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Abstract

Background

Adjuvant treatment for stage II colon cancer remains debated. Finding a tool to select patients at risk for disease recurrence may help the clinical decision. Circulating tumor DNA (ctDNA) has been reported recently as a potential predictive marker for disease recurrence. We thus aim to test its ability to better select stage II colon cancer patients for adjuvant therapy.

Methods

This national, phase III trial (NCT 2019-000935-15) conducted in more than 100 centers in France, plans to screen around 2640 patients in order to randomize (2:1; minimization method) 198 ctDNA positive patients. Patients aged 18 to 75 years with ECOG performance status ≤1 with R0 surgical resection of a pT3-T4aN0 colon or high rectum adenocarcinoma will be randomized within 63 days after curative-intent surgery, to adjuvant mFOLFOX6 (oxaliplatin 85 mg/m², leucovorin 400 mg/m², and 5-FU bolus 400 mg/m2 then 5FU Continuous infusion 2.4 g/m²) every two weeks for 12 cycles or observation. Patients will be followed for maximum 7 years. A gain of 17.5% in 3-yr disease free survival (DFS) is expected (42.5% in the experimental arm vs. 25% in the control arm; HR:0.62; α, 5% [two-sided log-rank test]; 1-β, 80%).

Secondary endpoints include 2-yr DFS, overall survival, and toxicity.

The study was opened to inclusion in the end of January 2020.

Rational

With an estimated number of 446,000 new patients per year in Europe and 44,000 new patients registered each year in France, colorectal cancer (CRC) is the second most common cancer in Europe and the third in France. It leads to death around 214,000 patients per year in Europe (2012)accounting for 13% of all cancer deaths [START_REF] Ferlay | Cancer incidence and mortality patterns in Europe: Estimates for 40 countries in 2012[END_REF].

Patients with colon cancer (CC) represent approximately 68% of all CRC patients including 36% of stage II [START_REF] Taieb | Refining adjuvant therapy for non-metastatic colon cancer, new standards and perspectives[END_REF]. Death after recurrence following stage II colon cancer contributes approximately to 16% of the mortality from colon cancer [START_REF] Guyot | Time trends in the treatment and survival of recurrences from colorectal cancer[END_REF]. This represents about 1,600 deaths per year in France-similar to all deaths from melanoma-and 23,000 deaths per year in Europe.

In stage II colon cancer, adjuvant therapy with 5-Fluorouracil and leucovorin-if administered to all patients -results in merely 3% improvement in 5-year survival [START_REF] Group | Adjuvant chemotherapy versus observation in patients with colorectal cancer: a randomised study[END_REF].

Although various histo-prognostic factors may influence the prognosis, the only widely accepted method to drive the treatment decision is the screening for MSI status which predicts a good prognosis and potentially no benefit from adjuvant chemotherapy [START_REF] Sargent | Defective mismatch repair as a predictive marker for lack of efficacy of fluorouracil-based adjuvant therapy in colon cancer[END_REF].

A Cochrane review has demonstrated that although associated with a small benefit in disease free survival (hazard ratio 0.83 [95% CI 0.75-0.91], adjuvant systemic chemotherapy does not result into a significant improvement in overall survival (hazard ratio 0.96 [0.87-1.05]). The authors confirmed the need to define which risk features should be used to select patients with stage II colon cancer for adjuvant therapy [START_REF] Figueredo | Adjuvant therapy for completely resected stage II colon cancer[END_REF]. A fluoropyrimidine based adjuvant therapy is therefore not the standard of care in stage II colon cancer according to the TNCD (French guidelines, http://www.tncd.org) nor ESMO guidelines but can be considered in patients with a higher risk of disease recurrence defined by clinical and pathological factors. In proficient MMR (pMMR) tumors, adjuvant chemotherapy is currently discussed individually for patients with T4-stage, bowel perforation, number of nodes examined < 10 or 12, and less consuensually for patients with vascular, perineural or lymphatic invasion, undifferentiated tumor and bowel obstruction. Six months of oxaliplatinbased treatment is an option as adjuvant chemotherapy for patients with high risk stage II CC especially T4, inadequate nodal harvest and perforation [START_REF] Taieb | Refining adjuvant therapy for non-metastatic colon cancer, new standards and perspectives[END_REF]. Overall, the T4bN0 tumor stage (tumor directly invades or is adherent to other organs or structures) is one of the strongest prognostic factor, associated with reported survivals of 58.4% (5-year relative survival) and 45.7% (5 year overall survival) [START_REF] Tournigand | Adjuvant therapy with fluorouracil and oxaliplatin in stage II and elderly patients (between ages 70 and 75 years) with colon cancer: subgroup analyses of the Multicenter International Study of Oxaliplatin, Fluorouracil, and Leucovorin in the Adjuvant Treatment of Colon Cancer trial[END_REF][START_REF]American Joint Committee on Cancer[END_REF].

