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Abstract

Background: Risk factors for intervention in terminal ileal (TI) stricturing Crohn's
disease (CD) are poorly defined. Novel and rigorous definitions for Tl strictures
recently became available.

Objective: We aimed to describe the rates of symptoms or need for endoscopic
balloon dilation (EBD) or surgery as well as risk factors of progression in a well-
defined stricturing CD cohort.

Methods: Consecutive adult patients with non-penetrating stricturing Tl CD, as
defined by centrally-read magnetic resonance enterography CONSTRICT criteria,
were separated into a derivation and validation cohort. Clinical and imaging char-
acteristics were collected following prespecified scoring conventions. Primary
outcome was a composite endpoint of EBD or surgery (“intervention”). Multivariable
analysis was performed.

Results: Eighty-six patients (48.8% female, median age 36 years) met selection
criteria, 17.4% had prior EBD, 59.3% previously received biologics and 58.1% of
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INTRODUCTION

Stricturing disease is a significant clinical problem with more than half
of Crohn's disease (CD) patients developing clinically-apparent bowel
obstruction in their lifetime.! Current long-term therapy is interven-
tional only, such as endoscopic balloon dilation (EBD) or surgery.? Anti-
inflammatory therapies can provide short-term relief, but obstruction
recurs in most patients.® Despite frequent occurrence of CD strictures
there is limited information about progression rate and risk factors for
progression, which would guide clinical decision-making between
medical therapy, dilation and surgery. A major limitation of existing
studies* 7 is the absence of a commonly accepted definition for stric-
turing disease, leading to heterogenous patient populations.’® Many
studies incorporated patients with internal penetrating disease,*>%11
confounding results as penetrating complications are themselves an
indication for surgery.'? No central reading based on scoring con-
ventions has been performed and stricture location was heterogenous
with studies including upper gastrointestinal, mid-small bowel and
colonic strictures in addition to terminal ileal (TI) strictures.*>?1113.14
Different imaging modalities, such as CT, MRI, CT enterography,
magnetic resonance enterography (MRE) and intestinal ultrasound
have been combined into single studies with their reliability and
comparison between them being unknown.

Surprisingly, the progression rate and risk factors for progression
of non-penetrating Tl stricturing CD, the most common stricture
location, remains an unmet need. A global expert panel through the
Stenosis Therapy and Anti-fibrosis Research Consortium is working on
developing endpoints and validated clinical, radiologic and histopath-
ologic scoring systems,'® and established definitions for Tl stricturing
disease, the so-called CONSTRICT criteria.'® MRE was determined the
most appropriate imaging modality to assess strictures in CD.1¢”
Patients with Tl stricturing CD have been deemed the most appro-
priate population for inclusion in clinical trials for fibrostenosing CD.¢
Determination of progression rate to intervention is critical for patient
counseling and decision-making as well as for feasibility assessments

and power calculations in potential anti-fibrotic therapeutic trials.

strictures were anastomotic. Median follow-up was 63.4[95% Cl: 57, 68.9] months. In
the derivation cohort, at 12 and 48 months, 26% and 45% of patients had interven-
tion, respectively. Multivariable analysis showed obstructive symptoms (Hazard ratio
[HR] 1.444; 95% CI 1.126-1.852), stricture duration (HR 0.974; 95% Cl, 0.954-0.995)
and length (HR 1.039; 95% Cl, 1.011-1.069) predicted intervention. The concordance
index for split-sample validation was 0.74 and 0.67, respectively. Biologics were not
associated with intervention. An online risk calculator was constructed.

Conclusion: In patients with Tl stricturing CD, 26% and 45% required intervention
at 1 and 4 years. Obstructive symptoms, stricture duration and length were inde-
pendent and validated predictors of the need for intervention. These findings are

important for clinical practice and aid in the design of future trials for CD strictures.

Crohn's disease, dilation, intervention, stricture, surgery

Key summary

Summarise the established knowledge on this subject

e A significant number of patients with Crohn's disease
develop stricturing complications.

e Risk factors for progression to intervention are poorly
defined, especially in purely stricturing CD without in-
ternal penetration.

e No information is available about progression rate and
risk factors in patients using the novel stricture
CONSTRICT criteria.

What are the significant and/or new findings of this study?

e Twenty six percent of patients with stricturing disease
undergo balloon dilation or surgery within 1 year and
45% within 4 years.

e The number of obstructive symptoms, stricture duration

and length predict subsequent intervention.

To fill this knowledge gap, we investigated progression rate to
and risk factors for intervention of non-penetrating stricturing TI CD
in a well-defined population using accepted objective pre-specified
stricture criteria and central reading.

METHODS
Study population

We performed a single center retrospective cohort study of patients
with TI stricturing CD. All consecutive patients with an established
CD diagnosis who underwent MRE at the Cleveland Clinic between
September 2013 and April 2016 were identified through a
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prospectively maintained IRB-approved radiology database. This
timeframe was chosen to include MRE performed with state-of-the-
art protocols,>” while allowing adequate follow-up to meet the study
objective. To ensure study rigor, MREs were centrally read by an
expert radiologist with experience in inflammatory bowel disease
(IBD) imaging (M.B.) blinded to the outcome parameters. Magnetic
resonance enterography scoring conventions for each item were
developed prior to central reading (Supplementary Table S1,
Supplementary Appendix).

