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Background: The bevacizumab-Avastin� adjuVANT (AVANT) study did not meet its primary end point of improving
disease-free survival (DFS) with the addition of bevacizumab to oxaliplatin-based chemotherapy in stage III colon
cancer (CC). We report here the long-term survival results (S-AVANT).
Patients and methods: Patients with curatively resected stage III CC were randomly assigned to FOLFOX4, FOLFOX4-
bevacizumab, or XELOX-bevacizumab.
Results: A total of 2867 patients were randomized: FOLFOX4: n ¼ 955, FOLFOX4-bevacizumab: n ¼ 960, XELOX-
bevacizumab: n ¼ 952. With a median of 6.73 years follow-up (interquartile range 5.51e10.54), 672 patients died,
of whom 198 (20.7%), 250 (26.0%), and 224 (23.5%) were in the FOLFOX4, FOLFOX4-bevacizumab, and XELOX-
bevacizumab arms, respectively. The 10-year overall survival (OS) rates were 74.6%, 67.2%, and 69.9%, (P ¼ 0.003)
and 5-year disease-free survival (DFS) rates were 73.2%, 68.5%, and 71.0% (P ¼ 0.174), respectively. OS and DFS
hazard ratios were 1.29 [95% confidence interval (CI) 1.07e1.55; P ¼ 0.008] and 1.16 (95% CI 0.99e1.37; P ¼
0.063) for FOLFOX4-bevacizumab versus FOLFOX4 and 1.15 (95% CI 0.95e1.39; P ¼ 0.147) and 1.1 (95% CI 0.93
e1.29; P ¼ 0.269) for XELOX-bevacizumab versus FOLFOX4, respectively. CC-related deaths (n ¼ 542) occurred in
157 (79.3%) patients receiving FOLFOX4, 205 (82.0%) receiving FOLFOX4-bevacizumab, and 180 (80.4%) receiving
XELOX-bevacizumab (P ¼ 0.764), while non-CC-related deaths occurred in 41 (20.7%), 45 (18.0%), and 44 (19.6%)
patients, respectively. Cardiovascular-related and sudden deaths during treatment or follow-up were reported in 13
(6.6%), 17 (6.8%), and 14 (6.3%) patients, in the FOLFOX4, FOLFOX4-bevacizuamb, and XELOX-bevacizumab arms,
respectively (P ¼ 0.789). Treatment arm, sex, age, histological differentiation, performance status, T/ N stages, and
localization of primary tumor were independent prognostic factors of OS in stage III.
Conclusions: S-AVANT confirms the initial AVANT report. No benefit of the bevacizumab addition to FOLFOX4 adjuvant
therapy in patients with stage III CC was observed in terms of DFS with a negative effect in OS, without increase in non-
CC related deaths.
Clinical trial identification: NCT00112918.
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INTRODUCTION

Colorectal cancer (CRC) is the fourth most common cancer
in the world and the second leading cause of death.1 Close
to 25% of patients with colon cancer (CC) are diagnosed
with stage III disease in Western countries.2
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Adjuvant chemotherapy with fluoropyrimidines [5-
fluorouracil and leucovorin (5-FU/LV) or capecitabine] and
oxaliplatin (FOLFOX or XELOX) is the current standard of care
for patients with stage III CC based on the findings from three
large phase III trials, the Multicenter International Study of
Oxaliplatin/5-FU/LV in the Adjuvant Treatment of Colon
Cancer (MOSAIC), the National Surgical Adjuvant Breast and
Bowel Project (NSABP) C-07, and the NO16968.3e7

Vascular endothelial growth factor (VEGF) inhibition with
bevacizumab, a humanized anti-VEGF monoclonal antibody,
has a direct anti-vascular effect in patients with metastatic
CRC when given with chemotherapy that is reflected by
improved overall survival (OS).8 The bevacizumab-Avastin�
adjuvant (AVANT) phase III trial failed to demonstrate the
superiority of bevacizumab added to oxaliplatin in combi-
nation with either 5-FU/LV (FOLFOX4) or capecitabine
(XELOX) compared with FOLFOX4 in terms of disease-free
survival (DFS) in patients who had undergone surgery
with curative intent for stage III CC.9 In line with the AVANT
study results, the NSABP C-08 trial that also evaluated
bevacizumab with adjuvant oxaliplatin-based chemotherapy
showed no efficacy (DFS) of this treatment in US patients
with stages II and III CC.10,11 The UK QUick And Simple And
Reliable 2 (QUASAR 2) trial showed similar results when
bevacizumab was added to adjuvant capecitabine.12

Here we report the long-term survival follow-up updated
survival results for the AVANT study of patients with stage
III CC (the S-AVANT study).

