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A Randomized Controlled Trial of Fluorouracil Plus
Leucovorin, Irinotecan, and Oxaliplatin Combinations
in Patients With Previously Untreated Metastatic
Colorectal Cancer
Richard M. Goldberg, Daniel J. Sargent, Roscoe F. Morton, Charles S. Fuchs, Ramesh K. Ramanathan,
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Purpose
Three agents with differing mechanisms of action are available for treatment of advanced colorectal
cancer: fluorouracil, irinotecan, and oxaliplatin. In this study, we compared the activity and toxicity of
three different two-drug combinations in patients with metastatic colorectal cancer who had not been
treated previously for advanced disease.
Patients and Methods
Patients were concurrently randomly assigned to receive irinotecan and bolus fluorouracil plus
leucovorin (IFL, control combination), oxaliplatin and infused fluorouracil plus leucovorin (FOLFOX), or
irinotecan and oxaliplatin (IROX). The primary end point was time to progression, with secondary end
points of response rate, survival time, and toxicity.
Results
A total of 795 patients were randomly assigned between May 1999 and April 2001. A median time to
progression of 8.7 months, response rate of 45%, and median survival time of 19.5 months were
observed for FOLFOX. These results were significantly superior to those observed for IFL for all end
points (6.9 months, 31%, and 15.0 months, respectively) or for IROX (6.5 months, 35%, and 17.4
months, respectively) for time to progression and response. The FOLFOX regimen had significantly
lower rates of severe nausea, vomiting, diarrhea, febrile neutropenia, and dehydration. Sensory
neuropathy and neutropenia were more common with the regimens containing oxaliplatin.
Conclusion
The FOLFOX regimen of oxaliplatin and infused fluorouracil plus leucovorin was active and comparatively
safe. It should be considered as a standard therapy for patients with advanced colorectal cancer.
J Clin Oncol 22:23-30. © 2004 by American Society of Clinical Oncology

INTRODUCTION

In 2002, approximately 150,000 people in
the United States were newly diagnosed with
colorectal cancer, a disease that ranks as the
third leading cause of cancer death worldwide [1]. For years, effective treatment for
advanced colorectal cancer was limited to
fluorouracil (FU). There are preclinical in
vitro, as well as clinical in vivo, data that
suggest that FU has a schedule-dependent
mechanism of action [2]. When the agent is
delivered by a short-duration bolus injection, it mainly inhibits RNA synthesis.

When FU is delivered by long-term infusion
lasting days to weeks, it mainly inhibits DNA
synthesis through inhibition of thymidylate
synthesis. Historically, treatment with bolus
FU led to modest response rates of approximately 12%, and a median survival of approximately 11 months.
Delivering FU by infusion of 24-hour or
longer durations changes the toxicity profile
and seems to improve the response rate,
while prolonging median survival modestly
by less than a month, from 11 to 12 months.
The coupling of FU with leucovorin (LV), a
reduced folate that increases thymidylate
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synthetase inhibition, improves clinical outcomes [3]. Like
the differences observed with FU alone, the activity and
toxicity of FU plus LV (FU/LV) depends on administration of FU via bolus injection or infusion. Before 2000,
regimens based on the bolus injection of FU/LV were the
North American standard treatment for advanced colorectal cancer. A 1,381-patient meta-analysis indicated a
response rate of 23%, and a median survival of 11.5
months [3].
In Europe, it is more common to administer FU as a
short-term infusion. For example, a group of French physicians led by Aimery de Gramont developed a regimen
repeated every other week that employed a schedule of two
consecutive daily 2-hour LV infusions, followed by bolus
injections of FU, followed by 22-hour infusions of FU. A
randomized comparison of this regimen, designated
LVFU-2, with the Mayo Clinic 5-consecutive-day program
of FU/LV demonstrated a response rate of 37% v 14%, and
a median survival of 14.3 months versus 13.1 months [4].
In the 1990s, two additional agents, irinotecan and
oxaliplatin, were found to have activity against advanced
colorectal cancer. Irinotecan inhibits topoisomerase I, thus
impeding DNA uncoiling leading to double-stranded DNA
breaks [5]. Initial treatment with irinotecan and either bolus (North American preference) or infused (European
preference) FU/LV significantly improved outcomes as
compared with FU/LV [6,7]. The bolus regimen of irinotecan plus FU/LV, commonly known as IFL, produced a 39%
response rate, 7-month median time to progression, and
median overall survival of 14.8 months [6]. In March 2000,