We included: (1) adult patients with a confirmed diagnosis of CD
for at least 3 months (2) the presence of no more than two Tl naive or
anastomotic small bowel strictures on MRE as defined by the
CONSTRICT criteria (see ‘Definitions’) (3) MRE performed according
to commonly accepted technical parameters®” with imaging quality
being deemed sufficient by the central reader radiologist. We
excluded: (1) internal penetrating disease including fistula, abscess or
inflammatory mass at baseline (a blind-ending sinus was not
excluded); (2) prior strictureplasty at the stricture site; (3) multifocal
strictures (>2 Tl strictures at the time of baseline MRE [where two
strictures within 3 cm are considered the same stricture; a long
segment with multiple areas of narrowing or multiple strictures with
inflammation between them is counted as one stricture]); (4) stricture
located >15 cm proximal to the ileocecal valve or ileocolic anasto-
mosis; (5) ileal pouch anal anastomosis or Kock pouch; (6) proximal
diverting loop ileostomy; (7) stricture associated with an ileostomy;
(8) gastrointestinal malignancy; (9) stricture due to other pathologies;
(10) concurrent colonic stricture. The selection criteria are consistent
with a CD population with Tl strictures in reach of ileocolonoscopy
without associated complications. Symptoms were recorded at
baseline, but were not an inclusion criterion. This population was
chosen as it represents the most commonly encountered patient
group and was determined to be the population to be included in the
initial trials for fibrostenosing CD.®

The dataset was chronologically separated into two subsets for
split sample validation on predicting intervention: a derivation subset
with the first 58 patients and a validation subset with the subsequent
28 patients. The patients were ordered chronologically based on
MRE date.

Data collection and definitions

The prospectively-maintained radiology database was linked with a
prospectively-maintained electronic medical record for all patients.
Patient demographics, medical and surgical CD history, endoscopic
and laboratory data, as well as multiple radiologic characteristics
were documented. Specific collected data points can be found in
Supplementary Table S1, Supplementary Appendix. Items were
identified in a systematic review!® and are consistent with the
stricture criteria developed by the CONSTRICT group.t®
Obstructive symptoms®® were collected and an obstructive
symptom index was devised ranging from 7 (maximal) to O (minimal)

(Supplementary Table S2). If no obstructive symptoms were recorded

in the chart, patient files were assessed for documentation of any CD-
related symptoms to ensure that the lack of obstructive symptoms was
not due to lack of recording of symptoms in general. Strictures on MRE
were defined according to the CONSTRICT criteria®®: (1) luminal
diameter reduction of at least 50% relative to normal adjacent bowel
loop; (2) 25% bowel wall increase relative to adjacent nonaffected
bowel; and (3) >3 cm pre-stricture dilation. Anastomotic strictures
were defined the same as naive strictures. Baseline MRE was defined as
the first MRE that met inclusion criteria.

Outcome measures

Four outcomes were pre-defined:*?2* (

1) surgery (and time to sur-
gery) during follow-up defined as a surgical procedure performed at
the stricture site; (2) EBD (and time to EBD); (3) time to intervention
(composite endpoint of surgery or EBD; primary endpoint); (4) the
presence of obstructive symptoms at baseline and throughout follow-
up. Exploratory outcome variables included the development of
penetrating complications during follow-up, time to biologic therapy
(among those who were not on biologic therapy at baseline) and time
to symptom occurrence for those asymptomatic at baseline. Follow-
up for each patient started at the time of the baseline MRE and was
censored at the time of surgery, when follow up was lost or at
48 months, whatever came first.

Statistical analysis and Ethical considerations followed standard

approaches and can be found in Supplementary Methods.

RESULTS
Patient demographics and disease characteristics

A total of 1101 MREs were reviewed for this study, of which 527
(47.8%) did not meet CONSTRICT criteria, 295 (26.8%) were
excluded as they occurred in pediatric patients, 59 were excluded
due to internal penetrating disease, 28 due to multifocal or proximal
strictures, and 21 were excluded as they were associated with a
pouch. Eighty six consecutive scans from 86 individual patients were
eligible (Supplementary Table S3; Table 1). Median follow-up from
baseline MRE was 63.4 (95% Cl: 57, 68.9) months. Except for age at
baseline, there was no significant difference between the derivation

and validation cohort in terms of demographic features.

