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A B S T R A C T

Purpose
The National Surgical Adjuvant Breast and Bowel Project trial C-08 was designed to investigate the
safety and efficacy of adding bevacizumab to fluorouracil, leucovorin, and oxaliplatin (FOLFOX6) for
the adjuvant treatment of patients with stage 2-3 colon cancer. Our report summarizes the primary
and secondary end points of disease-free and overall survival, respectively, with 5 years median
follow-up time.

Patients and Methods
Patients received modified FOLFOX6 once every 2 weeks for a 6-month period (control group) or
modified FOLFOX6 for 6 months plus bevacizumab (5 mg/kg) once every 2 weeks for a 12-month
period (experimental group). The primary end point of the study was disease-free survival (DFS)
and overall survival (OS) was a secondary end point.

Results
Of 2,673 analyzed patients, demographic factors were well-balanced by treatment. With a median
follow-up of 5 years, the addition of bevacizumab to mFOLFOX6 did not result in an overall
significant increase in DFS (hazard ratio [HR], 0.93; 95% CI, 0.81 to 1.08; P � .35). Exploratory
analyses found that the effect of bevacizumab on DFS was different before and after a 1.25-year
landmark (time-by-treatment interaction P value �.0001). The secondary end point of OS was no
different between the two study arms for all patients (HR, 0.95; 95% CI, 0.79 to 1.13; P � .56) and
for those with stage 3 disease (HR, 1.0; 95% CI, 0.83 to 1.21; P � .99).

Conclusion
Bevacizumab for 1 year with modified FOLFOX6 does not significantly prolong DFS or OS in stage
2-3 colon cancer. We observed no evidence of a detrimental effect of exposure to bevacizumab.
A transient effect on disease-free survival was observed during bevacizumab exposure in the
study’s experimental arm.

J Clin Oncol 31:359-364. © 2012 by American Society of Clinical Oncology

INTRODUCTION

The combined use of fluorouracil, leucovorin, and
oxaliplatin for 6 months constitutes the standard of
care for the adjuvant treatment of patients with co-
lon cancer. In two large randomized studies, this
combination was established as superior to single-
agent therapy using leucovorin-modulated fluorou-
racil.1,2 The National Surgical Adjuvant Breast and
Bowel Project (NSABP) trial C-07 and the Multicenter
International Study of Oxaliplatin/Fluorouracil-
Leucovorin in the Adjuvant Treatment of Colon
Cancer trials both demonstrated that 3-year DFS
was significantly prolonged in patients with stage 2
or 3 colon cancer by the addition of oxaliplatin to
fluorouracil and leucovorin, with hazard ratios of

0.80 and 0.77, respectively. Bevacizumab, a human-
ized monoclonal antibody directed against circulat-
ing vascular endothelial growth factor (VEGF), has
demonstrated clinical benefit in patients with ad-
vanced colorectal cancer when combined with fluo-
rouracil, leucovorin, and oxaliplatin in both
untreated and previously treated patients. A study
published by Giantonio et al3 randomly assigned
577 previously treated patients with colorectal can-
cer to fluorouracil, leucovorin, and oxaliplatin
(FOLFOX) with or without bevacizumab. This trial
showed a significant increase in response rate (8.6%
v 22.7%), progression-free survival (4.7 v 7.3
months), and overall survival (OS; 10.8 v 12.9
months) for patients treated without and with the
addition of bevacizumab, respectively. A second
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randomized study of 1,401 previously untreated patients with ad-
vanced disease failed to demonstrate a significant difference in re-
sponse rate (38% v 38%) or OS (19.9 v 21.3 months) with the addition
of bevacizumab to FOLFOX; however, the addition of bevacizumab
did result in a significant improvement in progression-free survival
from 8.0 to 9.4 months (P � .0023).4 These data, coupled with appar-
ent clinical benefit associated with the addition of bevacizumab to
oxaliplatin-based chemotherapy regimens from nonrandomized reg-
istry studies, underpin the rationale for testing the benefit of adding
bevacizumab to FOLFOX chemotherapy in the adjuvant colon can-
cer setting.5,6

