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INTRODUCTION 

Crohn’s disease (CD) is a chronic disabling gastrointestinal disease with a 

rising incidence and prevalence.1  Affecting approximately 1 in 300 people in the 

Western world, CD typically evolves from an inflammatory process into penetrating 

and fibrostenotic disease.  The end result is often surgical resection, either due to 

disease-related complications or progression to medically-refractory disease.  The 

cumulative risk of surgery in patients with CD at 1, 5 and 10 years are estimated 

at 16.3%, 33.3% and 46.6%, respectively.2  

Surgery is not curative for ileal or ileocolonic CD, and most patients with 

primary ileocolonic anastomosis experience recurrence of CD after surgery, 

defined by a continuum of endoscopic, clinical, and surgical recurrence.  

Endoscopic recurrence, defined using the Rutgeerts’ score, occurs in 30-90% of 

patients at the neoterminal ileum within 12 months of surgery and almost 

universally by 5 years.3-9  Clinical recurrence, defined using the Crohn’s Disease 

Activity Index (CDAI), occurs in 20-40% of patients within 12 months of surgery, 

and 35-50% of patients by 5 years.3-9  Surgical recurrence, defined as 

postoperative CD that requires another intestinal resection, occurs in 

approximately 25% of patients by 5 years and 35% of patients by 10 years after 

initial surgery.10  Several major risk factors have been identified that modify the 

risk of postoperative recurrence including penetrating disease phenotype, a history 

of two or more previous CD-related surgeries and cigarette smoking.11-17  Other 

potential risk factors include perianal disease, extensive small bowel resection, a 

short time interval between the time of diagnosis and surgery (<10 years), and 

young age at disease diagnosis (<30 years).3, 18   

Given the high rates of recurrence after surgical resection in patients with 

CD, several strategies have been studied to decrease the long-term risk of disease 

recurrence.  These include routine early postoperative pharmacologic prophylaxis 

within a few weeks of surgical resection using a variety of pharmacological agents, 

as well as routine endoscopic monitoring and treatment step-up within 6-12 months 

of surgery in case of asymptomatic endoscopic recurrence.  Unfortunately, 

evidence on the comparative risks and benefits of different pharmacological 
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therapies and management strategies is relatively limited, and current clinical 

guidelines do not adequately address the specific issues related to the 

management of CD after surgical resection.  Hence, the AGA prioritized this topic 

for generation of clinical guidelines. 

 

Objectives of this review 

This technical review addresses focused clinical questions on strategies to 

reduce disease recurrence (at 18 months and beyond) in individuals with CD who 

have undergone surgical resection.  A key assumption is that patients have 

ileocolonic CD and surgery produces a surgically induced remission (i.e. resection 

of all macroscopically visible disease and creation of an ileocolonic anastomosis).  

The focused clinical questions address:  

• What are the risks and benefits of a strategy of routine early postoperative 

pharmacologic prophylaxis (within 2-8 weeks of surgical resection) versus 

routine endoscopic assessment (within 6-12 months after surgery), and 

initiation of treatment only in the presence of endoscopic recurrence; 

• What are the risks and benefits of putative pharmacological agents for 

prevention of recurrence of CD,  

o when started within 4-8 weeks of surgical resection (early 

pharmacologic prophylaxis), and  

o when started in patients with asymptomatic endoscopic recurrence 

• What are the risks and benefits of a strategy of routine endoscopic 

monitoring within 6-12 months of surgical resection (and treatment step-up 

if there was evidence of endoscopic recurrence) versus no endoscopic 

monitoring, regardless of early post-operative management. 

The results of this technical review were used to inform the development of 

the accompanying clinical guidelines on the management of patients with CD after 

surgical resection. 

METHODS 
Overview 
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 This technical review and the accompanying guideline were developed 

using the Grading of Recommendations Assessment, Development, and 

Evaluation (GRADE) framework.19  After focused questions (formulated by the 

technical review team and the guideline panel) were approved by the AGA 

Governing Board (on 06/12/2015), the technical review team formulated the clinical 

questions, identified the relevant patient-important outcomes, systematically 

reviewed and summarized the evidence for each outcome across studies, and then 

rated the quality of the evidence across all outcomes for each clinical question.  

 
Panel Composition 

Members of the technical review panel were selected by the AGA based on 

their clinical and methodological expertise after undergoing a vetting process for 

potential financial conflicts of interest. 

 

Formulation of Clinical Questions 
Using the PICO format, which frames a clinical question by defining a 

specific Population (P), Intervention (I), Comparator (C), and Outcomes (O), the 

team finalized four questions (Table 1).  Potentially relevant patient-important 

outcomes were considered and rated in terms of importance.  The following 

outcomes were considered critical for decision-making: prevention of surgical 

recurrence, clinical recurrence and endoscopic recurrence of CD.  However, data 

on surgical recurrence was very limited as the majority of studies were short-term 

and not powered to show differences in rates of surgical recurrence.  Hence, for 

this review, the technical review panel used the presence of endoscopic 

recurrence as a strong surrogate predictor of future surgical recurrence based on 

data from a pivotal prospective cohort study supporting this association.20  Serious 

adverse events leading to treatment discontinuation were considered to be 

important for decision-making.  Given the paucity of data on serious adverse 

events, specifically in the postoperative setting, indirect evidence from luminal CD 

or other forms of inflammatory bowel disease was used to inform evidence for this 

outcome.  
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Outcome Measurement 
Clinical recurrence – Crohn’s Disease Activity Index (CDAI) >150 [insert ref – 

38175]; when not available, other CDAI cut-offs (CDAI>200), or clinical relapse as 

defined by authors of individual studies were used, in that order. 
Endoscopic recurrence – Rutgeerts’ score, i2-4 (presence of at least 5 aphthous 

lesions with normal intervening mucosa [i2], diffuse aphthous ileitis [i3], diffuse 

inflammation with ulcers/nodules/narrowing [i4]);20 when not available, then i1-i4, 

or author-defined measure of endoscopic relapse, or a combination of endoscopic 

and/or imaging relapse based on cross-sectional imaging or barium studies were 

used, in that order.  

It is important to note that neither of these outcome measures (CDAI or 

Rutgeert’s score) has been validated in the postoperative setting.  CDAI (score 

range, 0-600) has been extensively employed as a research tool for assessing 

clinical activity in luminal CD with a cut-off of <150 being used to define clinical 

remission.  However, the performance characteristics of this threshold in the 

postoperative setting have not been established, and several factors related to 

surgery but not to recurrence of CD may modify different components of this score.  

For example, diarrhea related to small intestinal bacterial overgrowth, bile salt 

malabsorption, irritable bowel syndrome, or non-specific post-operative abdominal 

pain all could affect the CDAI.  Likewise, although the Rutgeert’s score has been 

traditionally used to assess severity of endoscopic recurrence, this index has not 

been formally validated in treatment trials of postoperative CD.  In a recent 

prospective study, the inter-observer variability of the Rutgeert’s score was 

moderate, especially when differentiating <i2 and ≥i2 (cut-off for endoscopic 

remission and recurrence in this review), potentially resulting in inappropriate 

therapeutic decisions in approximately 13% of patients.21  

 
Baseline Risk of Clinical and Endoscopic Recurrence of Crohn’s Disease  

In order to provide a synthesis of the risks and benefits of different 

management strategies, the technical review team tried to ascertain the baseline 
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risk of recurrence of CD to calculate absolute effect estimates.  In a meta-analysis 

of 16 RCTs of pharmacologic prophylaxis after surgical resection of CD, Renna 

and colleagues estimated that rates of clinical and endoscopic recurrence in the 

placebo-arms were 24% (95% CI, 13-35) and 50% (95% CI, 28-73), respectively 

with considerable unexplained heterogeneity; baseline risk factors that modify the 

risk of CD recurrence could not be adequately accounted for.22  Given this 

heterogeneity, the technical review panel members developed two illustrative risk 

groups with corresponding rates of clinical and endoscopic recurrence at 18 

months in the absence of any intervention in postsurgical CD patients (Table 2).  

While the presence of multiple risk factors is likely to result in a higher risk of 

recurrence, as compared to patients with no (or only 1) risk factors,23 the exact risk 

of disease recurrence corresponding to the presence or absence of a combination 

of risk factors is not known, and hypothetical values were assigned to enable 

estimation of absolute effects of various interventions.   

 

Search Strategy and Study Selection Criteria 
 The systematic literature review, data abstraction and initial quality 

assessment for this technical review were conducted by the Pacific Northwest 

Evidence-based Practice Center in conjunction with the technical review team.  

Details of the search strategy and study selection criteria are reported in the 

Supplementary Appendix and eFigure 1. 

 

Data Extraction and Statistical Analysis  
Data abstraction was conducted in duplicate, independently, by two 

investigators at the Evidence-based Practice Center, with disagreements or 

questions of accuracy resolved by discussion and consensus with the technical 

review team (details in Supplementary Appendix).  

Pooled relative risk (RR) or odds ratios (OR) and 95% confidence intervals 

(CI), were calculated using the Mantel-Haenszel fixed-effects model (in the 

absence of conceptual heterogeneity and if <5 studies) or the DerSimonian-Liard 

random-effects model.24  Statistical heterogeneity was assessed using the I2 
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statistic.25  Small study effects were examined using funnel plot symmetry and 

Egger’s regression test, though it is important to recognize that these tests are 

unreliable when the number of studies is <10.26  Direct comparisons were 

performed using RevMan v5.2 (Cochrane Collaboration, Copenhagen, Denmark).  

Due to a paucity of head-to-head trials of active agents for prevention of recurrence 

of CD to adequately inform comparative efficacy of different pharmacologic 

interventions, a random-effects Bayesian network meta-analysis (NMA) using 

Markov chain Monte Carlo methods in WinBUGS 1.4.3 (MRC Biostatistics Unit, 

Cambridge, UK) following methods described by Lu and Ades was performed to 

calculate pair-wise OR and 95% credible interval (CrI, or Bayesian CI).27  Details 

are reported in the Supplementary Appendix and eFigures 2A and B. 

 

Quality of Evidence  
The quality of evidence derived from the direct meta-analysis and NMA was 

judged using the GRADE framework (Table 3).  For questions of comparative 

efficacy of different pharmacological interventions for which effect estimates were 

derived from the direct and NMA, we used the following approach: when direct 

evidence was available from head-to-head comparisons, this was considered the 

best available evidence; if there were no direct comparisons between two 

interventions (and hence, no direct meta-analysis was feasible), effect estimates 

from the NMA were used.  In applying GRADE to NMA, first we judged the quality 

of evidence for direct comparisons then we rated the indirect estimates, starting at 

the lowest rating of the two pairwise estimates that contributed as first-order 

loops.28  We rated down further for imprecision or intransitivity (i.e. dissimilarity 

between studies in terms of clinical or methodological characteristics).   

 
Evidence-to-Decision Framework 
 Because this technical review was used to inform the development of 

clinical guidelines, besides a comprehensive risk-benefit analysis and the 

accompanying quality of evidence, information about additional factors such as 



 8 

patients’ values and preferences, cost-effectiveness, and resource utilization were 

also considered.  These data are summarized below. 

Patients’ Values and Preferences: Relevant studies are detailed in the 

Supplementary Appendix.  In summary, patients’ acceptance of risk of disease 

recurrence and risks associated with a medication varies widely, with some 

patients placing higher value on preventing disease recurrence over medication 

risks, and others placing a higher value on avoiding medications risks over risk of 

disease recurrence.  Physicians are unlikely going to be able to select the most 

appropriate treatment option for their patient based on clinical and demographic 

data alone, and shared decision-making on risks and benefits in the context of 

patients’ values and preferences is inherently important in the management of CD 

after surgical resection. 

Cost-Effectiveness: There is paucity of data on cost-effectiveness of 

different strategies for managing CD after surgical resection, and studies relevant 

to each clinical question are summarized in the Supplementary Appendix. 

 

 

 

 

RESULTS 

Question 1: In patients with Crohn’s disease undergoing surgical resection, is 

routine early postoperative pharmacologic prophylaxis superior to endoscopy-

guided treatment, i.e. treatment only if evidence of asymptomatic endoscopic 

recurrence at 6-12 months?  
Key message: The benefit of routine early postoperative pharmacologic 

prophylaxis over endoscopy-guided therapy (i.e. treat only if evidence of 

asymptomatic endoscopic recurrence at 6-12 months) in decreasing risk of 

recurrence of CD is uncertain.(Very low quality of evidence)  
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Effect estimates. Only one small RCT of 63 adults with CD with surgically 

induced remission was used to inform this question (Supplementary Table 1).29  

In this trial, patients were randomized to either routine early pharmacologic 

prophylaxis (with weight-based azathioprine) within 2 weeks of surgery (n = 32) or 

endoscopy-guided initiation of therapy (with weight-based azathioprine, only if 

there was evidence of endoscopic recurrence of CD [Rutgeerts’ score of ≥i2]) 

performed within 6-12 months of surgery (n=31).  The observed rates of clinical 

recurrence (12/32 vs. 14/31; RR, 0.83; 95% CI, 0.46-1.50) and endoscopic 

recurrence (17/32 vs. 18/31; RR, 0.91; 95% CI, 0.59-1.42) at 102 weeks after 

surgical resection were marginally lower in the routine early postoperative 

prophylaxis group as compared to the endoscopy-guided therapy group, though 

these differences were not statistically significant.  There were no surgical 

recurrences in either arm.  In contrast to patients in the routine early postoperative 

prophylaxis group who all received medications, only 14/31 patients in the 

endoscopy-guided therapy group required pharmacologic intervention; 17 patients 

(54.8%) were able to avoid medications for at least 102 weeks.  

Effect estimates by risk group.  
• Low-risk population (baseline risk of clinical recurrence, 20% and 

endoscopic recurrence, 30%): A strategy of routine early postoperative 

prophylaxis may result in 34 fewer patients with clinical recurrence, and 

27 fewer patients with endoscopic recurrence per 1000 patients who 

receive this strategy over endoscopy-guided therapy.   

• High-risk population (baseline risk of clinical recurrence, 50% and 

endoscopic recurrence, 80%): A strategy of routine early post-operative 

prophylaxis may result in 85 fewer patients with clinical recurrence, and 

72 fewer patients with endoscopic recurrence per 1000 patients who 

receive this strategy over endoscopy-guided therapy. 

 

Potential harms. Risks associated with the strategy of routine early 

postoperative pharmacologic prophylaxis include medication-related adverse 

events (which vary by medication), and the potential added burden of laboratory 
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monitoring, as well as the costs of treatment and monitoring.  Seeing that a subset 

of patients may not have long-term disease recurrence, even in the absence of 

prophylactic therapy (approximately 70% of low-risk and 20% of high-risk patients), 

routine therapy may potentially overtreat these patients.  

Endoscopy-guided therapy puts patients at risk for delaying treatment if 

recurrence occurs before 6-12 months (20-30% clinical recurrence, <5% surgical 

recurrence).3 Additional risks associated with this strategy include procedure-

related complications and the added burden and costs related to endoscopy.  

Moreover, some patients in the endoscopy-guided therapy group who have 

undergone surgery for CD may and not started on prophylactic therapy may have 

a higher perceived risk of disease recurrence and increased anxiety.30  

Finally, amongst patients treated with anti-TNF agents prior to surgical 

resection who do not continue anti-TNF postoperatively, a strategy of endoscopic-

guided therapy may increase the risk of drug reaction from re-exposure to the anti-

TNF after a gap of 6-12 months and lower efficacy of the index agent.31  

 
Quality of Evidence. The single RCT that informed this question was 

deemed to be at high risk of bias due to inadequate description of the 

randomization scheme, baseline differences in prognostic factors (higher rates of 

smokers in the early prophylaxis group versus the endoscopy-guided group; 53% 

versus 29%), high attrition rate (33%), and early termination of the trial due to low 

recruitment (only 63 of proposed 200 patients randomized).  The evidence was 

also rated down for very serious imprecision due to a wide confidence interval 

crossing unity and a low event rate.  Hence, the overall quality of evidence was 

rated as very low quality, i.e., there was very low confidence in the effect estimates 

supporting the use of routine early postoperative pharmacologic prophylaxis over 

endoscopy-guided therapy (Table 4).  

 
Discussion. Based on a single RCT, there was uncertainty regarding the 

benefit of routine early post-operative pharmacologic prophylaxis over endoscopy-

guided therapy in decreasing risk of recurrence of CD.  In addition to the very low 
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quality evidence available to address this issue, several other factors also 

contributed to the uncertainty.  First, the risk of disease recurrence is probably 

closely linked to choice of pharmacologic prophylactic agent.  In this study, weight-

based azathioprine was used and estimates of efficacy cannot be directly 

extrapolated to other pharmacologic agents.  Second, baseline differences in 

prognostic factors between the two study arms (higher proportion of smokers and 

higher proportion of patients with pre-surgical thiopurine exposure in routine 

postoperative prophylaxis group) may have biased results against a benefit of 

routine early postoperative pharmacologic prophylaxis.  A comprehensive risk 

stratification scheme may have helped identify a true impact of these approaches 

in different patient populations (e.g., in a true high- vs. low-risk population).  Third, 

since there were no surgical recurrences in either of the study arms, the impact of 

either of these strategies on the long-term risk of surgical recurrence is uncertain.  

