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Abstract

Aim: to investigate whether an endoscopy-based management could prevent the long-term risk of postoperative recurrence.
Methods: From the pathology department database, we retrospectively retrieved the data of all the patients operated on for Crohn's disease in our center (1986- 2015). Endoscopy-based management was defined as systematic postoperative colonoscopy (median time after surgery=9.5 months) in patients with no clinical postoperative recurrence at the time of endoscopy. 
Results: From 205 patients who underwent surgery, 161 patients (follow-up > 6 mo) were included. Endoscopic postoperative recurrence occurred in 67.6%, 79.7%, and 95.5% of the patients, respectively 5, 10 and 20 years after surgery. The rate of clinical postoperative recurrence was 61.4%, 75.9%, and 92.5% at 5, 10 and 20 years, respectively. The rate of surgical postoperative recurrence was 19.0%, 38.9% and 64.7%, respectively, 5, 10 and 20 years after surgery. In multivariate analysis, previous intestinal resection, prior exposure to anti-TNF therapy before surgery, and fistulizing phenotype (B3) were postoperative risk factors. Previous perianal abscess/fistula (other perianal lesions excluded), were predictive of only symptomatic recurrence. In multivariate analysis, an endoscopy-based management (n = 49/161) prevented clinical (HR = 0.4 95%CI: 0.25-0.66, p < 0.001) and surgical postoperative recurrence (HR 0.30 95%CI: 0.13-0.70, p = 0.006).
Conclusion: Endoscopy-based management should be recommended in all Crohn’s disease patients within the first year after surgery as it highly decreases the long-term risk of clinical recurrence and reoperation.
Key words: Crohn’s disease; Postoperative recurrence; Endoscopy; Prevalence; Risk factors.
© The Author(s) 2016. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Although often recommended, the impact of an endoscopy-based management following surgery remains poorly investigated in Crohn’s patients. We aimed to investigate whether an endoscopy-based management could prevent the long-term risk of postoperative recurrence in Crohn's disease. We retrospectively retrieved the data of 161 patients operated on for Crohn's disease in our center. We showed for the first time, that an endoscopy-based management decreased the long-term risk of clinical and surgical postoperative recurrence in Crohn’s disease and the risk of reoperation. 
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Introduction
Crohn's disease (CD) is a chronic inflammatory bowel disease (IBD) of unknown etiology and can lead to digestive damage[1,2]. In the era of biologics, surgery still remains required in half of the patients ten years after diagnosis, especially in complicated diseases i.e. stenosis, abscess or fistula[3]. Surgical resection is unfortunately not curative in CD, and postoperative recurrence (POR) remains a crucial issue in these patients. The risk of reoperation is very heterogeneous in the medical literature due to different studies periods and designs, but ranges from 12% to 57% 10 years after surgery[4–7]. While clinical POR occurred in approximately half of the patients 10 years after surgery[8], three quarters (48%–93%) of patients experienced endoscopic POR within one year after surgery in referral centers[8–20]. 
More than 25 years ago, Rutgeerts et al[12] underlined that postoperative history of CD is very heterogeneous and highlighted the need to identify predictive factors of recurrence to stratify CD patients in order to optimize the therapeutic management in the immediate postoperative period. Several factors have been proposed as POR predictors (smoking, perianal lesions, previous intestinal resection, fistulizing phenotype and resection length > 50 cm), but their impact remains still debated[8,21]. 
Performing an endoscopy within the first year after surgery is often recommended in clinical practice[21,22]. However, the level of evidence suggesting the efficacy of such strategy remains low. Two retrospective studies reported no impact of an endoscopy-based management (EBM)[23,24]. A French group suggested, in a retrospective cohort, that an EBM was associated with a decrease risk of clinical POR at 5 years[25]. Recently, the landmark POCER trial showed that an early EBM decreased the risk of endoscopic POR at 18 months post-surgery[26]. However the long-term impact of EBM on the risks of clinical and surgical POR remains unknown.

