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Abstract
Introduction
Paediatric Crohn’s disease (PCD) often presents with extensive and a frequent pan-enteric phenotype at onset. However, its long term evolution in to adulthood, especially since the widespread use of biological agents, is not well characterised. We conducted a single centre cohort study of all PCD patients transitioned to adult care to assess the long term disease evolution in the era of biologic therapy.  
Methods
We conducted a retrospective observational, study of all PCD patients who were subsequently transferred to the care of an adult gastroenterology unit and had a minimum follow up of 2 years.  We examined the case notes for evolution of disease location and behaviour. Disease location and behaviour was characterised using Paris classification at diagnosis and Montreal classification at last follow-up. In addition, we examined variables associated with complicated disease behaviour and the need for CD related intestinal resection.
Results
In total, 132 patients were included with a median age at diagnosis of 13 (IQR 11-14) and a median follow up of 11 years (range 4-14). At diagnosis, 23 (17.4%), 39 (29.6%) and 70 (53%) patients had ileal, colonic and ileocolonic  disease. In addition, 31 (23.5%) patients had L4a or L4b disease at diagnosis (proximal or distal to the ligament of treitz respectively) and 13 patients (9.8%) had both whilst 27 (20.4%) patients had perianal disease.  At diagnosis, 27 (20.4%) patients had complicated disease behaviour but 83 (62.9)% of patients had an extensive ‘pan-enteric’ phenotype. Of these patients only 55 (66.3%) retained the pan-enteric phenotype at last follow-up (p=0.0002). Disease extension was noted in 25 (18.9%) of patients and regression was noted in 47 (35.6%) of patients, whereas upper GI disease was noted in significantly fewer patients at last follow-up (21, 15.9%) (p=0.0001). More patients had complicated disease behaviour (46 patients, 34.9%, p=0.0018) at follow-up. There was a high exposure to both thiopurines 121 (91.7%) and biologics 84 (63.6%). The cumulative probability (95% CI) of surgery was 0.05 (0.02, 0.11) at 1 year, 0.17 (0.11, 0.24) at 3 years and 0.22 (0.15, 0.30) at 5 years. Neither disease location nor behaviour were associated with the need for intestinal resectional surgery.
Conclusions
Over the course of an extended follow-up period, there appeared to be changes in both disease location and behaviour in PCD. Interestingly, a significant proportion of patients had disease involution which may be related to a high rate of exposure to thiopurines and biologics. We were unable to identify any variables associated with the need for intestinal surgery. 
























Introduction

Crohn’s disease (CD) is usually diagnosed in the second and third decades of life1 but approximately 20-30% of patients are diagnosed during childhood2-4. The incidence and prevalence of paediatric Crohn’s disease (PCD) appears to be increasing globally5, 6. The increase in incidence has been noted in all paediatric age groups including the very-early onset group under 5 years of age6, 7. 
Current literature, though conflicting, suggests some important differences between pediatric onset and adult onset Crohn’s disease. PCD reportedly has a more aggressive disease course, including more extensive disease location, a higher predilection to a pan-enteric phenotype, frequent upper gastrointestinal (GI) involvement, growth failure, more active disease, and need for more aggressive medical therapy, in predominantly hospital based studies8-10. However, other studies have suggested that pediatric disease behavior seems to parallel that of adults11. 
Despite the widespread acknowledgement of an initial severe presentation, very few studies have examined if this severe phenotype persists in to adulthood. The literature regarding the evolution of PCD are conflicting and limited by short follow-up times. Hope et al followed up a cohort of Irish PCD patients for 2 years and reported a low rate of disease extension. To the contrary, studies from Scotland12, Slovenia13 and France14 reported disease extension rates of up to 40% with median follow-up periods ranging from 2 years to 84 months. Fewer studies still have examined the long term disease course in PCD after the advent of biological therapy. A recently published long-term extension study from a French population based PCD cohort showed that a high proportion of patients developed complicated disease behavior and had extensive disease at follow up15. However, this study was conducted prior to the widespread use of scheduled maintenance anti-TNF therapy in children potentially over-estimating the progression to complicated disease behavior. In light of this, we aimed to characterize the long term evolution of PCD in a contemporary cohort of patients. 
Methods
Patient population and variables: We conducted a single-centre study of PCD patients diagnosed 16 years of age between February 1994 and December 2014 transitioned to adult care. The diagnosis of CD was based on standard clinical, endoscopic and histological criteria. Patients were transferred to the care of an adult gastroenterologist at approximately 16 years of age. Follow-up data was collected until August 2018 or the last contact with the clinician, whichever was latest. We only included patients with a minimum follow-up period of 2 years. Case notes were retrospectively interrogated to extract the following information: age, gender, year of diagnosis, disease location and behaviour at diagnosis and follow-up, time to initiation of immunomodulatory and biologic therapy and time to diagnosis of complications or surgery. Complication from CD was defined as the presence of a stricture or fistula or intra-abdominal abscess assessed by either endoscopy or cross-sectional imaging. Surgery was defined as the need for resection surgery such as small bowel or colonic resection. CD location and disease behaviour at diagnosis and maximal follow-up was collected according to Paris16 and Montreal17 classification respectively. Disease extension was defined as involvement of an additional location at last follow-up. If a previously involved segment at diagnosis was subsequently noted to be disease free at follow-up, it was categorised as disease regression. Pan-enteric phenotype was defined as extensive GI tract involvement (L4a, L4b and L3). 
Statistical analysis
Categorical variables have been summarized as frequency (%) and continuous variables as median (interquartile range, IQR).  Comparison of frequencies was performed using Pearson’s chi-square test. Hazard ratios (HR) from Cox proportional hazards models were used to quantify risk of surgery and complicated disease behaviour. All analyses were carried out using Stata v15.1 software (Stata Statistical Software, Release 15; StataCorp LP, College Station, Texas, USA).
Ethical Considerations
The study was performed using routine collected clinical data and as such is exempt from the need for ethics committee approval in the UK and the need to take written informed consent.