Event rates of and factors associated with EBD,
surgery and symptom occurrence in the derivation
cohort

EBD during follow-up

In the derivation cohort, median follow-up was 55.3 (95% ClI: 44.8,
59.6) months, during which 8%, 13% and 23% of patients required
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TABLE 1 Patient characteristics at baseline
[ALL] Derivation Validation
Characteristics N =86 N =58 N =28 p-value N
Age at CD diagnosis 21.3 [16.8; 28.0] 20.6 [15.9; 26.3] 245 [17.9; 37.1] 0.07 85
Age at baseline 36.7 [26.5; 56.1] 35.0 [24.4; 48.5] 47.2 [31.6; 61.7] 0.04 86
Gender 0.70 86
Female 42 (48.8%) 27 (46.6%) 15 (53.6%)
Race 0.55 86
Black or African American 2 (2.33%) 1 (1.72%) 1 (3.57%)
White 84 (97.7%) 57 (98.3%) 27 (96.4%)
Smoking 0.81 86
Never 52 (60.5%) 36 (62.1%) 16 (57.1%)
Active 13 (15.1%) 9 (15.5%) 4 (14.3%)
Past 21 (24.4%) 13 (22.4%) 8 (28.6%)
BMI (kg/m?) 25.5[21.9; 27.9] 24.9 [20.8; 27.9] 25.9 [22.9; 27.9] 0.54 86
Family history of IBD 0.50 86
Yes 32 (37.2%) 22 (37.9%) 10 (35.7%)
Unknown 3 (3.49%) 1(1.72%) 2 (7.14%)
Time since diagnosis (months) 154 [65.5; 327] 155 [69.0; 297] 144 [68.3; 344] 0.84 85
Time from diagnosis of stricture to baseline MRE (months) 6.31 [0.00; 35.7] 14.4 [0.00; 36.9] 1.40 [0.00; 34.8] 0.34 86
Disease location (non-exclusive)
Esophagus 2 (2.33%) 2 (3.45%) 0 (0.00%) >0.99 86
Stomach 3 (3.49%) 1 (1.72%) 2 (7.14%) 0.25 86
Duodenum 8 (9.30%) 5 (8.62%) 3 (10.7%) 0.71 86
Jejunum 7 (8.14%) 6 (10.3%) 1 (3.57%) 0.42 86
lleum 85 (98.8%) 57 (98.3%) 28 (100%) >0.99 86
Colon 41 (47.7%) 29 (50.0%) 12 (42.9%) 0.69 86
Montreal classification: 0.96 84
B2 34 (40.5%) 22 (38.6%) 12 (44.4%)
B2p 23 (27.4%) 16 (28.1%) 7 (25.9%)
B3 18 (21.4%) 13 (22.8%) 5 (18.5%)
B3p 9 (10.7%) 6 (10.5%) 3 (11.1%)
Prior ileal resection 52 (60.5%) 32 (55.2%) 20 (71.4%) 0.23 86
Number of prior resections 1.50 [1.00; 2.00] 2.00 [1.00; 2.00] 1.00 [1.00; 2.00] 0.53 52
Anastomotic stricture 50 (58.1%) 32 (55.2%) 18 (64.3%) 0.57 86
Presence of sinus at baseline 6 (6.98%) 3 (5.17%) 3 (10.7%) 0.39 86
Prior EBD of current stricture 15 (17.4%) 13 (22.4%) 2 (7.14%) 0.13 86
Time from last EBD to baseline (months) 9.17 [6.49; 35.2] 9.17 [5.55; 36.3] 20.7 [14.1; 27.4] >0.99 15
Duration of obstructive symptoms (months) 10.6 [3.45; 21.9] 12.6 [3.30; 23.8] 6.59 [5.36; 15.9] 0.61 41
Medications at baseline
Five-Aminosalicylic acid 19 (22.1%) 13 (22.4%) 6 (21.4%) >0.99 86
Systemic corticosteroids 21 (24.4%) 14 (24.1%) 7 (25.0%) >0.99 86
Anti-metabolites 9 (10.5%) 8 (13.8%) 1 (3.57%) 0.26 86
Methotrexate 3 (3.49%) 2 (3.45%) 1 (3.57%) >0.99 86
Biologics 51 (59.3%) 35 (60.3%) 16 (57.1%) 0.96 86

(Continues)
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TABLE 1 (Continued)

Characteristics

Albumin g/dI

Hemoglobin g/dI

Fecal calprotectin (mg/kg)

C-reactive protein (mg/dl)

[ALL]
N =286

4.20 [3.90; 4.50]
13.1 [11.7; 14.1]
318 [187; 374]

0.45 [0.20; 0.92]

Derivation
N = 58

4.20 [3.90; 4.50]
13.1[11.4; 14.1]
309 [201; 395]

0.45 [0.20; 1.18]

Validation
N =28

4.20 [3.88; 4.50]
13.1 [12.0; 14.1]
318 [200; 322]

0.40 [0.15; 0.65]

p-value N
0.79 69
0.69 74
0.61 9
0.63 28

Note: Bold values denote statistical significance at the p < 0.05 level.

