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Abstract

Background: Corticosteroids (CS) have been used extensively to induce remission in Crohn’s disease 
(CD); however, they are associated with severe side effects. We hypothesized that the administration 
of an exclusive enteral nutrition (EEN) formula to CS would lead to increased CD remission rates and 
to decreased CS-related adverse events. We proposed to undertake a pilot study comparing EEN and 
CS therapy to CS alone to assess decrease symptoms and inflammatory markers over 6 weeks.
Aim: The overall aim was to assess study feasibility based on recruitment rates and acceptability of 
treatment in arms involving EEN
Methods: The pilot study intended to recruit 100 adult patients with active CD who had been pre-
scribed CS to induce remission as part of their care. The patients were randomized to one of three 
arms: (i) standard-dose CS; (ii) standard-dose CS plus EEN (Modulen 1.5 kcal); or (iii) short-course 
CS plus EEN.
Results: A total of 2009 CD patients attending gastroenterology clinics were screened from October 
2018 to November 2019. Prednisone was prescribed to only 6.8% (27/399) of patients with active CD 
attending outpatient clinics. Of the remaining 372 patients with active CD, 34.8% (139/399) started 
or escalated immunosuppressant or biologics, 49.6% (198/399) underwent further investigation and 
8.8% (35/399) were offered an alternative treatment (e.g., antibiotics, surgery or investigational agents 
in clinical trials). Only three patients were enrolled in the study (recruitment rate 11%; 3/27), and the 
study was terminated for poor recruitment. 
Conclusion: The apparent decline in use of CS for treatment of CD has implications for CS use as an 
entry criterion for clinical trials.
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Background
Crohn’s disease (CD) is characterized by gastrointestinal (GI) 
tract inflammation, leading to diarrhea, pain and rectal bleeding 
(1). The pathophysiology of CD is not well understood, but a 
dysregulated immune response to altered microbiota may play a 
key role (2). Treatment of CD requires a multi-disciplinary ap-
proach involving medical therapy, surgery and dietary changes 
(3,4). Corticosteroids (CS) are a first-line therapy to induce re-
mission in CD patients with moderate or severe disease activity 
(5); however, they have significant adverse effects and 30% of 
patients may be steroid resistant or become steroid-dependent 
(6,7). Therefore, alternative therapies that can induce and 
maintain disease remission without short- and long-term side 
effects are needed.

Exclusive enteral nutrition (EEN) involves a liquid diet of ele-
mental or polymeric formula (PF), given exclusively over a pro-
longed period (8,9). Elemental formula contains individual amino 
acids, while PF provides intact proteins (10). Although EEN is 
used in children as an alternative to CS to induce remission due to 
its excellent safety profile (10), and varies by region in routine use 
as more common in Japan (11) and Western Europe compared 
to North America (12). The lack of use in adults is mainly due to 
physicians’ concern regarding efficacy of EEN or PF in adults (8) 
and patients’ poor adherence on account of palatability (13).

The beneficial effects of EEN in CD were first documented 
over two decades ago, when O’Moráin et al. (14) reported on a 
controlled study in which an elemental diet was as effective as 
CS in achieving remission in adults with active CD. In partic-
ular, EEN was shown to induce the expression of growth factors, 
promote changes in intestinal permeability and stimulate mu-
cosal healing (14,15). Since then, several studies aimed to in-
vestigate this area. Meta-analyses of EEN versus CS have found 
that, although CS are superior to EEN in inducing remission 
in adults, EEN may also have some efficacy in mucosal healing 
(16) and provides additional nutritional benefit (17,18).

Potential mechanisms by which EEN might act include rel-
ative bowel rest, reduced antigenic load, provision of trophic 
amino acids, local anti-inflammatory effects and modifica-
tion of gut microbiota (17,18). However, there is limited evi-
dence to fully support any one of these mechanisms. A recent 
meta-analysis (8) showed that the effects of the therapeutic 
formula on specific bacterial strains were variable and incon-
sistent among studies, possibly due to small sample sizes and 
methodological limitations. Our preliminary data showed that 
short-term dietary changes improve motility in patients with 
low-grade gut inflammation (19). However, the effects of EEN 
on GI transit in adults have not been yet investigated.