Results
Demographics
A total of 161 patients were transferred to adult care from the years 2002 to 2016. We excluded 29 due to insufficient follow-up and 132 were included in the final analysis. The median age at diagnosis was 13 (IQR 11-14) and 77 (58.3%) were male. The median follow up period was 11 years (range 4-24) and the median age at last follow up was 23.5 (IQR 20-26). 
CD location
Ileocolonic disease location was the commonest (n=70, 53%) followed by colonic (n=39, 30%) and ileal (n=23, 17%) location at diagnosis (Figure 1). In addition, 21 (16%) and 10 (7.5%) patients had disease proximal (L4a) and distal to the ligament of Treitz respectively at diagnosis and 38 (29.7%) had perianal disease.  Of these, 13 patients (9.8%) had disease both proximal and distal to the ligament of Treitz. Growth status was only available in 67 patients, of whom 43 (64%) had impaired status. At maximal follow up, disease location remained broadly similar except for upper GI (L4) disease with fewer patients (n=21, 15.9%, p=0.0001) compared to diagnosis (Figure 1).  There was a non-significant increase in the proportion of patients with perianal disease at diagnosis (20.4%) and maximal follow-up (23.5%). At diagnosis, 83 (62.9%) of patients had an extensive ‘pan-enteric’ phenotype but of these patients only 55 (66.3%) retained the phenotype at last follow-up (p=0.0002). Disease extension was noted in 25 (18.9%) of patients and regression was noted in 47 (35.6%). The rate of exposure to biological therapy was similar in patients with disease regression (32/47, 68.1%) and disease extension (21/25, 84%). 
CD Behaviour 
Most patients had inflammatory (n=105, 80%) phenotype at diagnosis but disease behaviour changed significantly over time (Figure 2). Complicated disease behaviour was noted in 27 (20%) patients at diagnosis with stricturing phenotype in 11 (8.3%), penetrating in 15 (11.4%) and a combination of both in 1 (0.8%). At last follow up, 20 (15.2%) and 26 (19.7%) patients had stricturing and penetrating phenotypes respectively. We examined the association of a number of variables including early exposure to biologics and immunosuppressants with complicated disease behaviour at diagnosis or follow up (Table 1). None of the examined variables were associated with the need for surgery and reached the pre-specified significance threshold of 5% to be included in a multi-variate analysis. Only the presence of perianal disease was associated with complicated disease behaviour at follow-up in both uni- and multi-variate analysis (Odds ratio 3.31, 95% CI 1.23-8.85, P=0.017). 
Treatments
A high proportion of patients were exposed to thiopurines (N=121, 91.7%) either alone (N-40, 30.3%) or in combination with a biologic agent (N=81, 61.4%).  Eighty-one (61.4%) patients received an anti-TNF agent during their disease course. Of the patients who failed anti-TNF therapy a further 12 patients (9%) received ustekinumab (9%) and 6 (4.5%) patients received vedolizumab.  Most patients were commenced on thiopurines early (median 0 years, IQR 0-1) whereas the median time to starting an anti-TNF agent was 5 years (IQR 2-8). 
Surgery:
The cumulative probability (95% CI) of surgery was 0.05 (0.02, 0.11) at 1 year, 0.17 (0.11, 0.24) at 3 years, 0.22 (0.15, 0.30) at 5 years and 0.43 (0.34, 0.53) at 10 years (Figure 3). Overall, 56 (42.4%) of the entire cohort had surgery at the end of follow-up. We assessed the contribution of a number of variables (disease location, behaviour, early exposure to thiopurines and anti-TNF agents) to the risk of intestinal surgery but none of the examined variables showed a significant association (Table 2). 
Discussion
We report that both disease location and behaviour in PCD evolve during an extended follow-up period into adulthood in our cohort of patients with a high exposure rate to biological therapy. Our findings of a high prevalence of extensive pan-enteric phenotype at presentation are similar to previously reported studies12, 14. Similarly, the proportion of patients with perianal fistulising disease in our cohort is similar to that reported in previous population based 14, 18 and hospital based cohorts12. An additional novel finding in our study is that a greater proportion of patients experienced involution of disease location compared to disease extension. Up to a third of patients with a pan-enteric phenotype at presentation subsequently had less extensive disease. Our findings differ from previous studies which have investigated the change of disease location over time12, 15, 19-21 in pediatric cohorts with the majority of studies reporting disease extension rather than regression. In a Danish study from Copenhagen county (1962–1987; n=23), disease location progressed in 67% of children until the end of the follow-up 20. In a French population-based cohort (1988–2002; n=281), 31% of children were reported to have disease extension at maximal follow-up 