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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, fistulas or intestinal resection [START_REF] Pariente | Development of the Crohn's disease digestive damage score, the Lémann score[END_REF][START_REF] Torres | Crohn's disease[END_REF].

With the emergence of anti-TNFs, more ambitious therapeutic goals have emerged such as mucosal healing (MH). MH has the potential to modify the natural history of CD and has been associated with long-term clinical remission, a decreased risk of CD-related hospitalizations and intestinal resections [START_REF] Frøslie | Mucosal healing in inflammatory bowel disease: results from a Norwegian population-based cohort[END_REF][START_REF] Van Deventer | Endoscopic and histological healing with infliximab anti-tumor necrosis factor antibodies in Crohn's disease: A European multicenter trial[END_REF][START_REF] Schnitzler | Mucosal healing predicts long-term outcome of maintenance therapy with infliximab in Crohn's disease[END_REF][START_REF] Casellas | Mucosal healing restores normal health and quality of life in patients with inflammatory bowel disease[END_REF]. MH is recognized as one of the main therapeutic target by the International Organization of Chronic Inflammatory Bowel Diseases (IOIBD) [START_REF] Peyrin-Biroulet | Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE): Determining Therapeutic Goals for Treat-to-Target[END_REF] and the European Crohn Colitis Organization (ECCO) [START_REF] Gomollón | 3rd European Evidence-based Consensus on the Diagnosis and Management of Crohn's Disease 2016: Part 1: Diagnosis and Medical Management[END_REF].

Numerous studies looked at the association between MH and disease outcomes, However the optimal cutoff to change the course of CD is yet to be determined. Baert et al [START_REF] Baert | Mucosal Healing Predicts Sustained Clinical Remission in Patients With Early-Stage Crohn's Disease[END_REF] showed that a complete mucosal healing (defined as a SES-CD = 0) in patients with early CD was associated with significantly higher steroid-free clinical remission rates as compared to patient with SES-CD between 1 and 9, but no difference was observed in term of surgery or hospitalization. Schnitzler et al. [START_REF] Schnitzler | Mucosal healing predicts long-term outcome of maintenance therapy with infliximab in Crohn's disease[END_REF] showed that MH improved long-term outcomes especially a decrease risk of surgery. In this study, the definition of MH was not based on endoscopic score and the impact on some clinical outcomes as CD-related hospitalization was not evaluated.

However, no validated definition of MH is currently available. Several endoscopic scores have been proposed to evaluate disease activity, but none of them was designed to evaluated endoscopic remission [START_REF] Mary | Development and validation of an endoscopic index of the severity for Crohn's disease: a prospective multicentre study. Groupe d'Etudes Therapeutiques des Affections Inflammatoires du Tube Digestif[END_REF]. No cut-off of Crohn's Disease Endoscopic Index Severity (CDEIS) or Simplified Endoscopic Score for Crohn's disease (SES-CD) has been validated to define MH. Recently, an expert consensus proposed, through a Delphi-Like procedure, a CDEIS less than 3 or a SES-CD less than 2 as a definition of MH [START_REF] Vuitton | IOIBD technical review on endoscopic indices for Crohn's disease clinical trials[END_REF]. However, these definitions were developed for the purpose of regulatory clinical trials to show the anti-inflammatory effect of drug and not to alter long-term outcome of these patients. Because of the complexity of SES-CD and CDEIS scores, they remain poorly used in routine practice outside IBD centers. It is the reason why the absence of ulcerations was proposed as a target in the STRIDE consensus [START_REF] Peyrin-Biroulet | Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE): Determining Therapeutic Goals for Treat-to-Target[END_REF] as the absence of ulceration in all examined segments [START_REF] Pagnini | Endoscopic scores for inflammatory bowel disease in the era of 'mucosal healing': Old problem, new perspectives[END_REF][START_REF] Mazzuoli | Definition and evaluation of mucosal healing in clinical practice[END_REF][START_REF] Walsh | Mucosal Healing As a Target of Therapy for Colonic Inflammatory Bowel Disease and Methods to Score Disease Activity[END_REF][START_REF] Ma | Heterogeneity in Definitions of Efficacy and Safety Endpoints for Clinical Trials of Crohn's Disease: A Systematic Review[END_REF].

