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Abstract

Background & Aims: We aim to provide guidance for medical treatment of luminal Crohn’s disease 
in children. 
Methods: We performed a systematic search of publication databases to identify studies of med-
ical management of pediatric Crohn’s disease. Quality of evidence and strength of recommendations 
were rated according to the GRADE (Grading of Recommendation Assessment, Development, and 
Evaluation) approach. We developed statements through an iterative online platform and then final-
ized and voted on them. 
Results: The consensus includes 25 statements focused on medical treatment options. Consensus 
was not reached, and no recommendations were made, for 14 additional statements, largely due to lack 
of evidence. The group suggested corticosteroid therapies (including budesonide for mild to moderate 
disease). The group suggested exclusive enteral nutrition for induction therapy and biologic tumor 
necrosis factor antagonists for induction and maintenance therapy at diagnosis or at early stages of se-
vere disease, and for patients failed by steroid and immunosuppressant induction therapies. The group 
recommended against the use of oral 5-aminosalicylate for induction or maintenance therapy in pa-
tients with moderate disease, and recommended against thiopurines for induction therapy, cortico-
steroids for maintenance therapy, and cannabis in any role. The group was unable to clearly define the 
role of concomitant immunosuppressants during initiation therapy with a biologic agent, although 
thiopurine combinations are not recommended for male patients. No consensus was reached on the 

Journal of the Canadian Association of Gastroenterology, 2019, 2(3), e35–e63
doi: 10.1093/jcag/gwz018

Original article



role of aminosalicylates in treatment of patients with mild disease, antibiotics or vedolizumab for in-
duction or maintenance therapy, or methotrexate for induction therapy. Patients in clinical remission 
who are receiving immunomodulators should be assessed for mucosal healing within 1 year of treat-
ment initiation. 
Conclusions: Evidence-based medical treatment of Crohn’s disease in children is recommended, 
with thorough ongoing assessments to define treatment success.

Keywords:  GRADE; Inflammatory Bowel Diseases; IBD; TNF

While inflammatory bowel disease (IBD) has become a global 
disease, the incidence and prevalence of both pediatric- and 
adult-onset IBD in Canada remain among the highest world-
wide.1,2 Canadian data suggest that the incidence may have 
stabilized among adults, but continues to increase in children, 
reaching 9.68 (95% confidence interval [CI], 9.11–10.25) per 
100,000 children under age 16 years for the period 1999–2010.2 
Although the highest percentage increases in incidence were 
among children aged younger than 5  years at time of diagno-
sis, pediatric-onset IBD still develops most commonly in ado-
lescence.2 Crohn’s disease (CD) predominates over ulcerative 
colitis, accounting for 65.6% of pediatric IBD based on national 
administrative data up until 2010,2 and occurring in 62% of 
1146 children in the Canadian Children IBD Network incep-
tion cohort study.3

Pediatric CD encompasses a heterogeneous spectrum of phe-
notypic features (as recognized by the Paris modification of the 
Montreal classification4), disease severity, and treatment re-
sponsiveness. Intestinal healing, rather than symptom control 
alone, has become an important therapeutic goal.5 This may be 
especially important in young patients, given the potential for 
growth impairment as a direct effect of persistent chronic in-
flammation6,7 and their long lives ahead, during which disease 
complications may occur. Mucosal healing became a realistic 
goal for patients with the advent of monoclonal antibodies 
directed against tumor necrosis factor (TNF)-α. As alternate 
pathway biologic agents and new small molecule therapies 
emerge, it behooves clinicians to recommend treatment of pe-
diatric CD based on critical evaluation of efficacy and safety. 

Choice of treatment for active pediatric CD must always be 
made with a maintenance strategy in mind.

When the pediatric consensus group met in October 2017, 
the most recent consensus guidelines for the treatment of CD 
in pediatric patients were those from the European Society of 
Pediatric Gastroenterology, Hepatology and Nutrition and 
the European Crohn’s and Colitis Organization published 
in April 2014, which incorporated data published until June 
2013.8 The Canadian Association of Gastroenterology (CAG) 
has established infrastructure for the development of con-
sensus clinical practice guidelines,9 but to date has focused 
on adult patients, including consensus guidelines for both lu-
minal and fistulizing CD. Given the increasing prevalence of 
pediatric CD, the challenges specific to young patients, and the 
uncertainties around treatment choices, the Canadian Children 
IBD Network partnered with CAG to systematically review the 
literature relating to the medical management of luminal CD 
and to develop specific recommendations for pediatric patients.

Methods
Scope and Purpose
This guideline focuses on the medical management of lu-
minal CD in pediatric patients, and does not specifically ad-
dress the diagnostic evaluation of luminal CD, the role of 
surgical management, growth monitoring, social and psy-
chological interventions, and preventative health measures, 
such as vaccinations. Specific questions pertaining to the 
medical management of luminal CD in pediatric patients 
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were developed by the steering committee (DM, AG, EIB, 
JC, JD, and JM) and GRADE (Grading of Recommendation 
Assessment, Development, and Evaluation) experts (PM, FT). 
Recommendations were developed by all members of the group 
at a face-to-face meeting in October 2017.

Definitions Used in Framing Questions
Disease activity
The categories of disease activity discussed in this guideline 
(mild to moderate and moderate to severe active CD) were de-
fined in many clinical trials according to the Crohn’s Disease 
Activity Index in studies involving adult patients or the Pediatric 
Crohn’s Disease Activity Index in studies involving children. 
Therefore, in general, descriptions of activity in this document 
reflect Crohn’s Disease Activity Index or Pediatric Crohn’s 
Disease Activity Index scores, as described in the evidence.

Outcomes
Clinical remission was consistently chosen as the primary out-
come in the statements because of knowledge that until recently 
“clinical remission” (usually defined by a multi-item measure of 
disease activity) has been the primary end point in clinical trials 
assessing treatment efficacy.

Evidence of efficacy of specific treatments in achieving mu-
cosal healing is limited, therefore, “complete” or “deep” re-
mission (clinical remission plus mucosal healing) was not the 
chosen primary outcome in this guideline. Mucosal healing, 
however, is increasingly replacing “clinical remission” as a treat-
ment target for adults and children with IBD.5 Such healing has 
been associated with sustained clinical remission and a reduced 
need for hospitalization and surgery.10–12 Statements regarding 
the importance of evaluating mucosal healing in pediatric 
patients achieving clinical remission were therefore discussed, 
despite the limitations of existing data precluding its choice as 
a primary outcome.

Clinical response was defined as reduction in symptoms 
determined by clinically meaningful changes in a multi-item 
measure of disease activity, in the absence of complete resolu-
tion of symptoms.

Sources and Searches
A systematic search of the literature relevant to the selected 
questions from January 2000 to June 2017 was conducted by 
the Editorial Office of the Cochrane Upper Gastrointestinal 
and Pancreatic Diseases Group at McMaster University using 
MEDLINE, EMBASE, Cochrane Central, and Cochrane da-
tabase of systematic reviews. Key search terms included pe-
diatric, Crohn’s, antibiotic, 5-aminosalicylate, corticosteroid, 
anti-tumour necrosis factor, thiopurine, methotrexate, vedolizumab, 
ustekinumab, and enteral nutrition. The search was limited to 
human studies and English publications; additional details of 

the search strategies utilized are provided in the Supplementary 
Material Appendix 1.

The consensus process was facilitated by the CAG via a 
web-based consensus platform (ECD Solutions, Atlanta, 
GA). Using this platform, the steering committee reviewed 
the results of initial literature searches and identified relevant 
references that were then “tagged” (selected and linked) to 
each statement. Copies of the tagged references were avail-
able to all members of the consensus group. The full consensus 
group voted anonymously on their level of agreement with the 
individual statements, using a modified Delphi process.13,14 
Participants suggested revisions and commented on the 
statements, after which, the specific statements were revised 
through 2 iterations.

Assessment of the Quality of Evidence
Two non-voting methodologists (PM, FT) used the GRADE 
approach15 to assess the strength of the evidence for each 
statement. The quality of evidence for each consensus state-
ment was classified as high, moderate, low, or very low, as 
described in GRADE15,16 and used in previous CAG con-
sensus guidelines.17–21 Randomized controlled trials (RCTs) 
began as high-quality evidence but could be downgraded 
because of heterogeneity or inconsistency of results, impre-
cision, indirect study findings, reporting bias, or if it was 
determined that a high risk of bias existed across studies 
supporting the statement. Data from observational studies 
began as low-quality evidence, but could be lowered because 
of the same factors, or raised if a very large treatment effect or 
a dose–response relationship was identified, or if all plausible 
biases would change the magnitude of effect toward the op-
posite direction.15,16

Using the GRADE approach, it is rare to have high-quality 
evidence unless it fulfills all domains in terms of risk of bias, in-
consistency, imprecision, indirectness, and no other bias (eg, 
publication bias). The evidence is always reviewed in relation to 
the PICO (patient population, intervention, comparator, and 
outcome) question. So, the trials may be high methodological 
quality, but if they do not address the PICO question directly 
in terms of populations, interventions, and outcomes, the ev-
idence will be downgraded. In addition to an updated review 
of the literature, new meta-analyses were performed for this 
consensus.

Much of the evidence for the efficacy and safety of CD 
treatments was available from RCTs conducted in adult 
populations. In some cases, the quality of evidence was 
downgraded for indirectness with respect to the populations 
when no studies were found that evaluated the drug in children, 
and as such both safety and effectiveness data had to be 
extrapolated from adult studies. Considering the course of dis-
ease, responses to treatments and dose–response relationships 
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may differ between pediatric and adult populations with CD 
and, as such, the evidence was less certain in children than in 
adults when only adult data were available. However, if there 
were studies done in children (even observational in nature) 
that supported the findings in adults, the evidence was not 
downgraded for indirectness. In some cases, when confronted 
by very-low-quality evidence in the absence of a compelling 
benefit to risk ratio, the consensus group agreed not to make a 
recommendation for or against a particular strategy.

Approved product labeling from government regulatory 
agencies varies from country to country, and although it was 
not ignored, recommendations were based on evidence from 
the literature and consensus discussion, and may not fully re-
flect the product labeling for a given country.

Consensus Process
The 2-day, face-to-face consensus meeting was held in Toronto, 
Ontario, Canada, in October 2017. The consensus group was 
composed of 15 voting pediatric gastroenterologists, from 
Canada and the United States with expertise in multiple areas, 
including nutrition (SL, WE, HH, AO), growth impairment 
in IBD (TW, AG), microbiome (DM), clinical epidemiology, 
health services research and quality improvement (EB, PJ, AO, 
MS, MDK, WE), and patient-reported measures or patient en-
gagement (AO, MDK). Non-voting participants included the 
co-chairs (AG, DM), GRADE experts (PM, FT), a represen-
tative from the adult CD CAG consensus group ( JM), non-
voting observers, and the co-moderators (PM, DS). At the 
consensus conference, data and the GRADE evaluations of the 
evidence were presented, and each individual statement was 
discussed and the wording finalized. Participants voted on their 
level of agreement for each statement. If ≥75% of participants 
voted 4 (agree) or 5 (strongly agree) on a 1–5 scale (1, 2, and 
3 being disagree strongly, disagree, and uncertain, respec-
tively), then the statement was accepted. If a statement was ac-
cepted, a second vote on the strength of the recommendation 
was conducted. A  level of agreement of ≥75% of participants 
was needed to classify a statement as “strong” (we recom-
mend); if this threshold was not met, the statement defaulted 
to “conditional” (we suggest). The strength of a recommenda-
tion considers the benefit-to-risk balance, patients’ values and 
preferences, cost and resource allocation, and the quality of the 
evidence. Consequently, a recommendation could be classified 
as strong despite low-quality evidence, or conditional despite 
high-quality evidence.22 As per the GRADE method, a strong 
recommendation is indicative of a more broadly applicable 
statement (“most patients should receive the recommended 
course of action”), whereas a conditional recommendation 
suggests clinicians should “. . . recognize that different choices 
will be appropriate for different patients and that they must help 

each patient to arrive at a management decision consistent with 
her or his values and preferences.”22

During the consensus meeting, voting members were un-
able to reach consensus on 14 statements (No recommenda-
tion A–N) and these statements were rejected. The evidence 
that was reviewed for these statements and the discussion has 
been summarized in the text, but the consensus group did 
not make a recommendation for or against these treatment 
strategies.

The manuscript was initially drafted by the co-chairs (DM, 
AG), and then reviewed and revised by the GRADE experts and 
members of the steering committee before being sent to the full 
consensus group for review. Upon approval from the group, the 
manuscript was made available to all CAG members for com-
ment during a 2-week period before submission for publication.

In accordance with CAG policy, written disclosures of any 
potential conflicts of interest for the 24 months preceding the 
consensus meeting were provided by all participants, and made 
available to all group members, and CAG members reviewing 
the manuscript.

Role of the Funding Sources
Funding for the consensus meeting was provided by un-
restricted, arms-length grants to the CAG by AbbVie and 
Takeda Canada, and a Planning and Dissemination Grant 
from the Canadian Institutes of Health Research. The CAG 
administered all aspects of the meeting, and the funding 
sources had no involvement in the process at any point, nor 
were they made aware of any part of the process from develop-
ment of search strings and statements to drafting and approval 
of these guidelines.

Recommendation Statements
The individual recommendation statements are provided 
and include the strength of recommendation and quality of 
supporting evidence (according to the GRADE approach), 
and the voting result. This is followed by a discussion of the 
evidence considered for the specific statement. A summary of 
the recommendation statements is provided in Table 1. See 
Supplementary Material Appendix 2 for more detailed quality 
of evidence summaries.

The majority of RCTs in patients with CD are conducted 
in adults, and therefore much of the evidence has been 
downgraded for indirectness and is of very low quality. As a 
result of the very low quality of evidence, there were insuffi-
cient data for the consensus group to make recommendations 
for or against many treatments (14 statements); however, the 
available evidence and ensuing discussion relevant to these 
treatments is presented.
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Table 1. Summary of Consensus Recommendations for the 
Management of Pediatric Crohn’s Diseasea

Aminosalicylates
Recommendation 1: In patients with moderate CD, we 

recommend against the use of 5-ASAs to induce clinical 
remission.

 GRADE: Strong recommendation, very-low-quality 
evidence.

 Vote: strongly agree, 67%; agree, 33%.
Recommendation 2: In patients with moderate CD limited 

to the colon, we suggest against the use of sulfasalazine to 
induce clinical remission.

 GRADE: Conditional recommendation, very-low-quality 
evidence.

 Vote: strongly agree, 67%; agree, 20%; neutral, 7%; 
disagree, 0%; strongly disagree, 7%.

Recommendation 3: In patients with CD in clinical remission, 
we recommend against sulfasalazine or 5-aminosalicylic 
acid to maintain clinical remission.

 GRADE: Strong recommendation, very-low-quality 
evidence.

 Vote: strongly agree, 33%; agree, 47%; neutral, 20%.
Budesonide 
Recommendation 4: In patients with mild to moderate 

ileal and/or right colonic CD, we suggest oral 
controlled ileal release budesonide to induce clinical 
remission.

 GRADE: Conditional recommendation, very-low-quality 
evidence.

 Vote: strongly agree, 33%; agree, 67%.
Recommendation 5: In patients with CD, we recommend 

against oral controlled ileal release budesonide to 
maintain clinical remission.

 GRADE: Strong recommendation, very-low-quality 
evidence.

 Vote: strongly agree, 87%; agree, 13%.
Corticosteroids
Recommendation 6: In patients with moderate to severe CD, 

we suggest conventional corticosteroids (eg, prednisone) 
to induce clinical remission.

 GRADE: Conditional recommendation, very-low-quality 
evidence.

 Vote: strongly agree, 47%; agree, 53%.
Recommendation 7: In patients with mild to moderate active 

CD despite use of sulfasalazine, 5-ASA, oral budesonide, 
or exclusive enteral nutrition, we suggest oral prednisone 
to induce clinical remission.

 GRADE: Conditional recommendation, moderate-
quality evidence.

 Vote: strongly agree, 33%; agree, 67%.

Table 1. Continued

Recommendation 8: In patients with CD of any severity, 
we recommend against oral corticosteroids to maintain 
clinical remission.

 GRADE: Strong recommendation, low-quality evidence.
 Vote: strongly agree, 100%.
Exclusive enteral nutrition
Recommendation 9: In patients with CD, we suggest 

exclusive enteral nutrition to induce clinical remission.
 GRADE: Conditional recommendation, very-low-quality 

evidence (for pediatrics).
 Vote: strongly agree, 33%; agree, 67%.
Recommendation 10: In patients with CD, we recommend 

against partial enteral nutrition to induce clinical 
remission.

 GRADE: Strong recommendation, very-low-quality 
evidence.

 Vote: strongly agree, 80%; agree, 20%.
Recommendation 11: In patients with CD in remission, we 

suggest that if partial enteral nutrition is used it should 
be combined with other medications to maintain clinical 
remission.

 GRADE: Conditional recommendation, very-low-quality 
evidence.

 Vote: strongly agree, 13%; agree, 87%.
Immunosuppressants
Recommendation 12: In patients with CD of any severity, we 

recommend against thiopurine monotherapy to induce 
clinical remission.

 GRADE: Strong recommendation, very-low-quality 
evidence.

 Vote: strongly agree, 87%; agree, 13%.
Recommendation 13: In female patients with CD we suggest 

a thiopurine to maintain remission.
 GRADE: Conditional recommendation, low-quality 

evidence.
 Vote: strongly agree, 20%; agree, 73%; neutral, 7%.
Recommendation 14: In patients with CD, we suggest that 

testing for TPMT by genotype or enzymatic activity 
be done prior to initiating thiopurine therapy to guide 
dosing.

 GRADE: Conditional recommendation, very-low-quality 
evidence.

 Vote: strongly agree, 27%; agree, 67%; neutral, 7%.
Recommendation 15: In patients with CD we suggest 

parenteral methotrexate to maintain clinical remission.
 GRADE: Conditional recommendation, low-quality 

evidence.
 Vote: strongly agree, 40%; agree, 60%.
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Recommendation 16: In patients with CD who are in 
clinical remission with a thiopurine or methotrexate as 
maintenance therapy, we suggest assessment for mucosal 
healing within the first year to determine the need to 
modify therapy if significant ulcerations persist.

 GRADE: Conditional recommendation, very-low-quality 
evidence.

 Vote: strongly agree, 13%; agree, 80%; neutral, 7%.
Anti-TNF biologic therapies
Recommendation 17: In patients with moderate to severe 

inflammatory CD who have failed to achieve clinical 
remission with corticosteroids, we recommend anti-TNF 
therapy (adalimumab, infliximab) to induce and maintain 
clinical remission.

 GRADE: Strong recommendation, high-quality evidence.
 Vote: strongly agree, 100%.
Recommendation 18: In patients with moderate to severe 

inflammatory CD who fail to achieve or maintain 
clinical remission with a thiopurine or methotrexate, we 
recommend anti-TNF therapy to induce and maintain 
clinical remission.

 GRADE: Strong recommendation, high-quality evidence.
 Vote: strongly agree, 93%; agree, 7%.
Recommendation 19: In patients with severe inflammatory 

CD judged at risk for progressive, disabling disease, we 
suggest anti-TNF therapy as first-line therapy to induce 
and maintain clinical remission.

 GRADE: Conditional recommendation, very-low-quality 
evidence.

 Vote: strongly agree, 47%; agree, 53%.
Recommendation 20: When starting infliximab in males, 

we suggest against using it in combination with a 
thiopurine.

 GRADE: Conditional recommendation, low-quality 
evidence.

 Vote: strongly agree, 40%; agree, 47%; neutral, 13%.
Recommendation 21: When starting adalimumab in 

males, we suggest against using it in combination with a 
thiopurine.

 GRADE: Conditional recommendation, very-low-quality 
evidence.

 Vote: strongly agree, 40%; agree, 53%; neutral, 7%.
Recommendation 22: In male patients with CD receiving 

immunomodulator therapy in combination with an anti-
TNF therapy, we suggest methotrexate in preference to 
thiopurines.

 GRADE: Conditional recommendation, very-low-quality 
evidence.

 Vote: strongly agree, 27%; agree, 53%; neutral, 20%.

Recommendation 23: In patients with CD who have a suboptimal 
clinical response to anti-TNF induction therapy or loss 
of response to maintenance therapy, we suggest regimen 
intensification informed by therapeutic drug monitoring.

