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SUMMARY

Background—Medical therapy and/or endoscopic balloon dilation with intralesional therapies
are options for treatment of small bowel fibrostenotic Crohn’s disease (CD).

Aim—To perform a systematic review summarizing evidence for efficacy of systemic and
endoscopic intralesional medical therapy in established small bowel strictures in adult CD patients.

Methods—A systematic search of MEDLINE, EMBASE, CENTRAL, and Scopus was
conducted. Primary outcomes were rates of surgical resection and repeat endoscopic dilation.
Pooled event rates from random effects models across studies with 95% confidence intervals were
reported.

Results—Eleven studies describing systemic medical therapy and eight studies of intralesional
injection were included. One randomized controlled trial (RCT) each for systemic therapy and
intrastricture injection were identified. Only observational studies were found for systemic
biologic therapies, which exclusively included tumor necrosis factor (TNF) antagonists, while
intralesional therapies all involved corticosteroids except for one study that evaluated infliximab.
Pooled event rates for surgical resection after systemic and intralesional therapy were 27.6% (95%
Cl: 18.4%-39.3%) and 18.5% (95% CI: 8.3—-36.2%), respectively over a median follow up of 23
months (range 5.5-105.8), and 21.8 months (range 5-47). Risk of repeat endoscopic balloon
dilation (EBD) in those with intralesional therapy was 58.3% (95% CI: 36.6—77.3%) over a
median follow up of 21.8 months (range 5-47).

Conclusions—TNF antagonists are the preferred therapy for patients with stricturing small
bowel CD. Data is lacking for ustekinumab and vedolizumab. No endoscopic intralesional
medications provided a clear benefit for prevention of repeat EBD or surgery.

Keywords
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INTRODUCTION

Crohn’s Disease (CD) is a highly heterogeneous form of inflammatory bowel disease (IBD)
with distinct phenotypes, including perianal disease, fistulas, and strictures (1). Although
these subtypes are challenging to manage, treatment of strictures has been poorly studied
and no medical anti-stricture therapies are currently approved (2). Strictures are most
common in the terminal ileum, but can also be multifocal, and appear at any gastrointestinal
site (1). It is believed that > 50% of CD patients present with clinically apparent strictures
over their lifetime (3). Given that no specific anti-fibrotic therapy exists, these patients are
often initially treated with the best available medical anti-inflammatory therapy. Strikingly,
despite the revolutionary emergence of biologic agents over the past two decades, estimates
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for surgical resection of fibrostenotic disease either remain unchanged (4), or have shifted
from less emergent to more elective procedures (5,6).

Medical therapies for CD strictures may include corticosteroids, purine analogs,
methotrexate, and biologic agents. Endoscopic balloon dilation (EBD) is an established
modality in CD strictures and acts as a bridge to surgery (7). Intralesional injection of
corticosteroids and biologic medications after endoscopic dilatation has also been utilized,
but their use is controversial (7).

Although it is generally thought that biologic therapies such as anti-tumor necrosis factor
(TNF) agents may provide the greatest benefit in patients with strictures, we sought to
analyze and summarize all available studies for all previously tested medical therapies in
small bowel CD strictures, while also assessing the number, location, and characteristics of
these strictures. In this systematic review, we aim to provide a comprehensive summary of
both systemic medical and endoscopic intralesional therapies in already established CD
strictures of the small bowel to assess rates of surgical intervention or repeat EBD.

MATERIALS AND METHODS

Search Strategy and Study Selection

This systematic review focused solely on small bowel strictures, since these are the most
commonly observed CD lesions (12). Colonic strictures harbor a malignancy risk and
accordingly, may not be primarily treated with medical therapy (13).

The study methodology, search strategy, and study inclusion criteria are shown in Figures 1
and 2. Separate searches and selection of the retrieved articles were performed to address
systemic therapy of already established strictures of the small bowel and endoscopic
injection of CD strictures with medications. Citations were identified by searching the
following databases from the first date available to May 3, 2019: OVID MEDLINE,
EMBASE, and Scopus. Search terms used included the following subject headings plus
keywords and synonyms derived from them: Crohn’s Disease, Constriction, Pathologic,
Intestinal Obstruction, stricture, inject, intralesion, intrastricture with drugs such as
corticosteroid, steroid, infliximab, or adalimumab. The reference lists of studies included for
screening (after duplicates removed) were reviewed manually to identify additional relevant
publications. Detailed search strings, and search strategies for OVID MEDLINE and
EMBASE can be found in Table S1-S4. A non-registered review protocol describing the
rationale, hypothesis and planned methods of the review was prepared prior to initiating this
systematic review.

