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Abstract

Background and Aims:  Exclusive enteral nutrition [EEN] is recommended as a first-line induction 
therapy for paediatric Crohn’s disease [CD] although corticosteroids [CS] are still used commonly. 
Our aim was to compare short- and long-term disease outcomes of paediatric CD patients initially 
managed with either EEN or CS.
Methods:  Medical records of newly diagnosed paediatric CD patients treated with EEN or CS 
as induction therapy were retrospectively reviewed. To minimise selection bias inherent in 
observational cohort studies, propensity analysis was carried out. Data on anthropometrics, medical 
history, and presenting phenotype were collected at time of diagnosis [baseline]; outcomes of 
interest, including medication use, hospitalisation, surgical procedures, and disease progression 
were assessed up to 6 years following diagnosis.
Results:  Of 127 patients reviewed, a total of 111 propensity-score matched CD patients receiving EEN 
[n = 76] or CS [n = 35] were analysed. By 4–12 weeks of induction therapy, 86.6% of EEN-treated patients 
achieved remission (Paediatric Crohn’s Disease Activity Index [PCDAI] ≤ 7.5) compared with 58.1% of 
patients in the CS-treated group [p < 0.01]. Choice of EEN over CS for induction was associated with 
avoidance of corticosteroids over a 6-year follow-up period. Analysis of long-term linear growth, 
hospitalisation, need for biologic therapy, or surgical intervention did not reveal any significant differences.
Conclusions:  These findings suggest that EEN induction therapy is more effective in achieving 
early remission and is associated with long-term steroid avoidance without increased use of 
biologics or need for surgery.
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1.  Introduction

Up to 25% of Crohn’s disease [CD] patients are diagnosed during 
childhood, at which time disease is characterised by more exten-
sive intestinal involvement compared with adult-onset CD, with a 

comparable progression toward complicated disease.1–3 Paediatric-
onset patients are also at risk for faltering growth, which is com-
monly present at diagnosis.4 Short-term treatment decisions to 
achieve remission in the paediatric population must therefore take 
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into account long-term outcomes including modification of disease 
progression, prevention of adverse effects of treatment, and guaran-
tee of suitable growth and development.

Induction of remission in paediatric patients with active CD 
can be achieved by exclusive enteral nutrition [EEN] or corticoster-
oids [CS]. While meta-analyses of adult studies suggest superiority 
of CS, paediatric studies have shown that EEN is at least as effec-
tive as CS for inducing remission, and is more effective than CS in 
improving nutritional status and growth recovery without adverse 
side effects.5–8 EEN is also capable of achieving mucosal healing, an 
important therapeutic endpoint that, when achieved early, is associ-
ated with fewer hospitalisations, reduced surgical resections and risk 
of fistulising disease, and less use of biologic (anti-tumour necrosis 
factor [TNF]) drugs.6,8-12

Despite the reported benefits, EEN is not universally used in 
paediatric centres. Wide differences have been noted in the use of 
EEN between gastroenterologists in Europe and North America.13,14 
We have recently reported that various factors, including concerns 
about compliance and costs, may affect the attitudes of health pro-
fessionals towards EEN and impede its wider use.15 Studies compar-
ing the long-term outcomes of EEN versus CS treatment are limited. 
Few randomised controlled trials have been performed, and existing 
observational cohort studies are potentially confounded by differ-
ences in patient and/or disease characteristics at diagnosis which 
may bias treatment choice.

To examine differences in treatment response in our observational 
cohort, we used propensity-score matching to minimise confound-
ing by indication which results from non-randomised assignment of 
treatment groups. Propensity-score methodology accounts for selec-
tion bias by first matching patients treated with different therapies 
for the distribution of potential confounders, and then comparing 
the therapies only within this subsample of matched patients.16,17 
Newly-diagnosed children with CD treated with either CS or EEN 
as induction therapy were evaluated. We compared rates of remis-
sion, steroid avoidance, need for anti-TNF therapy, linear growth, 
and surgical resections for up to 6 years of follow-up.

