Increased prevalence of anti-TNF therapy in paediatric inflammatory bowel disease is associated with a decline in surgical resections during childhood
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Abstract
Background-Anti-tumour necrosis factor-α (anti-TNF) therapy use has risen in paediatric-onset inflammatory bowel disease (PIBD). Whether this has translated into preventing/delaying childhood surgery is uncertain. The Wessex PIBD cohort were analysed for trends in anti-TNF-therapy and surgery.
Design-All patients diagnosed with PIBD within Wessex from 1997-2017 were assessed. Prevalence of anti-TNF-therapy and yearly surgery rates (resection and perianal) during childhood (<18 years) were analysed (Pearson’s correlation, multivariate regression, Fisher’s exact).
Results- Eight-hundred-and-twenty-five children were included (498 Crohn’s disease, 272 ulcerative colitis, 55 IBD-unclassified), mean age at diagnosis 13.6 years (1.6-17.6), 39.6% female. Prevalence of anti-TNF-treated patients increased from 5.1% to 27.1% (2007-2017), p=0.0001. Surgical resection-rate fell (7.1% to 1.5%, p=0.001), driven by a decrease in Crohn’s disease resections (8.9% to 2.3%, p=0.001). Perianal surgery and ulcerative colitis resection-rates were unchanged. Time from diagnosis to resection increased (1.6 to 2.8 years, p=0.028) but mean age at resection was unchanged. Patients undergoing resections during childhood were diagnosed at a younger age in the most recent five years (2007-2011=13.1 years, 2013-2017=11.9 years, p=0.014). 
Resection-rate in anti-TNF-therapy treated (16.1%) or untreated (12.2%) was no different (p=0.25). Patients started on anti-TNF-therapy <3 years post-diagnosis (11.6%) vs later (28.6%) had a reduction in resections, p=0.047. Anti-TNF-therapy prevalence was the only significant predictor of resection-rate using multivariate regression (p=0.011).
Conclusion-The prevalence of anti-TNF-therapy increased significantly, alongside a decrease in surgical resection-rate. Patients diagnosed at younger ages still underwent surgery during childhood. Anti-TNF-therapy may reduce the need for surgical intervention in childhood, thereby influencing the natural history of PIBD.
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Introduction 
The treatment of inflammatory bowel disease (IBD) in children has been revolutionised by the use of anti-tumour necrosis factor-α (anti-TNF) monoclonal antibody therapy [1]. There has been a rapid increase in the use of anti-TNF medications over the last 15 years (since initial adult licencing in 2003), with symptomatic control, intestinal healing and a reasonable safety profile [2,3]. Deep remission (mucosal healing) is increasingly seen as the end-point of treatment [4]. However modifying the natural history of IBD in childhood should also result in reduction in surgical resections (for both stricturing and penetrating disease), a reduction in non-diagnostic perianal procedures (abscess drainage, seton placement) and preservation of normal growth [5]. 
The long-term impact of anti-TNF medications on the rates of surgery before transition to adult services in paediatric IBD is uncertain. Previous data appears to suggest that anti-TNF therapy delays but not avoids the need for surgery in childhood [6]. A recent review of surgery in adult disease found no reduction in surgical resections in those treated with anti-TNF agents, although it was expected that the individuals with the most severe disease are both exposed to anti-TNF therapy and are at the highest risk of requiring surgery [7]. Other studies considered surgical rates at a population level; work from Rungoe et al comparing two cohorts (1979-86 and 2003-11) demonstrating a significant reduction in surgical rates for both Crohn’s disease and ulcerative colitis paralleled by an increase in anti-TNF medication [8]. However Lazarev et al (2010) did not find a reduction in small bowel resection rates over time in adults with Crohn’s disease, despite increased anti-TNF use [9]. The recent ‘Laparoscopic ileocaecal resection versus infliximab for terminal ileitis in Crohn's disease’ (LIRIC) trial in adults, comparing outcomes after randomised escalation to either anti-TNF therapy or limited ileocaecal resection in Crohn’s disease, concluded that surgical resection remained a viable alternative to medical therapy [10]. There are potential drawbacks to long-term anti-TNF use in patients, including  the risk of serious infections, immune reactions and malignancy, which must be considered and discussed when starting patients on therapy and reviewed during ongoing treatment in an open fashion [3,10,11].
In children, the rates of surgery vary depending on underlying diagnosis and severity of disease [12,13]. In previous data from our Southern United Kingdom (Wessex) region (1997-2014), 9% of patients with ulcerative colitis underwent colectomy prior to transition to adult service [13]. Three other studies over a 25 year time period (from 1996) reported colectomy rates varying between 6-24% [14–16]. In Crohn’s disease, 24% of Wessex patients underwent a surgical procedure during childhood (2002-2012) [12]. This number was comparable with other studies reporting around 1/3 patients undergoing a surgical procedure during childhood [17,18]. In contrast to the increasing incidence of disease the rates of paediatric surgery have not been reported to change over time [19,20]. 
The impact of increasing use of anti-TNF therapy on surgical procedure rates during childhood is important to guide use of these medications and understand prognoses for patients and families. In this study we looked at surgical and anti-TNF data in the context of disease incidence and prevalence, over an 11 year period. We aimed to determine the relationship between anti-TNF prevalence and surgical resection rates. 