Inclusion/Exclusion Criteria

Studies were considered eligible if they met the following criteria: (1) study design was to be
either an interventional design (randomized or non-randomized), or observational
(prospective or retrospective or case-control) studies, (2) adult population (age = 18), (3)
sample size of more than 10, (4) established small bowel Crohn’s disease strictures, (5)
intralesional therapy in stricture, or systemic therapy. Exclusion criteria were as follows:
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Strictures outside of the small bowel, non-full text articles, narrative review, studies on
postoperative CD, and languages other than English.

Outcomes of Interest

Outcomes of interest were rates of surgical resection following either systemic medical
therapy or endoscopic medication injection, and rates of re-dilation of small bowel CD
strictures.

Study Selection and Data Extraction

Two reviewers (CL, BB) screened the titles and abstracts that were identified in the search
strategy and selected the studies using a predefined strategy according to the eligibility
criteria outlined above. Extracted data was entered into an Excel (Microsoft software)
database. A third reviewer (FR) was consulted about the eligibility and made the final
decision in cases without a consensus. The following variables were extracted from each
eligible study: First author name, journal, year of publication, country where study was
conducted, study design, number of patients, number of strictures identified, whether
definition of stricture was based on endoscopy or radiology, stricture location, intervention,
and percentage of primary and secondary endpoints attained. Table 1 and 2 summarizes the
extracted data variables.

Risk of Bias in Individual Studies

The quality of randomized studies was analyzed using domain-based risk of bias tables as
recommended by the Cochrane Collaboration (14). The studies were assessed across six
domains that may be subject to bias, including sequence generation, allocation concealment,
blinding, incomplete outcome data, selective outcome reporting, and other sources of bias
(Table S5 and S6). The quality of non-randomized studies was assessed by using the
Newecastle-Ottawa Scale (15). The quality of the studies were examined for: 1) Selection, 2)
Comparability, 3) Outcome (Table S7 and S9). The Grading of Recommendations
Assessment, Development and Evaluation (GRADE) system was then used to determine the
quality of the evidence as high, moderate, low, or very low (Table S8 and S10) (16).

Statistical Analysis and Summary Measures

Treatment failure was defined as requiring EBD and/or surgical intervention. A generalized
linear mixed model (GLMM), which is a random intercept logistic regression model, was
utilized for pooling in the meta-analysis of proportions (17), where logit transformations of
proportions were implemented to calculate the overall proportion. Clopper-Pearson
confidence intervals, also called the exact binomial intervals, were calculated for the single
proportions of individual study results.

The rates of surgery or EBD of individual studies were combined into a pooled events ratio
using a random-effects meta-analysis model. Due to the variation among study designs, a
random-effects model was utilized, rather than a fixed-effects model. Outcomes were
reported as pooled event rates (95% confidence interval limits), or as unweighted
proportions of the size of the population studied. Measures of consistency were calculated
using 12 to assess the within subgroups heterogeneity of effect estimates and t to estimate
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the between-study variance. Forest plots were utilized to assess heterogeneity across studies
visually, and numerically (12 < 25% represents low heterogeneity). Publications that were
biased were excluded from data synthesis. Continuous numerical data was reported as means
with standard deviations, or as medians with range values. Meta package in the statistical
software, R, (Version 3.6.1, made available on 2019-07-05) was used for calculations and
plotting.

Search Results for Systemic Medical Therapy

Search strategy results can be found in Tables S1 and S2. A total of 11 studies were included
in the qualitative analysis: 7 retrospective, 3 prospective, and one randomized controlled
study (RCT).

Overall, substantial statistical heterogeneity was identified with a pooled surgical rate of
27.6% (95% Cl: 18.4%—-39.3%; 12 75%, t2 56.3%, p<0.01) (18-28) over a median follow-up
of 23 months (range 5.5 — 105.8; Figure 3). Four studies included patients with ileocolonic
strictures (20-22,25), while two studies included upper gastrointestinal strictures (19,25)
(Table 1).