2.  Methods

2.1.  Study design and data collection
A single-centre, retrospective analysis was performed on data 
collected from paediatric CD patients at the IWK Health Centre 
between January 2001 and March 2015. A prospectively main-
tained departmental database was used to identify newly diagnosed 
paediatric CD patients who received either CS or EEN as induction 
therapy. All study patients had a confirmed CD diagnosis based on 
established clinical, endoscopic, histological, and/or radiological 
criteria.18

Information on patient demographics, disease characteristics, 
medications, and medical and family history were collected by 
detailed review of medical records. Disease was classified according 
to the Paris classification system for location [L1: distal 1/3 ileum, 
limited caecal disease; L2: colonic; L3: terminal ileum and colon; 
L4a and L4b: oesophagogastric proximal and distal to the ligament 
of Treitz, respectively] and behaviour [B1: non-stricturing, non-pene-
trating; B2: stricturing; B3: penetrating].18 For the purposes of analy-
sis, L4a and/or L4b involvement was grouped as L4. Macroscopic 
involvement was defined by the presence of mucosal ulceration and/
or bowel wall thickening on radiography. Macroscopic findings were 
confirmed by histological features [ie presence of granuloma or cryp-
titis/crypt abscesses], if available. Perianal disease was defined by the 

presence of perianal abscesses or fistulae, and did not include isolated 
presence of skin tags, fissures, or haemorrhoids. Reported history of 
inflammatory bowel disease [IBD] of any type in a patient’s rela-
tive was recorded as ‘positive family history’. Height z-scores [Htz] 
were calculated using the WHO Anthro Plus v.1.0.4 software.19 We 
defined Htz of < -1.65 [i.e. below the 5th percentile] as linear growth 
failure. The Paediatric Crohn’s Disease Activity Index [PCDAI] was 
used to evaluate disease activity at diagnosis [baseline] and early 
response to induction therapy [4–12 weeks post-induction].

Short-term outcomes were clinical response to treatment and 
remission based on PCDAI score. Clinical response was defined 
as a PCDAI change of ≥ 12.5 points, and remission was defined 
as a PCDAI ≤ 7.5 points, without the height item.20–22 Long-term 
outcomes included changes in Htz, subsequent clinical outcomes 
including hospitalisation directly related to CD, need to commence 
anti-TNF agent, surgery, and change in disease phenotype. Changes 
in disease phenotype were assessed at each follow-up; specifically, 
anatomical extension of disease [confirmed by endoscopy/radiol-
ogy], progression to stricturing/penetrating disease behaviour, and 
onset of perianal disease were analysed.

2.2.  Sample size calculation
We performed a sample size calculation using 12-week steroid-free 
rates of remission [PCDAI ≤ 10, or ≤ 7.5 without the height item] 
reported in the GROWTH CD study comparing EEN-treated and 
CS-treated paediatric CD patients [73.1% versus 46.3%, respec-
tively].7,23 Considering an approximate 1:2 ratio of CS to EEN 
patients within our study, we determined that a minimum sample 
size of 114 patients was required for 80% power to detect this remis-
sion outcome [two-sided alpha risk 0.05].

2.3.  Propensity-score matching
Induction therapy was selected by the treating physician and/or fam-
ily, hence patients were not randomised to treatment. Covariates 
presumed to be associated with the decision of CS or EEN treat-
ment were included in a multinomial logistic regression analysis. The 
covariates selected were gender, age, weight, height, PCDAI, disease 
location and behaviour, and presence of perianal disease. Propensity 
scores [PS] were generated automatically using SPSS [version 20.0, 
SPSS, Chicago, IL, USA], R 2.12.1 [http://cran.r-project.org], and an 
R plug-in for SPSS.24

For the matched cohort analysis, patients treated with CS were 
matched with patients treated with EEN according to the PS, using a 
1:2 matching procedure with replacement and a caliper width [ie the 
allowable standard deviation of PS] of 0.15 resulting in a relatively 
narrow difference between matched variables, as recommended.25,26 
Nearest-neighbour matching with 1:2 replacement was used in order 
to retain as many CS patients as possible, as there were fewer CS 
patients eligible for participation in this study.

