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Abstract

Introduction: The ability to predict risk for poor outcomes in Crohn’s disease [CD] would enable 
early treatment intensification. We aimed to identify children with CD with complications at baseline 
and throughout the study period who are at risk for surgery 2 years from diagnosis.
Methods: Newly diagnosed children with CD were enrolled into a prospective, multicentre 
inception cohort. Disease characteristics and serological markers were obtained at baseline and 
week 12 thereafter. Outcome data including disease activity, therapies, complications and need 
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for surgery were collected until the end of 104 weeks. A chi-square automatic interaction detection 
[CHAID] algorithm was used to develop a prediction model for early surgery.
Results: Of 285 children enrolled, 31 [10.9%] required surgery within 2  years. Multivariate 
analysis identified stricturing disease at baseline (odds ratio [OR] 5.26, 95% confidence interval 
[CI] 2.02–13.67 [p = 0.001]), and Paediatric Crohn’s Disease Activity Index [PCDAI] >10 at week 12 
(OR 1.06, 95% CI 1.02–1.10 [p = 0.005]) as key predictors for early surgery. CHAID demonstrated 
that absence of strictures at diagnosis [7.6%], corticosteroid-free remission at week 12 [4.1%] and 
early immunomodulator therapy [0.8%] were associated with the lowest risk of surgery, while 
stricturing disease at diagnosis [27.1%, p < 0.001] or elevated PCDAI at week 12 [16.7%, p = 0.014] 
had an increased risk of surgery at follow-up. Anti-OmpC status further stratified high-risk patients.
Discussion: A risk algorithm using clinical and serological variables at diagnosis and week 12 can 
categorize patients into high- and low-risk groups from diagnosis.

Key Words:  Crohn,  Crohn’s Disease inflammatory bowel disease, child;  relapse,  surgery,  complications,  serological markers

1. Introduction

Children and young people with Crohn’s disease [CD] often have 
more extensive disease, increased disease activity and a higher rate 
of complications compared with adult-onset CD.1 Treatment goals 
in paediatric CD have traditionally focused on relieving symptoms, 
optimizing growth and improving quality of life, while minimizing 
drug toxicity. More recently, mucosal healing became a specific treat-
ment target to alleviate the risk of complications.2 The historical 
lifetime risk of surgery is approximately 80%,3 with around 20% 
of children with CD requiring surgery within 5 years of diagnosis.4 
Complications that may lead to surgery include fibrostricturing 
disease with obstructive symptoms, complicated perianal disease 
and internal penetrating disease, as well as treatment-refractory 
inflammation.4–7

Those diagnosed with ileal CD and older children are more likely 
to experience severe/extensive or stricturing/penetrating CD and 
have an increased risk for bowel surgery.8

A systematic review and meta-analysis including 21 632 patients 
with CD found that thiopurine use was associated with a 40% de-
creased risk of surgical resection compared to those not exposed to 
thiopurines.9 The majority of studies included adults and no risk 
stratification for paediatric CD was sufficiently explored.

In this study, we aimed to explore the clinical, biochemical and 
treatment-related factors leading to early surgical interventions and 
develop a risk algorithm in a prospective multicentre inception co-
hort of children with CD. We hypothesized that those with severe 
or persistent inflammation despite therapy and patients with com-
plicated disease behaviour at onset would have the highest risk of 
surgery within 2 years of follow-up.

2. Material and Methods

Details on the GROWTH CD [Growth, Relapse and Outcomes 
With Therapy] study have been previously described [clinicialtrials.
gov identifier: NCT00711945].10–12 In brief, this was a prospect-
ively established cohort from the Paediatric IBD Porto Group of 
the European Society for Paediatric Gastroenterology, Hepatology, 
and Nutrition [ESPGHAN], which consisted of newly diagnosed un-
treated children aged 4–17 years with CD from 17 sites in Europe 
and Israel [Supplementary Table 1], in order to develop predictors for 
early adverse outcomes. The study was designed to assess predictors 

at baseline and week 12. Previous work from this cohort examined 
the association between induction of first remission on treatment 
outcomes, including relapse, growth retardation, non-inflammatory 
behaviour and complicated disease behaviour.10–12 Participants 
must have been diagnosed with new-onset CD by a combination 
of clinical, laboratory, endoscopic and histological criteria, and be 
treatment naïve.13 Participants who received medical or surgical 
intervention before enrolment, who had a diagnosis of IBD unclassi-
fied, or those with inadequate follow-up were excluded.