Evidence for the effect of EEN on quality of life, a key patient-
reported outcome, is particularly scarce. Guo et al. (20) found 
an improvement of quality of life in 13 patients with CD re-
ceiving EEN for 6 weeks. However, it is currently unknown 
whether EEN is more effective than CS, or EEN in combination 

with CS provides incremental improvement in quality of life 
compared with CS alone.

The potentially synergistic effects of adding EEN to CS 
therapy have not been explored before. Previous studies 
evaluating the use of EEN and CS in adults experienced high 
dropout rates, suggesting low acceptability for these treatments 
and more randomized trial evidence is needed (8). Therefore, 
we designed a pilot randomized controlled trial to investigate 
the feasibility of a study assessing the effect of EEN in addition 
to different regimes of CS therapy (ECS) compared to CS alone 
(CS), for decreasing disease activity and adverse events in adult 
patients with CD. We anticipated that a study to prove efficacy 
of ECS over CS alone would add 10% to 20% benefit and would 
require a large population. A  better understanding of recruit-
ment rates and acceptability of treatment in arms involving 
EEN would provide information to plan a larger study.

METHODS
We initiated a pilot open randomized controlled trial to assess 
the additional value of EEN to CS. The study was approved 
by the Hamilton Integrated Research Ethics Board and all 
participants signed informed consent. The study was registered 
in ClinicalTrials.gov Identifier: NCT03833596. Subjects were 
recruited from McMaster University Medical Centre (MUMC) 
Digestive Diseases Clinic, St. Joseph’s Healthcare Centre, the GI 
Health Centre (Burlington, ON) and the Brampton Endoscopic 
Centre (Brampton, ON), and by recruitment flyers posted at 
McMaster University Medical Centre, Juravinski Hospital and 
St. Joseph’s Healthcare Hamilton (all in Hamilton, ON).

Participants
Adult patients were eligible for enrolment if they had a diagnosis 
of CD with clinical evidence (Crohn’s Disease Activity Index 
[CDAI] (21) > 220 or Harvey–Bradshaw Index [HBI] (22) > 
6), endoscopic evidence or biochemical evidence (C-reactive 
protein [CRP] > 5 mg/L and/or fecal calprotectin > 250 mg/L) 
of disease activity sufficient to require prednisone to induce re-
mission. Exclusion criteria included treatment with EEN, evi-
dence of intestinal obstruction, perforation, toxic megacolon, 
massive GI bleeding, abdominal abscess, stricturing disease, 
short bowel (remnant small bowel <180  cm), treatment with 
prednisone, probiotics or antibiotics in the last 30 days, a new 
treatment or change in doses of azathioprine, 6-mercaptopurine, 
cyclosporine, other immunosuppressant or biologics in the 
last 90  days, a new start or change in dose of 5-aminosalicylic 
acid in the last 30 days, pregnancy or lactation or other criteria 
considered by the investigator to preclude the use of EEN.

Aims
The primary aim was to assess study feasibility based on re-
cruitment rates and acceptability of treatment in arms involving 
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EEN. The primary efficacy aim was to explore the efficacy of 6 
weeks of ECS in inducing remission (CDAI < 150) compared 
to treatment with CS alone in adult patients with active CD. 
Additional, exploratory secondary aims were to determine 
the beneficial effect of 6 weeks of ECS as compared to CS in 
inducing: (i) clinical improvement (decrease in CDAI >70 at 
two consecutive visits) (23); (ii) improvement in quality of life 
(increase in short Inflammatory Bowel Disease Questionnaire 
[IBDQ] scores); (iii) biochemical remission (normalization of 
either serum CRP and/or fecal calprotectin); (iv) changes in mi-
crobiota composition (16S sequencing Illumina); (v) normaliza-
tion of colonic transit (SHAPE 5 or less markers) among those 
with altered transit at baseline; and (vi) decrease in anxiety and/
or depression scores (decrease >2 points Hospital Anxiety and 
Depression [HAD]-A and/or HAD-D scores).