Methods 
Southampton Children’s Hospital is specialist referral centre caring for a population of approximately 650,000 children. Patients diagnosed with inflammatory bowel disease aged <17 years of age from January 1st 1997 to December 31st 2017 in Southampton were considered for inclusion into the study (n=825). Patients who were >18 years of age on January 1st 2007 (transitioned to adult serviced) were excluded. All patients included were diagnosed in line with the modified Porto criteria applicable to that time period [21,22]. Patients were prospectively entered onto the Wessex paediatric IBD database at the time of diagnosis [23]. This is an established clinical database collating data on all patients diagnosed in Southampton (referral centre for 12 district hospitals). Data on surgical procedures and anti-TNF use were available from January 1st 2007 to December 31st 2017. 
The number of patients under the care of the paediatric gastroenterology service was estimated for each year of the study (2007-17) based on- 
i) The number of years a patient was in paediatric care (calculated using age at diagnosis and transition to adult care before the 18th birthday). All patients in Southampton are transitioned by their 18th birthday based on the ‘Ready, Steady, Go’ policy defined locally [24]. Patients attend joint clinic between the age of 17 and 18 years and it is not possible to list the precise age for transition of individual patients.
ii) Patients reaching the age of 18 years being removed from the analysis for the following year 
iii) The number of patients in paediatric care in our service in 2007 (n=198) and the number of patients diagnosed for each subsequent year (table 1) [19]. 
From these data the annual prevalence of anti-TNF treated patients (number of patients who have received anti-TNF therapy/number of patients under paediatric care, per year-presented as % per year))and the annual rate of surgical resection (number of resections/number of patients under paediatric care, per year-presented as % per year) were derived. Mean time to surgery or anti-TNF therapy is from date of diagnosis. 
Anti-TNF medication administrations (infliximab and adalimumab) were sourced from the Wessex paediatric IBD database (2007-2012) or recorded from pharmacy or electronic patient records (2013-2017). Electronic records were reviewed for the whole cohort to ensure completeness.
All initial operative procedures (stricturoplasty, small or large bowel resections, primary stoma formation) and all perianal procedures (at any time) conducted from 2007-2017 were recorded either on the Wessex paediatric IBD database (2007-2012) or sourced automatically from the electronic patient record (2013-2017). The date of procedure was also retrieved. Second stage operations (pouch formation), re-do resections and perianal examinations under anaesthetic with no surgical operation, were excluded. Data on surgical procedures occurring between 2002 and 2012 have been previously published for both Crohn’s disease and ulcerative colitis and are included in this study [12,13]. 
Statistical analysis was performed using Pearson correlation (expressed as Pearson’s correlation coefficient, PCC) to analyse the trend across the 11 year study period between surgery rate (perianal and resections), prevalence of patients started on anti-TNF therapy, time to surgery, time to anti-TNF and time (year of study Data are presented as mean values, with values from first and last year of study. A backward stepwise multiple linear regression model was produced to examine the relationship between surgical resection rate per year (dependant variable) and clinically relevant independent variables i) time to surgery per year, ii) time to anti-TNF per year, iii) prevalence of anti-TNF per year, iv) age at surgery per year. Year of study was incorporated into the model by using outcomes per year (independent variables above). Additional univariate regression was performed to assess the relationship between the independent variables and surgical resection rates
Due to small patient numbers in some groups Fisher’s exact test was used to assess for differences between treated and untreated groups (surgery, anti-TNF) and disease subtypes. Comparison of mean values was with Student’s T-test. Shapiro-Wilk was used to assess the distribution of the data. 
Kaplan-Meier survival curves were constructed using both surgical resection and anti-TNF therapy as outcome measures, with patients data being censored at the point of transition to adult care. Additional survival analysis was conducted for surgery (event) by grouping patients into those treated with anti-TNF and those not treated, survival was to surgery (event) or transition to adult care (censored). Statistical significance was considered p=<0.05. All analysis was with SPSS v24 (IBM).
This study was registered as a service evaluation project with University Hospital Southampton NHS foundation trust department of child health.











