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P

ATIENTS WITH RESECTED STAGE

III colon cancer have a 50%
chance of cure with surgery.1
Multiple trials have established the benefit of adjuvant chemotherapy in reducing the recurrence risk.
Specifically, leucovorin, fluorouracil,
and oxaliplatin (FOLFOX or slightly
different method, FLOX) provides
significant benefit in both disease-free
and overall survival compared with the
prior standard of fluorouracil and
leucovorin.2-4

For editorial comment see p 1431.

Context Leucovorin, fluorouracil, and oxaliplatin (FOLFOX) is the standard adjuvant therapy for resected stage III colon cancer. Adding cetuximab to FOLFOX benefits patients with metastatic wild-type KRAS but not mutated KRAS colon cancer.
Objective To assess the potential benefit of cetuximab added to the modified sixth
version of the FOLFOX regimen (mFOLFOX6) in patients with resected stage III wildtype KRAS colon cancer.
Design, Setting, and Participants A randomized trial of 2686 patients aged 18
years or older at multiple institutions across North America enrolled following resection and informed consent between February 10, 2004, and November 25, 2009. The
primary randomized comparison was 12 biweekly cycles of mFOLFOX6 with and without cetuximab. KRAS mutation status was centrally determined. The trial was halted
after a planned interim analysis of 48% of predicted events (246/515) occurring in
1863 (of 2070 planned) patients with tumors having wild-type KRAS. A total of 717
patients with mutated KRAS and 106 with indeterminate KRAS were accrued. The 2070
patients with wild-type KRAS provided 90% power to detect a hazard ratio (HR) of
1.33 (2-sided ␣=.05), with planned interim efficacy analyses after 25%, 50%, and
75% of expected relapses.
Main Outcome Measures Disease-free survival in patients with wild-type KRAS
mutations. Secondary end points included overall survival and toxicity.
Results Median (range) follow-up was 28 (0-68) months. The trial demonstrated
no benefit when adding cetuximab. Three-year disease-free survival for mFOLFOX6
alone was 74.6% vs 71.5% with the addition of cetuximab (HR, 1.21; 95% CI, 0.981.49; P=.08) in patients with wild-type KRAS, and 67.1% vs 65.0% (HR, 1.12; 95%
CI, 0.86-1.46; P=.38) in patients with mutated KRAS, with no significant benefit in
any subgroups assessed. Among all patients, grade 3 or higher adverse events (72.5%
vs 52.3%; odds ratio [OR], 2.4; 95% CI, 2.1-2.8; P⬍.001) and failure to complete 12
cycles (33% vs 23%; OR, 1.6; 95% CI, 1.4-1.9; P⬍.001) were significantly higher
with cetuximab. Increased toxicity and greater detrimental differences in all outcomes
were observed in patients aged 70 years or older.
Conclusion Among patients with stage III resected colon cancer, the use of cetuximab with adjuvant mFOLFOX6 compared with mFOLFOX6 alone did not result in
improved disease-free survival.
Trial Registration clinicaltrials.gov Identifier: NCT00079274
JAMA. 2012;307(13):1383-1393

In the setting of metastatic colorectal cancer, cetuximab and panitumumab are US Food and Drug Administration approved for targeting the
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epidermal growth factor receptor. Both
antibodies alone and in combination
with chemotherapy have provided additional benefit to that obtained with
chemotherapy alone.5,6 This benefit,
however, is limited to patients with tumors expressing the wild-type form of
the gene KRAS (NCBI Entrez Gene

3845) as opposed to those with the mutated form of KRAS.7
The initial design of this trial (North
Central Cancer Treatment Group
[NCCTG] N0147) included randomization to either the modified sixth
version of the FOLFOX regimen
(mFOLFOX6), fluorouracil, leucovo-

rin, and irinotecan (FOLFIRI), or a hybrid regimen consisting of mFOLFOX6
followed up by FOLFIRI. In September 2004, the results from other trials
prompted the addition of cetuximab, resulting in 6 groups. The FOLFIRI
groups were discontinued mid-2005
based on clinical trial comparisons with

Figure 1. Flow of Patients Through the Trial
3661 Preregistered patients assessed for eligibility

975 Excluded
74 Not randomized (unknown reason)
281 Received irinotecan
191 Did not register after preregistration of KRAS testing a
332 Had mutated KRAS after preregistration screen
97 Not randomized during mFOLFOX6 and mFOLFOX6
+ cetuximab randomization

2686 Randomized

1337 Randomized to receive mFOLFOX6

909 Tumor expressed
wild-type KRAS
899 Received therapy
as randomized
10 Did not receive
therapy as
randomized

374 Tumor expressed
mutated KRAS
367 Received therapy
as randomized
7 Did not receive
therapy as
randomized

16 Lost to follow-up

13 Lost to follow-up

193 Discontinued therapy
57 Refused further
therapy
81 Adverse events
10 Disease progression
4 Alternate therapy
5 Other medical
problems
4 Died during study
24 Other
1 Disease progression
before active therapy
7 Refused before
active therapy

54 Tumor expressed
indeterminate KRAS

93 Discontinued therapy
29 Refused further
therapy
39 Adverse events
7 Disease progression
1 Alternate therapy
10 Other
2 Disease progression
before active therapy
5 Refused before
active therapy

7 Missing end of therapy
information b

1349 Randomized to receive mFOLFOX6
+ cetuximab

954 Tumor expressed
wild-type KRAS
931 Received therapy
as randomized
23 Did not receive
therapy as
randomized

15 Lost to follow-up
313 Discontinued therapy
102 Refused further
therapy
128 Adverse events
10 Disease
progression
2 Alternate therapy
4 Other medical
problems
12 Died during study
37 Other
3 Disease
progression before
active therapy
15 Refused before
active therapy

343 Tumor expressed
mutated KRAS
342 Received therapy
as randomized
1 Did not receive
therapy as
randomized

52 Tumor expressed
indeterminate KRAS

8 Lost to follow-up
109 Discontinued therapy
34 Refused further
therapy
51 Adverse events
1 Alternate therapy
3 Died during study
1 Other medical
problems
16 Other
2 Cytogenetic
resistance
1 Refused before
active therapy