The present study evaluated children between 2010–2013 at 
seven scheduled visits from disease onset: baseline visit before treat-
ment introduction and at 8, 12, 26, 52, 78 and 104 weeks thereafter. 
All centres obtained ethical approval and informed consent. All pa-
tients underwent gastroscopy, colonoscopy and small bowel imaging 
at diagnosis.

Disease extent was categorized according to the Paris classifica-
tion.14 Data collected at visits included history, medications, physical 
examination, anthropometrics, Paediatric Crohn’s Disease Activity 
Index [PCDAI], physicians global assessment of disease activity,15 
faecal calprotectin and serology, including antibody measurements 
and C-reactive protein [CRP]. Aliquots of serum were obtained at 
weeks 0, 12 and 52 for serological and other biomarkers. Serological 
anti-OmpC, ASCA [IgA] and CBir1 markers were performed by 
Prometheus at baseline and week 12 while blinded to patient data. 
Consistent with previous literature, cut-off values for antibody meas-
urement by enzyme-linked immunosorbent assay (ELISA [ELISA 
units/mL, EU/mL]) indicating antibody positivity were: anti OmpC 
>5.3, ASCA IgA > 9.2 and CBir1 >35.5.16,17 Any patient undergoing 
relapse had a relapse form filled out.

Active disease was defined as PCDAI >10 and mild to mod-
erate disease was defined as PCDAI >10 and <40. Normal values 
were considered as CRP < 0.5 mg/dL [<5 mg/L], faecal calprotectin 
<50 µg/g and albumin 3.5–5.5 g/dL. Data were remotely monitored, 
and queries were resolved by the research coordinators [TP-G, 
NC-D and RS-B].

2.1. Definition of immunosuppression
Patients were managed at the discretion of the treating physician, 
but general treatment rules were suggested. To maintain an objective 
definition of clinical remission, all patients requiring steroids were 
to be tapered by week 11 in order to establish corticosteroid-free 
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remission at week 12.11 Patients may have commenced standardized 
doses of immunomodulator [IMM] therapy, azathioprine [2–2.5 mg/
kg/day], mercaptopurine [1–1.5 mg/kg/day] or methotrexate [15 mg/
m2/week, maximum 25 mg] according to the physician’s discretion. 
Early IMM was defined as IMM started within 8 weeks from com-
mencement of induction therapy. Use of infliximab with a loading 
dose of 5 mg/kg at weeks 0, 2 and 6 was also allowed. Surgical treat-
ment was decided by the treating physician.

2.2. Definition of surgery
Surgery was defined as any surgical intervention for treating com-
plications of CD, including intestinal resection, stricturoplasty, 
drainage of internal or peri-anal abscess, fistulectomy and surgery 
related to perforation.18 We defined surgery within 2 years from 
diagnosis, our follow-up period, as early and use the term ‘early 
surgery’ herein.

Baseline complications were defined as stricturing, penetrating 
or active perianal fistula and/or abscess present at the time of 
diagnosis. New complications were defined as stricture, pene-
trating disease, perianal abscess and/or draining fistula that were 
not present at the time of diagnosis and developed during the 
follow-up period.

2.3. Developing predictors for outcomes
We studied baseline and week 12 variables as predictors. The usual 
week 12 visit was chosen assuming that patients who do not respond 
to initial medical therapy and/or are steroid-dependent may have 
worse clinical outcomes during the follow-up period.

2.4. Statistical methods
Categorical variables were described using frequency and per-
centage. Normally distributed continuous variables were described 
as the mean and standard deviation and skewed variables were ex-
pressed as the median and interquartile range [IQR]. An independent 
samples t-test and Mann–Whitney tests were used to compare con-
tinuous variables. In cases where calprotectin or CRP were missing, 
the last observation was carried forward. Categorical variables were 
compared using a chi-square test or Fisher’s exact test. Multivariate 
logistic regression was used to identify independent predictors of 
the studied outcome.19 All the predictors were included in the lo-
gistic regression, and a backward stepwise [likelihood ratio] method 
was used for variable selection [p > 0.1 was used as criteria for re-
moval]. The chi-square automatic interaction detection [CHAID] al-
gorithm was used to identify predictors and cut-offs for continuous 
exposure variables in predicting surgical outcome.20 For conserva-
tive analysis, patients with absent serological markers undergoing 
surgery had those imputed as negative. Risk associated with inci-
dence of surgery was defined as low [<5%], intermediate [5–15%] 
and high [≥15.1%]. All statistical tests were two tailed. A value of 
p < 0.05 was considered statistically significant. All statistical ana-
lyses were performed using SPSS [IBM Corp. Released 2016. IBM 
SPSS Statistics for Windows, Version 24.0]