Mesalamine: The only RCT (investigator blinded) of a systemic therapy included 72
patients with partial small bowel obstruction (SBO), who received intravenous
hydrocortisone 100mg every 8 hours over a 72 hour period. Patients who responded were
randomized to mesalamine (3.2 g/day) or azathioprine (AZA, 2-3mg/kg). Standardized
corticosteroid taper was mandated and patients were followed for up to 3 years (22). AZA
treated patients had lower surgery rates (25 vs. 56%, respectively; p=0.01), hospital
admissions (61% vs. 83.3%; p=0.03) and mean hospital stay duration (3.8+4.7 days vs.
7.7£5.2 days; p=0.002) compared to mesalamine. However, this study was not double
blinded, leading to potential for bias.

Corticosteroids: In one observational study of 26 CD patients over 7 years, corticosteroid
use in acute SBO relieved symptoms in all, but one patient. However, 18 patients, who had
symptom recurrence within 16 to 106 months, were treated a second time with
corticosteroids and all of them experienced symptom resolution. The overall surgery rate in
the cohort was high (46%; 12/26) with the main determinant of surgery being the symptom-
free interval such that if this was <8 months, the rate was 85.7% (6/7) (28). Thus, while
corticosteroid use is effective for short term symptom relief, it conveys a poor prognosis that
designates a high risk for obstruction and surgery.

Thiopurines: In a retrospective South Korean study, 1157 patients were divided into those
that received: 1) early immunosuppressive therapy (EIT) within 6 months of CD diagnosis
or 2) conventional therapy (24). Within a mean observation duration of 105.8+51.5 months,
the EIT group had a lower probability of intestinal surgery than the conventional group
(24.1% vs. 36.4%, respectively; p<0.001), suggesting early thiopurine introduction was
effective in reducing fibrostenosis progression. However, this study had several limitations.
First, lack of randomization indicates that results are susceptible to bias and inability to
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control for confounders. Second, only 14% of patients had a stricturing phenotype, meaning
that the majority had inflammatory behaviour (>70%). It is reasonable to assume that many
surgeries were to control inflammatory disease that was refractory to medical therapy as
opposed to surgery for fibrostenotic complications. Thus, cautious interpretation regarding
the efficacy of thiopurines on already established strictures is in order.

TNF antagonists: No RCTs have evaluated the efficacy of TNF antagonists in CD
strictures. Overall, two studies analysed use of infliximab (25,29), 1 assessed adalimumab
(19), and 5 reported outcomes for both TNF antagonists (18,20,21,23,27). Of these studies,
only one assessing infliximab (25), one adalimumab (19), and one including both TNF
antagonists (21) were prospective. A description of the retrospective studies can be found in
Supplementary information and prospective studies can be found below.

Pallota et al. prospectively studied 15 patients with obstructive symptoms treated with
infliximab (25). Small intestinal contrast ultrasound (SICUS) was performed at induction
and at 6 month intervals during follow up of 34.7+16.1 months (range 7-58). There was
complete regression of 8/15 stenoses (53.3%) after maintenance (6 to 22 infusions) therapy.
Furthermore, no strictures progressed and no new strictures occurred. One patient (10%)
with small bowel stenosis required surgery. A second prospective study measured the
frequency of SBOs in CD strictures after infliximab or adalimumab (21). 25% (9/36) of
patients enrolled had a fibrostenotic phenotype, of which two (22.2%) had only ileal
involvement and subsequently developed a partial or complete bowel obstruction requiring
surgical resection between 16 to 80 weeks post TNF antagonist initiation.

The largest, multicenter, prospective study examining established symptomatic small bowel
strictures evaluated 97 patients treated with adalimumab (CREOLE) (19). Strictures were
defined as “occurrence of constant luminal narrowing with prestenotic dilation or obstructive
signs/symptoms” identified on MRE or endoscopy (19). The primary endpoint was
adalimumab continuation without any need for corticosteroids, other TNF antagonists, EBD,
or bowel resection at week 24. The primary endpoint was met in 64% of patients with
symptomatic strictures. Continued adalimumab treatment was successful in 29% of patients
after a median follow up of 3.8+0.1 years. Overall, 50% of patients did not require bowel
resection 4 years after study inclusion. Prognostic factors independently related with
treatment success were use of immunosuppressives at adalimumab initiation, obstructive
symptoms for <5 weeks, a CD obstructive score >4, and MRE small bowel stricture length
of <12 cm, a maximal prestenotic diameter of 18-29 mm, marked delayed phase
enhancement, and absence of a fistula.