Finally, it should be noted that the optimal timing of endoscopic assessment after 

surgical resection that would identify active inflammation that could respond to 

medication prior to permanent intestinal damage is uncertain.  Due to the small 

number of events, it was unclear how effective endoscopy-guided therapy was in 

re-capturing response in those who had evidence of endoscopic recurrence at the 

time of their 6-month endoscopy.  It is possible that a proportion of patients may 

develop severe endoscopic recurrence with permanent intestinal damage not 

responsive to pharmacologic intervention.   

 

Question 2. In patients with Crohn’s disease receiving early post-operative 

pharmacologic prophylaxis after surgical resection, what is the comparative 

effectiveness of different pharmacologic therapies (5-aminosalicylates, antibiotics, 

thiopurines alone or in combination with antibiotics, anti-TNF monotherapy, 

probiotics, budesonide,) for reducing recurrence of Crohn’s disease? 

Key Message #1: All therapies compared to placebo.  Several therapies 

appear to reduce the risk of recurrence, although some may be preferred due to 

differential effects on clinical and endoscopic recurrence and varying levels of 

quality of evidence. Anti-TNF monotherapy (moderate quality of evidence) and 
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thiopurine monotherapy (moderate quality of evidence) probably result in largest 

reductions in disease recurrence.  Antibiotic monotherapy (moderate quality of 

evidence) probably reduces recurrence of CD after surgical resection, but 

estimates of effect were not as strong as with anti-TNF or thiopurine monotherapy, 

particularly for preventing endoscopic recurrence. Thiopurines combined with 

antibiotics (low quality of evidence) may reduce the risk of recurrence of CD.  There 

is unclear benefit with the use of 5-ASA (very low quality of evidence), probiotics 

(very low quality of evidence) or budesonide (very low quality of evidence). 

Key Message #2: Comparative effectiveness of therapies with high or 
moderate quality of evidence.  There is moderate quality of evidence supporting 

the use of anti-TNF monotherapy over 5-ASA monotherapy and antibiotic 

monotherapy, for reducing recurrence of CD.  There is moderate quality of 

evidence supporting the use of thiopurine monotherapy over 5-ASA monotherapy, 

for reducing disease recurrence.   

Key Message #3: Comparative effectiveness of therapies with low or 
very low quality of evidence.  There is low quality of evidence supporting the use 

of anti-TNF monotherapy over thiopurine monotherapy, and very low quality of 

evidence supporting its use over a combination of thiopurines and antibiotics, for 

reducing disease recurrence.  There is low quality of evidence supporting the use 

of thiopurine monotherapy or thiopurines in combination with antibiotics over 

antibiotic monotherapy.  There is very low quality of evidence supporting the use 

of thiopurines combined with antibiotics over thiopurine monotherapy, and very low 

quality of evidence supporting the use of antibiotics alone or in combination with 

thiopurines over 5-ASA, for reducing disease recurrence. 

 

The overall body of evidence on the comparative effectiveness of different 

pharmacological agents for reducing disease recurrence in patients with CD after 

surgical resection, was informed by 22 RCTs (2090 patients), comparing 7 different 

strategies to each other or to placebo.17, 32-52  In these trials, a very wide range of 

clinical recurrence rates after surgical resection was observed (median rate in 

placebo arms of placebo-controlled trials, 28.8%; range, 6.4-77.5%).  Similarly, the 
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rates of endoscopic recurrence in the placebo arms varied (median, 59.0%; range, 

35.3-84.6%).  These differences may have been related to how clinical recurrence 

was defined (for example, CDAI>150 or CDAI>200 or other symptom-based 

definitions), inherent differences in risk of disease recurrence based on patients’ 

baseline characteristics (risk factors for disease recurrence), imprecision of using 

clinical symptoms to define recurrence in the postoperative setting, and other 

factors. Study- and patient-characteristics of the studies that were part of these 

assessments are summarized in Supplementary Tables 2 and 3.  

 

Effect Estimates and Quality of Evidence 
Each therapy compared to placebo: Relative and absolute effect 

estimates (in an illustrative low-, intermediate- and high-risk population) for all 

interventions as compared to placebo, and corresponding quality of evidence, are 

summarized in the Table 5.  A detailed narrative of effect estimates and quality of 

evidence is provided in the Supplementary Appendix, and forest plots from direct 

meta-analysis for clinical and endoscopic are reported in Figures 1A and B.  It is 

important to note that, for several comparisons of active agents against placebo 

as well as with other active agents, confidence intervals were wide and crossed 

unity (especially for outcome of preventing clinical recurrence), and consequently, 

evidence was rated down once and sometimes twice for imprecision. 

Anti-TNF monotherapy and thiopurine monotherapy probably result in 

sizable reductions in disease recurrence (moderate quality of evidence).  In a low-

risk population, anti-TNF therapy would account for 87 fewer patients with clinical 

recurrence and 207 fewer patients with endoscopic recurrence for every 1000 

patients treated as compared with placebo.  In a high-risk population, there would 

be 162 fewer and 310 fewer patients with clinical and endoscopic recurrence, 

respectively (per 1000 patients treated with anti-TNF therapy versus placebo).  

There is moderate quality of evidence supporting the use of antibiotics.  In a low 

risk population, treatment with antibiotics would result in 85 fewer patients with 

clinical recurrence and 135 fewer patients with endoscopic recurrence per 1000 

patients (as compared with placebo).  In a high-risk population, treatment with 
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antibiotics would result in 158 fewer patients with clinical recurrence and 152 fewer 

patients with endoscopic recurrence (per 1000 patients treated with antibiotics 

versus placebo).  There was low quality of evidence supporting the use of 5-ASA 

monotherapy and thiopurines combined with antibiotics.  Finally, there was unclear 

benefit with the use of budesonide and probiotics for both clinical and endoscopic 

recurrence (very low quality of evidence).  

Comparative efficacy of different pharmacologic agents. Table 6 

reports the summary of findings for the comparative efficacy of different 

pharmacological interventions for decreasing the recurrence of CD after surgical 

resection.  Effect estimates were obtained from NMA when no direct estimates 

were available.  A detailed narrative on effect estimates and quality of evidence is 

provided in the Supplementary Appendix.  

 

In summary, for the following comparisons, high or moderate quality of 

evidence was available:  

Compared to 5-ASA monotherapy: Anti-TNF monotherapy (moderate quality of 

evidence) results in large reductions in disease recurrence, and thiopurine 

monotherapy (moderate quality of evidence) results in modest reductions in 

disease recurrence. 

Compared to antibiotic monotherapy: Anti-TNF monotherapy (moderate quality of 

evidence) results in a large reduction in endoscopic recurrence with a modest 

reduction in clinical recurrence.  

 

 For the following comparisons, only low or very low quality of evidence was 

available:  

Compared to 5-ASA monotherapy. Thiopurines in combination with antibiotics may 

reduce disease recurrence, though these estimates are uncertain (very low quality 

of evidence).  Antibiotics alone may also reduce disease recurrence slightly, 

though these estimates are uncertain (very low quality of evidence). 

Compared to antibiotic monotherapy. Thiopurines in combination with antibiotics 

(low quality of evidence) may result in large reductions disease recurrence, 
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whereas thiopurine monotherapy (low quality of evidence) may reduce disease 

recurrence slightly.  

Compared to immunomodulator monotherapy. Thiopurines combined with 

antibiotics may reduce disease recurrence  (very low quality of evidence) but we 

are uncertain about these effects.  Anti-TNF monotherapy therapy may result in 

large reductions in disease recurrence (low quality of evidence) as compared to 

thiopurine monotherapy. 

Compared to immunomodulator in combination with antibiotics: There is unclear 

benefit of anti-TNF monotherapy over thiopurines in combination with antibiotics, 

in decreasing risk of recurrence of CD (very low quality of evidence). 

  

Potential harms. There were limited data on rates of adverse events with 

different interventions in included trials of postoperative prophylactic therapy.  

Hence, more reliable estimates of risks of different medications were drawn from 

population-based studies or RCTs in luminal CD.  Estimated rates of tolerability 

(discontinuation of therapy due to adverse events) were drawn from included trials 

of different agents for postoperative prophylaxis.  

The estimated rates of serious infections, malignancy and intolerance 

(discontinuation of therapy due to adverse events) with anti-TNF monotherapy are 

7.6-10.9 per 100 person-years, 0.44 per 100 person-years, and 9.8%, 

respectively.53-56 Corresponding rates of serious infections, malignancy and 

intolerance with thiopurine monotherapy are 9.6 per 100 person-years, 0.75 per 

100 person-years and 17.6%, respectively.53, 57 In addition, there are rare serious 

adverse events with anti-TNF monotherapy (including demyelinating diseases, 

worsening of heart failure, etc.) and with thiopurines (pancreatitis, fevers, nodular 

regenerative hyperplasia, etc.).58, 59  Anti-TNF therapy has the additional burden of 

requiring specialized, non-oral administration (either infusion or injections), and 

corresponding risks of infusion/injection site reactions.31  Both anti-TNF therapy 

and thiopurine-based therapy also require periodic laboratory monitoring. 

Antibiotics alone carry minimal risk of causing serious infections and 

malignancy; however, 6-12 month therapy with imidazoles or fluoroquinolones is 
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poorly tolerated (pooled rate of discontinuation of therapy based on included trials, 

23.5%).  Long-term use of imidazoles has been associated with risk of peripheral 

neuropathy.60  5-ASAs also carry minimal risk of serious infections or malignancy, 

and are generally well tolerated. 

 

Discussion. This question applies only if an informed decision in favor of 

using early postoperative pharmacologic prophylaxis has been made.  The data 

informing this evidence were derived from 22 RCTs comparing 7 different 

strategies; for several head-to-head as well as placebo comparisons, there were 

only 1-2 RCTs, with low events, resulting in imprecise estimates.  In the interest of 

adequately informing the body of evidence on comparative effectiveness and 

safety, the panel opted to use NMA (with its inherent limitations), if direct 

comparisons were not available.  Several aspects of this approach merit 

consideration.  First, absolute effect estimates were reported only when comparing 

active interventions to placebo, based on the pooled odds ratios applied to 

hypothetical populations with pre-determined risks of disease recurrence.  

Absolute effect estimates for comparisons between active agents could not be 

reliably imputed, since several unconfirmed assumptions would have had to be 

made on risks with ‘control’ therapy; the panel opted against using study-reported 

risks to calculate absolute effect size, due to the known, unexplained elevated 

heterogeneity in disease recurrence in different trials.  Third, the panel did not 

identify an explicit clinically meaningful difference to consider an intervention as 

offering clinically consequential benefit – there is a paucity of guidance on this topic 

in the literature, and it is anticipated that, by deriving relative risk estimates (and 

associated reporting of degree of confidence in these estimates), an informed 

decision in the context of patients’ values and preferences is probably feasible. 

It is important to note that the literature review did not identify any study on 

the strategy of combining anti-TNF therapy with a thiopurine, a commonly used 

approach in management of luminal, active CD.  However, indirect evidence 

derived from the effect of combination therapy on maintenance of remission in 

patients with luminal CD with medically induced remissions suggests that this 
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combination is likely to be effective in patients with CD with surgically induced 

remission.61 Likewise, there was no study on anti-integrin agents like natalizumab 

or the recently approved vedolizumab in the postoperative setting.  Among 

immunomodulators, only thiopurines have been studied, and there were no RCTs 

of methotrexate-based therapy for prevention of disease recurrence after surgical 

resection. 

The role of 5-ASAs in the prevention of disease recurrence in postoperative 

setting merits consideration.  Direct evidence from this technical review based on 

6 RCTs suggests that 5-ASAs may reduce clinical recurrence after surgically 

induced remission in patients with CD, though there was low certainty in effect 

estimates, which was rated down for imprecision (low number of events), and 

suspected publication bias (failure to publish negative studies); its benefit in 

reducing the risk of endoscopic recurrence was uncertain (very low quality 

evidence).  This evidence needs to be interpreted in the context of indirect 

evidence on the lack of benefit of 5-ASAs for inducing or maintaining remission in 

patients with inflammatory luminal CD, based on several large RCTs and meta-

analyses.62, 63  In a meta-analysis of 16 RCTs of 2496 patients with quiescent CD, 

5-ASAs were not effective in preventing relapse of disease as compared to 

placebo (RR, 0.94; 95% CI, 0.90-1.05), without significant heterogeneity. 

The relative impact of any of these medications on preventing surgical 

recurrence could not be derived from these RCTs.  Observational studies, which 

carry inherent limitations of confounding by indication, have shown that anti-TNF 

and azathioprine therapy may decrease the risk of surgical recurrence.  In a long-

term, open-label follow-up of the first trial of infliximab for postoperative prophylaxis 

in CD, the observed rate of surgical recurrence was significantly lower in patients 

who received infliximab for the majority of the follow-up period compared to 

patients who received infliximab for shorter duration of follow-up (20.0% vs. 64.4%, 

p=0.047).64  In a matched case-control single-center Korean study, over a median 

three-year follow-up, patients receiving postoperative anti-TNF prophylaxis within 

2 months of surgery had a significantly lower risk of surgical recurrence compared 

to patients who did not receive an anti-TNF.65  In a retrospective cohort study of 
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567 post-surgical CD patients treated with different medications postoperatively, 

41.8% developed surgical recurrence over a median 70 months; thiopurine use 

was independently associated with lower risk of surgical recurrence.66 Similarly, in 

a separate retrospective cohort study, Papay and colleagues observed that long-

term use of azathioprine (>36 months) following surgical resection might be 

protective against surgical recurrence of CD.67 Of note, the timing of initiation of 

azathioprine after surgical resection is not known in the latter two studies, making 

it unclear whether the protective effect truly represents the impact of routine early 

postoperative azathioprine prophylaxis. 

Given the multitude of pharmacologic options that are available, and their 

varying degrees of anticipated benefits and risks, as well as differences in patients’ 

values and preferences in the context of cost and baseline risk of recurrence, it is 

unlikely that a single pharmacologic intervention would be acceptable to all 

patients.  Therefore, a shared decision-making approach may be necessary.   

 
 
Question 3: In patients with Crohn’s disease undergoing surgical resection, is 

routine endoscopic monitoring at 6-12 months after surgery superior to no 

endoscopic monitoring, regardless of early postoperative management?  
Key messages: Routine endoscopic monitoring 6-12 months after surgical 

resection, with endoscopy-guided treatment, is probably superior to no endoscopic 

monitoring, regardless of early post-operative management, in decreasing the risk 

of recurrence of CD (Moderate quality of evidence). 

 
Effect estimates. In a single RCT, 184 patients with surgically induced 

remission (83.3% at study-defined high risk of disease recurrence) were 

randomized (2:1 ratio) to one of two strategies, regardless of early postoperative 

management: an active management strategy involving colonoscopy at 6 months 

with algorithmic treatment step-up if asymptomatic endoscopic recurrence was 

identified vs. no routine endoscopic monitoring and continuation of early 

postoperative management strategy (Supplementary Table 4).23 Early 
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postoperative management included 3 months of metronidazole therapy.  

Additionally, study-defined high-risk patients (previous surgery, smokers, and/or 

penetrating disease) also received a thiopurine or adalimumab (if they were 

intolerant to thiopurines) while low-risk patients (those without high risk factors) 

received no further treatment.  Among patients with evidence of endoscopic 

recurrence in the active management group, treatment step-up involved starting a 

thiopurine (for low risk patients who pre-intervention received only 3 months of 

metronidazole), adding standard-dose adalimumab to a thiopurine (for patients 

who were on thiopurine monotherapy prior to intervention), or escalating to weekly 

adalimumab (for patients who were on standard-dose adalimumab prior to 

intervention).  With these strategies, the observed rates of clinical and endoscopic 

recurrence at 18 months were lower in the active management group vs. no 

endoscopic monitoring group (clinical recurrence: RR, 0.82; 95% CI, 0.56-1.18; 

endoscopic recurrence: RR, 0.73; 95% CI, 0.56-0.95, respectively), though these 

differences did not reach statistical significance for reducing clinical recurrence.  

No surgical recurrences were noted over 18 months.  Overall, 75/122 patients 

(62/101 study-defined high-risk, 13/21 low-risk) in the active management group 

who underwent endoscopic monitoring were in endoscopic remission at 6 months 

after surgery and required no treatment change.  Forty-seven patients (39 study-

defined high-risk, 8 low-risk) had evidence of endoscopic recurrence at 6 months 

and required treatment step-up.  

