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INTRODUCTION

Colorectal cancer (CRC) is the fourth most common cancer in the world and the second leading cause of death [START_REF] Bray | Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries[END_REF]. Close to 25% of patients with colon cancer (CC) are diagnosed with stage III disease in Western countries [START_REF] Chen | Analysis of stage and clinical/prognostic factors for colon and rectal cancer from SEER registries: AJCC and collaborative stage data collection system[END_REF]. 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) [START_REF] Hurwitz | Bevacizumab plus irinotecan, fluorouracil, and leucovorin for metastatic colorectal cancer[END_REF]. The AVANT (Bevacizumab-Avastin® adjuVANT) phase III trial failed to demonstrate the superiority of bevacizumab added to oxaliplatin in combination 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 [START_REF] De Gramont | Bevacizumab plus oxaliplatin-based chemotherapy as adjuvant treatment for colon cancer (AVANT): a phase 3 randomised controlled trial[END_REF]. In line with the AVANT study results, the National Surgical Adjuvant Breast and Bowel Project (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 [START_REF] Allegra | Phase III trial assessing bevacizumab in stages II and III carcinoma of the colon: results of NSABP protocol C-08[END_REF][START_REF] Allegra | Bevacizumab in stage II-III colon cancer: 5-year update of the National Surgical Adjuvant Breast and Bowel Project C-08 trial[END_REF]. The UK QUick And Simple And Reliable 2 (QUASAR 2) trial showed similar results when bevacizumab was added to adjuvant capecitabine [START_REF] Kerr | Adjuvant capecitabine plus bevacizumab versus capecitabine alone in patients with colorectal cancer (QUASAR 2): an open-label, randomised phase 3 trial[END_REF].

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).

METHODS AND PATIENTS

Patients

Complete eligibility criteria have been previously reported [START_REF] De Gramont | Bevacizumab plus oxaliplatin-based chemotherapy as adjuvant treatment for colon cancer (AVANT): a phase 3 randomised controlled trial[END_REF]. Briefly, eligible patients had histologically-confirmed stage III colon carcinoma according to the American Joint Cancer Committee/International Union Against Cancer (AJCC/UICC) staging system, were older than 18 years of age, and had their curative surgery performed 4 to 8 weeks before randomization.

The main exclusion criteria included: the presence of a remaining tumor, carcinoembryonic antigen >1.5 x 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. The S-AVANT protocol was approved by the Ethics Review Committee or Institutional Review Board at participating sites. All patients provided informed consent.

Trial design

AVANT was a prospective, multicenter, randomized, parallel, open-label, 3-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 [START_REF] De Gramont | Bevacizumab plus oxaliplatin-based chemotherapy as adjuvant treatment for colon cancer (AVANT): a phase 3 randomised controlled trial[END_REF].

The S-AVANT study was designed for the final DFS and OS analysis with extended followup of patients randomized in the AVANT trial. The sponsor (ROCHE) followed-up on study and locked data on June 30, 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 additional 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 three treatment options: FOLFOX4 for 24 weeks followed by a 24week 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 followed by bevacizumab monotherapy for a further 24 weeks (arm C). FOLFOX4 and XELOX were administered as previously described [START_REF] De Gramont | Bevacizumab plus oxaliplatin-based chemotherapy as adjuvant treatment for colon cancer (AVANT): a phase 3 randomised controlled trial[END_REF]. Bevacizumab 5 mg/kg was administered over 30 to 90 minutes as an intravenous infusion on day 1 prior to oxaliplatin 5 mg/kg every 2 weeks (FOLFOX4) or oxaliplatin 7.5 mg/kg every 3 weeks (XELOX). Bevacizumab monotherapy was administered at 7.5 mg/kg every 3 weeks. If capecitabine or 5-FU was discontinued due to toxicity, the patient could continue bevacizumab, but not on oxaliplatin.