We therefore conducted a large retrospective multicenter study to investigate the long-term impact of complete endoscopic healing (CDEIS = 0) versus partial endoscopic healing on the outcome of CD patients treated with biologics.

Methods

Study population

We conducted a retrospective at Amiens and Nancy University Hospitals in France.

Consecutive patients with CD treated with anti-TNF agents (infliximab and adalimumab) or vedolizumab between April 1 st 2008 and December 31 st 2015 were identified using existing databases of these two centers. The inclusion criteria were: (i) adult patients with CD in clinical remission, (ii) available colonoscopy before the initiation of biologics, and (iii) a second colonoscopy with a CDEIS available and < 4. The patients' charts were reviewed for demographic information, disease duration, disease location and phenotype according to the Montreal classification, previous and concomitant CDrelated medications, smoking status and any history of CD-related surgery. It is noteworthy that in these two centers, CDEIS scoring is part of routine practice.

Definitions and outcome measures

Two definitions of MH were compared: complete endoscopic healing defined by a CDEIS of 0 (meaning no signs of active inflammation in any colonic segment or in the terminal ileum), and partial MH by a CDEIS > 0 and < 4. Patients were followed until treatment failure or until last news (June 2016). Treatment failure was defined as an optimization of the ongoing biologic agent (dose increase or interval reduction), introduction of corticosteroids or immunosuppressant, a Harvey-Bradshaw score > 4 associated with a therapeutic change (initiation of corticosteroids, immunosuppressants or optimization of ongoing biologic agent), CD-related hospitalization and/or CD-related intestinal resection.

Statistics

Quantitative variables were calculated as mean, (interval) or median (interquartile range), and the qualitative variables were calculated as a percentage. Comparison of the quantitative variables with the normal distribution was performed by the Student's ttest and the Mann-Whitney test or by the Wilcoxon test for variables with a non-normal distribution. For qualitative variables, a chi-2 test or Fisher's exact test was used.

Cumulative risk of treatment failure was evaluated by using the Kaplan Meier method.

A Cox model was used to identify factors associated with risk of treatment failure, and with CD-related hospitalization expressed as Hazard Ratio (HR) [95% confidence interval (CI)]. All variables identified with p <0.10 were included in a multivariable model.

The analysis was performed with SAS® software version 9.4 (SAS Institute, Cary, NC).

The protocol was approved by the CNIL committee (Comite Consultatif sur le Traitement de l'Information en matière de Recherche dans le domaine de la Sante N°T.194 et 1404720).

Results

Baseline characteristics

Eighty-four patients were included. The characteristics of the study population are detailed in Table 1. The majority of patients had an inflammatory phenotype (n = 55, 65%), an ileocolonic location (n = 51, 61%), and one third had perianal disease. The treatment initiated was mainly infliximab (80%) associated with immunosuppressants in one third of patients. The main characteristics of the population were not different between the two groups, except for disease duration and phenotype. MH was assessed after a median time of 14 months [Interquartile range (IQR), 5 -24].

Risk of treatment failure

After a median duration of follow-up of 4.8 years (IQR, 2.1-7.2), therapeutic failure was observed in 32% (n=27) of patients.

Treatment failure was significantly lower in the CDEIS = 0 group (25%) as compared to the CDEIS > 0 and < 4 group (48%) (p = 0.045). The risk of treatment failure at one year and three years were respectively 9% versus 19% (p = 0.28) and 16% versus 37% (p = 0.049) (Figure 1). Median time to treatment failure were 21.5 (IQR, 4.8 -43.3) months in the CDEIS = 0 group and 13.5 (IQR, 3.6 -35.3) months in the CDEIS > 0 and < 4 group (p = 0.047) (Figure 2).