Abbreviations: BMI, body mass index; CD, Crohn's disease; EBD, endoscopic balloon dilation; IBD, inflammatory bowel disease; MRE, magnetic

resonance enterography.
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(a) Time from baseline magnetic resonance enterography (MRE) to endoscopic balloon dilation (EBD). (b) Time from baseline

MRE to surgery. (c) Time from baseline MRE in asymptomatic patients to occurrence of obstructive symptoms. (d) Time from baseline MRE to

intervention

EBD at 12, 24 and 48 months, respectively (Figure 1a, Table 2). The

only factor associated with EBD on univariate analysis was the

presence of an anastomotic stricture (HR 8.10 [1.02-64.16];

p = 0.047) (Supplementary Table S4).

Surgery during follow-up

Median follow-up was 63.4 (95% Cl: 57, 68.9) months, during which

21%, 26% and 32% of patients required surgery at 12, 24 and



EL OUALI ET AL

963

TABLE 2 Cumulative rates of events during follow-up

Months N EBD rate (95% Cl) N Surgery rate (95% Cl)

Entire cohort

0 86 0 (0,0 86 0 (0,0)

6 69 0.04 (0.01,0.1) 71 0.17 (0.11,0.27)
12 60 0.09 (0.05,0.19) 65 0.23 (0.16,0.34)
18 54 0.13 (0.07,0.23) 61 0.26 (0.18,0.36)
24 52 0.13 (0.07,0.23) 57 0.29 (0.21,0.4)
36 44 0.21 (0.13,0.34) 53 0.31 (0.22,0.42)
48 32 0.27 (0.17,0.4) 40 0.36 (0.27,0.47)

Derivation cohort

0 58 0 (0, 0) 58 0 (0, 0)

6 48 0.02 (0, 0.12) 49 0.16 (0.08, 0.28)
12 42 0.08 (0.03, 0.2) 45 0.21 (0.12, 0.34)
18 36 0.13 (0.06, 0.27) 41 0.24 (0.15, 0.38)
24 34 0.13 (0.06, 0.27) 39 0.26 (0.17, 0.4)
36 31 0.18 (0.09, 0.33) 37 0.26 (0.17, 0.4)
48 26 0.23 (0.13, 0.4) 31 0.32 (0.22, 0.47)

Validation cohort

0 28 0 (0, 0) 28 0 (0, 0)

6 21 0.07 (0.02, 0.26) 22 0.21 (0.1, 0.42)
12 18 0.12 (0.04, 0.33) 20 0.29 (0.15, 0.49)
18 18 0.12 (0.04, 0.33) 20 0.29 (0.15, 0.49)
24 18 0.12 (0.04, 0.33) 18 0.36 (0.21, 0.56)
36 13 0.28 (0.14, 0.53) 16 0.39 (0.24, 0.6)
48 6 0.34 (0.17, 0.59) 9 0.44 (0.28, 0.64)

N Intervention rate (95% Cl) N Obstructive rate (95% Cl)
86 0(0,0) 45 0(0,0)

69 0.2 (0.13,0.3) 40 0.09 (0.03,0.22)
60  0.29(0.2,04) 35 0.2 (0.11,0.35)
54 0.34 (0.25,0.45) 31 0.27 (0.16,0.43)
52 0.35 (0.26,0.46) 28  0.32(0.2,048)
44 0.42 (0.33,0.54) 24 0.39 (0.27,0.55)
32 0.50 (0.39,0.61) 18  0.47(0.33,0.63)
58 0 (0, 0) 35 0 (0, 0)

48 0.17 (0.1, 0.3) 32 0.06 (0.01, 0.21)
42 0.26 (0.16, 0.39) 27  0.21(0.1,0.38)
36 0.33 (0.23, 0.47) 23 0.29 (0.17, 0.48)
34  0.35(0.24, 0.49) 20  0.36 (0.22, 0.54)
31 0.39 (0.28, 0.53) 17 0.42 (0.27, 0.61)
26  0.45(0.33,0.59) 14 0.49 (0.33,0.67)
28 0 (0, 0) 10 0 (0, 0)

21 0.25 (0.13, 0.45) 0.2 (0.05, 0.59)

18 0.36 (0.21, 0.56) 0.2 (0.05, 0.59)
18 0.36 (0.21, 0.56) 0.2 (0.05, 0.59)
18 0.36 (0.21, 0.56) 0.2 (0.05, 0.59)

13 0.51 (0.34, 0.7) 0.3 (0.11, 0.67)

A N 0O 0O ©© 0

6 0.59 (0.41, 0.78) 0.4 (0.17, 0.75)

Abbreviations: Cl, Confidence interval; EBD, Endoscopic balloon dilation.