PATIENTS AND METHODS

Patients

Complete eligibility criteria have been previously reported.9

Briefly, eligible patients who had histologically-confirmed
stage III colon carcinoma according to the American Joint
3451 patients randomly assigned (IT
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573 (16.60%) patients with stage Il disea
2867 (83.08%) patients with stage III dis
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Figure 1. Flow-chart.
bev, bevacizumab; ITT, intent-to-treat.
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Cancer Committee/International Union Against Cancer
(AJCC/UICC) staging system, were older than 18 years of
age, and had their curative surgery carried out 4e8 weeks
before randomization.

The main exclusion criteria included: the presence of a
remaining tumor, carcinoembryonic antigen >1.5� the
upper normal limit after surgery, prior anti-angiogenic
treatment, major surgery, open biopsy or major traumatic
injury <28 days before the study treatment, and abnormal
hematologic, hepatic, or renal function. All patients pro-
vided informed consent for Avant study. The S-AVANT pro-
tocol was approved by the Ethics Review Committee or
Institutional Review Board at participating sites.

Trial design

AVANT was a prospective, multicenter, randomized, parallel,
open-label, three-arm phase III trial in patients operated for
high-risk stage II and III CC. It was an event- or time-driven
trial only for stage III patients. The study continued until 36
months after the last patient was randomized. The 3-year
DFS for stage III (the primary objective) data were mature
for analysis in 2010 and were published in 2012.9

The S-AVANT study was designed for the final DFS and OS
analysis with extended follow-up of patients randomized in
the AVANT trial. The sponsor (Roche) followed up on the
study and locked data on 30 June 2010 (a 3-year minimum
follow-up period). At that time, median follow-up for the
study population was 48 months. In 2012, the sponsor
transferred the AVANT database to GERCOR for an addi-
tional update.

Treatment plan

Patients were randomized (stratified by geographic region
and stage of disease) in a 1 : 1: 1 ratio to receive one of the
T population) in the AVANT study

gned in the S-AVANT study

se
ease
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FOLFOX4 (A)
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4 (36.36%) patients with FOLFOX4 (A)
1 (9.09%) patients with FOLFOX4 + bev (B)
6 (54.55%) patients with XELOX + bev (C)
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three treatment options: FOLFOX4 for 24weeks followed by a
24-week observation (arm A), FOLFOX4-bevacizumab for 24
weeks followed by bevacizumab monotherapy for a further
24 weeks (arm B), or XELOX-bevacizumab for 24 weeks fol-
lowed by bevacizumab monotherapy for a further 24 weeks
(armC). FOLFOX4 and XELOXwere administered as previously
described.9 Bevacizumab 5 mg/kg was administered over
30e90 minutes as an intravenous infusion on day 1 before
oxaliplatin 5 mg/kg every 2 weeks (FOLFOX4) or oxaliplatin
7.5 mg/kg every 3 weeks (XELOX). Bevacizumab mono-
therapy was administered at 7.5 mg/kg every 3 weeks. If
Table 1. Clinical characteristics of stage III patients

Stage III
(N [ 2867)

FOLFOX4
(N [ 955)

n % n %

Sexa

Male 1537 53.61 530 55.5
Female 1330 46.39 425 44.5
Agea (years)
Mean (SD) 57.89 (11.21) 57.71 (11.30)
Median 59.01 59.01
Q1eQ3 51.12e66.14 50.66e66.27
MineMax 19.09e83.94 21.86e83.94

Localization
Left/rectum 1598 57.32 529 57.0
Right 1177 42.22 396 42.6
Both 13 0.47 3 0.3
Missing 79 27

Differentiation
Poorly differentiated 534 19.26 196 21.1
Well/moderately 2238 80.74 729 78.8
Missing 95 30