CD-related hospitalizations and surgeries

After a median duration of follow-up of 4.8 years (2.1-7.2), the risk of CD-related hospitalizations was significantly higher in the CDEIS > 0 and < 4 group (18.5%) as compared to the CDEIS = 0 group (3.5%) (p = 0.013). Intestinal resection was also significantly more frequent in the CDEIS > 0 and < 4 group (11% vs 0%, p = 0.031).

Survival without hospitalization (log-rank p value= 0.0246) and surgery (likelihood ratio = 0.0082) in the CDEIS = 0 group and in the CDEIS > 0 and < 4 group were illustrated in Figure 3 and4.

Factors associated with treatment failure

In both univariate (Hazard Ratio, 2.17 [95%CI, 1.01 -4.65], p=0.047) and multivariable analyses (HR, 2.61 [95%CI, 1.16-5.88], p= 0.02), CDEIS> 0 and < 4 (vs CDEIS = 0) was the only factor associated with treatment failure (Table 2).

In univariate analysis, male gender (HR, 7.13 [95%CI, 1.38; 36.8], p=0.018), stricturing phenotype (HR, 8.4 [1.7; 41.8], p=0.009) and CDEIS> 0 and < 4 (vs CDEIS = 0) (HR, 6.4 [1.3; 32.6], p=0.024) were significantly associated to CD-related hospitalization.

Discussion

Several observational studies have shown the importance of MH on the evolution of CD. In these studies, the definitions of MH are extremely variable and heterogeneous.

Similarly, while MH is a criterion for judgment of clinical trials during CD, as a primary or secondary endpoint, at least seven different definitions were used in these trials evaluating different biologics [START_REF] Frøslie | Mucosal healing in inflammatory bowel disease: results from a Norwegian population-based cohort[END_REF][START_REF] Baert | Mucosal Healing Predicts Sustained Clinical Remission in Patients With Early-Stage Crohn's Disease[END_REF][START_REF] Rutgeerts | Scheduled maintenance treatment with infliximab is superior to episodic treatment for the healing of mucosal ulceration associated with Crohn's disease[END_REF][START_REF] Rutgeerts | Adalimumab induces and maintains mucosal healing in patients with Crohn's disease: data from the EXTEND trial[END_REF][START_REF] Reinisch | Factors associated with short-and long-term outcomes of therapy for Crohn's disease[END_REF][START_REF] Czaja-Bulsa | Infliximab treatment time and the mucosal healing effect in pediatric patients with severe Crohn's disease -own experience[END_REF][START_REF] Dai | Mucosal healing did not predict sustained clinical remission in patients with IBD after discontinuation of one-year infliximab therapy[END_REF][START_REF] Sipponen | Correlation of faecal calprotectin and lactoferrin with an endoscopic score for Crohn's disease and histological findings[END_REF][START_REF] Af Björkesten | Mucosal healing at 3 months predicts long-term endoscopic remission in anti-TNFtreated luminal Crohn's disease[END_REF][START_REF] Fukuchi | Therapeutic effect of intensive granulocyte and monocyte adsorption apheresis combined with thiopurines for steroid-and biologics-naïve Japanese patients with earlydiagnosed Crohn's disease[END_REF][START_REF] Grover | Exclusive enteral nutrition induces early clinical, mucosal and transmural remission in paediatric Crohn's disease[END_REF][START_REF] Yu | Infliximab Preferentially Induces Clinical Remission and Mucosal Healing in Short Course Crohn's Disease with Luminal Lesions through Balancing Abnormal Immune Response in Gut Mucosa[END_REF][START_REF] Lémann | Infliximab Plus Azathioprine for Steroid-Dependent Crohn's Disease Patients: A Randomized Placebo-Controlled Trial[END_REF][START_REF] Colombel | Randomised clinical trial: deep remission in biologic and immunomodulator naïve patients with Crohn's disease -a SONIC post hoc analysis[END_REF][START_REF] Sandborn | Ustekinumab induction and maintenance therapy in refractory Crohn's disease[END_REF][START_REF] Noman | Vedolizumab Induces Long-term Mucosal Healing in Patients With Crohn's Disease and Ulcerative Colitis[END_REF][START_REF] Colombel | Effect of tight control management on Crohn's disease (CALM): a multicentre, randomised, controlled phase 3 trial[END_REF]. New studies are thus urgently needed to define a clear cut-off value of endoscopic remission that can be used in clinical trials and in clinical practice for a treat-to-target approach. An expert's opinion process recently proposed a CDEIS < 3 or a SES-CD < 2 to define MH in CD trials [START_REF] Peyrin-Biroulet | Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE): Determining Therapeutic Goals for Treat-to-Target[END_REF].