The primary goal of NSABP C-08 is to test the potential benefit
and safety associated with the addition of bevacizumab to modified
FOLFOX6 (using oxaliplatin at a dose of 85 mg/m2) in the adjuvant
colon cancer setting. This report summarizes the updated disease-free
survival (DFS), OS, and late adverse events associated with the addi-
tion of bevacizumab to standard chemotherapy in the adjuvant treat-
ment of patients with stage 2 and 3 colon cancer. The safety profile and
early DFS associated with the use of bevacizumab in combination with
chemotherapy as used in NSABP C-08 has been reported.7,8

PATIENTS AND METHODS

Study Population

This study was approved by institutional review committees with assur-
ances approved by the Department of Health and Human Services, in accor-
dance with the Helsinki Declaration. Written informed consent was required
for participation.

Patients meeting the eligibility criteria with stage 2 or 3 colon adenocar-
cinoma were stratified by number of positive lymph nodes and institution and
were then randomly assigned 1:1 to receive either modified FOLFOX6 for 6
months or modified FOLFOX6 for 6 months plus bevacizumab for 12 months
beginning concurrently with chemotherapy. This was an open-label study
with no blinding of treatment assignment for patients, physicians, or investi-
gators. Patients with Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of 0 or 1 were randomly assigned within a window of 21 to 50
days following surgical removal of the primary tumor, and treatment was
begun within 1 week of random assignment. Patients were excluded for any
history of cerebral vascular accident, transient ischemic attack, symptomatic
peripheral vascular disease, or an arterial thrombotic episode such as a myo-
cardial infarction within the 12 months before randomization.

Regimens

The modified FOLFOX6 (mFOLFOX6) regimen includes leucovorin
400 mg/m2 intravenous (IV) on day 1, fluorouracil 400 mg/m2 IV bolus day 1
followed by 2,400 mg/m2 IV over 46 hours, and oxaliplatin 85 mg/m2 IV day 1.
Bevacizumab is given in the experimental arm at a dose of 5 mg/kg IV day 1. All
therapy is given once every 2 weeks for 12 doses (for a period of 6 months) or,
for bevacizumab, 26 doses (for a period of 1 year).

Statistical Considerations

DFS was the primary end point defined as colon cancer recurrence,
second primary cancer of any type, or death from any cause. Secondary end
points included survival and toxicity related to study therapy. Random assign-
ment was performed centrally using a biased-coin minimization algorithm.9

Protocol C-08 was designed to have 90% power to detect a 23.4%
reduction in the hazard of DFS event when 592 DFS events were observed
(approximately 3 years’ median follow-up). Time to an event was measured
from randomization. All P values will be two-sided and evaluated as significant
at the .05 level. Time-to-event plots were prepared using the Kaplan-Meier
method.10 Hazard ratios (HR) were calculated from Cox models,11 and P
values for time to event are from the log-rank test stratified for nodal status
(N0, N1, N2).12 Proportions were compared by Fisher’s exact method.13 The

primary analysis of DFS is based on the intention-to-treat principle14 exclud-
ing only patients with no follow-up and patients not at risk for the primary end
point at the time of randomization (metastases or positive surgical margins).
OS analyses include all patients with follow-up. The time-treatment interac-
tion was tested by adding a time-varying term for the product of the treatment
indicator and an indicator for DFS time more than 1.25 years to a Cox model
already including the treatment indicator and stratified by nodal status.15

RESULTS

Patients

This analysis uses data collected by June 30, 2011, by which time
743 DFS and 442 OS events had occurred. During the 2-year period
between September 2004 and October 2006, 2,710 patients were ac-
crued to the study; 1,356 to the control and 1,354 to the experimental
arms (Fig 1). A total of 15 patients (1.1%) and 17 patients (1.3%) in the
control and experimental arms, respectively, had no clinical follow-up
and were excluded from the OS analysis. Thus, there were 2,678 (1,341
in the control group and 1,337 in the experimental group) patients
evaluated for OS. There were an additional three patients in the con-
trol arm and two in the bevacizumab arm found to have unclear
margins or metastatic disease at entry so that they were not at risk for
recurrence, leaving 2,673 patients (1,338 in the control arm and 1,335
in the bevacizumab arm) evaluable for DFS. Patient characteristics are
well balanced by treatment arm (Table 1). The median follow-up was
4.9 years. Slightly more than half the patients were younger than 60
years and approximately 15% were older than 70 years. There was an
equal gender distribution. Stage 2 patients constituted approximately
25% of the total.