4 Missing end of therapy
information b

909 Included in primary
analysis c

374 Included in primary
analysis d

954 Included in primary
analysis e

343 Included in primary
analysis f

mFOLFOX6 indicates the modified sixth version of the leucovorin, fluorouracil, and oxaliplatin regimen.
a These patients were enrolled after the prospective preregistration for KRAS testing and added but did not go on to the subsequent step of registration due to rumor
tissue could not be evaluated for KRAS, investigator or participant decision, eligibility criteria were not met, or other unspecified reasons.
b Either did not have an end-of-treatment form or did not have an end-of-treatment reason on the form.
c Includes 17 ineligible patients (6 improper histology, 1 pretreatment lab values ⬎14 days from randomization, 2 positive margins, 2 resection not en bloc, and 6
surgery ⬎56 days before randomization).
d Includes 6 ineligible patients (4 improper histology and 2 positive margins).
e Includes 16 ineligible patients (9 improper histology, 1 positive margin, 2 resection not en bloc, and 4 surgery ⬎56 days before randomization).
f Includes 10 ineligible patients (5 improper histology, 2 positive margins, 2 resection not en bloc, and 1 surgery ⬎56 days before randomization).
1384
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fluorouracil and leucovorin.8-10 Patients who received irinotecan are not
included in this study. In August 2008,
randomization was restricted to patients with tumors expressing centrally confirmed wild-type KRAS
(FIGURE 1). Accrual periods for each
treatment group with key dates associated with treatment modifications are
shown in eFigure 1 (http://www.jama
.com).
METHODS
This trial was designed by the NCCTG
in collaboration with the National Cancer Institute (NCI) and the NCIsponsored cooperative groups. The
NCCTG maintains full unrestricted
rights to publication of the trial data and
performed all analyses. The NCCTG
data monitoring committee reviewed
this trial semiannually for toxicity and
scheduled interim efficacy analyses.
Patients

Patients with completely resected, histologically proven stage III (any TN12M0 tumors) colon adenocarcinoma
and at least 12 cm from the anal verge
were eligible to participate. For
patients with locally advanced tumors,
an en bloc resection was required.
Other eligibility criteria included aged
18 years or older, at least 1 pathologically confirmed–involved lymph node,
Eastern Cooperative Oncology Group
performance status of 0 to 2, and
adequate blood counts of liver and
kidney function. No prior chemotherapy, immunotherapy, or radiotherapy for colon cancer was allowed.
Investigational review board approval
was required at all of the participating
centers and all participants provided
written informed consent. Mandatory
blood and tumor tissue were collected
before randomization. The trial was
amended in August 2008 to only randomize patients having wild-type
KRAS to mFOLFOX6 with or without
cetuximab. Patients with tumors
expressing undeterminable or mutated
KRAS were treated per physician discretion and followed for recurrence
and survival.

Treatment

Before starting treatment, patients were
randomly assigned in a 1:1 ratio to receive mFOLFOX6 with or without cetuximab. Randomization was stratified by number of involved lymph
nodes (1-3 vs ⱖ4), high histology
(poorly differentiated [grade 3], undifferentiated [grade 4]) vs low histology
(well differentiated [grade 1], moderately differentiated [grade 2]), and T
stage (T1-2 vs T3 vs T4). Both treatment groups received mFOLFOX6,
consisting of 12 biweekly courses of oxaliplatin (85 mg/m2) over 2 hours on
day 1 with leucovorin (400 mg/m2) and
fluorouracil (400 mg/m2) bolus, then
46-hour intravenous fluorouracil (2400
mg/m2) on days 1 to 2 starting within
10 weeks of surgery. Patients enrolled
in the cetuximab group received 400
mg/m2 over 2 hours on day 1 of cycle
1, then 250 mg/m 2 over 1 hour on
day 8 (cycle 1) and day 1 and 8 each
of cycles 2 through 12. Standard supportive care included antihistamine
before cetuximab and antiemetic
therapy, as needed, before receiving
mFOLFOX6. All patients received written instructions on diarrhea management.
Patients were assessed biweekly for
adverse events using the NCI, Common Toxicity Criteria, version 3.0.11
Guidelines were provided for dose
modifications. Mandatory dose modifications were introduced for patients
aged 70 years or older following evidence of increased toxicity.
KRAS and BRAF Mutation Status

Assessment of KRAS and BRAF (NCBI
Entrez Gene 673) mutational status was
performed centrally at the Mayo Clinic
in a Clinical Laboratory Improvement
Amendments compliant laboratory,
using appropriate quality control procedures. Both KRAS and BRAF mutation status was determined using DNA
extracted from macrodissected formalin-fixed, paraffin-embedded tumor tissue. For KRAS, testing was performed
with the DxS mutation test kit KR03/04 (DxS), together with the LightCycler 480 (Roche Applied Sciences),
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which assesses for 7 different potential mutations in codons 12 and 13.12
The level of detection was set at 5%. Assessment for the BRAF V600E mutation was performed using a Mayo developed multiplex allele specific
polymerase chain reaction–based assay. The polymerase chain reaction
primers used for this assay were fluorescently labeled and included the following (wild-type forward [NEDTGATTTTGGTCATGCTACAGT];
mutant forward [6-Fam-CAGTGATTTTGGTCTAGCTTCAGA]; and
reverse [GTTTCTTTCTAGTAACTCAGCAGC]). Following amplification, polymerase chain reaction products were analyzed on an ABI 3130xl
instrument (Life Technologies, Applied Biosystems) and scored for the
presence or absence of the V600E variant only.
Disease Assessments
and Follow-up

After completing treatment, disease recurrence was assessed every 6 months
until 5 years postrandomization with a
physical examination, computed tomographic scan, and laboratory assessment. A follow-up colonoscopy was
recommended at years 1 and 4 postresection. Follow-up for all patients was
censored at 5 years from randomization for time-to-event analyses.
Statistical Methods