ECOG PS
0 2422 85.07 809 85.2
1 425 14.93 140 14.7
Missing 20 6

BMI
<30 2467 86.08 831 87.1
�30 399 13.92 123 12.8
Missing 1 1

No. of examined nodes
<12 805 28.17 269 28.2
�12 2053 71.83 684 71.7
Missing 9 2

T stage
T1 26 2.69 26 2.7
T2 216 7.54 80 8.3
T3 2050 71.55 665 69.6
T4 522 18.22 184 19.2
Missing 2 0

N stagea

N1 1747 60.93 585 61.2
N2 1120 39.07 370 38.7

TN stage
T1e3/N1 1492 52.08 500 52.3
T4 or N2 1373 47.92 455 47.6
Missing 2 0

Follow-up median
AVANT (IQR), yearsc

6.02053
(5.10609e6.65572)

6.02327
(5.10335e6.68857

Follow-up median
S-AVANT (IQR), yearsc

6.7269
(5.5058e10.5407)

6.7844
(5.4976e10.4997

BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance status
a No missing data.
b P value computed with chi-square test or Fisher’s exact test for categorical variables and
c log-rank test.
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capecitabine or 5-FU were discontinued due to toxicity, the
patient could continue bevacizumab, but not oxaliplatin.
End points

The primary end point of S-AVANT was OS of the stage III
population randomized in the AVANT study. Secondary end
points were updated DFS, prognostic factors, subgroup
analysis, and late comorbidities.

OS was defined as the time between randomization and
death. Patients who were still alive at the clinical cut-off
FOLFOX4D bev
(N [ 960)

XELOXD bev
(N [ 952)

Pb

n % n %

0.0836
0 487 50.73 520 54.62
0 473 49.27 432 45.38

0.7262
57.89 (10.91) 58.08 (11.45)

58.87 59.19
51.62e65.79 51.18e66.37
19.09e82.79 19.77e82.65

543 58.14 526 56.80
7 388 41.54 393 42.44
2 3 0.32 7 0.76 0.6473

26 26
0.1467

9 176 18.97 162 17.63
1 752 81.03 757 82.37

32 33
0.9808

5 807 85.04 806 84.93
5 142 14.96 143 15.07

11 13

1 812 84.58 824 86.55
9 148 15.42 128 13.45 0.2450

0 0

3 261 27.33 275 28.95
7 694 72.67 675 71.05 0.7340

5 2
0.3889

2 31 3.23 20 2.10
8 66 6.88 70 7.36
3 701 73.10 684 71.92
7 161 16.79 177 18.61

1 1
0.8019

6 590 61.46 572 60.08
4 370 38.54 380 39.92

0.9434
6 501 52.24 491 51.63
4 458 47.76 460 48.37

1 1

)
6.01780

(5.09788e6.65845)
6.02875

(5.1170e6.64203)
0.5503

)
6.7269

(5.5003e10.5435)
6.6557

(5.5250e10.5435)
0.9781

; IQR, interquartile range; SD, standard deviation.

KruskaleWallis test for continuous variables.
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date were censored at the date at which they were last
confirmed to be alive. DFS was defined as the time from
randomization to the first relapse, second primary cancer,
or death from any cause. Event-free patients at the clinical
cut-off date were censored at the last date at which they
were known to be disease-free. Recurrences and new oc-
currences were based on the investigator’s tumor evalua-
tions scheduled every 6 months after randomization up to 4
years. The centers open in S-AVANT were requested to
actualize the 8 and 10 years’ follow-up data.
Statistical analysis

The final OS analysis included all stage III randomized patients
in the AVANT trial including those lost to follow-up in the
centers not participating in the S-AVANT study. The median
value (interquartile range), mean (standard deviation), and
frequency (percentage) were provided for description of
continuous and categorical variables, respectively. Categori-
cal variables were compared using a chi-square test (or
Fisher’s exact test, if appropriate). The median values
(interquartile range) for continuous variables were compared
using the KruskaleWallis test. OS and DFS were estimated
using the KaplaneMeiermethod and described usingmedian
or rate at specific time points with 95% confidence intervals
(CI). Causes of death (CC-related, non-CC-related, cardio-
vascular-related, and sudden deaths) were described and
compared among arms. The follow-up duration was calcu-
lated using a reverse KaplaneMeier estimation.13