Toxicity

Toxicity information related to patients enrolled onto NSABP
C-08 has been published,7 and no additional toxicity signals have been
noted. The addition of bevacizumab to mFOLFOX6 was not associ-
ated with an increase in mortality. Grade � 3 toxicities that occurred
significantly more frequently included hypertension, wound compli-
cations, pain, and proteinuria. To evaluate whether toxicities associ-
ated with bevacizumab changed during the course of the 1-year

Randomly assigned
(N = 2,710)

Assigned to mFF6
(n = 1,356)

Assigned to mFF6 + Bev
(n = 1,354)

Analyzed for OS
(n = 1,341)

Excluded (no follow-up; n = 15)

Analyzed for OS
(n = 1,337)

Excluded (no follow-up; n = 17)

Analyzed for DFS
(n = 1,338)

Excluded (not at risk 
for recurrence; n = 3)

Analyzed for DFS
(n = 1,335)

Excluded (not at risk 
for recurrence; n = 2)

Fig 1. CONSORT diagram. DFS, disease-free survival; mFF6, modified fluorou-
racil, leucovorin, and oxaliplatin for 6 months; mFF6 � Bev, mFF6 for 6 months
plus bevacizumab for 12 months; OS, overall survival.
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bevacizumab exposure, we compared toxicities that occurred during
the first 6 months with those occurring during the last 6 months of
bevacizumab, excluding patients who had the same toxicity during the
first 6 months. Grade 3-4 bevacizumab-associated toxicities with an
incidence of at least 1% occurred less frequently during the last 6
months of exposure (hypertension, 7% v 5.5%; pain, 6.6% v 4.1%;
arterial thrombotic episodes, 1% v 0.6%). To examine toxicities asso-
ciated with having been previously exposed to bevacizumab within the
context of our study, we compared toxicities generally associated with
the use of bevicizumab between the two arms during the 9-month
therapy-free interval beginning 3 months after completion of all ther-
apy. Toxicity data were not collected beyond 1 year after therapy
completion. As listed in Table 2, toxicities were few and equally dis-

tributed between the two arms of the study. None of the noted differ-
ences was found to be statistically significant.

DFS

As shown in Figure 2, the addition of bevacizumab to
mFOLFOX6 did not result in an overall significant increase in DFS
(HR, 0.93; 95% CI, 0.81 to 1.08; P � .35). The point estimates for
3-year DFS were 77.9% and 75.1% for the experimental and control
arms, respectively. The effect of bevacizumab treatment did not vary
by stage (interaction P � .60). For patients with stage 2 disease, 3-year
DFS was 87.3% and 85.4% for the experimental and control arms,
respectively (HR, 0.86; 95% CI, 0.59 to 1.25; P � .43) and for patients
with stage 3 disease, 73.5% and 71.7% for the experimental and con-
trol arms, respectively (HR, 0.95; 95% CI, 0.82 to 1.11; P � .55).
Outcomes were similar for the end point of time to recurrence (ignor-
ing second primary cancer and death unrelated to recurrence).

We previously published the time-varying treatment effect.8

Now, with 5 years median follow-up, this effect remains highly statis-
tically significant (time-treatment interaction P � .0001), supporting
a different effect of bevacizumab during and immediately following its
discontinuation compared with its later effects. The HR before the
15-month landmark strongly favored bevacizumab (HR, 0.61; 95%
CI, 0.48 to 0.78; P � .0001), whereas this benefit was entirely lost
subsequently (HR, 1.19; 95% CI, 0.99 to 1.42; P � .059).