Study Design
The study involved four visits to the hospital in a period of 10 
weeks (Figure 1). Patients were recruited from different centres 
affiliated to the co-investigators, and visits occurred at the 
McMaster University Medical Centre. At the screening visit, clin-
ical history and symptoms were assessed and physical examina-
tion and complete bloodwork were performed. Participants were 
provided with kits to collect stool and Sitzmark capsules and 
instructions for SHAPE study (24). At baseline, patients pro-
vided a stool sample for fecal calprotectin and microbiota anal-
ysis and were randomized to one of the following treatments: 
(i) standard-dose CS (CS; taper from 40  mg/day prednisone 
over 8 weeks) + regular diet; (ii) standard-dose CS plus EEN 
using Modulen 1.5 kcal (ECS); or (iii) short-course CS (taper 
over 16 days) + EEN (S-ECS) (Figure 1). Six weeks later (visit 
3), patients completed questionnaires to assess symptoms and 
quality of life. Blood and stool samples were collected and a 
SHAPE study was performed at this visit after treatment. Patients 
on EEN in the ECS and S-ECS arms were instructed to gradually 
decrease the EEN and reintroduce foods (Supplemental Figure 
1) after visit 3. In the last visit (visit 4; 4 weeks after end of treat-
ment), we collected stool samples and information on symptoms.

Randomization Process
The sequence of the treatments was randomly generated using a 
computer-based pseudo-random number generator (RStudio: 
Integrated Development for R. RStudio, Inc., Boston, MA). A 
research coordinator not involved in the study performed the 
randomization process treatment allocation concealment was 
maintained from participants and study staff. Treatment was 
not blinded for patients or study staff.

Intervention
Patients randomized to the ECS and S-ECS arms received 
hypercaloric PF (Modulen 1.5 kcal/mL; Nestlé (25,26)) 
as sole source nutrition for 6 weeks. To increase palatability, 

patients were allowed to add the ‘Nestlé Nutrition Flavour 
Mix’. Daily volumes of formula were prescribed based upon the 
patient’s estimated energy requirement, calculated using the 
Harris-Benedict equation (27) (calculator available at https://
manytools.org/handy/bmr-calculator), which estimates basal 
metabolic rate from weight and height and then applies an ac-
tivity factor (AF) which ranges from 1.2 to 2.4 (sedentary AF 1.2; 
mild activity 1.375, moderate activity AF 1.55, heavy activity AF 
1.7, extreme AF 1.9; see Supplementary Table 1). Actual body 
weight or ideal body weight for height were used in the equation 
depending on whether the patient was of an appropriate weight 
or underweight for height. Oral administration was encouraged 
wherever possible, with formula volume taken at set meal and 
snack times throughout the day. Volume taken per meal and dis-
tribution during the day were recorded in the case report form. 
Only clear fluids were allowed during the study period. Vitamins 
and supplements were allowed if doses have been stable before 
entering in the study, and doses are not changed during the study.

Patients in regular CS arms received oral prednisone 40 mg × 
day for 2 weeks; with subsequent taper of daily dose by 5 mg per 
week. Patients randomized to S-ECS arm received oral predni-
sone 40 mg daily for 3 days and tapered over 16 days (Figure 1).

Following the completion of the period of EEN feeding, 
patients receiving EEN were instructed to gradually reintroduce 
foods by adding one individual item every 2 days as shown in 
Supplementary Figure 1 (28,29) with instructions for food in-
troduction with coincident reduction of formula volumes under 
the supervision of a clinician certified in nutrition support.

The subjects were asked to keep the empty EEN cans and 
prednisone blister packs during the entire treatment period and 
bring them back to the investigator at the end of that period. 
Adherence was recorded in the case review form (CRF). Patients 
consuming <80% of the prescribed treatment dose throughout 
the study, or those who interrupted therapy for more than three 
consecutive days were considered to be non-adherent.

Measurements
Clinical data regarding demographics, disease location, social 
life and habits, past and current clinical medical background, 
previous surgeries, nutritional status (malnourishment, weight/ 
height) were collected in the CRF.

Blood was collected in the central laboratory to assess for 
CRP, erythrocyte sedimentation rate, as well as complete blood 
count, platelets, albumin and micronutrients (vitamins A, B12 
and D, zinc, copper, chromium).

Disease activity was calculated based on CDAI (21) score and 
biochemical activity was estimated based on fecal calprotectin 
(30) and CRP.