 GRADE: Conditional recommendation, very-low-quality 
evidence.

 Vote: strongly agree, 53%; agree, 47%.
Non–anti-TNF biologic therapies
Recommendation 24: In patients with moderate to severe 

CD who fail to achieve or maintain clinical remission 
with anti-TNF–based therapy, we suggest ustekinumab to 
induce and maintain clinical remission.

 GRADE: Conditional recommendation, moderate-
quality evidence for induction, low-quality evidence for 
maintenance.

 Vote: strongly agree, 47%; agree, 53%
Alternative therapies
Recommendation 25: In patients with CD, we recommend against 

cannabis or derivatives to induce or maintain remission.
 GRADE: Strong recommendation, very-low-quality evidence.
 Vote: strongly agree, 87%; agree, 7%; neutral, 7%.
Statements with no recommendations
No consensus A: In patients with mild CD, the consensus 

group does not make a recommendation (for or against) 
regarding the use of 5-ASAs to induce clinical remission.

No consensus B: In patients with mild CD limited to 
the colon, the consensus group does not make a 
recommendation (for or against) regarding the use 
sulfasalazine to induce clinical remission.

No consensus C: In patients with mild CD who have achieved 
clinical remission with sulfasalazine or 5-ASA, the 
consensus group does not make a recommendation (for 
or against) regarding continuing sulfasalazine or 5-ASA to 
maintain clinical remission.

No consensus D: In patients with mild to moderate CD, the 
consensus group does not make a recommendation (for or 
against) regarding the use of antibiotics to induce clinical 
remission.

No consensus E: In patients with mild to moderate CD, the 
consensus group does not make a recommendation (for 
or against) regarding the use of antibiotics to maintain 
clinical remission.

No consensus F: In male patients with CD the consensus 
group does not make a recommendation (for or against) 
regarding a thiopurine to maintain remission.

No consensus G: In patients with mild to moderate CD, the 
consensus group does not make a recommendation (for or 
against) regarding methotrexate monotherapy to induce 
clinical remission.

Table 1. Continued Table 1. Continued
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Aminosalicylates
  

Statement 1: In patients with moderate Crohn’s disease, we 
recommend against the use of 5-aminosalicylates to induce 

clinical remission.
GRADE: Strong recommendation, very-low-quality evidence.
Vote: strongly agree, 67%; agree, 33%.
No consensus A: In patients with mild Crohn’s disease, the consensus 
group does not make a recommendation (for or against) regarding the use 
of 5-aminosalicylates to induce clinical remission.
  

Key evidence: Two systematic reviews and meta-analyses 
(SR&MAs),23,24 and a network meta-analysis (NMA) of 
studies in adults provide data on the use of 5-aminosalicylate 

(5-ASA) in mild to moderate active CD.25 These analyses in-
cluded studies using various formulations and doses of non-
sulfasalazine 5-ASAs (ie, mesalamine and olsalazine), and 
generally reported no benefit with these agents over placebo for 
induction of remission. In 1 analysis of 4 trials (n = 647), the rel-
ative risk (RR) of failure to induce remission with mesalamine 
compared with placebo was 0.91 (95% CI, 0.77–1.06).23 One 
SR&MA reported no significant benefits with either low-dose 
or high-dose 5-ASA,24 while the NMA showed that high-dose 
mesalamine was superior to placebo in inducing remission 
(odds ratio [OR], 1.87; 95% credible interval, 1.14–3.15), but 
low-dose was not.25 In the induction studies, there was no sig-
nificant difference noted in adverse events between mesalamine 
and placebo (RR, 0.99; 95% CI, 0.84–1.15).23

The data did not assess mild and moderate disease separately, 
and no RCTs in pediatric patients were found.

The quality of evidence was downgraded to very low due 
to serious risk of bias, serious indirectness with respect to 
populations (lack of pediatric data and inability to separate mild 
from moderate disease), and very serious imprecision.

Discussion: The SR&MAs generally do not report a statis-
tically significant efficacy with 5-ASA for induction therapy in 
patients with mild to moderate disease activity, but also do not 
convincingly demonstrate that 5-ASAs are without benefits (eg, 
potential benefits with high-dose therapy25). The data cannot be 
separated into mild and moderate patients, however, the group 
strongly recommended against this option in patients with 
moderate (or greater) disease activity, because of the potential 
negative consequences of delaying the use of other therapies 
with more definitively demonstrated efficacy.

Data specifically in patients with mild disease were lacking, 
and the consensus group concluded that the evidence was not 
sufficiently convincing to recommend for or against 5-ASA for 
mild CD. The potential negative consequences of delaying use 
of more effective treatments would be of less concern than in 
the case of moderate CD. An additional concern was the rare 
cases of pancreatitis and interstitial nephritis that have been re-
ported with mesalamine.26

In summary, because 5-ASAs have not demonstrated a con-
sistent, significant benefit, the consensus group made a strong 
recommendation against their use in patients with moderate 
CD. However, because ineffectiveness in mild disease was not 
demonstrated in the literature, no recommendation was made 
for or against its use to induce clinical remission in patients with 
mild disease.

  

Statement 2: In patients with moderate Crohn’s disease 
limited to the colon, we suggest against the use of sulfasal-

azine to induce clinical remission.
GRADE: Conditional recommendation, very-low-quality evidence.
Vote: strongly agree, 67%; agree, 20%; neutral, 7%; disagree, 0%; strongly 
disagree, 7%.

Table 1. Continued

No consensus H: In patients with CD, the consensus group 
does not make a recommendation (for or against) 
regarding oral methotrexate to maintain clinical remission.

No consensus I: In patients with moderate to severe 
inflammatory CD who have achieved clinical remission 
but not mucosal healing with a corticosteroid, thiopurine, 
or methotrexate, the consensus group does not make a 
recommendation (for or against) regarding anti-TNF 
therapy to induce and maintain mucosal healing.

No consensus J: When starting infliximab in females, the 
consensus group does not make a recommendation (for 
or against) regarding combining it with a thiopurine to 
maintain a durable clinical remission.

No consensus K: When starting adalimumab in females, the 
consensus group does not make a recommendation (for 
or against) regarding combining it with a thiopurine to 
maintain a durable clinical remission.

No consensus L: In patients with CD who have achieved a 
clinical remission with anti-TNF therapy, the consensus 
group does not make a recommendation (for or against) 
regarding assessment for mucosal healing within the first 
year to determine the need to modify therapy.

No consensus M: In patients with moderate to severe CD 
who fail to achieve or maintain clinical remission with an 
anti-TNF–based therapy, the consensus group does not 
make a recommendation (for or against) regarding the use 
vedolizumab to induce and maintain clinical remission.

a The strength of each recommendation was assigned by the con-
sensus group, per the GRADE system, as strong (“we recommend...”) 
or conditional (“we suggest...”). A recommendation could be classified 
as strong despite low-quality evidence to support it, or conditional de-
spite the existence of high-quality evidence due to the 4 components 
considered in each recommendation (risk to benefit balance, patients’ 
values and preferences, cost and resource allocation, and quality of 
evidence).
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No consensus B: In patients with mild Crohn’s disease limited to the 
colon, the consensus group does not make a recommendation (for or 
against) regarding the use sulfasalazine to induce clinical remission.
  

Key evidence: There was very limited evidence on the efficacy 
of sulfasalazine in CD. The 2 SR&MAs,23,24 and the NMA,25 
all included the same 2 small, older RCTs in adults with active 
CD.27,28 Meta-analyses of these 2 trials (n = 263), yielded a mar-
ginal benefit over placebo: RR for failure to achieve remission, 
0.83 (95% CI, 0.69–1.00),23 and RR for induction of remission, 
1.38 (95% CI, 1.00–1.89).24

The NMA, also reported that sulfasalazine was not superior 
to placebo (OR, 1.50; 95% credible interval, 0.71–3.12).25 Both 
of the original RCTs reported significant benefits with sulfasal-
azine only in the subgroup of patients with disease confined to 
the colon, however, the sample sizes were very small.27,28

No RCTs were found in pediatric patients, and while mild 
disease was analyzed separately, the subgroup of patients was 
very small.

The quality of evidence was downgraded to very low due 
to serious risk of bias, serious indirectness with respect to 
populations (lack of pediatric data and inability to separate mild 
from moderate disease), and very serious imprecision.

Discussion: As was the case in Statement 1, the consensus 
group concluded that there was insufficient evidence to warrant 
routine use of sulfasalazine in pediatric patients with moderate 
disease. Although the statement suggested against sulfasalazine, 
it was conditional because of the trend toward efficacy in colonic 
disease, which is the location targeted by sulfasalazine. Similar to 
5-ASA, given the potential efficacy of sulfasalazine in mild disease 
and the fact that treatment delays may be of less concern in such 
patients, the consensus group did not make a recommendation 
for or against its use in patients with mild colonic disease. Some 
participants argued that it is one of the few products that are avail-
able in a suspension, and recommending against a potentially effec-
tive treatment would limit the options available for some children 
who are unable to swallow capsules or tablets. However, others 
argued that the adverse events, albeit rare, may not be benign, and 
can include allergic reactions, agranulocytosis, and hepatitis.29

  

Statement 3: In patients with Crohn’s disease in clin-
ical remission, we recommend against sulfasalazine or 
5-aminosalicylic acid to maintain clinical remission.

GRADE: Strong recommendation, very-low-quality evidence.
Vote: strongly agree, 33%; agree, 47%; neutral, 20%.
No consensus C: In patients with mild Crohn’s disease who have achieved 
clinical remission with sulfasalazine or 5-aminosalicylic acid, the consensus 
group does not make a recommendation (for or against) regarding contin-
uing sulfasalazine or 5-aminosalicylic acid to maintain clinical remission.
  

Key evidence: The data for sulfasalazine and mesalamine 
for maintenance of remission included 2 SR&MAs,23,30 one 

of which30 included 1 RCT in pediatric patients.31 Using dif-
ferent eligibility criteria, 1 meta-analysis included 16 RCTs 
(n = 2496)23 and the other 12 RCTs (n = 2146).30 Sulfasalazine 
was not effective in preventing relapse of CD (n = 4 studies; RR, 
0.98; 95% CI, 0.82–1.17), but there was a non-significant trend 
toward improvement over placebo with mesalamine (n  =  11 
studies; RR, 0.94; 95% CI, 0.87–1.01).23 A  meta-analysis of 
data from 12 maintenance trials showed no significant differ-
ence in the RR of adverse events between mesalamine and pla-
cebo (RR, 1.08; 95% CI, 0.87–1.34).23

A pediatric RCT in 132 patients reported no statistically 
significant difference in relapse rates at 12  months31 with 
mesalamine compared to placebo (74% vs 69%; RR, 1.07; 95% 
CI, 0.86–1.3330).

The reviewed studies did not include analyses assessing effi-
cacy according to baseline disease severity or treatment used for 
induction.

The quality of evidence was downgraded to very low due to 
serious risk of bias and very serious imprecision.

Discussion: Evidence suggests that 5-ASA and sulfasalazine 
are generally not effective for maintenance therapy, therefore, 
the consensus group made a strong recommendation against 
their use for most patients who have achieved remission.

However, a per-protocol analysis found a significant benefit of 
mesalamine for the reduction of risk of relapse (RR, 0.79; 95% 
CI, 0.66–0.95).23 Therefore, the consensus group questioned 
whether these agents would be useful as maintenance therapy in 
patients whose remission had been induced with 5-ASA or sul-
fasalazine. There are few data to inform a maintenance strategy 
in such patients; it is unknown whether the best strategy would 
be to continue these agents, provide no maintenance therapy, 
or switch to a more effective medication. In most of the trials, 
the agents used to achieve remission were not specified, but in 
1 RCT that used 5-ASA for induction, there was no significant 
benefit with continued 5-ASA maintenance therapy.32 The con-
sensus group did not make a recommendation for or against 
this strategy.

Antibiotics
  

No consensus D: In patients with mild to moderate Crohn’s disease, the 
consensus group does not make a recommendation (for or against) re-
garding the use of antibiotics to induce clinical remission.
No consensus E: In patients with mild to moderate Crohn’s disease, the 
consensus group does not make a recommendation (for or against) re-
garding the use of antibiotics to maintain clinical remission.
  

Key evidence: Two SR&MAs of RCTs have evaluated the ef-
ficacy of antibiotics for induction of remission in patients with 
CD.33,34 While there was a significant benefit of antibiotics 
overall in inducing remission (n = 10 studies; RR for failure to 
achieve remission, 0.85; 95% CI, 0.73–0.99), the benefit was 
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largely due to positive studies with rifaximin (n = 2 studies; RR 
for failure to achieve remission, 0.81; 95% CI, 0.68–0.97).33 The 
RCTs in these meta-analyses used a variety of antibiotics and 
doses, therefore no conclusions could be drawn for specific an-
tibiotic regimens, with the exception of rifaximin. There were 
no serious adverse events, and no significant differences in ad-
verse events between rifaximin and placebo.35,36

The quality of evidence was downgraded to very low due 
to serious risk of bias, serious indirectness with respect to 
populations (lack of pediatric data) and interventions (diverse 
regimens), and serious imprecision.

Two SR&MAs assessed the efficacy of antibiotics for the 
maintenance of remission in patients with quiescent CD.33,37 
All of the RCTs included in these analyses assessed the efficacy 
of anti-mycobacterial therapies either alone or in combination. 
The most recent SR&MA including 4 RCTs (n = 206) found that 
antibiotics significantly reduced the risk of relapse compared 
to placebo in patients with quiescent CD (RR, 0.58; 95% CI, 
0.45–0.75).37 The anti-mycobacterial therapies were associated 
with a greater risk of adverse events compared to placebo (RR, 
2.57; 95% CI, 1.45–4.55).37 The most common adverse events 
included increased skin pigmentation and rashes. One addi-
tional RCT, which did not include an anti-mycobacterial agent, 
reported a statistically greater rate of maintenance of clinical re-
mission at 48 weeks with rifaximin compared to placebo (71% 
vs 53%; P < .05).38

The majority of both induction and maintenance RCTs had 
small sample sizes, and no RCTs were found that included pe-
diatric patients.

The quality of evidence was downgraded to very low due 
to serious risk of bias, serious indirectness with respect to 
populations (lack of pediatric data), interventions (variability 
in antibiotic regimens), and outcomes (definitions of relapse), 
and serious imprecision.

Discussion: A variety of antibiotic regimens were used in the 
trials, which makes interpretation difficult.33,34 This is further 
complicated by the fact that, with the exception of rifaximin, 
the majority of patients were also receiving corticosteroids and 
other medications. While the data supported the efficacy of 
antibiotics overall for induction of remission in meta-analyses, 
this result was mainly driven by rifaximin.33,34 In addition, anti-
mycobacterial therapies have demonstrated efficacy as mainte-
nance therapy.33,37

However, group members expressed substantial concern 
about the potential development of antibiotic resistance as well 
as cost, particularly when used for maintenance therapy. No se-
rious adverse events were reported in the trials, but long-term 
complications were not reported.37 In addition, there were no 
pediatric studies, and no safety data in children.

Although antibiotics play a role in the management of pe-
rianal and postoperative CD, their role in luminal disease 

remains poorly defined. The consensus group concluded that 
there are insufficient data to fully evaluate whether the poten-
tial benefit (very low quality of evidence suggesting efficacy) 
outweighs the potential risk (adverse effects and antimicrobial 
resistance) and therefore, did not make a recommendation for 
or against the use of antibiotics for induction or maintenance 
therapy.

Budesonide
  

Statement 4: In patients with mild to moderate ileal and/
or right colonic Crohn’s disease, we suggest oral controlled 

ileal release budesonide to induce clinical remission.
GRADE: Conditional recommendation, low-quality evidence.
Vote: strongly agree, 33%; agree, 67%.
  

Key evidence: Evidence for the efficacy of budesonide 
compared to placebo in inducing clinical remission in patients 
with mild to moderate ileal and/or right colonic CD was avail-
able from 3 SR&MAs.39–41 and an NMA.25 In a meta-analysis of 
3 RCTs in adults, budesonide ≥9 mg/d was twice as likely to 
induce remission vs placebo (RR, 1.93; 95% CI, 1.37–2.73; 3 
RCTs).41 A lower dose of budesonide (3 mg/d) was not supe-
rior to placebo.40,41 Budesonide was significantly less effective 
than conventional corticosteroids for induction of remission 
(RR, 0.85; 95% CI, 0.75–0.97; 8 RCTs), but was associated 
with fewer adverse events (RR, 0.64; 95% CI, 0.54–0.76).41 
There was no significant difference between budesonide and 
mesalamine (2 RCTs).41 The NMA reported similar results.25

Three small RCTs were conducted in pediatric patients; 2 re-
ported comparable clinical remission rates between budesonide 
and prednisone,42,43 while the other found no significant dif-
ference in remission rates between high-dose and standard-
dose budesonide.44 Adverse events, such as Cushingoid facies, 
acne, and myopathy, were more common with conventional 
corticosteroids compared to budesonide.42,43 Overall, the 
quality of evidence was downgraded to low due to serious risk 
of bias and serious imprecision.

These RCTs used the oral controlled ileal release preparation 
or the pH-dependent release formulation, and no studies that 
used budesonide MMX for the treatment of CD were found.

Discussion: A meta-analysis of RCT data in adult and pedi-
atric patients has shown that budesonide is more effective than 
placebo, but less effective than conventional corticosteroids.41 
The more limited pediatric-specific data are underpowered to 
identify this treatment inferiority of budesonide compared with 
conventional corticosteroids.42,43 In both adult and pediatric 
patients, budesonide was associated with fewer adverse events, 
and suppression of adrenal function was also less frequent, but 
was still reported with budesonide.42,45 In an RCT in pediatric 
patients, mean morning plasma cortisol concentration was 
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significantly higher with budesonide compared to prednisolone 
after 8 weeks.42 However, in non-IBD studies of budesonide, 
morning cortisol concentration was demonstrated to be less 
sensitive in identifying adrenocortical suppression compared 
with ACTH-stimulation test.46

The consensus group suggested the use of budesonide based 
on clinical remission rates in comparative clinical trials of 
budesonide vs conventional oral corticosteroids in adults and 
children, and in trials of budesonide vs placebo in adults, as 
well as in light of the superior safety and tolerability profile of 
budesonide compared to conventional corticosteroids. However, 
this was a conditional suggestion because budesonide was less 
effective and more costly than conventional corticosteroids.

  

Statement 5: In patients with Crohn’s disease, we reco-
mmend against oral controlled ileal release budesonide to 

maintain clinical remission.
GRADE: Strong recommendation, very low-quality evidence.
Vote: strongly agree, 87%; agree, 13%.
  

Key evidence: Two SR&MAs found no significant difference 
between budesonide and placebo for prevention of relapse or 
maintenance of remission in patients with quiescent CD.39,47 In 
a meta-analysis of 5 RCTs, budesonide 6 mg/d was no more ef-
fective than placebo for maintenance of remission at 6 months 
(RR, 1.15; 95% CI, 0.95–1.39) or 12 months (RR, 1.13; 95% 
CI, 0.94–1.35).47 However, an NMA showed that budesonide 
6  mg/d was superior to placebo (OR, 1.69; 95% CI, 1.05–
2.75).40 For maintenance of remission there was no statistically 
significant difference between budesonide and azathioprine, 
but budesonide 6 mg was superior to mesalamine 3 g/d.47

The risk of corticosteroid-related adverse events was signifi-
cantly higher with budesonide compared to placebo (RR, 2.19; 
95% CI, 1.08–4.46).39 A  meta-analysis of maintenance RCTs 
found significantly higher rates of adrenal suppression with 
budesonide compared to placebo.47 In addition, a higher in-
cidence of endocrine disorders, mainly due to a higher rate of 
Cushingoid symptoms, has been reported with budesonide.48 
A small, non-comparative, pediatric, cohort study also reported 
a high incidence of adverse events (74.0%) with budesonide.45

The RCTs included in these analyses pooled studies using 
oral controlled ileal release preparation and the pH-dependent 
release formulation. RCTs had small sample sizes, low 
event rates, and no maintenance RCTs in pediatric patients 
were found.

