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INTRODUCTION

Crohn's disease (CD) is a chronic and progressive condition that can lead to irreversible bowel damage as strictures, abscesses or fistulas [START_REF] Torres | Crohn's disease[END_REF]. The management of CD has been profoundly modified by the emergence of anti-TNFs. Nevertheless, a quarter of patients still require surgery within five years of diagnosis and 70-80% of patients undergo surgery during their lifetime [START_REF] Bobanga | Factors influencing disease recurrence after ileocolic resection in adult and pediatric onset Crohn's disease[END_REF][START_REF] Decousus | Myenteric plexitis is a risk factor for endoscopic and clinical postoperative recurrence after ileocolonic resection in Crohn's disease[END_REF][START_REF] Yamamoto | Factors affecting recurrence after surgery for Crohn's disease[END_REF][START_REF] Buisson | Diagnosis, prevention and treatment of postoperative Crohn's disease recurrence[END_REF][START_REF] Cruz | Postoperative recurrence of Crohn's disease: impact of endoscopic monitoring and treatment step-up: Postoperative recurrence of Crohn's disease[END_REF][START_REF] Riss | Surgical recurrence after primary ileocolic resection for Crohn's disease[END_REF][START_REF] Cruz | Crohn's disease management after intestinal resection: a randomised trial[END_REF][START_REF] Ramadas | Natural history of Crohn's disease in a population-based cohort from Cardiff (1986-2003): a study of changes in medical treatment and surgical resection rates[END_REF]. The most common surgery in CD is ileocaecal resection. This surgery is not curative -5 years after surgery, 70% of patients present an endoscopic recurrence, 60% a clinical recurrence and 20% require a second surgery [START_REF] Decousus | Myenteric plexitis is a risk factor for endoscopic and clinical postoperative recurrence after ileocolonic resection in Crohn's disease[END_REF][START_REF] Shivananda | Crohn's disease: risk of recurrence and reoperation in a defined population[END_REF][START_REF] Lock | Recurrence and Reoperation for Crohn's Disease: The Role of Disease Location in Prognosis[END_REF][START_REF] Buisson | Review article: the natural history of postoperative Crohn's disease recurrence[END_REF].

The identification of risk factors for recurrence would identify patients at risk and to implement an individualized strategy after surgery. Many authors have taken an interest in this subject and some factors, more or less reproducible, have been highlighted. The most recognized risk factor is smoking, which would multiply the risk of recurrence by 2.5 [START_REF] Yamamoto | Factors affecting recurrence after surgery for Crohn's disease[END_REF][START_REF] Kuenzig | Smoking influences the need for surgery in patients with the inflammatory bowel diseases: a systematic review and meta-analysis incorporating disease duration[END_REF]. Perianal CD [START_REF] Yang | Risk factors for postoperative recurrence after primary bowel resection in patients with Crohn's disease[END_REF], fistulizing phenotype and previous intestinal resection [START_REF] Ng | Clinical and surgical recurrence of Crohn's disease after ileocolonic resection in a specialist unit[END_REF] were also recognized as risk factors for recurrence. The European Crohn's and Colitis organization (ECCO) has recently recognized the presence of myenteric plexitis as a risk factor [START_REF] Gionchetti | 3rd European Evidence-based Consensus on the Diagnosis and Management of Crohn's Disease 2016: Part 2: Surgical Management and Special Situations[END_REF]. Positive histologic margins resection margins is a simple marker, whose impact on the risk of postoperative recurrence is debated. A few previous studies from small cohorts have presented controversial results [START_REF] Bressenot | Histologic Features Predicting Postoperative Crohn's Disease Recurrence[END_REF]. ECCO recently recognized, in the latest European consensus, that further studies were needed to assess the impact of histology on the risk of post-operative recurrence [START_REF] Gionchetti | 3rd European Evidence-based Consensus on the Diagnosis and Management of Crohn's Disease 2016: Part 2: Surgical Management and Special Situations[END_REF].

The objective of this study was therefore to evaluate the impact of positive histologic margins on the risk of recurrence after ileocecal resection in CD.

MATERIALS AND METHODS

Population

All patients operated for CD were included prospectively and consecutively in a database since 1992. In this database, patients who underwent ileocaecal resection at Amiens University Hospital between January 1, 1992 and December 31, 2016 and with at least one post-operative colonoscopy were identified. Patients with permanent ileostomy, or operated segment resection of the small intestine were excluded.