The primary outcome measure was disease-free survival, defined as the time
from the date of randomization to the
first of documented recurrence of colon cancer (excluding second colon primary cancer) or death from any cause.
Based on an assumed 3-year diseasefree survival of 70% in the mFOLFOX6
group, 2070 patients with tumors expressing wild-type KRAS were required to achieve 515 events, which
provided 90% power to detect a hazard ratio (HR) of 0.75 in the cetuximabcontaining group, using a 2-sided logrank test at P⬍.05. Interim analyses for
efficacy were required after reaching
25%, 50%, and 75% of the planned
number of 515 events using an O’BrienJAMA, April 4, 2012—Vol 307, No. 13
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Fleming stopping boundary,12 truncated at ±3.5. The cutoff values for the
log-rank statistics for these analyses
(3 interim, 1 final) were ±3.5, ±2.996,
±2.361, and ±2.015.
The decision to terminate enrollment was made by the study team following a recommendation from an
external data and safety monitoring
committee (DSMC) review of a nonprespecified conditional power analysis. Specific stopping rules were built
into the trial. At the time of the second
planned interim analysis, the results
indicated that the experimental group
would not be better than the control
group. Based on this information, the
authors informed the DSMC for the
trial through a confidential presentation of the analysis. The DSMC then
voted to recommend closure of
accrual to the trial, with the study
team then being informed of this recommendation. With this recommendation, the study team was obligated
to either halt accrual or to provide
additional information to the DSMC to
alter their decision. Given the results
of the analysis, the study team closed
the trial to further accrual. The DSMC
approved all trial modifications for the
primary end point, trial closure, and
the release of trial results in a scientific
forum.
Patients were randomized using a
dynamic allocation procedure.13 All randomized patients are included for efficacy analyses according to intentionto-treat principles, unless otherwise
specified. Patients enrolled before August 2008 with retrospectively determined wild-type KRAS were included.
Based on data suggesting epidermal
growth factor receptor inhibitors may
have limited benefit in patients with
BRAF mutations,14 secondary analyses
are presented excluding such patients.
Secondary end points included
time-to-recurrence, overall survival,
toxicity, and dose intensity. Time-torecurrence was defined as time from
randomization to recurrence, where patients dying without recurrence were
censored for time-to-recurrence at the
time of death. Patients lost to fol1386

low-up were censored for recurrence
(or survival) at the date of their most
recent disease assessment (or contact). The Kaplan-Meier method was
used to describe the distribution of
time-to-recurrence, overall survival, and
time-to-treatment discontinuation.15 A
Cox proportional hazards regression
model was used to explore the associations of patient characteristics with
outcome adjusted for the stratification factors.16 P ⬍ .05 was considered
statistically significant. Analyses were
performed by using SAS version 9.2
(SAS Institute Inc) and R version 2.14.17

cohort (1863 patients with wild-type
KRAS, 717 patients with mutated KRAS,
and 106 patients with indeterminate
KRAS). A total of 909 patients with
wild-type KRAS were randomized to
mFOLFOX6 and 954 patients with
wild-type KRAS were randomized to
mFOLFOX6 with cetuximab. A total of
374 patients with mutated KRAS were
randomized to mFOLFOX6 and 343 patients with mutated KRAS were randomized to mFOLFOX6 with cetuximab. A total of 2410 of 2686 patients
(89.7%) remained alive with a median
(range) follow-up of 28 (0-68) months.

RESULTS

Disease-Free Survival

Study Population

Three-year disease-free survival
(TABLE 2) for mFOLFOX6 alone was
74.6% vs 71.5% with the addition of cetuximab (HR, 1.21; 95% CI, 0.981.49; P = .08) in patients with wildtype KRAS, and 67.1% vs 65.0% (HR,
1.12; 95% CI, 0.86-1.46; P=.38) in patients with mutated KRAS, with no evidence of benefit in any individual subgroup (FIGURE 2). Results are reported
from multivariate Cox proportional
hazards regression models, adjusted for
the stratification factors of histologic
grade, N stage, and T stage. Tests for
proportional hazards showed no substantial departure (all P⬎ .01), with a
single exception of nonproportionality of tumor grade in patients with wildtype KRAS aged 70 years or older (Cox
proportional hazards regression test,
P =.003).

Patient enrollment began February 10,
2004, and was permanently halted on
November 25, 2009, after the second
planned interim analysis demonstrated a low probability that diseasefree survival of the cetuximab group
would surpass that of the mFOLFOX6only group. This conditional power
analysis occurred when 2678 patients
(1760 patients with wild-type KRAS)
had been concurrently randomized to
the mFOLFOX6 with or without cetuximab groups, and 246 of 515 (48%)
of the planned events had occurred. At
that time, the HR for disease-free survival comparing mFOLFOX6 alone
with mFOLFOX6 with cetuximab was
1.18 (95% CI, 0.92-1.52; log-rank
P = .33, adjusted for stratification factors using a multivariate Cox proportional hazards regression model) in favor of mFOLFOX6. The conditional
power analysis showed that if the trial
completed enrollment, the probability
of having a positive trial was 2.6% if the
true HR of adding cetuximab was 0.80.
Given the high likelihood of a negative finding, consistent results within
secondary end points and subgroup
analyses, and increased toxicity observed with cetuximab, the data and
safety monitoring committee recommended trial closure.
TABLE 1 shows patient characteristics and Figure 1 shows the CONSORT
flow diagram of participants. A total of
2686 patients comprised our analysis
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Secondary Outcome Measures

Both time-to-recurrence and overall
survival were not significantly different between treatment groups (Table 2).
Patients aged 70 years or older with
wild-type KRAS who were treated with
mFOLFOX6 alone demonstrated significantly better overall survival (HR,
2.00; 95% CI, 1.05-3.78; P =.03), with
a 3-year estimate of 86.2% (95% CI,
78.9%-94.1%) for the mFOLFOX6
alone group vs 72.5% (95% CI, 64.0%82.0%) for the mFOLFOX6 with cetuximab group. The 3-year estimates for
disease-free survival for patients with
mutated KRAS aged 70 years or older

