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Endoscopic balloon dilation of colorectal strictures complicating Crohn's disease: a multicenter study
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INTRODUCTION

Crohn's disease (CD) is a chronic progressive and destructive conditions [START_REF] Pariente | Development of the Lémann index to assess digestive tract damage in patients with Crohn's disease[END_REF].

Colorectal strictures are observed in 8 to 14% of patients with CD [START_REF] Yamazaki | Malignant colorectal strictures in Crohn's disease[END_REF][START_REF] Lovasz | Risk of colorectal cancer in Crohn's disease patients with colonic involvement and stenosing disease in a populationbased cohort from Hungary[END_REF][START_REF] Sonnenberg | Epithelial dysplasia and cancer in IBD strictures[END_REF][START_REF] Fumery | Detection of Dysplasia or Cancer in 3.5% of Patients With Inflammatory Bowel Disease and Colonic Strictures[END_REF][START_REF] Bettenworth | A Pooled Analysis of Efficacy, Safety, and Long-term Outcome of Endoscopic Balloon Dilation Therapy for Patients with Stricturing Crohn's Disease[END_REF]. The natural evolution of these strictures is poorly understood. In addition to the obstructive symptoms observed in most patients, the occurrence of colonic strictures raises concerns about the risk of malignant complications. The risk of dysplasia or cancer associated with colorectal strictures varies among studies and ranges from 0.5 to 7% in CD [START_REF] Yamazaki | Malignant colorectal strictures in Crohn's disease[END_REF][START_REF] Lovasz | Risk of colorectal cancer in Crohn's disease patients with colonic involvement and stenosing disease in a populationbased cohort from Hungary[END_REF][START_REF] Sonnenberg | Epithelial dysplasia and cancer in IBD strictures[END_REF]. Diagnosing neoplastic lesions from endoscopic biopsies is challenging in clinical practice and their absence in endoscopic biopsies cannot formally rule out the presence of dysplasia/cancer [START_REF] Fumery | Detection of Dysplasia or Cancer in 3.5% of Patients With Inflammatory Bowel Disease and Colonic Strictures[END_REF]. Furthermore, non-passable strictures limit the endoscopic monitoring of disease activity and the surveillance of dysplasia of the upper colon. Endoscopic balloon dilation (EBD) has become a standard of care for small bowel strictures [START_REF] Bettenworth | A Pooled Analysis of Efficacy, Safety, and Long-term Outcome of Endoscopic Balloon Dilation Therapy for Patients with Stricturing Crohn's Disease[END_REF]. The recent ECCO-ESCP guidelines recommend EBD for the management of colonic strictures in CD [START_REF] Bemelman | ECCO-ESCP Consensus on Surgery for Crohn's Disease[END_REF]. However, the level of these recommendations is very low, as no dedicated study has specifically evaluated the effectiveness and safety of EBD in colonic strictures. Most data on EBD come from small-bowel strictures or pooled analysis. Adujar et al. compared the effectiveness of EBD of 49 colonic strictures complicating inflammatory bowel diseases with those of ileal strictures. After a median follow-up of 40 months, 30% of the patients with colonic stricture required a surgery or the placement of a stent [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]. A study by the Ann Arbor group reported similar results in 46 patients with colonic strictures complicating CD, with 34% of surgery after a median of follow-up of 40 months [START_REF] Rieder | European Crohn's and Colitis Organisation Topical review on prediction, diagnosis and management of fibrostenosing Crohn's disease[END_REF].

We therefore aimed to evaluate the effectiveness and safety of EBD for colonic strictures in patients with CD in a multicenter retrospective study.

MATERIALS AND METHODS

Study population

Nine French academic centers with a database including all consecutive IBD patients who underwent EBD were selected. Inclusion criteria were patients: (i) with CD diagnosis according to ECCO guidelines [START_REF] Navaneethan | Endoscopic balloon dilation in the management of strictures in Crohn's disease: a systematic review and metaanalysis of non-randomized trials[END_REF], (ii) being ≥ 18 years of age, and (iii) having had at least one EBD for native or anastomotic rectal or colonic stricture between 1999 and 2018.