Cox proportional hazard models were carried out to es-
timate hazard ratios (HRs) and 95% CIs for factors associ-
ated with OS and DFS. The association of baseline
parameters with OS and DFS were first assessed using
univariate Cox analyses and then parameters with P values
<0.05 were entered into the final multivariable Cox
Table 2. OS and DFS according to treatment arms in all stage III patients and in

Variable FOLFOX4

Overall
No. 955
OS
No. of events 198
3 year, % (95% CI) 89.8 (87.9e91.6)
5 year, % (95% CI) 84.7 (82.2e86.9)
10 year, % (95% CI) 74.6 (70.9e77.9)

DFS
No. of events 282
3 year, % (95% CI) 76.9 (74.1e79.5)
5 year, % (95% CI) 73.2 (70.2e75.9)
10 year, % (95% CI) 68.1 (64.6e71.3)

Patients alive without relapse at 4 years
No. 680
OS
No. of events 33
5 year, % (95% CI) 99.1 (98.0e99.6)
10 year, % (95% CI) 93.1 (89.6e95.4)

DFS
No. of events 47
5 year, % (95% CI) 98.1 (96.7e98.9)
10 year, % (95% CI) 91.3 (87.9e93.8)

bev, bevacizumab; CI, confidence interval; DFS, disease-free survival; OS, overall survival.
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regression model with stratification for treatment arm, after
consideration of collinearity among variables of the corre-
lation matrix. The assumption of proportionality was
checked by plotting log-minus-log survival curves and cu-
mulative martingale process plots. Subgroup analyses for
treatment arms associations (FOLFOX4-bevacizumab versus
FOLFOX4 and XELOX-bevacizumab versus FOLFOX4) with OS
and DFS were carried out and summarized with forest plots.
The interaction term in each subgroup was obtained by
considering the subgroup, treatment arm, and interaction in
the Cox model. The interaction was considered significant if
P < 0.1. A sensitivity landmark analysis of the treatment
effect in patients alive at 4 years without any recurrence
event was carried out. All analyses were carried out using
SAS version 9.4 (SAS Institute, Cary, NC) and R software
version 2.15.2 (R Development Core Team, Vienna, Austria;
http://www.r-project.org). P values were uncorrected for
multiple tests. Considering that this study is an updated
analysis of survival results from the AVANT clinical trial with
long-term follow-up, and that no statistical hypotheses
were formulated for this analysis, P values are shown for
exploratory purposes. All tests were two-sided.

RESULTS

Patient characteristics

From December 2004 to June 2007, 3451 CC patients were
randomized at 330 centers in 34 countries (the intention-to-
treat population, Figure 1). Overall, 2867 (83.0%) patients
had stage III; 955 in arm A (FOLFOX4), 960 in arm B
(FOLFOX4-bevacizumab), and 952 in arm C (XELOX-
bevacizumab). Patient characteristics were well balanced
between the groups (Table 1). The median follow-up for the
whole population was 6.73 years [interquartile range (IQR):
5.51e10.54] with no difference among the treatment arms
stage III patients relapse-free and still alive at 4 years

FOLFOX4 D bev XELOX D bev

960 952

250 224
88.0 (85.6e89.9) 88.9 (86.7e90.8)
80.8 (78.1e83.2) 81.7 (79.1e84.1)
67.2 (63.1e70.9) 69.9 (65.8e73.6)

326 305
73.7 (70.8e76.4) 75.2 (72.3e77.8)
68.5 (65.4e71.4) 71.0 (67.9e73.8)
62.4 (58.6e65.9) 63.6 (59.7e67.2)

642 651

35 33
99.5 (98.5e99.8) 99.4 (98.4e99.8)
90.7 (86.5e93.6) 89.9 (85.4e93.1)

45 52
97.8 (96.3e98.7) 97.5 (96.0e98.5)
89.0 (84.9e92.1) 87.3 (83.0e90.6)
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(Table 1). Of 2322 stage III patients still alive after the
AVANT study database lock, 976 (42.0%) had an updated
median follow-up of 11.0 years.
Survival