©2012 American Medical Association. All rights reserved.
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were 64.3% (95% CI, 50.9%-81.3%) vs
60.4% (95% CI, 46.8%-78.0%) for the
mFOLFOX6 with cetuximab group
(HR, 1.23; 95% CI, 0.64-2.37; P = .53).
Subgroup analyses were performed
based on age, sex, performance status,
and BRAF; no subgroup benefited from
the addition of cetuximab (eFigure 2).
Disease-free survival of patients classified as wild-type BRAF (83% in
mFOLFOX6 and 80% in mFOLFOX6
with cetuximab) who received
mFOLFOX6 with cetuximab did not significantly differ from that of patients who
received mFOLFOX6 alone (HR, 1.18;
95% CI, 0.98-1.41; P=.08), in a manner
similar to that observed in the patients
with wild-type KRAS. There was also no
significant difference by treatment for disease-free survival in the subset of patients having both wild-type BRAF and
wild-type KRAS (HR, 1.22; 95% CI, 0.961.56; P=.11) (Table 2).
Chemotherapy

Among patients with wild-type KRAS
who continued therapy, dose intensity was similar between the
mFOLFOX6 alone and mFOLFOX6
with cetuximab groups (eTable 1).
However, the ability to complete at least
6 cycles of therapy differed significantly by treatment (80% in
mFOLFOX6 with cetuximab vs 89% in
mFOLFOX6 alone, P ⬍.001). In addition, 79% of patients treated with
mFOLFOX6 alone received all 12 cycles
vs 67% of patients treated with
mFOLFOX6 and cetuximab (odds ratio [OR], 1.8; 95% CI, 1.4-2.2; P⬍.001)
(eTable 2).
Similar results were observed in patients with mutated KRAS, although the
difference was not significant at cycles
10 (P = .09) and cycles 12 (P = .10)
(eTable 2). The proportion of elderly patients with wild-type KRAS completing
cycles 6 to 12 of oxaliplatin and fluorouracil was approximately 10% to 20%
less than those patients younger than 70
years (all P⬍.001). Elderly patients (aged
ⱖ70 years) with wild-type KRAS had
more frequent dose reductions, receiving a median of 57.5% of planned dose
at cycle 12 vs 80% in younger patients

with wild-type KRAS. In general, similar results were observed in the patients
with mutated KRAS, with smaller differences by age group (eTable 2).

significantly more frequent in the
mFOLFOX6 with cetuximab group
(9.3% vs 15.9% and 0.3% vs 20.0%, respectively; both P⬍.001). The grade 3
or higher adverse event rates by group
within patients with mutated KRAS
were similar to those of patients with
wild-type KRAS (TABLE 4).
Within the mFOLFOX6 with cetuximab group, any grade 3 or higher toxicity for patients with wild-type KRAS
aged younger than 70 years was 72%
vs 81% for patients with wild-type KRAS
aged 70 years or older (P=.02), primar-

Adverse Events

In patients with wild-type KRAS, grade
3 or higher adverse events occurred in
51.1% of patients receiving mFOLFOX6
alone and 73.3% of patients receiving
mFOLFOX6 with cetuximab (OR, 2.6;
95% CI, 2.2-3.2; P ⬍.001) (TABLE 3).
In these same patients, grade 3 or higher
diarrhea and acne/rash were both
Table 1. Patient Characteristics at Study Entry a

No. (%) of Patients
Wild-Type KRAS

Characteristics
Age, median (range), y
Sex
Female
Male
Race/ethnicity b
White
Black
Other
Adherence c
Yes
No
Bowel obstruction
Yes
No
Bowel perforation
Yes
No
Histologic grade
High (grade 3-4)
Low (grade 1-2)
Lymph node involvement
1-3
⬎3

Mutated KRAS

mFOLFOX6
(n = 909)

mFOLFOX6
⫹ Cetuximab
(n = 954)

mFOLFOX6
(n = 374)

58 (19-84)

58 (25-86)

59 (23-85)

mFOLFOX6
⫹ Cetuximab
(n = 343)
59 (22-85)

415 (46)
494 (54)

455 (48)
499 (52)

190 (51)
184 (49)

161 (47)
182 (53)

788 (87)
50 (6)
71 (7)

818 (86)
62 (6)
74 (8)

309 (83)
39 (10)
26 (7)

297 (87)
27 (8)
19 (5)

139 (15)
770 (85)

136 (14)
818 (86)

51 (14)
323 (86)

42 (12)
301 (88)

137 (15)
772 (85)

157 (16)
797 (84)

70 (19)
304 (81)

53 (15)
290 (85)

42 (5)
867 (95)

51 (5)
903 (95)

18 (5)
356 (95)

20 (6)
23 (94)

247 (27)
662 (73)

259 (27)
695 (73)

83 (22)
291 (78)

70 (20)
273 (80)

511 (56)
398 (44)

548 (57)
406 (43)

236 (63)
138 (37)

208 (61)
135 (39)

Tumor stage
Missing
T1 or T2
T3
T4

1 (0)
119 (13)
686 (76)
103 (11)

1 (0)
158 (17)
689 (72)
106 (11)

0 (0)
62 (17)
268 (72)
44 (12)

1 (0)
45 (13)
257 (75)
40 (12)

BRAF V600E
Wild-type
Mutation
Missing

736 (81)
154 (17)
19 (2)

743 (78)
190 (20)
21 (2)

355 (95)
0 (0)
19 (5)

332 (97)
1 (0)
10 (3)

Abbreviation: mFOLFOX6, the modified sixth version of the leucovorin, fluorouracil, and oxaliplatin regimen.
a Included all patients enrolled in North Central Cancer Treatment Group N0147 from the entire North American cooperative group system.
b Race categorized using National Cancer Institute definitions.18 Other race included all other race/ethnicity not classified as white or black.
c Any indication of adherence of the tumor or surrounding structures related to inflammation.
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ily due to increased rates of diarrhea
(13.5% vs 29.2%, P ⬍ .001), dyspnea
(2.5% vs 4.9%, P = .13), nausea (3.4%
vs 9.7%, P ⬍ .001), fatigue (5.0% vs
14.6%, P ⬍ .001), infection (6.7% vs
10.4%, P=.12), neutropenia (10.7% vs
18.1%, P = .01), and stomatitis/
mucositis (5.6% vs 10.4%, P = .03).
Younger patients with wild-type KRAS
reported significantly higher rates of
acne/rash (21.7% vs 10.4%, P = .002).
Significant differences in grade 3 or
higher toxicity in older vs younger patients with wild-type KRAS receiving
mFOLFOX6 alone were also observed
(OR, 1.5; 95% CI, 1.0-2.3; P = .047)
(eTable 3).