48 months, respectively (Figure 1b, Table 2). During follow-up, 37
patients (42.5%) required bowel resection, while two patients un-
derwent strictureplasty. Only one patient (2.8%) was found to have
dysplasia (local and non-invasive cancer). Univariate factors associ-
ated with surgery were nausea/vomiting (HR 2.62 [1.03-6.67];
p = 0.04), the obstructive index (HR 1.41 [1.07-1.87]; p = 0.02), past
smoking history (HR 3.75 [1.31-10.77]; p = 0.01), stricture
length (HR 1.04 [1.01-1.07]; p = 0.003), restricted diffusion (strati-
on MRE (HR 10.62 [1.24-91.13]; p = 0.03)
(Supplementary Table S5).

fied pattern)

Occurrence of symptoms during follow-up

At baseline, 59.3% of patients had obstructive symptoms. Symp-
tomatic patients at baseline had a median symptom duration of 12.6
(IQR, 3.30-23.8) months prior to MRE. Among asymptomatic pa-
tients, 21%, 36% and 49% patients developed symptoms at 12, 24
and 48 months, respectively (Figure 1c).

Event rates of and factors associated with
intervention in the derivation cohort

The primary endpoint of intervention was defined as the composite
need for EBD or surgery during follow-up (whichever came first).
Intervention rates at 12, 24 and 48 months were 26%, 35% and 45%,
respectively (Figure 1d, Table 2). By univariate analysis, factors
associated with intervention were nausea/vomiting (HR 2.43 [1.09-
5.44]; p = 0.03), the obstructive index (HR 1.40[1.10-1.79]; p = 0.01),
body mass index (HR 1.06 [1-1.12]; p = 0.049), stricture duration (HR
0.98 [0.96-0.99]; p = 0.04), stricture length (HR 1.03 [1.002-1.05];
p = 0.03), restricted diffusion (stratified pattern) on MRE (HR 8.59
[1.03-71.46]; p = 0.047), and fibrofatty proliferation on MRE (HR
2.36 [1.02-5.47]; p = 0.046) (Table 3).

On multivariable analysis, predictors of intervention in the
derivation cohort were duration of stricture (HR 0.97 [0.95-0.995];
p = 0.016 for longer stricture duration), stricture length (HR 1.04
[1.01-1.07]; p = 0.007) and the obstructive symptom index (HR 1.44
[1.13-1.85]; p = 0.004) (Table 4). After adjusting for other predictors,
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TABLE 3 Risk factors associated with the outcome of intervention on univariate analysis

Derivation cohort

Intervention status

Risk factor No intervention (N = 33) Intervention (N = 25) HR 95% ClI p-value
BMI (kg/m?) 22.0 [19.9; 27.4] 26.2 [24.3; 27.9] 1.06 1-1.12 0.049
Smoking status

Never 23 (69.7%) 13 (52.0%) Reference

Active 5 (15.2%) 4 (16.0%) 1.37 045-4.19  0.59

Past 5 (15.2%) 8 (32.0%) 2.32 0.96-5.64  0.06

Duration of stricture (Months) 25.9 [0.00; 41.2] 0.56 [0.00; 22.9] 0.98 0.96-0.999 0.04
Presence of nausea/vomiting

No 28 (84.8%) 15 (60.0%) Reference

Yes 5(15.2%) 10 (40.0%) 243 1.09-5.44  0.03

Obstructive symptom index 0.00 [0.00; 0.00] 2.00 [0.00; 3.00] 1.40 1.10-1.79 0.01

Duration of obstructive symptoms (Months) 19.9 [5.82; 30.1] 10.6 [3.10; 23.8] 0.98 0.95-1.02 0.37
Biologic therapy before baseline

No 14 (42.4%) 9 (36.0%) Reference

Yes 19 (57.6%) 16 (64.0%) 1.280 0.57-2.90 0.56

Fecal calprotectin (mg/kg) 244 [187; 374] 624 [624; 624] NA NA NA

C-reactive protein (mg/dl) 0.60 [0.30; 1.75] 0.40 [0.20; 0.55] 0.63 0.28-1.40 0.26
Anastomotic stricture

Naive 16 (48.5%) 10 (40.0%) Reference

Anastomotic 17 (51.5%) 15 (60.0%) 1.30 0.58-2.89 0.3
Presence of sacculations

No 18 (56.2%) 13 (54.2%) Reference

Yes 14 (43.8%) 11 (45.8%) 1.05 0.47-235 091

Narrowest luminal diameter within stricture (mm) 18.5 [16.8; 21.0] 18.0 [17.0; 22.0] 1.04 0.94-1.16 0.42

Length of stricture (cm) 7.00 [4.35; 21.0] 17.0 [10.0; 28.0] 1.03 1.002-1.05 0.03

Maximal diameter of proximal small bowel dilation (mm) 35.0 [33.0; 41.0] 36.0 [33.0; 44.0] 1.04 0.995-1.08 0.09
Perienteric fat stranding

Absent 26 (83.9%) 17 (68.0%) Reference

Present 5(16.1%) 8 (32.0%) 1.52 0.65-352 0.34
Presence of sinus:

Absent 32 (97.0%) 23 (92.0%) Reference

Present 1 (3.03%) 2 (8.00%) 2.19 0.51-931 0.29

Maximal wall thickness of stricture 9.00 [8.00; 10.0] 11.0 [8.00; 12.0] 1.12 0.99-1.28 0.08
Ulceration:

