ter accrual ended, with data on survival collected
through December 1999. The intention-to-treat pop-
ulation comprised 231 patients in the group assigned
to receive irinotecan, fluorouracil, and leucovorin; 226
patients in the group assigned to receive fluorouracil
and leucovorin; and 226 patients in the group assigned
to receive irinotecan alone. After the exclusion of the
16 patients who never received therapy and the 4 who
received the wrong treatment, the treated population
included 225 patients who received irinotecan, fluor-
ouracil, and leucovorin; 219 patients who received
fluorouracil and leucovorin; and 223 patients who
received irinotecan alone.

Table 2 shows the base-line characteristics of the
patients, all of which were balanced among the treat-
ment groups except for the proportion of men, which
was greater in the triple-drug group than in the two-
drug group (65 percent vs. 54 percent, P=0.02). The
median age was just over 60 years. More than 50 per-
cent of the patients had an ECOG performance sta-
tus of 1 or 2 at base line. Approximately 35 percent
of the patients in each group had at least two organs
involved, with the liver being the most common site
of metastatic disease. Because most patients had met-
astatic disease at diagnosis, only about 10 percent of
them had received adjuvant therapy. In violation of
the entry criteria, nine patients had received pelvic ra-
diotherapy. There were no significant differences in
base-line laboratory values among the groups.

 

Treatment

 

The median duration of treatment with irinotecan,
fluorouracil, and leucovorin was 5.5 months. For pa-
tients who received fluorouracil and leucovorin and
those who received irinotecan alone, the median du-
rations of treatment were 4.1 months and 3.9 months,
respectively. The median relative intensity of the dose

of irinotecan (calculated as the actual dose delivered
divided by the intended dose) was similar in the group
given irinotecan alone and the group given irinote-
can, fluorouracil, and leucovorin (75 percent vs. 72
percent). The median relative intensity of the dose of
fluorouracil in the triple-drug group was lower than
that in the two-drug group (71 percent vs. 86 per-
cent). This lower dose intensity may have resulted, in
part, from the weekly reductions in dose permitted
with the triple-drug regimen.

Among patients with follow-up data, 52 percent of
those who received irinotecan, fluorouracil, and leu-
covorin during the study, 70 percent of those who
received fluorouracil and leucovorin, and 79 percent
of those who were given irinotecan alone received ad-
ditional chemotherapy after the study treatment end-
ed. The majority of patients (56 percent) in the group
given fluorouracil and leucovorin received an irino-
tecan-based regimen after the study. Oxaliplatin or
other investigational agents were administered to few-
er than 5 percent of patients in any group.

 

Efficacy

 

Progression-free survival, the primary end point of
the study, was significantly longer among patients who
were assigned to receive irinotecan, fluorouracil, and
leucovorin than among those assigned to receive flu-
orouracil and leucovorin (median, 7.0 months vs. 4.3
months; P=0.004) (Table 3). Progression-free survival
among patients who were assigned to receive irino-
tecan alone (median, 4.2 months) was similar to that
among patients who were assigned to receive fluoro-
uracil and leucovorin. The Kaplan–Meier estimates of
progression-free survival in the three groups are shown
in Figure 1.

The objective rate of response was 50 percent
among patients who were assigned to receive irino-
tecan, fluorouracil, and leucovorin and 28 percent
among those assigned to receive fluorouracil and leu-
covorin (P<0.001). The rates of objective responses
that were confirmed by imaging tests four to six weeks
later were also significantly higher among patients in
the triple-drug group than among those in the two-
drug group (39 percent vs. 21 percent, P<0.001).
The rates of objective and confirmed responses with
irinotecan alone (29 percent and 18 percent, respec-
tively) were similar to those with fluorouracil and leu-
covorin (28 percent and 21 percent, respectively). A
complete response was seen in six patients in the tri-
ple-drug group, two patients in the two-drug group,
and four patients assigned to receive irinotecan alone.
The median duration of confirmed response was ap-
proximately nine months in all groups. 