Four deaths while receiving treatment (3 considered related) occurred
in patients with wild-type KRAS receiving mFOLFOX6 alone and 10 deaths (8
considered related) occurred in patients receiving mFOLFOX6 with cetuximab (P=.18). The rate of death during treatment with mFOLFOX6 with
cetuximab varied by age (0.5% in patients younger than 70 years vs 4.2%
in patients aged 70 years or older,
P=.002). In comparison, the rate by age
of patients receiving mFOLFOX6 alone
was 0.4% in patients younger than 70
years vs 0.9% in patients aged 70 years
or older (P = .41). No difference in
the rate of death was observed by

treatment or by age within treatment
within the patients with mutated
KRAS.
One patient (0.1%) in the wild-type
KRAS group receiving mFOLFOX6
alone and 9 patients (7 with wild-type
KRAS and 2 with mutated KRAS)
(0.7%) receiving mFOLFOX6 with cetuximab died within 60 days of randomization (P =.02).
COMMENT
In this randomized phase 3 trial for patients with resected stage III colon cancer expressing wild-type KRAS mutations, the addition of cetuximab to
mFOLFOX6 did not improve disease-

Table 2. Patient Outcomes Within the Wild-Type KRAS and Mutated KRAS Patient Groups by Treatment and Age Group a
mFOLFOX6

Event
Wild-type KRAS
Disease-free survival

Overall survival

Time-to-recurrence

Mutated KRAS
Disease-free survival

Overall survival

Time-to-recurrence

Mutated BRAF
Disease-free survival
Overall survival
Time-to-recurrence
Wild-type BRAF and wild-type KRAS
Disease-free survival
Overall survival
Time-to-recurrence

mFOLFOX6 ⫹ Cetuximab

Age
Group, y

No. of
Events/
Total No.

3-Year %
Event-Free
(95% CI) b

No. of
Events/
Total No.

3-Year %
Event-Free
(95% CI) b

Hazard Ratio
(95% CI) c

P
Value c,d

All ages
⬍70

163/909
141/797

74.6 (71.1-78.3)
74.5 (70.7-78.5)

192/954
152/807

71.5 (67.8-75.4)
72.7 (68.8-76.9)

1.21 (0.98-1.49)
1.13 (0.90-1.42)

.08
.29

ⱖ70
All ages
⬍70

22/112
78/909
64/797

75.3 (66.4-85.5)
87.3 (84.3-90.3)
87.4 (84.2-90.7)

40/147
94/954
62/807

64.5 (55.3-75.4)
85.6 (82.7-88.7)
88.4 (85.5-91.5)

1.59 (0.93-2.70)
1.25 (0.92-1.68)
1.02 (0.72-1.44)

.09
.15
.92

ⱖ70
All ages
⬍70
ⱖ70

14/112
146/909
128/797
18/112

86.2 (78.9-94.1)
76.9 (73.4-80.4)
76.6 (72.9-80.4)
79.0 (70.3-88.8)

32/147
165/954
137/807
28/147

72.5 (64.0-82.0)
74.4 (70.8-78.3)
75.1 (71.2-79.2)
70.8 (61.3-81.6)

2.00 (1.05-3.78)
1.17 (0.93-1.46)
1.13 (0.89-1.44)
1.36 (0.74-2.50)

.03
.18
.31
.32

All ages
⬍70
ⱖ70
All ages

112/374
91/320
21/54
44/374

67.1 (61.8-72.8)
67.5 (61.9-73.6)
64.3 (50.9-81.3)
87.9 (84.0-91.9)

111/343
94/296
17/47
49/343

65.0 (59.8-70.7)
65.7 (60.1-71.8)
60.4 (46.8-78.0)
82.7 (78.0-87.6)

1.12 (0.86-1.46)
1.14 (0.85-1.52)
1.23 (0.64-2.37)
1.27 (0.85-1.92)

.38
.38
.53
.25

⬍70
ⱖ70
All ages
⬍70

34/320
10/54
107/374
87/320

88.5 (84.3-92.8)
84.9 (75.1-96.0)
67.9 (62.6-73.6)
68.5 (62.9-74.6)

37/296
12/47
101/343
87/296

84.7 (79.9-89.8)
68.9 (54.5-87.2)
67.0 (61.7-72.7)
67.2 (61.6-73.3)

1.24 (0.77-1.98)
1.73 (0.74-4.07)
1.07 (0.81-1.40)
1.10 (0.81-1.48)

.38
.21
.63
.55

ⱖ70

20/54

64.3 (50.9-81.3)

14/47

65.5 (51.6-83.1)

1.05 (0.52-2.11)

.90

All ages
All ages
All ages

41/155
30/155
36/155

67.3 (59.3-76.3)
74.8 (67.2-83.2)
71.2 (63.4-79.9)

51/192
38/192
44/192

68.9 (61.7-76.9)
73.7 (66.4-81.9)
71.9 (64.8-79.8)

1.15 (0.76-1.75)
1.21 (0.75-1.97)
1.13 (0.72-1.76)

.50
.43
.59

All ages
All ages
All ages

119/736
47/736
108/736

76.0 (72.0-80.2)
90.1 (86.9-93.4)
77.8 (73.9-81.8)