the US Food and Drug Administration approved this combination as indicated for first-line therapy for advanced
colorectal cancer. The Oncologic Drugs Advisory Committee recommended to the US Food and Drug Administration
that this combination be considered a regulatory standard
to which new regimens be compared. A second trial done in
Europe added irinotecan to bolus and infused FU/LV, with
results comparable to those observed with IFL [7].
Oxaliplatin, a platinum-based drug, forms cross-linking adducts, thus blocking DNA replication and transcription [8]. In vitro oxaliplatin inhibits colorectal tumor cell
lines resistant to cisplatin and carboplatin [9]. When the
infused LVFU-2 regimen described earlier was compared
with a regimen of oxaliplatin plus LVFU-2 known as FOLFOX4, the latter treatment significantly increased the response rate to 51%, and the time to progression to 9.0
months. The increase in median survival from 14.7 to 16.2
months did not reach statistical significance [10].
Preliminary phase I/II trials indicated activity for an
every-3-week oxaliplatin and irinotecan (IROX) regimen
that was similar to that noted previously for IFL [11,12].
Our study is the first phase III trial to evaluate oxaliplatin
and irinotecan in combination.
We developed this randomized multicenter trial to
compare combinations of FU/LV, irinotecan, and oxaliplatin in patients with previously untreated metastatic colorectal cancer. Several early changes in the study that do not
materially affect the results presented here, and that will be
reported in a separate publication, are cataloged here for the
sake of completeness (Fig 1). These changes included dele-

Fig 1. Timeline.
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tion of three treatment arms, all using bolus FU/LV for
toxicity; the addition of three oxaliplatin-containing regimens; and replacement of FU/LV with irinotecan and
FU/LV as the control regimen [13]. The investigators, in
collaboration with the North Central Cancer Treatment
Group External Data Monitoring Committee, implemented these changes, which were not based on efficacy
considerations. In April 2000, the trial had three arms: the
control regimen of IFL compared with two experimental
regimens, oxaliplatin and infused FU/LV (FOLFOX) and
IROX, and the experience with these three regimens is the
subject of this report.
In April 2001, we detected an imbalance (by arm) in the
number of deaths within the first 60 days of treatment, with
a higher number of deaths in the IFL control arm [14].
Consequently, on the recommendation of the External
Data Monitoring Committee, doses of irinotecan and FU
were reduced in that arm. Herein we report the comparative
efficacy and toxicity data for 795 patients concurrently randomized to the full-dose IFL control regimen or to one of
the experimental regimens, FOLFOX or IROX.
PATIENTS AND METHODS
Five National Cancer Institute cooperative oncology groups collaborated in this study: North Central Cancer Treatment Group
(lead group), Cancer and Acute Leukemia Group B, Eastern Cooperative Oncology Group, Southwestern Oncology Group, and
the National Cancer Institute of Canada. Inclusion and exclusion
criteria are enumerated in Table 1.
Patient Evaluation
Physical examination and laboratory studies, including CBC
with differential, serum liver function tests, prothrombin time (if
receiving warfarin), actual or estimated creatinine clearance, and
electrocardiography were performed within 14 days of enroll-