2.4.  Statistical analysis
All statistical calculations were performed using IBM SPSS ver. 20.0 
and Graph Pad Prism ver. 5 software. Continuous outcome measures 
were analysed using Mann-Whitney U test or t test, as appropriate. 
Categorical data were analysed using chi-square or Fisher’s exact 
test. T tests were also used to examine differences in Htz, or change 
in Htz [ΔHtz], between groups at each time point. Repeated meas-
ures analysis of variance [ANOVA] was performed to compare Htz 
between groups over time. Kaplan-Meier survival analysis was per-
formed to evaluate time to first use of anti-TNF therapy.
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3.  Results

3.1.  Baseline characteristics of patients treated with 
CS versus EEN as induction therapy
Medical charts from 127 children with newly diagnosed CD treated 
with either EEN [n = 82] or CS [n = 45] as initial therapy were 
reviewed. Five patients who stopped CS or EEN therapy before 4 
weeks of follow-up were excluded. Following propensity-score 
matching, 111 children with CD treated with either EEN [n = 76] 
or CS [n = 35] as induction therapy remained in the matched cohort 
sample. We determined this matched cohort had 78.2% power to 
detect the remission outcomes reported in the GROWTH CD study 
[two-sided alpha risk 0.05]. Follow-up of at least 2 years was com-
pleted for 109 patients [98.2%]; follow-up data for up to 4 and 
6 years were available for 77 [69.4%] and 37 [33.3%] patients, 
respectively. The median age of diagnosis for patients in this cohort 
is approximately 12 years, thus the high rate of attrition by 4–6 years 
is attributed largely to patients transitioning into adult care.

Most CS-treated patients received prednisone [n  =  32], with 
only three patients receiving budesonide. The majority of patients 
in the EEN group were treated for 8–16 weeks and received for-
mula via nasogastric tube [n = 74]. Two patients elected to ingest 
formula orally, one of which discontinued after 6 weeks. Baseline 
clinical and phenotypic characteristics are shown in Table  1. The 
majority of both CS [62.9%] and EEN [69.7%] patients presented 

with ileocolonic [L3] disease with or without upper gastrointesti-
nal [GI] [L4] involvement (p  =  non-significant [NS]). Patient and 
clinical characteristics were comparable between the CS and EEN 
groups, with the exception of body mass index [BMI]. BMI z-scores 
at diagnosis were significantly lower in patients who initiated EEN 
versus CS [p < 0.05]. Furthermore, 17.1% patients in the EEN group 
exhibited growth failure compared with 2.9% of patients in the CS 
group [p = 0.06].

3.2.  Clinical response and remission after induction 
therapy
All patients had a PCDAI score ≥ 10 at the time of diagnosis [base-
line] before starting induction therapy. The majority of patients 
in both cohorts had moderate to severe disease activity [PCDAI 
≥ 30], with comparable frequencies of severe disease [PCDAI ≥ 40] 
[Table 1]. More than 80% of patients in both groups exhibited clini-
cal response to treatment [change in PCDAI ≥ 12.5] at 4–12 weeks 
follow-up [Figure 1A], with 86.6% of EEN-treated patients achiev-
ing remission [PCDAI ≤ 7.5] compared with 58.1% in the CS-treated 
group [p < 0.01] [Table 2 and Figure 1B].

Laboratory values for albumin, erythrocyte sedimentation rate 
[ESR], and platelets were similar between groups at baseline assess-
ment [Figure 1C]. By 4–12 weeks of therapy, EEN-treated patients 
had higher albumin levels and lower platelet levels than CS-treated 
patients. Pairwise analysis of individual changes in laboratory values 
by 4–12 weeks of therapy showed that patients in the both groups 
exhibited significant improvements in albumin and ESR levels; EEN-
treated patients also exhibited significantly reduced platelet levels.

Immunomodulator use was comparable between groups, with 
40% of CS patients and 28.9% of EEN patients starting an immu-
nomodulator within 4 weeks of starting induction therapy [Table 1]. 
Patients on concomitant immunomodulator therapy exhibited 
similar rates of remission as did patients not on immunomodulator, 
within CS- and EEN-treated groups [Figure 1D].

3.3.  Biologic use and corticosteroid avoidance
There was no significant difference between groups in the propor-
tion of patients requiring treatment with biologics, with 60% of CS 
and 44.7% of EEN patients receiving anti-TNF by the maximum 
follow-up [p = NS] [Figure 2A]. Within the first 2 years of diagnosis, 
40% of CS-treated patients received anti-TNF therapy, compared 
with 24.3% of EEN-treated patients [p = 0.09]. There was no signifi-
cant difference in the time to first use of anti-TNF therapy between 
groups [Figure 2B].