OS events were observed in 198 (20.7%), 250 (26.0%), and
224 (23.5%) patients in the FOLFOX4, FOLFOX4-
bevacizumab, and XELOX-bevacizumab arm, respectively.
The 3-, 5-, and 10-year OS rates are reported in Table 2. For
patients receiving FOLFOX4, FOLFOX4-bevacizumab, and
XELOX-bevacizumab, the 10-year OS rates were 74.6% (95%
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Arm C: XELOX + bev
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960 885 751 685 64

952 876 743 689 65

Figure 2. Overall survival (A) and disease-free survival (B) according to treatment
bev, bevacizumab.
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CI 70.9% to 77.9%), 67.2% (95% CI 63.1% to 70.9%), and
69.9% (95% CI 65.8% to 73.6%), respectively (Table 2). The
OS HR was 1.29 (95% CI 1.07e1.55; P ¼ 0.008) for FOL-
FOX4-bevacizumab versus FOLFOX4 and 1.15 (95% CI 0.95e
1.39; P ¼ 0.148) for XELOX-bevacizumab versus FOLFOX4
(global log-rank P ¼ 0.029; Figure 2).

DFS events were observed in 282 (29.5%), 326 (34%), and
305 (32%) patients in the FOLFOX4, FOLFOX4-bevacizumab,
and XELOX-bevacizumab arm, respectively. The 3-, 5-, and
10-year DFS rates are reported in Table 2. For patients
receiving FOLFOX4, FOLFOX4-bevacizumab, and XELOX-
bevacizumab, the 5-year DFS rates were 73.2% (95% CI
5 6 7 8 9 10 11
e from randomization (years)

 from randomization (years)

2 716 528 324 273 252 211 141

5 6 7 8 9 10 11

Arm A: FOLFOX4
Arm B: FOLFOX + bev
Arm C: XELOX + bev

lobal Logrank P = 0.029
grank for arm A vs arm B P = 0.008 
grank for arm A vs arm C P = 0.148
grank for arm B vs arm C P = 0.231

n Event Censored
955 198 757

710960 250
952 224 728

Arm A: FOLFOX4
Arm B: FOLFOX + bev
Arm C: XELOX + bev

Logrank P = 0.174
Logrank for arm A vs arm B P = 0.062
Logrank for arm A vs arm C P = 0.270
Logrank for arm B vs arm C P = 0.453

n Event Censored
955 282 673

634960 326
952 305 647

5 695 499 313 261 238 192 132

3 697 519 306 262 238 192 139

0 624 467 289 244 228 193 129

2 592 428 273 222 206 170 117

1 602 443 258 223 203 164 120

arm in stage III patients.
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70.2% to 75.9%), 68.5% (95% CI 65.4% to 71.4%), and 71%
(95% CI 67.9% to 73.8%), respectively (Table 2). The DFS HR
was 1.16 (95% CI 0.99e1.37; P ¼ 0.063) for the FOLFOX4-
bevacizumab arm versus the FOLFOX4 arm and 1.10 (95%
CI 0.93e1.29; P ¼ 0.269) for the XELOX-bevacizumab arm
versus the FOLFOX4 arm (global log-rank P ¼ 0.174;
Figure 2). Of 1973 (68.8%) patients alive and relapse-free at
4 years, 33 (4.9%) and 47 (6.9%) treated with FOLFOX4, 35
(5.5%) and 45 (7.0%) treated with FOLFOX4-bevacizumab,
and 33 (5.1%) and 52 (8.0%) treated with XELOX-
bevacizumab experienced OS and DFS events, respectively
(Table 2).
Adjusted analysis and prognostic factors

Univariate analysis of prognostic factors for OS and DFS is
reported in supplementary Table S1, available at Annals of
Oncology online.

In multivariate analysis, treatment arm, sex, age (<70
versus �70), differentiation (well/moderately versus
Table 3. Multivariate analysis of prognostic factors for OS and DFS