ment. Chest radiography and disease site imaging were completed
within 30 days of enrollment. Women of childbearing potential had a
negative serum pregnancy testing within 7 days of registration.
CBCs with differential were monitored weekly. Medical history, physical examination, and laboratory evaluation occurred
before each cycle. Tumors were measured every 6 weeks for the
first 42 weeks or until tumor response was confirmed. Measurements thereafter were required every 12 weeks.
Random Assignment and Stratification
Patients were randomly assigned to treatment through dynamic allocation designed to balance random assignment for the
following factors: performance status score (0, 1⁄2), prior adjuvant
chemotherapy (yes or no), prior immunotherapy (yes or no), age
(⬍ 65 years or ⱖ 65 years), and randomizing location. This protocol was scrutinized and approved by the institutional review
board of each participating institution. Each patient provided
written informed consent.
Response and Progression Criteria
Study enrollment required either at least one measurable
lesion (ⱖ 2 cm in diameter) or disease that could be serially
evaluated to establish whether the disease was getting better or
worse (assessable disease). Complete response required that all
disease disappear without new lesions. Partial response required at
least a 50% reduction in the sum of the products of the longest
perpendicular diameters of all measurable lesions. Regression required documented tumor reduction in assessable patients who
did not have disease that met the guidelines for measurable disease. Disease progression required 25% or greater increase in
measurable tumor or an increase in tumor size in patients whose
lesions did not meet the criteria for measurable disease. After
partial response, tumor measurements exceeding 50% of the maximal extent of a previously observed reduction constituted progression. Any new lesion constituted progression. Patients who
did not meet the definitions of response or progression were
classified as having stable disease.
Time to progression was calculated from study entry to disease progression, regardless of the patient’s treatment status. In a

Table 1. Eligibility Criteria
Inclusion Criteria
Histologically proven unresectable colorectal adenocarcinoma
Biopsy required if Dukes’ A or B primary or ⱖ 5 years since surgery
Age ⱖ 18 years
Life expectancy ⬎ 12 weeks
Eastern Cooperative Oncology Group performance status ⱕ 2
Effective contraception if of childbearing potential
Neutrophils ⱖ 1.5 ⫻ 109/L
Platelets ⱖ 100 ⫻ 109/L
Hemoglobin ⱖ 9.0 g/dL
Creatinine, total bilirubin ⱕ 1.5 ⫻ institutional upper normal limit
Aspartate aminotransferase, alkaline phosphatase ⱕ 5 ⫻ institutional
upper normal limit
Signed informed consent
Institutional review board approval

Exclusion Criteria
Adjuvant fluorouracil in previous 12 months
Prior treatment for advanced disease
Prior radiation to ⱖ 15% of bone marrow
Radiotherapy or major surgery within 4 weeks
Minor surgery within 2 weeks
Uncontrolled infection
Symptomatic peripheral neuropathy
Known brain or meningeal metastases
Interstitial pneumonia
Grade ⱖ 2 dyspnea
ⱖ 3 loose stools per day
Comorbid condition that could confound outcome
Pregnancy or lactation
Active or prior malignancy in the past 3 years (exceptions:
nonmelanoma skin cancer, cervical carcinoma in situ, other
malignancy with ⬍ 10% chance of relapse within 3 years)
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post hoc sensitivity analysis, patients were censored for time to
progression when they discontinued initial treatment. Deaths occurring within 30 days of treatment discontinuation were considered progressions in both analyses. Survival was calculated
from enrollment to death or last contact. Without contradictory data, patients who died or were lost to follow-up were
assumed to have progressed at the time they were last documented to be progression-free.
Treatment Plan
The regimens (doses in mg/m2) were as follows: IFL was
irinotecan 125 and bolus FU 500 plus LV 20 on days 1, 8, 15, and 22
every 6 weeks; FOLFOX was oxaliplatin 85 on day 1 and bolus FU
400 plus LV 200 followed by FU 600 in 22-hour infusions on days
1 and 2 every 2 weeks; and IROX was oxaliplatin 85 and irinotecan
200 every 3 weeks. Treatment continued until progression, unmanageable toxic effects, or withdrawal of consent.
Toxic effects (except paresthesias) were graded using the
National Cancer Institute Common Toxicity Criteria version 2.0.
Functional impairments that interfered with daily activities or
caused disability were classified as grade 3 or 4 paresthesias,
respectively. Any grade 3 or 4 toxic effect resulted in an approximately 20% dose reduction for subsequent cycles. Persistent
grade 2 or worse toxic effects delayed therapy until toxicity
resolved. If the toxic effect exceeded grade 1 after 2 weeks or if
more than two dose reductions were required, protocol therapy
was discontinued.