The use of EEN as initial therapy decreased the risk of expo-
sure to CS over a 6-year period, which was most pronounced at 2 
and 4 years post-diagnosis with 47.3% and 39.6% of EEN patients 
remaining steroid-naïve, respectively [Figure  2C]. Notably, the 
majority of EEN-treated patients who had not been exposed to ster-
oids by 2 and 4 years’ follow-up were also naïve to anti-TNF therapy 
[74.3% and 94.7% at years 2 and 4, respectively] [Figure 2C], For 
EEN-treated patients who were exposed to steroids by maximum 
follow-up, 50% were also treated with anti-TNF therapy. In EEN 
patients exposed to steroids and anti-TNF, 21 out of 24 [87.5%] 
received their first exposure to steroids before the start of anti-TNF 
therapy [Figure 2D].

3.4.  Linear growth outcomes
Patients in the EEN-treated group generally exhibited lower height 
z-scores at baseline [p = 0.07] [Table 1 and Figure 3A], but this dif-
ference was no longer observed by 1 year follow-up [p = 0.32], and 

Table 1.  Baseline characteristics of 111 propensity-score matched 
paediatric CD patients receiving CS or EEN as induction therapy.

CS EEN P value

n 35 76
Gender [male/female]a 9/26 28/48 0.28
Median age, y [range]a 12.2 [6.8–16.0] 11.9 [3.3–16.3] 0.17
Paris A1a [< 10 y], n [%] 7 [20] 12 [15.8] 0.29
Positive family history, n [%] 16 [45.7] 31 [40.7] 0.63
Disease location, n [%]a

  L1 3 [8.6] 7 [9.2] 0.58
  L2 4 [11.4] 4 [5.3]
  L3 12 [34.3] 20 [26.3]
  L1+L4 1 [2.9] 4 [5.3]
  L2+L4 5 [14.3] 8 [10.5]
  L3+L4 10 [28.6] 33 [43.4]
Disease behaviour, n [%]a

  B1 35 [100] 75 [98.7] 1.00
  B2 0 1 [1.3]
Perianal disease, n [%]a 4 [11.4] 3 [3.9] 0.20
Height z-score [Htz] [mean 
± SD]a

-0.01 ± 1.1 -0.44 ± 1.2 0.07

Growth failure [Htz ≤ 1.65] 1 [2.9] 13 [17.1] 0.06
BMI z-score [mean ± SD]a -0.58 ± 1.3 -1.2 ± 1.2 0.01
Clinical disease severity, PCDAI scorea

  Mild < 30 12 [34.3] 37 [48.7] 0.27
  Moderate ≥ 30 to < 40 14 [40.0] 20 [26.3]
  Severe ≥ 40 9 [25.7] 19 [25.0]
Concomitant medicationsb

  Immunomodulators 14 [40] 22 [28.9] 0.25
  5-ASA 2 [5.7] 2 [2.6] 0.59
  Antibiotics 3 [8.6] 4 [5.3] 0.68

CS, corticosteroid; EEN, exclusive enteral nutrition; y, years; SD, standard 
deviation; BMI, body mass index; PCDAI, Paediatric Crohn’s Disease Activity 
Index; 5-ASA, 5-aminosalicylic acid.

aVariables used to compute the propensity scores.
bStarted before Week 4 of induction therapy.
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linear growth remained comparable between CS- and EEN-treated 
patients at 2, 4, and 6 years’ follow-up [p = 0.24, 0.32, and 0.28, 
respectively] [Figure 3A]. Repeated measures ANOVA for over-time 

comparison of Htz between CS- and EEN-treated groups revealed 
no significant difference over the first 3 years [p = 0.10], or 6 years 
[p = 0.51] of follow-up. Notably, EEN-treated patients experienced 
significantly greater linear growth recovery than CS patients 1 year 
after diagnosis [p  < 0.01] [Figure  3B], with an average change in 
Htz [ΔHtz] of 0.09 versus -0.14 in the CS-treated patients. Indeed, 
45/74 [60.8%] EEN-treated patients showed a positive [> 0] change 
in Htz at the 1 year follow-up compared with only 14/35 [40%] CS 
patients [p = 0.06].

3.5.  Changes in disease location and behaviour
All patients had a complete endoscopic exploration [upper and 
lower GI] at the time of diagnosis. Small bowel assessments were 
performed in 102 of 111 patients, and type of examinations included 
small bowel follow-through [n = 33], indium scan [n = 77], and 

Table 2.  Comparison of clinical response and remission based on 
PCDAI in CD patients receiving CS or EEN for induction therapy.