Results 
All eligible children (n=825) were included in the analysis (498 Crohn’s disease, 272 ulcerative colitis, 55 IBDU), the mean age at diagnosis was 12.59 years (1.59-17.64 years), 327 (39.6%) patients were female. The number of patients under paediatric gastroenterology care increased from 198 in 2007 to 343 in 2017, in line with the increase in disease incidence [19]. A summary of the data can be seen in table 1.
Anti-TNF therapy
The number of patients newly started on anti-TNF therapy increased from 2007 to 2017 (5 in 2007 to 24 in 2017); 168 patients (26.8%) had anti-TNF therapy during the study period and were treated initially with either infliximab (n=162) or adalimumab (n=6), in line with local guidelines. 
The prevalence of patients who had been treated with anti-TNF increased significantly from 2007, from 5.05% patients in 2007 to 27.11% patients in 2017 (PCC=0.968, p=1x10-6). There was significant correlation between mean time to surgical resection per year and prevalence of anti-TNF treated patients (PCC=0.917, p=7x10-5). Table 2 and figure 1. 
There was a no significant correlation between time from diagnosis to starting anti-TNF therapy and year of study (PCC=-0.57, p=0.067). However there was a significant positive correlation between time to starting anti-TNF and surgical resection rate per year (PCC=0.681, p=0.021). Table 2. 
Surgical resections 
There were 91 surgical resections over the 11 year period. This included six patients who had a resection at presentation, as part of making their diagnosis (one patient in each of 2007, 2009, 2010, 2012, 2013 and 2017). The rate of surgical resections per year and the actual number of resections fell across the study period from 7.07% (14 resections/198 patients) in 2007 to 1.46% (5 resections/343 patients) in 2017 (PCC=-0.833, p=0.001). See table 1 and figure 1. There was no significant difference in the rate of surgical resection between those exposed to anti-TNF medication (16.1%) and those anti-TNF naïve patients across the entire study period (12.2%) (p=0.25). When categorising patients into those who started anti-TNF <3 years after diagnosis and >3 years after diagnosis there was a statistically significant difference between surgical resection rates. In patients treated with early anti-TNF (17/146 patient - 11.6%) there was a lower rate of resection compared to those with late anti-TNF (6/21 patients 28.6%), p=0.047.
The time from diagnosis to initial surgical resection increased from 1.64 years in 2007 to 2.78 years in 2017 (PCC=0.811, p=0.002) although there was no significant increase in the age at initial surgery (14.93 in 2007 to 14.53 in 2017) (PCC=0.2, p=0.555). This suggests only patients who were young at diagnosis are still having surgery during childhood, due to a longer delay between diagnosis and surgery. The cohort was divided into two groups (2007-2011 and 2013-2017) which demonstrated a statistically significant reduction in the age at diagnosis of those undergoing surgery in 2013-17 (11.86 years), compared to the 2007-2011 group (13.05 years), p=0.014.
Univariate linear regression identified anti-TNF prevalence per year (R2 0.528, p=0.011) and mean time to anti-TNF per year (R2 0.464, p=0.021) as significant predictors of surgical resection rate. Mean time to surgery per year (R2 0.266, p=0.104) and mean age at surgery per year (R2 0.065, p=0.451) were not significant predictors. A stepwise backward multiple linear regression model was applied. Anti-TNF prevalence per year was the only variable to remain significantly associated with reduction in surgical resection rate and remain in the multivariate model. Table 3.      