The median survival of patients who were assigned
to receive irinotecan, fluorouracil, and leucovorin was
14.8 months, as compared with 12.6 months among
patients who were assigned to receive fluorouracil and
leucovorin (P=0.04). The median survival of patients

Copyright © 2000 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission. 



 

908

 

·

 

September 28, 2000

 

The New England Journal  of  Medicine

 

assigned to receive irinotecan alone was similar to that
of patients assigned to receive fluorouracil and leuco-
vorin (12.0 vs. 12.6 months). The Kaplan–Meier sur-
vival curves are shown in Figure 2.

 

Proportional-Hazards Modeling

 

Multiple regression modeling of the rates of objec-
tive response revealed no interactions between treat-
ment and the stratification factors or other potentially
prognostic factors. The addition of irinotecan to ther-
apy with fluorouracil and leucovorin virtually dou-

bled the response rates in all predefined subgroups of
patients.

For progression-free and overall survival, we used
Cox regression techniques to compare the effects of
irinotecan, fluorouracil, and leucovorin with those of
fluorouracil and leucovorin in the context of the strat-
ification factors and other predefined base-line clin-
ical characteristics (Table 4). Factors predictive of im-
proved progression-free survival and overall survival
were a normal lactate dehydrogenase level and an ex-
cellent performance status (a score of 0). A hemo-

 

*Because of rounding, percentages may not total 100. ECOG denotes Eastern Cooperative Oncol-
ogy Group.

†Information was not available for some patients who underwent randomization but were not
treated.

‡This was a stratification variable. 
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HARACTERISTIC
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RINOTECAN
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,

 

AND
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EUCOVORIN

 

(N=231)

F

 

LUOROURACIL

AND

 

 L

 

EUCOVORIN

 

(N=226)

I

 

RINOTECAN

 

A

 

LONE

 

(N=226)

 

Sex — no. (%)
Male
Female
Not available†

151 (65)
79 (34)
1 (<1)

123 (54)
101 (45)

2 (1)

145 (64)
80 (35)
1 (<1)

Age‡
Median — yr
Range — yr
<65 years — no. (%)
»65 years — no. (%)
Not available — no. (%)†

62
25–85

139 (60)
91 (39)
1 (<1)

61
19–85

136 (60)
88 (39)
2 (1)

61
30–87

135 (60)
90 (40)
1 (<1)

ECOG performance status — no. (%)‡
0
1
2
Not available†

89 (39)
106 (46)
35 (15)
1 (<1)

93 (41)
102 (45)
29 (13)
2 (1)

104 (46)
103 (46)
18 (8)
1 (<1)

Site of primary tumor — no. (%)
Colon
Rectum
Not available†

188 (81)
38 (16)
5 (2)

192 (85)
31 (14)
3 (1)

189 (84)
33 (15)
4 (2)

No. of involved organs — no. (%)
1
2
>2
Not available†

147 (64)
59 (26)
24 (10)
1 (<1)

149 (66)
52 (23)
23 (10)
2 (1)

140 (62)
64 (28)
21 (9)
1 (<1)

Liver involvement — no. (%)
Yes
No
Not available†

189 (82)
41 (18)
1 (<1)

185 (82)
39 (17)
2 (1)

188 (83)
37 (16)
1 (<1)

Time from diagnosis to randomization — mo‡
Median
Range

1.9
0.1–161

1.7
0.1–203

1.8
0.1–185

Prior adjuvant fluorouracil — no. (%)‡
Yes
No

25 (11)
206 (89)

18 (8)
208 (92)

23 (10)
203 (90)

Prior radiotherapy — no. (%)
Any
Pelvis or abdomen
Other sites

7 (3)
4 (2)
3 (1)

5 (2)
2 (1)
3 (1)

3 (1)
3 (1)
0

Base-line laboratory abnormalities — no./total 
no. (%)

White-cell count »8¬10

 

3

 

/mm

 

3

 

Hemoglobin <11 g/dl
Lactate dehydrogenase > upper normal limit
Total bilirubin > upper normal limit
Carcinoembryonic antigen »100 ng/ml