138/743
54/743
119/743

72.0 (67.7-76.6)
89.3 (86.3-92.4)
74.9 (70.7-79.4)

1.22 (0.96-1.56)
1.22 (0.82-1.81)
1.17 (0.90-1.52)

.11
.32
.23

Abbreviation: mFOLFOX6, the modified sixth version of the leucovorin, fluorouracil, and oxaliplatin regimen.
a Within all patients having wild-type KRAS, 74.6% (95% CI, 71.1%-78.3%) and 71.5% (95% CI, 67.8%-75.4%) of patients were event free for disease-free survival following treatment with mFOLFOX6 and mFOLFOX6 with cetuximab, respectively. HR of more than 1 indicates the increase in risk associated with the addition of cetuximab and for the event
listed for each row. The addition of cetuximab failed to reach statistical significance (disease-free survival: hazard ratio, 1.21; 95% CI, 0.98-1.49; P=.08).
b Kaplan-Meier method estimate of the percentage of patients event-free (eg, disease-free, alive) at 3 years, with corresponding 95% CI.
c Hazard ratio and P value reported from a multivariate Cox proportional hazards regression model, adjusted for number of nodes, histologic grade, and T stage.
d By Wald statistic.
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of Metastatic Colorectal Cancer (OPUS)19
both demonstrated significant improvements in outcomes with cetuximab in patients with wild-type KRAS. However, the
first-line trials Continuous Chemotherapy plus Cetuximab or Intermittent Chemotherapy (COIN) 20 and
NORDIC for the trial VII of the Nordic
Colorectal Cancer Biomodulation Group
(NORDIC VII)21 did not show benefit
with the addition of cetuximab.

free or overall survival in contradistinction to the original study of cetuximab
combined with FOLFOX in metastatic
colorectal cancer.5 Multiple trials combining cetuximab with chemotherapy in
the metastatic setting have been reported. The first-line trials Cetuximab
Combined with Irinotecan in FirstLine Therapy for Metastatic Colorectal
Cancer (CRYSTAL)5 and Oxaliplatin and
Cetuximab in the First-Line Treatment

The reasons for the lack of benefit of
mFOLFOX6 with cetuximab in the adjuvant setting remain unclear. The observed 3-year disease-free survival in the
mFOLFOX6 alone group, pooled over
patients with mutated KRAS and wildtype KRAS, is 72% (95% CI, 69%75%), identical to that observed in the
Multicenter International Study of
Oxaliplatin/Fluorouracil/Leucovorin in
the Adjuvant Treatment of Colon Can-

Figure 2. Disease-Free Survival After Treatment With mFOLFOX6 Alone and mFOLFOX6 With Cetuximab in the Wild-Type KRAS, Mutated
KRAS, and Wild-Type KRAS and Mutated KRAS With Age ⬍70 and ⱖ70 Years Patient Groups
Wild-type KRAS

Mutated KRAS
100

80

Disease-Free Survival, %

Disease-Free Survival, %

100
mFOLFOX6
mFOLFOX6 + cetuximab

60
40
20

HR, 1.21; 95% CI, 0.98-1.49; P = .08; Log-rank P = .18
0
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80
60
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HR, 1.12; 95% CI, 0.86-1.46; P = .38; Log-rank P = .32
0
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1

2
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Disease-Free Survival, %
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60
40
20
HR, 1.13; 95% CI, 0.90-1.42; P = .29; Log-rank P = .57

86
87

19
28
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mFOLFOX6 + cetuximab

60
40
20

HR, 1.14; 95% CI, 0.85-1.52; P = .38; Log-rank P = .29
0

0

1

2

3

4

0

1

2
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797
807

569
571

349
349

3

4

73
78

16
24
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135
126

38
29

320
296

281
248

Wild-type KRAS + Age ≥70 y

196
169

Mutated KRAS + Age ≥70 y
100

Disease-Free Survival, %

100

Disease-Free Survival, %

233
194

100

0

mFOLFOX6

80
60

mFOLFOX6 + cetuximab

40
20
HR, 1.59; 95% CI, 0.93-2.70; P = .09; Log-rank P = .06
0

mFOLFOX6

80
60

mFOLFOX6 + cetuximab
40
20
HR, 1.23; 95% CI, 0.64-2.37; P = .53; Log-rank P = .71
0

0

1
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3

4

0

1
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4
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96
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2
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4
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9

3
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mFOLFOX6 indicates the modified sixth version of the leucovorin, fluorouracil, and oxaliplatin regimen; HR, hazard ratio.
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cer (MOSAIC) trial2 that established
FOLFOX as the standard of care. The
overall rates of death within 60 days of
treatment initiation were 0.1% for the
mFOLFOX6 alone group and 0.6% for
the mFOLFOX6 with cetuximab group,
consistent with the 0.3% rate reported
for the FOLFOX group of the MOSAIC
trial.2 The patients enrolled in NCCTG
N0147 were from the entire North
American cooperative group system.
Thus, it is unlikely that the results could
be explained by a problem with patient selection. Other potential explanations include toxicity limiting administration of planned therapy,
differential effect related to age, adverse effect of cetuximab on the activity of chemotherapy, effect of a spe-

cific subgroup on overall results, and
an alteration in the mechanism of action of cetuximab in the setting of micrometastatic disease.
In the COIN trial,22 the addition of
cetuximab resulted in dose reductions
of chemotherapy at twice the rate observed in patients receiving chemotherapy alone, regardless of age. The
ability of patients with wild-type KRAS
in NCCTG N0147 to complete the
planned course of therapy was reduced in those receiving cetuximab,
most notably in patients aged 70 years
or older. The inability to give either the
planned duration of therapy or dose intensity was primarily related to gastrointestinal symptoms and fatigue. For
older patients, the addition of neutro-

penia further limited therapy with
the mFOLFOX6 with cetuximab protocol.
Only 51% of patients with wildtype KRAS aged 70 years or older completed 12 cycles of therapy when receiving cetuximab vs 78% of those
receiving mFOLFOX6 alone. Toxicity
therefore may have had a direct effect
in reducing the potential benefit derived
from cetuximab added to mFOLFOX6.
Smaller differences were observed by
treatment for patients with mutated
KRAS than were observed for the patients with wild-type KRAS, suggesting that the ability to complete cetuximab-containing therapy is more
challenging in patients with wild-type
KRAS vs with mutated KRAS.