Quality of life was assessed using the short form of the IBDQ 
(SIBDQ) (20), anxiety and depression using the HAD score 
(31) and Beck Depression Inventory (32) and nutrition using 
the Subjective Global Assessment (33).
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Gastrointestinal transit (colonic transit: SHAPE study and 
orocecal transit (24,34)) for which the patient took one capsule 
containing 24 radiopaque markers, and had an x-ray on day 5, 
following standard protocol (34), where six or more markers 
indicate delayed transit, therefore less than or equal to five was 
considered normalization of colonic transit.

Microbiota analysis was performed using Illumina 
sequencing of the V3 region of 16S ribosomal RNA (rRNA) 
gene as described previously (17).

All adverse events occurring during the study were reported 
and recorded whether or not they were considered to be non-
serious, serious and/or related to the treatment (Supplementary 
Table 2).

Statistical Analysis
There is no previous estimate of the effect of ECS compared 
to CS alone in inducing symptomatic improvement and asso-
ciated changes in gut microbiota composition. Therefore, for 

Figure 1. Study design and description of corticosteroids regimes involved in the study.
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this pilot study, a sample size of 30 patients per arm (35,36) was 
considered sufficient to estimate the results and allow us to plan 
for a future larger study; we planned to recruit 10 additional 
patients to account for drop-outs. We intended to perform anal-
ysis as intention-to-treat (for primary efficacy outcome) and 
per protocol (excluding patients non-compliant with EN). The 
results were expressed as n (%), mean (SD) or median (IQR) as 
appropriate. ANOVA using IBM-SPSS (v21, Chicago, IL) was 
planned to assess differences between groups.

RESULTS
The screening process for potential candidates started in 
October 2018 at McMaster University Medical Centre and was 
subsequently rolled out to the other centres (Supplementary 
Table 3). In 1 year, we pre-screened 11,757 patient visits of which 
2332 were for patients with CD. Of these, 323 did not attend 
their appointment and they were not, therefore, approached 
for the study. Of the remaining 2009 CD patients, 399 had ac-
tive CD and, of these, 27 (6.7%) were prescribed prednisone 
in the clinic (Figure 2). Additional 67 patients were already on 
prednisone for more than 5 days before they were approached, 
and therefore, they were not offered participation in the study. 
These patients were prescribed prednisone at the emergency 
department (n  =  34), at the ambulatory clinic by a gastroen-
terologist before screening started (n  =  8), at the endoscopy 
unit immediately after colonoscopy (n  =  5); or by the family 
doctor (n = 6). Seven patients were already steroid-dependent 
and additional seven patients were on prednisone due to other 
diagnoses, such as pyoderma gangrenosum, Addison’s disease, 
or other autoimmune conditions.

Thirteen out of 27 patients prescribed with prednisone in the 
clinic were eligible for the study, and 10 of 13 patients refused 
participation as they were not willing to take the prednisone 
(n = 4), could not commit to completing the study procedures 
(n  =  3) or were not willing to take EEN (n  =  3). Five out of 
these 10 patients were started on EEN after refusing participa-
tion in the study.

Three patients out of the 13 (25%) were ultimately enrolled 
in the study (Table 1) and, of these, only one finished the study 
period. One patient dropped out due to the need for surgery 
and antibiotics for a complicated abscess, and the other re-
quired rescue therapy. The only patient who finished the study 
reported resolution of symptoms after 6 weeks of EEN and a 
standard course of prednisone (Supplementary Table 4 and 
Supplementary Figure 2).

Tools to Improve Recruitment Rates
During the 1-year recruitment period, we implemented dif-
ferent techniques and tools to improve recruitment rates. The 
research coordinator was available on site for 90% of the gas-
troenterology and inflammatory bowel disease (IBD) clinic 

days. In order to increase our catchment area, we invited 
gastroenterologists from other centres to collaborate with 
the study. We sent e-mails as a reminder of the study recruit-
ment to all co-investigators and attended rounds to approach 
gastroenterologists and residents. We distributed flyers, 
designed informative brochures for patients and developed 
a study webpage to promote the study. We identified that 
a proportion of patients were prescribed prednisone in the 
emergency department or during admission to hospital, and 
therefore, we amended the protocol to allow participation by 
those patients for whom prednisone had been prescribed for 
less than 3 days (Supplementary Table 3).