119/227 (52)
58/227 (26)

126/210 (60)
15/226 (7)
89/224 (40)

115/217 (53)
55/217 (25)

112/201 (56)
9/218 (4)

82/213 (38)

113/221 (51)
57/221 (26)

104/195 (53)
22/220 (10)
81/219 (37)
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globin level of at least 11 g per deciliter and a normal
white-cell count were predictive of better progression-
free survival and overall survival, respectively. Unex-
pectedly, an age of 65 years or older was also associ-
ated with a longer progression-free survival. Treatment
with irinotecan, fluorouracil, and leucovorin remained
a significant independent predictor of longer progres-
sion-free survival (P<0.001) and overall survival (P=
0.03) when other significant base-line characteristics
were taken into account. Treatment with irinotecan,
fluorouracil, and leucovorin was associated with a 36
percent reduction in the risk of progression and a 22

percent reduction in the risk of death relative to treat-
ment with fluorouracil and leucovorin alone (Table
4). No relevant interactions between treatment and
other factors were identified for progression-free sur-
vival, indicating that progression-free survival was im-
proved in all the predefined subgroups of patients.
In the comparison of irinotecan, fluorouracil, and leu-
covorin with fluorouracil and leucovorin, the reduc-
tion in the risk of death among patients with a nor-
mal lactate dehydrogenase level was 43 percent, as
compared with a reduction of 12 percent among
those with an elevated lactate dehydrogenase level,

 

*P values are for the comparison of the triple-drug group with the two-drug group.

†The log-rank test was used.

‡The chi-square test was used.

§Responses were confirmed by computed tomography or other scanning four to six weeks after
the initial evidence of an objective response had been obtained.
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Median progression-free survival (mo) 7.0 4.3 0.004† 4.2

Objective response rate (%) 50 28 <0.001‡ 29

Confirmed objective response rate (%)§ 39 21 <0.001‡ 18

Median duration of confirmed response 
(mo)

9.2 8.7 0.37† 9.0

Median overall survival (mo) 14.8 12.6 0.04† 12.0

 

Figure 1.

 

 Kaplan–Meier Estimates of Progression-free Survival.
The P value was derived from a log-rank test comparing the triple-drug group with the two-drug group.
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suggesting a possible interaction of the lactate dehy-
drogenase level with treatment with respect to sur-
vival (P=0.07).

 

Adverse Effects

 

As shown in Table 5, 22.7 percent of patients who
were given irinotecan, fluorouracil, and leucovorin had

diarrhea of grade 3 or 4, as compared with 13.2 per-
cent of patients who were given fluorouracil and leu-
covorin and 31.0 percent of patients who were given
irinotecan alone. The difference between the triple-
drug group and the two-drug group was primarily
in the incidence of grade 3 diarrhea; the incidence of
grade 4 diarrhea was similar in the two groups (7.6

 

Figure 2.

 

 Kaplan–Meier Estimates of Overall Survival.
The P value was derived from a log-rank test comparing the triple-drug group with the two-drug group.
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*CI denotes confidence interval, and UNL upper limit of normal.

†This variable was not included in the analysis of progression-free survival, because it was not sig-
nificant.

‡This variable was not included in the analysis of overall survival, because it was not significant.

§Age was identified as a stratification factor in the study design and was therefore included in the
model even though it was only marginally significant (P=0.08).
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ESULTS OF COX REGRESSION ANALYSIS.*

FACTOR PROGRESSION-FREE SURVIVAL OVERALL SURVIVAL

HAZARD RATIO

(95% CI) P VALUE

HAZARD RATIO

(95% CI) P VALUE

Serum lactate dehydrogenase («UNL 
vs. >UNL)

0.60 (0.47–0.76) <0.001 0.47 (0.36–0.60) <0.001

No. of involved organs (1 vs. »2) 0.63 (0.50–0.80) <0.001 0.67 (0.54–0.83) <0.001