14, 15. A similar extension rate was described in a national cohort from Scotland (n= 276), where 39.1% of children experienced disease progression 2 years after diagnosis12. In contrast, a lower rate of disease extension (15%) was observed in an unselected cohort from Sweden (1990–2007, n=200), during a median follow-up of 8.8 years21. Finally, no significant change in disease location was observed in two Irish inception cohorts, but the number of patients included was quite small and follow-up time limited19. A major difference between our cohort and other studies is the high rate of exposure to biologics and thiopurines and this may be relevant to our observation. However, there is limited data on the impact of biological therapy on regression of disease location in CD. Of note, a single population based Danish cohort of adult CD patients22 found that biologic therapy protected against a change in disease location which is in keeping with our observation. Scheduled maintenance anti-TNF therapy was introduced to routine clinical practice at our centre in 2009. Only a minority of patients (n=41, 30%) were diagnosed after 2009. Of that cohort, 28 (68.3%) were treated with biologic but the proportion of patients with early exposure to biological therapy (within 2 years) was relatively low. Due to the low number of patients, we were unable to meaningfully assess the impact of routine maintenance anti-TNF therapy after its introduction to our clinical practice.
We noted a high rate of inflammatory phenotype at diagnosis consistent with previous studies23, 24. However, just over a third of patients developed either a stricturing or penetrating phenotype during follow-up. The rate of progression reported in our cohort is broadly comparable to previous reports of between 24-43% and 14-44% developing a stricturing and penetrating phenotype respectively8, 14, 23, 24. Despite the high rate of exposure to biologicals, it is surprising that the rate of complicated disease behaviour in our study is not significantly lower than reported previously. This could be readily explained by differences in study population and the fact that the median disease duration prior to treatment with biological agents was 5 years in our cohort. In keeping with this, a recent prospective study in PCD showed that only early initiation of anti-TNF agents (within 90 days of diagnosis) was associated with a reduction in intestinal penetrating complications25. Interestingly, we did not find an association between early anti-TNF therapy and disease behaviour but our study was under-powered to address this question. Overall, it is yet unclear whether anti-TNF agents halt the progression to a complicated phenotype with some studies suggesting a protective effect26, 27 whilst others do not28. 
The rate of surgery in our cohort is broadly comparable to findings from other studies. This is
in line with figures from elsewhere reporting surgery proportions ranging from 14% to 20% after 3 years of follow-up29, 30. The 5-year probability of surgery in our cohort and this figure is higher than the 15% resection rates in recent studies of PCD patients with a lower frequency of exposure to biological agents22, 31. Interestingly, higher rates of surgery have been reported from selected hospital units with up to 24% during 4 years of follow-up32 and up to 44% during 2 years of follow-up33. It is noteworthy that the surgical rate in our cohort is high despite the extensive use of biologics. This is consistent with findings from a Danish nationwide cohort study which reported no significant change in surgical rates over time despite an increase in the use of biologic agents22. Moreover, many of the patients treated in our cohort were treated with biologic agents later on in the disease course. 
Our study has some notable strengths and limitations. All the patients in our cohort were closely followed up clinically, endoscopically and radiologically allowing for robust measures of disease location and complication rates. In addition, the length of follow-up and the contemporary nature of our study are particular strengths. Almost all of the previous studies were done prior to the widespread use of biologic agents hampering conclusions on the impact of biological therapy on the evolution of PCD. Our study population was derived from a tertiary centre IBD practice and consequently included patients with extensive and complicated disease history and may not be representative of other population based PCD cohorts. This is consistent with a high rate of exposure to biological agents in our study population. Finally, structured data on biomarkers or mucosal healing were not available to examine the impact of these factors on risk of surgery.
In summary, we conclude that the severe phenotype of PCD at presentation was attenuated at follow up in a proportion of patients, likely due to the regular use of biological therapy. 