Other Therapies: No identified studies reported the outcome of methotrexate,
ustekinumab or vedolizumab therapy on small bowel CD strictures.

Search Results for Intralesional Medical Therapy

Search results can be found in Figure 2 and Table 2 (30-45). Substantial statistical
heterogeneity was demonstrated with a pooled surgical rate of 18.5% (95% ClI: 8.3%
-36.2%; 12 62%, t2 58.2%, p=0.59) over a median of 21.8 months (range 5-47), for 7 studies
(6 intralesional steroid, 1 intralesional infliximab) that reported surgical resection of small
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bowel CD strictures with injected therapy as an outcome (Figure 4). Similarly, heterogeneity
was substantial among 6 studies that reported a repeat EBD rate following prior EBD and
intralesional therapy of 58.3% (95% CI: 36.6-77.3%; 12 59%, t2 71.3%, p=0.04) over a
median of 21.8 months (range 5-47) (Figure 5). Retrospective studies that evaluated
intralesional injection can be found in Supplementary information and prospective studies
are described below.

Corticosteroids: The only RCT of intralesional steroids in small bowel stenosis (46)
evaluated 13 patients with anastomotic ileocolonic stricture <5 cm in length. Patients were
randomized to receive either quadrantic intralesional triamcinolone or saline. Primary
endpoint was time to repeat dilation or surgery for obstructive symptoms. Although the
study was intended to be double blinded, the endoscopist may have been unblinded with
luminal steroid leakage (milky appearance) during injection. No patients received
concomitant systemic biologic therapy. In the steroid group, 43% (3/7) of patients and 33%
(2/6) of the placebo group were on prednisolone or azathioprine. This trial was prematurely
terminated due to a trend toward re-dilation in the steroid group (5/7) versus the placebo
group (1/6) in an intention to treat (ITT) analysis (statistically significant in the per-protocol
analysis). Study stopping criteria were not pre-specified.

In the only prospective study to evaluate intralesional steroid injection following EBD of
ileocolic (9/13) or ileal (2/13) strictures, no patients required surgery over a mean of 47
months, while 84.6% (11/13) required repeat EBD. All patients were concurrently treated
with mesalamine and seven were on methylprednisolone (2.5-10mg). Due to lack of a
control group, there is no definitive evidence that steroid injection after EBD is superior to
EBD alone in preventing surgery (47).

TNF antagonists : Six patients with a confirmed (MRI and endoscopy) stricture with
recurrent obstructive bowel symptoms received intralesional infliximab injections (10 mg
week 0, 2 and 6) with 6 month follow-up (48). Three patients had ileocolonic anastomotic
strictures, while each of the other 3 patients had a jejunal, ileal, or duodenal stricture length
of <5 cm. All patients had a decrease in mean SES-CD scores by 3 (one to five points). No
patients required surgery and all patients described obstructive symptom improvement.

DISCUSSION

Fibrostenotic CD is a common and challenging clinical problem. For a significant number of
patients, repeat endoscopic dilation or surgery is needed as medical therapy is unlikely to
reverse bowel damage and fibrosis. In the absence of anti-fibrotic therapy, management
depends on stricture morphometrics such as location, length, concurrent complications, and
patient preference (49). Strictures with a dominant inflammatory component are initially
treated with medical therapy. This systematic review summarized evidence for the efficacy
of systemic medical therapies, as well as endoscopic intralesional medical injections in
patients with established small bowel stricturing CD. Pooled event rate for surgery for
systemic and intralesional therapy was based upon data from eleven and seven studies,
respectively. Notably the majority of these were open label observational studies. The
statistical heterogeneity of the studies of systemic therapy was substantial (12>25) with
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surgical rates ranging from 10% to 67% for TNF antagonists. The studies that evaluated
intralesional therapy post EBD showed that repeat EBD or surgery was required in 58.3%
and 18.5%, respectively within a median follow up of 21.8 months.