Discussion: The majority of the evidence from RCTs in 
adults fails to show benefit of budesonide over placebo for 
maintenance therapy. RCTs in pediatric patients were not 
found. In an observational pediatric study, maintenance therapy 
with budesonide was associated with a significant worsening of 
disease activity over 12 weeks of treatment.45 As discussed in 

Statement 4, adrenal suppression in children is of concern.42,45 
In addition, in a cohort study, subnormal growth velocity was 
reported during up to 1 year of treatment.49

Based on the lack of demonstrated efficacy and the poten-
tial for negative long-term effects, including adrenal suppres-
sion and impaired linear growth, the consensus group strongly 
recommended against the use of budesonide for maintenance 
therapy in pediatric patients.

Corticosteroids
  

Statement 6: In patients with moderate to severe Crohn’s 
disease, we suggest conventional corticosteroids (eg, pre-

dnisone) to induce clinical remission.
GRADE: Conditional recommendation, very-low-quality evidence.
Vote: strongly agree, 47%; agree, 53%.
  

Key evidence: Evidence for the efficacy of oral corticosteroids 
over placebo was derived from 2 positive RCTs in adults,27,28 
which have been included in 2 SR&MAs39,50 and an NMA.25 
In the meta-analysis, which used failure to achieve remission 
as the primary outcome, there was no significant benefit of 
corticosteroids over placebo (RR, 0.46; 95 % CI, 0.17–1.28).39 
However, the SR&MA and the NMA both found that 
corticosteroids were significantly more effective than placebo 
for induction of symptomatic remission (SR&MA: RR, 1.99; 
95% CI, 1.51–2.64;50 NMA: OR, 3.64; 95% credible interval, 
2.16–6.19,25 respectively). Corticosteroids were associated 
with higher rates of adverse events than placebo (RR, 4.89; 95% 
CI, 1.98–12.07).50

One small RCT assessed corticosteroids vs exclusive en-
teral nutrition (EEN) therapy in pediatric patients and found 
no difference in clinical remission rates between the 2 active 
treatments.51

The quality of evidence was downgraded to very low due 
to serious risk of bias, serious indirectness with respect to 
comparisons (lack of placebo controlled pediatric data), and se-
rious imprecision.

Discussion: Although the data are very low quality, 
corticosteroids appear to be more effective than placebo for in-
duction of remission in adults with CD. In pediatric patients, 
there were no placebo-controlled RCTs, however, conventional 
corticosteroids appeared to be as effective as budesonide and 
EEN in several small RCTs.42,43,51

Based on evidence suggesting efficacy, and the fact that 
this is an inexpensive treatment option, the consensus group 
suggested conventional corticosteroids for short-term use for 
induction of remission. However, this statement was a con-
ditional recommendation because of the potential negative 
consequences of delaying the use of other options with greater 
efficacy, as well as the adverse event profile of corticosteroids, 
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which is of greater concern in children than in adults. Systemic 
corticosteroids (even short-term use) should be used with par-
ticular caution in patients with linear growth delay, osteopo-
rosis, or mental health disorders.

  

Statement 7: In patients with mild to moderate active Crohn’s 
disease despite use of sulfasalazine, 5-aminosalicylate, oral 
budesonide, or exclusive enteral nutrition, we suggest oral 

prednisone to induce clinical remission.
GRADE: Conditional recommendation, moderate-quality evidence.
Vote: strongly agree, 33%; agree, 67%.
  

Key evidence: The evidence for the efficacy of systemic 
corticosteroids compared to placebo was discussed in Statement 
6.  In addition, RCTs comparing conventional corticosteroids 
and budesonide were considered. As described in Statement 4, 
conventional corticosteroids were significantly more effective 
than budesonide for induction of remission in a meta-analysis 
of 8 trials.41 The 2 small RCTs that compared prednisolone with 
budesonide in pediatric patients were inadequately powered to 
demonstrate a treatment benefit.42,43 The quality of evidence was 
downgraded to moderate due to serious risk of bias. However, it 
was not downgraded for imprecision, inconsistency, or indirect-
ness in relation to populations due to the availability of limited 
data from pediatric populations.

Discussion: Although less adequately examined in children, 
conventional corticosteroids have been shown to be more ef-
fective than budesonide and 5-ASA in adults.25,41 In an SR&MA 
conducted for this consensus, conventional corticosteroids 
were more effective than EEN in adults, whereas both 
treatments were equally effective in pediatric patients with 
comparatively shorter duration of CD (frequently new onset) 
(see Statement 9). The data supporting superior efficacy of 
conventional corticosteroids in head-to-head trials suggest that 
patients have a greater likelihood of responding, and thus may 
benefit from these agents after failure of budesonide, 5-ASA, or 
EEN. Efficacy directly after other treatment failures, however, 
has not been assessed specifically. Therefore, the consensus 
group made a conditional suggestion in favor of the use of con-
ventional corticosteroids as a second-line treatment option for 
induction of remission.

  

Statement 8: In patients with Crohn’s disease of any severity, 
we recommend against oral corticosteroids to maintain  

clinical remission.
GRADE: Strong recommendation, low-quality evidence.
Vote: strongly agree, 100%.
  

Key evidence: A  meta-analysis including 3 RCTs found no 
significant reduction in the odds of relapse with ongoing cor-
ticosteroid therapy compared to placebo (12-month OR, 0.82; 
95% CI, 0.47–1.44).52 In addition, attrition was high, with only 

about 36% of patients available for the 12-month analysis, pri-
marily due to adverse events.

The quality of evidence was downgraded to low due to se-
rious risk of bias and serious imprecision. However, it was not 
downgraded for indirectness with respect to populations due to 
the availability of limited data from pediatric populations.

Discussion: The consensus group made a strong recom-
mendation against the use of corticosteroids for mainte-
nance therapy because of the lack of demonstrated efficacy in 
preventing relapse and concerns around the adverse events as-
sociated with long-term use, particularly in children.

Exclusive enteral nutrition
  

Statement 9: In patients with Crohn’s disease, we suggest 
exclusive enteral nutrition to induce clinical remission.

GRADE: Conditional recommendation, very low-quality evidence.
Vote: strongly agree, 33%; agree, 67%.
  

Key evidence: Seven SR&MAs have been published that 
evaluated studies comparing EEN to corticosteroids for induc-
tion of clinical remission in adult,53–55 pediatric,56–58 or a mixed 
population of patients with CD.59 Due to limitations of these 
previous SR&MAs, an updated SR&MA was conducted to in-
form the development of this guideline.

The SR&MA conducted for this meeting included only 
RCTs published in full that compared EEN with placebo or 
other active treatments in patients with active CD. No placebo-
controlled trials were identified. The MA included 9 RCTs 
(2 pediatric51,60 and 7 adult trials61–67) comparing EEN with 
corticosteroids in 435 patients (57 pediatric and 378 adult 
patients). EEN was inferior to corticosteroids for induction 
of remission in the combined (OR, 0.43; 95% CI, 0.22–0.87) 
and adult patient populations (OR, 0.27; 95% CI, 0.17–0.43). 
In the 57 pediatric patients randomized, there was no signifi-
cant difference in clinical remission rates between EEN and 
corticosteroids (83% vs 61%; OR, 3.04, 95% CI, 0.73–12.65). 
There was no significant difference in the incidence of adverse 
events between EEN and corticosteroids (21% vs 30%; OR, 
0.41; 95% CI, 0.15–1.09). All adverse events were minor and 
included nausea, vomiting, abdominal pain, and diarrhea with 
EEN, and Cushingoid facies and acne with corticosteroids. 
However, the more serious adverse effects of steroids (eg, os-
teoporosis, growth failure, adrenal suppression) were not 
evaluated in these trials. EEN was associated with significantly 
higher withdrawal rates than corticosteroids in the adult RCTs 
(OR, 6.57; 95% CI, 2.24–19.24), but not in the pediatric RCTs 
(OR, 0.59; 95% CI, 0.09–4.01).

There was wide variation in disease activity, onset of disease, 
disease location, study designs, methods used to define dis-
ease activity and remission, duration of interventions, length of 
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follow-up, and use of concomitant medication. In addition, due 
to the nature of the intervention, blinding was not possible.

In the combined population, the overall quality of evidence 
for the outcome of clinical remission was very low against the 
use of EEN, however, in the pediatric population, the evidence 
was very low in support of the use of EEN. The quality of evi-
dence was downgraded to very low due to serious risk of bias, 
serious inconsistency, serious indirectness with respect to dis-
ease activity, onset of disease, and disease location, as well as 
variations in the types of enteral formula used and the use of 
concomitant medications, and serious imprecision.

Discussion: There were very-low-quality data showing 
that EEN was less effective than corticosteroids in a 
combined population of adults and pediatric patients. 
However, in 2 very small trials of pediatric patients alone, 
no difference in clinical remission rates with EEN vs 
corticosteroids was demonstrated. Most pediatric studies 
included newly diagnosed patients, whereas adult clinical 
trials have been conducted among patients with a much 
longer time since diagnosis. No placebo-controlled RCTs 
were found, and the available data suggested that at least 
in pediatric patients, EEN was as effective as an active 
therapy (corticosteroids) for the induction of remission 
(see Statement 6). In the pediatric trials, mucosal healing 
rates with EEN were significantly greater than those with 
corticosteroids, however, there were limitations, such as 
small numbers of participants and lack of blinding or allo-
cation concealment.51,60

Withdrawal rates were high in the adult studies, but not in the 
pediatric trials. Adverse events with EEN were generally minor, 
and mainly gastrointestinal in nature.

Under-nutrition in children with CD, although less important 
than direct effects of pro-inflammatory cytokines released from 
inflamed intestine, can contribute to impairment of growth and 
pubertal development.7,68 Use of EEN restores a normal nu-
tritional status and avoids corticosteroid use, which may also 
impede linear growth.69 Growth data reported in one of the pe-
diatric EEN RCTs showed a significant improvement in weight 
gain with EEN compared to corticosteroids, but no difference 
in height gain.51

Protocols for EEN therapy varied with respect to specific 
formula used (although usually polymeric), mode of adminis-
tration (nocturnally via nasogastric tube or via oral drinking), 
allowance of clear fluids other than water during treatment, and 
duration of therapy.70 One RCT71 and 1 prospective study72 
found EEN (defined as 100% EN) to be more effective than 
partial EN (PEN; defined as 50% of calories via EN while eating 
an unrestricted diet).

Shorter duration of CD among children vs adults included in 
clinical trials, as well as better adherence, may explain the better 

results in the SR&MA of pediatric RCTs compared to RCTs in 
adults. In clinical practice, EEN is generally attempted early as 
first-line therapy in patients with new-onset CD.8

Nutrition is important in children with CD, and, based on 
similar efficacy and better safety compared to corticosteroids 
in the pediatric RCTs, the consensus group suggested a 
course of EEN for induction of remission was a reasonable 
first-line treatment strategy in pediatric patients, although 
the group concluded that there was not enough evidence to 
define the required duration of therapy. However, this state-
ment was a conditional suggestion due to the conflicting 
evidence in adults, and the very small number of children 
included in individual pediatric RCTs, most of which had 
a high risk of bias. Moreover, reimbursement of formula in 
many Canadian jurisdictions has, until recently, required 
that the formula be administered via nasogastric tube. The 
inconvenience of such enteral feeding has been a major bar-
rier to acceptance.

  

Statement 10: In patients with Crohn’s disease, we  
recommend against partial enteral nutrition to induce 

clinical remission.
GRADE: Strong recommendation, very-low-quality evidence.
Vote: strongly agree, 80%; agree, 20%.
  

Key evidence: No RCTs comparing PEN to placebo or any 
active therapy (including steroids and immunosuppressants) 
were found. In 1 RCT in 50 children with active CD, PEN was 
less effective than total EN for the induction of clinical remis-
sion (15% vs 42%; P = .035).71 This yielded an OR of 0.25 (95% 
CI, 0.07‒0.97), but the CIs were very wide. Similarly, in a recent 
multicenter North American study, patients allowed 20% of 
total calories as regular food actually consumed 50% of calories 
as such, and were less likely to achieve either clinical remission 
or reduction in fecal calprotectin compared with those receiving 
EEN.72 The quality of evidence was downgraded to very low due 
to serious risk of bias, serious inconsistency, very serious indirect-
ness with respect to the interventions, and serious imprecision.

Discussion: PEN has been shown to be inferior to EEN. Similar 
to EEN, a protocol for PEN is poorly defined, and it is unknown 
what ratio of formula to oral food would be efficacious, if any.

The consensus group made a strong recommendation against 
the use of PEN for induction therapy based on the lack of effi-
cacy, and concerns that using PEN will cause further delays in 
use of treatments with demonstrated efficacy.

  

Statement 11: In patients with Crohn’s disease in  
remission, we suggest that if partial enteral nutrition is 
used it should be combined with other medications to 

maintain clinical remission.
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GRADE: Conditional recommendation, very low-quality evidence.
Vote: strongly agree, 13%; agree, 87%.
  

Key evidence: An SR found 3 RCTs that assessed the effi-
cacy of PEN to maintain remission in adults with quiescent 
CD.73 Due to substantial differences in study designs, a meta-
analysis was not performed. The trials compared PEN to reg-
ular diet alone in 1 study (with concomitant 5-ASA in both 
groups, and azathioprine permitted), to 6-mercaptopurine in 
1 study (with concomitant 5-ASA in both treatment groups), 
and to 5-ASA plus regular diet in 1 study (with no concom-
itant therapy). There were substantial variations in the type 
and duration of EN and the duration of follow-up. All 3 RCTs 
concluded that PEN was similar to the comparator groups 
(regular diet with or without medication) for maintenance of 
clinical remission.

The majority of reported adverse events were mild and mainly 
gastrointestinal (ie, diarrhea, abdominal cramps, nausea, and 
vomiting). Intolerance and lack of compliance due to taste or 
smell of the formula were also reported.73

The RCTs included in this SR were very heterogeneous, had 
small sample sizes, low event rates, and none included pediatric 
patients.

The quality of evidence was downgraded to very low due 
to serious risk of bias, very serious indirectness with respect 
to the populations, interventions or comparators, and serious 
imprecision.

Discussion: The evidence for PEN maintenance therapy was 
very low quality, and in 2 of the 3 trials, PEN was used in com-
bination with medications in Asian patients. Therefore, general-
izability to other populations may be limited.

The SR73 included 2 observational studies in pediatric 
patients.74,75 In 1 retrospective study, maintenance PEN 
alone was more effective than no treatment, but less effective 
than the combination of azathioprine plus PEN. There were 
no differences in relapse rates between the combination of 
azathioprine plus EN and azathioprine alone.74 In this study, 
only 31% of patients completed 8 weeks of EEN and were able 
to continue maintenance EN.

Older observational studies have reported improvements 
in growth with the use of supplementary PEN in patients also 
using conventional therapies.73

The consensus group suggested PEN for the mainte-
nance of remission only when used as adjunctive therapy 
for patients receiving medications proven to be efficacious. 
Although a vote was conducted, both insufficient evidence 
and lack of consensus prevented the group from making any 
recommendation regarding the use of PEN as sole mainte-
nance therapy.

Immunosuppressants
  

Statement 12: In patients with Crohn’s disease of any 
severity, we recommend against thiopurine monotherapy 

to induce clinical remission.
GRADE: Strong recommendation, very-low-quality evidence.
Vote: strongly agree, 87%; agree, 13%.
  

Key evidence: Two SR&MAs,76,77 which included the same 
5 RCTs, reported no significant improvement in sympto-
matic remission rates with thiopurine therapy (azathioprine 
or 6-mercaptopurine) compared to placebo (RR for failure to 
achieve remission, 0.87; 95% CI, 0.71–1.06).77 Four of the 5 
studies combined thiopurines with a tapering course of steroid 
therapy during induction; therefore, the data demonstrated 
no additional benefit of adjunctive thiopurine therapy over 
steroids alone.

Data on serious adverse events were available from 2 trials; in 
the pooled analysis, the incidence was higher with thiopurines 
vs placebo (14% vs 4%), but this was not statistically significant 
(RR, 2.57; 95% CI, 0.92–7.13).76

The RCTs included in these SR&MAs had small sample sizes, 
low event rates, and no RCTs were found in pediatric patients.

The quality of evidence was downgraded to very low due to serious 
risk of bias, serious indirectness with respect to the populations, 
interventions, or comparators, and serious imprecision.

Discussion: RCTs in adults have not shown a signifi-
cant benefit with thiopurines for induction therapy, and 
no pediatric RCTs were found. These agents are slow-
acting and are associated with poor tolerability (eg, al-
lergic reactions, leukopenia, pancreatitis, and nausea76) 
and safety issues (eg, lymphoma, including hepatosplenic 
T-cell lymphoma [HSTCL],78,79 non-melanoma skin 
cancer,80 and myelosuppression81,82). (See also Statements 
13 and 14.)

Based on the lack of evidence of beneficial effects, and the 
safety concerns, the consensus strongly recommended against 
use of a thiopurine alone for induction therapy.

  

Statement 13: In female patients with Crohn’s disease, we 
suggest a thiopurine to maintain remission.

GRADE: Conditional recommendation, low-quality evidence.
Vote: strongly agree, 20%; agree, 73%; neutral, 7%.
No consensus F: In male patients with Crohn’s disease the consensus 
group does not make a recommendation (for or against) regarding use of a 
thiopurine to maintain remission.
  

Key evidence: Evidence for the efficacy of maintenance 
thiopurine therapy comes from 2 SR&MAs of RCTs in adults 
who had achieved remission, generally with a combination of 
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corticosteroid and thiopurine therapy.77,83 A  meta-analysis of 
6 studies found that azathioprine was significantly superior to 
placebo in maintaining remission over 6–18 months (RR, 1.19; 
95% CI, 1.05–1.34).83 One additional small RCT withdrawal 
trial, published after the meta-analyses, also reported a reduc-
tion in risk of relapse with ongoing thiopurine therapy, which 
was significant at 1 year, but not at 2 years.84 Because most of 
the patients in these studies had achieved remission while on 
a thiopurine, they may have been more likely to show a posi-
tive effect with thiopurine maintenance therapy. Thiopurine 
use was associated with a 40% (hazard ratio [HR], 0.59; 95% 
CI, 0.48–0.73) reduction in the risk of first surgical resection 
in patients with CD in a meta-analysis of retrospective obser-
vational studies.85

One RCT86 and 1 observational study87 assessed thiopurine 
maintenance therapy in pediatric patients. The small RCT 
found that, in children receiving corticosteroid therapy, the 
addition of 6-mercaptopurine was associated with a lower rate 
of relapse compared to adjunctive placebo at 18  months (9% 
vs 47%; P  =  .007).86 Thiopurine use was also associated with 
decreased use of corticosteroids. In the observational study, 
47% and 23% of pediatric patients remained in remission with 
thiopurine therapy at 6 and 12 months, respectively.87

Compared to placebo, azathioprine demonstrated a sig-
nificantly greater risk of adverse events (RR, 1.29; 95% CI, 
1.02–1.64) and serious adverse events (RR, 2.45; 95% CI, 
1.22–4.90). Common events included pancreatitis, leukopenia, 
nausea, allergic reaction, and infection.83

The quality of evidence was downgraded to very low due 
to serious risk of bias, serious indirectness with respect to the 
populations, and serious imprecision.

Discussion: Evidence from adult and pediatric RCTs 
supports the efficacy of thiopurines for maintenance therapy. 
However, thiopurines are associated with tolerability issues,83 
and a risk of rare, but serious adverse outcomes, including lym-
phoma (eg, HSTCL),78,79 non-melanoma skin cancers,80 and 
cervical cancer.88 During longitudinal surveillance of more than 
189,000 IBD patients for a median of almost 7 years, the risk of 
lymphoma among those exposed to thiopurine monotherapy 
was increased (adjusted HR, 2.60; 95% CI, 1.96‒3.44; P < 
.001). However, the absolute incidence rate of 0.54 (95% CI, 
0.41‒0.67) per 1000 person-years was low among patients 
exposed to thiopurines. The risk with exposure to thiopurines 
and/or anti-TNFs was higher in males than females (adjusted 
HR, 1.56; 95% CI, 1.25–1.94), but was elevated in both groups 
compared to those without thiopurine exposure.79 In 2014, 
Health Canada issued an alert warning of the risk of HSTCL 
with thiopurines.89 This warning led to a position statement 
from the CAG recommending that continuation of thiopurine 
therapy consider the benefits and risks for an individual 
patient.90

In pediatric patients, the DEVELOP Registry (An 
Inflammatory Bowel Disease Multicenter, Prospective, Long-
Term Registry of Pediatric Patients) has been established to 
provide post-marketing data on infliximab safety in pediatric 
patients with CD or ulcerative colitis.91 The registry identified 
exposure to thiopurines as increasing the risks of malignancy 
compared to Surveillance, Epidemiology, and End Results 
Program database age- and sex-matched healthy peers, and of 
hemophagocytic lymphohistiocytosis occurrences in the set-
ting of first exposure to Epstein-Barr virus.