Absent 15 (45.5%) 10 (40.0%) Reference

Present 18 (54.5%) 15 (60.0%) 1.05 047-234 0.90
Pattern of enhancement portal or enteric phase

Stratified 9 (27.3%) 12 (48.0%) Reference

Homogenous 6 (18.2%) 1 (4.00%) 0.20 0.03-1.53 0.12
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TABLE 3 (Continued)

Derivation cohort

Risk factor
Luminal (inner wall) only
Pattern of enhancement delayed
Delayed GD not available
Stratified
Homogenous
Luminal (inner wall) only
Intensity of delayed enhancement
Delayed GD not available
Greater than portal
Equal to portal
Less than portal
Restricted diffusion
DWI not available
Absent
Present homogenous
Present stratified
Present luminal
Intramural fat
Absent
Present
Whiskering
Absent
Present
Perienteric edema or fluid
Absent
Present
Vasa recta distension
Absent
Present
Fibrofatty proliferation
Absent
Present
VAS increasing inflammation
VAS non-inflammation damage

VAS global

Intervention status

No intervention (N = 33)

18 (54.5%)

1 (3.12%)
3(9.38%)
16 (50.0%)
12 (37.5%)

1 (3.03%)
12 (36.4%)
17 (51.5%)
3 (9.09%)

29 (87.9%)
1 (3.03%)
1 (3.03%)
0 (0.00%)
2 (6.06%)

5 (15.2%)
28 (84.8%)

14 (46.7%)
16 (53.3%)

27 (84.4%)
5 (15.6%)

27 (81.8%)
6 (18.2%)

20 (60.6%)
13 (39.4%)
15.0 [10.0; 15.0]
20.0 [10.0; 30.0]
25.0 [20.0; 35.0]

Intervention (N = 25)
12 (48.0%)

2 (8.00%)
7 (28.0%)
12 (48.0%)
4 (16.0%)

2 (8.00%)
13 (52.0%)
10 (40.0%)
0 (0.00%)

23 (92.0%)
0 (0.00%)
0 (0.00%)
1 (4.00%)
1 (4.00%)

1 (4.00%)
24 (96.0%)

8 (33.3%)
16 (66.7%)

20 (83.3%)
4 (16.7%)

19 (76.0%)
6 (24.0%)

8 (32.0%)

17 (68.0%)

15.0 [10.0; 20.0]
20.0 [15.0; 30.0]
27.5 [20.0; 32.5]

0.69

Reference
2.14
0.85
0.43

Reference
111

0.72

NA

Reference
NA

NA

8.59

0.82

Reference

2.66

Reference

1.43

Reference

0.95

Reference

1.23

Reference
2.36
1.03
1.02
1.02

95% CI
0.31-1.54

0.44-10.37
0.19-3.82
0.08-2.37

0.25-4.93
0.16-3.30
NA

NA

NA
1.03-71.46
0.11-6.09

0.36-19.72

0.61-3.34

0.33-2.78

0.49-3.07

1.02-5.47
0.98-1.10
0.99-1.05
0.99-1.05

p-value

0.36

0.35
0.84
0.33

0.89
0.67
NA

NA
NA
0.047
0.85

0.34

0.41

0.92

0.67

0.046
0.27
0.26
0.24

(Continues)
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TABLE 3 (Continued)

Validation cohort

Risk factor
BMI (kg/m?)
Smoking status
Never
Active
Past
Duration of stricture (Months)
Presence of nausea/vomiting
No
Yes
Obstructive symptom index
Duration of obstructive symptoms (Months)
Biologic therapy before baseline
No
Yes
Fecal calprotectin (mg/kg)
C-reactive protein (mg/dl)
Anastomotic stricture
Naive
Anastomotic
Presence of sacculations
No
Yes
Narrowest luminal diameter within stricture (mm)
Length of stricture (cm)
Maximal diameter of proximal small bowel dilation (mm)
Perienteric fat stranding
Absent
Present
Presence of sinus
Absent
Present
Maximal wall thickness of stricture
Ulceration
Absent
Present
Pattern of enhancement portal or enteric phase
Stratified
Homogenous

Luminal (inner wall) only

Intervention status

No intervention (N = 45)

25.8 [22.1; 27.9]

7 (58.3%)
2 (16.7%)
3 (25.0%)
0.00 [0.00; 1.41]

10 (83.3%)

2 (16.7%)

0.00 [0.00; 2.00]
5.26 [3.09; 5.65]

4 (33.3%)

8 (66.7%)

322 [320; 323]
0.50 [0.30; 0.70]

5 (41.7%)
7 (58.3%)

9 (75.0%)
3 (25.0%)
17.0 [16.0; 20.0]
8.20 [4.75; 24.2]
35.0 [32.0; 36.5]

10 (83.3%)
2 (16.7%)

10 (83.3%)
2 (16.7%)
10.0 [7.00; 11.2]

5 (41.7%)
7 (58.3%)

4 (33.3%)
4 (33.3%)
4 (33.3%)

Intervention (N = 41)

25.9 [23.2; 27.7]