Table 1: Uni- and multi-variate analysis* of factors associated with complicated disease behaviour
	Diagnosis characteristics
	Hazard ratio
	95% CI
	p-value
	N

	Age <10 
	1.68
	(0.54, 5.22)
	0.372
	15

	Male sex
	0.70
	(0.35, 1.42)
	0.328
	

	Location: baseline L2 (n= 39)
	
	
	0.322
	

	L1
	1.15
	(0.41, 3.22)
	
	23

	L3
	1.78
	(0.81, 3.94)
	
	70

	L4
	1.77
	(0.83, 3.74)
	0.138
	44

	Perianal disease 
	3.31
	(1.23, 8.85)
	0.017
	38

	Early exposure to thiopurines (<2 years from diagnosis)
	0.74
	(0.35, 1.55)
	0.421
	90

	Early exposure to biologics 
(<2 years from diagnosis)
	0.74
	(0.23, 2.42)
	0.618
	12


*Both uni-and multi-variate analysed yielded identical results








Table 2: Univariate analysis of factors associated with the need for intestinal surgery in paediatric Crohn’s disease
	Diagnosis characteristics
	Hazard ratio
	95% CI
	p-value
	N

	Age <10 
	0.75
	(0.34, 1.68)
	0.487
	15

	Male sex
	0.66
	(0.39, 1.12)
	0.122
	

	Location: baseline L2 (n= 39)
	
	
	0.144
	

	L1
	2.19
	(1.00, 4.79)
	
	23

	L3
	1.34
	(0.72, 2.50)
	
	70

	L4
	0.999
	(0.58, 1.73)
	0.996
	44

	Behaviour: baseline B1 (n= 105)
	
	
	0.318
	

	B2
	0.70
	(0.22, 2.26)
	
	11

	B3
	1.72
	(0.77, 3.82)
	
	15

	Perianal disease 
	1.70
	(0.93, 3.12)
	0.087
	38

	Early exposure to thiopurines (<2 years from diagnosis)
	1.14
	(0. 64, 2.03)
	0.644
	90

	Early exposure to biologics 
(<2 years from diagnosis)
	0.63
	(0 .15, 2.59)
	0.518
	12
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Legends
Figure 1 A and B: Disease location according to Paris classification at diagnosis (1A) and Montreal classification (1B) at maximal follow up
Figure 2: Crohn’s disease behaviour at diagnosis and last follow-up. A significant change in disease behaviour towards a complicated phenotype was noted over time.
Figure 3: Cumulative risk of first intestinal resection in Paediatric Crohn’s disease (N=132)
Table 1: Uni- and multi-variate analysis of factors associated with complicated disease behaviour
Table 2: Uni-variate analysis of factors associated with the need for intestinal surgery in paediatric Crohn’s disease
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