Effect estimates by risk group.  
• Low-risk population (baseline risk of clinical recurrence, 20% and 

endoscopic recurrence, 30%): A strategy of active management with routine 

endoscopic monitoring 6-12 months after surgical resection (and 

endoscopy-guided treatment step up), may result in 36 fewer patients with 

clinical recurrence, and 81 fewer patients with endoscopic recurrence, per 

1000 patients who receive this strategy over no endoscopic monitoring.  

• High-risk population (baseline risk of clinical recurrence, 50% and 

endoscopic recurrence, 80%): A strategy of active management with routine 

endoscopic monitoring 6-12 months after surgical resection (and 
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endoscopy-guided treatment step up), may result in 81 fewer patients with 

clinical recurrence, and 216 fewer patients with endoscopic recurrence, per 

1000 patients who receive this strategy over no endoscopic monitoring. 

 
Potential harms. The potential risks of the active management strategy of 

routine endoscopic monitoring encompass the risks associated with colonoscopy.  

While risks have not been estimated in the postoperative setting, it can be 

assumed that risks of colonoscopy 6-12 months after surgical resection would 

parallel risks of colonoscopy in the general population.  The 30-day risk of serious 

complications with a diagnostic colonoscopy is estimated to be 0.08% and 0.7%, 

without or with polypectomy/biopsy, respectively.68 In addition, colonoscopy has 

added costs and may create a moderate burden to patients related to discomfort, 

need for bowel preparation, requiring time off work, etc.  

In contrast, a strategy of no endoscopic monitoring (and continuation of 

strategy adopted in the early postoperative phase) may be associated with a high 

risk of disease recurrence later in the course of CD.  The absence of monitoring 

may also contribute to patient anxiety, especially among individuals who may not 

have received pharmacologic prophylaxis after surgical resection.  

 

Quality of Evidence. The evidence supporting the use of routine 

endoscopic monitoring (and treatment step-up in case of asymptomatic 

endoscopic recurrence) at 6-12 months after surgical resection, over no 

endoscopic monitoring, was informed by a single RCT.  We rated down for serious 

imprecision, due to a wide confidence interval crossing unity and low event rate 

(not achieving optimal information size of >300 events).  Hence, the overall quality 

of evidence was moderate, i.e., there was moderate certainty in the effect 

estimates supporting the use of routine endoscopic monitoring at 6-12 months after 

surgical resection to guide decisions over no endoscopic monitoring, regardless of 

early postoperative management strategy. 
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Discussion. An active management strategy involving routine endoscopic 

monitoring with treatment step-up is probably superior to no endoscopic monitoring 

in diminishing the risk of disease recurrence. Interestingly, despite treatment step 

up in the active management arm (in 47/122 patients with evidence of endoscopic 

recurrence at 6 months), endoscopic remission could be re-captured in only 18 

(38.5%) of these patients.  This finding suggests that a significant proportion of 

patients may develop permanent intestinal damage early after surgical resection, 

despite postoperative prophylaxis, which may not be adequately re-captured with 

treatment step up.  Of note, the trial that informed this evidence primarily included 

patients at high risk of disease recurrence (83.3% high-risk); hence, these findings 

should be extrapolated cautiously to a low-risk population. 

It is important to note that the comparator strategy in this RCT was no 

endoscopic monitoring with passive follow-up after implementing an algorithmic 

early postoperative management strategy (where all patients received early 

metronidazole therapy for 3 months, with or without thiopurine or adalimumab, 

depending on study-defined risk of recurrence and tolerance to prior medication).  

In clinical practice, the magnitude of benefit of endoscopic monitoring with 

treatment step-up would depend on whether or not medication is started 

prophylactically after surgery and the type of treatment initiated.  Patients who 

receive no early postoperative prophylaxis may be at risk of having asymptomatic 

endoscopic recurrence at 6-12 months, and would likely benefit from endoscopic 

monitoring and treatment step-up.  On the other hand, patients who are receiving 

early postoperative prophylaxis may be at lower risk of asymptomatic endoscopic 

recurrence, and may be less likely to benefit from endoscopic monitoring, because 

of low likelihood of requiring treatment escalation.  

With the growing recognition of the diagnostic performance of non-invasive 

biomarkers (e.g. fecal calprotectin) in predicting the presence of endoscopic 

disease recurrence, future studies may seek to compare active management with 

endoscopic vs. biochemical monitoring.69, 70  
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Question 4: In patients with Crohn’s disease with asymptomatic endoscopic 

recurrence after surgical resection, what is the comparative effectiveness of 

different therapies for reducing the risk of recurrence of CD? 

Key messages: There is insufficient direct evidence on the comparative 

effectiveness of different agents in decreasing the risk of disease recurrence in 

patients with CD and asymptomatic endoscopic recurrence after surgical 

resection.  However, based on indirect evidence derived from the effect of anti-

TNF and/or immunomodulator therapy on maintenance of remission in patients 

with luminal CD with medically induced remission, anti-TNF monotherapy 

(moderate quality of evidence) or thiopurine monotherapy (low quality of evidence) 

probably reduces the risk of recurrence of CD in patients with CD with surgically 

induced remission with asymptomatic endoscopic recurrence. 

 
 Effect Estimate. In one small RCT (comparing azathioprine vs. 

mesalamine), 78 patients with CD in clinical remission after surgical resection, but 

with established endoscopic recurrence, were randomized to either weight-based 

azathioprine or mesalamine 4g/day.71 The observed rates of clinical recurrence 

(RR, 0.10; 95% CI, 0.01-1.81) and endoscopic recurrence (RR, 0.83; 95% CI, 0.58-

1.20) were numerically, but not statistically, lower in patients receiving azathioprine 

as compared to patients receiving mesalamine.   

In addition, two prospective cohort studies were identified.72, 73 In a small, 

multi-center, open-label study, 24 CD patients receiving either infliximab or 

mesalamine 2.4g/d were followed for 12 months.72 In another three-arm non-

randomized study, 26 patients treated with either mesalamine 3g/day, azathioprine 

50mg/d or infliximab were followed for 6 months.73 The observed rate of clinical 

recurrence (CDAI>150 or Hanauer clinical recurrence grade >1) was lower in 

patients receiving infliximab as compared to patients receiving mesalamine (RR, 

0.11; 95% CI, 0.02-0.85); similarly, fewer patients receiving infliximab failed to 

achieve endoscopic remission as compared to patients receiving mesalamine (RR, 

0.56; 95% CI, 0.38-0.83).  Comparing infliximab vs. azathioprine, rates of clinical 

and endoscopic were lower in infliximab-treated patients (RR, 0.14; 95% CI, 0.01-



 23 

2.39], and (RR, 0.71; 95% CI, 0.39-1.30), respectively.  It should be noted that 

these observational studies were at high risk of bias due to unmeasured 

confounding, small sample size and very low number of events. 

 
Quality of Evidence.  Given the paucity of direct evidence to inform this 

question, the technical review panel relied on indirect evidence on the use anti-

TNF agents and immunomodulators for induction and maintenance of remission in 

inflammatory CD.  In inflammatory luminal CD, high quality evidence supports the 

use of anti-TNF agents for maintaining corticosteroid- or anti–TNF-induced clinical 

remission (prevention of disease relapse: RR, 0.71; 95% CI, 0.65-0.76), and 

moderate quality evidence supports the use of thiopurines for maintaining 

corticosteroid-induced clinical remission (RR, 0.39; 95% CI, 0.21-0.74), as 

summarized in the recent AGA Guideline on the “Use of Thiopurines, 

Methotrexate, and Anti–TNF-α Biologic Drugs for the Induction and Maintenance 

of Remission in Inflammatory Crohn’s Disease”.61, 74  To apply this in patients with 

CD in surgically induced remission with asymptomatic endoscopic recurrence, 

evidence was rated down additionally for indirectness.  Hence, anti-TNF 

monotherapy (moderate quality of evidence) probably reduces the risk of clinical 

recurrence, and thiopurines (low quality of evidence) may reduce the risk of clinical 

recurrence, in patients with CD with asymptomatic endoscopic recurrence after 

surgical resection. 
 

Discussion. Clinically silent, endoscopic recurrence of CD is common in 

patients with surgically induced remission, being observed in 30-90% of patients 

within 12 months of surgery and almost universally by 5 years.20, 75 Patients with 

ER are at high risk of progression to clinical and surgical recurrence, and 

endoscopic remission is considered to be an appropriate surrogate marker for 

preventing future surgical recurrence.  However, in reviewing the literature, there 

was an obvious dearth of direct evidence informing on the best management 

approach for these patients.  Only one small RCT (78 patients) comparing two 
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medications (azathioprine vs. mesalamine) and two prospective cohort studies (50 

patients) comparing three different active interventions were identified.   

In the absence of data specifically pertaining to this question, the panel used 

indirect evidence from trials on maintenance therapy for medically induced 

remission of inflammatory luminal CD to inform on the use of these agents in 

postoperative CD in surgically induced remission.  This data, summarized in AGA’s 

technical review and accompanying guideline on the use of immunomodulators 

and anti-TNF therapy for management of luminal CD, confirmed the efficacy of 

these agents for maintenance of medically induced clinical remission.61, 74  

Additionally, a recent network meta-analysis suggests that anti-TNF monotherapy 

or in combination with immunomodulators might be superior to immunomodulator 

monotherapy for maintenance of remission in patients with luminal CD.76  The 

panel identified that an important area for future research would be to compare the 

effectiveness and safety of different pharmacological strategies in patients with 

asymptomatic endoscopic recurrence following surgery.  

 

 

SUMMARY  
 This technical review evaluated the available data for managing CD after 

ileocolonic resection within the context of four common scenarios where clinicians 

may be asked to intervene, and where there is considerable practice variability.  

These four scenarios, which focus on the use, timing, and selection of endoscopy 

and pharmacologic therapy to assess and treat disease recurrence, informed the 

clinical questions in this technical review. 

Notable is the limited data available for the use and timing of endoscopic 

management in the post-operative setting.  Only one RCT informed each of the 

two clinical questions regarding the role of endoscopic monitoring in the 

postoperative setting with varying quality of evidence. While there is moderate 

confidence in estimates supporting the use of endoscopic monitoring as compared 

to no monitoring, regardless of early postoperative therapy (moderate quality of 

evidence), more data are needed to establish whether it is beneficial to begin 
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pharmacologic treatment in all patients immediately after surgery vs. based on 

results of endoscopic monitoring at 6-12 months following surgery (very low quality 

of evidence).  Similarly, more data are needed to address the best treatment in 

patients with asymptomatic endoscopic recurrence, as the single RCT comparing 

azathioprine to 5-ASAs is insufficient to inform the clinician on which of the various 

treatment options is the best to treat recurrence found during endoscopic 

monitoring, and most of the evidence was indirect and drawn from maintenance of 

remission data from inflammatory luminal CD. 

 In contrast, there is a richer data set of 22 RCTs (2090 patients) comparing 

the use of a several of pharmacologic therapies to each other or to placebo in the 

immediate post-operative setting.  Much of the data mirrors what is seen in luminal 

CD.  For example, anti-TNFs (moderate quality of evidence) and thiopurines 

(moderate quality of evidence) probably result in large reductions in disease 

recurrence.  In contrast, the benefit of probiotics (very low quality of evidence) or 

budesonide (very low quality of evidence) in preventing disease recurrence after 

surgical resection is uncertain.  While 5-ASAs may reduce the risk of clinical 

recurrence, it’s benefit in reducing endoscopic recurrence is uncertain (very low 

quality evidence).  Moreover, any plausible benefit in postoperative CD needs to 

be interpreted in the context of indirect evidence on the lack of benefit with 5-ASAs 

in patients with inflammatory luminal CD.62, 63   

Furthermore, this technical review sought to assess the comparative 

effectiveness of these therapies.  Several pairwise comparisons for active agents 

were based on small RCTs, and for others, there were no head-to-head 

comparisons identified.  In that situation, network meta-analysis was employed to 

inform quality of evidence across the entire network of available treatments.  These 

comparisons of active agents may be useful for creating a qualitative hierarchy of 

medication efficacy, in the context of baseline risk of disease recurrence, relative 

safety of different options, patients’ values and preferences and costs and 

resource utilization. 

 

KNOWLEDGE GAPS AND FUTURE DIRECTIONS 
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This technical review highlights knowledge gaps in several key areas. First, 

while there is universal agreement that the risk of disease recurrence is highly 

variable among patients, based on presence or absence of certain risk factors, 

there is no validated risk prediction score that can inform patients and providers 

on the absolute risk of disease recurrence; for this technical review, hypothetical 

values were assigned to enable estimation of absolute effects of various 

interventions.  A validated risk score could facilitate informed decision-making and 

help patients and providers choosing between endoscopic-guided therapy vs. 

routine early postoperative pharmacologic prophylaxis, and in case the latter is 

chosen, the best choice of pharmacologic agent; it may also be useful in risk-

stratifying patients for participation in clinical trials.  Second, there is limited 

availability on safety and cost-effectiveness of different postoperative 

management strategies and data for this technical review, was extrapolated from 

luminal CD.  Although there is no reason to think that medication safety, for 

example, should be different in the postoperative setting, trade-offs between 

benefits and harms are likely to be different in this setting than luminal CD. 

Additionally, there is also limited data on patients’ values and preferences for 

monitoring and treatment in the postoperative setting and future studies would also 

aid shared decision-making. 

Third, the question regarding routine early postoperative prophylaxis vs. 

endoscopy-guided treatment was informed by one small RCT yielding very low 

quality of evidence, and additional well-designed studies are warranted to optimally 

inform decisions.  Likewise, the question on the comparative effectiveness of 

different agents for management of patients with asymptomatic endoscopic 

recurrence in the postoperative setting was informed by indirect evidence from 

inflammatory luminal CD, and also merits dedicated studies.  Finally, though the 

largest body of evidence informed the clinical question regarding the choice of 

therapy for routine postoperative prophylaxis, this body of evidence is not without 

limitations.  In contrast to luminal CD, there is still not a single FDA-approved 

medication to prevent recurrence of CD after surgical resection.  A number of 

factors may be likely drivers of this including underpowered studies, the lack of 
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reliable markers for predicting patients at high risk of recurrence, limitations in 

measuring clinical recurrence, and, finally, the absence of a validated surrogate 

marker for key long-term outcomes such as surgery and hospitalization that can 

be measured within the typical duration of a trial.  The result is that evidence 

encompasses heterogeneous trials enriched with patients that may not benefit 

from interventions, imprecise clinical outcome measurements (e.g. CDAI) that 

often assess factors other than CD activity, and reliance on objective outcomes 

(Rutgeerts score, ER) that are likely, but not yet established, surrogates of key 

long-term outcomes such as repeat surgery and hospitalization.  Additionally, with 

high rates of disease recurrence following surgical resection in patients with CD, 

placebo-controlled trials may not be ethical in this setting. 

 

 In conclusion, this technical review helps the clinician understand the 

breadth and quality of the available data, contextualized based on four common 

clinical scenarios they may encounter when managing CD in the postoperative 

state.  How to apply these data to the care of patients is synthesized in the clinical 

guidelines and decision tool that accompany this technical review.    
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FIGURE LEGENDS 
Figure 1. Pairwise meta-analysis of different pharmacological interventions for the 

prevention of (A) clinical recurrence and (B) endoscopic recurrence, after surgical 

resection in patients with Crohn’s disease. In the forest plot, ‘experimental’ refers 

to first treatment group, whereas ‘control’ refers to the second treatment group. 

Please note, that for the comparison between 5-ASA vs. placebo for the outcomes 

of clinical and endoscopic recurrence, random effects meta-analysis was used, 

with corresponding odds ratio and 95% CI being 0.59 (0.43-0.81) and 0.65 (0.33-

1.28), respectively. 
 
Supplementary Figure Legends 
eFigure 1.  Flow sheet summarizing study identification and selection. 

eFigure 2. Evidence network of different pharmacological intervention for 

prevention of (A) clinical recurrence and (B) endoscopic recurrence of Crohn’s 

disease included in the network meta-analysis.  Please note that two of the 

included RCTs were three-arm trials.  The numbers (and numbers in brackets) 

refers to the number of trials (and number of combined number of participants in 

these trials), and the thickness of the connecting line corresponds to the number 

of trials between comparators. 
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 Focused Question PICO Question 
  Population Intervention(s) Comparator Outcomes 
1 In patients with CD 

undergoing surgical 
resection, is routine early 
postoperative 
pharmacologic 
prophylaxis superior to 
endoscopy-guided 
treatment, i.e. treat only if 
evidence of endoscopic 
recurrence at 6-12 
months, to decrease risk 
of long-term recurrence? 