Our search revealed only one RCT each for systemic and intralesional therapy. The single
RCT for systemic therapy did not evaluate the efficacy of biologics, but rather compared
AZA to mesalamine. This study showed superiority of AZA over mesalamine with an
absolute reduction in rates for surgical intervention of 31% over a 3 year period (22). The
study was susceptible to bias due to a lack of blinding. No subsequent studies have validated
this finding. Thus, there is insufficient evidence to conclude that thiopurine therapy is
effective for treatment of fibrostenosing CD complications. In addition, as mesalamine is not
a recommended therapy for small bowel CD as shown in several meta-analyses, this RCT
does not impact clinical practice (50-52).

Although our results support the value of systemic corticosteroids only for obstructive
symptoms, the long-term use of corticosteroids is limited by both tolerability and serious
adverse events. Furthermore, while corticosteroids relieve symptoms through inflammation
suppression, there is limited evidence regarding their effects on mucosal healing (53).
Granting these data might be considered the basis for a potential benefit of corticosteroids in
fibrostenosis, the pathogenesis is poorly understood and it is difficult to tease out specific
anti-fibrotic benefits of corticosteroid from the clinical data we reviewed. Moreover, no
studies have explicitly studied the role of corticosteroid monotherapy for small bowel CD
strictures. Yaffe et al. assessed the role of intermittent prednisone with sulfasalazine
following an index episode of ileal obstruction and found that patients without recurrence of
obstruction in 8 months, required less resections (28). The lack of a control group renders
this finding difficult to interpret with respect to the efficacy of either agent.

In the three prospective studies evaluating TNF antagonists in established small bowel CD,
surgical rates vary with the highest being 22.2% over 23 months (21). Surgical rates were
the most favorable in CREOLE; the largest study following 97 patients showing that at week
24, 64% of patients continued adalimumab without prohibited treatment (steroids, other
TNF antagonists), and did not require EBD or surgery. The other available two studies
enrolled less than 40 patients (21,25). Strengths of all of these studies include the use of
diagnostic imaging with clear stenosis definitions and relatively long follow up of at least 2
years. However, limitations are that these are uncontrolled observational studies.

The efficacy of TNF antagonists for fibrostenosing disease has been controversial in the
past. Earlier concerns that infliximab could increase the risk of complete bowel obstruction
in strictures through acceleration of the healing process with subsequent fibrosis and
obstruction (54) are now debunked (25,26,55,56). In 20 CD patients with fibrostenotic
disease, SICUS found no progression or development of new strictures, and complete
regression of stenosis in 80% of patients after 6 to 22 infliximab infusions (25). Likewise,
the results of both the TREAT (The Crohn’s Therapy, Resource, Evaluation, and Assessment
Tool) registry and ACCENT I (A Crohn’s Disease Clinical Trial Evaluating Infliximab in a
New Long-Term Treatment Regimen) did not support the notion of infliximab as a risk for
stricture formation or obstruction. Interestingly in TREAT, disease duration, severity,
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isolated ileal disease, and new corticosteroid use were positively associated with an
increased risk of obstruction-related events (55). Finally, in CREOLE, more than half of
patients did not have surgery 4 years after adalimumab initiation (19). Again, although the
lack of a control group prevents making any definitive conclusions, the results are consistent
with an overall benefit of adalimumab and do not support the concept that TNF antagonist
administration worsens fibrostenosis.

Although the results from CREOLE are positive, the evidence for the efficacy of TNF
antagonist therapy in CD fibrostenosis and impact on surgical intervention remains unclear.
In a population-based time trend analysis between 2002-2010, declining surgical rates in
CD for intestinal resections along with a shift from elective to emergent operations was
reported (5). However, in a recent published population-based interrupted time series study
of the effect of introduction of infliximab in Ontario, Canada between 1995 and 2012,
population rates of intestinal CD resections have not significantly declined, despite robust
market use of biologics (57). The authors hypothesized that misguided use and failure to
optimize use of infliximab were contributing factors for these results. A limitation of this
study was the absence of detailed clinical data. In other words, the proportion of patients
with concurrent strictures and fistulizing disease is unclear. It has been shown that although
the rates of intestinal resection have declined with the introduction of infliximab, the rates of
small bowel fistula repair have increased significantly (58). In CREOLE, patients without a
concurrent fistula as observed in 75% of the study population were associated with success
on adalimumab without dilation or surgery.