OS

As shown in Figure 3, the addition of bevacizumab to
mFOLFOX6 resulted in no significant difference in OS (HR, 0.95;
95% CI, 0.79 to 1.13; P � .56). The point estimates for 5-year OS were
82.5% and 80.7% for the experimental and control arms, respectively.
The effect of bevacizumab on OS did not vary significantly with time
as it did for DFS (time-treatment interaction P � .08).

For patients with stage 2 disease, the 5-year OS estimates were
94.3% and 90.3% for the experimental and control arms, respectively
(HR, 0.62; 95% CI, 0.36 to 1.08; P � .093). Stage 3 patients had 5-year
OS estimates of 78.7% and 77.6% for the experimental and control

Table 1. Patient Characteristics (analyzed patients) of NSABP C-08

Characteristic

mFF6
(n � 1,338)

mFF6�Bev
(n � 1,335)

Total
(N � 2,673)

No. of
Patients %

No. of
Patients %

No. of
Patients %

Age, years
� 50 332 24.8 342 25.6 674 25.2
50-59 447 33.4 435 32.6 882 33.0
60-69 347 25.9 366 27.4 713 26.7
� 70 212 15.8 192 14.4 404 15.1

Sex
Female 673 50.3 669 50.1 1,342 50.2
Male 665 49.7 666 49.9 1,331 49.8

Race
White 1,172 87.6 1,161 87 2,333 87.3
Black 101 7.5 114 8.5 215 8
Other 50 3.7 43 3.2 93 3.5
Multiracial 2 0.1 1 0.1 3 0.1
Unknown 13 1.0 16 1.2 29 1.1

ECOG performance status
0 (fully active) 1,089 81.4 1,075 80.6 2,164 81.0
1 (no strenuous activity) 249 18.6 259 19.4 508 19.0

Nodal stage
N0 (node negative) 332 24.8 334 25.0 666 24.9
N1 (1-3 positive nodes) 611 45.7 607 45.5 1,218 45.6
N2 (� 4 positive nodes) 395 29.5 394 29.5 789 29.5

Abbreviations: ECOG, Eastern Cooperative Oncology Group; mFF6, modified
fluorouracil, leucovorin, and oxaliplatin for 6 months; mFF6 � Bev, mFF6 for 6
months plus bevacizumab for 12 months; NSABP, National Surgical Adjuvant
Breast and Bowel Project.

Table 2. Grade � 3 Toxicities Generally Associated With Bevacizumab
During the 9-Month Period Beginning 3 Months After Completion of

All Therapy

Toxicity mFF6 mFF6�Bev

Hypertension 0.6 0.7
Pain 1.1 1.1
Proteinuria 0.1 0
ATE 0.1 0.5
VTE 0.4 0.2
Hemorrhage 0.3 0.3

Abbreviations: ATE, arterial thrombotic event; mFF6, modified fluorouracil,
leucovorin, and oxaliplatin for 6 months; mFF6 � Bev, mFF6 for 6 months plus
bevacizumab for 12 months; VTE, venous thrombotic event.
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arms, respectively (HR, 1.00; 95% CI, 0.83 to 1.21; P � .99). A test for
a stage-treatment interaction on OS was not significant (P � .11).

Survival After Recurrence

Cancer recurred in 286 and 283 patients in the control and
bevacizumab-containing arms, respectively. Of these patients, 191
and 190 have died in each arm, respectively. Although not statistically
significant (P � .1), patients in the bevacizumab arm appeared to have
a more rapid rate of death relative to those whose disease recurred in
the control arm (HR, 1.15; 95% CI, 0.94 to 1.41). To explore whether
the decrement in survival after relapse may be related to ongoing or
recently completed bevacizumab exposure, we investigated survival
after relapse within 18 months of study entry when the exposure to
bevicizumab would be expected to be greatest (Fig 4A) and beyond 18
months after study entry when the exposure to bevacizumab would be
expected to be negligible (Fig 4B). As shown in Figure 4, the effect of
bevacizumab on survival after relapse did not seem to vary by the
timing of the relapse (before or after 18 months from study entry; HR,
1.21 v 1.28, respectively).