Despite all of these efforts, recruitment rates remained very 
low and therefore, we considered the study non-feasible after 
1 year.

Discussion
We aimed to assess the feasibility of a study on the effects of 
adding EEN to CS to increase rates of remission and decrease 

Overall population (patients
attending GI clinic from

10/2018-2019)
(N=11757)

Excluded: Not CD diagnosis
N=9425

Overall Crohn’s disease
(n=2332)

Crohn’s disease
(n=2009)

Excluded: No show/cancelled
appointment
N=323

Excluded:
1-Remission (n=986)
2-Other exclusion (n=624)

Active Crohn’s disease
(n=399) Excluded:

1-New treatment started or
change dose of medications
(n=139)
2-No treatment/Further tests
requested (n=198)
3-Other exclusion (antibiotics,
surgery, FMT, other study)
(n=35)

Active Crohn’s disease
prescribed prednisone

(n=27)

Active Crohn’s disease
enrolled
(n=3)

Excluded:
1-New treatment started or
change dose of medications
(n=14)
2-Refused participation (n=10)

Figure 2. Prisma flowchart patient recruitment. 
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adverse events compared with CS alone, and we demonstrated 
this study was non-feasible due to very low rates of recruitment.

In this pilot study, we aimed to mimic a future trial with the 
overall aim to assess the feasibility rather than the effectiveness 
of a study protocol (37–39). Although our primary aim was 
to assess the feasibility of recruitment, retention and interven-
tion adherence, we also intended to advance scientific inquiry 

related to intervention safety, appropriate dose of CS to induce 
remission and potential treatment effect (39).

We have determined that a study involving CS and EEN is 
non-feasible due to poor recruitment. Patient recruitment is 
challenging for research studies. Indeed, an assessment of over 
500 research protocols revealed that the most frequent setback 
in the completion of these studies was patient enrolment, with 
44.3% of studies reporting this problem (40). A 2015 analysis of 
2579 clinical trials in multiple diseases found that 19% of trials 
were either terminated for failed accrual or completed with less 
than 85% expected enrolment (41). Moreover, recruitment 
into IBD trials has been proven to be challenging, (42) espe-
cially in investigator-initiated trials, due to great competition of 
industry-sponsored trials, insufficient sites, study design with 
restrictive inclusion/exclusion criteria or patient preferences 
(43). A  2012 survey by Ravikoff et  al. (43) found that 32% 
of IBD patients at a tertiary centre were not interested in 
participating in therapeutic trials. In our study, we encountered 
similar rates with 37% (10/27) of active CD patients who were 
prescribed prednisone declining to participate, and the ma-
jority refused to take prednisone. Another factor is the acces-
sibility of multiple approved biologic therapies on the market, 
which is a change from a time when only infliximab was avail-
able for patients (44). We found the principal challenge for re-
cruitment in our study was related to changes in prescription 
practices in recent years, with a major trend to avoiding corti-
costeroid therapy in clinical practice, especially in outpatient 
setting. Overall, CS were prescribed in less than 25% of our CD 
patients, and the majority of those prescriptions were provided 
in the emergency department. During the screening process, 
we have explored prescription practices in gastroenterology 
and IBD specialized clinics, and with the new era of biologic 
therapies, gastroenterologists from tertiary centres have con-
siderably decreased the prescription of CS therapy. There is 
increased awareness and reluctance on the part of physicians to 
prescribe and patients to take CS due to the associated adverse 
events; therefore, studies requiring prescription of CS therapy 
may no longer be feasible. There was no alternative to CS in 
our study, and this may have contributed to low rates of accept-
ance for participation. Similar findings were recently published 
by Selinger et  al. (45), reporting a dramatic reduction in ste-
roid prescription in CD patients, especially in tertiary centres 
from 2015 to 2017. Thus, they propose low steroid use as a key 
performance indicator or quality improvement. In a similar di-
rection, a recent work in pediatric patients in Switzerland (46) 
found a significant earlier initiation of anti-tumour necrosis 
factor alpha agents (anti-TNFα) in the past decade with con-
comitant steroid-sparing effect in CD patients.