Table 3. Grade ⱖ3 Adverse Events by Treatment Within the Wild-Type KRAS Patient Group a
No. (%) of Patients
mFOLFOX6 ⫹ Cetuximab (n = 931)

mFOLFOX6 (n = 894)
Events b

Adverse
Overall
Hypersensitivity allergy
Cardiovascular
Thrombosis
Infarction
Constitutional symptoms
Fatigue
Weight loss
Acne/rash
Gastrointestinal
Diarrhea
Stomatitis/mucositis
Nausea
Vomiting

Grade 3
321 (35.9)
21 (2.3)

Grade 4
132 (14.8)
2 (0.2)

Grade 5
4 (0.4)
0

Grade 3
504 (54.1)
47 (5.0)

Grade 4
168 (18.0)
9 (1.0)

Grade 5
10 (1.1)
0

P Value c
⬍.001
⬍.001

18 (2.0)
2 (0.2)

15 (1.7)
2 (0.2)

1 (0.1)
1 (0.1)

19 (2.0)
5 (0.5)

14 (1.5)
4 (0.4)

1 (0.1)
0

.86
.32

38 (4.3)
1 (0.1)
3 (0.3)

0
0
0

0
0
0

58 (6.2)
7 (0.8)
184 (19.8)

2 (0.2)
0
2 (0.2)

0
0
0

.04
.07 d
⬍.001 d

75 (8.4)
16 (1.8)
32 (3.6)
25 (2.8)

8 (0.9)
0
0
2 (0.2)

0
0
0
0

145 (15.6)
59 (6.3)
40 (4.3)
29 (3.1)

3 (0.3)
0
1 (0.1)
0

0
0
0
0

⬍.001
⬍.001
.37
.91

Anorexia
Neutropenia
Infection
Febrile neutropenia

9 (1.0)
2 (0.2)
23 (2.6)
11 (1.2)

0
87 (9.7)
5 (0.6)
0

0
0
0
0

25 (2.7)
5 (0.5)
60 (6.4)
18 (1.9)

1 (0.1)
105 (11.3)
4 (0.4)
5 (0.5)

0
0
4 (0.4)
0

.005
.20
⬍.001
.05

Pneumonia
Hypomagnesemia
Paresthesias
Pulmonary
Dyspnea
Pneumonitis

6 (0.7)
2 (0.2)
135 (15.1)

0
1 (0.1)
3 (0.3)

0
0
0

3 (0.3)
16 (1.7)
130 (14.0)

1 (0.1)
4 (0.4)
3 (0.3)

1 (0.1)
0
0

.71
⬍.001 d
.49

5 (0.6)
3 (0.3)

1 (0.1)
2 (0.2)

0
0

24 (2.6)
3 (0.3)

3 (0.3)
2 (0.2)

0
1 (0.1)

⬍.001
.81

Abbreviation: mFOLFOX6, the modified sixth version of the leucovorin, fluorouracil, and oxaliplatin regimen.
a Patients with wild-type KRAS treated with mFOLFOX6 having grade 3, grade 4, and grade 5 of any classification was 35.9%, 14.8%, and 0.4%, respectively. Addition of cetuximab
for these patients resulted in grade 3, grade 4, and grade 5 toxicity rates of 54.1%, 18%, and 1.1%, respectively. During all adverse events experienced, the rate of toxicity of
grade 3 or higher was significantly higher for patients with wild-type KRAS treated with cetuximab (2-sided 2 test, P⬍.01). Fisher exact test used with at least 1 of the cells in a
2⫻2 table was less than 5%.
b Based on National Cancer Institute, Common Toxicity Criteria, version 3.0.11 Calculated as the maximum severity over all cycles of treatment. Acne/rash includes acne not otherwise specified, rash/desquamation, rash, skin irritation, and rash acneiform. Stomatitis/mucositis includes oral cavity, small bowel, and pharynx. Infection is all infections except
pneunomia and febrile neutropenia. Peripheral neuropathy is included in paresthesias.
c Two-sided 2 test comparing the rate of grade 3 or higher by treatment.
d By Fisher exact test.
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The ability of cetuximab to
enhance the benefit of chemotherapy
appears to be complex. Phase 3 trials
assessing the activity of cetuximab in
combination with a fluoropyrimidine
for metastatic disease have only
shown a benefit when an infusional
fluoropyrimidine regimen was used.
In the COIN 20 and NORDIC VII 21
clinical trials , the lack of benefit
from cetuximab was primarily restricted to patients receiving either
capecitabine or bolus fluorouracil as
opposed to infusional fluorouracil. A
subgroup analysis in the COIN trial
demonstrated a benefit to the addition of cetuximab to infusional fluorouracil and oxaliplatin. However,
the mFOLFOX6 regimen used in our

trial should have overcome this negative interaction, if it exists.
Specific subgroups of patients were
evaluated in a posthoc analysis. When
disease-free survival outcomes were assessed using other age categories, sex,
performance status, grade of the tumor, and T and N status, no subgroup
showed benefit (eFigure 2). In addition, with the recognition that patients with a mutated BRAF tumor have
a potential worse outcome,23 the disease-free survival for the subgroup of
patients with tumors expressing both
wild-type KRAS and wild-type BRAF
was assessed. This subgroup also
showed no benefit and disease-free survival rates were fairly consistent in patients with wild-type KRAS. Addi-

tional subgroup analyses are under way
using other molecular markers.
The role of adjuvant therapy is to
eradicate micrometastatic disease. Molecular characteristics of micrometastases appear to differ from established metastases.24,25 The evolution from the
appearance of a tumor with malignant
potential to the development of metastatic disease and ultimately the establishment of distant metastatic foci is a
dynamic and complex process, exemplified by the epithelial-mesenchymal
transition and its reverse mesenchymalepithelial transition. As the tumor
evolves, cell-cell adherence is reduced
along the invasion front allowing the migration and spread of tumor cells by epithelial-mesenchymal transition, through