In the present study, we aimed to investigate whether an EBM could prevent the long-term risk of POR in CD. In addition, we aimed to report the prevalence and the risk factors of endoscopic, clinical and surgical POR, in our cohort, between 1986 and 2015. 
MATERIALS AND METHODS 
Ethical considerations

The study was performed in accordance with the Declaration of Helsinki, Good Clinical Practice and applicable regulatory requirements. The study was approved by local Ethics Committee (IRB number00008526 – 2014/CE86).
Patients

We performed a retrospective study of a single-center cohort in which standardized evaluation was completed by experienced clinicians in all patients. From the electronic database of the Pathology Department of the University Hospital Estaing of Clermont-Ferrand, France, we identified 205 patients who underwent an intestinal resection for CD, between 1986 and 2015, at the Institution. Only CD patients with a follow-up of at least 6 months were considered for the study. Clinical, biological, pathological and endoscopic data were retrospectively collected from medical records (Table 1). As we aimed to be close to the real-life practice, we chose to include all the types of intestinal resection including patients with a definitive ostomy. For the patients with a temporary ostomy, the time point zero was defined as the time of the intestinal resection since we aimed to investigate all the potential factors influencing the time to recur (including type of resection and the presence of temporary or definitive ostomy). Surgical recurrence was defined as reoperation for CD. Clinical POR was defined, according to De Cruz et al[23], as recurrence of symptoms leading to hospitalization or therapeutic modifications after exclusion of other causes of recurrent symptoms such as bile-salt diarrhea, bacterial overgrowth and adhesion-related obstruction. Endoscopic POR was defined as Rutgeerts’ score ≥ i2[12]. Regarding the endoscopies performed before the widespread of Rutgeerts’ score use or with no score specified on the colonoscopy report, the score was evaluated retrospectively based on the content of the colonoscopy report. Patients underwent colonoscopies at their physician’s discretion to assess potential subclinical disease. Patients were classified in endoscopy-based management (EBM) group if they underwent a systematic colonoscopy with no clinical POR at the time of endoscopy. All the patients included in the EBM group had a “step-up” therapeutic strategy in case of endoscopic POR[22]. The impact of the postoperative treatments was investigated in considering three groups: therapies to prevent endoscopic POR (treatment received during the period ranging from intestinal resection to endoscopic POR), therapies to prevent clinical POR (treatment received during the period ranging from endoscopic POR to clinical POR), and therapies to prevent surgical POR (treatment received during the period ranging from clinical POR to re-operation).
Data management and statistical analysis

Study data were collected and managed using REDCap electronic data capture tools hosted at Clermont-Ferrand University Hospital[27]. REDCap (Research Electronic Data Capture) is a secure, web-based application designed to support data capture for research studies, providing (1) an intuitive interface for validated data entry; (2) audit trails for tracking data manipulation and export procedures; (3) automated export procedures for seamless data downloads to common statistical packages; and (4) procedures for importing data from external sources.
Statistical analysis was performed using Stata 13 software (StataCorp LP, College Station, TX, United States). The tests were two-sided, with a type I error set at a = 0.05. Subject’s characteristics were presented as mean ± SD or median (interquartile range) for continuous data (assumption of normality assessed using the Shapiro–Wilk test) and as the number of patients and associated percentages for categorical parameters. Comparisons between the independent groups were performed using the 2 or Fisher’s exact tests for categorical variables, and using Student t-test or Mann-Whitney test for quantitative parameters (normality, assumption of homoscedasticity studied using Fisher-Snedecor test). Concerning the censored data, estimates were constructed using the Kaplan–Meier method. The log-rank test was used in a univariate analysis to test the prognostic value of patient characteristics for the occurrence of an event. Cox proportional hazards regression was used to investigate prognostic factors in a multivariate situation by backward and forward stepwise analysis of the factors considered significant in univariate analysis (entered into the model if P < 0.10) and according to clinically relevant parameters. The proportional hazard hypotheses were verified using Schoenfeld’s test and plotting residuals. The interactions between possible predictive factors were also tested. Results were expressed as hazard ratios (HRs) and 95% confidence intervals (95%CI).
Results
Baseline characteristics of the patients

Overall, 161 CD patients were included in the study. The characteristics of these patients at the time of surgery are given in Table 1.
Prevalence of surgical, clinical and endoscopic POR 

We observed a prevalence of endoscopic POR of 31.7%, 67.6%, 79.7%, 91.1% and 95.5%, respectively 1, 5, 10, 15 and 20 years after surgery (Figure 1). In our cohort, 21.5%, 61.4%, 75.9%, 88.7% and 92.5% of the patients experienced clinical POR at 1, 5, 10, 15 and 20 years, respectively (Figure 1). The rate of surgical POR was 1.3%, 19.0%, 38.9%, 57.7% and 64.7%, respectively 1, 5, 10, 15 and 20 years after surgery (Figure 1). 
Risk factors of endoscopic POR