Endpoints

The primary endpoint of S-AVANT was OS of the stage III population randomized in the AVANT study. Secondary endpoints 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 cutoff date were censored at the date at which they were last confirmed to be alive. DFS was defined as time from randomization to the first relapse, second primary cancer, or death from any cause. Event-free patients at the clinical cutoff date were censored at the last date at which they were known to be disease-free. Recurrences and new occurrences were based on the investigator's tumor evaluations 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. Median value (interquartile range), mean (standard deviation), and frequency (percentage) were provided for description of continuous and categorical variables, respectively. Categorical variables were compared using a chi-square test (or Fisher's exact test, if appropriate). Median value (interquartile range) for continuous variables was compared using Kruskal Wallis test. OS and DFS were estimated using the Kaplan-Meier method and described using median or rate at specific time points with 95% confidence intervals (CI). Cause of death (CC-related, non-CCrelated, cardiovascular-related, and sudden deaths) were described and compared among arms. Follow-up duration was calculated using a reverse Kaplan-Meier estimation [START_REF] Schemper | A note on quantifying follow-up in studies of failure time[END_REF].

Cox proportional hazard models were performed to estimate hazard ratios (HRs) and 95% CIs 

RESULTS

Patient characteristics

From December 2004 to June, 2007, 3451 CC patients were randomised at 330 centres in 34 countries (the ITT 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 (XELOXbevacizumab). Patient characteristics were well balanced between groups (Table 1). The median follow-up for the whole population was 6.73 years (IQR: 5.51-10.54) with no difference among the treatment arms (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, FOLFOX4bevacizumab, and XELOX-bevacizumab the 10-year OS rates were 74.6% (95% CI 70.9-77.9), 67.2% (95% CI 63.1-70.9), and 69.9% (95% CI 65.8-73.6), respectively (Table 2). The OS HR was 1.29 (95% CI 1.07-1.55; P = 0.008) for FOLFOX4-bevacizumab versus FOLFOX4 and 1.15 (95% CI 0.95-1.39; P = 0.148) for XELOX-bevacizumab versus FOLFOX4 (global log-rank P = 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, FOLFOX4bevacizumab, and XELOX-bevacizumab, the 5-year DFS rates were 73.2% (95% CI 70.2-75.9), 68.5% (95% CI 65.4-71.4), and 71% (95% CI 67.9-73.8), respectively (Table 2). The DFS HR was 1.16 (95% CI 0.99-1.37; P = 0.063) for the FOLFOX4-bevacizumab arm versus FOLFOX4 arm and 1.10 (95% CI 0.93-1.29; P = 0.269) for the XELOX-bevacizumab arm versus FOLFOX4 arm (global log-rank P = 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%) with FOLFOX4-bevacizumab, and 33 (5.1%) and 52 (8.0%) with XELOXbevacizumab experienced OS and DFS event, 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, gender, age (<70 versus ≥70), differentiation (well/moderately versus poorly), ECOG PS (0 versus 1), T stage (T1-3 versus T4), N stage (N1 versus N2), and primary tumor localization (right versus left colon) were independent prognostic factors for OS (Table 3). The same factors, but differentiation and primary tumor localization remained as independent prognostic factors for DFS (Table 3).

Similar associations of treatment arm and outcome were found in multivariate analysis after adjusting for other prognostic factors. Forest plots for main OS and DFS prognostic factors are shown in Figures 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 subgroup (interaction P value of 0.035) with a detrimental effect observed in T1-T3N1 patients. A similar observation was made for DFS (Figure 3).

In patients at low-risk of recurrence (T1-T3N1), OS HR was 1.68 (95% CI 1.23-2.30; P = 0.001) for FOLFOX4-bevacizuamb versus FOLFOX4 and 1.33 (95% CI 0.96-1.85; P = 0.085) for XELOX-bevacizumab versus FOLFOX4 (log-rank P = 0.005; Figure 4).

In patients at high-risk (T4 or N2), OS HR was 1.08 (95% CI 0.86-1.37; P = 0.508) for FOLFOX4-bevacizumab versus FOLFOX4 and 1.05 (95% CI 0.83-1.33; P = 0.689) for XELOX-bevacizumab versus FOLFOX4 (log-rank P = 0.784; Figure 5).

Comparisons of OS and DFS in stage III CC patients according to subgroups of T1-3, N1, T4, and N2 disease are presented in Supplementary Figures S1,S2,S3, 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 [START_REF] De Gramont | Bevacizumab plus oxaliplatin-based chemotherapy as adjuvant treatment for colon cancer (AVANT): a phase 3 randomised controlled trial[END_REF].