Patients with CD 
with surgically 
induced remission 
and ileocolonic 
anastomosis 

Routine early 
postoperative 
pharmacologic 
prophylaxis (started 
within 2-8 weeks of 
surgery) 

Endoscopy-
guided therapy 
(with routine 
endoscopic 
assessment of 
neoterminal 
ileum within 6-
12 months of 
surgery, and 
treatment only if 
evidence of 
endoscopic 
recurrence)  

1. Reduction in endoscopic, 
clinical and surgical 
recurrence, >18m after 
surgery [CRITICAL] 

 

2 In patients with CD 
receiving early 
postoperative 
pharmacologic 
prophylaxis after surgical 
resection, what is the 
comparative 
effectiveness of different 
pharmacologic therapies 
(probiotics, budesonide, 
5-aminosalicylates, 
antibiotics, 
immunomodulators alone 
or in combination with 
antibiotics, anti-TNF 
monotherapy), to 
decrease risk of long-
term recurrence?  

Patients with CD 
with surgically 
induced remission 
and ileocolonic 
anastomosis, in 
whom early 
postoperative 
pharmacologic 
prophylaxis is 
being considered 

• Anti-TNF 
monotherapy 

• Thiopurine 
monotherapy 

• Antibiotics alone 
• Thiopurines 

combined with 
antibiotics 

• 5-aminosalicylates 
• Budesonide 
• Probiotics 
• Anti-TNF combined 

with thiopurines 
• Vedolizumab 

monotherapy  

Placebo or 
active agent or 
no intervention 

1. Reduction in endoscopic, 
clinical and surgical 
recurrence, >18m after 
surgery [CRITICAL] 

2. Adverse events leading to 
treatment discontinuation 
[IMPORTANT] 

3 In patients with CD 
undergoing surgical 
resection, is routine 
endoscopic monitoring at 

Patients with CD 
with surgically 
induced remission 

Active management with 
routine evaluation at 6-
12 months after surgery, 
and treatment step-up in 

No routine 
endoscopic 
monitoring 
(regardless of 

1. Reduction in endoscopic, 
clinical and surgical 
recurrence, >18m after 
surgery [CRITICAL] 
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6-12 months after 
surgery superior to no 
endoscopic monitoring, 
regardless of early 
postoperative 
management, to 
decrease risk of long-
term recurrence? 

and ileocolonic 
anastomosis  

case of endoscopic 
recurrence (regardless 
of early postoperative 
management) 

early 
postoperative 
management) 

 

4 In patients with CD with 
asymptomatic 
endoscopic recurrence 
after surgical resection, 
what is the comparative 
effectiveness of different 
therapies (5-
aminosalicylates, 
antibiotics, thiopurines 
alone or in combination 
with antibiotics, anti-TNF 
monotherapy) to 
decrease risk of long-
term recurrence? 

Patients with CD 
with surgically 
induced remission, 
with asymptomatic 
endoscopic 
recurrence after 
surgery 
(regardless of 
intervention in the 
immediate 
postoperative 
period) 

• Anti-TNF 
monotherapy 

• Thiopurine 
monotherapy 

• Antibiotics alone 
• Thiopurines 

combined with 
antibiotics 

• 5-aminosalicylates 
• Budesonide 
• Probiotics 
• Anti-TNF combined 

with thiopurines 
• Vedolizumab 

monotherapy 

Placebo or 
active agent or 
no intervention 

1. Reduction in clinical and 
surgical recurrence, >18m 
after surgery [CRITICAL] 

2. Achievement of 
endoscopic remission, 
>18m after surgery 
[CRITICAL] 

3. Adverse events leading to 
treatment discontinuation 
[IMPORTANT] 

 
Table 1. Focused clinical questions and corresponding questions in PICO format addressed in this technical review  
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Illustrative 
risk groups Clinical Characteristics 

Hypothetical risk of 
clinical recurrence 

(>18m after surgery) 

Hypothetical risk of 
endoscopic recurrence 

(>18m after surgery) 

Lower Risk 
Older patient (>50y); non-smoker; 1st surgery for a 
short segment of fibrostenotic disease (<10-
20cm); disease duration >10 years 

20% 30% 

Higher risk 
Younger patient (<30y); smoker; 
≥2 prior surgeries for penetrating disease, with or 
without perianal disease 

50% 80% 

 
Table 2. Illustrative risk categories for recurrence of Crohn’s disease after surgical resection, in the absence of any 
intervention 
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Table 3. GRADE (Grading of Recommendations, Assessment, Development and Evaluation) categories of quality of 
evidence 
 
 
  

GRADE Quality 
of Evidence Meaning Interpretation 

High 
We are very confident that the true 
effect lies close to that of the estimate of 
the effect. 

Further research is VERY 
UNLIKELY to change our confidence 
in the estimate of effect 

Moderate 

We are moderately confident in the 
estimate of the effect; the true effect is 
likely to be close to the estimate of the 
effect, but there is a possibility that it is 
substantially different. 

Further research is LIKELY to have 
an impact on our confidence in the 
estimate of effect and MAY change 
the estimate 

Low 
Our confidence in the estimate of the 
effect is limited; the true effect may be 
substantially different from the estimate 
of the effect. 

Further research is VERY LIKELY to 
have an impact on our confidence in 
estimate of effect and is LIKELY to 
change the estimate 

Very Low 
We have very little confidence in the 
estimate of the effect; the true effect is 
likely to be substantially different from 
the estimate of the effect. 

Any estimate of effect is very 
uncertain 
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Question 1. Routine early post-operative prophylaxis compared to endoscopy-guided prophylaxis (at week 26 after surgery)*§  

 

Outcomes № of 
participants 
(studies) 
Follow-up 

Quality of the evidence 
(GRADE) 

Relative 
Risk 
(95% 
Confidence 
Interval) 

Anticipated absolute effects 

Risk with endoscopy-
guided post-op 
prophylaxis  

Risk difference with 
routine early post-
operative prophylaxis 

Clinical Recurrence 
assessed with: 
CDAI>150 
follow up: 24 months  

63 
(1 RCT)  

⨁◯◯◯ 
VERY LOW (risk of bias, 
very serious imprecision) 
1,2 

RR 0.83 
(0.46 to 1.50)  

Low (20% risk of recurrence) 

200 per 1,000  34 fewer per 1,000 
(108 fewer to 100 
more)  

High (50% risk of recurrence) 

500 per 1,000  85 fewer per 1,000 
(270 fewer to 250 
more)  

Endoscopic 
recurrence 
assessed with: 
Rutgeert's score, i2 
or higher follow up: 
24 months  

63 
(1 RCT)  

⨁◯◯◯ 
VERY LOW (risk of bias, 
very serious imprecision) 
1,2 

RR 0.91 
(0.59 to 1.42)  

Low (30% risk of recurrence) 

300 per 1,000  27 fewer per 1,000 
(123 fewer to 126 
more)  

High (80% risk of recurrence) 

800 per 1,000  72 fewer per 1,000 
(328 fewer to 336 
more)  
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Question 1. Routine early post-operative prophylaxis compared to endoscopy-guided prophylaxis (at week 26 after surgery)*§  

 

Outcomes № of 
participants 
(studies) 
Follow-up 

Quality of the evidence 
(GRADE) 

Relative 
Risk 
(95% 
Confidence 
Interval) 

Anticipated absolute effects 

Risk with endoscopy-
guided post-op 
prophylaxis  

Risk difference with 
routine early post-
operative prophylaxis 

*Prevention of surgical recurrence was considered a critical outcome. However, on reviewing available literature, there is a paucity of data 
on impact of different interventions on preventing surgical recurrence; hence, that outcome has not been presented separately. Endoscopic 
recurrence is considered to be a strong surrogate for surgical recurrence.  
§For this comparison, the control risk assumes no intervention. In reality, all patients in the control group receive endoscopy-guided 
management (i.e., initiation of therapy in case of evidence of endoscopic recurrence at 6-12m), which may have an independent (beneficial) 
effect on risk of disease recurrence. Hence, the assumed risks for the control group for this question might be lower than the illustrative 
risks used by the TR panel and the overall absolute effect is likely to be smaller than reported above. 
1. Randomization scheme not clear, high attrition, patients and care-givers not blinded, trial stopped early due to slow recruitment 
2. Very wide 95% CI, which crosses unity 

Table 4. GRADE Evidence Profile for clinical question #1 
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Intervention Recurrence Relative Effect 
(OR, 95% CI) 

Quality of Evidence, by 
Outcome 

Overall 
quality of 
Evidence 

Anticipated absolute effects (per 
1000 patients) 

Lower risk Higher risk 
All agents vs. Placebo 

5-ASA 

Clinical 0.59 (0.43-0.82) 

Low (D) 
(Imprecision due to low 

number of events, 
publication bias) VERY LOW 

71 fewer  
(from 30 fewer to 

103 fewer) 

129 fewer  
(from 49 fewer to 

199 fewer) 

Endoscopic 0.65 (0.33-1.28) 
Very low (D) 

(Inconsistency, Imprecision, 
publication bias) 

82 fewer  
(from 54 more to 

176 fewer) 

78 fewer 
(from 37 more to 

231 fewer) 

Antibiotics 

Clinical 0.52 (0.27-1.02) Moderate (D) 
(Imprecision) 

MODERATE 

85 fewer  
(from 3 more to 

137 fewer) 

158 fewer 
(from 5 more to 

287 fewer) 

Endoscopic 0.46 (0.21-0.99) 
Moderate (D) 

(Imprecision, due to low 
number of events) 

135 fewer  
(from 2 fewer to 

217 fewer) 

152 fewer  
(from 2 fewer to 

343 fewer) 

Thiopurines  

Clinical 0.35 (0.14-0.85) 
Moderate (D) 

(Imprecision, due to low 
number of events) MODERATE 

120 fewer  
(from 25 fewer to 

166 fewer) 

241 fewer 
(from 41 fewer to 

377 fewer) 

Endoscopic 0.40 (0.17-0.95) 
Moderate (D) 

(Imprecision, due to low 
number of events) 

154 fewer  
(from 11 fewer to 

232 fewer) 

185 fewer 
(from 8 fewer to 

395 fewer) 

Anti-TNF 

Clinical 0.51 (0.28-0.94) 
Moderate (D) 

(Imprecision, due to low 
number of events) MODERATE 

87 fewer  
(from 10 fewer to 

135 fewer) 

162 fewer  
(from 15 fewer to 

281 fewer) 

Endoscopic 0.24 (0.15-0.39) 
Moderate (D) 

(Imprecision, due to low 
number of events) 

207 fewer  
(from 157 fewer 

to 240 fewer) 

310 fewer 
(from 191 fewer 

to 425 fewer) 

Budesonide 

Clinical 0.84 (0.46-1.53) 
Very low (D) 

(Risk of bias, indirectness, 
very serious imprecision) VERY LOW 

26 fewer  
(from 77 more to 

97 fewer) 

43 fewer  
(from 105 more 
to 185 fewer) 

Endoscopic 0.73 (0.41-1.30) 
Very low (D) 

(Risk of bias, indirectness, 
serious imprecision) 

62 fewer  
(from 58 more to 

151 fewer) 

55 fewer 
(from 39 more to 

179 fewer) 
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Probiotics 

Clinical 1.50 (0.45-5.00) 
Very low (D) 

(Indirectness, very serious 
imprecision) VERY LOW 

73 more  
(from 99 fewer 
to 356 more) 

100 more 
(from 190 fewer 

to 333 more) 

Endoscopic 0.83 (0.41-1.69) 
Very low (D) 

(Inconsistency, indirectness, 
very serious imprecision) 

38 fewer 
(from 120 more 
to 151 fewer) 

31 fewer  
(from 71 more to 

179 fewer) 

Thiopurines + 
Antibiotics 

Clinical 0.19 (0.04-0.94) Low (NMA) 

LOW 

155 fewer  
(from 10 fewer 
to 190 fewer) 

340 fewer  
(from 15 fewer 
to 462 fewer) 

Endoscopic 0.17 (0.03-1.07) Moderate (NMA) 
232 fewer  

(from 14 more to 
287 fewer) 

395 fewer 
(from 11 more to 

693 fewer) 
Risk categories for recurrence of Crohn’s disease at 18m or beyond:  

• Lower risk patients – estimated rate of clinical and endoscopic recurrence at 18m, without any intervention of 20% and 30%, respectively 
[Older patient (>50y); non-smoker; 1st surgery for a short segment of fibrostenotic disease (<10-20cm); disease duration >10 years] 

• Higher risk – estimated rate of clinical and endoscopic recurrence at 18m, without any intervention of 50% and 80%, respectively [Younger 
patient (<30y); smoker; ≥2 prior surgeries for penetrating disease, with or without perianal disease] 

 
TABLE 5. GRADE Summary of Findings for comparison of all pharmacologic interventions vs. placebo for reducing the 
risk of recurrence of CD after surgically induced remission (when started within 2-8 weeks after surgical resection). Please 
note that prevention of surgical recurrence was considered a critical outcome. However, on reviewing available literature, 
there is paucity of data on impact of different interventions on preventing surgical recurrence, and hence, that outcome 
has not been presented separately. Endoscopic recurrence is considered to be a strong surrogate for surgical recurrence. 
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 Relative effect (Odds ratio, 95% CI) Overall Quality of 

Evidence  Clinical Recurrence Endoscopic Recurrence 
Selected agents vs. 5-ASA/sulfasalazine 

Antibiotics 0.87 (0.31-2.45) 0.76 (0.17-3.41) Very low (NMA)a 
Thiopurine 

monotherapy 
0.73 (0.45-1.18) 0.56 (0.31-1.01) Moderate (D) 

(Imprecision) 
Thiopurine + antibiotics 0.31 (0.06-1.65) 0.28 (0.04-1.76) Very low (NMA)b 
Anti-TNF monotherapy 0.10 (0.02-0.47) 0.01 (0.00-0.14) Moderate (D) 

(Imprecision due to small 
number of events) 

Selected agents vs. antibiotics alone 
Thiopurine 

monotherapy 
0.90 (0.29-2.77) 

 
0.94 (0.19-4.57) 

 
Low (NMA)c 

Thiopurine + Antibiotics 0.39 (0.09-1.65) 0.34 (0.13-0.90) Low (D) 
(Indirectness, imprecision) 

Anti-TNF monotherapy 0.44 (0.09-1.37) 0.12 (0.02-0.67) Moderate (NMA)d 
Selected agents vs. Thiopurine monotherapy 

Thiopurine + Antibiotics 0.48 (0.04-5.65) 0.44 (0.14-1.38) Very low (D) 
(Indirectness, very serious 

imprecision) 
Anti-TNF monotherapy 0.10 (0.02-0.47) 0.07 (0.01-0.34) Low (D) 

(Inconsistency, 
imprecision due to small 

number of events) 
Selected agents vs. thiopurine + antibiotics 

Anti-TNF monotherapy 1.19 (0.15-7.14) 0.34 (0.03-2.56) Very low (NMA)e 
abased on lower of quality of evidence corresponding to first-order loops contributing to this indirect comparison (antibiotics vs. placebo; 5-ASA vs. 
placebo) as quality of evidence for this comparison, and rated down further for serious imprecision, without evidence of intransitivity 
bbased on lower of quality of evidence corresponding to first-order loops contributing to this indirect comparison (thiopurines vs. 5-ASA; thiopurines 
vs. thiopurines + antibiotics) as quality of evidence for this comparison, without evidence of intransitivity 
cbased on lower of quality of evidence corresponding to first-order loops contributing to this indirect comparison (thiopurines vs. placebo; 
antibiotics vs. placebo) as quality of evidence for this comparison, without evidence of intransitivity 
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dbased on lower of quality of evidence corresponding to first-order loops contributing to this indirect comparison (anti-TNF vs. placebo; antibiotics 
vs. placebo) as quality of evidence for this comparison, without evidence of intransitivity 
ebased on lower of quality of evidence corresponding to first-order loops contributing to this indirect comparison (anti-TNF vs. thiopurines; 
thiopurines + antibiotics vs. thiopurines) as quality of evidence for this comparison, and rated down further for serious imprecision, without 
evidence of intransitivity 
 
TABLE 6. GRADE Summary of Findings reporting the comparative efficacy of different pharmacological agent for 
reducing the risk of recurrence of CD after surgically induced remission (when started within 2-8 weeks after surgical 
resection) 
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Question 3. Routine endoscopy at 6-12 months after surgery compared to no endoscopic monitoring*§  

 

Outcomes № of 
participants 
(studies) 
Follow-up 

Quality of the evidence 
(GRADE) 

Relative 
effect 
(95% CI) 

Anticipated absolute effects 

Risk with No 
endoscopic 
monitoring 

Risk difference with Routine 
endoscopy at 6-12 months 
after surgery 

Clinical recurrence 
assessed with: 
CDAI>150 
follow up: 18 months  

174 
(1 RCT)  

⨁⨁⨁◯ 
MODERATE 
(imprecision)1 

RR 0.82 
(0.56 to 
1.18)  

Low  

200 per 1,000  36 fewer per 1,000 
(88 fewer to 36 more)  

High  

500 per 1,000  90 fewer per 1,000 
(220 fewer to 90 more)  

Endoscopic recurrence 
assessed with: 
Rutgeert's score, i2 or 
higher 
follow up: 18 months  

174 
(1 RCT)  

⨁⨁⨁◯ 
MODERATE 
(Imprecision, due to low 
number of events)2 
  

RR 0.73 
(0.56 to 
0.95)  

Low  

300 per 1,000  81 fewer per 1,000 
(132 fewer to 15 fewer)  

High  

800 per 1,000  216 fewer per 1,000 
(352 fewer to 40 fewer)  
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Question 3. Routine endoscopy at 6-12 months after surgery compared to no endoscopic monitoring*§  

 

Outcomes № of 
participants 
(studies) 
Follow-up 

Quality of the evidence 
(GRADE) 

Relative 
effect 
(95% CI) 

Anticipated absolute effects 

Risk with No 
endoscopic 
monitoring 

Risk difference with Routine 
endoscopy at 6-12 months 
after surgery 

*Surgical recurrence was considered a critical outcome. However, on reviewing available literature, there is a paucity of data on impact of different 
interventions on preventing surgical recurrence; hence, that outcome has not been presented separately. Endoscopic recurrence is considered to 
be a strong surrogate for surgical recurrence.  
§For this comparison, the control risk assumes no intervention. In contrast, all patients in the control group, against which an active management 
strategy is being compared for this question, receive some form of routine early pharmacological prophylaxis (low-risk population received 3m of 
metronidazole, high-risk patients received thiopurines or adalimumab), which may have an independent (beneficial) effect on risk of disease 
recurrence (see question #2) which may have an independent (beneficial) effect on risk of disease recurrence. Hence, the assumed risks for the 
control group for this question might be lower than the illustrative risks used by the TR panel and the overall absolute effect of routine endoscopic 
monitoring vs. no endoscopic monitoring is likely to be smaller than reported above. 