Among the 161 CD patients included in this study, 102 patients underwent a colonoscopy during their follow-up. The median interval for endoscopic POR was 2.0 years [0.6–3.6]. While 54 patients (33.5%) received 5-ASA in prevention of endoscopic POR, 40 patients (24.8%), 7 patients (4.3%) and 41 patients (25.5%) were treated with thiopurines, methotrexate and anti-TNF, respectively. The postoperative endoscopic evaluation highlighted the following distribution: 19 patients (18.6%) classified as i0 according to the Rutgeerts’ score[12], 19 patients (18.6%) as i1, 17 patients (16.7%) as i2, 12 patients (11.8%) as i3 and 35 patients (34.3%) as i4. In univariate analysis, prior intestinal resection, prior exposure to anti-TNF therapy before surgery seemed to be associated with shorter time until endoscopic POR (20.5 mo vs 43.5 mo, p = 0.06) and (8.0 mo vs 41.5 mo, p < 0.001), respectively (Table 2). Patients operated during the 1986-1999 period experienced earlier endoscopic POR than those operated during the 2000-2015 period (p = 0.004). In multivariate analysis, prior exposure to anti-TNF therapy before surgery (HR = 2.55, 95%CI: 1.37-4.73] and undergoing surgery during the 1986-1999 period (HR = 1.61, 95%CI: 1.04-2.49] were predictive of endoscopic POR.

Risk factors of clinical POR

Among the 161 included patients, the median time to clinical POR was 2.5 years [0.7–4.9]. While 54 patients (33.5%) were treated with 5-ASA in prevention of clinical POR, 34 patients (21.1%), 2 patients (1.2%) and 26 patients (16.1%) were treated with thiopurines, methotrexate and anti-TNF, respectively. In univariate analysis, we reported that previous intestinal resection (51.0 mo vs 26.6 mo, p = 0.02), previous perianal fistula or abscess (54.5 mo vs 20.5 mo, p = 0.049) and prior exposure to anti-TNF therapy before surgery (24.0 vs 48.0, p = 0.007) were risk factors regarding clinical POR (Table 3). Patients operated during the 1986-1999 period experienced also earlier endoscopic POR than those operated during the 2000-2015 period (p = 0.013). In contrast, age at the time of surgery, age at the time of diagnosis, disease duration, tobacco use, resection length, CD behavior according to Montreal classification and all the other studied factors were not associated to an increased risk to experience clinical POR, in our cohort (Table 3). In addition, neither the use of thiopurines nor the use anti-TNF was protective factor of clinical POR. In multivariate analysis, previous intestinal resection (HR = 1.62 95%CI: 1.07-2.46, p = 0.02), previous perianal abscess or fistula (HR = 1.50 95%CI: 1.01-2.24, p = 0.042) and prior exposure to anti-TNF therapy before surgery (HR = 1.91 95%CI: 1.01-3.66, p = 0.049) were predictive of clinical POR.

Risk factors of surgical POR

In our cohort (n = 161), the median time to surgical POR was 5.2 years [2.0–10.3]. The medications used between the time of surgery and surgical POR were 5-ASA in 62 patients (38.5%), steroids in 78 patients (48.4%), thiopurines in 59 patients (36.6%) and anti-TNF in 69 patients (42.8%). In univariate analysis, previous intestinal resection (108.6 mo vs 173.4 mo, p = 0.04), fistulizing CD (B3 according to Montreal classification) (128.8 vs 162.1 months, p = 0.03), prior exposure to anti-TNF therapy before surgery (p = 0.07) and anti-TNF therapy after surgery (136.2 mo vs 156.9 mo, p = 0.02) were associated with shorter time until reoperation (Table 4). The other potential risk factors investigated in the study were listed in Tables 1 and 2. In multivariate analysis, fistulizing CD (B3 according to Montreal classification) (HR = 1.78 95%CI: 1.04-3.04, p = 0.003) and previous intestinal resection (HR = 1.7, 95%CI: 1.00-2.72, p = 0.05) were predictive of surgical POR.
Impact of an endoscopic-based management on the risk of POR

Overall, 49 of the 161 patients were included in the endoscopic-based management group. The median interval between initial surgery and endoscopy was 9.5 mo [6.0-22.9] in this group, including 63.2% of the patients (31/49) having a colonoscopy within the first year. Endoscopic POR occurred in 18 patients (36.7%) in the EBM-group. All of them underwent step-up therapeutic strategy as described in Table 5. In univariate analysis, an EBM was associated with a delayed time to clinical (33.4 mo vs 84.5 mo) and surgical recurrence. In multivariate analysis, an EBM decreased the risk of clinical POR (HR = 0.4 95%CI: 0.25-0.66, p < 0.001) (Figure 2A) and surgical POR (HR = 0.30, 95%CI: 0.13-0.70, p = 0.006) (Figure 2B).