Variable HR

OS
No. of events 2677 (617)
Arm A: FOLFOX 1

B: FOLFOX4-bev 1.373
C:XELOX-bev 1.206

Sex Female 1
Male 0.782

Age, year <70 1
�70 1.658

Differentiation Poorly 1
Well 0.666
Moderately 0.730

ECOG PS 0 1
1 1.560

T stage T1e3 1
T4 1.744

N stage N1 1
N2 1.755

Primary tumor Left/rectum 1
Right 1.215
Both 1.634

DFS
No. of events 2677 (847)
Arm A: FOLFOX 1

B: FOLFOX4-bev 1.197
C:XELOX-bev 1.112

Sex Male 1
Female 0.850

Age, year <70 1
�70 1.278

Differentiation Poorly 1
Well 0.850
Moderately 0.832

ECOG PS 0 1
1 1.338

T stage T1e3 1
T4 1.655

N stage N1 1
N2 1.667

Primary tumor Left/rectum 1
Right 1.144
Both 1.409

bev, bevacizumab; CI, confidence interval; DFS, disease-free survival; ECOG PS, Eastern Coo
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poorly), Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS) (0 versus 1), T stage (T1e3 versus T4),
N stage (N1 versus N2), and primary tumor localization
(right versus left colon) were independent prognostic fac-
tors for OS (Table 3). The same factors, but not differenti-
ation and primary tumor localization, remained as
independent prognostic factors for DFS (Table 3).

Similar associations of the treatment arms and outcomes
were found in multivariate analysis after adjusting for other
prognostic factors. The forest plots for main OS and DFS
prognostic factors are shown in Figure 3.

A statistically significant differential effect on OS for the
addition of bevacizumab to FOLFOX4 (FOLFOX4-
bevacizumab versus FOLFOX4) was observed among T/N
classification subgroups (interaction P value of 0.035) with a
detrimental effect observed in T1e3N1 patients. A similar
observation was made for DFS (Figure 3).

In patients at low risk of recurrence (T1e3N1), the OS HR
was 1.68 (95% CI 1.23e2.30; P ¼ 0.001) for FOLFOX4-
bevacizuamb versus FOLFOX4 and 1.33 (95% CI 0.96e
95% CI P value Global P value

1.129e1.671 0.0015
0.987e1.473 0.0673 0.0065

0.666e0.920 0.0029 0.0029

1.351e2.036 <0.0001 <0.0001

0.513e0.865 0.0023
0.604e0.883 0.0012 0.0014

1.280e1.902 <0.0001 <0.0001

1.457e2.087 <0.0001 <0.0001

1.494e2.061 <0.0001 <0.0001

1.034e1.427 0.0182
0.672e3.973 0.2783 0.0410

1.014e1.414 0.0337
0.939e1.316 0.2177 0.1039

0.741e0.975 0.0204 0.0204

1.057e1.544 0.0113 0.0113

0.679e1.062 0.1527
0.703e0.985 0.0325 0.0971

1.122e1.595 0.0012 0.0012

1.415e1.934 <0.0001 <0.0001

1.453e1.913 <0.0001 <0.0001

0.996e1.313 0.0569
0.627e3.166 0.4060 0.1281

perative Oncology Group performance status; HR, hazard ratio; OS, overall survival.
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1.85; P ¼ 0.085) for XELOX-bevacizumab versus FOLFOX4
(log-rank P ¼ 0.005; Figure 4).
In patients at high risk (T4 or N2), the OS HR was 1.08

(95% CI 0.86e1.37; P ¼ 0.508) for FOLFOX4-bevacizumab
versus FOLFOX4 and 1.05 (95% CI 0.83e1.33; P ¼ 0.689)
for XELOX-bevacizumab versus FOLFOX4 (log-rank P ¼
0.784; Figure 5).

Comparisons of OS and DFS in stage III CC patients
according to subgroups of T1e3, N1, T4, and N2 disease
are presented in supplementary Figures S1, S2, S3,
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and S4, respectively, available at Annals of Oncology
online.
Safety and causes of death

Early safety data for high-risk stage II and III CC patients
have been previously reported.9 With a total of 672 deaths
for stage III cases included, CC-related deaths occurred in 542
patients (80.7%) with no difference between arms; FOLFOX4:
157/198 (79.3%), FOLFOX4-bevacizumab: 205/250 (82.0%),
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Figure 4. Overall survival (A) and disease-free survival (B) according to treatment arm in stage III patients with T1e3N1.
bev, bevacizumab.
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and XELOX-bevacizumab: 180/224 (80.4%; P ¼ 0.764). Non-
CC-related deaths occurred in 130 patients with stage III dis-
ease, in whom those related to cardiovascular diseases and
sudden deaths were reported in 13/41 non-CC-related deaths
(31.7%), 17/45 (37.8%), and 14/44 (31.8%) in the FOLFOX4,
FOLFOX4-bevacizumab, and XELOX-bevacizumab arms,
respectively (P¼ 0.789). In a sensitivity analysis, a competing
risks approach was applied to consider other causes of death
than cardiovascular. We estimated cumulative incidence
functions from competing risks data and compared the sub-
distribution for each cause across arms.14 The analysis
confirmed that there are no differences in cardiovascular
Volume 31 - Issue 2 - 2020
death among arms (supplementary Figure S5, available at
Annals of Oncology online).
DISCUSSION