3. Results

3.1. Study population
Of 348 children enrolled, 285 [82%] had valid baseline and 
long-term follow-up visits to be included in the final analysis [Figure 
1, Table 1]. In total, 63 children were excluded, before statistical 
analyses, due to: lack of appropriate imaging [n = 13], incomplete 
follow-up/withdrawn [n = 38] or data issues [n = 12].

Forty-four [16%] children had panenteric disease. The ma-
jority [81.8%] of children had non-stricturing or penetrating dis-
ease, six [2.1%] had both stricturing and penetrating disease, and 
five [1.8%] had both perianal and complicated disease combined 
at baseline.

Fifteen [5.3%] children were treated with infliximab by week 12. 
Children treated with mesalamine or antibiotics [median PCDAI 30, 
IQR 20–40] had significantly milder disease than children treated 
with exclusive enteral nutrition [EEN], corticosteroids or anti-
tumour necrosis factor [anti-TNF] therapy [p = 0.009]. There were 
no significant differences in median PCDAI between the three latter 
groups.

3.2. Complications and surgery
At baseline, 58 [20.4%] children presented with complicated disease 
behaviour or active perianal disease and ten [3.5%] had two dif-
ferent complications at diagnosis. The most common complications 
at presentation were strictures [B2 or B2B3] in 16 [5.6%], followed 
by enteric fistula [B3] in two [0.7%] children. Perianal fistula or ab-
scess were present in 15 [5.3%] children.

During the follow-up period, 43 [15.1%] children developed 
complications. The most common new complications were strictures 
in 12 [4.2%], perianal fistula or abscess in nine [3.1%], and pene-
trating disease in two [0.7%] children. We identified 31 [10.9%] 
children requiring surgery during follow-up. Two children had mul-
tiple surgeries at different time points, both for perianal disease and 
for intestinal strictures. At week 12, 18 [58.1%] of the children who 
underwent surgery were in steroid-free remission compared with 
186 [74%] of the others [p = 0.08].

Thirty-three surgical procedures were performed in the 31 pa-
tients. The most common reason for surgery was stricture in 14 
[4.9%], medically refractory disease without complications in 
nine [3.2%], perianal disease in six [2.1%], and combination of 
stricturing and penetrating disease in two [0.7%] children. Fifty per 
cent of patients with B2 or B2B3 diagnosed at presentation or during 
follow-up required surgery within first 2 years.

3.3. Associated factors for early surgery
3.3.1. Baseline
Stricturing disease was significantly associated with surgery at 
2  years of follow-up (B2 35.5% [11/31] in the surgical group vs 

348 eligible patients with CD

285 patients included

No small bowel imaging
(13/348, 3.8%)

Incomplete week 12 visit
(19/335, 5.7%)

Lost to follow-up or
withdrawn

(19/335, 5.7%)

Other data issues involved
(12/348, 3.5%)

335 eligible patients

Figure 1. Patient flow chart. Legend: CD = Crohn’s disease
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12.2% [31/254] in the non-surgical group, p = 0.002). Active peri-
anal disease at disease onset was not associated with need for surgery 
[p = 0.13]. Calprotectin as a continuous variable [p = 0.88], albumin 
[p = 0.88] and the presence of antibodies, individual or combined, 
were not predictive of surgery at 2 years [Table 2].

3.3.2. Week 12
Low albumin and high PCDAI (16.7% [5/30] in the surgical group 
vs 5.8% [14/243] in the non-surgical group, p = 0.044) predicted 
surgery at 2  years while calprotectin, whether as a continuous 
[p = 0.789] or binary [>250 mg/dL] variable [p = 0.377], did not.