1. Wide 95% CI, which crosses 1 
2. Low number of events (not meeting optimal information size) 

 
Table 7. GRADE Evidence Profile for clinical question #3 
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Figure 1A
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Figure 1B
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eMethods 

Search Strategy and Study Selection Criteria 

A systematic literature search of multiple electronic databases was 

conducted by an experienced medical librarian using a combination of controlled 

vocabulary terms supplemented with keywords. The search was conducted from 

from inception to May 31, 2015, and the databases included Ovid Medline In-

Process & Other Non-Indexed Citations, Ovid MEDLINE, Ovid EMBASE, Ovid 

Cochrane Database of Systematic Reviews, and PsychInfo.  

Based on our PICOs, randomized controlled trials (RCTs) and 

observational studies in adults with CD who underwent surgical resection (to 

achieve surgically induced remission), comparing different management strategies 

(routine early post-operative pharmacological prophylaxis vs. endoscopy-guided 

initiation of therapy, only in cases of endoscopic recurrence of CD; routine 

assessment of endoscopic recurrence of CD after surgical resection vs. no routine 

endoscopic assessment) or pharmacological interventions (comparative 

effectiveness of different agents used for luminal CD in preventing recurrence of 

CD; comparative effectiveness of different agents used for luminal CD for treating 

asymptomatic endoscopic recurrence of CD), for prevention and/or treatment of 

recurrence of CD at least 6 months after surgical resection, were included. For 

questions for which moderate-high quality evidence could be obtained from RCTs, 

observational studies (which are inherently biased) were not included in evidence 

synthesis but were used as supporting evidence; when there were insufficient 

RCTs that offered only low or very low quality evidence, observational studies were 

reviewed and considered for possible inclusion in evidence synthesis.   

Two investigators independently reviewed the title and abstract of studies 

identified in the search to exclude studies that did not address the focused 

question, based on pre-specified inclusion and exclusion criteria. The full text of 

the remaining articles was examined to determine whether it contained relevant 

information. Conflicts in study selection at this stage were resolved by consensus, 

referring back to the original article in consultation with technical review authors. 
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This search was supplemented with a recursive search of the bibliographies of 

recently published systematic reviews on this topic, to identify any additional 

studies. Only English language and human studies were included. Filters were 

applied to exclude conference proceedings, editorials, letters to the editor and case 

reports. The detailed search strategy is provided below, and a study selection 

flowchart is provided in eFigure 1.  

In addition to systematically reviewing studies informing the quality of 

evidence for PICOs, a search was conducted of studies evaluating the cost-

effectiveness of different strategies and medications, as well as the values and 

preferences of patients, in relation to outcomes and treatment alternatives for 

management of CD. 

 

Data Extraction 

For quantitative synthesis, all outcomes were preferentially assessed at 

least 18 months after surgical resection, regardless of duration of intervention. 

When an outcome was reported at multiple time points, preference was given to 

using 24 months, > 24 months, 18 months, 12 months or 6 months after surgery, 

in that order.  When outcomes were reported for multiple doses of medication, data 

for all doses were combined. The denominator used in all trials was based on a 

modified intention-to-treat (mITT) analysis; for clinical recurrence (CR), all 

dropouts were considered treatment failures, whereas for endoscopic recurrence 

(ER), only patients with at least one endoscopic follow-up were included in 

analyses, due to the high attrition in some trials. 

 

Bayesian Network Meta-Analysis 

The Bayesian network meta-analysis used a contrast-based approach, 

wherein study data abstracted for each arm (as treatment type, number of events 

and sample size) are incorporated as log-odds ratios for each comparison in the 

included studies for analysis. The statistical outline and WinBUGS code by Dias 
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et. al. were used as a primer for analysis.1 To define the posterior probability 

distribution for the probabilities of interest, the Markov chain Monte Carlo model 

was designed with 100,000 simulated draws after a burn in of 10,000 iterations.  

Multiple chains (i.e., multiple initial values) were evaluated for each analysis. To 

account for between-arm correlations for multi-arm trials, a correction was 

performed in estimating the random effect for each multi-arm trial study using a 

conditional univariate distribution, as described by Dias et al. Model fit was 

evaluated using the total residual deviance, which indicated good fit if it 

approximated the number of data points.  

To generate summary statistics in analysis, the use of the logit link function 

allowed for assessment of pairwise log-odds ratios for all treatment comparisons 

on the linear logit scale, as the difference of probability of the event on the 

treatment-arm ‘k’ and a control-arm, ‘c’, as described on the logit scale. Similarly, 

odds ratios were estimable as exponential of the corresponding log-odds ratios.  

The use of Bayesian probability distributions allowed for direct estimation of 

OR with their 95% credible intervals (CrI). The point estimates for the OR were 

derived from the median of the posterior distribution for their respective functions 

(as described above), and the corresponding 95% CrI were obtained using the 

2.5th and 97.5th percentiles of the respective posterior distribution. The posterior 

distribution of all parameters was estimated using non-informative priors to limit 

inference of data derived from the trials at hand (i.e. made no assumptions about 

the efficacy of these drugs from data external to the trials included in this 

systematic review). The adequacy of burn-in and convergence reaching a stable 

equilibrium distribution was tested using visual inspection of parameter fluctuation 

depicted in trace plots, monitoring the Monte Carlo error, and by estimating the 

values of the Brooks-Gelman-Rubin statistic.  

The above commonly used model for network meta-analysis assumes 

“consistency” of treatment effects across trials, such that both direct and indirect 

treatment effects are assumed to be equivalent. This is an extension of the 

exchangeability assumption that states that the data for network meta-analysis 

composed of ‘i’ trials with ‘k’ treatment effects are derived from ‘i’ trials - all with k-
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arms - among which some of the arms are missing at random. This assumption of 

network consistency was evaluated by comparing the direct estimates to the 

indirect estimates for each comparison, using a node-splitting technique.  

Estimates of absolute event rates were generated (or absolute risk) by 

calculating the estimated risk difference (also known as absolute risk reduction) by 

combining the odds ratio (OR) for each intervention against placebo and the 

median placebo response rate for the respective outcome across trial as the 

assumed control risk (ACR), by using the formula: Risk difference = 100 X (ACR-

OR X ACR) / (1-ACR+OR X ACR). The risk difference, which represents the 

difference between the event rates in the intervention and control group, was 

added back to the assumed control risk to generate an estimate of the absolute 

risk for each intervention. 95% confidence intervals for the estimates were 

generated using the 95% credible intervals of the ORs in the above calculations. 

Estimates of absolute risk were generated using the GRADEpro version 3.6.1 

(McMaster University, 2014). 
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SEARCH STRATEGY 
 
Drugs 
 
Database: Ovid MEDLINE(R) and Ovid OLDMEDLINE(R)  
1     exp Crohn Disease/su [Surgery]  
2     exp crohn disease/  
3     ((intestin$ or bowel$ or colon$) adj5 (anastomo$ or resect$ or excis$ or (surg$ adj3 
remov$))).mp. [mp=title, abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier]  
4     exp reoperation/  
5     3 or 4  
6     2 and 5  
7     1 or 6  
8     exp Aminosalicylic Acids/  
9     aminosalicylate$.mp. [mp=title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier]  
10     budesonide.mp.  
11     exp Anti-Infective Agents/ad, ae, ct, po, tu, to [Administration & Dosage, Adverse Effects, 
Contraindications, Poisoning, Therapeutic Use, Toxicity]  
12     fluoroquinolone$.mp.  
13     metronidazole.mp.  
14     rifaximin.mp.  
15     exp Probiotics/  
16     probiotic$.mp.  
17     exp Immunologic Factors/ad, tu [Administration & Dosage, Therapeutic Use]  
18     immunomodulat$.mp.  
19     azathioprine.mp.  
20     mercaptopurine$.mp.  
21     methotrexate.mp.  
22     exp Tumor Necrosis Factor-alpha/ai [Antagonists & Inhibitors]  
23     exp Antibodies, Monoclonal/ad, tu [Administration & Dosage, Therapeutic Use]  
24     exp Tumor Necrosis Factor-alpha/  
25     23 and 24  
26     22 or 25  
27     anti-tnf.mp.  
28     anti-tumor necrosis factor.mp.  
29     anti-tumour necrosis factor.mp.  
30     infliximab.mp.  
31     adalimumab.mp.  
32     certolizumab.mp.  
33     pegol.mp.  
34     exp Integrins/ai [Antagonists & Inhibitors]  
35     anti-integrin$.mp.  
36     vedolizumab.mp. ( 
37     natalizumab.mp.  
38     8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 
24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37  
39     7 and 38  
40     random*.mp.  
41     (systematic* adj5 review*).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier]  
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42     ((search* or review*) adj5 (literatur* or MEDLINE or EMBASE or cochrane)).mp. [mp=title, 
abstract, original title, name of substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier]  
43     40 or 41 or 42  
44     39 and 43 ( 
45     exp Epidemiologic Studies/  
46     39 and 45  
47     limit 39 to (clinical trial, all or controlled clinical trial or meta analysis or randomized 
controlled trial or systematic reviews)  
48     44 or 46 or 47  
49     limit 48 to english language  
50     limit 48 to abstracts  
51     49 or 50  
 
Database: EBM Reviews - Cochrane Central Register of Controlled Trials  
1     Crohn$.mp. [mp=title, original title, abstract, mesh headings, heading words, keyword]  
2     ((intestin$ or bowel$ or colon$) adj5 (anastomo$ or resect$ or excis$ or operat$ or reoperat$ 
or (surg$ adj3 remov$))).mp. [mp=title, original title, abstract, mesh headings, heading words, 
keyword]  
3     1 and 2  
4     (crohn$ adj5 (anastomo$ or resect$ or excis$ or operat$ or reoperat$ or (surg$ adj3 
remov$))).mp.  
5     3 or 4  
6     aminosalicylate$.mp. [mp=title, original title, abstract, mesh headings, heading words, 
keyword]  
7     budesonide.mp.  
8     (Anti-Infective Agent$ or antibiotic$ or anti-biotic$).mp. [mp=title, original title, abstract, mesh 
headings, heading words, keyword] 
9     fluoroquinolone$.mp.  
10     metronidazole.mp.  
11     rifaximin.mp.  
12     probiotic$.mp.  
13     Immunologic Factor$.mp. [mp=title, original title, abstract, mesh headings, heading words, 
keyword]  
14     immunomodulat$.mp.  
15     azathioprine.mp.  
16     mercaptopurine$.mp.  
17     methotrexate.mp.  
18     ((tnf or (tumor or tumour)) adj necrosis factor$ adj3 (moncolonal$ adj2 antibod$)).mp.  
19     anti-tnf.mp.  
20     anti-tumor necrosis factor.mp.  
21     anti-tumour necrosis factor.mp.  
22     ((tnf or (tumor or tumour)) adj necrosis factor$ adj3 (antagon$ or interfer$ or inhibit$ or 
block$)).mp.  
23     infliximab.mp.  
24     adalimumab.mp.  
25     certolizumab.mp.  
26     pegol.mp.  
27     (Integrin$ adj3 (antagon$ or interfer$ or inhibit$ or block$)).mp. [mp=title, original title, 
abstract, mesh headings, heading words, keyword]  
28     anti-integrin$.mp.  
29     vedolizumab.mp.  
30     natalizumab.mp.  
31     6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 
or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30  
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32     5 and 31  
 
Database: EBM Reviews - Cochrane Database of Systematic Reviews  
1     Crohn$.mp. [mp=title, abstract, full text, keywords, caption text]  
2     ((intestin$ or bowel$ or colon$) adj5 (anastomo$ or resect$ or excis$ or operat$ or reoperat$ 
or (surg$ adj3 remov$))).mp. [mp=title, abstract, full text, keywords, caption text]  
3     1 and 2  
4     (crohn$ adj5 (anastomo$ or resect$ or excis$ or operat$ or reoperat$ or (surg$ adj3 
remov$))).mp.  
5     3 or 4  
6     aminosalicylate$.mp. [mp=title, abstract, full text, keywords, caption text]  
7     budesonide.mp.  
8     (Anti-Infective Agent$ or antibiotic$ or anti-biotic$).mp. [mp=title, abstract, full text, keywords, 
caption text]  
9     fluoroquinolone$.mp.  
10     metronidazole.mp.  
11     rifaximin.mp.  
12     probiotic$.mp.  
13     Immunologic Factor$.mp. [mp=title, abstract, full text, keywords, caption text]  
14     immunomodulat$.mp.  
15     azathioprine.mp.  
16     mercaptopurine$.mp.  
17     methotrexate.mp.  
18     ((tnf or (tumor or tumour)) adj necrosis factor$ adj3 (moncolonal$ adj2 antibod$)).mp.  
19     anti-tnf.mp.  
20     anti-tumor necrosis factor.mp.  
21     anti-tumour necrosis factor.mp.  
22     ((tnf or (tumor or tumour)) adj necrosis factor$ adj3 (antagon$ or interfer$ or inhibit$ or 
block$)).mp.  
23     infliximab.mp.  
24     adalimumab.mp.  
25     certolizumab.mp.  
26     pegol.mp.  
27     (Integrin$ adj3 (antagon$ or interfer$ or inhibit$ or block$)).mp. [mp=title, abstract, full text, 
keywords, caption text]  
28     anti-integrin$.mp.  
29     vedolizumab.mp.  
30     natalizumab.mp.  
31     6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 
or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30  
32     5 and 31  
 
Monitoring 
 
Database: Ovid MEDLINE(R) and Ovid OLDMEDLINE(R)  
1     exp Crohn Disease/su [Surgery]  
2     exp crohn disease/  
3     ((intestin$ or bowel$ or colon$) adj5 (anastomo$ or resect$ or excis$ or (surg$ adj3 
remov$))).mp. [mp=title, abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier]  
4     exp reoperation/  
5     3 or 4  
6     2 and 5  
7     1 or 6  
8     exp colonoscopy/  
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9     exp Tomography, X-Ray Computed/  
10     exp Magnetic Resonance Imaging/  
11     (capsul* adj5 endoscop*).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier]  
12     ((fecal or feces) adj5 calprotect$).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier]  
13     8 or 9 or 10 or 11 or 12  
14     7 and 13  
15     (postop* or post-op* or ((follow* or after*) adj5 (resect$ or excis$ or ((intestin$ or bowel$ or 
colon$) adj3 (remov$ or surg$))))).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier]  
16     ((postop* or post-op* or ((follow* or after*) adj5 (resect$ or excis$ or ((intestin$ or bowel$ or 
colon$) adj3 (remov$ or surg$))))) adj10 (monitor$ or surveil$ or predict$ or detect* or 
observ$)).mp.  
17     7 and 16  
18     exp Time Factors/  
19     7 and 18  
20     (postop* or post-op* or ((follow* or after*) adj5 (resect$ or excis$ or ((intestin$ or bowel$ or 
colon$) adj3 (remov$ or surg$))))).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier]  
21     19 and 20  
22     exp "Sensitivity and Specificity"/  
23     7 and 20 and 22  
24     exp Biological Markers/  
25     7 and 20 and 24  
26     14 or 17 or 21 or 23 or 25  
27     limit 26 to english language  
28     limit 26 to abstracts  
29     27 or 28  
30     random*.mp.  
31     (systematic* adj5 review*).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier]  
32     ((search* or review*) adj5 (literatur* or MEDLINE or EMBASE or cochrane)).mp. [mp=title, 
abstract, original title, name of substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier]  
33     30 or 31 or 32 ( 
34     exp Epidemiologic Studies/  
35     29 and 33  
36     29 and 34  
37     35 or 36  
 