Data collection

Clinical, endoscopic, surgical, and pathological data were retrospectively extracted from patient hospital medical records using a standardized questionnaire that was developed specifically for this study. The following clinical data were collected: age, sex, date of IBD diagnosis, disease location, age at diagnosis and at the time of dilation, previous and current treatments, and previous surgery. The following information concerning strictures were collected: symptomatic character, location, number, type (native or anastomotic), duration, length, presence of ulcerations on the stricture and/or colon, passable (or not) with the endoscope, and histological results of biopsies. The collected EBD data were the number of procedures, balloon diameter, passable or not after the procedure, clinical efficacy, associated complications and modifications in IBD therapy at the time of dilation. The collected data during follow-up until last news were colonic resection and diagnosis of dysplasia or cancer.

Definitions and outcomes

Stricture was defined according to the ECCO definition as a fixed, localized and persistent colonic narrowing [START_REF] Rieder | European Crohn's and Colitis Organisation Topical review on prediction, diagnosis and management of fibrostenosing Crohn's disease[END_REF]. Endoscopic failure was defined by the need for surgical colonic resection or the persistence of obstructive symptoms at the end of follow-up. Technical efficacy was defined by a passable stricture after the EBD, clinical efficacy as an improvement of obstructive symptoms after dilation according to physician judgement. All major complications related to the procedure requiring hospitalization, transfusion, urgent endoscopic or surgical intervention were recorded for safety assessment.

Statistical Analysis

Categorical variables are expressed as percentages. Continuous variables are reported as the median with interquartile range [IQR]. The distribution of the time to surgery from the 1st dilation was estimated using the non-parametric method of Kaplan-Meier. Factors related to surgery were assessed using a univariate survival model (Cox) by calculating a Hazard-Ratio (HR) with a 95% confidence interval. For the multivariate Cox model, a backward selection method was used. All data analysis was performed using SAS® version 9.4 software (SAS Institute, Cary, NC). Survival curves were constructed using R 3.2.3 software. The protocol was approved by the Amiens University Hospital Ethics Institutional Reviews Board committee according to French guidelines (PI2019-843-0033).

RESULTS

Study population

We identified 57 patients who underwent 161 EBD procedures for 60 colorectal strictures between 1998 and 2018. The main characteristics of the population are presented in Table 1. About half of patients (52%) had ileocolonic location. Twentyfive patients (44%) were female and the median age at EBD was 36 years (IQR, 31-48). Twenty-two (39%) patients had at least one intestinal resection prior to EDB, including 9 (15%) with segmental colonic resection. At the time of dilation, 73% had been previously exposed to thiopurines, 70% to anti-TNF treatment, 7% to vedolizumab, and 5% to ustekinumab therapy.

Stricture characteristics

The stricture characteristics are presented in Table 1. The median time between CD diagnosis and stricture diagnosis was three years (IQR, 5 -20). Thirteen (23%) patients had more than one stricture and 42 (74%) had stricture-related symptoms.

Fifty-two (87%) strictures were native and the most common location was the left colon (28%). Most strictures (n = 39, 65%) were short (< 5 cm) and 35 (59%) were ulcerated. Only three strictures (5%) were passable before dilation. Biopsies were performed on 37 strictures (68%) and only one (2.7%) of them was malignant at the time of dilation, with a diagnosis of lymphoma (biopsies performed during the same procedure).

Endoscopic balloon dilation

A median of two dilations (IQR, 1-3) was performed per patient with 30 patients who had only one dilatation. At stricture dilation, 35 (53%) had biological signs of inflammation, as defined by CRP > 5 mg/L and/or calprotectin > 250 µg/g, and 44 (77%) had endoscopic ulcerations. CD medical therapy was changed for 22% (n = 36/161) of cases after dilation.