Table 4. Grade ⱖ3 Adverse Events by Treatment Within the Mutated KRAS Patient Group a
No. (%) of Patients
mFOLFOX6 ⫹ Cetuximab (n = 342)

mFOLFOX6 (n = 367)
Events b

Adverse
Overall
Hypersensitivity allergy
Cardiovascular
Thrombosis
Infarction
Constitutional symptoms
Fatigue
Weight loss
Acne/rash
Gastrointestinal
Diarrhea
Stomatitis/mucositis
Nausea
Vomiting
Anorexia
Neutropenia
Infection
Febrile neutropenia
Pneumonia
Hypomagnesemia
Paresthesias
Pulmonary
Dyspnea
Pneumonitis

Grade 3
139 (37.9)
8 (2.2)

Grade 4
64 (17.4)
1 (0.3)

9 (2.5)
2 (0.5)

3 (0.8)
1 (0.3)

12 (3.3)
1 (0.3)
0

Grade 5
5 (1.5)
0

P Value c
⬍.001
.02

Grade 3
164 (48.0)
16 (4.7)

Grade 4
78 (22.8)
4 (1.2)

0
0

13 (3.8)
1 (0.3)

7 (2.0)
2 (0.6)

0
0

.10
⬎.99 d

1 (0.3)
0
0

0
0
0

14 (4.1)
3 (0.9)
69 (20.2)

3 (0.9)
0
4 (1.2)

0
0
0

.35
.36 d
⬍.001 d

27 (7.4)
10 (2.7)
7 (1.9)
13 (3.5)
2 (0.5)
0
7 (1.9)

2 (0.5)
0
0
0
0
43 (11.7)
2 (0.5)

0
0
0
0
0
0
0

51 (14.9)
19 (5.6)
17 (5.0)
16 (4.7)
6 (1.8)
1 (0.3)
14 (4.1)

1 (0.3)
0
1 (0.3)
1 (0.3)
0
45 (13.2)
3 (0.9)

0
5 (1.4)
0
68 (18.5)

1 (0.3)
0
0
0

0
0
0
0

6 (1.8)
1 (0.3)
4 (1.2)
46 (13.5)

0
0

0
1 (0.3)

7 (2.0)
1 (0.3)

7 (1.9)
2 (0.5)

Grade 5
1 (0.3)
0

0
0
0
0
0
0
1 (0.3)

.002
.06
.02
.35
.16 d
.49
.05

1 (0.3)
0 (0.0)
2 (0.6)
1 (0.3)

0
0
0
0

.03 d
.22 d
.01 d
.08

0
1 (0.3)

0
0

.89
⬎.99 d

Abbreviation: mFOLFOX6, the modified sixth version of the leucovorin, fluorouracil, and oxaliplatin regimen.
a Patients with mutated KRAS treated with mFOLFOX6 having grade 3, grade 4, and grade 5 of any classification was 37.8%, 17.4%, and 0.3%, respectively. Addition of cetuximab
for these patients resulted in grade 3, grade 4, and grade 5 toxicity rates of 47.8%, 22.7%, and 1.5%, respectively. During all adverse events experienced, the rate of toxicity of
grade 3 or higher was significantly higher for patients with mutated KRAS treated with cetuximab (2-sided 2 test, P⬍.01). Fisher exact test used with at least 1 of the cells in a
2⫻2 table was less than 5%.
b Based on National Cancer Institute, Common Toxicity Criteria, version 3.0.11 Calculated as the maximum severity over all cycles of treatment. Acne/rash includes acne not otherwise specified, rash/desquamation, rash, skin irritation, and rash acneiform. Stomatitis/mucositis includes oral cavity, small bowel, and pharynx. Infection is all infections except
pneunomia and febrile neutropenia. Peripheral neuropathy is included in paresthesias.
c Two-sided 2 test comparing the rate of grade 3 or higher by treatment.
d By Fisher exact test.

©2012 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ on 10/10/2015

JAMA, April 4, 2012—Vol 307, No. 13

1391

CETUXIMAB AND SURVIVAL AMONG PATIENTS WITH STAGE III COLON CANCER

repression of E-cadherin.26 Once the metastasizing cells reach its final site, the
cells undergo mesenchymal-epithelial
transition as they regain the ability to
form cell-cell adherence.27 Assessment
of signaling pathways suggest that epidermal growth factor has a significant
role during epithelial-mesenchymal transition in the change that occurs in Ecadherin.28 Cross talk that develops during this phase between the receptor for
epidermal growth factor and other signaling pathways may provide an escape
mechanism from anti–epidermal growth
factor receptor therapy.29,30 Additional
preclinical research is required to establish the importance of these observations in colon cancer.
In addition, the activity of cetuximab on metastatic disease occurs
through a variety of mechanisms.31 Cetuximab leads to cell-cycle arrest in G1
phase, as well as induces apoptosis, inhibits tumor angiogenesis, and activates antibody-dependent cellular toxicity. Although these mechanisms of
activity have been defined, little is
known about acquired or intrinsic resistance to cetuximab beyond mutations in KRAS and possibly BRAF.32,33
BRAF was mutated in 18% of the wildtype KRAS tumors from patients enrolled in our trial. When analyzed by
BRAF status, no effect on cetuximab
benefit was observed.
In conclusion, in this randomized
phase 3 trial for patients with resected
stage III colon cancer, no benefit was
observed from the addition of cetuximab to mFOLFOX6 therapy, even
when restricted to patients with tumors expressing wild-type KRAS and
wild-type BRAF. New approaches are
needed to identify drugs that may be of
benefit in adjuvant therapy, because as
shown in our trial promising activity in
the metastatic setting did not translate
into adjuvant therapy benefit and underscores the importance of performing clinical trials.
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