Discussion
Although performing a colonoscopy within the first year following surgery is commonly recommended in daily practice, the level of evidence suggesting that an EBM is an efficient strategy remains poorly investigated and is limited to short-term outcomes[23–26]. We reported here, the long-term impact of an EBM on the surgical and clinical POR risk that it has never been reported so far. 
The prevalence of endoscopic POR in our cohort was perfectly in line with data from population-based cohort, which showed more than half of patients are experiencing endoscopic POR at 5 years, three quarters at 10 years and more than 90% at 15 years[3,28–30]. Our results also highlighted that more than three quarters (75.9%) of the patients experienced clinical POR within 10 years after surgery, that clinical symptoms occurred in almost all the CD patients followed in referral centers (92.5% at 20 years) and that almost two thirds (64.7%) of the CD patients were re-operated within 20 years of surgery. These data confirmed that surgery is not curative in Crohn’s disease in the large majority of the cases. 
In our cohort, we confirmed that patients who underwent prior intestinal resection for CD, had higher risks of surgical, clinical and endoscopic POR, as previously showed in both population-based cohort[29] and referral centers[19]. In addition, we found that a fistulizing phenotype (B3 according to the Montreal classification) was associated with higher risk of endoscopic and surgical POR according to the results of a meta-analysis including 13 studies and 3044 patients (OR = 1.5; p = 0.002)[31] and several referral center-based studies[8]. Surprisingly, we did not show any influence of tobacco use on the risk of POR in our cohort. However, smoking is often considered as the strongest risk factor for postoperative recurrence, increasing by twofold the risk of clinical recurrence and multiplying by 2.5 the risk for surgical POR within 10 years, with a dose-response relationship[21,32,33]. It could be partly explained by the retrospective design of our study and the fact that studying smoking habits is very difficult due to a wide modification of the smoking status during this long-term follow-up, the hardness to evaluate accurately the consumption of cigarettes and the underestimation of the number of smokers. Perianal disease is often admitted as predictor for POR. However, it remains unclear whether perianal lesions directly impacted the postoperative course of luminal disease or was only associated with perianal disease relapse leading to therapeutic modifications. In our cohort, the overall perianal lesions including both fistulizing and non-fistulizing (ulceration, fissure) lesions did not show any impact on the rate of recurrence. In contrast, we observed that prior perianal fistula or abscess was associated with increased clinical POR rate, but it did not influence the risk of both endoscopic and surgical POR. Most of the previous data indicated that perianal lesions were associated with clinical POR[28,34,35], while neither the studies investigating the risk factors for surgical POR[8,36,37], nor those interested in risk factors for endoscopic POR[8] achieved to prove the role of perianal involvement in the postoperative course of CD. Our results seemed to confirm that perianal involvement did not influence the risk of luminal recurrence, but underlined the fact that patients with perianal involvement had an increased risk of perianal symptomatic recurrence. Accordingly, we suggest that these patients require aggressive treatment after surgery, preferably to prevent perianal relapse rather than luminal recurrence, but this point warrants to be validated in additional studies. Some authors suggested using anti-TNF therapy in prevention of endoscopic POR in patients with prior exposure to anti-TNF before surgery[22]. This statement is based on experts’ opinion rather than evidence-based medicine. However, in our cohort, we found that prior exposure to anti-TNF therapy before surgery is the most relevant risk factor for POR. It could mean that anti-TNF agents prescription associated to the most severe disease could predict an unfavorable postoperative course in CD. Stratifying the patients according to their risk factors of POR remains a key point in the management of the postoperative period in CD. However, the known risk factors do not allowed to accurately select the high-risk patients. Histologic factors, especially plexitis, could improve the selection of CD patients with ileocolic resection[38–42].