Short and long-term effectiveness

Technical efficacy was achieved for 116 of 147 dilations performed (79%) in patients with non-passable strictures. In patients with stricture-related symptoms, clinical efficacy was observed for 77% of dilations (n = 88/115). After a median of follow-up of 4.3 years [2.0 ; 8.4], 24 patients (42%) underwent a colonic resection for stricture and 24 (42%) were asymptomatic without surgery. The cumulative risk of colonic resection at one, three and five years were 19% [9; 30], 34% [21; 47], and 47% [32; 62], respectively (Figure 1). Outcomes at the end of follow-up are presented in Figure 2. Nine patients (16%) had a non-passable and symptomatic stricture, 11 (19%) a non-passable but asymptomatic stricture, 8 (14%) a passable stricture and 5 (9%) had no stricture, without surgery. One colorectal cancer was diagnosed in one of 57 patients (1.7%). The diagnosis was made on the operative specimen after segmental colonic resection. Three patients (5.3%) underwent hospitalization for stricture-related obstructive symptoms. In univariate analysis, disease duration (HR, 0.99; CI95% [0.98; 0.99], p= 0.005), strictures length (HR, 2.68; CI95% [0.88; 8.16], p= 0.083), and number of dilation (HR, 0.76; CI95% [0.58; 1.01], p= 0.057) were associated with surgery. In multivariate analysis, only disease duration remains significantly associated with surgery (HR, 0.99; CI95% [0.98; 0.99], p= 0.005) (Table 2).

Safety

Of the 161 dilations performed, only one perforation occurred (complication rate of 0.6% per procedure, 2% per patient). No other complication during follow-up was reported.

DISCUSSION

Colorectal strictures in CD are frequently diagnosed but their management remains a challenge in clinical practice. First, colonic strictures are associated with a high rate of obstructive symptoms. Second, they raise concerns about neoplastic complications that cannot be fully excluded by negative endoscopic biopsies [START_REF] Fumery | Detection of Dysplasia or Cancer in 3.5% of Patients With Inflammatory Bowel Disease and Colonic Strictures[END_REF].

Third, non-passable strictures limit the endoscopic monitoring of disease activity and the surveillance of dysplasia of the upper colon. On the opposite, segmental or total colectomy are associated with a significant morbidity [START_REF] Bemelman | ECCO-ESCP Consensus on Surgery for Crohn's Disease[END_REF][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][START_REF] Tekkis | A comparison of segmental vs subtotal/total colectomy for colonic Crohn's disease: a meta-analysis[END_REF].

The recent ECCO-ESCP guidelines recommend EBD or segmental resection for colonic strictures in CD [START_REF] Bemelman | ECCO-ESCP Consensus on Surgery for Crohn's Disease[END_REF]. However, these recommendations are based on a low level of evidence, because no study has specifically evaluated the effectiveness and safety of EBD in IBD colonic strictures.

Most data on EBD come from small-bowel strictures or pooled analysis. A systematic-review [START_REF] Hassan | Systematic review: Endoscopic dilatation in Crohn's disease[END_REF] including 24 studies and 1,163 patients with CD and EBD on small-bowel or ileo-colonic anastomotic stricture reported a technical efficacy of 90%, a clinical efficacy of 80%, and a surgical rate of 27% [START_REF] Bettenworth | A Pooled Analysis of Efficacy, Safety, and Long-term Outcome of Endoscopic Balloon Dilation Therapy for Patients with Stricturing Crohn's Disease[END_REF]. Here, we have observed a technical success of 79% and a clinical efficacy of 77%, demonstrating that EBD of CD colonic strictures is an effective and safe procedure. After a median follow-up of 4 years, we observed that about 40% of patients with EBD of colonic strictures were asymptomatic without surgery. On the other hand, 42% of patients need colonic resection. There are several possible explanations for the relatively frequent resort to surgery in our study. The only goal of EBD in the treatment of small-bowel strictures is to improve obstructive symptoms, whereas dilation of colonic strictures must also allow exploration of the entire stricture and make it possible to cross it to properly, in order to examine the colon upstream. The technical success rate, which may be slightly lower for colonic strictures, was 79% in our study versus 83 to 100% for small-bowel strictures [START_REF] Bettenworth | A Pooled Analysis of Efficacy, Safety, and Long-term Outcome of Endoscopic Balloon Dilation Therapy for Patients with Stricturing Crohn's Disease[END_REF][START_REF] Hassan | Systematic review: Endoscopic dilatation in Crohn's disease[END_REF][START_REF] Navaneethan | Endoscopic balloon dilation in the management of strictures in Crohn's disease: a systematic review and metaanalysis of non-randomized trials[END_REF][START_REF] Morar | Systematic review with meta-analysis: endoscopic balloon dilatation for Crohn's disease strictures[END_REF]. This may also be related to a smaller number of anastomotic strictures in our study. In addition, the greater fear of neoplastic complications in patients with colonic stricture (in comparison with those with smallbowel stricture) results in a lower threshold for surgery in this situation. However, reported data show that high-grade dysplasia or colorectal cancer is observed in 1.2% of patients with CD and 7% of patients with UC, even if endoscopic biopsies are negative [START_REF] Fumery | Detection of Dysplasia or Cancer in 3.5% of Patients With Inflammatory Bowel Disease and Colonic Strictures[END_REF]. The non-passable character of the stricture and the inability to properly explore it and detect dysplasia or CRC in the upstream colon are factors that may influence clinicians to perform surgery. Ultimately, these factors make it difficult to compare our rate of surgery with the data available on small-bowel strictures. Of note, no dilation was proposed to UC patients during the study period. The greater fear of a neoplastic complication in this population probably explains systematic colonic resection.