CS EEN p-Value

PCDAI score [median ± SD]
  Baseline 30 ± 9.1 30 ± 11.6 0.43
  4–12 weeks 7.5 ± 10.2 2.5 ± 4.3 < 0.01
Response by 12 weeks [%] 80.6 89.6 0.23
Remission by 12 weeks [%] 58.1 86.6 < 0.01

CS, corticosteroid; EEN, exclusive enteral nutrition; SD, standard deviation; 
PCDAI, Paediatric Crohn’s Disease Activity Index; CD, Crohn’s disease.
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Figure 1.  Clinical response to initial treatment with CS or EEN therapy in newly-diagnosed paediatric CD patients. A. PCDAI scores of CS- or EEN-treated patients 
at baseline [BSL] and 4–12 weeks post-treatment. B. Percentage of CS- or EEN-treated patients in remission [PCDAI ≤ 7.5] at 4–12 weeks. C. Laboratory values 
for albumin, ESR, and platelets. D. Percentage of CS- or EEN-treated patients in remission treated with or without concomitant immunomodulator [IMM] within 
4 weeks of induction. ***p ≤ 0.001; **p ≤ 0.01; *p < 0.05. CS, corticosteroid; EEN, exclusive enteral nutrition; SD, standard deviation; PCDAI, Paediatric Crohn’s 
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magnetic resonance [MR] enterography [n = 8]. In total, 43 of the 
111 [38.7%] patients in our cohort already had the maximum dis-
ease extent [ie L3+L4] at diagnosis, 10 [28.6%] and 33 [43.4%] 
of whom belonged to the CS and EEN groups, respectively [Table 
1]. Of the remaining 68 patients who could therefore change CD 
location, only 43 underwent follow-up examination and the major-
ity belonged to the EEN-treated group: 13 [30.2%] CS- versus 30 
[69.8%] EEN-treated patients. Altogether, eight patients, all belong-
ing to the EEN-treated group, exhibited anatomical extension of dis-
ease by maximum follow-up [Table 3]. Three of the eight patients 
who exhibited disease extension were treated with immunomodula-
tor during the period in which they received EEN. In the majority 
of cases, extension was due to increased ileal involvement [seven 
patients L2 ➔ L3 versus one patient L1 ➔ L3], with one patient also 
developing proximal small bowel [L4] disease. Of note, one patient 
found to have ileal disease on follow-up did not have radiological 
assessment of the small bowel performed at diagnosis.

Almost all patients in our study cohort exhibited inflammatory 
[B1: non-stricturing, non-penetrating] disease behaviour at diagno-
sis; only one patient in the EEN group [1.3%] exhibited strictur-
ing [B2] behaviour. Of the remaining patients who could therefore 
progress from inflammatory behaviour and had ≥ 2 years’ follow-
up information available [n = 108], onset of stricturing behaviour 

occurred in 2/35 [5.7%] CS patients and 6/73 [8.2%] EEN patients 
[Table 3]. No patients exhibited penetrating disease [B3] by maxi-
mum follow-up.

Few patients presented with perianal disease at diagnosis 
[Table 1]. An additional six patients developed perianal disease by 
maximum follow-up, but the incidence did not differ significantly 
between CS- and EEN-treated groups [3.2% versus 7.0%, p = NS] 
[Table 3].

3.6.  Hospitalisations and surgeries
In total, 8/35 [22.9%] CS and 10/74 [13.5%] EEN patients with ≥ 
2 years’ follow-up were hospitalised for CD-related complications at 
least once [p = NS] [Table 3]. Repeated hospitalisations were uncom-
mon, with only two patients [both from the EEN group] being hos-
pitalised two or more times.

There was no significant difference in the proportion of patients 
undergoing CD-related surgery. The incidence of surgery was rela-
tively rare in our cohort, with only five patients in total [two CS and 
three EEN] undergoing surgery by maximum follow-up [p = NS] 
[Table 3]. Surgeries performed in the CS group included ileocecal 
resection and primary anastomosis, and total colectomy. Surgeries 
performed in the EEN group included two ileocecal resections and 
one surgical draining of a perianal abscess.
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Figure 2.  Biologic and steroid use in CS- and EEN-treated CD patients by maximum follow-up. A. Percentage of patients treated with CS or EEN at diagnosis 
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4.  Discussion

This is the first study examining both short- and long-term outcomes 
of EEN and CS induction therapy in a propensity-score matched 
paediatric CD cohort. Our findings add further support that EEN is 
a highly efficacious induction therapy and demonstrate that EEN is 
associated with long-term steroid avoidance, without increased risk 
for complications [including surgery] and use of biologics.