Performance status (0 vs. 1 or 2) 0.74 (0.59–0.93) 0.009 0.56 (0.44–0.70) <0.001

Bilirubin level («UNL vs. >UNL) 0.56 (0.35–0.89) 0.01 0.53 (0.33–0.83) 0.005

White-cell count (<8¬103/mm3 vs. 
»8¬103/mm3)†

— — 0.65 (0.52–0.82) <0.001

Hemoglobin level (»11 g/dl vs. 
<11 g/dl)‡

0.74 (0.58–0.95) 0.02 — —

Age (»65 yr vs. <65 yr) 0.78 (0.63–0.98) 0.03 0.82 (0.65–1.02) 0.08§

Treatment (irinotecan, fluorouracil, 
and leucovorin vs. fluorouracil and 
leucovorin)

0.64 (0.51–0.79) <0.001 0.78 (0.63–0.97) 0.03
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percent and 7.3 percent). The group given irinotecan
alone had an incidence of grade 4 diarrhea of 12.6 per-
cent. Vomiting of grade 3 or 4 was more common
with combination regimens that included irinotecan.
Mucositis of grade 3 or 4 occurred in only 2.2 percent
of patients who received irinotecan alone or in combi-
nation. As expected, the Mayo Clinic bolus regimen
of fluorouracil and leucovorin was associated with a
much higher frequency of grade 3 or 4 mucositis
(16.9 percent). Moreover, the frequency of grade 4
neutropenia during treatment with irinotecan, fluor-
ouracil, and leucovorin was almost half that observed
during treatment with fluorouracil and leucovorin
(24.0 percent vs. 42.5 percent); neutropenic fever was
also less common with irinotecan, fluorouracil, and
leucovorin than with fluorouracil and leucovorin
(7.1 percent vs. 14.6 percent). Irinotecan alone was
associated with the lowest incidence of grade 3 or 4
neutropenia. The incidence of treatment-related death
was approximately 1 percent in all three groups.

Quality of Life

Analyses of the quality of life showed that there were
no significant differences between the group given
irinotecan, fluorouracil, and leucovorin and the group
given fluorouracil and leucovorin (Fig. 3). In univari-
ate analyses in which we compared the greatest wor-
sening in the quality of life from base line, the mean
increases in the severity of symptoms were smaller in
the triple-drug group than in the two-drug group
with respect to fatigue (increase in severity, 8 percent
vs. 20 percent), anorexia (1 percent decrease vs. 9 per-
cent increase), and pain (increase, 1 percent vs. 8 per-
cent) (P<0.05 for all comparisons, by Student’s t-test).
As indicated by the measurement of the greatest de-
clines from base line in role functioning (the ability to
perform the activities of daily living), the triple-drug
group had a smaller decrease in function than the
two-drug group (decrease, 6 percent vs. 13 percent;
P<0.05 by Student’s t-test). The extent of the chang-
es in other subscales in this analysis was not signifi-
cantly different between the groups.

DISCUSSION

In this phase 3, randomized study, we compared the
clinical benefits of a combination of irinotecan plus
fluorouracil and leucovorin with those of fluorouracil
and leucovorin alone as first-line therapy for metastat-
ic colorectal cancer. The control regimen of fluoroura-
cil and leucovorin that we used has been one of the
most commonly used treatments for metastatic co-
lorectal cancer in North America; thus, our findings
can give practitioners insight into the relative efficacy
and safety of the new regimen as contrasted with a
familiar standard.

The base-line clinical characteristics of the treatment
groups were similar except for a greater proportion of
men in the group assigned to receive irinotecan, flu-

orouracil, and leucovorin than in the group assigned
to receive fluorouracil and leucovorin. However, this
difference did not appear to influence the results; when
sex was tested in multivariate analyses, it was not sig-
nificantly predictive of the outcome.