DISCUSSION

The NSABP C-08 study was designed to investigate the use of anti-
VEGF therapy for the adjuvant treatment of stage 2 and 3 colon
cancer. The addition of 1 year of bevacizumab to 6 months of modi-
fied FOLFOX6 chemotherapy in this setting did not improve either
DFS or OS. Although there was a hint of a possible effect on OS in stage
2 (P � .093), the HR confidence limits were wide and the stage-
treatment interaction was not significant (P � .11), suggesting that
this may be a result of chance variation. However, with 5 years’ median
follow-up, there continues to be a highly significant time-by-
treatment interaction with DFS such that the effect of bevacizumab
was favorable before a 15-month landmark but detrimental subse-
quently, resulting in no positive effect overall. However, it should be
noted that because there was a 6-month difference in the duration of
therapy between the study arms and because the scanning intervals

were not mandated by the protocol, the timing of post-therapy scans
was different between the arms such that patients on the control arm
were scanned earlier than patients in the experimental arm (mean,
1.09 months). The biased timing of imaging is confounded with the
estimated DFS times such that definitive conclusions concerning the
DFS differences across the arms at the early time points cannot be
justified. However, bias-adjusted analyses presented in our previous
publication suggest these differences cannot be entirely explained by
the imaging bias. The presence of time-dependent differences in DFS
in the AVANT16 study support the noted time-dependent differences
in DFS as nonartifactual. Given the suggestion from the recently
disclosed data from the AVANT study16 that bevacizumab exposure
may result in a harmful effect on outcomes, it is important to note that
there was no evidence of a detrimental effect of bevicizumab on any
of the end points investigated in NSABP C-08, including DFS and OS.
These data support the conclusion that although bevacizumab may
delay recurrence, its use does not prevent recurrence.

We observed that patients in the bevacizumab-containing arm
who relapsed after adjuvant treatment seemed to have a higher rate of
death than did those patients treated with chemotherapy alone. Al-
though this difference did not reach statistical significance, a similar
observation was reported in the AVANT trial.16 Hypotheses to explain
this phenomenon include the possibility that bevacizumab changes
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the biology of the disease to a more aggressive phenotype. Several
publications using preclinical murine models have suggested that ex-
posure to anti-VEGF therapy may result in the development of a more
aggressive tumor phenotype with a greater propensity for growth and
metastatic spread.17-21 However, in this case, we would have expected
to see a detrimental effect on OS in the bevacizumab-treated patient
group, which was not observed. An alternative explanation is that
bevacizumab is less effective and/or less frequently used in relapsed
patients previously exposed to bevacizumab in the adjuvant setting.22

A decrement in OS would also be expected if this hypothesis were true.
Finally, it is plausible that bevacizumab may interfere with the sensi-
tivity of computed tomography scanning owing to its effects on tumor
vascularity and permeability and thereby potentially delay the detec-
tion of a small recurrence. However, we found no evidence for a
change in survival after relapse in patients who relapsed early, in
whom bevacizumab would be expected to have its greatest effect on
scanning sensitivity compared with those who relapse beyond 18
months from study entry, for whom any effects of bevacizumab would
be expected to be minimal (Fig 4).

The failure of bevacizumab to enhance the outcomes associated
with FOLFOX chemotherapy calls into question our traditional para-
digm of adjuvant colon drug development, namely, to consider agents
for testing in the adjuvant setting only after they are found to be
beneficial in the treatment of patients with advanced disease. The
addition of bevacizumab to oxaliplatin-based chemotherapy has been
shown to be beneficial for patients with advanced colorectal cancer
both as initial and subsequent therapy.3,4 Similarly, cetuximab and
irinotecan have been shown to have beneficial effects in patients with
advanced disease, yet have not been shown to be associated with
benefit in the adjuvant colon setting.22-25 These experiences along with
the present bevacizumab observations suggest that we should not
assume that therapy associated with benefit in the metastatic setting
will necessarily translate into benefit in the adjuvant setting.

On the basis of our results, which showed a lack of benefit asso-
ciated with the use of bevacizumab for 1 year along with 6 months of
FOLFOX chemotherapy, bevacizumab should not be used for the
management of patients with stage 2 or 3 colon cancer in the adju-
vant setting.
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