Furthermore, beyond prognostic, the value of these factors in predicting the benefit of adjuvant chemotherapy is not proven.

With the increased sensitivity of current next generation sequencing (NGS) techniques, ctDNA can be detected by sequencing tumor specific mutations as i.e. TP53, APC, KRAS or NRAS that are present in the vast majority of patients with colorectal cancer. It can also be detected with simpler techniques such as the detection of 2 methylated markers WIF1 and NPY by digital droplet PCR after bisulfitation of the DNA extracted from plasma accordingly to a method developed and validated in colorectal cancer patients [START_REF] Roperch | Aberrant methylation of NPY, PENK, and WIF1 as a promising marker for blood-based diagnosis of colorectal cancer[END_REF][START_REF] Garrigou | A Study of Hypermethylated Circulating Tumor DNA as a Universal Colorectal Cancer Biomarker[END_REF][START_REF] Garlan | Early Evaluation of Circulating Tumor DNA as Marker of Therapeutic Efficacy in Metastatic Colorectal Cancer Patients (PLACOL Study)[END_REF][START_REF] Bachet | RAS mutation analysis in circulating tumor DNA from patients with metastatic colorectal cancer: the AGEO RASANC prospective multicenter study[END_REF]. Briefly, it has been demonstrated that these markers are present in most tumor samples independently of the disease stage and that the monitoring of methylated ctDNA (Met-ctDNA) using these markers is as efficient as when using patient tumor mutation-specific assays [START_REF] Garrigou | A Study of Hypermethylated Circulating Tumor DNA as a Universal Colorectal Cancer Biomarker[END_REF][START_REF] Garlan | Early Evaluation of Circulating Tumor DNA as Marker of Therapeutic Efficacy in Metastatic Colorectal Cancer Patients (PLACOL Study)[END_REF] and that it could also be used as a control of presence of ctDNA in advanced cancer [START_REF] Bachet | RAS mutation analysis in circulating tumor DNA from patients with metastatic colorectal cancer: the AGEO RASANC prospective multicenter study[END_REF]. Moreover, Met-ctDNA concentration, measured by these markers, was shown to be prognostic of disease progression and patient survival, both in advanced and localized disease. Finally, early decrease of ctDNA concentration bas been demonstrated to be predictive of response to chemotherapy in CC patients in the metastatic setting [START_REF] Garlan | Early Evaluation of Circulating Tumor DNA as Marker of Therapeutic Efficacy in Metastatic Colorectal Cancer Patients (PLACOL Study)[END_REF].

In a recent observational study in stage II colon cancer, the detection of residual circulating tumor DNA (ctDNA) after complete surgical resection was highly predictive for tumor recurrence. The estimated recurrence free survival in ctDNA positive patients not treated with chemotherapy was 22% compared to 90% in ctDNA negative [START_REF] Tie | Circulating tumor DNA analysis detects minimal residual disease and predicts recurrence in patients with stage II colon cancer[END_REF]. Comparable results have been observed for stage III colon cancer patients [START_REF] Reinert | Analysis of Plasma Cell-Free DNA by Ultradeep Sequencing in Patients With Stages I to III Colorectal Cancer[END_REF]. More recently, our group has shown that ctDNA was also highly predictive of recurrence in stage III patients coming from a large phase III prospective trial. We also observed that 3 months of adjuvant FOLFOX seemed insufficient in ctDNA+ patients, compared to 6 months treatment underlining the potential guidance that ctDNA might bring to our therapeutic strategy in the adjuvant setting [START_REF] Taieb | Analysis of circulating tumour DNA (ctDNA) from patients enrolled in the IDEA-FRANCE phase III trial: Prognostic and predictive value for adjuvant treatment duration[END_REF] .