Crohn’s disease and Ulcerative Colitis
The overall use of anti-TNF agents in Crohn’s disease (136 patients, 27.3%) was greater than in ulcerative colitis (27 patients, 9.9%, p=0.00001) or IBDU (5 patients, 9.1%, p=0.045). Over the whole study period the average surgical resection rate was lower in ulcerative colitis compared to Crohn’s disease (1.5% vs 4.19%).
Of the 91 surgical resections occurring, 76 were in Crohn’s disease (66 right hemi-colectomy and 10 isolated small bowel resections) and 15 were in ulcerative colitis (all subtotal colectomy). Numbers of patients undergoing surgery were significantly higher in Crohn’s disease compared to ulcerative colitis (13.25%, vs 4.59% p=4x10-5). The reduction in surgical resections was more pronounced in the larger group of Crohn’s disease patients over the study period, the rate of resection falling from 8.9% (11/198) in 2007 to 2.3% (5/214) in 2017 (p=0.001). In smaller group of ulcerative colitis patients there was no observable significant reduction in resection rate observed with substantial variation in number of procedures per year, 4.6% (3/65) in 2007 to 0.0% (0/114) in 2017 p=0.290. See figure 1.
Perianal surgery 
There were 37 perianal surgical procedures performed on 20 patients over the 11 year period. There was no significant change in the perianal procedure rate from 2007 to 2017 (1.52% to 2.33% respectively, R2=0.281, p=0.402). 
Survival analysis 
A survival analysis of the entire cohort was performed for anti-TNF therapy (figure 2) and surgical resections (figure 3), an event was classified as starting anti-TNF or surgical resection respectively. Patients were censored when reaching the age of transition to adult care (at 18 years). Surgery at diagnosis (in some cases leading to diagnosis) accounts for an early fall in surgical survival. Following 8 years in paediatric care 30% of patients (still in paediatric care) have been started on an anti-TNF agent and 20% have undergone a surgical resection. 
Additional survival analyses were performed to compared surgery in those treated with anti-TNF and those not treated with anti-TNF (event was defined as surgical resection, patients censored at age of transition). See figure 4a. There was no significant difference between survival in either group p=0.412 (Log Rank). Surgical rates are very similar for patients in paediatric care up to 7 years post-diagnosis. At this point patients on anti-TNF (presumed more severe disease) have an increase in surgery, compared to anti-TNF naïve patients (presumed milder disease). 
Sub analysis of Crohn’s disease (figure 4b) and ulcerative colitis (figure 4c) was conducted. Crohn’s disease patients treated with anti-TNF were less likely to undergo surgery until 5 years after diagnosis. After five years there was an increased risk of surgery in those treated with anti-TNF, presumably reflecting a high disease severity in this group. There was no overall difference in survival between the two groups (p=0.297, Log Rank). In contrast patients with ulcerative colitis treated with anti-TNF were at higher risk of surgery throughout the disease course (p=0.0001, Log Rank), reflecting more severe disease in this group of patients.