More recently, it has been demonstrated that a stricter definition of MH, defined by a endoscopic Mayo score of 0 or histological healing, was associated with a greater longterm clinical benefit in UC patients [START_REF] Kim | Effect of mucosal healing (Mayo 0) on clinical relapse in patients with ulcerative colitis in clinical remission[END_REF][START_REF] Barreiro-De Acosta | Evaluation of the Risk of Relapse in Ulcerative Colitis According to the Degree of Mucosal Healing (Mayo 0 vs 1): A Longitudinal Cohort Study[END_REF]. Here we showed that in CD patients complete endoscopic healing defined by a CDEIS score of 0 is associated with improved long-term outcomes, including CD-related hospitalizations and surgeries.

To our knowledge, only two studies has compared different definitions of MH in CD and their impact on long-term outcomes. Baert and al compared the outcomes of patients with complete MH as defined by a SES-CD = 0 to patients with a SES-CD score between 1 and 9 in early CD [START_REF] Baert | Mucosal Healing Predicts Sustained Clinical Remission in Patients With Early-Stage Crohn's Disease[END_REF]. Complete MH (SES-CD = 0) was associated with significantly higher steroid-free remission rates 4 years after therapy began. In a retrospective study from the Leuven group, MH was defined by total disappearance of ulcers and compared to partial MH defined by a decrease in the CDEIS of 50% was not associated with any benefit (5).

Ferrante and al. through a post-hoc analysis of the SONIC trial looked to the minimal degree of mucosal improvement required to alter midterm outcomes and try to determine the best definition of endoscopic response. MH (defined as the absence of ulcers) and endoscopic response (defined as a decrease from baseline in SES-CD or CDEIS of at least 50%) at week 26 identified patients most likely to be in steroids-free clinical remission at week 50 [START_REF] Feagan | Risankizumab in patients with moderate to severe Crohn's disease: an open-label extension study[END_REF]. Recently, the IOIBD (International organization for the study of IBD) specialists have agreed that the definition of endoscopic response is > 50% decrease in CDEIS [START_REF] Vuitton | IOIBD technical review on endoscopic indices for Crohn's disease clinical trials[END_REF]. This definition is currently used as primary endpoint in numerous clinical trials [START_REF] Ferrante | Validation of endoscopic activity scores in patients with Crohn's disease based on a post hoc analysis of data from SONIC[END_REF], but should still be validated in an independent, prospective cohort.

Finally, the degree of MH required to achieve a long-term clinical benefit remained unknown. Our findings suggest that we should be more ambitious in clinical practice in order to change patients' life and disease course by achieving complete endoscopic healing. However, this strategy could be limited by the ability of current drugs to achieve complete mucosal healing, which has been observed in about 20% of patients included in the CALM study for example [START_REF] Colombel | Effect of tight control management on Crohn's disease (CALM): a multicentre, randomised, controlled phase 3 trial[END_REF]. Obtaining a complete mucosal healing would require today a significant need for optimization or change of biologics.