Serological markers were available for 211 patients at baseline 
or week 12 for anti-OmpC, and for 201 patients for ASCA and 
CBir. The presence of anti-OmpC and CBir antibodies at baseline or 
12 weeks were not predictive of early surgery. Week 12 ASCA IgA 
levels were higher (85.7% [18/21] in the surgical group vs 55.1% 
[86/156] in the non-surgical group, p = 0.008). The sum of all anti-
bodies [p = 0.418] at baseline was not predictive [Table 2]. As sero-
logical tests were only available for 70–75% of all patients, these 
results should be interpreted with caution.

3.3.3. Multivariate analysis
At baseline, disease behaviour, PCDAI and CRP, combined with 
PCDAI at week 12, were all significant predictors for surgery [Table 
3]. Those with stricturing [B2] disease were significantly more likely 

(odds ratio [OR] 5.26, 95% confidence interval [CI] 2.02–13.67, 
p = 0.001) to require surgery than those without stricturing or pene-
trating disease. Those with stricturing and penetrating disease were 
10.3 times [95% CI 1.43–74.12, p = 0.021] more likely to require 
surgery than those without.

A higher CRP at baseline was associated with a lower risk for 
surgery at 2  years of follow-up (OR 0.82 [95% CI 0.70–0.98, 
p = 0.025]), and higher PCDAI at week 12 [OR 1.06, 95% CI 1.02–
1.10, p = 0.005] was a significant risk factor for surgery. CRP and 
calprotectin at week 12 were not predictive.

3.3.4. CHAID algorithm
Modelling a stratified clinical risk prediction tool for this cohort of pa-
tients using CHAID [Figure 2] demonstrated that stricturing disease at 
diagnosis and active disease at week 12 were the strongest determin-
ants for high-risk patients requiring early surgery. For all patients with 
a stricture at diagnosis, the risk was 27.1% compared to 7.6% of pa-
tients without B2 or B2B3 classification [p < 0.001]. Patients without 
stricturing disease and PCDAI  >  10 at week 12 had a 16.7% risk 
for early surgery, whereas patients without stricturing disease and a 
PCDAI <10 at week 12 had a 4.1% risk for early surgery [p = 0.014].

The low-risk model was defined by three main variables: ab-
sence of stricturing disease at diagnosis, steroid-free clinical remis-
sion by week 12 and use of early immunosuppression. If PCDAI is 
<10 at week 12 and the patient has received immunosuppression by 

Table 1. Demographic and treatment induction and maintenance therapy [by week 12] details of cohort at baseline.

Received surgery Did not receive surgery Entire cohort p-value

Age [years] [IQR] n = 285 14.0 [11.0–14.5] 13.0 [11.0–13.0] 13.0 [11.0–13.0] 0.741
Sex [%], n = 285 total, n = 254 did not receive surgery
Male 16/31 [51.6] 155/254 [61.0] 171 [60] 0.313
Behaviour [%]
B1–Non-stricturing, non-penetrating 18/31 [58.1] 215/254 [84.6] 233/285 [81.8] <0.001
B2–Stricturing 11/31 [35.5] 31/254 [12.2] 42/285 [14.7] 0.001
B3–Penetrating 0 [0] 4/254 [1.6] 4/285 [1.4] >0.999
B2+B3 2/31 [6.5] 4/254 [1.6] 6/285 [2.1] 0.130
Perianal 3/31 [9.7] 9/254 [3.5] 12/285 [4.2] 0.130
Location [%]
L1–Distal 1/3 ileum ± limited caecal disease 10/31 [32.2] 52/250 [20.8] 62/281 [22.1] 0.133
L2–Colonic 3/31 [9.7] 17/250 [6.8] 20/281 [7.1] 0.471
L3–Ileocolonic 18/31 [58.1] 174/250 [69.6] 192/281 [68.3] 0.242
L4–Isolated disease 0 [0] 7/250 [2.8] 7/281 [2.5] >0.999
L4 Involvement
No L4 involvement 16/31 [51.6] 81/250 [32.4] 97/281 [34.5] 0.029
L4a–Upper disease proximal to ligament of Treitz 10/31 [32.3] 112/250 [44.8] 122/281 [43.5] 0.209
L4b–Upper disease distal to ligament of Treitz and  
proximal to distal 1/3 ileum 