Database: EBM Reviews - Cochrane Central Register of Controlled Trials  
1     Crohn$.mp. [mp=title, original title, abstract, mesh headings, heading words, keyword]  
2     ((intestin$ or bowel$ or colon$) adj5 (anastomo$ or resect$ or excis$ or operat$ or reoperat$ 
or (surg$ adj3 remov$))).mp. [mp=title, original title, abstract, mesh headings, heading words, 
keyword]  
3     1 and 2  
4     (crohn$ adj5 (anastomo$ or resect$ or excis$ or operat$ or reoperat$ or (surg$ adj3 
remov$))).mp.  
5     3 or 4  
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6     (colonoscop$ or sigmoidoscop$).mp. [mp=title, original title, abstract, mesh headings, 
heading words, keyword]  
7     (((x-ray$ or computer$ or electron beam$) adj2 tomogra$) or ((cat or ct) adj2 (scan or scans 
or scanned or scanning$ or scanner$)) or tomodensitometr$ or (cine adj ct)).mp. [mp=title, 
original title, abstract, mesh headings, heading words, keyword]  
8     (magnetic resonance imag$ or mri or mris).mp. [mp=title, original title, abstract, mesh 
headings, heading words, keyword]  
9     (capsul* adj5 endoscop*).mp. [mp=title, original title, abstract, mesh headings, heading 
words, keyword]  
10     ((fecal or feces) adj5 calprotect$).mp. [mp=title, original title, abstract, mesh headings, 
heading words, keyword]  
11     6 or 7 or 8 or 9 or 10  
12     ((postop* or post-op* or ((follow* or after*) adj5 (resect$ or excis$ or ((intestin$ or bowel$ or 
colon$) adj3 (remov$ or surg$))))) adj10 (monitor$ or surveil$ or detect$ or observ$ or accura$ or 
predict$ or valid$)).mp.  
13     (((biological or biochemi$ or clinical$) adj2 marker$) or biomarker$).mp.  
14     5 and 11  
15     5 and 12  
16     5 and 13  
17     14 or 15 or 16  
 
Database: EBM Reviews - Cochrane Database of Systematic Reviews  
1     Crohn$.mp. [mp=title, abstract, full text, keywords, caption text]  
2     ((intestin$ or bowel$ or colon$) adj5 (anastomo$ or resect$ or excis$ or operat$ or reoperat$ 
or (surg$ adj3 remov$))).mp. [mp=title, abstract, full text, keywords, caption text]  
3     1 and 2  
4     (crohn$ adj5 (anastomo$ or resect$ or excis$ or operat$ or reoperat$ or (surg$ adj3 
remov$))).mp.  
5     3 or 4  
6     (colonoscop$ or sigmoidoscop$).mp. [mp=title, abstract, full text, keywords, caption text]  
7     (((x-ray$ or computer$ or electron beam$) adj2 tomogra$) or ((cat or ct) adj2 (scan or scans 
or scanned or scanning$ or scanner$)) or tomodensitometr$ or (cine adj ct)).mp. [mp=title, 
abstract, full text, keywords, caption text]  
8     (magnetic resonance imag$ or mri or mris).mp. [mp=title, abstract, full text, keywords, 
caption text]  
9     (capsul* adj5 endoscop*).mp. [mp=title, abstract, full text, keywords, caption text]  
10     ((fecal or feces) adj5 calprotect$).mp. [mp=title, abstract, full text, keywords, caption text]  
11     6 or 7 or 8 or 9 or 10  
12     ((postop* or post-op* or ((follow* or after*) adj5 (resect$ or excis$ or ((intestin$ or bowel$ or 
colon$) adj3 (remov$ or surg$))))) adj10 (monitor$ or surveil$ or detect$ or observ$ or accura$ or 
predict$ or valid$)).mp.  
13     (((biological or biochemi$ or clinical$) adj2 marker$) or biomarker$).mp.  
14     5 and 11  
15     5 and 12  
16     5 and 13  
17     14 or 15 or 16  
 
 
Endoscopy/Strictures 
 
Database: Ovid MEDLINE(R) and Ovid OLDMEDLINE(R)  
1     exp Crohn Disease/su [Surgery]  
2     exp crohn disease/  
3     ((intestin$ or bowel$ or colon$) adj5 (anastomo$ or resect$ or excis$ or (surg$ adj3 
remov$))).mp. [mp=title, abstract, original title, name of substance word, subject heading word, 
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keyword heading word, protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier]  
4     exp reoperation/  
5     3 or 4  
6     2 and 5  
7     1 or 6  
8     (balloon$ adj5 dilatat$).mp. [mp=title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier]  
9     7 and 8  
10     exp Anastomosis, Surgical/  
11     7 and 10  
12     exp Endoscopy/  
13     7 and 12  
14     ((endoscop$ or laparoscop$) adj7 (anastom$ or strictur$ or balloon$ or dilatat*)).mp. 
[mp=title, abstract, original title, name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier]  
15     7 and 14  
16     9 or 11 or 13 or 15  
17     random*.mp.  
18     (systematic* adj5 review*).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier]  
19     ((search* or review*) adj5 (literatur* or MEDLINE or EMBASE or cochrane)).mp. [mp=title, 
abstract, original title, name of substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary concept word, unique 
identifier]  
20     17 or 18 or 19  
21     exp Epidemiologic Studies/  
22     16 and 20  
23     16 and 21  
24     limit 16 to (clinical trial, all or controlled clinical trial or meta analysis or randomized 
controlled trial or systematic reviews)  
25     22 or 23 or 24  
26     limit 25 to english language  
27     limit 25 to abstracts  
28     26 or 27  
 
Database: EBM Reviews - Cochrane Central Register of Controlled Trials  
1     Crohn$.mp. [mp=title, original title, abstract, mesh headings, heading words, keyword]  
2     ((intestin$ or bowel$ or colon$) adj5 (anastomo$ or resect$ or excis$ or operat$ or reoperat$ 
or (surg$ adj3 remov$))).mp. [mp=title, original title, abstract, mesh headings, heading words, 
keyword]  
3     1 and 2  
4     (crohn$ adj5 (anastomo$ or resect$ or excis$ or operat$ or reoperat$ or (surg$ adj3 
remov$))).mp.  
5     3 or 4  
6     (balloon$ adj5 dilatat$).mp. [mp=title, original title, abstract, mesh headings, heading words, 
keyword]  
7     anastomo$.mp. [mp=title, original title, abstract, mesh headings, heading words, keyword]  
8     ((endoscop$ or laparoscop$) adj7 (resect$ or excis$ or operat$ or reoperat$ or surger$ or 
surgic$ or strictur$ or balloon$ or dilatat*)).mp. [mp=title, original title, abstract, mesh headings, 
heading words, keyword]  
9     6 or 7 or 8  
10     5 and 9  
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Database: EBM Reviews - Cochrane Database of Systematic Reviews  
1     Crohn$.mp. [mp=title, abstract, full text, keywords, caption text]  
2     ((intestin$ or bowel$ or colon$) adj5 (anastomo$ or resect$ or excis$ or operat$ or reoperat$ 
or (surg$ adj3 remov$))).mp. [mp=title, abstract, full text, keywords, caption text]  
3     1 and 2  
4     (crohn$ adj5 (anastomo$ or resect$ or excis$ or operat$ or reoperat$ or (surg$ adj3 
remov$))).mp.  
5     3 or 4  
6     (balloon$ adj5 dilatat$).mp. [mp=title, abstract, full text, keywords, caption text]  
7     anastomo$.mp. [mp=title, abstract, full text, keywords, caption text]  
8     ((endoscop$ or laparoscop$) adj7 (resect$ or excis$ or operat$ or reoperat$ or surger$ or 
surgic$ or strictur$ or balloon$ or dilatat*)).mp. [mp=title, abstract, full text, keywords, caption 
text]  
9     6 or 7 or 8  
10     5 and 9  
 
Cost 
 
Database: Ovid MEDLINE(R) and Ovid OLDMEDLINE(R)  
1     exp Crohn Disease/su [Surgery]  
2     exp crohn disease/  
3     ((intestin$ or bowel$ or colon$) adj5 (anastomo$ or resect$ or excis$ or (surg$ adj3 
remov$))).mp. [mp=title, abstract, original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier]  
4     exp reoperation/  
5     3 or 4  
6     2 and 5  
7     1 or 6  
8     exp Economics/  
9     ec.fs.  
10     8 or 9  
11     7 and 10  
12     ((cost or costs or financ$ or economic$) adj5 (reduc$ or control$ or save$ or saving$ or 
benefi$ or expens$)).mp. [mp=title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier]  
13     ((cost or costs or financ$ or economic$) adj7 (reduc$ or control$ or save$ or saving$ or 
benefi$ or expens$)).mp.  
14     ((cost or costs or financ$ or economic$) adj7 (reduc$ or control$ or save$ or saving$ or 
benefi$ or expens$ or incentiv$ or reimburs$)).mp.  
15     7 and 14  
16     11 or 15  
17     exp Recurrence/  
18     Secondary Prevention/  
19     17 or 18  
20     2 and 19  
21     10 and 20  
22     14 and 20  
23     21 or 22  
24     16 or 23  
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25     limit 24 to english language  
26     limit 24 to abstracts  
27     25 or 26  
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eResults 
 
Patients’ Values and Preferences 

A key aspect in decision-making and developing recommendations in the 

management of patients with CD after surgical resection is incorporating patients’ 

values and preferences. For this technical review, data on patients’ values and 

preferences were derived from a systematic review on patient preferences for 

treatment options and process of care in IBD published in 2013, and the search 

was updated to 2016.2, 3  

Few studies have evaluated patients’ values and preferences in this setting. 

In one cross-sectional interview-based study in 127 patients with CD, Kennedy and 

colleagues observed that about 55% of patients felt that type and severity of 

medication-related side effects were the most important aspects in determining 

choice of post-operative maintenance therapy, whereas 36% felt that effectiveness 

of therapy was most important.4 Additionally, they observed that, even when 

presented with a hypothetical scenario that a postoperative prophylactic therapy 

(e.g., 5-ASA) was equivalent to no therapy (i.e., 5-ASA did not decrease the risk 

of disease recurrence), 10% of participants still preferred 5-ASA over no therapy, 

because the patients felt that they were actively doing something about their 

disease or had more control over it.  

In a discrete choice experiment study, Bewtra and colleagues observed that 

patients with prior complicated CD (prior surgery, abscess, fistula or stricture) 

currently in remission may be willing to accept a 10-year maximum acceptable risk 

of infection and lymphoma of approximately 23% and 1.3%, respectively, to 

maintain that state of remission for 5 years.3 Some patients accept greater 

medication-related risks than their treating physicians, particularly when higher risk 

is associated with higher treatment efficacy5; conversely, some patients may also 

accept the risks of surgery more readily than their treating physician and may 

preferentially choose an ileocolonic resection rather than additional medication.6  

Specifically for clinical question #2 on the comparative efficacy of different 

pharmacologic interventions for preventing the recurrence of CD, one relevant 
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study was identified. In an interview-based cross-sectional study of 127 patients 

with CD, Kennedy and colleagues evaluated the preferred choice of postoperative 

prophylactic therapy from 5-ASA, fish oil, budesonide, metronidazole and 

azathioprine, depending on varying illustrative levels of relative efficacy.4 When 

the absolute risk reduction with 5-ASA was >10% versus  no intervention (i.e., if 

risk of 1-year symptomatic recurrence without intervention was 25%, the risk of 

recurrence with 5-ASA would be <15%), 82% of patients preferred 5-ASA to no 

treatment. If antibiotics and azathioprine were presented as being as effective as 

5-ASA medications, then 29% chose antibiotics and 19% chose azathioprine. 

When alternative medications decreased the risk of recurrence to 10%, then 90% 

chose antibiotics and 88% chose azathioprine over 5-ASAs. However, all of these 

assessments were made with 5-ASAs as the comparator medication and there 

was limited assessment of patients’ values and preferences for other comparisons 

(for example, choosing between azathioprine vs. antibiotics vs. anti-TNF).  

In summary, there is wide variation in the risks that patients accept in 

reference to disease recurrence or potential medication side effects, with some 

patients being more likely to accept medication risks and others preferring surgery 

(to medications). Physicians are not likely to be able to select the most appropriate 

treatment option for their patient based simply on clinical and demographic data. 

Shared decision-making regarding the risks and benefits in the context of patients’ 

values and preferences is inherently important in the management of CD after 

surgical resection. 

 

Cost-effectiveness 
Clinical Question #1: There is limited cost-effectiveness data comparing a strategy 

of routine early post-operative pharmacologic prophylaxis vs. endoscopy-guided 

therapy for prevention of CD recurrence after surgical resection. In a decision-

analysis, Ananthakrishnan and colleagues evaluated the comparative cost-

effectiveness of five strategies for decreasing the risk of CR 1 year after surgically-

induced remission of CD – no treatment, routine early azathioprine monotherapy, 

routine early antibiotic monotherapy, routine early infliximab, and tailored 
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endoscopy-guided therapy with infliximab, in which there was no early post-

operative prophylaxis, but initiation of infliximab only in patients with endoscopic 

recurrence (≥i2) at 6 months after surgical resection.7 In a sub-analysis, the 

investigators observed that, while routine early postoperative prophylaxis with 

infliximab may be more effective than endoscopy-guided infliximab therapy, it was 

significantly more expensive, with an incremental cost-effectiveness ratio of 

$629,500/QALY gained, substantially above standard thresholds for cost-

effectiveness. It is unclear whether replacing infliximab with azathioprine, 

antibiotics, or other medications in either or both management strategies (routine 

early postoperative pharmacologic prophylaxis vs. endoscopy-guided therapy) 

would modify the cost-effectiveness relationship. 

Clinical Question #2: In a decision-analysis, Ananthakrishnan and colleagues 

evaluated the comparative cost-effectiveness of five strategies for decreasing risk 

of CR 1 year after surgically-induced remission of CD – no treatment, routine early 

azathioprine monotherapy, routine early antibiotic monotherapy, routine early 

infliximab, and tailored endoscopy-guided therapy with infliximab in which there 

was no early post-operative prophylaxis but infliximab was initiated only in patients 

with ER (≥i2) at 6 months following surgical resection.7 In the base-case scenario, 

the assumed risk of CR was 24% in the no treatment group, and the relative risk 

reduction in recurrence with azathioprine, antibiotics and infliximab was 41%, 77%, 

and 99%, respectively. Of note, the corresponding estimates for relative risk 

reduction derived from the analysis for azathioprine, antibiotics and anti-TNF 

monotherapy would have been 65%, 48%, and 49%, respectively.  

In their cost-effectiveness analysis, routine early infliximab therapy was the 

most effective strategy (quality-adjusted life years [QALY], 0.83), followed by 

antibiotic monotherapy (QALY, 0.82), endoscopy-guided infliximab therapy 

(QALY, 0.82), azathioprine monotherapy (QALY, 0.81) and no treatment (QALY, 

0.80). In a hypothetical low-risk scenario, all strategies were clustered together 

within a QALY range of 0.01, whereas the comparative effectiveness of strategies 

became more divergent, albeit in the same order, with higher hypothetical risks of 

disease recurrence (1-year risk of recurrence of 50-78%). However, in cost-
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effectiveness analysis, antibiotic monotherapy was the most cost-effective strategy 

in all baseline risk categories, except in the low-risk scenario, where azathioprine 

monotherapy was most cost-effective. Routine early infliximab monotherapy was 

not deemed cost-effective across the entire spectrum of hypothetical disease 

recurrence rates ($6,667,000/QALY in low risk, $1,266,801/QALY in high risk, 

$722,348/QALY in the highest risk group, as compared to antibiotics). However, in 

sensitivity analysis, extending the time horizon to 3-years in the very high-risk 

scenario (risk of CR at 1 year, 0.78), the cost per QALY gained with routine early 

infliximab decreased to $459,158/QALY compared with antibiotic monotherapy. 