 
Although early colonoscopy after surgery is recommended in ECCO guidelines[21], low evidence supports this recommendation to date. Two retrospective studies evaluating the impact of postoperative EBM with tailored treatment according to the endoscopic findings did not report any benefit of this strategy on both clinical and surgical POR[23,24]. Bordeianou et al[24] reported no significant difference in time to clinical POR among the three following groups (n = 199 patients): immediate postoperative treatment, tailored treatment after endoscopy and no treatment. Similarly, De Cruz et al[23] reported no clinical benefit from an EBM in 136 CD patients. The authors explained their negative results in noting that the response to the endoscopic findings was not standardized and immunosuppressive therapy was uncommon during their study period. More recently, among 132 operated on for CD from the Saint-Louis Hospital, Paris, France, the authors reported a decreased clinical POR rate 5 years after surgery, in the patients with EBM, compared to the non-EBM group (26% vs 52%)[25]. Recently, the landmark POCER trial, a prospective, well-designed study, compared the impact of a tailored management according to clinical risk of recurrence, with early colonoscopy and treatment step-up on recurrence[26]. The results showed that an early EBM, performed 6 mo after surgery, decreased the rate of endoscopic POR at 18 mo[26]. However the long-term impact of EBM on the risk of POR (especially surgical) remained unknown. Our results indicated for the first time that an EBM influenced the risk of reoperation for CD, leading to a delayed time before surgical POR. In addition, we confirmed that the EBM group experienced less clinical POR over time than the non-EBM group, in a long period of follow-up. As our cohort overlapped a very long period with different available medications overtime, we did not show any impact of the postoperative treatment, especially biologics, in this population.

The main limits of this study were the retrospective and monocentric design. In addition, the time of endoscopy (median = 9.5 months after surgery) and the step-up strategy were not standardized for all the patients. However, we observed for the first time the positive impact of an EBM on the risk of reoperation in CD, in a cohort monitored during almost 30 years (1986-2015) and based on a Pathology Department electronic database (consecutive patients).
In conclusion, POR is very frequent in CD and remains a critical issue in the management of the postoperative period. The identification of predictors to select the high-risk patients warranting top-down strategy in the postoperative period is crucial. An endoscopic-based management within the first year after surgery decreases the risk of symptoms recurrence and reoperation and then have to be recommended in daily practice.
Acknowledgements
Thank you to the company "MG translate" for reviewing the manuscript.
COMMENTS

Background

Surgical resection is unfortunately not curative in Crohn's disease (CD), and postoperative recurrence (POR) remains a crucial issue in these patients. Performing an endoscopy within the first year after surgery is often recommended in clinical practice. However, the level of evidence suggesting the efficacy of such strategy remains low. Two retrospective studies reported no impact of an endoscopy-based management (EBM). A French group suggested, in a retrospective cohort, that an EBM was associated with a decrease risk of clinical POR at 5 years. Recently, the landmark POCER trial showed that an early EBM decreased the risk of endoscopic POR at 18 months post-surgery. However the long-term impact of EBM on the risks of clinical and surgical POR remains unknown.

Research frontiers

The level of evidence suggesting the efficacy of an endoscopy-based strategy in CD remains low especially in the long-term. In the present study, the authors aimed to investigate whether an endoscopy-based strategy could prevent the long-term risk of POR in CD. 

Innovations and breakthroughs

This paper showed for the first time, that an endoscopic-based management within the first year after surgery decreases the long-term risk of symptoms recurrence and reoperation.
Applications

Endoscopy-based management should be recommended in all cd patients within the first year after surgery in daily practice as it highly decreases the long-term risk of clinical recurrence and reoperation.
Terminology

An endoscopy-based strategy in cd means treatment intensification in case of endoscopic recurrence to prevent symptoms reappearance. 
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This article deals with an important aspect of CD- post operative recurrence. The article is well written in general.
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Table 1 Baseline characteristics of the 161 included Crohn’s disease patients at the time of surgery n (%)
	Mean age at the time of surgery (yr)
	36.4 ± 13.4
	 Adalimumab
	22 (13.7)

	Mean age at diagnosis (yr)
	28.7 ± 13.1
	Anti-TNF naive at the time of surgery
	37 (23.0)

	Median disease duration (yr) [IQR]
	5.8 [2.0–11.7]
	Type of surgery
	

	Female gender
	93 (57.8)
	  Ileocecal resection
	76 (47.2)

	Mean weight (kg)
	60.2 ± 14.8
	  Ileal resection
	21 (13.1)

	Mean body mass index (kg/m²)
	21.5 ± 4.9
	  Ileo-colectomy
	14 (8.7)

	Active smoker
	53 (32.9)
	  Partial colectomy
	31 (19.2)

	Familial history of IBD
	20 (12.4)
	  Subtotal colectomy
	8 (5.0)

	Previous appendectomy
	67 (41.6)
	  Total colectomy
	9 (5.6)

	Previous intestinal resection
	50 (31.1)
	  Abdomino-perianal amputation
	2 (1.2)