The consensus group concluded that the evidence for efficacy 
suggested that thiopurines were a viable option for mainte-
nance of remission, but there were safety concerns. In balancing 
the concern of teratogenicity with methotrexate, the consensus 
group made a suggestion in favor of their use in female patients, 
but this was conditional because although the risk of lymphoma 
is higher in males, it remains elevated in both sexes. Although a 
vote was conducted, both safety concerns and lack of consensus 
prevented the group from making a recommendation regarding 
the use of thiopurine maintenance therapy in male patients. 
Some participants argued that the benefits outweighed the 
risks, while others argued that the potential for life-threatening 
adverse events was not acceptable given the availability of alter-
nate therapies.

  

Statement 14: In patients with Crohn’s disease, we suggest 
that testing for thiopurine methyltransferase by genotype 

or enzymatic activity be done prior to initiating thiopurine 
therapy to guide dosing.

GRADE: Conditional recommendation, very low-quality evidence.
Vote: strongly agree, 27%; agree, 67%; neutral, 7%.
  

Key evidence: Three RCTs assessed the benefits of thiopurine 
methyltransferase (TPMT) testing compared to no testing be-
fore initiating thiopurine therapy to individualize dosing and 
thereby minimize the risk of early profound neutropenia in 
those with low TPMT activity.92–94 Genotyping was used in 2 
studies92,93 and enzymatic activity in 1 study.94 Among the 1145 
patients included, only 2 (0.17%) patients were homozygous, 
and 150 (13.1%) were heterozygous for variant alleles in the 
TPMT gene. A  meta-analysis found no significant improve-
ment with TPMT testing and dose adjustments compared to 
no testing in rates of hematologic events (RR, 0.94; 95% CI, 
0.59–1.50) or treatment discontinuations (RR, 1.10; 95% CI, 
0.94–1.27), and dose adjustments did not negatively impact 
clinical remission rates (RR, 1.03; 95% CI, 0.84–1.27).95 While 
most patients with leukopenia in the largest study did not have 
reduced enzymatic activity, individuals with TPMT mutations 
and low or intermediate enzymatic activity had a significant re-
duction in the risk of hematologic adverse events with TPMT 
testing to guide dosing (RR, 0.11; 95% CI, 0.01–0.85).92
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Although specific studies on the role of TPMT testing 
(genotype or enzymatic activity) in pediatric patients were 
not found, studies suggest that pediatric and adult patients 
have similar TPMT activity and similar adverse event 
frequencies.96,97

The quality of evidence was downgraded to very low due to 
serious risk of bias, serious indirectness (with respect to the 
populations), and serious imprecision.

Discussion. Although the incidence of patients with low 
or absent levels of TPMT (the enzyme needed to metabo-
lize thiopurines) is low, these patients can be at risk of early 
severe myelosuppression if treated with standard thiopurine 
doses.81,82 Of note, data suggest that thiopurines may be more 
likely to affect myelosuppression in East Asian populations 
than in Caucasian populations regardless of TPMT expression 
due to other genetic factors.98 In a meta-analysis of 7 studies 
of patients with IBD treated with thiopurines, 3.2% developed 
leukopenia, and 0.09% of patients died.81 Although rare, leuko-
penia can result in infectious or bleeding complications99 and 
can be rapidly fatal.81,100 Thus, there can be considerable harm 
associated with using thiopurines in patients with low or ab-
sent TPMT levels.

The risks of myelosuppression are reportedly highest in 
first 8 weeks of treatment,99 but can occur at any time.92–94 In 
patients with subnormal TMPT activity, clinical trials have 
suggested dose adjustments, such as a 50% dose in patients 
with intermediate enzymatic activity and even lower doses or 
not using thiopurines at all in patients with low/absent enzyme 
activity.92–94 TMPT levels in pediatric patients appear to be sim-
ilar to those in adults.

In light of the potential life-threatening consequences, the 
consensus group suggested TPMT testing (genotype or enzy-
matic activity) before initiating thiopurine therapy. This was a 
conditional suggestion because of concerns that TPMT testing 
may yield a false sense of security, as the majority of cases of 
leukopenia are unpredictable and independent of TPMT en-
zyme activity. TPMT testing results also do not correlate with 
the development of other adverse events, such as hepatotoxicity 
or pancreatitis.

Testing can be costly; however, 2 cost-effectiveness analyses 
in patients with IBD and rheumatoid arthritis,81,101 and a pro-
spective economic evaluation of the TARGET study,93,102 
suggested that TPMT testing (genotype) was a cost-effec-
tive strategy compared to no testing for patients initiating 
thiopurine therapy.

  

No consensus G: In patients with mild to moderate Crohn’s disease, the 
consensus group does not make a recommendation (for or against) re-
garding methotrexate monotherapy to induce clinical remission.
Statement 15: In patients with Crohn’s disease, we suggest 
parenteral methotrexate to maintain clinical remission.
GRADE: Conditional recommendation, low-quality evidence.

Vote: strongly agree, 40%; agree, 60%.
No consensus H: In patients with Crohn’s disease, the consensus group 
does not make a recommendation (for or against) regarding oral metho-
trexate to maintain clinical remission.
  

Key evidence: Methotrexate induction therapy. Evidence for 
the efficacy of methotrexate for the induction of symptomatic 
remission comes from 1 SR&MA,77 which included 2 RCTs 
conducted in adult patients with steroid-dependent CD. 
There was no statistically significant benefit on the outcome of 
failure to achieve remission (RR, 0.82; 95% CI, 0.65–1.03).77 
Although 1 of the RCTs found no benefit with oral metho-
trexate,103 the other demonstrated a significant improvement 
in remission rates at 16 weeks, with an intramuscular metho-
trexate vs placebo (RR, 1.95; 95% CI, 1.09–3.48; P = .025).104 
Another SR without meta-analysis included 4 trials assessing 
methotrexate vs active comparators.105 Methotrexate 
appeared to be as effective as thiopurines, and more effective 
than 5-ASA.

Very-low-quality pediatric data were available from an SR 
of 10, predominantly retrospective, case series. Short-term re-
mission rates (≤3  months) were only reported for parenteral 
methotrexate therapy. The remission rate in 1 study was 57% at 
1 month and 29% to 70% at 3 months.106

The quality of evidence was downgraded to very low due 
to serious risk of bias, serious indirectness with respect to the 
populations and interventions, and serious imprecision.

Parenteral methotrexate maintenance therapy
Evidence for the efficacy of methotrexate for maintenance 
therapy in adults with CD in clinical remission was available 
from 2 SR&MAs.77,107 Only 1 trial assessed intramuscular meth-
otrexate as maintenance therapy.108 In this trial, there was a 
significant reduction in the risk of relapse with methotrexate 
compared to placebo (RR, 0.57; 95% CI, 0.35–0.94) in adult 
patients who had achieved remission with a combination of ste-
roid and methotrexate therapy. Two other small trials included 
in the SR&MAs showed no significant benefit of oral metho-
trexate on the risk of relapse.103,109

In the SR of pediatric observational studies, long-term remis-
sion rates were 37% to 62% at 6  months, and 25% to 53% at 
12  months, primarily with parenteral methotrexate, although 
this was switched to oral in some case series.106 The lack of a 
comparator group, varying patient populations, interventions, 
concomitant therapy, and definitions of remission, make these 
data difficult to interpret.

Oral methotrexate maintenance therapy
 There were 2 RCTs using oral methotrexate for maintenance 
therapy, both of which demonstrated no significant ben-
efit103,109; however, there was some question as to whether 
methotrexate was used to induce remission in these trials 
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because patients had chronic steroid-dependent CD, and may 
not have been in remission.77,107 The only positive maintenance 
RCT was the intramuscular trial.108 If this is extrapolated to 
support the use of the oral form, the evidence would be fur-
ther downgraded to very low quality. In the SR of pediatric 
data, some patients were switched to oral methotrexate, and 
the case series comparing oral and subcutaneous metho-
trexate reported similar remission rates.106 However, these 
data are likely confounded by preferential use of oral therapy 
in patients with milder disease.

Safety
In the intramuscular study, withdrawals due to adverse events 
were significantly more common with methotrexate vs placebo 
(RR, 8.00; 95% CI, 1.09‒59.51).104 No serious adverse events 
were reported in the clinical trials.

In the SR of pediatric data, adverse events were similar to 
those seen in adults, with the most common adverse events 
being nausea and vomiting.106 In a retrospective study, 31% 
of 102 pediatric patients with IBD experienced methotrexate 
intolerance (gastrointestinal or behavioral symptoms).110 
Strategies to reduce these effects in children have been re-
ported.111 Other adverse events included elevated liver func-
tion tests, headache, and hematologic toxicity.106 Infectious 
adverse events were also reported (upper respiratory tract in-
fection, varicella zoster reactivation).106 An SR&MA of 12 co-
hort studies assessed the incidence of hepatotoxicity among 
children with IBD taking methotrexate. Overall, 10.2% (95% 
CI, 5.4%‒18.5%) of patients had abnormal liver biochemistry 
and 4.5% (95%, CI, 2.8%‒7.2%) of patients required discon-
tinuation of the drug.112 As the drug has the potential for te-
ratogenic effects, embryotoxicity, abortion, and fetal defects 
in humans it cannot be used in pregnant females, raising sig-
nificant concerns in those who provide care when pregnancy 
is possible.

The quality of evidence was downgraded to very low due to 
serious risk of bias, serious indirectness (with respect to the 
populations), and serious imprecision.

Discussion. Significant benefits with methotrexate for the 
management of CD are seen only in the 1 RCT, which used 
the intramuscular formulation for induction and maintenance 
therapy.108 RCTs using oral methotrexate for induction or 
maintenance therapy have not shown significant benefit. There 
were no RCTs in pediatric patients, but the observational data 
suggested that about 25% to 50% of patients can achieve long-
term remission with subcutaneous and/or oral methotrexate.106

Pharmacokinetic data show differences between oral and par-
enteral methotrexate,113 and common practice in rheumatology 
has included switching from oral to parenteral in cases where 
oral methotrexate was not effective. In clinical practice, subcu-
taneous methotrexate is used more often than intramuscular 

delivery. The pharmacokinetics of the subcutaneously 
administered drug have been shown to be similar to intramus-
cular injection.114,115 In addition, subcutaneous administration 
minimizes local reactions at the injection site, and may be more 
convenient and less painful.113,114

The RCTs using methotrexate as induction therapy provided 
conflicting results; the oral trials were negative, while the intra-
muscular trial was positive. Short-term results from the observa-
tional data in pediatric patients were only available for parenteral 
methotrexate. Based on these conflicting data, the consensus 
group did not make a recommendation for or against the use 
of methotrexate for induction therapy. Participants in support 
of this strategy cited the potential efficacy as demonstrated in 
the intramuscular trial, and the observational studies. Because 
there are very few treatments for CD, which is a lifelong disease, 
methotrexate is a potentially useful treatment that should not 
be discarded. Methotrexate has a slow onset of action, there-
fore, for patients who are not acutely symptomatic and in whom 
a delayed response would be acceptable, it may be an option to 
start it in the induction phase in order to use it as maintenance 
therapy. Participants who were against recommending meth-
otrexate for induction therapy argued that the trials were not 
monotherapy trials; most patients were on other therapies (par-
ticularly corticosteroids), and the contribution of methotrexate 
is uncertain.

Based on evidence supporting beneficial effects of intramus-
cular methotrexate, the consensus group suggested parenteral 
methotrexate for use as maintenance therapy. However, there 
was insufficient evidence to make a recommendation regarding 
the use of oral methotrexate in this setting. While the RCTs using 
oral methotrexate were negative, these trials were very small, and 
the doses used may have been inadequate. The data from the in-
tramuscular trial suggest the potential for efficacy with this med-
ication. Some consensus participants argued that some patients 
in stable remission may continue to benefit when switched from 
parenteral to lower cost, more convenient, oral methotrexate. This 
is supported by observational data reported in the SR of pediatric 
studies.106

  

Statement 16: In patients with Crohn’s disease who are 
in clinical remission with a thiopurine or methotrexate as 
maintenance therapy, we suggest assessment for mucosal 

healing within the first year to determine the need to 
modify therapy if significant ulcerations persist.

GRADE: Conditional recommendation, very-low-quality evidence.
Vote: strongly agree, 13%; agree, 80%; neutral, 7%.
No consensus I: In patients with moderate to severe inflammatory Crohn’s 
disease who have achieved clinical remission but not mucosal healing with 
a corticosteroid, thiopurine, or methotrexate, the consensus group does not 
make a recommendation (for or against) regarding anti-TNF therapy to in-
duce and maintain mucosal healing. (Note there was insufficient evidence at 
the time of the literature searches, but the consensus group recognized that this 
would need updating as new evidence becomes available).
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Key evidence. Observational data (1 SR of cohort studies, and 
post-hoc analyses of RCTs) have suggested that achieving deep re-
mission is associated with improved clinical outcomes, including 
higher rates of clinical remission, improved quality of life, and 
reduced need for steroids, hospitalizations, and surgery.10,11 The 
SR&MA of prospective cohort data, including 12 studies found 
that patients who had achieved mucosal healing had significantly 
increased rates of long-term clinical remission (OR, 2.80; 95% CI, 
1.91‒4.10) and mucosal healing (OR, 14.30; 95% CI, 5.57‒36.74).11 
There was a trend to a greater CD-related surgery-free rate (OR, 
2.22; 95% CI, 0.86‒5.69), but this was not significant.

In pediatric patients, complete mucosal healing was associ-
ated with significantly higher rates of long-term remission for 
up to 3 years compared to ongoing active endoscopic disease.12

Rates of mucosal healing with anti-TNF therapy (27%‒31%) 
were higher than those seen with immunosuppressants (16.5%) 
or placebo (0‒13%).116–118 Combination anti-TNF and immu-
nosuppressant therapy (43.9%) provided even higher rates 
compared to anti-TNF (30.1%; P  =  .06) or immunosuppres-
sant therapy (16.5%; P < .001) alone.118 In addition, a higher 
rate of mucosal healing with combination therapy compared to 
conventional therapy at 2 years (73% vs 30%; P = .0028)119 was 
a significant predictor of remaining in remission at 3 and 4 years 
(OR, 4.35; 95% CI, 1.10‒17.22).120

Several case series in pediatric patients have reported rates of 
mucosal healing associated with anti-TNF therapy. Complete 
mucosal healing was seen in 22%‒25% of patients, and endo-
scopic improvement in 44%‒67%.121–123

The evidence was downgraded to very low due to serious risk 
of bias, serious indirectness with respect to the use of surrogate 
outcomes (mucosal healing) and serious imprecision.

Discussion. There are long-term benefits associated with 
mucosal healing. Assessment for mucosal healing generally 
requires endoscopy, which is both costly and invasive. Imaging 
(eg, magnetic resonance enterography) and biomarker levels 
(eg, C-reactive protein and fecal calprotectin) have been shown 
to correlate with endoscopy,124 and changes in these parameters 
were recently shown to correlate with mucosal healing. The 
open-label, RCT CALM (published outside the search 
window) compared treatment escalation with an anti-TNF 
therapy based on both clinical symptoms and biomarkers (tight 
control) to symptom-driven decisions alone (clinical manage-
ment) in 244 adult patients. At week 48, significantly more 
patients in the tight control group achieved mucosal healing 
(46%) than in the clinical management group (30%, risk differ-
ence, 16.1%; 95% CI, 3.9‒28.3; P = .010).125

Based on the potential benefits associated with mucosal 
healing, the consensus group suggested that assessing this 
outcome was a useful management strategy in patients re-
ceiving immunosuppressant therapy. Data suggest higher 
mucosal healing rates with anti-TNF therapies and better 

long-term outcomes when healing is achieved. The con-
sensus group, nevertheless, did not make a universal recom-
mendation regarding switching to or adding an anti-TNF to 
therapy in all patients who have achieved clinical remission 
but not mucosal healing with immunosuppressant therapy. 
This was largely related to the fact that the degree of mucosal 
healing required to achieve clinically relevant benefits needs 
to be more clearly defined. The REACT-2 trial is underway in 
adults to assess whether early treatment intensification based 
on mucosal healing will reduce the risk of hospitalization, 
surgery, and CD complications compared to conventional 
step-up therapy.

Anti–Tumor Necrosis Factor Biologic Therapy
  

Statement 17: In patients with moderate to severe  
inflammatory Crohn’s disease who have failed to achieve 

clinical remission with corticosteroids, we recommend  
anti-TNF therapy (adalimumab, infliximab) to induce 

and maintain clinical remission.
GRADE: Strong recommendation, high-quality evidence.
Vote: strongly agree, 100%.
Statement 18: In patients with moderate to severe inflam-

matory Crohn’s disease who fail to achieve or maintain 
clinical remission with a thiopurine or methotrexate, we 
recommend anti-TNF therapy to induce and maintain 

clinical remission.
GRADE: Strong recommendation, high-quality evidence.
Vote: strongly agree, 93%; agree, 7%.
  

Key evidence. Anti-TNF therapy has been extensively studied 
in double-blind RCTs in adults, which have been assessed in 
a number of SRs with or without meta-analyses.126–128 In most 
of the studies assessing its use to induce remission, patients had 
previously received other treatments, including corticosteroids 
and immunosuppressants, and analyses according to type of 
prior treatment were not performed. For induction therapy, a 
meta-analysis including 10 trials found that anti-TNF therapy 
alone or with concomitant therapies was significantly more ef-
fective than placebo for the outcome of failure to achieve symp-
tomatic remission (RR, 0.87; 95 % CI, 0.80–0.94; P  =  .0004). 
Results were significant for infliximab and adalimumab, but not 
certolizumab pegol.126 For maintenance therapy, meta-analysis of 
5 RCTs showed that anti-TNF therapy significantly reduced the 
risk of relapse in patients with CD in clinical remission compared 
to placebo (RR, 0.71; 95% CI, 0.65–0.76; P < .00001).126 Results 
were significant for infliximab and certolizumab pegol, but not 
adalimumab. In another meta-analysis, all 3 anti-TNFs were signif-
icantly more effective than placebo for both induction and main-
tenance of remission.129

In the SR&MA, there were no significant differences in the 
incidence of adverse events with anti-TNF used for induction 
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(RR, 0.99; 95% CI, 0.90–1.08) or maintenance of remission 
(RR, 0.93; 95% CI, 0.84–1.03) compared with placebo.126

The quality of evidence was rated as high with no concerns 
for risk of bias, inconsistency, indirectness, or imprecision.

Discussion. There is high-quality evidence for the efficacy of 
anti-TNF therapy for patients who have failed corticosteroids, 
or immunosuppressant therapies. These subgroups are not 
clearly differentiated in most trials, and most of the RCTs in-
cluded both populations. Adalimumab and infliximab have 
demonstrated efficacy in adults in RCTs and in children in trials 
with open-label induction and randomized dose-ranging main-
tenance therapy. Results from studies assessing certolizumab for 
induction of remission did not demonstrate significant benefit, 
but benefit was demonstrated for maintenance of remission.126 
However, there were no controlled trials in pediatric patients, 
and generally maintenance therapy is continued with the agent 
used for induction, making certolizumab less appropriate.