In sensitivity analysis, when the effectiveness of azathioprine was estimated 

at a relative risk reduction of 65% (closer to estimates derived from this technical 

review), azathioprine was more cost-effective than antibiotic monotherapy. The 

addition of 5-ASA as another treatment option did not significantly alter results – 

5-ASA was dominated by (i.e. comparatively not cost-as effective as) antibiotic 

monotherapy at all levels of baseline risk, and was less effective and more 

expensive than azathioprine monotherapy as well as endoscopy-guided infliximab 

therapy.  

Clinical Question #3: No specific cost-effectiveness analyses comparing a strategy 

of active management with routine endoscopic evaluation and treatment step-up 

vs. no endoscopic monitoring in the management of CD after surgical resection 

were identified. However, a cost analysis that accompanied the study that informed 

this question reported that the median healthcare cost was non-significantly higher 

in the active management arm (with endoscopic monitoring and treatment step up) 

vs. the standard care arm.8 It was estimated that AU$861 (about US$640) was 

spent over 18 months to prevent one ER. 

Clinical Question #4: There are no specific cost-effectiveness analyses pertaining 

to the comparative effectiveness of different pharmacologic interventions for 

reducing risk of disease recurrence in patients in clinical remission but with 

established ER after surgical resection of CD. 

 

Effect Estimates and Quality of Evidence – All Interventions vs. Placebo 
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Anti-TNF monotherapy vs. placebo: Based on direct meta-analysis of two RCTs,9, 

10 the odds of CR (anti-TNF vs. placebo, 19/157 vs. 35/163; OR, 0.51; 95% CI, 

0.28-0.94) and ER (34/157 vs. 88/163; OR, 0.24; 95% CI, 0.15-0.39) with anti-TNF 

monotherapy were significantly lower, as compared to placebo. Using these 

estimates, if one assumes that hypothetical risks of CR and ER in an illustrative 

lower risk population are 20% and 30%, anti-TNF monotherapy may result in CR 

and ER in 11.3% (95% CI, 6.5-19.0) and 9.3% (95% CI, 6.0-14.3) of patients, 

respectively. Corresponding rates of CR and ER with anti-TNF monotherapy in an 

illustrative higher risk population (hypothetical risks of CR and ER are 50% and 

80%) would be 33.8% (95% CI, 21.9-48.5) and 49.0% (95% CI, 37.5-60.9), 

respectively. Using the GRADE approach, evidence was rated down for serious 

imprecision due to small number of events (did not reach optimal information size 

of >300 events); there was no evidence of risk of bias, indirectness, or publication 

bias. For the outcome of ER, while there was statistical heterogeneity, it was 

primarily related to magnitude of effect and not direction of effect (very large effect 

size seen in a small study); hence, evidence was not rated down for inconsistency. 

Overall, the quality of evidence was rated as moderate. 

Thiopurine monotherapy vs. placebo: Based on a single RCT comparing standard 

dose 6-mercaptopurine (50mg/d) with placebo11, the odds of CR (6-MP vs. 

placebo, 24/47 vs. 33/44; OR, 0.35; 95% CI, 0.14-0.85) and ER (20/47 vs. 26/40; 

OR, 0.40; 95% CI, 0.17-0.95) with thiopurine monotherapy were significantly lower, 

as compared to placebo. Using these estimates, in an illustrative lower risk 

population, thiopurine monotherapy may result in CR and ER in 8.0% (95% CI, 

3.4-17.5) and 14.6% (95% CI, 6.8-28.9) of patients, respectively. Corresponding 

rates of CR and ER with thiopurine monotherapy in an illustrative higher risk 

population would be 25.9% (95% CI, 12.3-45.9) and 61.5% (95% CI, 40.5-79.2), 

respectively. Using the GRADE approach, evidence was rated down for serious 

imprecision due to small number of events (did not reach optimal information size 

of >300 events); there was no evidence of risk of bias, indirectness, or publication 

bias. The overall quality of evidence was rated as moderate. 
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Antibiotics alone vs. placebo: Based on 3 RCTs comparing antibiotics 

(metronidazole x 3m; ornidazole x 12m; ciprofloxacin x 6m) with placebo12-14, the 

odds of CR (antibiotics vs. placebo, 22/77 vs. 34/79; OR, 0.52; 95% CI, 0.27-1.02) 

and ER (36/60 vs. 54/71; OR, 0.46; 95% CI, 0.21-0.99) were considerably lower 

with antibiotics. Using these estimates, in an illustrative lower risk population, 

antibiotics may result in CR and ER in 11.5% (95% CI, 6.3-20.3) and 16.5% (95% 

CI, 8.3-29.8) of patients, respectively. Corresponding rates of CR and ER with 

antibiotics in an illustrative higher risk population would be 34.2% (95% CI, 21.3-

50.5) and 64.8% (95% CI, 45.7-79.8), respectively. Using the GRADE approach, 

evidence was rated down for serious imprecision due to small number of events 

(did not reach optimal information size of >300 events); there was no evidence of 

risk of bias, indirectness, or publication bias; for the outcome of CR, there was 

serious imprecision because the confidence interval crosses unity.  Hence, the 

overall quality of evidence was rated as moderate. 

5-ASA vs. placebo: Based on 5 RCTs comparing 5-ASA/sulfasalazine with placebo 

(813 patients)15-19, the odds of CR (OR, 0.59; 95% CI, 0.43-0.82) and ER (OR, 

0.65; 95% CI, 0.33-1.28) were lower with 5-ASA. Using the GRADE approach, 

evidence was rated down for serious imprecision due to small number of events 

(did not reach optimal information size of >300 events), and there was suspected 

publication bias; there was no evidence of risk of bias, or indirectness. For the 

outcome of ER, there was serious inconsistency with differences in magnitude and 

direction of effect estimate (I2=78%) with two of the more recent studies showing 

no significant beneficial effect of 5-ASA on risk of ER. There was also evidence of 

serious imprecision in effect estimate for ER outcome. Therefore, the overall body 

of evidence supporting the use of 5-ASA/sulfasalazine over placebo for decreasing 

the long-term risk of recurrence of CD was rated as very low quality. Moreover, 

there is indirect evidence on the lack of benefit of 5-ASA for inducing or maintaining 

remission in patients with inflammatory luminal CD, based on several large RCTs 

and meta-analyses.  

Budesonide vs. placebo: Based on direct meta-analysis of two RCTs (212 

patients)20, 21, the odds of CR (OR, 0.84; 95% CI, 0.46-1.53) and ER (OR, 0.73; 
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95% CI, 0.41-1.30) were marginally lower with budesonide. Using the GRADE 

approach, there was serious risk of bias (unclear randomization scheme, unclear 

blinding of patients/providers), serious risk of indirectness (outcomes in trials 

assessed at 12m, and findings from these were extrapolated to long-term risk of 

recurrence) and serious imprecision. Hence, the benefit of using budesonide for 

decreasing risk of recurrence of CD after surgical resection was uncertain and the 

overall quality of evidence was rated as very low quality. 

Probiotics vs. placebo: Based on direct meta-analysis of two RCTs (135 

patients)22, 23, the odds of CR (OR, 1.50; 95% CI, 0.45-5.00) were marginally higher 

with probiotics as compared to placebo, whereas the odds of ER (OR, 0.83; 95% 

CI, 0.41-1.69) were marginally lower with probiotics. Using the GRADE approach, 

there was serious risk of indirectness (outcomes in trials assessed at 6-12 months, 

and findings from these were extrapolated to risk of recurrence at 18 months or 

beyond), very serious imprecision, and inconsistency for the ER outcome. Hence, 

the benefit of using probiotics for decreasing risk of recurrence of CD after surgical 

resection was uncertain, and overall quality of evidence was rated as very low 

quality. 

Thiopurines combined with antibiotics vs. placebo: There were no RCTs directly 

comparing thiopurines in combination with antibiotics vs. placebo for postoperative 

prophylaxis in CD. The effect estimates and GRADE quality of evidence were 

derived exclusively from indirect comparisons. Based on network meta-analysis, 

the odds of clinical (OR, 0.19; 95% CrI, 0.04-0.94) and endoscopic recurrence 

(OR, 0.17; 95% CrI, 0.03-1.07) were considerably lower with thiopurines in 

combination with antibiotics. Using the GRADE approach for network meta-

analysis, the lower of quality of evidence corresponding to first-order loops 

contributing to this indirect comparison (antibiotics vs. placebo; antibiotics vs. 

immunomodulator + antibiotics) as quality of evidence for this comparison was 

used. There was no evidence of intransitivity. Hence, the overall body of evidence 

supporting the use of thiopurines in combination with antibiotics over placebo for 

decreasing the risk of recurrence of CD after surgical resection was rated as low 

quality. 
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Effect Estimates and Quality of Evidence – Selected Interventions vs. 5-ASA 
Anti-TNF monotherapy vs. 5-ASA: Based on 1 RCT comparing anti-TNF with 5-

ASA24, the odds of CR (adalimumab vs. 5-ASA, 1/16 vs. 9/18; OR, 0.07; 95% CI, 

0.01-0.62) and ER (1/16 vs. 15/18; OR, 0.01; 95% CI, 0.00-0.14) were 

considerably lower with anti-TNF therapy. Using the GRADE approach, there was 

no evidence of risk of bias, indirectness, inconsistency or publication bias; 

however, due to the very small number of events, there was serious risk of 

imprecision.  Hence, the overall quality of evidence was rated as moderate. 

Thiopurine monotherapy vs. 5-ASA: Based on 5 RCTs comparing thiopurine 

monotherapy with 5-ASAs11, 24-27, the odds of CR (thiopurine vs. 5-ASA, 54/162 vs. 

66/168; OR, 0.73; 95% CI, 0.45-1.18) and ER (47/93 vs. 63/97; OR, 0.56; 95% CI, 

0.31-1.01) was lower with thiopurine monotherapy, although it did not reach 

statistical significance. Using the GRADE approach, evidence was rated down for 

serious imprecision in effect estimate; hence, the overall body of evidence 

supporting the use of thiopurines over 5-ASA for decreasing the risk of recurrence 

of CD was rated as moderate quality.  

Thiopurines combined with antibiotics vs. placebo: There were no RCTs directly 

comparing thiopurines in combination with antibiotics, or antibiotics alone vs. 5-

ASA for postoperative prophylaxis in CD. The effect estimates and GRADE quality 

of evidence was derived exclusively from indirect comparisons. Based on network 

meta-analysis, the odds of CR (OR, 0.31; 95% CrI, 0.06-1.65) and ER (OR, 0.28; 

95% CrI, 0.04-1.76) were considerably lower with thiopurines in combination with 

antibiotics, as compared to 5-ASA. Using the GRADE approach for network meta-

analysis, the overall body of evidence supporting the use of thiopurines in 

combination with antibiotics over 5-ASAs for decreasing the long-term risk of 

recurrence of CD was rated as very low quality. 

Antibiotics alone vs. 5-ASA: In the absence of direct comparisons, using network 

meta-analysis, the odds of CR (OR, 0.87; 95% CrI, 0.31-2.45) and ER (OR, 0.76; 

95% CrI, 0.17-3.41) were marginally lower with antibiotics, as compared to 5-

ASAs. Using the GRADE approach for network meta-analysis, the benefit of using 
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antibiotics over 5-ASAs for decreasing risk of recurrence of CD was uncertain, and 

overall quality of evidence was rated as very low quality. 

 

Effect Estimates and Quality of Evidence – Selected Interventions vs. 
Antibiotics alone 
Anti-TNF monotherapy vs. antibiotics alone: There were no RCTs directly 

comparing anti-TNF monotherapy or thiopurine monotherapy vs. antibiotics for 

postoperative prophylaxis in CD. Based on network meta-analysis, the odds of CR 

(OR, 0.44; 95% CI, 0.09-1.37) and ER (OR, 0.12; 95% CI, 0.02-0.67) were 

considerably lower with anti-TNF monotherapy, as compared to antibiotics alone. 

Using the GRADE approach, the overall body of evidence supporting the use of 

anti-TNF monotherapy over antibiotics for decreasing the risk of recurrence of CD 

was rated as moderate quality. 

Thiopurine monotherapy vs. antibiotics alone: In the absence of direct comparison, 

using network meta-analysis, the odds of CR (OR, 0.90; 95% CrI, 0.29-2.77) and 

ER (OR, 0.94; 95% CrI, 0.19-4.57) were marginally lower with thiopurine 

monotherapy, as compared to antibiotics. Using the GRADE approach for network 

meta-analysis, the benefit of using thiopurine monotherapy over antibiotics alone 

for decreasing the risk of recurrence of CD is marginal, and the overall quality of 

evidence was rated as low quality. 

Thiopurines combined with antibiotics vs. antibiotics alone: Based on 1 RCT 

comparing thiopurines in combination with antibiotics (40 patients) with antibiotics 

alone (41 patients)28, the odds of CR (thiopurines + antibiotics vs. antibiotics, 3/40 

vs. 7/41; OR, 0.39; 95% CI, 0.09-1.65) and ER (22/40 vs. 32/41; OR, 0.34; 95% 

CI, 0.13-0.90) was considerably lower with thiopurine + antibiotics. Using the 

GRADE approach, evidence was rated down for serious imprecision in effect 

estimate, as well as indirectness (outcome in trial assessed at 12 months, and 

findings from extrapolation to long-term risk of recurrence); hence, the overall body 

of evidence supporting the use of immunomodulators + antibiotics over antibiotics 

alone for decreasing the risk of recurrence of CD after surgical resection was rated 

as low quality.  
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Effect Estimates and Quality of Evidence – Selected Interventions vs. 
Thiopurine monotherapy  
Anti-TNF monotherapy vs. thiopurine monotherapy: Based on 2 small RCTs 

comparing anti-TNF monotherapy with thiopurine monotherapy24, 29, the odds of 

CR (anti-TNF vs, thiopurines, 2/27 vs. 13/27; OR, 0.10; 95% CI, 0.02-0.47) and 

ER (2/27 vs. 15/27; OR, 0.07; 95% CI, 0.01-0.34) were significantly lower with anti-

TNF monotherapy. Using the GRADE approach, evidence was rated down for 

serious imprecision in effect estimate (due to very small number of events); in 

additional, for the outcome of CR, there was evidence of inconsistency, but 

primarily due to difference in magnitude, not direction, of effect estimates. Hence, 

the overall body of evidence supporting the use of anti-TNF monotherapy over 

thiopurines alone for decreasing the risk of recurrence of CD after surgical 

resection was rated as moderate quality.  

Thiopurines combined with antibiotics vs. thiopurine monotherapy: Based on a 

single small RCT30, the odds of CR (thiopurine + antibiotics vs. thiopurine alone, 

1/25 vs. 2/25; OR, 0.48; 95% CI, 0.04-5.65) and ER (9/25 vs. 14/25; OR, 0.44; 

95% CI, 0.14-1.38) were considerably lower with the combination of an thiopurines 

and antibiotics, as compared to a thiopurine alone. Using the GRADE approach, 

evidence was rated down for indirectness (outcome in trial assessed at 12 months, 

and findings from extrapolation to long-term risk of recurrence); in addition, for the 

CR outcome, evidence was rated down twice for very serious imprecision (very 

wide confidence intervals and very small number of events). Hence, the overall 

body of evidence supporting the use of combination of a thiopurine with antibiotics, 

as compared to thiopurine alone, for decreasing the risk of recurrence of CD was 

rated as very low quality. 