	Montreal classification
	
	Site of anastomosis
	

	 Age at diagnosis
	
	  Ileo-colic
	91 (66.4)

	  A1
	15 (9.3)
	  Ileo-rectal
	9 (6.6)

	  A2
	116 (72.1)
	  Ileo-ileal
	21 (15.3)

	  A3
	28 (17.4)
	  Colo-colonic
	31 (22.6)

	 Crohn’s disease location
	
	  Colo-rectal
	7 (5.1)

	  L1
	64 (39.8)
	Stomia
	

	  L2
	21 (13.0)
	  None
	113 (70.2)

	  L3
	75 (46.6)
	  Transitory
	39 (24.2)

	  L4
	18 (11.2)
	  Definitive
	9 (5.6)

	 Crohn’s disease behaviour
	
	Surgical technic of anastomosis
	

	  B1
	12 (7.4)
	 Stapled
	46 (43.8)

	  B2
	75 (46.6)
	 Handsewn
	59 (56.2)

	  B3
	74 (46.0)
	Type of anastomosis
	

	Perianal lesions
	69 (42.8)
	  Side-to-end
	18 (18.0)

	 Anal ulceration, fissure
	15 (9.3)
	  Side-to-side
	54 (54.0)

	 Fistula /abscess
	54 (33.5)
	  End-to-end
	28 (28.0)

	Medication at the time of surgery
	
	Mean length of ileal resection (cm)
	18.1 ± 17.1

	 5-ASA
	24 (14.9)
	Mean length of colonic resection (cm)
	14.3 ± 17.7

	 Steroids
	38 (23.6)
	Mean length of digestive resection (cm)
	31.6 ± 18.8

	 Budesonide
	9 (5.6)
	Perioperative complications 
	25 (16.8)

	 Thiopurines
	36 (22.4)
	Free margin resection
	21 (17.1)

	 Methotrexate
	5 (3.1)
	Granuloma
	47 (40.5)

	 Infliximab
	15 (9.3)
	Median CRP level, mg/L [IQR]
	17.0 [3.8 – 61.0]


IQR: Interquartile; CRP: C-reactive protein; TNF: Tumor necrosis factor; IBD: inflammatory bowel disease.
Table 2 Univariate analysis of risk factors for endoscopic postoperative recurrence in Crohn’s disease

	
	Median time to endoscopic POR (mo)
	HR [IC95%]
	p-value

	Age 
	
	1.00 [0.99–1.00]
	0.20

	Age 
	
	
	

	 < 35 yr
	41.4
	REFERENCE
	

	 ≥ 35 yr
	24.0
	1.26 [0.86–1.84]
	0.23

	Age at diagnosis 
	
	
	

	 ≤ 16 yr
	38.1
	REFERENCE
	

	 16-40 yr
	34.6
	0.88 [0.47–1.67]
	0.71

	 ≥ 40 yr
	17.6
	1.41 [0.60–2.63]
	0.53

	Tobacco use
	
	
	

	 Non-smoker
	38.1
	REFERENCE
	

	 Active smoker
	27.9
	1.28 [0.77–1.70]
	0.49

	Previous intestinal resection
	
	
	

	 No
	43.5
	REFERENCE
	

	 Yes
	20.5
	1.22 [0.98–2.15]
	0.06

	Total resection length > 50 cm
	
	
	

	 No
	20.5
	REFERENCE
	

	 Yes
	30.2
	0.98 [0.56–1.73]
	0.70

	Disease behavior (Montreal classification)
	
	
	

	 B1
	-
	REFERENCE
	

	 B2
	43.5
	1.30 [0.46–3.75]
	0.62

	 B3
	22.6
	1.34 [0.47–3.80]
	0.58

	Fistulizing Crohn’s disease (B3)
	
	
	

	 No
	29.3
	REFERENCE
	

	 Yes
	22.6
	1.06 [0.73–1.53]
	0.75

	Perianal lesions
	
	
	

	 No
	34.6
	REFERENCE
	

	 Yes
	19.2
	1.18 [0.82–1.71]
	0.37

	Type of perianal lesions
	
	
	

	 Non-fistulizing lesions
	33.4
	REFERENCE
	

	 Fistula, abscess
	20.5
	1.10 [0.75–1.60]
	0.23

	Disease duration
	
	1.00 [0.99–1.01]
	0.77

	Ileal resection > 50 cm
	
	
	