Our data show that clinical remission after EEN is superior to 
that after CS, with 86.6% versus 58.1% of patients reaching remis-
sion based on PCDAI score ≤ 7.5 within 4–12 weeks of starting 
treatment. These results compare favourably with those of the recent 
European GROWTH CD study, which reported 71% EEN patients 
versus 46% CS patients achieving remission by 12 weeks.7 Meta-
analyses of EEN in paediatric CD patients report clinical response 
rates from 60 to 85%,27,28 but remission rates as high as 92% have 
also been reported.29 Consistent with observations in the GROWTH 
CD study, the early introduction of immunomodulators in our 
cohort [which was more common in the CS group] had no clear 
effect on the rate of remission within CS- or EEN-treated groups by 
4–12 weeks.7

In addition to demonstrating a high remission rate, patients 
treated with EEN had the benefit of early growth improvement. 
Impaired growth is an important complication of CD, specific to 
the paediatric population.30 Within our study cohort, 12.6% of 
patients exhibited linear growth impairment [< -1.65 height z-score] 
at diagnosis, which falls within the 4% to 38% range of growth 
failure rates reported among paediatric CD patients at time of diag-
nosis, depending on the definition used.31,32 Despite PS matching, 
patients in the EEN group presented with lower height z-scores and 
higher frequency growth failure relative to the CS group, and had 
significantly lower BMI z-scores, which suggests that nutritional 
and growth-related concerns factor heavily into patient/clinician 
decisions to choose EEN for induction therapy. We observed that 
patients treated with EEN exhibited significantly greater improve-
ment in height z-scores than CS-treated patients by 1-year follow-
up, although this effect was not sustained over the 6-year follow-up 
period of observation. EEN has previously been demonstrated to be 
more effective than CS in inducing linear growth recovery in studies 
with follow-up periods ranging from 8 weeks to 3 months,5,33 but 
there are limited data on the long-term effects of EEN induction 
therapy on growth. Consistent with our observations, significant 
[albeit small] improvements in height z-score at 1 and 2 years have 
been reported in patients treated with EEN for induction compared 
with patients treated with CS.28,34 The early substantial improve-
ment in height gains of EEN patients may be a reflection of clini-
cal response. Linear growth patterns correlate with disease activity, 
and there is strong pathophysiological evidence that inflammation 
interferes with the growth hormone axis.31,35,36 EEN downregulates 
proinflammatory cytokines including TNF-α and IL-6, after which 
an increase in growth hormones [IGF-1 and IGFBP-3] is observed 
within 2 weeks of treatment.37 Thus, our results further support that 
the combination of nutritional supplementation and anti-inflam-
matory effect of EEN is associated with short-term improvement 
in linear growth relative to CS therapy.8 Importantly, EEN may 
also influence growth recovery in paediatric CD patients by limit-
ing chronic CS exposure, which is a significant contributing factor 
toward growth failure.

It has been suggested that although EEN is an effective substitute 
for CS as an induction therapy, EEN results in only a short-term 
delay in the inevitable use of CS.38 Our study and others support a 
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Figure  3.  Comparison of linear growth outcomes between CS- and EEN-
treated CD patients. A. Height z-scores [Htz] of patients treated with CS or 
EEN at diagnosis and 1,2, 4, and 6 years’ follow-up. B. Changes in height 
z-scores [ΔHtz] relative to baseline assessment in patients treated with CS or 
EEN at 1, 2, 4, and 6 years’ follow-up. Data are shown as mean ± standard 
error of the mean [SEM]. **p < 0.01. CS, corticosteroid; EEN, exclusive enteral 
nutrition; CD, Crohn’s disease.

Table 3.  Comparison of long-term disease progression and com-
plications at maximum follow-up between CS- and EEN-treated CD 
patients.