Data collection

Clinical data were collected retrospectively from Amiens University Hospital medical records. This collection was carried out in a standardized way by a single investigator. Demographic variables such as sex, date of diagnosis and smoking status at the time of surgery were collected; clinical variables included phenotype, disease location according to the Montreal classification [START_REF] Silverberg | Toward an integrated clinical, molecular and serological classification of inflammatory bowel disease: report of a Working Party of the 2005 Montreal World Congress of Gastroenterology[END_REF], a history of bowel surgery as well as treatment exposition before and at the time of surgery . Surgical variables were also collected: date of surgery, indication, degree of emergency, laparoscopic or laparotomy approach, type of anastomosis, length of resection, date of stoma closure in case of temporary ileostomy and type of anastomosis. The histologic variables were prospectively collected including histologic involvement of resection margins (ileal and colic sections) and the presence of granuloma. Postoperative follow-up included: date of first post-operative colonoscopy and presence of endoscopic recurrence (Rutgeerts score), clinical and surgical recurrence as CDrelated hospitalization, and any therapeutic changes (corticosteroids, immunosuppressants and biologics) during the follow-up.

Definitions

Positive resection margins was defined by the presence of acute inflammatory lesions on the margins including erosion, ulceration, and infiltration of the chorion by neutrophil, cryptic abscesses or cryptitis lesions. These criteria were prospectively examined on the margins of ileal and colonic resection. 

RESULTS

Population

One hundred and twenty-five patients were prospectively identified. The characteristics of our population are detailed in 

Post-operative recurrence

Sixty percent (n=75) of patients experienced clinical recurrence with a median delay of 18.6 months (IQR, 5-42). Twenty-seven percent of patients (n=34) were hospitalized for CD with a median delay of 63.1 months (IQR, 31-132). Fifteen percent (n=19) of patients required further surgical resection after a median duration of 71 months (IQR, 40-103).

Impact of positive margins on recurrence

Fifty-six patients (44.8%) had positive histologic margins. They were no difference between patients with and without positive margins for the main risk factors of postoperative recurrence including gender, perianal CD, previous intestinal resection, and active smoking at surgery (Supplementary Table 1).

Five years after surgery, respectively 29 (51%) and 23 (34%) patients with positive and negative margins had clinical recurrence (p=0.034). At the end of follow-up, respectively 34 (60%) and 33 (47%) patients with positive and healthy margins had clinical recurrence (p=0.07) (Figure 1). The median time to recurrence was 3. 

Exposure to corticosteroids, immunosuppressants and anti-TNF

Post-operatively, patients with positive margins were more often exposed to corticosteroids (50% versus 40%, p=0. [START_REF] Harvey | A simple index of Crohn's-disease activity[END_REF]), immunosuppressants (64% vs 46%, p=0.034) and anti-TNF (47% vs 39%, p=0.11) respectively (Supplementary Figure 1).

Surgical recurrence and hospitalization

CD-related hospitalizations were observed in respectively 37.5% (n=21) and 18.8% (n=13) with positive and negative margins (p=0.02) (Figure 2). Fourteen patients (25%) with positive intestinal margins had new intestinal resection at the end of the follow-up compared to 5 patients (7%) with negative margins (p=0.04). Multivariate analysis confirms that positive resection margins was independently associated with time to surgical recurrence (HR, 4.7 (95%CI, 1.44-15.31) p=0.01) (Table 2). None of the histological factor studied independently as erosion, ulceration, and infiltration of the chorion by neutrophil, cryptic abscesses or cryptitis lesions were significantly associated with recurrence.

Discussion

In this retrospective cohort study, we highlighted the interest of histological margins evaluation after ileocecal resection for CD. Positive intestinal margins were associated with an increased risk of clinical and surgical recurrence as well as CDrelated hospitalization.

Most of patients with CD undergo surgery. Unfortunately, surgery is not curative. The rate of post-operative recurrence is variable according to the definition used, whether clinical, endoscopic, radiological or surgical. Overall, in population-based studies, clinical recurrence rate ranged from 28-45% and 36-61% at 5 and 10 years, respectively (4). The postoperative recurrence prevention strategy is based in 2018 on the presence or absence of different risk factors for recurrence. Smoking is the only factor consistently reported in clinical trials and increased by twice the risk of clinical recurrence. Penetrating disease, perianal CD and extensive bowel resection (> 50 cm) are also established as independent risk factors [START_REF] Yamamoto | Factors affecting recurrence after surgery for Crohn's disease[END_REF][START_REF] Kuenzig | Smoking influences the need for surgery in patients with the inflammatory bowel diseases: a systematic review and meta-analysis incorporating disease duration[END_REF][START_REF] Yang | Risk factors for postoperative recurrence after primary bowel resection in patients with Crohn's disease[END_REF][START_REF] Ng | Clinical and surgical recurrence of Crohn's disease after ileocolonic resection in a specialist unit[END_REF]. ECCO also recognized in its latest European consensus, the presence of granuloma and myenteric plexitis as risk factors independent of postoperative recurrence [START_REF] Gionchetti | 3rd European Evidence-based Consensus on the Diagnosis and Management of Crohn's Disease 2016: Part 2: Surgical Management and Special Situations[END_REF].