4 /31 [12.9] 25/250 [10] 29/281 [10.3] 0.541

L4a+b 1/31 [3.2] 32/250 [12.8] 33/281 [11.7] 0.146
First induction therapy
Exclusive enteral nutrition 10/31 [32.3] 79/254 [31.1] 89/285 [31.2] 1
Corticosteroids 5/31 [16.1] 85/254 [33.5] 90/285 [31.6] 0.06
Anti-TNF 1/31 [3.2] 7/254 [2.8] 8/285 [2.8] 1
Other [mesalamine, antibiotics or no therapy] 15/31 [48.4] 83/254 [32.7] 98/285 [3.2] 0.108
Maintenance therapy
Immunomodulators* 22/31 [71.0] 183/254 [72.0] 205/285 [71.9] 1
Anti-TNF * 3/31 [9.7] 12/254 [4.7] 15/285 [5.3] 0.215 
Other [mesalamine, or no therapy] 7/31 [22.6] 66/254 [26.0] 73/285 [25.6] 0.829

Abbreviations: IQR, interquartile range; TNF, tumour necrosis factor.
Patients receiving concomitant mesalamine or antibiotics prior to or with anti TNF/steroids/etc. at diagnosis were still considered primary anti-TNF/steroid/

EEN therapy.
*One person received both immunomodulator and anti-TNF therapy as maintenance.
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week 12, he or she has a lower chance of requiring surgery at 2-year 
follow-up compared to those that have not received immunosup-
pression [0.8% vs 11.5%, p < 0.008].

Among serological predictors, only anti-OmpC as a continuous 
variable, with a lower cutoff than found in the Prometheus kit, added 
to the model. High-risk patients with no stricturing disease, who have 
active disease at week 12 despite therapy, and positive anti-OmpC 
status had a significantly elevated need for surgery than those who 
are anti-OmpC-negative [38.1% vs 6.7%, p = 0.027]. In this high-risk 
cohort, the risk for surgery with measured negative anti-OmpC was 
4.5%, for patients with positive anti-OmpC was 38.1% and for those 

with missing data was 8.7%. Because surgical outcomes for patients 
with missing data were intermediate between the negative and posi-
tive groups, we imputed all missing anti-OmpC as negative to remain 
conservative. ASCA or other antibodies did not add to this model. 
An association between both B2 phenotype and anti-OmpC-positive 
status and risk of surgery was not significant during testing.

4. Discussion

Based on a prospective international inception cohort of 285 pa-
tients, we were able to develop a risk-stratified algorithm for 
predicting early surgery in patients diagnosed with paediatric CD. 
Using a combination of factors from baseline and after induction of 
remission, including disease behaviour phenotype, use of immuno-
suppression therapy, and PCDAI at 12 weeks, patients can be cat-
egorized into low- and high-risk groups for surgery within 2 years 
of follow-up.

While this study validated some associated risk factors, others we 
hypothesized to be predictive, such as panenteric disease, perianal 
disease and elevated inflammatory markers, were not predictive of 
surgical outcome. While perianal disease is not registered as a com-
plication using the Paris classification for behaviour, it is a unique 
poor outcome that may lead to surgery and early top-down therapy; 
it was important to analyse this without classification bias. Low al-
bumin and high PCDAI at week 12 was a predictive combined vari-
able in the univariate analysis but did not remain significant in the 
multivariate analysis.

Active disease reflected by higher disease activity scores at 
diagnosis, including PCDAI, has been reported to be a significant 

Table 2. Risk factors for early surgery, univariate analysis of exposure at baseline.

Received surgery Did not receive surgery Entire cohort p-value

Clinical response 
PCDAI ≥10 week 0 30/31 [96.8] 244/254 [96.1] 274/285 [96.1] >0.999
PCDAI week 0 [median][IQR] n = 285 total, n = 31  
received surgery, n = 254 did not receive surgery

37.5 [27.5–45.0] 33.8 [22.5–42.5] 35.0 [25.0–45.0] 0.131

PCDAI ≥10 week 12 17/31 [54.8] 86/252 [34.1] 103/283 [36.4] 0.024
Biochemical parameters
CRP >5 week 0 4/31 [12.9] 69/252 [27.4] 73/283 [25.8] 0.082
CRP week 0 [mg/kg][median][IQR] n = 283 total, n = 31  
received surgery, n = 252 did not receive surgery