Other therapies currently approved for CD include methotrexate, ustekinumab and
vedolizumab (59-61). However, patients with symptomatic strictures were excluded from
pivotal phase 111 studies. At this time, there is no evidence to support the use of ustekinumab
in stricturing CD. Similarly, it is difficult to draw definitive conclusions from the VICTORY
consortium study, which assessed vedolizumab use in a real-life setting (61). 118/212
(55.7%) of patients included had strictures or fistulas. After 12 months, resection was
required in two patients with small bowel strictures. Although, the available evidence favors
the use of systemic TNF antagonists in obstructing CD, its effect of improvement is likely
mediated by an anti-inflammatory efficacy. Novel biologics, as long as they show
comparable or better anti-inflammatory effects will likely show comparable or better
efficacy, but data to date is lacking.

It is generally thought that surgical resection or stricturoplasty are ultimately necessary to
resolve symptomatic obstruction in fibrostenotic CD. EBD is a favorable and commonly
used modality to treat CD strictures. However, many patients do require a second EBD or
surgery following a successful dilation (32). Unfortunately, the addition of intralesional
steroids or biologics following EBD has not dramatically changed the natural history. One
recent systematic review addressing outcomes of EBD in stricturing CD have shown that
after 24 months of follow up from EBD, 73.5% of patients require a re-dilation and 42.9%
surgical resection (62). The authors concluded that strictures injected with triamcinolone did
not have any difference in short or long term outcomes, or complication rates compared to
those without injections. At this time, there is no strong evidence supporting the use of
intralesional medications with EBD in small bowel CD strictures. Most available studies that
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evaluated intralesional medications are limited by small sample size, lack of a control group,
and heterogeneous location of de novo and anastomotic strictures. Thus, meaningful
recommendations from the current data are difficult to make on the basis of this evidence.

Only two randomized placebo controlled studies (one adult (46), one pediatric (38))
compared intralesional steroids to saline in patients who had failed medical therapy. In adult
patients, quadrantic triamcinolone injection after EBD of CD ileocolonic anastomotic
strictures was compared to placebo (46). The study was prematurely terminated due to a
perceived higher need for re-dilation in the steroid group. However, stopping criteria for this
study were not pre-specified. This study was not adequately blinded with the masking of
injected syringe contents. The authors cautioned the use of corticosteroid injection until
more data are available. In keeping with this recommendation, routine application of
intralesional steroids with EBD either is not endorsed by current guidelines (63), or not
mentioned for CD management (8). Conversely, in the first and only pediatric RCT on
intralesional steroids after EBD, the ITT analysis showed 1/15 patients needed redilation in
the steroid group compared to 5/14 receiving placebo. Furthermore, 4/14 receiving placebo
required surgery compared to 0/15 receiving steroids. Overall, this study concluded that
intralesional steroids are an effective strategy in decreasing redilation and surgery rates.

Only one case series of six patients has evaluated intralesional TNF antagonist injections.
An improvement in symptoms and the modified SES-CD was noted in all who received
intralesional infliximab injections (48). Study limitations include a short 6 month follow up
period, and no prior systemic infliximab exposure, limiting the generalizability of the
results. Most importantly, despite the promising results, the lack of randomization, blinding
and a control group make definitive conclusions regarding intervention efficacy difficult and
no recommendations are possible until well-conducted, controlled studies are available.

Our study is the first systematic review to evaluate the rates of surgical resection or repeat
EBD in both systemic medical or endoscopic intralesional therapies in established small
bowel CD strictures. However there were several important limitations, primarily due to the
quality and quantity of available data. The primary weakness is the paucity of high quality
RCTs. Comparisons across studies were particularly challenging with stricture
characteristics, follow up length, and medication therapy duration being highly variable
and/or not fully reported. Population size was utilized to calculate primary outcomes for this
study. As the studies were heterogeneous and there was a lack of RCTs, a meta-analysis
could not be performed and caution in the interpretation of the data is warranted. Another
important limitation is that most studies analyzed in this systematic review combined de-
novo strictures and anastomotic ileocolic strictures. Post-surgical strictures may have a
component of ischemia that may affect their responsiveness to systemic and local therapies.
Anastomotic CD strictures have been described to have better long-term outcomes in EBD
than de novo strictures (64). Furthermore, few studies reported dietary changes, which may
be a confounding factor in the rapidity with which surgery or EBD was required.