ECCO recommends preventive treatment after resection in patients with at least one risk factor for recurrence and recognizes thiopurines or anti-TNFs as the treatment of choice [START_REF] Gionchetti | 3rd European Evidence-based Consensus on the Diagnosis and Management of Crohn's Disease 2016: Part 2: Surgical Management and Special Situations[END_REF]. Other potential risk factors are still discussed and ECCO recently recommends new studies to clarify the impact of resection margins status.

Regarding the impact of resection margins, data are conflicting. To date, about ten studies have reported the impact of positive margins on the risk of recurrence [START_REF] Bressenot | Histologic Features Predicting Postoperative Crohn's Disease Recurrence[END_REF][START_REF] Pennington | Surgical management of Crohn's disease. Influence of disease at margin of resection[END_REF][START_REF] Heuman | The influence of disease at the margin of resection on the outcome of Crohn's disease[END_REF][START_REF] Cooper | The influence of microscopic disease at the margin of resection on recurrence rates in Crohn's disease[END_REF][START_REF] Fazio | Effect of resection margins on the recurrence of Crohn's disease in the small bowel. A randomized controlled trial[END_REF][START_REF] Kurer | Early symptomatic recurrence after intestinal resection in Crohn's disease is unpredictable[END_REF][START_REF] Adloff | Does the histologic appearance at the margin of resection affect the postoperative recurrence rate in Crohn's disease?[END_REF][START_REF] Kotanagi | Do microscopic abnormalities at resection margins correlate with increased anastomotic recurrence in Crohn's disease? Retrospective analysis of 100 cases[END_REF][START_REF] Kåresen | Crohn's disease: long-term results of surgical treatment[END_REF][START_REF] Heimann | Prediction of early symptomatic recurrence after intestinal resection in Crohn's disease[END_REF][START_REF] Lindhagen | Recurrence Rate after Surgical Treatment of Crohn's Disease[END_REF][START_REF] Kinchen | The Presence of Microscopic Disease at the Resection Margins Predicts Post-Surgical Relapse in Crohn's Disease[END_REF][START_REF] Nygaard | Crohn's Disease: Recurrence after Surgical Treatment[END_REF][START_REF] Krause | A Long-Term Study of the Clinical Course in 186 Patients[END_REF][START_REF] Wolff | The importance of disease-free margins in resections for Crohn's disease[END_REF]. These studies are, however, difficult to compare due to significant methodological differences, particularly in the definition of recurrence and positive margin. In our study, we have evaluated clinical recurrence defined as the combination of a Harvey-Bradshaw score > 4 and at least one therapeutic modification, hospitalization or new resection and surgical recurrence. We chose to use definitions of recurrence because they are objective and excluded patients with isolated symptoms, not related to recurrent disease [START_REF] Stalder | Prognosis after resection of chronic regional ileitis[END_REF]. The definition of positive margin was also very heterogenous in the current literature. To date, there is no consensus definition of histologic activity in CD and unlike UC, there is no validated histologic activity score. In our study, we used four items evaluating the presence of acute inflammatory lesions including erosion, ulceration, infiltration of the chorion by neutrophil-cells, cryptic abscesses or cryptitis lesions. The advantage of this definition is that it is simply feasible in clinical practice, even if Its reproducibility will have to be evaluated, as well as the weight of the different histological lesions present in this definition independently. Short duration of follow-up for most of these studies may explain the absence of association between margins status and recurrence. The median follow-up of 8 years in our study seems appropriate to evaluate the impact of positive margins on long term outcome of CD. Different studies reported an impact of resection margins on postoperative recurrence risk. independently associated with early endoscopic recurrence and clinical recurrence [START_REF] Hammoudi | Postoperative Endoscopic Recurrence on the Neoterminal Ileum But Not on the Anastomosis Is Mainly Driving Long-Term Outcomes in Crohn's Disease[END_REF]. Finally, a recent meta-analysis, confirmed that involved histological margins at the time of index resection in CD is associated with recurrence [START_REF] Ryan | Meta-analysis of Histological Margin Positivity in the Prediction of Recurrence After Crohn's Resection[END_REF].