Discussion 
[bookmark: _GoBack]These data show a significant increase in the use of anti-TNF agents from 2007-2017, with over 25% of paediatric IBD patients having had infliximab, adalimumab or both in 2017. Over the same time period there was a significant reduction in childhood surgical resection rates in paediatric IBD, largely accounted for by a reduction in the surgical resection rate in Crohn’s disease. This was accompanied by a significant increase in the time from diagnosis to surgery (a delay in time from diagnosis to surgery). There was no reduction in the rates of perianal surgery across the study period. Following stepwise multiple linear regression analysis the increase in anti-TNF therapy was the only significant predictor of surgical resection rate in the analysis. These data suggest a relative and absolute reduction in surgical resection in paediatric IBD over the last 11 years associated with an increase in anti-TNF therapy. This may be due to patients with severe or progressive disease previously requiring surgery now being treated with anti-TNF agents at an early stage, delaying or preventing the need for surgical resection.
Despite the decrease in overall surgical resection across the entire cohort there was no difference in surgical resection rates between patients treated with anti-TNF therapy and those not treated with anti-TNF therapy, which has been previously reported in other cohorts [7,25].
Analysis of the paediatric RISK IBD cohort from North America concluded that early intervention with anti-TNF is the best predictor of improved remission rates, with this group also having better growth outcomes, although surgical resection rates were not reported [26]. Recent adult data from Ma et al (2016) and Oh et al (2017) has also pointed towards early initiation of anti-TNF therapy being effective at reducing the need for intestinal surgery whereas starting anti-TNF later (>2 years post diagnosis) was associated with increased risk of surgery, presumably due to complications already having arisen [27,28]. Further adult data from 2014 and 2016 also points towards initiation during early inflammation, rather than when complications occur, as the key driver in the reduction of intestinal resections in Crohn’s disease [29,30]. Data from our cohort reflects a mix of early and late anti-TNF initiation. When comparing those starting early and late there is a statistical difference in surgical resection rates for our cohort, with lower rates in those treated early with anti-TNF (11.6% treated with anti-TNF vs 28.6% untreated, p=0.047), echoing previous findings [26]. Data on the indication for starting anti-TNF was not available.  
Previous studies have reported a delay in time to surgery with anti-TNF therapy in adults, which is also evident in this paediatric cohort [28]. However multivariate linear regression analysis did not result in the increase in time to surgical resection being a significant predictor of reduction in surgical resection rate during childhood. Univariate analysis significantly associated the reduction in time to starting anti-TNF with surgical resection rate, but this did not survive multivariate analysis. This does potentially support starting anti-TNF earlier to reduce surgical resection rates. 
Whether the delay results in reduced surgery in the long term (beyond childhood) is uncertain, however the benefits of remaining well throughout this growth and secondary education period is likely to have positive impacts in later life even if surgery is still required. 
A potential confounding variable, accounting for an increase in time from diagnosis to surgery is improved, earlier diagnosis. However within this cohort referral patterns to the Southampton paediatric IBD referral centre have not changed over the study period, routine use of faecal calprotectin in children was not introduced to the region until 2016-17 and we have not observed a reduction in the disease severity at diagnosis [31]. Additionally, data recently published does not indicate a general shift to earlier diagnosis or improved diagnostics in children with IBD, with significant diagnostic delay remaining common in recent years [32,33]. These data suggest that the increased time from diagnosis to surgery is not accounted for by improved diagnosis. Moreover data from Coughlan et al described patients diagnosed at an earlier age to have higher relapse rates than older patients, suggesting a more severe phenotype [34]. This high relapse rate was unchanged from 2000-2014. 
A recent study from Nordenvall et al did not show an overall decrease in abdominal surgery in children with IBD over a 13 year period (2002-2014), although these did show a significant difference between patients diagnosed 2002-04 and 2010-14 [35]. This study was unable to comment on the prevalence of anti-TNF medication over time due to incomplete data. Data from 1998-2013 from Larsen et al  concluded that there was decreased surgery in children with UC and a trend towards decreased surgery in CD patients over time, with a parallel increase in anti-TNF use in both groups [36]. Both studies include data predating routine use of early anti-TNF therapy, and the authors conclude that analysis of more recent data may reveal a true decrease/delay in surgery during childhood alongside an increase in early anti-TNF use, as seen in our work.