 

Effect Estimates and Quality of Evidence – Selected Interventions vs. 
thiopurines combined with antibiotics  
Anti-TNF monotherapy vs. thiopurines combined with antibiotics: There were no 

RCTs directly comparing anti-TNF monotherapy with the combination of 
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thiopurines and antibiotics for postoperative prophylaxis in CD. The effect 

estimates and GRADE quality of evidence were derived exclusively from indirect 

comparisons. Based on network meta-analysis, the odds of clinical recurrence 

(OR, 1.19; 95% CrI, 0.15-7.14) were marginally higher with anti-TNF monotherapy 

as compared to thiopurine + antibiotics, whereas the odds of endoscopic 

recurrence (OR, 0.34; 95% CrI, 0.03-2.56) were significantly lower with anti-TNF 

monotherapy. Using the GRADE approach for network meta-analysis, the benefit 

of using anti-TNF monotherapy over the combination of thiopurines and antibiotics 

for decreasing risk of recurrence of CD was uncertain, and overall quality of 

evidence was rated as very low quality. 
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eTables 
 
 

CD, Crohn’s disease; Cont., Control arm; Int., Intervention arm; IMM, immunomodulator; SD, standard deviation; TNF, tumor necrosis factor 
 
eTable 1. Baseline patient characteristics in included randomized controlled trials comparing a strategy of routine early 
postoperative pharmacologic prophylaxis vs. endoscopy-guided therapy for prevention of recurrence of CD after surgical 
resection (Clinical Question #1) 
  

Study Age  
[Mean (SD)] 

Sex (% males) Smokers  
(% current) 

Duration of Disease 
(in years) 
[Mean (SD)] 

Penetrating 
disease (% 
patients)  

>1 CD-related 
surgery  
(% patients) 

Pre-surgery 
medications (% 
on anti-TNF, 
IMM) 

 Int Cont. Int Cont. Int Cont. Int Cont. Int Cont. Int Cont. Int Cont. 
Ferrante31 34 (3) 36 (6) 58 32 29 53 5.6(3.4) 4.4 (2.5) 39 50 23 16 0/0 3/16 



 

 

74 

74 

Study, Year 
of 

Publication 

Study 
Design 

Location; 
Time 

period 

Timing of 
intervention 
after surgery 
and outcome 
assessment 

Intervention 
 

Control 
 

Outcomes 
 

Clinical 
 

Endoscopic 

Mesalamine/Sulfasalazine v. Placebo/No intervention 
Brignola,15 
1995 

MC, DB, PC Italy; 
1990-91 

<4 weeks;  
12 months 

Pentasa 3g/day, for 12 
months; N=44  

Placebo, for 12 
months; N=43  

Increase of 
CDAI by 100 
points, with 
score >150 

i2-4, 
Rutgeerts 
score 

Caprilli,16 
1994 

MC, OL, no 
placebo 
group 

Italy; 
1990-92 

<2 weeks; 
24 months 

Asacol 2.4g/day, for 12 
months; N=55 

No intervention; N=55 Increase of 
CDAI by 100 
points, with 
score >150 

i2-4, 
Rutgeerts 
score 

Lochs,17 
2000 

MC, DB, PC Europe; 
1992-96 

<10 days; 
18 months 

Pentasa 4g/day, for 18 
months; N=152  

Placebo, for 18 
months; N=166 

Increase of 
CDAI by 60 
points, with 
score >150 

i2-4, 
Rutgeerts 
score 

McLeod,18 
1995 

MC, DB, PC Canada; 
1986-93 

<8 weeks;  
72 months 

Mesalamine 3g/day, for 
mean 35 months; N=87  

Placebo, for mean 29 
months; N=76  

Clinician 
diagnosed 

Non-
validated, 
binary score 

Wenckert,19 
1978 

MC, DB, PC Europe; 
NR 

<4 weeks;  
18 months 

Sulfasalazine 3g/day, for 
18 months; N=32 
 

Placebo, for 18 
months; N=34  
 

Clinician 
diagnosed 

NR 

Thiopurines v. mesalamine (v. placebo) 
Ardizzone,32 
2004 

SC, OL Italy; NR <2 weeks;  
24 months 

Azathioprine 
2mg/kg/day, for 24 
months; N=69 

Mesalamine 3g/day, 
for 24 months; N=69 

CDAI>200, 
warranting 
corticosteroid 
therapy 

NR 

Herfarth,26 
2006 

MC, DB Germany; 
NR 

<2 weeks;  
12 months 

Azathioprine 2-
2.5mg/kg/day, for 12 
months; N=37 

Mesalamine 4g/day, 
for 12 months; N=42 

Not defined Not defined 

Nos,27 2000 SC, OL Spain; NR <4 weeks;  
24 months 

Azathioprine 50mg/day, 
for 24 months; N=21  

Mesalamine 3g/day, 
for 24 months; N=18  

CDAI>200 i2-4, 
Rutgeerts 
score 
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Hanauer,11 
2004 

MC, DB, 
PC, triple-
arm trial 

USA, 
Belgium; 
1992-96 

During index 
hospitalization; 
24 months 

6-mercaptopurine 
50mg/day, for 24 
months; N=47  

Pentasa 3g/day, for 
24 months; N=40  
1. Placebo, for 24 

months; N=44 

Non-validated, 
4-point severity 
scale 

i2-4, 
Rutgeerts 
score 

Antibiotics v. Placebo/No intervention 
Rutgeerts,13 
1995 

MC, DB, PC Belgium; 
1988-91 

<1 week;  
36 months 

Metronidazole 
20mg/kg/day, for 3 
months; N=30  

Placebo, for 3 
months; N=30 

Clinician 
diagnosed 

i3-4, 
Rutgeerts 
score 

Rutgeerts,14 
2005 

MC, DB, PC Belgium; 
NR 

<2 weeks;  
24 months 

Ornidazole 500mg BID, 
for 12 months; N=38 

Placebo, for 12 
months; N=40 

CDAI>250 i2-4, 
Rutgeerts 
score 

Herfarth,12 
2013 

MC, DB, PC USA; 
2008-11 

<2 weeks;  
6 months 

Ciprofloxacin 500mg 
BID, for 6 months; N=17 

Placebo, for 6 
months; N=16  

HBI score >5, 
or 3-point 
increase from 
baseline 

i2-4, 
Rutgeerts 
score 

Probiotics v. Placebo/No intervention 
Prantera,23 
2002 

SC, DB, PC Italy; 
1998-2000 

<10 days; 
12 months 

Dicoflor (Lactobacillus 
GG) 60 BID for 12 
months; N=23 

Placebo for 12 
months; N=23 

CDAI > 150 i2-4, 
Rutgeerts 
score 

Marteau,22 
2006 

MC, DB, PC France; 
2002-2004 

<21 days;  
6 months 

Lactobacillus johnsonii 
(LA1) BID for 6 months; 
N=43  

Placebo for 6 months; 
N=43  

CDAI > 200 i2-4, 
Rutgeerts 
score 

Thiopurines + Antibiotics v. Antibiotics 
D’Haens,28 
2008 

MC, DB, PC Belgium; 
1999-2005 

<2 weeks;  
12 months 

Azathioprine 100mg 
(wt<60kg) or 150mg 
(wt>60kg), for 12 months 
AND metronidazole 
250mg TID for 3 months; 
N=40 

Metronidazole 
250mg TID, for 3 
months AND 
placebo, for 3 
months; N=41  

CDAI>250 i2-4, 
Rutgeerts 
score 

Thiopurines + Antibiotics v. Thiopurines 
Manosa,30 
2013 

MC, DB, PC Spain; 
2004-10 

During index 
hospitalization; 
12 months 

Azathioprine 2-
2.5mg/kg/day, for 12 
months AND 
metronidazole 15-
20mg/kg/day for 3 
months; N=25 

Azathioprine 2-
2.5mg/kg/day, for 12 
months AND 
placebo, for 3 
months; N=25  

HBI score >7 i2-4, 
Rutgeerts 
score 
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Budesonide v. Placebo/No intervention 
Hellers,21 
1999 

MC, DB, PC Europe; 
NR 

<2 weeks;  
12 months 

Budesonide 6mg/day, for 
12 months; N=63  

Placebo, for 12 
months; N=66  

CDAI>200 i2-4, 
Rutgeerts 
score 

Ewe,20 1999 MC, DB, PC Germany; 
1992-94 

<2 weeks;  
12 months 

Budesonide 3mg/day, for 
12 months; N=43 

Placebo, for 12 
months; N=40  

CDAI>200 i2-4, 
Rutgeerts 
score 

Anti-TNF v. Placebo/No intervention 
Regueiro,10 
2009 

SC, DB, PC USA; 
2005-07 

<4 weeks;  
12 months 

Infliximab 5mg/kg at 0, 2 
and 6 weeks, followed by 
q8 weeks, for 54 weeks 
(+/- concomitant 
mesalamine, 9.1% or 
immunomodulator, 
36.4%); N=11  

Placebo, for 54 
weeks (+/- 
concomitant 
mesalamine, 30.8% 
or immunomodulator, 
53.8%); N=13  

CDAI>200 i2-4, 
Rutgeerts 
score 

Regueiro,9 
2016 

MC, DB, PC Global; 
2010-2012 

<45 days;  
18 months 

Infliximab (5 mg/kg) 
every 8 weeks for 18 
months; N=147 

Placebo for 18 
months; N=150 

Increase of 
CDAI by 70 
points, with 
score >200 

i2-4, 
Rutgeerts 
score 

Anti-TNF v. Thiopurine (v. Mesalamine) 
Armuzzi, 29 
2013 

SC, OL Italy; 
2007-11 

<4 weeks;  
12 months 

Infliximab 5mg/kg at 0, 2 
and 6 weeks, followed by 
q8 weeks, for 12 months; 
N=11 

Azathioprine 2-
2.5mg/kg/day, for 12 
months; N=11 

HBI score >7 i2-4, 
Rutgeerts 
score 

Savarino,24 
2013 

SC, OL, 
triple-arm 
trial 

Italy; 
2008-10 

<4 weeks;  
24 months 

Adalimumab 160mg at 
week 0, 80mg at week 2, 
followed by 40mg q2 
weeks, for 24 months; 
N=16  

1. Azathioprine 
2mg/kg/day, for 24 
months; N=17  

2. Pentasa 3g/day, 
for 24 months; 
N=18  

CDAI >200 or 
using non-
validated, 4-
point severity 
scale  

i2-4, 
Rutgeerts 
score 

CDAI, Crohn’s Disease Activity Index; DB, double-blind; HBI, Harvey-Bradshaw index; ITT, intention-to-treat; mITT, modified intention-to-treat; MC, 
multicenter; NR, not reported; PC, placebo-controlled; OL, open-label; RCT, randomized controlled trial; SC, single center; TNF, tumor necrosis 
factor 
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eTable 2. Characteristics of included randomized controlled trials comparing different pharmacological interventions for 
post-operative prophylaxis after surgical resection in Crohn’s disease (Clinical Question #2)  
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Study Age 
[Mean (SD) or 

Median (range)] 

Sex (% males) Smokers 
(% current) 

Duration of 
Disease (in years) 

Penetrating 
disease (% 
patients) 

>1 CD-related 
surgery 

(% total or 
mean [SD]) 

Pre-surgery 
medications 
(% on anti-
TNF, IMM) 

 Int Cont. Int Cont. Int Cont. Int Cont. Int Cont. Int Cont. Int Cont. 
Mesalamine/Sulfasalazine v. Placebo/No intervention 

Brignola15 39 
(10)* 34 (17) 50 46 48 51 6.2 (6.1)* 5.7 (4.5) NR 30 26 0/0 

Caprilli16 
36 
(16-
61)¶ 

34 
(16-58) 68 48 NR 3.2 

(0-12)¶ 
2.3 
(0-10) 25 25 0 0 0/0 

Lochs17 33 
(10)* 34 (10) 47 51 NR 6.5 (6.4)* 6.9 (6.4) NR NR 0/5 0/6 

McLeod18 39 
(13)* 37 (13) 56 64 NR NR NR 

Mean: 
1.6 
(0.8)* 

Mean
: 1.6 
(0.8) 

0/0 

Wenckert19 34 50 NR NR NR NR 0/0 
Thiopurines v. mesalamine (v. placebo) 

Ardizzone32 <40: 
84% 

<40: 
77% 63 70 39 51 >10y: 

37% 
>10y: 
8% NR 53 44 0/9 0/4 

Herfarth26 NR NR NR NR NR NR NR 

Nos27 35 
(28)* 33 (28) 53 58 NR 5.5 (3)* 3.5 (1.7) 47 32 NR NR 

Hanauer11 
AZA: 
35 
(11)* 

5-ASA: 
34 (11); 
Placebo
: 34 (11) 

49 43; 
45 NR 9.4 (7.8)* 

10 (8.7); 
10.6 
(8.3) 

NR NR NR 

Antibiotics v. placebo 

Rutgeerts13 33 
(10)* 37 (14) NR NR NR 63 53 33 50 0/0 

Rutgeerts14 35 (18-
70)¶ 

30 (18-
68) 42 50 45 47 7 (4-

11.8)¶ 
3 (0.5-
7.3) 47 52 32 23 0/18 0/23 

Herfarth12 33 (19-
70)¶ 

27 (18-
61) 59 50 23 0 10 (0-

51)¶ 6 (0-25) 29 25 18 19 18 31 

Thiopurines + Antibiotics v. Antibiotics 
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D’Haens28 39 (22-
67)¶ 

40 (21-
69) 40 51 33 41 NR 50 46 35 22 0/8 0/5 

Thiopurines + Antibiotics v. Thiopurines 

Manosa30 36 
(12)* 35 (8) 48 60 40 54 7 (7.8)* 4.7 (4.7) 40 52 32 32 24/68 20/32 

Budesonide v. Placebo 

Hellers21 24 (20-
76)¶ 

36 (17-
81) 56 41 NR NR NR 30 26 NR 

Ewe20 35 
(12)* 33 (9) 49 40 NR 8.3 (6.2)* 6.8 (4.8) NR 58 67 NR 

Probiotics vs. Placebo 

Prantera23 37 
(12)* 36 (11)* 61 68 44 27 6.5 (5.1)* 7.4 

(4.5)* 26 18 22 27 NR 

Marteau22 32 (4)* 29 (2)* 54 42 29 26 2.8 (2.0)* 2.0 
(1.7)* 42 50 15 18 0/0 0/0 

Anti-TNF v. Placebo 

Regueiro10 <40: 
45% 

<40: 
62% 54 67 46 8 >10y: 

64% 
>10y: 
39% 100 85 36 31 30/ 

36 
39/ 
54 

Regueiro9 
2016 37 (13) 35 (12) 52 54 26 25 8.4 (8.7) 6.4 (7.5) 67 71 46 39 25/58 20/59 

Anti-TNF v. Thiopurine (v. Mesalamine) 

Armuzzi29 34 (24-
37)¶ 

32 (21-
45) 63 72 45 45 2 (1.3-

6.8)¶ 2 (1-4.5) 63 45 36 36 55/ 
27 

36/ 
18 

Savarino24 45 (22-
66)¶ 

AZA: 49 
(24-69); 
5-ASA: 
46 (25-
65) 

50 53; 
44 56 24; 

33 
8.4 (1-
17)¶ 

7.9 (1-
17); 6.9 
(1-18) 

75 71; 
78 25 12; 

28 
31/ 
NR 

24/ 
NR; 
6/ 
NR 

5-ASA, 5-aminosalicylate; AZA, azathioprine; CD, Crohn’s disease; C, colon; Cont., Control arm; Int., Intervention arm; IMM, immunomodulator; NR, 
not reported; SB, small bowel; SD, standard deviation; TNF, tumor necrosis factor 
*Mean (standard deviation), ¶Median (range) 
 
eTable 3. Baseline patient characteristics in included randomized controlled trials comparing different pharmacological 
interventions for prevention of recurrence of CD after surgical resection (Clinical Question #2) 
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Study Age 
[Median (range)] 

Sex (% males) Smokers 
(% current) 

Duration of 
Disease (in years) 

[Mean (SD)] 

Penetrating 
disease (% 
patients) 

>1 CD-related 
surgery 

(% patients) 

Pre-surgery 
medications (% 

on anti-TNF, 
IMM) 

 Int. Cont. Int. Cont. Int. Cont. Int. Cont. Int. Cont. Int. Cont. Int. Cont. 

De Cruz33 36 (24-
45) 

36 (26-
47) 48 37 31 31 9 (3-16) 10 (5-

16) 57 48 28 31 21/82 29/85 

5CD, Crohn’s disease; Cont., Control arm; Int., Intervention arm; IMM, immunomodulator; SD, standard deviation; TNF, tumor necrosis factor 
 
eTable 4. Baseline patient characteristics in included randomized controlled trials comparing a strategy of active 
management with routine endoscopic monitoring (and treatment step-up) vs. no endoscopic for prevention of recurrence of 
CD after surgical resection (Clinical Question #3) 
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eFigure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abstracts of potentially relevant articles identified through MEDLINE 
and Cochrane* databases and other sources†:  1,131 

Excluded abstracts and background 
articles:  929 

Full-text articles reviewed for relevance to 
key questions:  202 

*Cochrane databases include the Cochrane Central Register of Controlled Trials and the Cochrane Database of Systematic Reviews. 
†Other sources include reference lists of relevant articles, systematic reviews, expert suggestions, etc. 
 

Articles excluded total:  163 
Wrong population:  12 
Wrong intervention:  25 
Wrong outcome:  7 
Wrong comparator:  5 
Wrong study design for Key Question:  65 
Not a study (letter, editorial, non-systematic review article):  6 
Not English language but possibly relevant:  6 
Systematic review used as a source document only: 1 
Abstract only: 17 
Systematic review superseded by a more recent review: 16 
Wrong timing of treatment: 3 
 
 

 
 
 

Key question 2: 
2 systematic reviews 
22 trials (and 2 follow-up studies) 

 

  
 

 

Key question 4: 
4 studies (1 RCT) 

 

Included studies: 
35 studies (in 37 publications) 

Key question 1:  
3 studies (1 RCT) 
 

 

  

Key question 3: 
2 studies (1 RCT) 

 

Cost-effectiveness studies: 2 
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eFigure 2B 
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