Only impairment of the ileal margins and colic, assessed together, were associated with recurrence. When we evaluated these lesions individually, there was a trend towards recurrence but significance was not reached which might result from the low statistical power. Active inflammation at distal colonic resection margin after ileocecal resection were also previously identified as at high risk for postoperative recurrence both at the anastomotic site and the colon [START_REF] Wasmann | The Predictive Value of Inflammation at Ileocecal Resection Margins for Postoperative Crohn's Recurrence: A Cohort Study[END_REF].

If histologic lesion at the resection margins seems to have a negative impact, the length of healthy resection margin remains to be defined. This issue is very important in a strategy of intestinal saving. Also, the physiopathological mechanisms by which positive margins influences the risk of recurrence will have to be determined. Several hypotheses can be advanced. First, positive margins could only be a surrogate marker of disease severity. Also, the persistence of lesions and pro-inflammatory cells on the margins and thus on the site of the anastomosis could promote recurrence, the anastomosis being the site of predilection for endoscopic recurrence.

We know well the negative points of our study. Its retrospective nature makes data collection more difficult. The uni-centric nature is also a limitation. The absence of systematic second reading by pathologist could also influence our results. The reproducibility of this definition would have to be determined. Our study also has some strengths. Patients identification as well as histologic margins evaluation were performed prospectively. Recurrence was defined by several strict and objective criterias. As compared to previous studies we used a simple definition of positive margins that seems easy to use in clinical practice. The follow-up period of our study allowed a long-term evaluation of the impact of the resection margins.

Conclusion

In conclusion, positive margins after ileocaecal resection in CD was associated with clinical and surgical recurrence. Positive resection margins should be included as a risk factor in current algorithms of postoperative prevention recurrence management. 

Figures

  Clinical recurrence was defined by a Harvey-Bradshaw score > 4 (19) associated with therapeutic modification (initiation of corticosteroids, immunosuppressants or anti-TNF, as well as dose optimization), hospitalization or surgical resection. Endoscopic recurrence was defined by a Rutgeerts score ≥ i2. Surgical recurrence was defined by the presence during follow-up of new bowel resection. Hospitalization was defined as any hospitalization that occurred after surgery in relation to CD. The recurrence time was defined as the time interval between the date of surgery (or date of restoration of continuity in case of protective ileostomy) and the recurrence. Statistics The quantitative variables were calculated as median (interquartile range), and the qualitative variables were calculated as percentages. The comparison of quantitative variables with the normal distribution was performed by the Student t-test or by the Mann-Whitney test for variables with a non-normal distribution. For qualitative variables, a chi-2 test or the exact Fisher test was used. A Cox model was used to identify factors associated with time to recurrence, each variable's effect was expressed as hazard ratio (HR) (95% confidence interval (CI)). All variables identified with univariate p <0.20 were included in a multivariate model with backward selection method. The analysis was performed with SAS® software version 9.4 (SAS Institute, Cary, NC). The study was approved by the ethical review board / CNIL committee (Comite Consultatif sur le Traitement de l'Information en matière de Recherche dans le domaine de la Sante -N°T.195, 16/07.2018) according to local guidelines with informed consent was obtained from each patient included in the study. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the institution's human research committee.

  4 years (IQR, 1.0-10) in patients with positive margins versus 9 years (IQR, 6-16) in patients with healthy margins (p=0.0001). Colonoscopy during follow-up was available for 122 of the 125 patients included. Endoscopic recurrence, as defined by a Rutgeerts score ≥ i2, was observed in respectively 33/55 (60%) and 36/67 (53%) of patients with and without positive margins (p=0.58).
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 1 Figure 1. Risk of clinical recurrence at 5 years and at the end of the follow-up in patients with and without positive resection margins.
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 212 Figure 2. Risk of surgical recurrence and Crohn's Disease related hospitalization in patients with and without positive resection margins.

Table 1 .

 1 Half (49.6%, n=62) were female and the median age at surgery was 33 years (IQR (interquartile range),24 - 

42

). Seven percent (n=9) of patients were operated on for an inflammatory behavior resistant to medical treatment, 46% (n=57) for stricturing complication (B2) and in 47% (n=59) for penetrating complication. Thirty-one percent (n=40) of patients were smokers at the time of surgery. A temporary ileostomy was performed in 36 patients (29%) and the median resection length was 36 cm (IQR, 27 -50). Median follow-up time was 8 years (IQR, 4.3 -15.2). Most of patient (n=66, 52,8%), did not receive any postoperative CD medication, 22 (17,6%) received 5-ASA, 14 (11.2%) received immunosuppressants and 15 (12%) anti-TNF.