Assessment of growth outcomes in Crohn’s disease can be used as a proxy measure of effective treatment, with improved growth reflecting adequately treated patients. Previously published 3 year outcome data from 2013-16 were available for this cohort, including patients undergoing surgery, and reported a height standard deviation score (SDS) for this group as -0.25 [37]. Patients undergoing surgery from 2002-12 had a height SDS at 1.8 years of -0.4 [12]. These data suggest comparable growth outcome over the study period, with no worsening of growth despite decreased use of surgery [12,37]. Previously surgery has been used as a treatment to promote growth in children with severe deficits [38]. These previously published data indicate there is no worsening of growth in more recent years despite lower surgery rates, something that may be related to disease control with anti-TNF therapy. Previous reports from Assa et al (2013) and Bamberger et al (2016) both report anti-TNF agents preventing height SDS falls but not restoring full growth potential [39,40]. Older data from Vasseur et al (2010) and Pfefferkorn et al (2009) both describe persistent poor growth in Crohn’s disease despite immunomodulation or biological therapy, specifically anti-TNF agents did not appear to improve height velocity [41,42]. 
There is a trend towards top-down medicine when treating IBD in adult populations, with early initiation of anti-TNF therapy aiming to modify disease course [43]. Whilst this is not yet recommended in paediatric practice the promise of reducing surgical resection rates with prompt initiation of anti-TNF therapy is one of the reasons leading to increased use. However it is important to remember not all patients will be at risk of requiring surgery, or of disease progression, and therefore not all require anti-TNF therapy. This is part of a complex risk-benefit strategy and discussion. There is the potential to both over-treat and for significant side-effects. Nevertheless some will progress rapidly and early intervention appears to modify risk in at least a subset patients [29,44]. Additional factors such as dose optimisation, concurrent immunosuppression and nutritional strategies are likely provide additional benefits [45,46]. 
Our survival analysis shows that the risk of surgery increases over time and is around 20% at 8 years. Similarly, those children remaining in paediatric care have a 30% chance of being prescribed an anti-TNF agent after 8 years. After 5 years in paediatric care around 25% of children will have been started on an anti-TNF agent, similar to previously reported data showing at 3 years a third of patients treated in North America were on an anti-TNF agent [47]. 
The promise of personalising therapy at diagnosis to start anti-TNF agents earlier where required and prevent high resection rates may become a reality in the next 5-10 years through application of clinical and multi-omic data [48,49]. Tools to predict and identify patients most likely to benefit from early anti-TNF therapy are now emerging, potentially providing the ability for the clinician to predict severe patients at risk of requiring surgery and modifying their risk at an early stage [50]. 
This study benefits from a complete and prospectively entered Wessex paediatric IBD database, although some data (surgical and anti-TNF) were added through automated integration of the electronic patient record at the time of analysis. Additional data on other medications (thiopurines, 5-aminosalicylates, methotrexate etc.) was not available throughout the entire study period, preventing comparison or correction (as potential confounders) over time. However prescribing practices of thiopurines based on local, national and international guidance has not changed significantly over this time [38,51–53]. Other potential confounders include improved imaging, improved staff training and improved supportive therapy which we were unable to account for. Surgical decision making was made by a team of four paediatric gastroenterologists, eight paediatric surgeons and two adult surgeons over the study period, reflecting shared decision making over the 11 years. Additionally there is no well established longitudinal disease severity score, describing disease severity over several years, preventing normalisation of data by disease severity. 
Conclusions
There is a statistically significant increase in the prevalence of anti-TNF therapy over the 11 year study period. Over the same time, there was a significant decrease in the surgical resection rate in paediatric IBD. These data suggest that anti-TNF therapy may be modifying the natural history of IBD in childhood. Progression to personalising therapy within paediatric IBD now appears to be the next major challenge, balancing which patients would benefit from early introduction of anti-TNF therapy and those where an expectant approach can be adopted.   
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	Year
	Patients under paediatric care
	New diagnoses  per year
	Mean age at diagnosis per year
	Number of  abdominal resections* 
	Rate of abdominal resection per year
	Average time to abdominal resection (years)
	Average age at resection (years)
	Number of perianal surgeries
	Rate of perianal surgery per year
	Patients treated with anti-TNF 
	Prevalence of anti-TNF treated patients 
	Number of patients newly starting  anti-TNF 
	Median time to starting anti-TNF (years)