	 No
	25.9
	REFERENCE
	

	 Yes
	114.5
	0.58 [0.21–1.60]
	0.29

	Prior exposure to anti-TNF therapy before surgery
	
	
	

	 No
	41.5
	REFERENCE
	

	 Yes
	8.0
	3.91 [1.80-5.90]
	< 0.001

	Thiopurines therapy in prevention of endoscopic postoperative recurrence
	
	
	

	 No
	43.5
	REFERENCE
	

	 Yes
	43.7
	1.07 [0.69–1.65]
	0.75

	Anti-TNF therapy in prevention of endoscopic postoperative recurrence
	
	
	

	 No
	41.4
	REFERENCE
	

	 Yes
	20.5
	1.28 [0.78–2.13]
	0.55

	Period of surgery
	
	
	

	 1986-1999
	
	REFERENCE
	

	 2000-2015
	
	1.00 [0.54–1.84]
	0.99


95%CI: confident interval; CRP: C-reactive protein; TNF: tumor necrosis factor.
Table 3 Univariate analysis of risk factors for clinical postoperative recurrence in Crohn’s disease

	
	Median time to clinical POR (Months)
	HR [IC95%]
	p-value

	Age 
	
	1.00 [0.99 – 1.01]
	0.40

	Age 
	
	
	

	 < 35 yr
	45.2
	REFERENCE
	

	 ≥ 35 yr
	30.2
	1.25 [0.84–1.85]
	0.27

	Age at diagnosis 
	
	
	

	 ≤ 16 yr
	38.1
	REFERENCE
	

	 16-40 yr
	48.0
	0.81 [0.43–1.54]
	0.52

	 ≥ 40 yr
	30.2
	1.03 [0.48–2.23]
	0.93

	Tobacco use
	
	
	

	 Non-smoker
	45.2
	REFERENCE
	

	 Active smoker
	43.7
	1.00 [0.66–1.53]
	0.98

	Previous intestinal resection
	
	
	

	 No
	51.0
	REFERENCE
	

	 Yes
	26.6
	1.62 [1.07–2.44]
	0.02

	Total resection length > 50 cm
	
	
	

	 No
	38.1
	REFERENCE
	

	 Yes
	33.4
	1.20 [0.66–2.16]
	0.55

	Disease behavior (Montreal classification)
	
	
	

	 B1
	84.5
	REFERENCE
	

	 B2
	54.5
	1.39 [0.48–4.00]
	0.53

	 B3
	28.9
	1.61 [0.56–4.56]
	0.37

	Fistulizing Crohn’s disease (B3)
	
	
	

	 No
	58.2
	REFERENCE
	

	 Yes
	28.9
	1.21 [0.81–1.78]
	0.34

	Perianal lesions
	
	
	

	 No
	54.5
	REFERENCE
	

	 Yes
	26.9
	1.26 [0.85–1.86]
	0.24

	Type of perianal lesions
	
	
	

	 Non-fistulizing lesions
	54.5
	REFERENCE
	

	 Fistula, abscess
	20.5
	1.46 [1.01–2.16]
	0.05

	Disease duration
	
	1.00 [0.99–1.01]
	0.31

	Ileal resection >50 cm
	
	
	

	 No
	33.4
	REFERENCE
	

	 Yes
	59.5
	0.72 [0.26–2.02]
	0.54

	Prior exposure to anti-TNF therapy before surgery
	
	
	

	 No
	48.0
	REFERENCE
	

	 Yes
	24.0
	2.64 [1.24-4.33]
	0.007

	Thiopurines therapy in prevention of clinical postoperative recurrence
	
	
	

	 No
	44.8
	REFERENCE
	

	 Yes
	43.7
	1.14 [0.74–1.76]
	0.53

	Anti-TNF therapy in prevention of clinical postoperative recurrence
	
	
	

	 No
	48.6
	REFERENCE
	

	 Yes
	29.3
	1.39 [0.88–2.20]
	0.16

	Period of surgery
	
	
	

	 1986-1999
	
	REFERENCE
	

	 2000-2015
	
	1.71 [1.12–2.63]
	0.013


95%CI: Confident interval; CRP: C-reactive protein; TNF: Tumor necrosis factor.
Table 4 Univariate analysis of risk factors for surgical postoperative recurrence in Crohn’s disease

	
	Median time to surgical POR (Months)
	HR [IC95%]
	p-value

	Age 
	
	1.00 [0.99–1.01]
	0.29

	Age 
	
	
	

	 < 35 yr
	218.3
	REFERENCE
	

	 ≥ 35 yr
	131.6
	1.32 [0.77–2.26]
	0.30

	Age at diagnosis 
	
	
	