In pediatric patients, anti-TNF induction therapy has been 
reported only in open-label trials.130–133 For maintenance, 1 
double-blind RCT132 and 2 open-label RCTs (REACH-1131 
and a French trial133) were found. None of these trials was 
placebo-controlled, but rather compared different doses, dif-
ferent dosing intervals, or scheduled vs on-demand therapy. 
The majority of patients were receiving concomitant immuno-
suppressant therapy. The 1 double-blind RCT (IMAgINE-1) 
assessed adalimumab dose-ranging maintenance therapy after 
open-label weight-adjusted induction therapy, and reported a 
remission rate of 33.5% at week 26, with no significant differ-
ence between high- and low-dose adalimumab.132 In the open-
label RCT (REACH) of infliximab every 8 weeks vs every 12 
weeks after open-label induction, the clinical remission rate was 
56% after 1 year.131

Impaired growth, particularly if defined by the most sensitive 
parameter of reduced height velocity, has historically been a 
frequent complication of pediatric CD developing before pu-
berty. Risk factors include prolonged disease before diagnosis 
and the inter-related factors of chronically, uncontrolled, intes-
tinal inflammation, under-nutrition, and chronic corticosteroid 
use.6,69 Anti-TNF therapies have been associated with improved 
growth in IMAgINE-2,134,135 REACH-1,131 the French trial,133 
the RISK study,136 and a prospective cohort study.137

Anti-TNFs are generally well tolerated; however, increased 
risk of infections and reactivation of tuberculosis have been 
reported in adults.79,138,139 In pediatric patients, upper respira-
tory tract infections and nasopharyngitis were frequent, being 
reported in about 37%–43% of children in open-label ex-
tension trials.134,140 During almost 5  years of follow-up of 100 
pediatric patients who entered the IMAgINE-2, open-label, 
extension study, the incidence of opportunistic infections was 
5.7% (2.2/100 patient-years), with all but 1 being considered 
non-serious adverse events.134 Only one opportunistic infection 

was reported in the open-label extension of the REACH trial 
(n = 60, up to 3-year follow-up), also considered non-serious.140 
In adults, the risks of lymphoma were highest in those exposed 
to combination therapy, but were also elevated in patients 
exposed to anti-TNF monotherapy compared to no exposure 
(adjusted HR, 2.41; 95% CI, 1.60‒3.64; P < .001).79

Based on the efficacy demonstrated in RCTs in adults and 
children, the consensus group strongly recommended anti-
TNF therapy for patients with moderate to severe CD who have 
failed corticosteroid or immunosuppressant therapy.

Only 2 members of the consensus group reported no conflict 
of interest regarding anti-TNF therapies. Two separate votes 
were conducted for statement 17, one for these 2 members, and 
another for the consensus group as a whole, in both cases the 
vote was unanimously “strongly agree.”

  

Statement 19: In patients with severe inflammatory 
Crohn’s disease judged at risk for progressive, disabling 

disease, we suggest anti-TNF therapy as first-line therapy 
to induce and maintain clinical remission.

GRADE: Conditional recommendation, very low-quality evidence.
Vote: strongly agree, 47%; agree, 53%.
  

Key evidence. The efficacy of anti-TNF therapy in adults 
with CD is described under Statements 17 and 18. The ma-
jority of RCTs were conducted in patients who had received 
previous non-biologic therapies. These data were extrapolated 
to the use of these agents as first-line treatments, and there-
fore downgraded in assessment of quality to very-low-quality 
evidence.

Additional support for the early use of anti-TNF therapy 
comes from open-label, prospective trials using combined anti-
TNF and immunosuppressive therapy in newly diagnosed, 
treatment naïve patients.119,141 In these studies, “top-down” 
treatment was associated with significantly higher rates of 
symptomatic remission at earlier time points compared to not 
using early anti-TNF therapy. Post-hoc analyses of several other 
adult RCTs have suggested that rates of deep remission (clin-
ical remission plus mucosal healing) may be highest in patients 
with early CD (<18–24  months duration) with anti–TNF-
containing regimens.142,143

Discussion. Some evidence has demonstrated the benefits 
of using early anti-TNF therapy in adults who are treatment 
naïve119,141 and those who are naïve to anti-TNF and immuno-
suppressant therapy.119,142

Secondary analysis of data from the RISK observational study 
using propensity scores compared the early introduction of 
anti-TNF therapy, immunosuppressant therapy, and no immu-
notherapy, within 3 months of diagnosis in pediatric patients in 
a real-world clinical setting.136 Early anti-TNF therapy was su-
perior to early treatment with an immunosuppressant (85.3% 
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vs 60.3%; RR, 1.41; 95% CI, 1.14–1.75; P  =  .0017), or no 
early immunotherapy (54.4%; RR, 1.57; 95% CI, 1.23–1.99; 
P = .0002) in achieving corticosteroid-free remission at 1 year 
after diagnosis. In addition, the mean height z-scores increased 
compared with baseline only in the early anti-TNF group.

The consensus group suggested the use of anti-TNF agents as a 
first-line treatment based on the demonstrated efficacy as induc-
tion therapy, and supportive data suggesting benefits in newly 
diagnosed patients. This was a conditional suggestion because of 
the same concerns discussed under Statements 17 and 18.

The group discussed that early anti-TNF may be warranted 
in pediatric patients with extensive disease or deep colonic 
ulcerations, or in those in whom corticosteroids could be ex-
pected to provide no benefit or could have the potential to exac-
erbate underlying conditions, such as complex perianal disease, 
severe bone disease, mental health disorders, or linear growth 
delay. The group also emphasized that there is an urgent need 
for better predictors of chronically active, severe inflammatory 
disease, and disease that will result in progressive intestinal 
damage that would necessitate intestinal resection.

  

Statement 20: When starting infliximab in males, we 
suggest against using it in combination with a thiopurine.
GRADE: Conditional recommendation, low-quality evidence.
Vote: strongly agree, 40%; agree, 47%; neutral, 13%.
No consensus J: When starting infliximab in females, the consensus group 
does not make a recommendation (for or against) regarding combining it 
with a thiopurine to maintain a durable clinical remission.
  

Key evidence. Evidence of a treatment benefit for infliximab 
in combination with a thiopurine comes from the prospective 
randomized SONIC trial in adults, which demonstrated higher 
rates of clinical remission and endoscopic healing at week 26 
with combination vs infliximab monotherapy (57% vs 44%; 
P  =  .02).118 In an SR&MA, this yielded an RR of failure to 
achieve remission with combination vs infliximab monotherapy 
of 0.78 (95% CI, 0.62–0.97).144

An SR&MA of cohort data from RCTs of anti-TNF therapy 
(adalimumab, certolizumab, or infliximab), found no significant 
differences in the rates of clinical remission with the combina-
tion of an anti-TNF plus an immunosuppressant (thiopurine 
or methotrexate) compared to an anti-TNF alone for induc-
tion (OR, 1.28; 95% CI, 0.77–2.16) or maintenance therapy 
(OR, 1.02; 95% CI, 0.80–1.31).145 There were no significant 
differences in rates of clinical remission between monotherapy 
and combination therapy for maintenance treatment when the 
3 anti-TNF agents were pooled, or when they were analyzed 
separately.

In the SONIC trial, the incidence of adverse events was gen-
erally similar in the combination and monotherapy groups, 

and there were no significant differences in the RR of serious 
infection.118,144 Evidence on rare, but important adverse events 
was very low quality. Observational data suggest a higher risk 
of lymphoma79 and activation of tuberculosis138 in patients 
exposed to combination vs anti-TNF monotherapy.

One open-label, pediatric RCT randomized patients after 
10 weeks of combination induction therapy to maintenance 
with either 54 weeks of combination therapy or 26 weeks 
of combination therapy, followed by 26 weeks of anti-TNF 
monotherapy.146 At the end of the 10-week open induction 
phase, 65.5% of patients were in clinical remission. At the end 
of the 54-week maintenance phase, there was no significant 
benefit of combination therapy with <5% of patients in either 
group experiencing a loss of response. The incidence of serious 
adverse events was 9%, of which the most common was primary 
Epstein-Barr virus infection.

The evidence was downgraded to low due to serious incon-
sistency and serious imprecision.

Discussion. In the REACH pediatric study of infliximab, all 
patients were required to be administered immunosuppressants, 
and 10-week remission rates were 59%. However, there 
was no monotherapy comparison group.131 One RCT in 
adults (downgraded to low-quality evidence for indirectness 
[extrapolated to pediatric] and imprecision [low number of 
events]) suggested a potential efficacy benefit with combina-
tion therapy over anti-TNF monotherapy. However, admin-
istration of infliximab monotherapy in the SONIC study was 
strictly according to standard protocol (precisely 5 mg/kg every 
8 weeks) without any attention to optimizing drug exposure via 
therapeutic drug monitoring. There is also an important benefit 
of concomitant immunomodulators in prolonging clearance 
of infliximab and reducing rates of anti-infliximab antibody 
development, as demonstrated in SONIC and in pediatric co-
hort studies.137,147 Avoiding secondary loss of response related 
to anti-drug antibody development is extremely important in 
young patients, given the long lives ahead, during which treat-
ment will be needed. The modest increment in efficacy of com-
bination therapy might be overcome via individualized dosing 
regimens of infliximab monotherapy to avoid low or absent 
trough titers to help avoid development of anti-drug antibodies.

The consensus group recognized the improved durability of 
infliximab response with combination therapy, but suggested 
against selection of thiopurines as the concomitant drug for 
males based on safety concerns, as described in Statements 12 
and 13. Specifically, the risk of the extremely rare but almost 
uniformly fatal HSTCL, is attributable to thiopurine use, both 
alone and in combination with anti-TNF. The highest risk has 
been reported among males aged <35 years receiving combina-
tion thiopurine and anti-TNF therapy.148 Post-marketing surveil-
lance of infliximab continues to identify at least 2 occurrences 
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worldwide annually and always in patients receiving anti-TNF 
in combination with a thiopurine. Two such occurrences were 
reported in the DEVELOP pediatric IBD registry.91

In adults, the risk of other lymphomas (usually Epstein-Barr 
virus–driven), which is age-related and of lesser concern for 
pediatric patients, was increased in patients exposed to combi-
nation thiopurine plus anti-TNF therapy compared to no ex-
posure, thiopurine monotherapy, or anti-TNF monotherapy.79 
In the open-label, RCT in 84 pediatric patients, there were 4 
occurrences of primary EBV infection, 1 of herpes simplex 
virus, and 1 of chickenpox infection, throughout the study.146

The group concluded that the benefits of thiopurine in com-
bination with infliximab did not outweigh the risk of HSTCL 
in males. However, the consensus group did not make a rec-
ommendation regarding the use of combination therapy for 
females. The risk of HSTCL, although lower in females, re-
mains elevated compared to no exposure, therefore, some 
participants argued that the risks outweighed the benefits, 
while others disagreed and noted that combination therapy 
with thiopurines remains a potentially useful strategy for 
some patients.

  

Statement 21: When starting adalimumab in males, we 
suggest against using it in combination with a thiopurine.

GRADE: Conditional recommendation, very-low-quality evidence.
Vote: strongly agree, 40%; agree, 53%; neutral, 7%.
No consensus K: When starting adalimumab in females, the consensus 
group does not make a recommendation (for or against) regarding com-
bining it with a thiopurine to maintain a durable clinical remission.
  

Key evidence. An open-label, RCT (DIAMOND), in adults 
who were immunosuppressant- and biologic-naïve found no 
difference in 26-week clinical remission rates between the 
combination of adalimumab plus azathioprine (68.1%) and 
adalimumab monotherapy (71.8%; P  =  .63). The rate of en-
doscopic improvement was significantly higher with combi-
nation therapy at 6  months but not 12  months.149 Similarly, 
post-hoc analyses of cohort data from RCTs in adults did not 
show a significant benefit with combination adalimumab and 
immunosuppressant therapy (thiopurine or methotrexate) over 
adalimumab alone for induction (OR, 0.88; 95% CI, 0.60–1.27) 
or maintenance of remission (OR, 0.88; 95% CI, 0.58–1.35).145

Additional very low quality of evidence data in pedi-
atric patients also reported no benefit with the combi-
nation of adalimumab plus an immunosuppressant. In a 
post-hoc analysis of the IMAgINE-1 RCT, there was no differ-
ence in remission rates between those who received concom-
itant immunosuppressants and those who did not (35.9% vs 
29.6%).132,150

The evidence was downgraded to very low due to serious risk 
of bias and very serious imprecision.

Discussion. There were very few data to suggest a benefit of 
adding a thiopurine when starting adalimumab therapy. In the 
DIAMOND trial, the primary end point was negative, but there 
was evidence of more rapid mucosal healing in the combination 
group.149

Although not statistically significant, there were trends 
toward higher adalimumab trough levels and lower rates 
of anti-adalimumab antibodies in the combination group 
compared to the monotherapy group. Although overall 
there were not significant differences in the rates of ad-
verse events or study discontinuations between the combi-
nation and monotherapy groups, withdrawals specifically 
for side effects were significantly more frequent in the 
combination group.

For the same reasons as described in Statement 20 for 
infliximab/thiopurine combination therapy regarding safety 
concerns and less evidence of benefit, the consensus group 
suggested against the combination in males and did not make 
a recommendation regarding the use of combination therapy in 
females.

  

Statement 22: In male patients with Crohn’s disease 
receiving immunomodulator therapy in combination 

with an anti-TNF therapy, we suggest methotrexate in 
preference to thiopurines.

GRADE: Conditional recommendation, very-low-quality evidence.
Vote: strongly agree, 27%; agree, 53%; neutral, 20%.
  

Key evidence. SRs have found few studies assessing the 
efficacy of concomitant methotrexate.129,145 One RCT, the 
COMMIT study, compared the efficacy of combination 
therapy with infliximab plus methotrexate to infliximab 
alone, and found no difference in rates of symptomatic re-
mission between the 2 treatment groups (HR, 1.16; 95% 
CI, 0.62–2.17; P = .63).151 A very, small, open, pilot study re-
ported an early benefit of combination therapy that was not 
sustained.152

The open-label, RCT in pediatric patients, described under 
Statement 20, included patients on either azathioprine or 
methotrexate in the combination treatment group, but did 
not specify the proportion receiving each drug. Overall 
combination therapy with infliximab plus an immunosup-
pressant was not associated with a benefit over infliximab 
alone in preventing loss of response over the 1-year fol-
low-up.146 Similarly, in the RCT assessing adalimumab in pe-
diatric patients (IMAgINE-1), >60% of patients received 
immunosuppressants; however, the proportion receiving 
methotrexate was not reported, and a post-hoc analysis did not 
demonstrate a difference in remission rates between those who 
received concomitant immunosuppressants and those who did 
not.132,150 All pediatric patients in the REACH study received 

e54 Journal of the Canadian Association of Gastroenterology, 2019, Vol. 2, No. 3



concomitant immunosuppressants, but only 10% specifically 
received methotrexate.131

The quality of evidence was downgraded to very low due to 
serious risk of bias and very serious imprecision.

Discussion. Although the double-blind, placebo-controlled 
RCT failed to show a benefit with combination anti-TNF and 
methotrexate therapy, the evidence was assessed as very low 
quality.151 The trial demonstrated that combination infliximab 
plus methotrexate was associated with a lower likelihood of 
developing antibodies to infliximab (4% vs 20%; P = .01), and 
there was a trend to higher median serum trough infliximab 
concentrations (6.35 μg/mL vs 3.75 μg/mL; P = .08). However, 
there was no significant clinical benefit. Of note, there were very 
high success rates among the patients in this trial, potentially 
due to the use of systemic corticosteroids to induce remission 
in all patients. The high success rate in both arms of the trial may 
have resulted in a lack of power to demonstrate clinical benefit 
of concomitant methotrexate.151

The most frequent adverse event with methotrexate therapy 
is nausea (up to 25% of patients), however, there is a risk of 
rare, but serious adverse events, including hepatotoxicity, bone 
marrow suppression, hypersensitivity pneumonitis, gastroin-
testinal toxicity, teratogenicity, and infections.153 In contrast 
to thiopurines (see Statement 20), methotrexate has not been 
associated with an increased incidence of lymphoma, however, 
historic rates of use in CD are low.153

Although a vote was conducted, both insufficient evidence 
and lack of consensus prevented the group from making a rec-
ommendation regarding combining infliximab or adalimumab 
with methotrexate to maintain a durable clinical remission 
in all patients or males alone. However, if a clinician judges a 
patient to require the combination of an anti-TNF and an im-
munosuppressant, the consensus group suggested that meth-
otrexate should be used over thiopurines in males. This was a 
conditional suggestion, as, despite the lower risk of lymphoma, 
there are other safety concerns in addition to a lack of evidence 
demonstrating the efficacy of combination therapy with meth-
otrexate in CD.

  

Statement 23: In patients with Crohn’s disease who have 
a suboptimal clinical response to anti-TNF induction 

therapy or loss of response to maintenance therapy, we 
suggest regimen intensification informed by therapeutic 

drug monitoring.
GRADE: Conditional recommendation, very-low-quality evidence.
Vote: strongly agree, 53%; agree, 47%.
  

Key evidence. One RCT (TAXIT) evaluated the efficacy of reg-
ular therapeutic drug monitoring (TDM) in adults with IBD, who 
were stable on infliximab maintenance therapy, and had their dose 
proactively optimized before study entry to achieve an infliximab 

trough concentration between 3–7  μg/mL.154 Among CD 
patients, there was no significant difference in clinical remission 
rates between those who were randomized to dosing guided by 
TDM and those randomized to standard clinically-based dosing 
(62.6% vs 54.9%; P = .353). Relapse rates were significantly lower 
in patients who received TDM-based dosing compared to those 
who received clinically based dosing (17% vs 7%; P = .018); how-
ever, this was in the combined IBD population.

The majority of data related to TDM come from observa-
tional studies, which have been assessed in SR&MAs of studies 
in adults using infliximab155,156 or adalimumab.157 These analyses 
showed that antibodies to anti-TNFs were associated with 
greater likelihood of loss of response,156,157 and higher serum 
anti-TNF levels were associated with a greater probability of 
clinical remission and mucosal healing.155,157 However, these 
studies do not assess whether using TDM proactively will have 
an impact on patient outcomes, as opposed to reactive TDM 
when patients are symptomatic.

In the IMAgINE-1 study in pediatric patients, higher trough 
levels were associated with greater rates of remission, but there 
was no correlation between antibodies to anti-TNF therapy 
and remission/response (n = 6 patients with antibodies).158 In 
a retrospective case series of pediatric patients with IBD, those 
with very low infliximab drug levels had high rates of infliximab 
antibodies, non-response, or loss of response.159

The quality of evidence was downgraded to very low due to 
serious risk of bias and very serious imprecision.

Discussion. Evidence suggests that regimen intensification 
(increasing the dose or shortening the dosing interval) may help 
increase remission rates. In TAXIT, dose optimization before 
randomization resulted in significant improvements in remis-
sion rates (88% vs 65%; P = .02) and median C-reactive protein 
concentrations (3.2 mg/L vs 4.3 mg/L; P < .001) compared to 
before dose escalation.154 Two SRs of case series have shown re-
sponse rates of about 54%–90%, and remission rates of about 
31%–40% among patients who underwent dose intensifica-
tion.160,161 In addition, among pediatric patients losing response 
in the REACH trial, planned dose intensification resulted in 
75% of patients (n = 24/32) regaining response.131

Observational data suggest that antibodies to anti-TNFs are 
associated with greater likelihood of loss of response, and higher 
serum anti-TNF levels are associated with a greater likelihood 
of maintained remission. However, the only RCT that prospec-
tively assessed the impact of proactive TDM to guide dosing 
during infliximab maintenance therapy demonstrated no signif-
icant benefit in its primary outcome of higher clinical remission 
rate at 1 year.154 In a small, single-blind RCT, treatment of sec-
ondary anti-TNF failure using an algorithm based on combined 
drug serum levels and antibody measurements significantly 
reduced average treatment costs per patient compared with 
routine dose escalation.162 The TDM-guided approach did not 
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have a negative effect on clinical efficacy, and was cost-effective 
during longer-term follow-up.163

Based on the evidence that regimen intensification can im-
prove outcomes, the consensus group suggested this strategy 
before considering a change in therapy. The statement was a 
conditional suggestion because of uncertainties of TDM, not 
uncertainty pertaining to the value of dose intensification.

  

No consensus L: In patients with Crohn’s disease who have achieved a clin-
ical remission with anti-TNF therapy, the consensus group does not make a 
recommendation (for or against) regarding assessment for mucosal healing 
within the first year to determine the need to modify therapy.
  

Key evidence. Evidence for the potential benefits of mucosal 
healing and the rates of mucosal healing with anti-TNF therapy 
were discussed under Statement 16.

Discussion. The discussion around the utility of assessing 
for mucosal healing was discussed under Statement 16.

In the context of anti-TNF therapy, the consensus group did 
not make a recommendation regarding endoscopic assessment 
of mucosal healing among patients in clinical remission. Data 
concerning endoscopic healing achieved with other agents, in-
cluding alternate pathway biologic therapies, are very sparse. 
In addition, the degree of mucosal healing warranting a change 
in therapy has not been defined, nor has the ideal duration of 
therapy before assessing for endoscopic healing.