	2007
	198
	52
	12.46
	14
	7.07%
	1.64
	14.93
	3
	1.52%
	10
	5.05%
	5
	3.25

	2008
	217
	47
	12.00
	11
	5.07%
	1.59
	14.87
	3
	1.38%
	13
	5.99%
	3
	1.55

	2009
	257
	67
	12.23
	8
	3.11%
	0.74
	14.12
	1
	0.39%
	12
	4.67%
	4
	1.22

	2010
	269
	47
	13.20
	11
	4.09%
	1.40
	14.23
	0
	0.00%
	17
	6.32%
	7
	3.18

	2011
	285
	58
	12.91
	5
	1.75%
	1.42
	15.20
	0
	0.00%
	29
	10.18%
	14
	1.52

	2012
	309
	64
	13.05
	12
	3.88%
	1.79
	15.64
	3
	0.97%
	48
	15.53%
	22
	1.52

	2013
	316
	51
	12.90
	12
	3.80%
	2.53
	13.71
	4
	1.27%
	62
	19.62%
	24
	1.61

	2014
	327
	58
	12.53
	6
	1.83%
	3.03
	15.88
	10
	3.06%
	75
	22.94%
	24
	1.80

	2015
	329
	56
	13.20
	3
	0.91%
	2.91
	15.28
	5
	1.52%
	77
	23.40%
	15
	1.30

	2016
	327
	56
	12.54
	4
	1.22%
	2.50
	15.15
	0
	0.00%
	79
	24.16%
	21
	1.48

	2017
	343
	71
	13.31
	5
	1.46%
	2.78
	14.53
	8
	2.33%
	93
	27.11%
	29
	0.95

	Total over 11 years
	N/A
	627
	
	91
	
	
	
	37
	
	N/A
	
	168
	

	Mean over 11 years
	
	
	12.59
	
	3.11%
	2.03
	14.87
	
	1.13%
	
	15.00%
	
	1.23


Tables and Figures 
Table 1- Surgical, anti-TNF and patient data from 2007-2017. Data are expressed as absolute numbers, rates or overall prevalence per year of study. Overall absolute numbers and rates are calculated for the entire cohort.  

*Abdominal resection refers to colectomy (total, subtotal, right hemi) and small bowel resections.  

	
	
	Surgical Resection rate per year
	Mean time to resection per year
	Perianal surgery rate per year
	Anti-TNF prevalence per year
	Mean time to anti-TNF per year
	Year of study
	Mean age at resection per year

	Surgical Resection rate per year
	Pearson Correlation (p value)
	1
	-0.516 
(0.104)
	-0.039 
(0.910)
	-0.727* (0.011)
	0.681* (0.021)
	-0.833* (0.001)
	-0.254 (0.451)

	Mean time to resection per year
	Pearson Correlation (p value)
	
	1
	0.646* 
(0.032)
	0.917* 
(7x10-5)
	-0.294 (0.380)
	0.811* (0.002)
	0.327 (0.327)

	Perianal surgery rate per year
	Pearson Correlation (p value)
	
	
	1
	0.458 (0.157)
	-0.153 (0.654)
	0.281 (0.402)
	0.306 
(0.360)

	Anti-TNF prevalence per year
	Pearson Correlation (p value)
	
	
	
	1
	-0.534 (0.091)
	0.968* 
(1x10-6)
	0.276 
(0.412)

	Mean time to anti-TNF per year
	Pearson Correlation (p value)
	
	
	
	
	1
	-0.570 (0.067)
	-0.091 (0.790)

	Year of study
	Pearson Correlation (p value)
	
	
	
	
	
	1
	0.200 
(0.555)

	Mean age at resection per year
	Pearson Correlation (p value)
	
	
	
	
	
	
	1


Table 2- Pearson correlation analysis for all variables for 2007-2017. Correlation ranges from -1 (perfect negative correlation) to 0 (no correlation) to 1 (perfect positive correlation. Year of study was entered as 1 (2007) to 11 (2017). 