With a total 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%), FOLFOX4bevacizumab: 205/250 (82.0%), XELOX-bevacizumab: 180/224 (80.4%; P = 0.764). Noncolon cancer-related deaths occurred in 130 patients with stage III, in whom those related to cardiovascular diseases and sudden deaths were reported in 13 out of 41 non-colon cancer related deaths (31.7%), 17/45 (37.8%), and 14/44 (31.8%) in the FOLFOX4, FOLFOX4bevacizumab, and XELOX-bevacizumab arms, respectively (P = 0.789). In a sensitivity analysis, a competing risks approach was applied to consider other cause of death than cardiovascular. We estimated cumulative incidence functions from competing risks data and compared the sub-distribution for each cause across arms [START_REF] Fine | A proportional hazards model for the subdistribution of a competing Risk[END_REF]. The analysis confirmed that there are no differences in cardiovascular death among arms (Supplementary Figures 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 Several hypotheses could explain the failure of bevacizumab in the adjuvant setting. Arrested angiogenesis is a component of cell dormancy [START_REF] Almog | Molecular mechanisms underlying tumor dormancy[END_REF] and experimental models have shown that dormant tumor cells can be protected from chemotherapy [START_REF] Naumov | Ineffectiveness of doxorubicin treatment on solitary dormant mammary carcinoma cells or late-developing metastases[END_REF]. In our subgroup analysis (FOLFOX4 versus FOLFOX4-bevacizumab), bevacizumab had a significant detrimental effect on DFS and OS in the T1-T3N1 low-risk subgroup, but not in the T4 or N2 high-risk subgroup. One hypothesis is a different effect of bevacizumab on tumor 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 nonsignificant 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 capecitabine plus bevacizumab arm (HR = 1.11) [START_REF] Kerr | Adjuvant capecitabine plus bevacizumab versus capecitabine alone in patients with colorectal cancer (QUASAR 2): an open-label, randomised phase 3 trial[END_REF]. In NSABP C08, after 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 = 1.00) [START_REF] Kuebler | Oxaliplatin combined with weekly bolus fluorouracil and leucovorin as surgical adjuvant chemotherapy for stage II and III colon cancer: results from NSABP C-07[END_REF][START_REF] Yothers | Oxaliplatin as adjuvant therapy for colon cancer: updated results of NSABP C-07 trial, including survival and subset analyses[END_REF][START_REF] Allegra | Phase III trial assessing bevacizumab in stages II and III carcinoma of the colon: results of NSABP protocol C-08[END_REF][START_REF] Allegra | Bevacizumab in stage II-III colon cancer: 5-year update of the National Surgical Adjuvant Breast and Bowel Project C-08 trial[END_REF].

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 bevacizumab 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 the efficacy in metastatic CRC, but not in the earlystages of disease. Irinotecan and cetuximab, which are both approved for metastatic disease, failed to show benefit in adjuvant trials [START_REF] Saltz | Irinotecan fluorouracil plus leucovorin is not superior to fluorouracil plus leucovorin alone as adjuvant treatment for stage III colon cancer: results of CALGB 89803[END_REF][START_REF] Van Cutsem | Randomized phase III trial comparing biweekly infusional fluorouracil/leucovorin alone or with irinotecan in the adjuvant treatment of stage III colon cancer: PETACC-3[END_REF][START_REF] Alberts | Effect of oxaliplatin, fluorouracil, and leucovorin with or without cetuximab on survival among patients with resected stage III colon cancer: a randomized trial[END_REF][START_REF] Taieb | Oxaliplatin, fluorouracil, and leucovorin with or without cetuximab in patients with resected stage III colon cancer (PETACC-8): an openlabel, randomised phase 3 trial[END_REF]. The disappointing results from the recent trials of these molecularly targeted agents against stage II and/or III CC highlight a need to identify new potential strategies for adjuvant treatment 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 patients with CC and of the need of alternative developmental approaches in adjuvant therapy [START_REF] De Gramont | Clinical Reasons for Initiation of Adjuvant Phase III Trials on Colon Cancer[END_REF].