2.3 [0.9–4.0] 2.6 [0.8–5.3] 2.6 [0.8–5.1] 0.358

CRP >5 week 12 0/31 5/245 [2.0] 5/276 [1.81] >0.999
Low albumin [%] week 0 13/31 [41.9] 103/254 [40.6] 116/285 [40.7] 0.882
Low albumin [%] week 12 3/31 [9.7] 14/239 [5.9] 17/270 [6.3] 0.376
Calprotectin [%] week 0    0.377
<250 1/16 [6.3] 31/184 [16.8] 32/200 [16.0] 0.477
250–399 1/16 [6.3] 7/184 [3.9] 8/200 [4.0] 0.493
>400 14/16 [87.4] 146/184 [79.3] 160/200 [80.0] 0.744
Calprotectin week 0 [mg/dL] [median][IQR] n = 200 total,  
n = 16 received surgery, n = 169 did not receive surgery

1800 [678–1862] 1800 [551–1800] 1800 [596–1800] 0.878

Calprotectin >250 week 12 18/29 [62.1] 149/246 [60.1] 167/277 [60.3] 0.3770
Antibody status
All antibodies [sum]    0.418
0 5/24 [20.8] 50/178 [28.1] 55/202 [27.2]  
1 8/24 [33.3] 70/178 [39.3] 78/202 [38.6]  
2 8/24 [33.3] 49/178 [27.5] 57/202 [28.2]  
3 3/24 [12.6] 9/178 [5.1] 12/202 [5.9]  
Positive anti-OmpC antibody 20/24 [83.3] 116/187 [62.0] 136/211 [64.5] 0.118
Positive ASCA IgA antibody 19/24 [79.2] 111/177 [62.7] 130/201 [64.7] 0.114
Positive CBir antibody 10/24 [41.7] 56/177 [31.6] 66/201 [32.8] 0.326

Abbreviations: PCDAI, Paediatric Crohn’s Disease Activity Index; IQR, interquartile range; CRP, C-reactive protein.

Table 3. Risk factors for early surgery, multivariate analysis of 
exposure

n = 253 Odds ratio  
[OR]

95% Confidence  
interval

p-value

At baseline
Disease behaviour   0.002
Paris B1 1.00 [reference]
Paris B2 5.26 2.02–13.67 0.001
Paris B3 NA [none received surgery]
Paris B2 + 3 10.30 1.43–74.12 0.021
PCDAI 1.03 1.001–1.07 0.047
CRP 0.82 0.70–0.98 0.025
At week 12
PCDAI 1.06 1.02–1.10 0.005

Thirty-two patients with missing variables at week 0 or 12 were excluded 
from the analysis.
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independent predictor for surgical intervention.21 However, no 
studies have incorporated disease activity scores in combination 
with disease behaviour and serology at baseline and follow-up in a 
multivariate analysis. Studies have traditionally sought prognostic 
factors at diagnosis, but recent studies are now demonstrating that 
post-induction variables may be better in this regard than baseline 
factors, as has been demonstrated in paediatric ulcerative colitis.22

Our finding that even mildly elevated PCDAI scores at 3 months 
were associated with an increased risk of surgery are novel, sug-
gesting that active disease post-induction, even with mild symptoms, 
may be a prognostic indicator for a complicated disease course.

Multiple studies have looked at the associations of antibacterial 
or antiglycan antibody status and the risk for surgery. The strongest 
association between antibody presence and risk of surgery has been 
identified for positive ASCA while anti-OmpC has been associated 
specifically with penetrating disease, which often requires surgical 
interventions.6,21,23 However, the evidence remains mixed, particu-
larly when incorporated into multivariate analysis.16,24

Anti-OmpC was not an independent predictor of outcomes in 
our study, but when associated with disease that does not respond to 
initial medial therapy, it appeared to have additive value. Within the 
CHAID algorithm, anti-OmpC status was a statistically significant 
modifying predictor of surgery [p  =  0.03] when analysed for pa-
tients with B1 phenotype, in combination with active disease despite 

therapy. This observation requires further validation because anti-
OmpC was missing for about 25% of patients. ASCA was predictive 
of complications when pooling complications at diagnosis with new 
complications [data not shown]. At week 12, about 85% of chil-
dren receiving surgery were ASCA-positive compared to 55% who 
did not receive surgery [p = 0.008], and therefore, here as in other 
studies, it is helpful in determining risk for surgery.