In conclusion, this systematic review has detected a significant need for controlled studies of
both systemic medical and intralesional therapies for small bowel CD strictures. Despite not
tested in a randomized controlled fashion, the strongest support exists for systemic TNF
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antagonists. Intralesional steroid therapies do not provide long term benefit and may be
harmful (46). Therefore, the need for controlled studies with biologic therapies, and
specifically the need for anti-fibrotic therapies in stricturing CD are substantial. The Stenosis
Therapy and Anti-fibrotic Stricture Consortium created definitions and targets for stricture
therapy (49) and is currently developing validated clinical trial endpoints to test them.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CDAI Crohn’s Disease Activity Index
EBD Endoscopic balloon dilation
IBD Inflammatory bowel disease
IFX Infliximab
ITT Intention to treat
MRE Magnetic Resonance Enterography
MRI Magnetic Resonance Imaging
RCT Randomized Controlled Trial
SBO Small bowel obstruction
SICUS Small intestinal contrast ultrasound
SES Simple endoscopic score
TNF Tumor necrosis factor
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Figurel.
PRISMA flow chart search strategy for systemic medical stricture therapy for small bowel

Crohn’s Disease strictures. *Records excluded as review articles, editorials, case reports,
Non-Crohn’s disease, book chapters, abstracts, non-English articles. **Records excluded for
reasons including: steroid injection (5), pediatric population (4), balloon dilation (7),
efficacy of single balloon enteroscopy (1), enteral nutrition (2), tuberculosis medication as
intervention (1), absent stricture (post resection) (6), endpoints not specified (2), non-small
bowel stricture (19).
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Figure2.

PRISMA flow chart search strategy for endoscopic intralesional medication injection for
small bowel Crohn’s Disease strictures. *Records excluded as review articles, case reports,
Non-Crohn’s disease, book chapters, abstracts, non-English articles. **Records excluded for
reasons including: non-small bowel stricture (pylorus, esophageal, colon, rectum, pouch)
(7), pediatric population (2), no use of intralesional therapies after EBD (1), review article
(2), peristomal pyoderma gangrenosum (1), ulcerative colitis stricture (1), bowel stent
insertion (2).
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02 04 06 038

Forest Plot for studies reporting on surgical rate of small bowel Crohn’s disease strictures
treated with systemic agents. Random effects model demonstrating a pooled event rate for
surgical resection of 27.6% (95% Cl: 18.4%-39.3%; 12 75%, t2 56.3%) over a median
follow up time of 23 months (range 5.5-105.8). *Randomized controlled trial and only study
not involving biologic agents.
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Forest Plot for studies reporting on surgical rate of small bowel Crohn’s disease strictures
treated with intralesional medications post endoscopic balloon dilation. Random effects
model demonstrating a pooled event rate for surgical resection 18.5% (95% CI: 8.3-36.2%,
12: 62%, t2 58.2%) over a median follow up time of 21.8 months (range 5-47). *intralesional

infliximab, all other studies utilized intralesional corticosteroids.
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Study Events Total Proportion [95%-Cl]
East, 2007* 5 7 0.714 [0.290; 0.963] ,
Brooker, 2003 4 14 0.286 [0.084; 0.581] —=
Foster, 2008 13 24 0.542[0.328; 0.744] —
Hendel, 2014 5 6 0.833[0.359; 0.996) B
Ramboer, 1995 11 13 0.846 [0.546; 0.981] ——
Singh, 2005 1 5 0.200 [0.005; 0.716] I
Fixed effect model 69 0.565 [0.447; 0.677] <'>
Random effects model 0.583 [0.366; 0.773] —

f T T T T 1

Heterogeneity: 12 = 59%, <2 = 0.7134, p = 0.04

o

02 04 06 038

Figure5.
Forest Plot for studies reporting on repeat endoscopic balloon dilation of small bowel

Crohn’s disease strictures treated intralesional agents. Random effects model demonstrating
a pooled event rate for balloon dilation of 58.3% (95% CI: 36.3%-77.3%; 12: 59%, t2
71.3%) over a median follow up of 21.8 months (range 5-47). *Randomized controlled trial.
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