Non-Anti–Tumor Necrosis Factor Biologic Therapy
  

Statement 24: In patients with moderate to severe Crohn’s 
disease who fail to achieve or maintain clinical remission 
with anti–TNF-based therapy, we suggest ustekinumab to 

induce and maintain clinical remission.
GRADE: Conditional recommendation, moderate-quality evidence for in-
duction, moderate-quality evidence for maintenance.
Vote: strongly agree, 47%; agree, 53%
  

Key evidence. Evidence for the efficacy of ustekinumab for in-
duction of remission was available from 4 RCTs in adult patients, 
including both patients who had and those who had not failed 
anti-TNF therapy.164–166 In an SR&MA of these 4 trials (n = 1947), 
ustekinumab was significantly better than placebo for the outcome 
of failure to achieve remission (RR, 0.91; 95% CI, 0.86‒0.95).167

Two RCTs were conducted in patients who had previ-
ously failed anti-TNF therapy.164,165 In CERTIFI, there were 
no significant differences in remission rates at week 6, de-
spite ustekinumab being associated with a higher response 
rate compared to placebo.165 However, in the UNITI-1 trial, 
1 intravenous infusion of ustekinumab at 6 mg/kg resulted in 
improved rates of both response (34%) and remission (21%) 
at week 8, compared to placebo (22% and 7%, respectively).164

Two RCTs assessed the use of ustekinumab as maintenance 
therapy in patients who previously failed anti-TNF therapy.164,165 
In the CERTIFI trial, ustekinumab resulted in significantly 
increased rates of clinical remission at 22 weeks compared with 
placebo (41.7% vs 27.4%; P = .03).165 In the combined popula-
tion in the UNITI-IM trial, which included responding patients 
who had previously failed either anti-TNF or were biologic-
naïve but had failed conventional therapy, significantly more 
patients were in remission with maintenance ustekinumab after 
1 year of treatment compared to placebo (49%–53% vs 36%). In 
the UNITI-1 subgroup of patients with prior anti-TNF failure, 
there were no significant differences in clinical remission rates 
between ustekinumab and placebo at 1 year.164

In the SR&MA, there were no significant differences in the 
rates of adverse events, serious adverse events, or withdrawals 
due to adverse events.167

No RCTs assessing ustekinumab in pediatric patients with 
CD were found.

The quality of evidence was downgraded to moderate due to 
indirectness with respect to populations (lack of pediatric data).

Discussion. Ustekinumab has demonstrated efficacy for 
induction and maintenance of remission in the overall patient 
population, as well as patients who have previously failed or 
were unable to tolerate anti-TNF therapy.

No RCTs in pediatric patients with CD were found; specific, 
pediatric case-series and experience among participants are still 
limited.168–170 Among the 6 cases reported, all had previous pri-
mary or secondary failure, or intolerance to, anti-TNF therapy, 
and 3 of the 6 successfully achieved clinical remission.

Ustekinumab has been studied in a RCT in adolescent 
patients from 12 to 17 years of age with plaque psoriasis.171 There 
were no significant differences in the rates of adverse events be-
tween ustekinumab and placebo at 12 weeks.171 Infections were 
the most common adverse events, primarily nasopharyngitis, 
upper respiratory tract infections, and pharyngitis. During the 
60-week follow-up, there were no reported malignancies, tu-
berculosis, opportunistic infections, anaphylactic reactions, or 
serum sickness-like reactions.

Based on the evidence for efficacy in adults and the reported 
safety in pediatric patients with plaque psoriasis, the consensus 
group made a conditional suggestion in favor of ustekinumab 
therapy in patients who have failed anti-TNF therapy. This was 
a conditional suggestion because of the lack of RCTs in pedi-
atric patients with CD and the modest effect sizes in the adult 
trials.

  

No consensus M: In patients with moderate to severe Crohn’s disease 
who fail to achieve or maintain clinical remission with an anti-TNF–based 
therapy, the consensus group does not make a recommendation (for or 
against) regarding the use vedolizumab to induce and maintain clinical 
remission.
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Key evidence. Evidence for the efficacy of vedolizumab for in-
duction therapy was available from 3 RCTs in adults with CD 
who had previously failed anti-TNF therapy.172,173 or had no 
prior anti-TNF exposure,174 which have been analyzed in sev-
eral SR&MAs.129,175 For the outcome of failure to induce symp-
tomatic remission, vedolizumab was superior to placebo in the 
combined patient group (RR, 0.87; 95% CI, 0.79‒0.95), and 
trended to benefit in the subgroup of patients who had previ-
ously failed anti-TNF therapy (RR, 0.89; 95% CI, 0.78–1.01).175

In the RCT that assessed the efficacy of vedolizumab main-
tenance therapy among responders to induction therapy, 
vedolizumab resulted in significantly higher 1-year remission 
rates compared to placebo (36%‒39% vs 22%; OR, 2.20; 95% 
CI, 1.40–3.44).129,172 Among those who had previously failed 
anti-TNF therapy, but who achieved clinical “response” at week 
6 and were then re-randomized to vedolizumab vs placebo 
maintenance therapy, continuation of vedolizumab was signif-
icantly more effective than placebo.172 There were no significant 
differences in the rates of serious adverse events, infections, or 
malignant neoplasms between vedolizumab and placebo.129

The evidence was assessed as very low quality due to the sig-
nificant heterogeneity among the induction studies, as well as 
imprecision and indirectness. No RCTs assessing vedolizumab 
in pediatric patients with CD were found.

The evidence was downgraded to very low due to serious in-
consistency, indirectness with respect to populations (paucity 
of pediatric data), and serious imprecision.

Discussion. No RCTs in pediatric patients with CD were 
found, but a small, prospective observational study176 and case 
reports177,178 suggest it may be beneficial in some children who 
have previously failed anti-TNF therapy. In the prospective 
study, 25% of patients with CD achieved remission at week 14 
and 31% at week 22.176 The retrospective case reports of pedi-
atric patients with IBD found that vedolizumab tended to be 
slower acting and have lower remission rates in patients with 
CD compared to those with ulcerative colitis.177,178 Long-term, 
open-label follow-up data report low rates of infusion reactions, 
serious infections, and malignancy.179,180

The consensus group did not make a recommendation for 
or against the use of vedolizumab in patients who had failed 
prior anti-TNF therapy. Vedolizumab did not show a signif-
icant benefit over placebo for induction of remission in prior 
treatment failures in the SR&MA.175 One RCT in the setting 
of maintenance of remission suggested benefit in patients who 
had responded to vedolizumab induction therapy compared 
to placebo, but anticipated efficacy is overall very low in this 
anti-TNF failure population.172 Finally, there were no RCTs in 
pediatric patients in any disease state, and very limited safety 
data in the pediatric population. It is anticipated that experience 
will gradually accrue in pediatric patients with less treatment-
refractory disease. In the current era of access only for patients 

having failed anti-TNF, the consensus group concluded that 
evidence of efficacy in CD was less convincing than that for 
ustekinumab, the other non-anti-TNF biologic.

Alternative Therapies
  

Statement 25: In patients with Crohn’s disease, we  
recommend against cannabis or derivatives to induce or 

maintain remission.
GRADE: Strong recommendation, very-low-quality evidence.
Vote: strongly agree, 87%; agree, 7%; neutral, 7%.
  

Key evidence. Cannabis or derivatives has been assessed in 
2 small RCTs in adults with CD inadequately controlled on 
steroids, immunomodulators, or anti-TNF therapy.181,182 Both 
trials reported no significant differences in remission rates with 
either medical cannabis cigarettes or oral cannabidiol compared 
to placebo.181,182 These studies included a total of 40 patients. No 
side effects and no withdrawal symptoms on discontinuation 
were reported. A patient survey reported higher rates of surgical 
intervention among patients with IBD who smoked cannabis 
to relieve their symptoms, compared to those who did not.183 
However, because of the cross-sectional design, this could rep-
resent reverse causation.

The quality of evidence was downgraded to very low due 
to serious risk of bias, serious indirectness with respect to 
populations (no pediatric data), and very serious imprecision.

Discussion. There is increasing interest in medical mari-
juana; however, there is currently no support for the use of 
cannabis for the treatment of CD. Although one RCT showed 
improvement in quality of life with cannabis cigarettes,181 both 
RCTs demonstrated no significant benefit of cannabis for 
clinical remission, or an objective measure of disease activity 
(C-reactive protein).181,182

A review of the literature by the Canadian Paediatric Society 
concluded that cannabis use during adolescence can cause 
changes to the developing brain, and has been linked to substance 
use disorders, tobacco smoking, increased rates of psychiatric 
illnesses, cognitive decline, and diminished school performance 
and lifetime achievement.184,185 They recommended that sales of 
all cannabis products to children and adolescents be prohibited 
in order to protect these individuals from the potential harms 
associated with cannabis use.184,185

Based on the lack of evidence for efficacy in the treatment of 
CD, and the potential harms associated with long-term use, the 
consensus group made a strong recommendation against the 
use of cannabis products in pediatric patients with CD.

Future Research Directions
The management of CD in pediatric patients has been inade-
quately studied, with most data being extrapolated from studies 
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in adult patients. Overall, there is a need for more RCTs of 
CD management strategies in pediatric populations, including 
positioning of biologic therapies relative to immunomodulators. 
The identification of molecular markers predictive of disease 
course would constitute a significant advance, allowing early 
selection of the most appropriate treatment plan for individual 
patients. More data are needed to define the efficacy and op-
timal protocol for EEN in pediatric patients, especially as a first-
line treatment.

There is an absence of RCT data on the use of non–anti-TNF 
biologic therapies in pediatric patients, for both induction and 
maintenance therapy. The role of switching out of class in pe-
diatric patients who have achieved clinical remission with anti-
TNF therapy should be assessed. All trials in pediatric CD 
should include outcomes of mucosal healing and, importantly, 
should strive to determine the degree of healing required to 
meaningfully modify the long-term course of the disease begin-
ning in childhood.

Summary
Previous guidelines on the medical management of pediatric 
Crohn’s disease were developed through traditional expert 
consensus-based methodology without formal assessment 
of the quality of evidence.8 The current guidelines present 
recommendations for pediatric patients with CD based on 
the GRADE framework with systematic review of the lit-
erature and rigorous assessment of the quality of evidence. 
Consensus was reached for or against 25 statements relating 
to main treatment options: aminosalicylates, budesonide, sys-
temic corticosteroids, exclusive enteral nutrition, thiopurines, 
methotrexate, anti-TNF biologics, non–anti-TNF biologics, 
and cannabis (Table 1). When consensus was not reached for 
a particular statement even after a thorough systematic review 
of the quality of evidence, balance of harms and benefits, values 
and preferences, as well as resource use, no recommendation 
was made. Instead, we presented the evidence and discussed the 
reasons we were not able to make a judgment. It is hoped that 
the available information will enhance the discussion between 
the clinician and the patient and enable the patient to make an 
evidence-based informed decision that is consistent with his or 
her own values and preferences.

It is important to note that there is discordance in the strength 
of recommendation and quality of evidence in 7 statements 
where strong recommendations were made against certain 
treatments based on low- or very-low-quality evidence of no 
benefit, but of potential harms due to side effects of medications. 
A  judgment was made by the consensus group that there was 
also harm in not providing more effective treatment options 
in children. The implications of inadequately treated CD are 
of particular importance in children because of the potentially 
serious and irreversible consequences of growth impairment, 

delayed sexual maturation, as well as psychosocial, mental, and 
emotional maldevelopment. These effects may be long-lasting, 
persisting even after recovery from the disease. Undoubtedly, 
there is subjectivity in making this judgment regarding the strong 
desirability of avoiding irreparable harms to a child. However, 
GRADE does not seek to eliminate subjective judgments (ap-
propriate or inappropriate). Such judgments are an inevitable 
part of rating evidence and making recommendations, but one 
merit of the GRADE system is that judgments are made in a sys-
tematic, explicit, and transparent manner.

While the goal of therapy is typically deep remission (clinical 
remission and mucosal healing), this could not be selected as 
the primary outcome for this guideline because, until recently, 
only clinical remission and response (not mucosal healing) 
have been assessed in the majority of RCTs. However, the con-
sensus group endorsed the importance of achieving endoscopic 
mucosal healing, while acknowledging that more research is re-
quired to fully understand other aspects of intestinal healing, 
including the transmural nature of the disease and submucosal 
inflammatory histology.

These guidelines should help to optimize the use and proper 
positioning of existing medical therapies and improve outcomes 
in pediatric patients with CD. However, substantial unanswered 
questions remain. Studies in pediatric patients are needed to 
define optimal use of exclusive EN, positioning of biologic 
therapies vs immunomodulators, and of established anti-TNF 
agents vs emerging alternate pathway biologic therapies. As well, 
with the rapid advent of new treatments and therapies for CD, 
the term conventional therapy may become obsolete, as many 
of today’s novel therapies will become tomorrow’s standard 
treatments. These guidelines will be reconsidered and updated 
as appropriate when important new evidence emerges.

Canadian Association of Gastroenterology 
Statement
This clinical practice guideline (CPG) on the management of 
pediatric CD was developed under the direction of Drs David 
Mack and Anne Griffiths, in accordance with the policies 
and procedures of the CAG and under the direction of CAG 
Clinical Affairs. It has been reviewed by the CAG Practice 
Affairs and Clinical Affairs Committees and the CAG Board 
of Directors. The CPG was developed following a thorough 
consideration of medical literature and the best available ev-
idence and clinical experience. It represents the consensus of 
a Canadian and International panel composed of experts on 
this topic. The CPG aims to provide a reasonable and practical 
approach to care for specialists and allied health professionals 
are charged with the duty of providing optimal care to patients 
and families, and can be subject to change as scientific knowl-
edge and technology advance and as practice patterns evolve. 
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The CPG is not intended to be a substitute for physicians using 
their individual judgment in managing clinical care in consul-
tation with the patient, with appropriate regard to all the indi-
vidual circumstances of the patient, diagnostic and treatment 
options available, and available resources. Adherence to these 
recommendations will not necessarily produce successful 
outcomes in every case.

Supplementary Material
Note: To access the supplementary material accompanying 
this article, visit the online version of Gastroenterology at 
www.gastrojournal.org, and at https://doi.org/10.1053/j.
gastro.2019.03.022.

Reprint requests
Address requests for reprints to: Anne Griffiths, MD, Hospital 
for Sick Children, 555 University Avenue, Toronto, Ontario 
M5G 1X8, Canada. e-mail: anne.griffiths@sickkids.ca; fax: (416) 
813–6531.

Acknowledgments
The consensus group would like to thank Paul Sinclair and Karen 
Sparkes (Canadian Association of Gastroenterology representa-
tives) for administrative and technical support and logistical assis-
tance, and Pauline Lavigne and Steven Portelance (unaffiliated) for 
medical writing services, supported by funds from the Canadian 
Association of Gastroenterology. Author contributions: All authors 
contributed to the developing the recommendations, and crafting 
the manuscript.

Conflicts of interest
These authors disclose the following: EIB participated in an advisory 
board for AbbVie but did not receive compensation for participation, 
financial or otherwise. JC has served on advisory boards for Janssen, 
and consulted for Nestle Health Sciences. JD has served on advisory 
boards for AbbVie and Janssen, received research support from Janssen, 
and participated in speaker’s bureaus for AbbVie and Janssen. PM has 
served on advisory boards for Allergan and Shire, received research sup-
port from Takeda, and participated in speaker’s bureaus for AbbVie and 
Allergan. PC has served on advisory boards for Janssen, and participated 
in speaker’s bureaus for AbbVie and Janssen. CD has served on advisory 
boards for AbbVie and Janssen and has participated as a speaker/moder-
ator for both companies, though not part of a speaker’s bureau. WE has 
served on advisory boards for AbbVie and Janssen, and received research 
support from Janssen. HH has served on advisory boards for AbbVie 
and Janssen, and received research support from AbbVie, Allergan, and 
Janssen. PJ has served on advisory boards for Ferring. AO has served 
on advisory boards for AbbVie and Janssen, and received research sup-
port from AbbVie, Astellas, Janssen, and Shire. MS has served on advi-
sory boards for AbbVie and Janssen. TW has served on advisory boards 

for AbbVie and Janssen, received research support from AbbVie, and 
participated in speaker’s bureaus for AbbVie, Janssen, and Nestle Health 
Sciences. MK has consulted for AbbVie, GlaxoSmithKline, and Janssen, 
received research support from AbbVie and Janssen, participated in 
speaker’s bureaus for AbbVie, and has owned stock in GlaxoSmithKline 
and Janssen. JM has served on advisory boards for AbbVie, Allergan, 
AstraZeneca, Boehringer-Ingelheim, Celgene, Celltrion, Ferring, 
Hospira, Janssen, Merck, Proctor & Gamble, Pfizer, Pharmascience, 
Shire, and Takeda, and participated in speaker’s bureaus for AbbVie, 
Allergan, Ferring, Janssen, Proctor & Gamble, Shire, and Takeda. AG 
has served on advisory boards for AbbVie, Janssen, Celgene, Ferring, 
Pfizer, Gilead, and Lilly, received research support from AbbVie, and 
participated in speaker’s bureaus for AbbVie and Janssen. The remaining 
authors disclose no conflicts.

Funding
This guideline was supported through unrestricted grants to the 
Canadian Association of Gastroenterology by AbbVie and Takeda 
Canada, which had no involvement in any aspect of the guideline de-
velopment or manuscript preparation. In addition, this guideline was 
supported by a Planning and Dissemination Grant from the Canadian 
Institutes of Health Research Institute of Nutrition, Metabolism 
and Diabetes. EIB was supported by a New Investigator Award from 
the Canadian Institutes of Health Research, Crohn’s and Colitis 
Canada, and the Canadian Association of Gastroenterology. EIB 
was also supported by a Career Development Award and the Career 
Enhancement Program from the Canadian Child Health Clinician 
Scientist Program.

References
1. Ng SC, Shi HY, Hamidi N, et al. Worldwide incidence and prevalence of inflammatory 

bowel disease in the 21st century: a systematic review of population-based studies. 
Lancet 2017;390:2769–2778.

2. Benchimol  EI, Bernstein  CN, Bitton  A, et  al. Trends in epidemiology of pediatric 
inflammatory bowel disease in canada: distributed network analysis of multiple 
population-based provincial health administrative databases. Am J Gastroenterol 
2017;112:1120–1134.

3. Dhaliwal  J, Church  P, Mack  D, et  al. Phenotypic variation in pediatric IBD by age: 
a multi-centre prospective inception cohort study of the Canadian Children IBD 
Network. J Crohn’s Colitis. In press.

4. Levine A, Griffiths A, Markowitz J, et al. Pediatric modification of the Montreal clas-
sification for inflammatory bowel disease: the Paris classification. Inflamm Bowel Dis 
2011;17:1314–1321.

5. Peyrin-Biroulet L, Sandborn W, Sands BE, et al. Selecting therapeutic targets in inflam-
matory bowel disease (STRIDE): determining therapeutic goals for treat-totarget. Am 
J Gastroenterol 2015;110:1324–1338.

6. Gasparetto  M, Guariso  G. Crohn’s disease and growth deficiency in children and 
adolescents. World J Gastroenterol 2014;20:13219–13233.

7. Gerasimidis K, McGrogan P, Edwards CA. The aetiology and impact of malnutrition 
in paediatric inflammatory bowel disease. J Hum Nutr Diet 2011;24:313–326.

8. Ruemmele  FM, Veres  G, Kolho  KL, et  al. Consensus guidelines of ECCO/
ESPGHAN on the medical management of pediatric Crohn’s disease. J Crohns Colitis 
2014;8:1179–1207.

9. Bistritz L, Enns R, Hookey L, et al. CAG policy on the application for, and implemen-
tation of, clinical practice guidelines. https://www.cag-acg.org/images/ publications/
CPGGuidelines_Feb2016_V2.pdf. Updated 2016. Accessed May 8, 2018.

10. Neurath MF, Travis SP. Mucosal healing in inflammatory bowel diseases: a systematic 
review. Gut 2012;61: 1619–1635.

11. Shah SC, Colombel JF, Sands BE, et al. Systematic review with meta-analysis: mucosal 
healing is associated with improved long-term outcomes in Crohn’s disease. Aliment 
Pharmacol Ther 2016;43:317–333.