The major concern for EBD is the risk of perforation. The complication rate, based on available data, varies between 0 and 4% [START_REF] Bettenworth | A Pooled Analysis of Efficacy, Safety, and Long-term Outcome of Endoscopic Balloon Dilation Therapy for Patients with Stricturing Crohn's Disease[END_REF][START_REF] Hassan | Systematic review: Endoscopic dilatation in Crohn's disease[END_REF][START_REF] Navaneethan | Endoscopic balloon dilation in the management of strictures in Crohn's disease: a systematic review and metaanalysis of non-randomized trials[END_REF][START_REF] Morar | Systematic review with meta-analysis: endoscopic balloon dilatation for Crohn's disease strictures[END_REF]. Only one study reported a higher rate, with 10.3% perforation, occurring exclusively for colonic stricture [START_REF] Singh | Efficacy and safety of endoscopic balloon dilation of symptomatic upper and lower gastrointestinal Crohn's disease strictures[END_REF]. In our study, we report only one (0.6%) major complication. This result is similar to the data available for ileal stricture.

Our study had several limitations, mainly linked to its retrospective design. The lack of standardization of the dilation procedure may have influenced our results. Also, the lack of power linked to our small population limits the identification of factors associated with EBD success. In multivariate analysis, only disease duration remains significantly associated with surgery but with an HR, 0.99; CI95% [0.98; 0.99] therefore limiting the interpretation and applicability of this result. Our study also had several strengths, including the fact that patients were included consecutively from 9 different centers. This is currently the largest cohort of EBD of colonic strictures in IBD. Finally, the 52-months median follow-up period allowed us to evaluate the longterm effectiveness of EBD.

In conclusion, EBD of CD colorectal strictures is safe and effective. About 40% of patients were asymptomatic without surgery at the end of the follow-up period. These results must be confirmed by prospective studies, but they confirm the room of EDB in the algorithm for management of colonic strictures in CD. 
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 12 Figure 1. Probability of surgery since the first endoscopic balloon dilation

Table 1 .

 1 Characteristics of the population. IBD: inflammatory bowel disease, IQR: interquartile range.

	N = 57

Table 2 .

 2 Univariate analysis of factors associated with delay to surgical resection for colorectal stricture. HR, Hazard-Ratio ; CI, confidence interval

		Univariate analysis	Multivariate analysis
	Variable	HR [CI95%], p-value	HR [CI95%], p-value
	age	1.01 [0.98; 1.04] p= 0,683	
	Symptomatic stricture	1.22 [0.45; 3.32] p= 0,7	
	Disease activity	1.48 [0.44; 5.01] p= 0,528	
	Disease duration	0.99 [0.98; 0.99] p= 0,005	0.99 [0.98; 0.99] p= 0.005
	Stricture length	2.68 [0.88; 8.16] p= 0,083	
	number of strictures	0.83 [0.34; 2.03] p= 0,688	
	ulcerated	0.83 [0.37; 1.9] p= 0,664	
	Stricture location	1.24 [0.89; 1.73] p= 0,212	
	Anastomotic stricture (vs	0.73 [0.21; 2.48] p= 0,608	
	native)		
	Balloon diameter	1.04 [0.88; 1.23] p= 0,635	
	Number of dilatations	0.76 [0.58; 1.01] p= 0,057	
	Therapeutic modification	0.67 [0.27; 1.62] p= 0,37	

Study funding: None.
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