CS EEN p-Value

Anatomical extension, 
n [%]a

0 [0.0] 8 [26.7] 0.08

Onset of perianal disease, 
n [%]b

1 [3.2] 5 [7.0] 0.66

Onset of stricturing 
behaviour, n [%]c

2 [5.7] 6 [8.2] 1.00

Hospitalisation, n [%] 8 [22.9] 11 [14.8] 0.42
Surgery, n [%] 2 [5.7] 3 [4.1] 0.66

CS, corticosteroid; EEN, exclusive enteral nutrition; CD, Crohn’s  
disease.

aPatients with maximal disease extension at diagnosis and/or did not 
undergo follow-up endoscopic/radiological assessments were not included.

bPatients with perianal disease at diagnosis were not included.
cOne patient presenting with stricturing behaviour at diagnosis was not 

included.
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more optimistic view towards EEN as an approach to CS avoidance: 
over 40% of EEN-treated patients in our cohort remained steroid-
naïve for at least 4 years, and a recent study reported that > 60% 
EEN-treated children avoid CS completely over a 2-year period.28 
Factors contributing to steroid avoidance are unclear. Patients may 
be inclined to return to familiar therapies to treat disease flares, as 
was observed in a recent study wherein 82% of children treated with 
EEN for induction subsequently elected EEN for relapse.39,40 In addi-
tion, the choice of EEN as an induction therapy at the outset may 
reflect a strong desire by patients/patient families to avoid the use of 
CS. Steroid dependency is a frequent complication in paediatric CD. 
A  large paediatric cohort study of steroid-treated patients showed 
that a significant portion of steroid dependence [< 25%] is associ-
ated with younger age at diagnosis [< 10.7 years] and co-existing 
upper GI tract involvement, suggesting that children with these fea-
tures could be potentially targeted for steroid-sparing therapies such 
as EEN.41 Moreover, concomitant use of immunomodulators was 
associated with reduced risk of steroid dependency in this cohort.41 
Clearly, a logical approach to avoid steroid dependence may be to 
choose an alternative to CS as induction therapy.

Our study shows that long-term steroid avoidance via EEN is 
feasible without increased need for escalation to anti-TNF therapy. 
The majority of patients in the EEN-treated group who remained 
steroid-naive by 2 and 4 years had also not been exposed to anti-
TNF, indicating that early anti-TNF use could account for only a 
minor portion of steroid avoidance in this group.42 Most patients 
in our cohort [and in both EEN and CS groups] had moderate 
to severe active CD [PCDAI ≥  30] at diagnosis, and both groups 
required escalation of therapy [44% versus 60% from EEN and 
CS groups, respectively] by the maximum follow-up. We observed 
a trend towards delayed escalation to anti-TNF in the EEN group 
by 2 years, but this was not statistically significant. This slight delay 
in introducing anti-TNF may relate to the superior ability of EEN 
to induce early mucosal healing, and could suggest that less severe 
ongoing disease in the EEN-treated group postpones the need for 
more aggressive therapy.9,43

We observed a change in disease location, namely extension 
towards the ileum, in a subset [n  =  7] of EEN-treated patients. 
Previous paediatric cohort studies have reported extension toward 
ileal disease in approximately 20% of childhood-onset CD patients,2 
and suggest that delayed ileal involvement in patients presenting 
with isolated colonic disease [L2] is a feature of paediatric CD that 
reflects age at onset.44 L2 disease is a relatively rare phenotype within 
paediatric CD,2 and the numbers of patients with an L2+/-L4 phe-
notype in this study are small [n = 9 CS, n = 12 EEN]. Due to the 
limited sample size of patients eligible to exhibit ileal extension, and 
the lack of follow-up endoscopies/imaging investigations, we inter-
pret the apparent lack of disease extension in CS-treated patients as 
a false-negative effect.

The current study is limited by the retrospective design. The com-
parative groups were matched based on propensity scores and not 
allocated randomly; therefore, it is possible that unknown variables 
contribute to patient stratification beyond the PS-matching criteria. 
Various factors, including patient choice, could contribute to the 
use of one therapy over another. Furthermore, whereas this study 
is adequately powered to replicate findings from the GROWTH CD 
study, the sample size is not large enough to avoid type II error for 
rare outcomes. Our cohort exhibited a low rate of adverse long-term 
outcomes, including hospitalisation or surgical resection, which is 
likely a reflection of the very low incidence of complicated disease 
at presentation [< 1%]. That said, a recent study of 1- and 2-year 

outcomes following EEN versus CS induction therapy, also reported 
no difference in early surgical outcomes between groups.45

In conclusion, despite limitations related to the retrospective 
study design, the current study demonstrates that the use of EEN as 
initial induction therapy leads to high rates of remission, improved 
linear growth, and long-term avoidance of steroids. Our data do not 
suggest that these outcomes are achieved due to greater use of anti-
TNF. More studies are needed to identify which patients will benefit 
most from early treatment escalation versus those who will benefit 
most over the long-term from nutrition-focused intervention.
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