We found a high proportion of patients in whom CS was 
prescribed were excluded due to other reasons; this suggests 
an additional limitation related to the restrictive exclu-
sion criteria for enrolment in the study. However, exclusion 

Table 1. Baseline characteristics of patients enrolled

ECS S-ECS CS

Number of  
participants (n)

1 1 1

Age, years 57 25 23
Gender Male Male Female
Smoking No No No
BMI 19.8 20.8 17.1
Subjective global  

assessment 
B A B

Location of CD Ileocolonic Ileocolonic Ileocolonic
Years of diagnosis 7 12 1
Previous surgery Yes No No
Prior treatment failure
 Immunosuppressants Yes Yes No
 Biologics No No No
Hospitalization  

last 6 months
No No Yes

Hb 85 126 90
Albumin 31 31 22
CRP 5.8 42 25
Fecal calprotectin 6932 693 707
Vitamin A 1.2 0.9 0.8
Vitamin D 18.3 14.5 51
Vitamin B12 269 233 182
Chromium 2.1 2.7 7.7
Copper 18.1 2.7 –
Zinc 8.6 8.6 5.7
SHAPE markers 1 0 0
Beck (depression) 15 22 27
CDAI 447 261 440
SIBDQ score 3.6 3.2 2.1
HAD score–anxiety 10 11 6
HAD score–depression 8 7 11
Volume Modulen  

(mL/day)
1893 2578 0

Study finished Yes No No

BMI, Body mass index; CD, Crohn’s disease; CDAI, Crohn's Disease 
Activity Index; CRP, C-reactive protein; CS, corticosteroids; ECS, ex-
clusive enteral nutrition (EEN) + CS arm; HAD, Hospital Anxiety and 
Depression score; S-ECS, short-course-CS + EEN arm; SIBDQ, Short 
form of the Inflammatory Bowel Disease Questionnaire.
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criteria were carefully planned to avoid confounders, and 
therefore, omitting them would reduce the validity of the 
findings. Regardless, a retrospective analysis of our screened 
patients suggests that less restrictive criteria would not have 
been sufficient to recruit the intended population in the 
period of time proposed.

After participants were enrolled, we strategically planned to 
contact and motivate participants to improve retention (47); 
however, retention rates in our study were poor. Two out of 
three enrolled patients dropped out from the study due to ad-
verse events; however, these were related to complications of 
the underlying disease rather than to the intervention. The 
participants enrolled in the study had severe disease activity 
based on CDAI, which may have contributed to the increased 
rates of complications. However, restricting the inclusion 
criteria to non-severe cases would have decreased recruitment 
rates even more and limited the generalizability of results.

Finally, it is unclear if the implications for study recruit-
ment are limited to nutrition studies or may be relevant to 
other therapies. A recent study found that a CD exclusion diet, 
combined with supplemental enteral nutrition (SEN), was 
similar to EEN for inducing remission in children with mild/
moderate CD (48). This raises the possibility that SEN may be 
as effective as EEN and more tolerable; however, this finding 
has not been reproduced in adults or in patients with mod-
erate/severe disease requiring CS (48). We found 23% of el-
igible patients refused participation related to the EEN, which 
seems a lower rate compared to previous studies, which quote 
as high as 39% (8,49). Although this could suggest a trend to 
increased acceptance of the use in EEN in adult population, 
this may not necessarily apply to pediatric population and fu-
ture studies may be helpful to determine the generalizability of 
our findings.

In conclusion, our study suggests that studies requiring CS 
prescription alone may no longer be feasible. The addition of 
EEN may be an additional barrier to recruitment; however, this 
was not a major obstacle in our study as a lower proportion of 
patients refused participation on the basis of EEN compared 
to prior studies. Due to current changes in clinical practice and 
rarity of CS prescription alone, a larger study with this design 
is discouraged. In the era of increasing early use of biologic, a 
future study looking at the incremental value of EEN or PEN 
to biologic agents could be considered. Future studies should 
focus on improving efficacy and decreasing adverse events of 
currently prescribed therapies; and studies evaluating the addi-
tion of EEN or other nutritional support to current therapies 
should be encouraged.
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Supplementary data are available at Journal of the Canadian 
Association of Gastroenterology online.
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