9 (56.2%)
2 (12.5%)
5 (31.2%)
16.5 [0.00; 42.7]

4 (25.0%)

12 (75.0%)

2.00 [2.00; 3.00]
14.4 [5.98; 16.8]

8 (50.0%)
8 (50.0%)
83.0 [83.0; 83.0]
0.10 [0.10; 0.10]

5 (31.2%)
11 (68.8%)

12 (75.0%)

4 (25.0%)

20.0 [18.0; 21.0]
9.75 [4.90; 16.5]
34.5 [32.5; 45.0]

13 (81.2%)
3 (18.8%)

15 (93.8%)
1 (6.25%)
9.50 [8.00; 11.0]

8 (50.0%)
8 (50.0%)

6 (37.5%)
3 (18.8%)
7 (43.8%)

28
28

28
28

28

18

28

28

28

27
28
28
28

28

28
28

28
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TABLE 3 (Continued)

Validation cohort

Intervention status

Risk factor No intervention (N = 45) Intervention (N = 41)

Pattern of enhancement delayed

Delayed GD not available 1 (8.33%) 0 (0.00%)
Stratified 1 (8.33%) 6 (37.5%)
Homogenous 8 (66.7%) 10 (62.5%)
Luminal (inner wall) only 2 (16.7%) 0 (0.00%)

Intensity of delayed enhancement

Delayed GD not available 1 (8.33%) 0 (0.00%)
Greater than portal 6 (50.0%) 6 (37.5%)
Equal to portal 4 (33.3%) 10 (62.5%)
Less than portal 1 (8.33%) 0 (0.00%)

Restricted diffusion

DWI not available 2 (16.7%) 0 (0.00%)
Absent 2 (16.7%) 4 (25.0%)
Present homogenous 3 (25.0%) 4 (25.0%)
Present stratified 2 (16.7%) 3(18.8%)
Present luminal 3 (25.0%) 5(31.2%)

Intramural fat

Absent 0 (0.00%) 2 (12.5%)

Present 12 (100%) 14 (87.5%)
Whiskering

Absent 6 (54.5%) 8 (50.0%)

Present 5 (45.5%) 8 (50.0%)

Perienteric edema or fluid
Absent 11 (91.7%) 13 (86.7%)
Present 1 (8.33%) 2 (13.3%)
Vasa recta distension:
Absent 10 (83.3%) 14 (87.5%)
Present 2 (16.7%) 2 (12.5%)

Fibrofatty proliferation

Absent 6 (50.0%) 7 (43.8%)
Present 6 (50.0%) 9 (56.2%)
VAS increasing inflammation 15.0 [10.0; 21.2] 17.5 [10.0; 25.0]
VAS non-inflammation damage 20.0 [15.0; 25.0] 27.5 [15.0; 35.0]
VAS global 25.0 [23.8; 36.2] 32.5 [23.8; 40.0]

28

28

28

28

27

27

28

28

28
28
28

Note: Statistics presented as Median [P25, P75] and N (column %). Bold values denote statistical significance at the p ( 0.05 level.

Abbreviations: BMI, body mass index; Cl, confidence interval; DWI, diffusion-weighted imaging; EBD, endoscopic balloon dilation; GD, gadolinium; HR,

hazard ratio; NA, not applicable; VAS, visual analog scale.
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with every unit increase in the obstructive index reflecting one
additional obstructive symptom, the risk of intervention increased by
44.4%.

Validation of risk factors for intervention in the
validation cohort

Including the factors stricture duration, length and obstructive index,
the concordance index of the model for the derivation dataset was
0.74 (Figure 2a). In the validation cohort the model could predict
intervention with a concordance index of 0.67 (Figure 2b), indicating
a good model fit. A nomogram describing the relationship between
predictors and the predicted intervention probability at one and
4 years in the dataset was developed (Figure 3, see Supple-
mental Figure S1 for an example explaining the use of the nomo-
gram). In addition, the model was used to create an online risk
calculator for predicting intervention, accessible at https://riskcalc.
org/CrohnsDiseaseSmallBowelStricture.

A subgroup analysis was performed on patients with naive
strictures in the validation cohort. Although this was limited by the
small size (10 out of 28 patients had naive strictures), the concor-
dance index was 0.88, which indicates a good prediction. The model is

therefore still valid among patients without anastomotic strictures.

Penetrating complications and impact of biologics
during follow-up

Six patients (6.90%) developed penetrating complications during
follow-up. None of them had a sinus on baseline imaging. Importantly,
there was no association between biologic use during follow-up and
outcomes, including the occurrence of symptoms, EBD, surgery and
the composite outcome of intervention (Supplementary Table Sé6).