Statistical Considerations
The primary objective was time to progression, comparing
the control regimen with the experimental regimens. The protocol-specified enrollment of 375 patients per arm afforded 90%
power to detect a hazard ratio of 0.75 between each experimental
regimen and control, using a two-sided log-rank test at level 0.025
for each comparison, maintaining the overall type I error rate at
0.05. An interim analysis using O’Brien-Fleming boundaries after
50% of patients progressed was planned [15]. There were 795
patients enrolled before the dose reductions of irinotecan and FU.
Based on that sample size, the recalculated power was 80% to
detect a hazard ratio of 0.75.
The main secondary end point of interest was overall survival. Additional secondary end points included confirmed tumor
response rate (complete response, partial response in measurable
patients, or regression in evaluable patients, confirmed at second
evaluation), time to treatment discontinuation (time from random assignment to treatment cessation on assigned treatment),
and toxicity.
The Kaplan-Meier method was used to describe the distribution of time to disease progression, overall survival time, and time
to treatment discontinuation [16]. Cox proportional hazards
modeling was used to calculate hazard ratios and CIs [17]. 2 Tests
were used to compare toxicity and confirmed response rates. P
values less than .025 were considered statistically significant for the
primary comparison of time to progression between the control
and experimental arms; for all other comparisons, P values less

Table 2. Baseline Patient Characteristics
Irinotecan and
Fluorouracil Plus
Leucovorin (control; n ⫽ 264)
Variable
Age, years
Median
Range
Disease status
Measurable
Evaluable
Unknown
ECOG PS
0-1
2
Unknown
Sex
Female
Male
Prior adjuvant chemotherapy
Yes
No
Unknown
Race
White
Black
Other

No. of
Patients

%

61
28–88

Oxaliplatin and
Fluorouracil Plus
Leucovorin (n ⫽ 267)
No. of
Patients

%

61
27-88

Oxaliplatin and Irinotecan
(n ⫽ 264)
No. of
Patients

%

61
29-84

222
36
6

84
14
2

215
47
5

80
18
2

219
38
7

83
14
3

246
12
6

93
5
2

247
15
5

93
5
2

244
13
7

92
5
3

92
172

35
65

110
157

41
59

103
161

39
61

38
220
6

15
83
2

42
220
5

16
82
2

40
217
7

15
82
3

226
26
12

86
10
4

238
13
16

89
5
6

237
17
10

90
6
4

Abbreviation: ECOG PS, Eastern Cooperative Oncology Group performance status.
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than .05 were considered statistically significant. All randomized
patients are included for efficacy analyses according to intentionto-treat principles; patients who canceled before the initiation of
therapy were excluded from toxicity analyses.
RESULTS

Patient Characteristics
There were 795 patients enrolled between May 1999
and April 2001. The arms were well-balanced with respect to stratification factors and other baseline characteristics (Table 2). Twenty-one patients (2.6%) were
deemed ineligible, had major treatment violations, or
canceled treatment.
Efficacy
With a median follow-up of 20.4 months, 85% of patients had disease progression. Time to disease progression
differed significantly between patients receiving IFL (median, 6.9 months) and those receiving FOLFOX (median,
8.7 months; P ⫽ .0014; hazard ratio, 0.74; 95% CI, 0.61 to
0.89; Fig 2A). In the sensitivity analysis, in which patients
whose initial treatment ceased without progression were
censored, these results remained significant (median time
to disease progression, 7.0 and 9.3 months, respectively;
P ⫽ .0015). The median time to tumor progression was 6.5
months for patients receiving IROX, which was no different
than those receiving IFL (P ⬎ .50; hazard ratio, 1.02; 95%
CI, 0.85 to 1.23). The time to progression for patients
receiving FOLFOX significantly exceeded that for those
receiving IROX (P ⫽ .001; hazard ratio, 0.72; 95% CI,
0.60 to 0.87).
The median survival for patients receiving IFL was 15.0
months compared with 19.5 months for those receiving
FOLFOX (P ⫽ .0001; hazard ratio, 0.66; 95% CI, 0.54 to
0.82) and 17.4 months for those receiving IROX (P ⫽ .04 for
comparison with IFL; hazard ratio, 0.81; 95% CI, 0.66 to
1.00). Survival for patients receiving FOLFOX did not differ
from those receiving IROX (P ⫽ .09; hazard ratio, 0.83; 95%
CI, 0.67 to 1.03; Fig 2B). The response rate of patients
receiving FOLFOX (45%) was higher than for those receiving IFL (31%, P ⫽ .002) or IROX (35%, P ⫽ .03). The
response rates of patients receiving IFL and IROX did not
differ (P ⫽ .34).
Time to treatment discontinuation did not differ significantly for any pairwise comparison (Fig 2C). The reason
for treatment discontinuation did differ between arms.
Among patients receiving IFL, 67% ceased treatment because of disease progression or death, compared with 42%
of patients receiving FOLFOX (P ⬍ .0001) and 55% receiving IROX (P ⫽ .004). In this study, only two dose reductions for toxicity were permitted. If a patient continued to
have substantial toxicity after two dose reductions, they
were removed from the study and treated at the investigator’s discretion. In the two arms containing oxaliplatin,