Our results show that, as compared with fluoroura-
cil-based therapy, the combination of irinotecan, flu-
orouracil, and leucovorin significantly delays disease
progression while reducing the size of tumors. Pro-
gression-free survival was significantly longer among
patients who were assigned to receive irinotecan, flu-
orouracil, and leucovorin than among those assigned
to receive fluorouracil and leucovorin (median pro-
gression-free survival, 7.0 and 4.3 months, respective-
ly; P=0.004), with an average reduction of 36 percent
in the risk of disease progression at any given time.
The rates of response with irinotecan, fluorouracil,
and leucovorin were close to double those with fluor-
ouracil and leucovorin (50 percent vs. 28 percent,
P<0.001). Improvements in response rates and pro-
gression-free survival were observed in every subgroup
of patients in the triple-drug group, including those
with a poor ECOG performance status, an age of 65
years or older, extensive disease, a history of adjuvant
therapy, or abnormal laboratory values at base line.

Treatment with irinotecan, fluorouracil, and leu-
covorin was also associated with a statistically signif-

*A grade of 3 indicated a severe event, and a grade of 4 a life-threatening
event.

TABLE 5. ADVERSE EVENTS AMONG PATIENTS WHO RECEIVED 
THE ASSIGNED TREATMENT.*

ADVERSE EVENT

IRINOTECAN,
FLUOROURACIL,

AND LEUCOVORIN

(N=225)

FLUOROURACIL

AND LEUCOVORIN

(N=219)

IRINOTECAN

ALONE

(N=223)

percent

Diarrhea
Grade 3 or 4
Grade 3
Grade 4

22.7
15.1
7.6

13.2
5.9
7.3

31.0
18.4
12.6

Vomiting
Grade 3 or 4
Grade 3
Grade 4

9.7
5.3
4.4

4.1
2.7
1.4

12.1
5.8
6.3

Mucositis
Grade 3 or 4
Grade 3
Grade 4

2.2
2.2
0

16.9
14.6
2.3

2.2
1.8
0.4

Neutropenia
Grade 3 or 4
Grade 3
Grade 4

53.8
29.8
24.0

66.2
23.7
42.5

31.4
19.3
12.1

Neutropenic complications
Fever
Infection

7.1
1.8

14.6
0.0

5.8
2.2

Discontinuation related to
adverse events

7.6 6.4 11.7

Drug-related deaths 0.9 1.4 0.9
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icant improvement in overall survival (median, 14.8
months, as compared with 12.6 months in the group
assigned to fluorouracil and leucovorin; P=0.04).
Evaluation of the hazard ratio for the three-drug
group relative to the two-drug group indicated that,
at any given time, the relative risk of death in the tri-
ple-drug group was an average of 22 percent lower.
The improvement in survival in the patients who re-
ceived the triple-drug combination is particularly no-
table because over half the patients in the control
group eventually received irinotecan as second-line
therapy. Thus, concurrent first-line administration of
irinotecan and fluorouracil appears to be superior to
sequential administration.

We performed a Cox regression analysis of prog-
nostic factors identified in other trials19,20,26-28 and con-
firmed that a good performance status, fewer meta-
static sites, relatively normal laboratory results (normal
lactate dehydrogenase and bilirubin levels, normal
white-cell count, and a hemoglobin level of at least
11 g per deciliter) are associated with better outcomes.
After adjustment for these factors, the difference be-
tween the group given irinotecan, fluorouracil, and
leucovorin and the group given fluorouracil and leuco-
vorin remained significant with respect to improve-
ments in both progression-free survival (P<0.001)
and overall survival (P=0.03).

As stipulated by the protocol, the irinotecan-alone
group was not the focus of statistical testing. Howev-
er, as expected, the efficacy results in this group were
generally consistent with those observed with fluor-
ouracil and leucovorin alone.

The results of our study complement the findings

of another phase 3 trial comparing irinotecan, fluor-
ouracil, and leucovorin with fluorouracil and leuco-
vorin as first-line therapy for metastatic colorectal
cancer.29 That study, conducted primarily in Europe,
randomly assigned 385 patients to receive either irino-
tecan plus infusions of fluorouracil and leucovorin or
infusions of fluorouracil and leucovorin alone. The re-
sults of both studies are remarkably consistent; in the
European trial, progression-free survival was signifi-
cantly improved with the triple-drug therapy as com-
pared with the two-drug therapy (median, 6.7 months
vs. 4.4 months; P<0.001). Likewise, the confirmed
objective response rate in the group given irinotecan,
fluorouracil, and leucovorin was significantly higher
than the rate in the group given fluorouracil and leu-
covorin (35 percent vs. 22 percent, P<0.005). The
addition of irinotecan resulted in an improvement in
survival of approximately 20 percent (median, 17.4
months vs. 14.1 months; P=0.03), results that were
similar to those in our study.