In conclusion, the S-AVANT study confirms that bevacizumab 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 bevacizumab plus FOLFOX4-based adjuvant therapy, without increase in non-colon cancer-related deaths. Therefore, bevacizumab should not be used in adjuvant treatment of patients with curatively resected stage III CC. publication in conjunction with the authors. Employees of the GERCOR collected and managed the data and undertook data analysis. The principal investigator (AdG) had full access to all study data and had final responsibility for the decision to submit for publication.
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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 [3-7].

  for factors associated 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 of less than 0.05 were entered into the final multivariable Cox regression model with stratification for treatment arm, after consideration of collinearity among variables of the correlation matrix. The assumption of proportionality was checked by plotting log-minus-log survival curves and cumulative martingale process plots. Subgroup analyses for treatment arms associations (FOLFOX4-bevacizumab versus FOLFOX4 and XELOX-bevacizumab versus FOLFOX4) with OS and DFS were performed and summarized with forest plots. The interaction term in each subgroup was obtained by considering 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 performed. All analyses were performed using SAS version 9.4 (SAS Institute, Cary NC, USA) 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 hypothesis were formulated for this analysis, P values are shown for exploratory purpose. All tests were two-sided.

  the addition of bevacizumab to either FOLFOX4 (HR = 1.16) or XELOX (HR = 1.11) in patients with resected stage III CC. Data update with a longer follow-up show detrimental effect on OS with bevacizumab and oxaliplatin-based adjuvant chemotherapy (FOLFOX4 [HR = 1.29] or XELOX [HR = 1.15]), without increase in non-CC related deaths. The negative effect of bevacizumab and oxaliplatin-based chemotherapy on OS (FOLFOX4 versus FOLFOX4-bevacizumab) support 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.
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 123 Figure 1. Flow-chart Abbreviations: ITT, intent-to-treat; bev, bevacizumab Figure 2. Overall survival (A) and disease-free survival (B) according to treatment arm in stage III patients Abbreviations: y, years; bev, bevacizumab Figure 3. Forest-plots for OS and DFS between FOLFOX4 versus FOLFOX4-bevacizumab (A and B) and FOLFOX4 versus XELOX-bevacizumab (C and D) Abbreviations: HR, hazard ratio; LCI, 95% lower confidence interval; UCI, 95% upper confidence interval; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance status; PS, performance status *P-value for the interaction test between subgroup and treatment arm
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 45 Figure 4. Overall survival (A) and disease-free survival (B) according to treatment arm in stage III patients with T1-T3N1 Abbreviations: y, years; bev, bevacizumab Figure 5. Overall survival (A) and disease-free survival (B) according to treatment arm in stage III patients with T4 or N2 Abbreviations: y, years; bev, bevacizumab

  

  

Table 2 . OS and DFS according to treatment arms in all stage III patients and in stage III patients relapse-free and still alive at 4 years
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	Variable	FOLFOX4	FOLFOX4 + bev	XELOX + bev
	Overall			
	No.	955	960	952
	OS			
	No. of events	198	250	224
	3 year, % (95% CI)	89.8 (87.9-91.6)	88.0 (85.6-89.9)	88.9 (86.7-90.8)
	5 year, % (95% CI)	84.7 (82.2-86.9)	80.8 (78.1-83.2)	81.7 (79.1-84.1)
	10 year, % (95% CI)	74.6 (70.9-77.9)	67.2 (63.1-70.9)	69.9 (65.8-73.6)
	DFS			
	No. of events	282	326	305
	3 year, % (95% CI)	76.9 (74.1-79.5)	73.7 (70.8-76.4)	75.2 (72.3-77.8)
	5 year, % (95% CI)	73.2 (70.2-75.9)	68.5 (65.4-71.4)	71.0 (67.9-73.8)
	10 year, % (95% CI)	68.1 (64.6-71.3)	62.4 (58.6-65.9)	63.6 (59.7-67.2)
	Patients alive without relapse at 4 years		
	No.	680	642	651
	OS			
	No. of events	33	35	33
	5 year, % (95% CI)	99.1 (98.0-99.6)	99.5 (98.5-99.8)	99.4 (98.4-99.8)
	10 year, % (95% CI)	93.1 (89.6-95.4)	90.7 (86.5-93.6)	89.9 (85.4-93.1)
	DFS			
	No. of events	47	45	52
	5 year, % (95% CI)	98.1 (96.7-98.9)	97.8 (96.3-98.7)	97.5 (96.0-98.5)
	10 year, % (95% CI)	91.3 (87.9-93.8)	89.0 (84.9-92.1)	87.3 (83.0-90.6)

Abbreviations: OS, overall survival; DFS, disease-free survival; bev, bevacizumab
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