Table 3- Stepwise backward multiple regression model. Dependant variable- surgical resection rate per year. Following application of all 4 models only anti-TNF prevalence was a significant predictor of surgical resection rate over the study period.  
	Model
	
	Unstandardized Coefficients
	
	Standardized Coefficients
	t
	P value =
	95.0% Confidence Interval for B

	
	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound

	
	
	
	
	
	
	
	
	

	1
	Mean age at surgery per year
	-.372
	.670
	-.130
	-.555
	.599
	-2.012
	1.268

	
	Anti-TNF prevalence per year
	-.268
	.166
	-1.238
	-1.616
	.157
	-.674
	.138

	
	Mean time to anti-TNF per year
	.561
	.809
	.222
	.694
	.514
	-1.418
	2.540

	
	Mean time to surgical resection per year
	1.840
	1.742
	.727
	1.056
	.331
	-2.422
	6.101

	
	
	
	
	
	
	
	
	

	2
	Anti-TNF prevalence per year
	-.261
	.157
	-1.204
	-1.660
	.141
	-.632
	.111

	
	Mean time to anti-TNF per year
	.585
	.767
	.231
	.763
	.470
	-1.228
	2.397

	
	Mean time to surgical resection per year
	1.659
	1.624
	.655
	1.021
	.341
	-2.181
	5.499

	
	
	
	
	
	
	
	
	

	3
	Anti-TNF prevalence per year
	-.344
	.110
	-1.586
	-3.114
	.014
	-.598
	-.089

	
	Mean time to surgical resection per year
	2.375
	1.290
	.938
	1.841
	.103
	-.600
	5.350

	
	
	
	
	
	
	
	
	

	4
	Anti-TNF prevalence per year
	-.157	
	.050
	-.727
	-3.172	
	.011
	-.270
	-.045



Figure 1- Surgical resection rate per year (Red) and anti-TNF prevalence per year (Blue) from 2007 to 2017 for all paediatric inflammatory bowel disease patients. Surgical resection rates per year for Crohn’s disease (Green) and ulcerative colitis (Orange) are included as a percentage of patients with Crohn’s disease and ulcerative colitis respectively. There is a significant reduction in overall surgical resection rates (0.001), driven by a significant reduction in resection rates in Crohn’s disease (0.001) over the 11 year period. There was a significant increase in anti-TNF prevalence (p=0.000001). Data are expressed as a percentage of patients during that year. 
Figure 2- Kaplan-Meier plot for anti-TNF therapy (green). Patients were included until an event (anti-TNF initiation) or until transition to adult services. No patients in paediatric care were started on anti-TNF therapy after 8 years in care. 
Figure 3- Kaplan-Meier plot for surgical resection (orange). Patients were included until an event (surgery) or until transition to adult services. Overall rates of surgery are lower that anti-TNF therapy throughout childhood.
Figure 4a- Kaplan-Meier plot for surgical resection in anti-TNF treated (blue) and untreated (red) patients. Patients were included until an event (surgical resection) or until transition to adult services (censored). There was no significant difference between groups, p=0.412 (Log Rank) 
Figure 4b- Kaplan-Meier plot for surgical resection, for Crohn’s disease, in anti-TNF treated (blue) and untreated (red) patients. Patients were included until an event (surgical resection) or until transition to adult services (censored). There was no significant difference between groups, p=0.297 (Log Rank) 
Figure 4c- Kaplan-Meier plot for surgical resection, for ulcerative colitis, in anti-TNF treated (blue) and untreated (red) patients. Patients were included until an event (surgical resection) or until transition to adult services (censored). There was a significant difference between groups, with those treated with anti-TNF at higher risk of surgery, p=0.00001 (Log Rank) 