In our study, the incidence of grade 3 diarrhea was
greater with triple-drug therapy than with two-drug
therapy. However, grade 4 diarrhea — largely defined
by the need for hospitalization for supportive care
— was infrequent (<8 percent) in both groups. The
incidence of grade 4 diarrhea was lower with irino-
tecan, fluorouracil, and leucovorin than with irino-
tecan alone, perhaps because the neutropenia induced
by fluorouracil and leucovorin in the three-drug group
prompted early midcycle reductions in the dose of
irinotecan and fluorouracil that lowered the risk of
grade 4 diarrhea.

Vomiting of grade 3 or 4 was more common with

Figure 3. Mean (±SE) Changes from Base Line in Scores on the Global Health Status Subscale of the Quality of Life
Questionnaire of the European Organization for Research and Treatment of Cancer.
On this scale, scores can range from 0 to 100, with higher scores indicating a better quality of life.
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irinotecan, fluorouracil, and leucovorin than with flu-
orouracil and leucovorin, but it occurred in less than
10 percent of patients in the three-drug group, and
its incidence might have been further reduced with the
more frequent use of prophylactic serotonin-antago-
nist antiemetics. Mucositis of grade 3 or 4, grade 4
neutropenia, and neutropenic fever occurred less often
with triple-drug therapy than with two-drug therapy.
This finding most likely results from differences in
the scheduling of fluorouracil and leucovorin treat-
ments in the two regimens; the combination of flu-
orouracil and leucovorin is associated with lower rates
of these adverse effects when it is given weekly.4,5

Treatment-related death was rare (a rate of 1 percent
in all groups). Furthermore, analysis of the quality of
life indicated that the combination of irinotecan with
fluorouracil and leucovorin did not worsen the qual-
ity of life as compared with that reported with fluoro-
uracil and leucovorin.

In conclusion, we found that combining irinotecan
with fluorouracil and leucovorin benefits patients with
metastatic colorectal cancer. As compared with a wide-
ly used regimen of fluorouracil and leucovorin, the
triple-drug therapy was associated with higher rates
of tumor regression, progression-free survival, and
overall survival without compromising the quality of
life. The combination of irinotecan, fluorouracil, and
leucovorin is now being compared with a weekly reg-
imen of fluorouracil and leucovorin as adjuvant ther-
apy for patients with stage III colon cancer to deter-
mine whether it will increase rates of cure in patients
with an earlier stage of the disease.

Presented in preliminary form at the 19th Annual Meeting of the Amer-
ican Society of Clinical Oncology, Atlanta, May 15–18, 1999.
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APPENDIX

Additional principal investigators of the Irinotecan Study Group were as
follows: Evansville Cancer Center, Evansville, Ind. — R. Ballou; Western
Hospital, Footscray, Victoria, Australia — R. Basser; Toronto Sunnybrook
Regional Cancer Center, Toronto — G. Bjarnason; Ochsner Cancer Insti-
tute, New Orleans — A. Brown; Yale Comprehensive Cancer Center, New
Haven, Conn. — B. Burtness; Comprehensive Cancer Center, Clarksville,
Tenn. — T. Butler; Sutter Cancer Center, Sacramento, Calif. — V. Cag-
giano; Salem Research Group, Winston-Salem, N.C. — N. Chrysson; Roy-
al Prince Alfred Hospital, Camperdown, N.S.W., Australia — S. Clarke;
University of Virginia Health Science Center, Charlottesville — R. Cohen;
University of Colorado Health Sciences Center, Denver — A. Cohn; Nova
Scotia Cancer Center, Halifax, Canada — B. Colwell; Mid-Atlantic Con-
sultants in Hematology–Oncology, Norfolk, Va. — P. Conkling; Hôtel-
Dieu de Québec, Quebec, Que., Canada — F. Couture; Knoxville, Tenn.
— T. Dobbs; Community Cancer Care, Indianapolis — W. Dugan; St.
John’s Mercy Hospital, St. Louis — J. Eckhardt; Marin Oncology Associ-
ates, Greenbrae, Calif. — P. Eisenberg; Cross Cancer Institute, Edmonton,
Alta., Canada — A. Fields; Hamilton Regional Cancer Center, Hamilton,
Ont., Canada — A. Figueredo; Wellington Hospital, Wellington South,