Choice of first therapy did not affect the overall risk for surgery 
in the cohort, although it seemed to have a reduced risk of surgery 
for low-risk patients. Use of immunomodulator treatment remains 
controversial. In one multi-centre study in France, the authors con-
cluded that stricturing disease and treatment with corticosteroids 
were associated with an increased risk of surgery, whereas treat-
ment with azathioprine was associated with a decreased risk.25 One 
multi-centre study from the USA suggested that immunomodulator 
therapy at diagnosis did not alter the risk of surgery within 5 years 
of diagnosis.26 In our cohort, the impact of immunomodulator use 
in isolation within the first 12 weeks was not a statistically signifi-
cant predictor. However, there may be a subgroup that benefits 
and one that does not, as the CHAID analysis demonstrated; early 
immunomodulation may be of benefit in patients with lower risk 
presenting with inflammatory disease who are entering steroid-free 
clinical remission. Alternatively, it did not impact outcomes in pa-
tients with existing strictures or elevated PCDAI at week 12.

Stricturing disease
(Paris B classi�cation)

P<0.001

No
risk 7.6%

18/237

Yes
risk 27.1%

13/48

Yes
risk 0.8%

1/117

No
risk 11.5%

6/52

No
risk 6.7%

3/45

Yes
risk 38.1%

8/21

PCDAI>10
risk 16.7%

11/66

PCDAI<10
risk 4.1%

7/169

PCDAI at week
12

P= 0.014

Received
immunosuppression

at week 12
P<0.008

Anti-OmpC
antibody
P= 0.027

Low risk High riskIntermediate risk

Figure 2. Risk-stratified CHAID algorithm. Legend: Boxes with p-values, outlined in red, compare the subsequent groups against each other. Boxes with 
percentages represent the risk of surgery at 2 years of follow-up. Risk is defined as low [≤4.9%], intermediate [5.0–15.0%] and high [≥15.1%], and is separated 
by the dashed line. Anti-OmpC antibody [cut off of ≥5.3] is marked differently as it was measured only in 211/285 patients. Three patients undergoing surgery 
were missing anti-OmpC status.
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In one recently published prospective inception cohort study of 
paediatric patients with CD across 28 sites in North America, pa-
tients who received early TNF therapy were less likely to have pene-
trating complications but not stricturing complications.6 In another 
North American registry study, stricturing or penetrating disease, 
but not surgery, was slowed as a result of early use of biologics, 
but this effect was only seen after 5 years of disease.7 Data on anti-
TNF therapy use in our cohort were not evaluated due to the small 
number of patients using this in the first few months of therapy, re-
flecting that this study was started in 2010 when anti-TNF was not 
readily available as a first-line therapy in some of the participating 
countries.

The strengths of our study included complete evaluation of all 
patients with upper and lower endoscopy as well as small bowel 
imaging, strict definitions of complications, and use of objective 
measures of disease response. We also chose to evaluate early 
surgery as opposed to need for surgery at any time point for the 
definition of risk. We included patients with existing complicated 
disease behaviour at diagnosis who are a high-risk group that may 
be excluded in studies when complications instead of surgery is the 
study end point. Additionally, the algorithm is clinically feasible 
and applicable in both ambulatory and tertiary settings.27,28 A pro-
spective validation cohort for this algorithm is now underway 
in the UK, the Netherlands and Israel [NL57248.078.16]. Study 
limitations include that only a few children had surgery [n = 31], 
although this reflects the proportion of paediatric patients who 
develop complications requiring surgical intervention.6 As data 
were collected from real-world clinical practice, there are differ-
ences in the use of exclusive enteral nutrition, corticosteroid and 
immunomodulation therapy, as per physician preference and in-
stitutional culture. Despite the prospective nature of the study, 
residual confounding may still be present, in the form of pre-
diagnosis factors such as growth impairment secondary to delayed 
diagnosis. Lastly, this clinical risk prediction model has been de-
veloped in only one cohort, and needs external validation in a 
replication cohort.

Development of clinical risk prediction tools will aid phys-
icians in providing treatment options for children and their fam-
ilies, better inform them of prognosis, and highlight where early 
intervention may help change the natural progression of the 
disease.
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