The current CIRCULATE-PRODIGE 70 trial aims to evaluate the efficacy of risk stratification in stage II patient based on the post-operative ctDNA detection and the efficacy of adjuvant therapy in patients with positive detection of ctDNA. The patients with negative ctDNA detection will be randomized to be followed within the trial or not, as following all negative patients within the trial will not be possible with the budget allocated. The generated knowledge on this patients population may enable to tailor the surveillance programs accordingly.

Patients and study design

The CIRCULATE-PRODIGE 70 study is an open-label randomized (2:1) phase III trial conducted in France, sponsored by Dijon Bourgogne University Hospital and coordinated operationally by the FFCD data center, comparing adjuvant mFOLFOX6 (oxaliplatin 85 mg/m², leucovorin 400 mg/m², and 5-FU bolus 400 mg/m 2 then 2.4 g/m² continuous infusion over 46 h) every two weeks for 24 weeks (12 cycles) to observation.

Eligible patients, ≥18 years and < 76 years, ECOG ≤1, curatively R0 resected within 63 days before randomization will have to be positive for ctDNA detection 2 weeks or more after the surgical procedure and before week 8 to allow the randomization in due course.

The ctDNA status will be assessed by digital droplet PCR after bisulfitation of the DNA extracted from the plasma, by the detection of 2 methylated markers (WIF1 and NPY) according to a method developed and validated for colorectal cancer [START_REF] Roperch | Aberrant methylation of NPY, PENK, and WIF1 as a promising marker for blood-based diagnosis of colorectal cancer[END_REF][START_REF] Garrigou | A Study of Hypermethylated Circulating Tumor DNA as a Universal Colorectal Cancer Biomarker[END_REF][START_REF] Garlan | Early Evaluation of Circulating Tumor DNA as Marker of Therapeutic Efficacy in Metastatic Colorectal Cancer Patients (PLACOL Study)[END_REF][START_REF] Bachet | RAS mutation analysis in circulating tumor DNA from patients with metastatic colorectal cancer: the AGEO RASANC prospective multicenter study[END_REF].

Eligibility criteria are shown in table 1.

TABLE 1: main eligibility criteria

Main inclusion criteria

-Colon and high rectum cancer stage II excluding low and medium rectal cancers (tumor location ≥ 12 cm from the anal verge by endoscopy and/or above the peritoneal reflection at surgery), -without gross or microscopic evidence of residual disease after surgery with curative intent Randomization planned up to 8 weeks after curative resection -Age ≥ 18 years and ≤ 75 years -ECOG performance Status (ECOG-PS) <2 -Signed written informed consent obtained prior to any study specific procedures -Available ctDNA analysis -Available preoperative CT-scan within 21 days before surgery

Main non-inclusion criteria

-Known DPD deficiency -T4b tumors -Radio or radiochemotherapy for rectal tumors -Contraindication to chemotherapy (inadequate bone marrow, hepatic, renal functions) -Comorbidity influencing the prognosis of the patients (i.e. active secondary cancer or others) -Participation to another interventional study for postoperative therapy

The randomization is adjusted for the following stratification factors: emergency surgery (yes vs no); T4a stage (yes vs no) and study site.