Journal of the Canadian Association of Gastroenterology, 2019, Vol. 2, No. 3 e59

http://www.gastrojournal.org
https://doi.org/10.1053/j.gastro.2019.03.022
https://doi.org/10.1053/j.gastro.2019.03.022
https://www.cag-acg.org/images/ publications/CPGGuidelines_Feb2016_V2.pdf
https://www.cag-acg.org/images/ publications/CPGGuidelines_Feb2016_V2.pdf


12. Grover Z, Burgess C, Muir R, et al. Early mucosal healing with exclusive enteral nutri-
tion is associatedwith improved outcomes in newly diagnosed children with luminal 
Crohn’s disease. J Crohns Colitis 2016;10:1159–1164.

13. Dalkey  N. An experimental study of group opinion: the Delphi method. Futures 
1969;1:408–426.

14. Cook DJ, Greengold NL, Ellrodt AG, et al. The relation between systematic reviews 
and practice guidelines. Ann Intern Med 1997;127:210–216.

15. Guyatt  GH, Oxman  AD, Vist  GE, et  al. GRADE: an emerging consensus on rating 
quality of evidence and strength of recommendations. BMJ 2008;336:924–926.

16. Guyatt GH, Oxman AD, Kunz R, et al. What is “quality of evidence” and why is it im-
portant to clinicians? BMJ 2008;336:995–998.

17. Bressler  B, Marshall  JK, Bernstein  CN, et  al. Clinical practice guidelines for the 
medical management of nonhospitalized ulcerative colitis: the Toronto consensus. 
Gastroenterology 2015;148:1035–1058 e3.

18. Nguyen  GC, Bernstein  CN, Bitton  A, et  al. Consensus statements on the risk, pre-
vention, and treatment of venous thromboembolism in inflammatory bowel disease: 
Canadian Association of Gastroenterology. Gastroenterology 2014;146:835–848 e6.

19. Fallone CA, Chiba N, van Zanten SV, et al. The Toronto consensus for the treatment of 
Helicobacter pylori infection in adults. Gastroenterology 2016;151:51–69 e14.

20. Nguyen  GC, Seow  CH, Maxwell  C, et  al. The Toronto consensus statements for 
the management of inflammatory bowel disease in pregnancy. Gastroenterology 
2016;150:734–757 e1.

21. Enns  RA, Hookey  L, Armstrong  D, et  al. Clinical practice guidelines for the use of 
video capsule endoscopy. Gastroenterology 2017;152:497–514.

22. Guyatt  GH, Oxman  AD, Kunz  R, et  al. Going from evidence to recommendations. 
BMJ 2008;336:1049–1051.

23. Ford AC, Kane SV, Khan KJ, et al. Efficacy of 5- aminosalicylates in Crohn’s disease: 
systematic review and meta-analysis. Am J Gastroenterol 2011;106: 617–629.

24. Lim WC, Wang Y, MacDonald JK, et al. Aminosalicylates for induction of remission or 
response in Crohn’s disease. Cochrane Database Syst Rev 2016:CD008870.

25. Coward  S, Kuenzig  ME, Hazlewood  G, et  al. Comparative effectiveness of 
mesalamine, sulfasalazine, corticosteroids, and budesonide for the induction of re-
mission in Crohn’s disease: A Bayesian network meta-analysis. Inflamm Bowel Dis 
2017;23:461–472.

26. Ransford RA, Langman MJ. Sulphasalazine and mesalazine: serious adverse reactions 
re-evaluated on the basis of suspected adverse reaction reports to the Committee on 
Safety of Medicines. Gut 2002;51:536–539.

27. Summers RW, Switz DM, Sessions JT Jr, et al. National Cooperative Crohn’s Disease 
Study: results of drug treatment. Gastroenterology 1979;77:847–869.

28. Malchow H, Ewe K, Brandes JW, et al. European Cooperative Crohn’s Disease Study 
(ECCDS): results of drug treatment. Gastroenterology 1984;86:249–266.

29. Krishan P, Varma S, Kalra H, et al. Sulfasalazine induced DRESS syndrome: a review 
of case reports. BJMMR 2016;11:1–11.

30. Akobeng AK, Zhang D, Gordon M, et al. Oral 5-aminosalicylic acid for maintenance 
of medicallyinduced remission in Crohn’s disease. Cochrane Database Syst Rev 
2016:CD003715.

31. Cezard JP, Munck A, Mouterde O, et al. Prevention of relapse by mesalazine (Pentasa) 
in pediatric Crohn’s disease: a multicenter, double-blind, randomized, placebo-
controlled trial. Gastroenterol Clin Biol 2009; 33:31–40.

32. Arber N, Odes HS, Fireman Z, et al. A controlled double blind multicenter study of the 
effectiveness of 5- aminosalicylic acid in patients with Crohn’s disease in remission. J 
Clin Gastroenterol 1995;20:203–206.

33. Khan KJ, Ullman TA, Ford AC, et al. Antibiotic therapy in inflammatory bowel dis-
ease: a systematic review and meta-analysis. Am J Gastroenterol 2011;106:661–673.

34. Su JW, Ma JJ, Zhang HJ. Use of antibiotics in patients with Crohn’s disease: a system-
atic review and metaanalysis. J Dig Dis 2015;16:58–66.

35. Prantera  C, Lochs  H, Campieri  M, et  al. Antibiotic treatment of Crohn’s disease: 
results of a multicentre, double blind, randomized, placebo-controlled trial with 
rifaximin. Aliment Pharmacol Ther 2006;23:1117–1125.

36. Prantera C, Lochs H, Grimaldi M, et al. Rifaximinextended intestinal release induces 
remission in patients with moderately active Crohn’s disease. Gastroenterology 
2012;142:473–481 e4.

37. Patton  PH, Parker  CE, MacDonald  JK, et  al. Anti-tuberculous therapy for mainte-
nance of remission in Crohn’s disease. Cochrane Database Syst Rev 2016:CD000299.

38. Jigaranu AO, Nedelciuc O, Blaj A, et al. Is rifaximin effective in maintaining remission 
in Crohn’s disease? Dig Dis 2014;32:378–383.

39. Ford  AC, Bernstein  CN, Khan  KJ, et  al. Glucocorticosteroid therapy in inflamma-
tory bowel disease: systematic review and meta-analysis. Am J Gastroenterol 2011; 
106:590–599; quiz 600.

40. Moja  L, Danese  S, Fiorino  G, et  al. Systematic review with network meta-analysis: 
comparative efficacy and safety of budesonide and mesalazine (mesalamine) for 
Crohn’s disease. Aliment Pharmacol Ther 2015; 41:1055–1065.

41. Rezaie A, Kuenzig ME, Benchimol EI, et al. Budesonide for induction of remission in 
Crohn’s disease. Cochrane Database Syst Rev 2015:CD000296.

42. Escher JC. European Collaborative Research Group on Budesonide in Paediatric IBD. 
Budesonide versus prednisolone for the treatment of active Crohn’s disease in children: 
a randomized, double-blind, controlled, multicentre trial. Eur J Gastroenterol Hepatol 
2004; 16:47–54.

43. Levine A, Weizman Z, Broide E, et al. A comparison of budesonide and prednisone 
for the treatment of active pediatric Crohn disease. J Pediatr Gastroenterol Nutr 
2003;36:248–252.

44. Levine A, Kori M, Dinari G, et al. Comparison of two dosing methods for induction 
of response and remission with oral budesonide in active pediatric Crohn’s disease: a 
randomized placebo-controlled trial. Inflamm Bowel Dis 2009;15:1055–1061.

45. Cohen SA, Aloi M, Arumugam R, et al. Enteric-coated budesonide for the induction 
and maintenance of remission of Crohn’s disease in children. Curr Med Res Opin 
2017;33:1261–1268.

46. Ahmet A, Benchimol EI, Goldbloom EB, et al. Adrenal suppression in children treated 
with swallowed fluticasone and oral viscous budesonide for eosinophilic esophagitis. 
Allergy Asthma Clin Immunol 2016;12:49.

47. Kuenzig ME, Rezaie A, Seow CH, et al. Budesonide for maintenance of remission in 
Crohn’s disease. Cochrane Database Syst Rev 2014:CD002913.

48. Lichtenstein GR, Bengtsson B, Hapten-White L, et al. Oral budesonide for mainte-
nance of remission of Crohn’s disease: a pooled safety analysis. Aliment Pharmacol 
Ther 2009;29:643–653.

49. Kundhal P, Zachos M, Holmes JL, et al. Controlled ileal release budesonide in pedi-
atric Crohn disease: efficacy and effect on growth. J Pediatr Gastroenterol Nutr 2001; 
33:75–80.

50. Benchimol EI, Seow CH, Steinhart AH, et al. Traditional corticosteroids for induction 
of remission in Crohn’s disease. Cochrane Database Syst Rev 2008:CD006792.

51. Borrelli O, Cordischi L, Cirulli M, et al. Polymeric diet alone versus corticosteroids in 
the treatment of active pediatric Crohn’s disease: a randomized controlled open-label 
trial. Clin Gastroenterol Hepatol 2006;4:744–753.

52. Steinhart AH, Ewe K, Griffiths AM, et al. Corticosteroids for maintenance of remis-
sion in Crohn’s disease. Cochrane Database Syst Rev 2003:CD000301.

53. Griffiths AM, Ohlsson A, Sherman PM, et al. Metaanalysis of enteral nutrition as a 
primary treatment of active Crohn’s disease. Gastroenterology 1995; 108:1056–1067.

54. Messori  A, Trallori  G, D’Albasio  G, et  al. Defined-formula diets versus steroids in 
the treatment of active Crohn’s disease: a meta-analysis. Scand J Gastroenterol 1996; 
31:267–272.

55. Fernandez-Banares  F, Cabre  E, Esteve-Comas  M, et  al. How effective is en-
teral nutrition in inducing clinical remission in active Crohn’s disease? 
A meta-analysis of the randomized clinical trials. JPEN J Parenter Enteral Nutr 
1995;19:356–364.

56. Dziechciarz P, Horvath A, Shamir R, et al. Meta-analysis: enteral nutrition in active 
Crohn’s disease in children. Aliment Pharmacol Ther 2007;26:795–806.

57. Heuschkel RB, Menache CC, Megerian JT, et al. Enteral nutrition and corticosteroids 
in the treatment of acute Crohn’s disease in children. J Pediatr Gastroenterol Nutr 
2000;31:8–15.

58. Swaminath A, Feathers A, Ananthakrishnan AN, et al. Systematic review with meta-
analysis: enteral nutrition therapy for the induction of remission in paediatric Crohn’s 
disease. Aliment Pharmacol Ther 2017;46:645–656.

59. Zachos M, Tondeur M, Griffiths AM. Enteral nutritional therapy for induction of re-
mission in Crohn’s disease. Cochrane Database Syst Rev 2007:CD000542.

60. Terrin G, Canani RB, Ambrosini A, et al. A semielemental diet (Pregomin) as primary 
therapy for inducing remission in children with active Crohn’s disease. Ital J Pediatr 
2002;28:401–405.

61. O’Morain C, Segal AW, Levi AJ. Elemental diet as primary treatment of acute Crohn’s 
disease: a controlled trial. Br Med J (Clin Res Ed) 1984;288:1859–1862.

62. Malchow H, Steinhardt HJ, Lorenz-Meyer H, et al. Feasibility and effectiveness of a 
defined-formula diet regimen in treating active Crohn’s disease. European Cooperative 
Crohn’s Disease Study III. Scand J Gastroenterol 1990;25:235–244.

63. Lochs  H, Steinhardt  HJ, Klaus-Wentz  B, et  al. Comparison of enteral nutrition and 
drug treatment in active Crohn’s disease. Results of the European Cooperative Crohn’s 
Disease Study. IV. Gastroenterology 1991; 101:881–888.

64. Lindor KD, Fleming CR, Burnes JU, et al. A randomized prospective trial comparing 
a defined formula diet, corticosteroids, and a defined formula diet plus corticosteroids 
in active Crohn’s disease. Mayo Clin Proc 1992; 67:328–333.

65. Gorard DA, Hunt JB, Payne-James JJ, et al. Initial response and subsequent course of 
Crohn’s disease treated with elemental diet or prednisolone. Gut 1993; 34:1198–1202.

66. Gonzalez-Huix F, de Leon R, Fernandez-Banares F, et al. Polymeric enteral diets as 
primary treatment of active Crohn’s disease: a prospective steroid controlled trial. Gut 
1993;34:778–782.

67. Gassull MA, Fernandez-Banares F, Cabre E, et al. Fat composition may be a clue to 
explain the primary therapeutic effect of enteral nutrition in Crohn’s disease: results of 
a double blind randomised multicentre European trial. Gut 2002;51:164–168.

68. Penagini F, Dilillo D, Borsani B, et al. Nutrition in pediatric inflammatory bowel dis-
ease: from etiology to treatment. A systematic review. Nutrients 2016;8.

e60 Journal of the Canadian Association of Gastroenterology, 2019, Vol. 2, No. 3



69. Duchatellier CF, Kumar R, Krupoves A, et al. Steroid administration and growth im-
pairment in children with Crohn’s Disease. Inflamm Bowel Dis 2016;22:355–363.

70. Whitten KE, Rogers P, Ooi CY, et al. International survey of enteral nutrition protocols 
used in children with Crohn’s disease. J Dig Dis 2012;13:107–112.

71. Johnson T, Macdonald S, Hill SM, et al. Treatment of active Crohn’s disease in children 
using partial enteral nutrition with liquid formula: a randomised controlled trial. Gut 
2006;55:356–361.

72. Lee D, Baldassano RN, Otley AR, et al. Comparative effectiveness of nutritional and 
biological therapy in North American children with active Crohn’s disease. Inflamm 
Bowel Dis 2015;21:1786–1793.

73. El-Matary W, Otley A, Critch J, et al. Enteral feeding therapy for maintaining remis-
sion in Crohn’s disease: a systematic review. JPEN J Parenter Enteral Nutr 2017; 
41:550–561.

74. Duncan H, Buchanan E, Cardigan T, et al. A retrospective study showing maintenance 
treatment options for paediatric CD in the first year following diagnosis after induc-
tion of remission with EEN: supplemental enteral nutrition is better than nothing! 
BMC Gastroenterol 2014;14:50.

75. Wilschanski  M, Sherman  P, Pencharz  P, et  al. Supplementary enteral nutrition 
maintains remission in paediatric Crohn’s disease. Gut 1996;38:543–548.

76. Chande  N, Tsoulis  DJ, MacDonald  JK. Azathioprine or 6- mercaptopurine 
for induction of remission in Crohn’s disease. Cochrane Database Syst Rev 
2013:CD000545.

77. Khan KJ, Dubinsky MC, Ford AC, et al. Efficacy of immunosuppressive therapy for in-
flammatory bowel disease: a systematic review and meta-analysis. Am J Gastroenterol 
2011;106:630–642.

78. Smith MA, Irving PM, Marinaki AM, et al. Review article: malignancy on thiopurine 
treatment with special reference to inflammatory bowel disease. Aliment Pharmacol 
Ther 2010;32:119–130.

79. Lemaitre M, Kirchgesner J, Rudnichi A, et al. Association between use of thiopurines 
or tumor necrosis factor antagonists alone or in combination and risk of lymphoma in 
patients with inflammatory bowel disease. JAMA 2017;318:1679–1686.

80. Ariyaratnam J, Subramanian V. Association between thiopurine use and nonmelanoma 
skin cancers in patients with inflammatory bowel disease: a meta-analysis. Am J 
Gastroenterol 2014;109:163–169.

81. Winter J, Walker A, Shapiro D, et al. Cost-effectiveness of thiopurine methyltransferase 
genotype screening in patients about to commence azathioprine therapy for treatment 
of inflammatory bowel disease. Aliment Pharmacol Ther 2004;20:593–599.

82. Weinshilboum  RM, Sladek  SL. Mercaptopurine pharmacogenetics: monogenic in-
heritance of erythrocyte thiopurine methyltransferase activity. Am J Hum Genet 
1980;32:651–662.

83. Chande N, Patton PH, Tsoulis DJ, et al. Azathioprine or 6-mercaptopurine for mainte-
nance of remission in Crohn’s disease. Cochrane Database Syst Rev 2015:CD000067.

84. Wenzl HH, Primas C, Novacek G, et al. Withdrawal of long-term maintenance treat-
ment with azathioprine tends to increase relapse risk in patients with Crohn’s disease. 
Dig Dis Sci 2015;60:1414–1423.

85. Chatu S, Subramanian V, Saxena S, et al. The role of thiopurines in reducing the need 
for surgical resection in Crohn’s disease: a systematic review and meta-analysis. Am J 
Gastroenterol 2014;109:23–34; quiz 35.

86. Markowitz  J, Grancher  K, Kohn  N, et  al. A multicenter trial of 6-mercaptopurine 
and prednisone in children with newly diagnosed Crohn’s disease. Gastroenterology 
2000;119:895–902.

87. Boyle  BM, Kappelman  MD, Colletti  RB, et  al. Routine use of thiopurines in 
maintaining remission in pediatric Crohn’s disease. World J Gastroenterol 2014;20: 
9185–9190.

88. Allegretti JR, Barnes EL, Cameron A. Are patients with inflammatory bowel disease 
on chronic immunosuppressive therapy at increased risk of cervical high-grade dys-
plasia/cancer? A meta-analysis. Inflamm Bowel Dis 2015;21:1089–1097.

89. Health Canada. Imuran (azathioprine) or Purinethol (mercaptopurine)—as-
sociation with a type of blood cancer—hepatosplenic T-cell lymphoma—for 
health professionals. http://healthycanadians.gc.ca/recall-alertrappel- avis/
hc-sc/2014/38691a-eng.php. Updated 2014. Accessed January 17, 2015.

90. Marshall JK, Otley AR, Afif W, et al. Canadian Association of Gastroenterology pos-
ition statement regarding the use of thiopurines for the treatment of inflammatory 
bowel disease. Can J Gastroenterol Hepatol 2014; 28:371–372.

91. Hyams  JS, Dubinsky  MC, Baldassano  RN, et  al. Infliximab is not associated with 
increased risk of malignancy or hemophagocytic lymphohistiocytosis in pediatric 
patients with inflammatory bowel disease. Gastroenterology 2017;152:1901–1914 
e3.

92. Coenen MJ, de Jong DJ, van Marrewijk CJ, et al. Identification of patients with variants 
in TPMT and dose reduction reduces hematologic events during thiopurine treat-
ment of inflammatory bowel disease. Gastroenterology 2015;149:907–917 e7.

93. Newman  WG, Payne  K, Tricker  K, et  al. A pragmatic randomized controlled trial 
of thiopurine methyltransferase genotyping prior to azathioprine treatment: the 
TARGET study. Pharmacogenomics 2011;12:815–826.

94. Sayani FA, Prosser C, Bailey RJ, et al. Thiopurine methyltransferase enzyme activity 
determination before treatment of inflammatory bowel disease with azathioprine: ef-
fect on cost and adverse events. Can J Gastroenterol 2005;19:147–151.

95. Feuerstein  JD, Nguyen  GC, Kupfer  SS, et  al. American Gastroenterological 
Association Institute guideline on therapeutic drug monitoring in inflammatory bowel 
disease. Gastroenterology 2017;153:827–834.

96. Dubinsky  MC, Lamothe  S, Yang  HY, et  al. Pharmacogenomics and metabo-
lite measurement for 6-mercaptopurine therapy in inflammatory bowel disease. 
Gastroenterology 2000;118:705–713.

97. Jankowski  M, Piotr  L, Kowalski  R, et  al. Thiopurine Smethyltransferase phenotype 
and genotype in pediatric patients with inflammatory bowel disease; implication for 
azathioprine treatment. J Pharmacovigilance 2013;1:113.

98. Kakuta Y, Kinouchi Y, Shimosegawa T. Pharmacogenetics of thiopurines for inflam-
matory bowel disease in East Asia: prospects for clinical application of NUDT15 
genotyping. J Gastroenterol 2018;53:172–180.

99. Lewis  JD, Abramson  O, Pascua  M, et  al. Timing of myelosuppression during 
thiopurine therapy for inflammatory bowel disease: implications for monitoring 
recommendations. Clin Gastroenterol Hepatol 2009; 7:1195–1201; quiz 1141–1142.