Fig 2. (A) Time to tumor progression. (B) Overall survival. (C) Time to
treatment discontinuation.

patients who went off the study because of toxicity did so
most commonly for neutropenia or for paresthesias.
Adverse Events
The rates of grade 3 or higher toxicity are presented in
Table 3. Patients treated with IFL had significantly higher rates
of diarrhea, vomiting, nausea, febrile neutropenia, and dehydration, and significantly lower rates of paresthesias and neutropenia compared with patients treated with FOLFOX. The
onset of grade 3 paresthesias in patients receiving FOLFOX
occurred after a median of twelve 2-week treatment cycles. The
rates of grade 3 or higher toxicity for patients receiving IROX
were similar to those for patients receiving IFL.
27

www.jco.org

Downloaded from jco.ascopubs.org on August 25, 2014. For personal use only. No other uses without permission.
Copyright © 2004 American Society of Clinical Oncology. All rights reserved.

Goldberg et al

Table 3. Toxicity Grade ⱖ 3 and Second-Line Treatment

Toxicity Grade ⱖ3

Irinotecan and
Fluorouracil Plus
Leucovorin
(n ⫽ 255)

Oxaliplatin and
Fluorouracil Plus
Leucovorin
(n ⫽ 258)

P

Nausea
Vomiting
Diarrhea
Febrile neutropenia
Dehydration
Paresthesias
Neutropenia

16
14
28
15
9
3
40

6
3
12
4
4
18
50

.001
.001
.001
.001
.03
.001
.04

ⴱ

Oxaliplatin and
Irinotecan
(n ⫽ 256)

P†

P‡

19
22
24
11
6
7
36

.43
.02
.35
.23
.17
.04
.35

.001
.001
.001
.002
.41
.001
.002

NOTE. Values are percentages of patients in each treatment group.
ⴱ
Irinotecan and fluorouracil plus leucovorin compared with oxaliplatin and fluorouracil plus leucovorin.
†Irinotecan and fluorouracil plus leucovorin compared with oxaliplatin plus irinotecan.
‡Oxaliplatin and fluorouracil plus leucovorin compared with oxaliplatin plus irinotecan.

The death rates within the first 60 days of treatment
were 4.5% (95% CI, 2.4% to 7.8%) for patients receiving
IFL, 2.6% (95% CI, 1.1% to 5.3%) for those receiving
FOLFOX, and 2.7% (95% CI, 1.1% to 5.4%) for those
receiving IROX.
Second-Line Therapy
Treatments administered after first-line therapy are
shown in Table 4. We mandated that therapies administered
after progression on protocol therapy be reported, but secondline treatments were not specified by the protocol. The proportion of patients receiving any second-line therapy before progression was similar across arms at 26% to 32%. A high
proportion (60%) of patients treated with FOLFOX received
second-line irinotecan. Fewer patients (24%) receiving IFL
were treated with oxaliplatin regimens as second-line therapy,
largely owing to the limited availability of that agent during the
time that this study was underway.

DISCUSSION

This study provides convincing evidence that FOLFOX is
an active regimen for treatment of patients with previously untreated advanced colorectal cancer, extending
observations made by other investigators from smaller
phase III trials. Treatment with this regimen led to a
statistically significantly improved response rate and
time to disease progression, confirming prior reports
[10,18]. A finding unique to this trial was the statistically
significant advantage in overall survival for FOLFOX compared with the control regimen of IFL. Patients treated with
FOLFOX experienced the longest median survival (19.5
months) reported to date in a North American phase III trial in
patients with advanced colorectal cancer.
Additionally, the adverse event profile for FOLFOX
was favorable in comparison with either IFL or IROX. Ox-