New Zealand — M. Findlay; Ball Memorial Hospital, Muncie, Ind. — W.
Fisher; Joe Arrington Cancer Research and Treatment Center, Lubbock,
Tex. — C. Geyer, Jr.; Prince of Wales Hospital, Randwick, N.S.W., Australia
— D. Goldstein; Sidney Kimmel Cancer Center, San Diego, Calif. — J.
Gutheil; Sarah Canon Cancer Center, Nashville — J. Hainsworth; Univer-
sity of Pennsylvania Cancer Center, Philadelphia — D. Haller; St. Luke’s
Medical Center, Milwaukee — J. Hanson; Dunedin Hospital, Dunedin,
New Zealand — M. Jeffery; Sacré-Coeur Hospital, Montreal — B. L’Espe-
rance; Jean Brown Associates, Salt Lake City — G. Litton; Indiana Univer-
sity, Indianapolis — P. Loehrer; Lombardi Cancer Center, Washington,
D.C. — J. Marshall; Oncology Center at Providence Park, Mobile, Ala. —
M. Meshad; Roswell Park Cancer Institute, Buffalo, N.Y. — N. Meropol;
Jefferson Medical College, Philadelphia — E. Mitchell; Austin and Repa-
triation Medical Centre, Heidelberg, Victoria, Australia — P. Mitchell; Co-
lumbus Cooperative Community Oncology Program (CCOP), Columbus,
Ohio — T. Moore; University of Illinois at Chicago, Chicago — M. Mul-
lane; Queen Elizabeth Hospital, Woodville, S.A., Australia — K. Patterson;
Parrish Center Medical Plaza, Owensboro, Ky. — D. Prajapati; Bowman
Gray Hospital, Winston-Salem, N.C. — F. Richards; Peter MacCallum
Cancer Institute, East Melbourne, Victoria, Australia — D. Rischin; Swed-
ish Hospital Medical Center, Seattle — S. Rivkin; Christchurch Hospital,
Christchurch, New Zealand — B. Robinson; Marshfield Clinic, Marshfield,
Wis. — D. Rushing; Veterans Affairs Medical Center, Miami, Fla. — N. Sa-
varaj; University Oncology Associates, Chattanooga, Tenn. — L. Schla-
bach; Winthrop University Hospital, Mineola, N.Y. — J. Schneider; Com-
prehensive Cancer Center, Huntsville, Ala. — M. Schreeder; British
Columbia Cancer Agency, Vancouver, Canada — A. Shah; University of
Michigan Medical Center, Ann Arbor — D. Smith; St. Joseph Mercy Hos-
pital, Ann Arbor, Mich. — P. Stella; Loyola University of Chicago, May-
wood, Ill. — L. Swinnen; Oregon Hematology–Oncology Associates,
Portland — G. Takahasi; Royal Victoria Hospital, Montreal — M. Trudeau;
Sir Charles Gairdner Hospital, Nedlands, W.A., Australia — G. Van Hazel;
Montefiore Medical Center, Bronx, N.Y. — S. Wadler; Kingsport Hema-
tology–Oncology Associates, Kingsport, Tenn. — S. Woodley; Health Sci-
ence Cancer Centre, St. John’s, Newf., Canada — R. Wong; Boston Cancer
Center, Memphis, Tenn. — F. Yunus.
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