100. Yenson PR, Forrest D, Schmiegelow K, et al. Azathioprine- associated acute myeloid 
leukemia in a patient with Crohn’s disease and thiopurine S-methyltransferase defi-
ciency. Am J Hematol 2008;83:80–83.

101. Marra CA, Esdaile JM, Anis AH. Practical pharmacogenetics: the cost effectiveness 
of screening for thiopurine s-methyltransferase polymorphisms in patients with rheu-
matological conditions treated with azathioprine. J Rheumatol 2002;29:2507–2512.

102. Thompson  AJ, Newman  WG, Elliott  RA, et  al. The costeffectiveness of a 
pharmacogenetic test: a trial-based evaluation of TPMT genotyping for azathioprine. 
Value Health 2014;17:22–33.

103. Oren R, Moshkowitz M, Odes S, et al. Methotrexate in chronic active Crohn’s dis-
ease: a double-blind, randomized, Israeli multicenter trial. Am J Gastroenterol 
1997;92:2203–2209.

104. Feagan BG, Rochon J, Fedorak RN, et al. Methotrexate for the treatment of Crohn’s 
disease. The North American Crohn’s Study Group Investigators. N Engl J Med 
1995;332:292–297.

105. McDonald JW, Wang Y, Tsoulis DJ, et al. Methotrexate for induction of remission in 
refractory Crohn’s disease. Cochrane Database Syst Rev 2014:CD003459.

106. Scherkenbach LA, Stumpf JL. Methotrexate for the management of Crohn’s disease 
in children. Ann Pharmacother 2016;50:60–69.

107. Patel V, Wang Y, MacDonald JK, et al. Methotrexate for maintenance of remission in 
Crohn’s disease. Cochrane Database Syst Rev 2014:CD006884.

108. Feagan BG, Fedorak RN, Irvine EJ, et al. A comparison of methotrexate with placebo 
for the maintenance of remission in Crohn’s disease. North American Crohn’s Study 
Group Investigators. N Engl J Med 2000; 342:1627–1632.

109. Arora  S, Katkov  W, Cooley  J, et  al. Methotrexate in Crohn’s disease: results of a 
randomized, double-blind, placebo-controlled trial. Hepatogastroenterology 1999; 
46:1724–1729.

110. Dupont-Lucas C, Grandjean-Blanchet C, Leduc B, et al. Prevalence and risk factors 
for symptoms of methotrexate intolerance in pediatric inflammatory bowel disease. 
Inflamm Bowel Dis 2017;23:298–303.

111. Kempinska A, Benchimol EI, Mack A, et al. Short-course ondansetron for the pre-
vention of methotrexate-induced nausea in children with Crohn disease. J Pediatr 
Gastroenterol Nutr 2011;53:389–393.

112. Valentino  PL, Church  PC, Shah  PS, et  al. Hepatotoxicity caused by methotrexate 
therapy in children with inflammatory bowel disease: a systematic review and meta-
analysis. Inflamm Bowel Dis 2014;20:47–59.

113. Balis FM, Mirro J Jr, Reaman GH, et al. Pharmacokinetics of subcutaneous metho-
trexate. J Clin Oncol 1988; 6:1882–1886.

114. Brooks  PJ, Spruill  WJ, Parish  RC, et  al. Pharmacokinetics of methotrexate 
administered by intramuscular and subcutaneous injections in patients with rheuma-
toid arthritis. Arthritis Rheum 1990;33:91–94.

115. Egan  LJ, Sandborn  WJ, Mays  DC, et  al. Systemic and intestinal pharmacokinetics 
of methotrexate in patients with inflammatory bowel disease. Clin Pharmacol Ther 
1999;65:29–39.

116. Rutgeerts P, Van Assche G, Sandborn WJ, et al. Adalimumab induces and maintains 
mucosal healing in patients with Crohn’s disease: data from the EXTEND trial. 
Gastroenterology 2012;142:1102–1111 e2.

117. Rutgeerts  P, Diamond  RH, Bala  M, et  al. Scheduled maintenance treatment with 
infliximab is superior to episodic treatment for the healing of mucosal ulceration as-
sociated with Crohn’s disease. Gastrointest Endosc 2006;63:433–442; quiz 464.

Journal of the Canadian Association of Gastroenterology, 2019, Vol. 2, No. 3 e61

http://healthycanadians.gc.ca/recall-alertrappel- avis/hc-sc/2014/38691a-eng.php
http://healthycanadians.gc.ca/recall-alertrappel- avis/hc-sc/2014/38691a-eng.php


118. Colombel JF, Sandborn WJ, Reinisch W, et al. Infliximab, azathioprine, or combina-
tion therapy for Crohn’s disease. N Engl J Med 2010;362:1383–1395.

119. D’Haens G, Baert F, van Assche G, et al. Early combined immunosuppression or con-
ventional management in patients with newly diagnosed Crohn’s disease: an open 
randomised trial. Lancet 2008;371:660–667.

120. Baert F, Moortgat L, Van Assche G, et al. Mucosal healing predicts sustained clin-
ical remission in patients with early-stage Crohn’s disease. Gastroenterology 
2010;138:463–468; quiz e10–e11.

121. Nobile S, Gionchetti P, Rizzello F, et al. Mucosal healing in pediatric Crohn’s disease 
after anti-TNF therapy: a long-term experience at a single center. Eur J Gastroenterol 
Hepatol 2014;26:458–465.

122. Borrelli  O, Bascietto  C, Viola  F, et  al. Infliximab heals intestinal inflammatory 
lesions and restores growth in children with Crohn’s disease. Dig Liver Dis 2004; 
36:342–347.

123. Kierkus J, Dadalski M, Szymanska E, et al. The impact of infliximab induction therapy 
on mucosal healing and clinical remission in Polish pediatric patients with moderate-
to-severe Crohn’s disease. Eur J Gastroenterol Hepatol 2012;24:495–500.

124. Benitez JM, Meuwis MA, Reenaers C, et al. Role of endoscopy, cross-sectional im-
aging and biomarkers in Crohn’s disease monitoring. Gut 2013;62:1806–1816.

125. Colombel JF, Panaccione R, Bossuyt P, et al. Effect of tight control management on 
Crohn’s disease (CALM): a multicentre, randomised, controlled phase 3 trial. Lancet 
2018;390:2779–2789.

126. Ford  AC, Sandborn  WJ, Khan  KJ, et  al. Efficacy of biological therapies in inflam-
matory bowel disease: systematic review and meta-analysis. Am J Gastroenterol 
2011;106:644–659; quiz 660.

127. Akobeng AK, Zachos M. Tumor necrosis factor-alpha antibody for induction of re-
mission in Crohn’s disease. Cochrane Database Syst Rev 2004:CD003574.

128. Dretzke J, Edlin R, Round J, et al. A systematic review and economic evaluation of 
the use of tumour necrosis factor-alpha (TNF-alpha) inhibitors, adalimumab and 
infliximab, for Crohn’s disease. Health Technol Assess 2011;15:1–244.

129. Hazlewood  GS, Rezaie  A, Borman  M, et  al. Comparative effectiveness of 
immunosuppressants and biologics for inducing and maintaining remission in 
Crohn’s disease: a network meta-analysis. Gastroenterology 2015; 148:344–354 e5; 
quiz e14–e15.

130. Baldassano R, Braegger CP, Escher JC, et al. Infliximab (REMICADE) therapy in the 
treatment of pediatric Crohn’s disease. Am J Gastroenterol 2003;98: 833–838.

131. Hyams  J, Crandall  W, Kugathasan  S, et  al. Induction and maintenance infliximab 
therapy for the treatment of moderate-to-severe Crohn’s disease in children. 
Gastroenterology 2007;132:863–873; quiz 1165–1166.

132. Hyams  JS, Griffiths  A, Markowitz  J, et  al. Safety and efficacy of adalimumab for 
moderate to severe Crohn’s disease in children. Gastroenterology 2012;143:365–
374 e2.

133. Ruemmele FM, Lachaux A, Cezard JP, et al. Efficacy of infliximab in pediatric Crohn’s 
disease: a randomized multicenter open-label trial comparing scheduled to on de-
mand maintenance therapy. Inflamm Bowel Dis 2009; 15:388–394.

134. Faubion  WA, Dubinsky  M, Ruemmele  FM, et  al. Longterm efficacy and safety of 
adalimumab in pediatric patients with Crohn’s disease. Inflamm Bowel Dis 2017; 
23:453–460.

135. Walters TD, Faubion WA, Griffiths AM, et al. Growth improvement with adalimumab 
treatment in children with moderately to severely active Crohn’s disease. Inflamm 
Bowel Dis 2017;23:967–975.

136. Walters TD, Kim MO, Denson LA, et al. Increased effectiveness of early therapy with 
anti-tumor necrosis factor-alpha vs an immunomodulator in children with Crohn’s 
disease. Gastroenterology 2014;146:383–391.

137. Church  PC, Guan  J, Walters  TD, et  al. Infliximab maintains durable response and 
facilitates catch-up growth in luminal pediatric Crohn’s disease. Inflamm Bowel Dis 
2014;20:1177–1186.

138. Lorenzetti R, Zullo A, Ridola L, et al. Higher risk of tuberculosis reactivation when 
anti-TNF is combined with immunosuppressive agents: a systematic review of 
randomized controlled trials. Ann Med 2014;46:547–554.

139. Lichtenstein  GR, Feagan  BG, Cohen  RD, et  al. Serious infection and mortality in 
patients with Crohn’s disease: more than 5 years of follow-up in the TREAT registry. 
Am J Gastroenterol 2012;107:1409–1422.

140. Hyams J, Walters TD, Crandall W, et al. Safety and efficacy of maintenance infliximab 
therapy for moderateto- severe Crohn’s disease in children: REACH openlabel exten-
sion. Curr Med Res Opin 2011;27:651–662.

141. Fan R, Zhong J, Wang ZT, et al. Evaluation of “topdown” treatment of early Crohn’s dis-
ease by double balloon enteroscopy. World J Gastroenterol 2014; 20:14479–14487.

142. Colombel  JF, Reinisch  W, Mantzaris  GJ, et  al. Randomised clinical trial: deep re-
mission in biologic and immunomodulator naive patients with Crohn’s disease—a 
SONIC post hoc analysis. Aliment Pharmacol Ther 2015;41:734–746.

143. Colombel JF, Rutgeerts PJ, Sandborn WJ, et al. Adalimumab induces deep remission 
in patients with Crohn’s disease. Clin Gastroenterol Hepatol 2014; 12:414–422 e5.

144. Dassopoulos  T, Sultan  S, Falck-Ytter  YT, et  al. American Gastroenterological 
Association Institute technical review on the use of thiopurines, methotrexate, and 
anti- TNF-alpha biologic drugs for the induction and maintenance of remission in 
inflammatory Crohn’s disease. Gastroenterology 2013;145:1464–1478 e1–e5.

145. Jones  JL, Kaplan  GG, Peyrin-Biroulet  L, et  al. Effects of concomitant 
immunomodulator therapy on efficacy and safety of anti-tumor necrosis factor 
therapy for Crohn’s disease: A  meta-analysis of placebo-controlled trials. Clin 
Gastroenterol Hepatol 2015;13:2233–2240 e1–e2; quiz e177–e178.

146. Kierkus J, Iwanczak B, Wegner A, et al. Monotherapy with infliximab versus combi-
nation therapy in the maintenance of clinical remission in children with moderate to 
severe Crohn disease. J Pediatr Gastroenterol Nutr 2015;60:580–585.

147. Grossi  V, Lerer  T, Griffiths  A, et  al. Concomitant use of immunomodulators 
affects the durability of infliximab therapy in children with Crohn’s disease. Clin 
Gastroenterol Hepatol 2015;13:1748–1756.

148. Kotlyar DS, Osterman MT, Diamond RH, et al. A systematic review of factors that 
contribute to hepatosplenic T-cell lymphoma in patients with inflammatory bowel 
disease. Clin Gastroenterol Hepatol 2011; 9:36–41 e1.

149. Matsumoto T, Motoya S, Watanabe K, et al. Adalimumab monotherapy and a com-
bination with azathioprine for Crohn’s disease: a prospective, randomized trial. J 
Crohns Colitis 2016;10:1259–1266.

150. Hyams JS, Ruemmele F, Colletti RB, et al. Impact of concomitant immunosuppressant 
use on adalimumab efficacy in children with moderately to severely active Crohn’s dis-
ease: results from IMAgINE 1 [Abstract Sa 1153]. Gastroenterology 2014;146:S214.

151. Feagan BG, McDonald JW, Panaccione R, et al. Methotrexate in combination with 
infliximab is no more effective than infliximab alone in patients with Crohn’s disease. 
Gastroenterology 2014;146:681–688 e1.

152. Schroder O, Blumenstein I, Stein J. Combining infliximab with methotrexate for the 
induction and maintenance of remission in refractory Crohn’s disease: a controlled 
pilot study. Eur J Gastroenterol Hepatol 2006;18:11–16.

153. Herfarth HH, Kappelman MD, Long MD, et al. Use of methotrexate in the treatment 
of inflammatory bowel diseases. Inflamm Bowel Dis 2016;22:224–233.

154. Vande  Casteele  N, Ferrante  M, Van  Assche  G, et  al. Trough concentrations 
of infliximab guide dosing for patients with inflammatory bowel disease. 
Gastroenterology 2015;148:1320–1329 e3.

155. Moore  C, Corbett  G, Moss  AC. Systematic review and meta-analysis: serum 
infliximab levels during maintenance therapy and outcomes in inflammatory bowel 
disease. J Crohns Colitis 2016;10:619–625.

156. Nanda  KS, Cheifetz  AS, Moss  AC. Impact of antibodies to infliximab on clinical 
outcomes and serum infliximab levels in patients with inflammatory bowel disease 
(IBD): a meta-analysis. Am J Gastroenterol 2013;108:40–47; quiz 48.

157. Paul S, Moreau AC, Del Tedesco E, et al. Pharmacokinetics of adalimumab in inflam-
matory bowel diseases: a systematic review and meta-analysis. Inflamm Bowel Dis 
2014;20:1288–1295.

158. Sharma S, Eckert D, Hyams JS, et al. Pharmacokinetics and exposure-efficacy rela-
tionship of adalimumab in pediatric patients with moderate to severe Crohn’s dis-
ease: results from a randomized, multicenter, phase-3 study. Inflamm Bowel Dis 
2015;21:783–792.

159. Merras-Salmio L, Kolho KL. Clinical use of infliximab trough levels and antibodies 
to infliximab in pediatric patients with inflammatory bowel disease. J Pediatr 
Gastroenterol Nutr 2017;64:272–278.

160. Billioud  V, Sandborn  WJ, Peyrin-Biroulet  L. Loss of response and need for 
adalimumab dose intensification in Crohn’s disease: a systematic review. Am J 
Gastroenterol 2011;106:674–684.

161. Gisbert JP, Panes J. Loss of response and requirement of infliximab dose intensifica-
tion in Crohn’s disease: a review. Am J Gastroenterol 2009;104:760–767.

162. Steenholdt C, Brynskov J, Thomsen OO, et al. Individualised therapy is more cost-ef-
fective than dose intensification in patients with Crohn’s disease who lose response to 
anti-TNF treatment: a randomised, controlled trial. Gut 2014;63:919–927.

163. Steenholdt C, Brynskov J, Thomsen OO, et al. Individualized therapy is a long-term 
cost-effective method compared to dose intensification in Crohn’s disease patients 
failing infliximab. Dig Dis Sci 2015;60: 2762–2770.

164. Feagan BG, Sandborn WJ, Gasink C, et al. Ustekinumab as induction and mainte-
nance therapy for Crohn’s disease. N Engl J Med 2016;375:1946–1960.

165. Sandborn  WJ, Gasink  C, Gao  LL, et  al. Ustekinumab induction and maintenance 
therapy in refractory Crohn’s disease. N Engl J Med 2012;367:1519–1528.

166. Sandborn WJ, Feagan BG, Fedorak RN, et al. A randomized trial of ustekinumab, a 
human interleukin- 12/23 monoclonal antibody, in patients with moderateto- severe 
Crohn’s disease. Gastroenterology 2008; 135:1130–1141.

167. MacDonald  JK, Nguyen  TM, Khanna  R, et  al. Anti-IL-12/ 23p40 antibodies 
for induction of remission in Crohn’s disease. Cochrane Database Syst Rev 
2016:CD007572.

168. Cameron  FL, Garrick  V, Russell  RK. Ustekinumab in treatment of refractory 
paediatric Crohn disease. J Pediatr Gastroenterol Nutr 2016;62:e30.

e62 Journal of the Canadian Association of Gastroenterology, 2019, Vol. 2, No. 3



169. Rinawi F, Rosenbach Y, Assa A, et al. Ustekinumab for resistant pediatric Crohn dis-
ease. J Pediatr Gastroenterol Nutr 2016;62:e34–e35.

170. Bishop  C, Simon  H, Suskind  D, et  al. Ustekinumab in pediatric Crohn disease 
patients. J Pediatr Gastroenterol Nutr 2016;63:348–351.

171. Landells I, Marano C, Hsu MC, et al. Ustekinumab in adolescent patients age 12 to 
17 years with moderateto- severe plaque psoriasis: results of the randomized phase 3 
CADMUS study. J Am Acad Dermatol 2015; 73:594–603.

172. Sandborn WJ, Feagan BG, Rutgeerts P, et al. Vedolizumab as induction and mainte-
nance therapy for Crohn’s disease. N Engl J Med 2013;369:711–721.

173. Sands BE, Feagan BG, Rutgeerts P, et al. Effects of vedolizumab induction therapy 
for patients with Crohn’s disease in whom tumor necrosis factor antagonist treatment 
failed. Gastroenterology 2014;147:618–627 e3.

174. Feagan BG, Greenberg GR, Wild G, et al. Treatment of active Crohn’s disease with 
MLN0002, a humanized antibody to the alpha4beta7 integrin. Clin Gastroenterol 
Hepatol 2008;6:1370–1377.

175. Chandar  AK, Singh  S, Murad  MH, et  al. Efficacy and safety of natalizumab and 
vedolizumab for the management of Crohn’s disease: a systematic review and meta-
analysis. Inflamm Bowel Dis 2015;21:1695–1708.

176. Conrad MA, Stein RE, Maxwell EC, et al. Vedolizumab therapy in severe pediatric 
inflammatory bowel disease. Inflamm Bowel Dis 2016;22:2425–2431.

177. Singh N, Rabizadeh S, Jossen J, et al. Multi-center experience of vedolizumab effective-
ness in pediatric inflammatory bowel disease. Inflamm Bowel Dis 2016; 22:2121–2126.

178. Ledder  O, Assa  A, Levine  A, et  al. Vedolizumab in paediatric inflammatory bowel 
disease: a retrospective multicentre experience from the paediatric IBD Porto Group 
of ESPGHAN. J Crohns Colitis 2017;11:1230–1237.

179. Dulai PS, Singh S, Jiang X, et al. The real-world effectiveness and safety of vedolizumab 
for moderate-severe Crohn’s disease: Results from the US VICTORY Consortium. 
Am J Gastroenterol 2016;111:1147–1155.

180. Colombel JF, Sands BE, Rutgeerts P, et al. The safety of vedolizumab for ulcerative 
colitis and Crohn’s disease. Gut 2017;66:839–851.

181. Naftali T, Bar-Lev Schleider L, Dotan I, et al. Cannabis induces a clinical response 
in patients with Crohn’s disease: a prospective placebo-controlled study. Clin 
Gastroenterol Hepatol 2013;11:1276–1280 e1.

182. Naftali T, Mechulam R, Marii A, et al. Low-dose cannabidiol is safe but not effec-
tive in the treatment for Crohn’s disease, a randomized controlled trial. Dig Dis Sci 
2017;62:1615–1620.

183. Storr  M, Devlin  S, Kaplan  GG, et  al. Cannabis use provides symptom re-
lief in patients with inflammatory bowel disease but is associated with worse 
disease prognosis in patients with Crohn’s disease. Inflamm Bowel Dis 
2014;20:472–480.

184. Grant CN, Bélanger RE. Cannabis and Canada’s children and youth. Paediatr Child 
Health 2017;22:98–102.

185. Rieder MJ. Is the medical use of cannabis a therapeutic option for children? Paediatr 
Child Health 2016;21:31–34.

Journal of the Canadian Association of Gastroenterology, 2019, Vol. 2, No. 3 e63