Interestingly, endoscopic remission was associated with less CD-related hospitalizations and surgeries, which are very robust endpoints. Importantly, in multivariate analysis, complete endoscopic healing was the only factor associated with treatment failure. The benefit of complete endoscopic healing was already shown in case of treatment deescalation. The STORI trial demonstrated that a CDEIS of 0 before infliximab withdrawal was associated with a reduced risk of relapse [START_REF] Louis | Maintenance of remission among patients with Crohn's disease on antimetabolite therapy after infliximab therapy is stopped[END_REF].

Our study has some limitations. First it is a retrospective study. Second, there was no central reading of endoscopy and finally, endoscopic follow-up was not standardized.

While a CDEIS = 0 objectively reflects a total MH, the definition of partial healing may seem arbitrary. This choice is firstly justified by the fact that the CDEIS is used in daily practice in our centers. Secondly, a CDEIS ≤ 4 is the definition most often used to define mucosal healing during clinical trials [START_REF] Ma | Heterogeneity in Definitions of Efficacy and Safety Endpoints for Clinical Trials of Crohn's Disease: A Systematic Review[END_REF]. Our study has also many strengths: a longterm follow-up of patients was realized through a multicenter study; some robust endpoint as CD-related hospitalizations and surgeries were evaluated; and a CDEIS score before treatment initiation and during follow-up was performed for all included patients.

In conclusion, we showed that patients with CD who achieved complete endoscopic healing defined by a CDEIS = 0 had a significantly lower risk of treatment failure, including, CD-related hospitalizations and surgeries compared to those with partial MH as defined by a CDEIS > 0 and < 4. Similar to ulcerative colitis, a deeper endoscopic healing may be required to change disease course in CD. Before systematically implementing these new findings in our clinical practice, this needs to be investigated in prospective "treat-to-target" intervention trials comparing different targets for MH in CD. 
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 2 Figure 2: Kaplan Meier curve of the risk of treatment failure according to the two definitions of endoscopic healing. CDEIS, Crohn's Disease endoscopic index score.

Figure 3 :

 3 Figure 3: Kaplan Meier curve of the risk of Crohn's disease related hospitalisation according to the two definitions of endoscopic healing. CDEIS, Crohn's Disease endoscopic index score.

Figure 4 :

 4 Figure 4: Kaplan Meier curve of the risk of surgery according to the two definitions of endoscopic healing. CDEIS, Crohn's Disease endoscopic index score.

  

  

  

  

Table 1 :

 1 Baseline characteristics of the study population. CDEIS = Crohn Disease Endoscopic Activity Index, IQR = Interquartile range, n = number.

	CDEIS 0	CDEIS > 0 and <4 p-value

Table 2 . Factors associated with treatment failure in uni-and multivariate analysis.

 2 

		Univariate analysis	Multivariate analysis
		HR (95%CI)	P-value	HR (95%CI)	P-value
	Age	0.97 [0.94 ; 1.01]	0.1793		
	Gender	1.23 [0.56 ; 2.71]	0.6107		
	Smoking status	1.26 [0.55 ; 2.92]	0.5854		
	Disease duration	1.00 [0.96 ; 1.04]	0.9383		
	Location				
	L1	1			
	L2	0.43 [0.09 ; 2.15]	0.3069		
	L3	0.93 [0.27 ; 3.19]	0.9118		
	Phenotype				
	B1	1			
	B2	4.26 [1.33 ; 13.68]	0.0149		
	B3	0.86 [0.31 ; 2.38]	0.7732		
	Extra-intestinal	1.29 [0.52 ; 3.22]	0.5802		
	manifestations				
	Previous exposition to	1.79 [0.53 ; 6.01]	0.3476		
	steroids				
	Previous intestinal				
	resection	0.68 [0.29 ; 1.57]	0.3672		
	CDEIS < 0 and > 4				
	vs. 0	2.17 [1.01 ; 4.65]	0.0470	2.17 [1.01 ; 4.65]	0.0204

HR, Hazard Ratio ; CDEIS, Crohn's Disease endoscopic index of severity.