The long-term follow-up results of the S-AVANT study
confirm the lack of DFS benefit for the addition of bev-
acizumab to either FOLFOX4 (HR ¼ 1.16) or XELOX (HR ¼
1.11) in patients with resected stage III CC. Data update
with a longer follow-up show a detrimental effect on OS
with bevacizumab and oxaliplatin-based adjuvant chemo-
therapy [FOLFOX4 (HR ¼ 1.29) or XELOX (HR ¼ 1.15)],
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without increase in non-CC-related deaths. The negative
effects of bevacizumab- and oxaliplatin-based chemo-
therapy on OS (FOLFOX4 versus FOLFOX4-bevacizumab)
support the fact that administration of bevacizumab should
be avoided completely in patients with stage III CC in the
adjuvant setting. The detrimental effect of bevacizumab in
our study occurred early, since the death rate was similar
for patients without relapse after 4 years.

Several hypotheses could explain the failure of bev-
acizumab in the adjuvant setting. Arrested angiogenesis is a
component of cell dormancy15 and experimental models
have shown that dormant tumor cells can be protected
from chemotherapy.16 In our subgroup analysis (FOLFOX4
versus FOLFOX4-bevacizumab), bevacizumab had a signifi-
cant detrimental effect on DFS and OS in the T1e3N1 low-
254 https://doi.org/10.1016/j.annonc.2019.12.006
risk subgroup, but not in the T4 or N2 high-risk subgroup.
One hypothesis is a different effect of bevacizumab on tu-
mor dormant micrometastases between low-risk and high-
risk stage III CC.

The two other studies, with a shorter follow-up period
than S-AVANT, showed a non-significant deleterious effect
of bevacizumab in the adjuvant setting of CC or CRC. In
QUASAR 2 (high-risk stage II and stage III CRC), after a
median follow-up of 4.92 years, the median OS was
89.4% in the capecitabine arm and 87.5% in the capeci-
tabine plus bevacizumab arm (HR ¼ 1.11).12 In NSABP
C08, after a 5-year median follow-up, the median OS for
patients with stage III CC was 78.7% in the mFOLFOX6
arm and 77.6% in the mFOLFOX6 plus bevacizumab arm
(HR ¼ 1.00).4,5,10,11
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No new or unexpected safety signals were observed in
the current study that could explain the death rates with
bevacizumab in our findings. The long-term safety of bev-
acizumab in combination with FOLFOX4 or XELOX did not
demonstrate increased cardiovascular disease-related or
sudden death rates.

Bevacizumab is not the only drug to show efficacy in
metastatic CRC, but not in the early-stages of disease. Irino-
tecan and cetuximab, which are both approved formetastatic
disease, failed to show benefit in adjuvant trials.17e20 The
disappointing results from the recent trials of these molec-
ularly targeted agents against stage II and/or III CC highlight a
need to identify new potential strategies for adjuvant treat-
ment of CC. Given that adjuvant trials are long, expensive,
and large, it would be valuable to have access to preclinical
models predictive of early-stage disease. The negative
outcome of recent adjuvant trials in CC despite the regimen
activity in the metastatic setting raises the question of the
driving signals triggering the launch of adjuvant trials in pa-
tients with CC and of the need of alternative developmental
approaches in adjuvant therapy.21

In conclusion, the S-AVANT study confirms that bev-
acizumab does not prolong DFS when added to adjuvant
chemotherapy in patients with stage III CC and shows a
statistically significant negative effect on OS with bev-
acizumab plus FOLFOX4-based adjuvant therapy, without
increase in non-CC-related deaths. Therefore, bevacizumab
should not be used in adjuvant treatment of patients with
curatively resected stage III CC.
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