	 ≤ 16 yr
	.
	REFERENCE
	

	 16-40 yr
	144.0
	1.37 [0.42–4.42]
	0.60

	 ≥ 40 yr
	108.6
	1.73 [0.45–6.54]
	0.42

	Tobacco use
	
	
	

	 Non-smoker
	136.2
	REFERENCE
	

	 Active smoker
	173.4
	0.84 [0.46–1.52]
	0.56

	Previous intestinal resection
	
	
	

	 No
	173.4
	REFERENCE
	

	 Yes
	108.6
	1.74 [1.01–3.00]
	0.04

	Total resection length > 50 cm
	
	
	

	 No
	136.2
	REFERENCE
	

	 Yes
	120.0
	1.50 [0.67–3.34]
	0.32

	 
	
	
	

	Disease behavior (Montreal classification)
	
	
	

	 B1
	.
	REFERENCE
	

	 B2
	162.1
	3.93 [0.52–29.33]
	0.18

	 B3
	128.8
	5.71 [0.77–42.23]
	0.09

	Fistulizing Crohn’s disease (B3)
	
	
	

	 No
	165.4
	REFERENCE
	

	 Yes
	128.8
	1.78 [1.04–3.05]
	0.03

	Perianal lesions
	
	
	

	 No
	136.2
	REFERENCE
	

	 Yes
	151.1
	0.99 [0.58–1.69]
	0.97

	Type of perianal lesions
	
	
	

	 Non-fistulizing lesions
	156.9
	REFERENCE
	

	 Fistula, abscess
	144.0
	1.14 [0.66–1.97]
	0.63

	Disease duration
	
	1.00 [0.99–1.01]
	0.67

	Ileal resection > 50 cm
	
	
	

	 No
	136.2
	REFERENCE
	

	 Yes
	120.0
	1.23 [0.29–5.16]
	0.78

	Prior exposure to anti-TNF therapy before surgery
	
	
	

	 No
	151.1
	REFERENCE
	

	 Yes
	.
	1.62 [0.92-7.08]
	0.07

	Thiopurines therapy in prevention of surgical postoperative recurrence
	
	
	

	 No
	144.0
	REFERENCE
	

	 Yes
	151.1
	0.91 [0.50–1.65]
	0.75

	Anti-TNF therapy in prevention of surgical postoperative recurrence
	
	
	

	 No
	156.9
	REFERENCE
	

	 Yes
	136.2
	2.09 [1.14–3.81]
	0.02

	Period of surgery
	
	
	

	 1986-1999
	
	REFERENCE
	

	 2000-2015
	
	1.85 [1.22–2.80]
	0.004


95%CI: confident interval; CRP: C-reactive protein; TNF: tumor necrosis factor.
Table 5 Step-up strategies in patients experiencing endoscopic postoperative recurrence in the endoscopic management-based group
	Number of patient
	Treatment before endoscopic evaluation
	Rutgeerts’ score
	Treatment after endoscopic evaluation

	1
	None
	i2
	AZA

	2
	AZA
	i3
	IFX

	3
	AZA
	i4
	IFX

	4
	AZA
	i2
	AZA

	5
	AZA
	i2
	AZA (increased dose)

	6
	5-ASA
	i4
	IFX

	7
	ADA eow
	i3
	ADA ew

	8
	None
	i4
	ADA

	9
	5-ASA
	i4
	IFX + MTX

	10
	AZA
	i4
	IFX

	11
	AZA
	i2
	AZA (increased dose)

	12
	IFX + MTX
	i3
	IFX (increased dose) + MTX

	13
	ADA eow
	i4
	ADA ew

	14
	None
	i2
	AZA

	15
	None
	i3
	ADA

	16
	None
	i2
	AZA

	17
	None
	i2
	AZA

	18
	ADA eow
	i3
	ADA ew


AZA: Azathioprine; MTX: Methotrexate; IFX: Infliximab; ADA: Adalimumab; eow: Every other week; ew: Every week.
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Figure 1: Boucher et al.




Figure 1 Kaplan Meir curves representing the prevalence of surgical, clinical and endoscopic postoperative recurrence in Crohn’s disease patients undergoing intestinal resection in the Clermont-Ferrand inflammatory bowel disease unit (1986-2015).
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Figure 2 Long-term impact of endoscopic-based management on and clinical (2A) and surgical (2B) postoperative recurrence in Crohn’s disease. 
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