Table 4. Second-Line Therapy
% of Patients

Second-Line Therapy
Any
Overall
Before progression
Irinotecan
Overall
Before progression
Oxaliplatin
Overall
Before progression
Fluorouracil
Overall
Before progression

28

Irinotecan and
Fluorouracil Plus
Leucovorin
(n ⫽ 251)

Oxaliplatin and
Fluorouracil Plus
Leucovorin
(n ⫽ 259)

Oxaliplatin and
Irinotecan
(n ⫽ 262)

67
32

75
26

70
26

25
9

60
25

32
10

24
17

8
3

9
3

41
18

40
14

50
21
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aliplatin may cause sensory neuropathy, an adverse effect
that is cumulative but generally reversible and dose-dependent. This tended to become treatment-limiting only in
patients benefiting from treatment, as it generally occurred
after eight to ten cycles. FOLFOX was also associated with
treatment-limiting neutropenia, but this was seldom complicated by clinically meaningful toxicity such as infections.
The significantly lower rates of nausea, vomiting, diarrhea, dehydration, and febrile neutropenia associated
with this regimen as compared with the control regimen
are notable because these toxic effects generally occur in
early treatment cycles and can lead to treatment-induced
morbidity and mortality.
Several issues must be considered in integrating this
trial’s data with data from other studies to define optimal
treatment for this disease. The IFL regimen delivers FU via
bolus injection; the FOLFOX program calls for infused FU
over 2 days. Previous studies have demonstrated diminished toxicity with FU infusion compared with bolus administration, with a modest 1-month improvement in median survival [4,19]. The current study does not allow
isolation of the relative independent contributions of oxaliplatin versus irinotecan and infused versus bolus FU.
Tournigand et al [20] randomly assigned 226 patients
to oxaliplatin or irinotecan, both with infused FU/LV. Patients received both regimens in opposite sequence in a
crossover design. The primary end point was time to progression after receiving both regimens. No statistically significant difference in time to progression or overall survival
was observed between the treatment strategies.
Second-line chemotherapy likely contributed to overall survival. Because oxaliplatin was not readily available
and because irinotecan was marketed in North America,
more patients received irinotecan after discontinuing FOLFOX than received oxaliplatin after discontinuing IFL. Randomized studies have demonstrated modest but statistically
significant survival advantages attributable to irinotecan
after failure of FU-based therapy for advanced colorectal
cancer—2.3 months compared with infused FU, and 2.7
months compared with best supportive care [21,22]. A 4%
response rate reported for irinotecan plus FU/LV after FOLFOX suggests modest benefit from irinotecan after oxaliplatin and FU [20]. Availability of second-line therapy does not
explain the increased response rate and time to tumor progression (as done in the sensitivity analysis) with FOLFOX,
since these events were evaluated while patients were on
initial therapy. The increase in time to progression remained statistically significant in sensitivity analyses in
which patients were censored for progression when initial
treatment was discontinued. The 19.5-month median survival observed in patients receiving FOLFOX (60% of

whom received subsequent irinotecan) argues strongly that
sequential treatment with all three agents benefits patients
with this disease.
The finding that time to treatment discontinuation was
not different in the control versus FOLFOX arm deserves consideration. More patients discontinued therapy on the control
arm than the experimental arms because of progression or
death; more patients on the experimental arms stopped because of adverse events, principally reversible hematologic toxicity and paresthesias. It seems likely that patients stopping
therapy without progression will have an improved clinical
course compared with those with progressive disease. This
may explain the apparent contradiction inferred by the finding
that similar times to treatment discontinuation between the
arms contrasted with the differences in survival.
In conclusion, this study has demonstrated statistically
significant improved response rate, time to disease progression, and overall survival for patients treated with a regimen
of FOLFOX as compared with the control regimen of IFL.
This improvement in efficacy, coupled with a favorable
toxicity profile, suggests that FOLFOX should be considered a first-line standard of care for patients with advanced
colorectal cancer, and one that is more active and better
tolerated than either IFL or IROX. Phase III protocols comparing irinotecan with oxaliplatin, with both using infused
FU/LV, are being activated through National Cancer Institute–funded cooperative oncology groups.
■ ■ ■
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