Eligible ctDNA positive patients will be randomized using a 2:1 ratio ("Chemotherapy" or "Follow-up within the trial"). Eligible ctDNA negative patients will be randomized using a 1:4 ratio ("Follow-up within the trial" or "Follow-up outside the trial"). In total 2640 patients will be screened for inclusion and exclusion criteria. Assuming 25% of patients not filling eligibility criteria, around 2640 patients should be screened for ctDNA assessment, 554 will be followed up within the study and 198 ctDNA+ will be randomized to receive or not adjuvant chemotherapy (Figure 1). This study (clinicaltrials.gov NCT 2019-000935-15) is performed in accordance with the Declaration of Helsinki and Good Clinical Practice Guidelines. A French ethics committee approved the study. All patients have to provide written informed consent before starting the study.

Endpoints and Assessments

The primary objective is DFS rate at 3 years defined as the time from the date of randomization up to the date of first local, regional or distant relapse, second CRC, or death from any cause including treatment-related death. Secondary objectives include DFS at 2 years, time to recurrence (TTR), Overall Survival (OS), and toxicities according to the NCI-CTCAE version 4.03 comparisons between patients assigned to FOLFOX or to observation.

Tumor assessment is recommended to be performed before surgery and every 6 months, with thoraco-abdominal and pelvic CT-scan after surgery for 5 years. The CEA level will be assessed according to the same schedule. After 5 years postsurgery, a thoraco-abdominal and pelvic CT-scan is recommended every year. DFS and OS in ctDNA positive versus ctDNA negative patients, without adjuvant treatment will also be compared.

Finally, the added value of ctDNA on classical prognostic factors for stage II colon cancer will be tested together with the predictive value of clinical/pathological and biological factors for adjuvant treatment efficacy in ctDNA+ stage II colon cancer.

Statistical analysis plan

The study will include patients during 48 months and the follow-up will continue until 36 months after the last randomized patient (for evaluation of DFS at 3 years). Two interim efficacy analyses for futility and efficacy purposes are planned after 33% of events and 60% of events. To reach an overall alpha of 5% , the alpha spend at first stage is 0.00019 and 0.00762 at second stage. We expect a 17.5 % gain for DFS at 3-year in the experimental arm (FOLFOX) compared with the reference arm (observation), 42.5 % versus 25 %, respectively; HR:0.617). In order to significantly conclude with 80 % power and 5 % alpha level in a two-sided log-rank test, we need to obtain at least 154 events and 198 patients have to be analyzed.

Ancillary study: biomarker analysis

All patients enrolled in this trial will be proposed to consent for their participation to a biological ancillary study. Prognostic and predictive biomarkers can be studied both on blood and on tumor-derived samples.

In addition to ctDNA status, this study will allow us to better assess in a large series of patients the prognostication of stage II colon cancer for which little is known compared to stage III.

We aim to define a nomogram using different prognostic factors focused on the characterization of the different tumor molecular phenotype including (but not limited to):

• after DNA extraction from formalin fixed paraffin embedded tumor the Mismatch repair deficiency phenotype (dMMR), the CpG island methylator phenotype (CIMP) and the most frequent mutations that occur in colon cancer. Theses molecular characteristics will be correlated to ctDNA status, time to recurrence, DFS and OS. The univariate and multivariate analyses will be performed in order to determine the best model to predict DFS in this homogenous group of stage II colorectal tumor including or not the ctDNA status.

Conclusion

CIRCULATE is a phase III randomized trial evaluating, in patients with detectable ctDNA after the curative surgical resection of a stage II colon or high rectum cancer, the benefit of mFOLFOX6 adjuvant therapy compared to surveillance alone. We plan to enroll a total of 554 ctDNA patients. The 198 ctDNA positive patients will be randomized (2:1) between mFOLFOX6 or observation and the remaining 356 ctDNApatients will be followed up to improve our knowledge on the prognosis value of ctDNA in stage II colon cancer patients.

The study was opened to inclusion in the end of January 2020. Overall, 100 centers will be opened in France. The end of inclusions is scheduled for December 2024.

•

  The molecular subtype (CMS) by using the nanostring technology after RNA extraction from the same sample tumor • And finally the tumor microenvironment characterized by immunochemistry technics with a focus on Immunoscore™ which will be determined according to HalioDX test plus other scores under development taking into account the stromal reaction observed in the tumor (DGmune).
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