DISCUSSION

In patients with stricturing TI CD as defined by the CONSTRICT
criteria’® and treated according to contemporary standard of care,

obstructive symptoms, shorter stricture duration and increased

TABLE 4 Multivariable model predicting intervention with
split sample validation

Risk factor HR 95% ClI p-value
Obstructive index 144  1.13-1.85 0.004
Length of stricture 1.04 1.01-1.07 0.007
Duration of stricture 0.97 0.95-0.995 0.016
Biologics before baseline 2.12 0.88-5.08 0.09
Maximal wall thickness of stricture ~ 1.12  0.98-1.28 0.09

Note: Bold values denote statistical significance at the p < 0.05 level.

stricture length were found to be associated with intervention (EBD
or surgery) in a derivation and validation design.

A major limitation of the current literature is the lack of stricture
definitions. A systematic review assessing cross-sectional imaging for
stricturing CD found significant heterogeneity in the definitions used
among studies.’® A consensus-based set of diagnostic criteria has
therefore been recommended by the CONSTRICT group in order to
standardize stricture definitions. Our study is the first to describe the
rate of progression and risk factors of stricturing CD using the new
criteria. Other limitations in the available literature include the in-
clusion of mixed populations, the lack of validation of predictors,

inclusion of patients with pre-existing internal penetrating disease,
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FIGURE 2 Calibration plot of the multivariable model.
(a) Derivation dataset. (b) Validation dataset
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FIGURE 3 Nomogram depicting intervention probability

the presence of multifocal strictures (including colonic strictures) and
the lack of central reading. #2222 The importance of central reading
has previously been demonstrated for endoscopy and histopatholo-
gy.2* Our study addresses these gaps by including a well-defined
population from a prospectively-maintained registry using a
consensual stricture definition, with central reading and validation of
results. Of note, included patients had to have no more than 2 small
bowel strictures. This criterion was selected in order to represent the
majority of the stricture patient population, as well as to reflect the
patient population selected in current or future clinical trials
(NCT05013385) and thereby allowing development of a prediction
model that can be used for power calculations in these settings.

Information on the progression rate and risk factors of inter-
vention of stricturing disease is limited. Our findings are in line with a
prospective cohort study* which assessed outcomes of adalimumab
therapy in stricturing small bowel CD. Increased stricture length,
obstructive symptoms as well as “recent” onset of obstructive
symptoms were associated with failure of medical therapy, among
others. In that study however, heterogenous stricture definitions
were used, only adalimumab was allowed as a therapy, specified
outcomes were different and images were not centrally evaluated.
Increased stricture length was also associated with surgery in other
studies.'*22 Importantly, stricture length has recently been found to
be measurable in a highly reliable manner, making this risk factor for
intervention broadly applicable.?®

In our study, the number of obstructive symptoms was associ-
ated with the need for intervention. Using a simple obstructive
symptom index, we demonstrate that a higher score is linked with a
higher likelihood to require intervention. This can be a useful tool
that is simple to use in practice to help identify patients at higher risk
of requiring intervention despite standard medical therapy and help
in decision-making in clinical practice until a validated patient-

reported outcome instrument is available. An important finding was

the high rate of patients without obstructive symptoms. It is critical to
highlight that most patients reported symptoms consistent with IBD
but that up to 40% had no obstructive symptoms at baseline (as
defined by the CONSTRICT panel and used in prior studies®). This
indicates, comparable to luminal CD, a disconnect between symp-
toms and objective markers of disease. Among asymptomatic pa-
tients, less than half developed symptoms at 4 years. This finding also
challenges the Montreal classification as the latter generally relies on
symptoms triggering imaging to correctly classify patients. Since it
does not require imaging, it may in fact need to be revisited given the
high rate of “silent” strictures.

Shorter duration of obstructive symptoms as a risk factor for
intervention is interesting. This may be related to the clinically
observed phenomenon of accommodation of symptoms with longer
stricture duration or patients adapting by dietary or lifestyle changes
or may be due to separation of ‘acute’ and more severe obstructions
from ‘chronic’ but less severe presentations.

Of note, although anastomotic strictures were more likely to be
shorter, they were not associated with the outcome of intervention,
suggesting a similar approach to managing anastomotic and naive
strictures can be considered. An interesting observation was the low
rate of fistulizing complications. This is critical information regarding
the progression of stricturing disease. It may represent a true low
rate of fistulizing complications in our patient population with purely
stricturing disease as MRE was required for inclusion and hence no
‘silent’ internal penetrating disease was present. Development of
fistulizing disease in the setting of a stricture may take several years
and follow-up may not have been long enough to detect the devel-
opment of penetrating complications.

Importantly, biologic use was not associated with any of the
outcomes in the present study. In CREOLE, patients were treated
with adalimumab but the study was observational and there was no

control arm in order to evaluate of the true impact of biologics. In a
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systematic review assessing biologics in stricturing CD,° 28.3% of
patients required surgery at 23 months, comparable to our findings,
where 29% at 24 months required surgery. Given the observational
nature of available data, no firm conclusion regarding the impact of
biologics in terms of delaying or preventing intervention can be
drawn. This raises the question of whether biologic therapy changes
the natural history of stricturing CD. Our results suggest that they
may not. This may be explained by the fact that once fibrosis is
established, it may be too late for biologics to make an impact. In
addition, biologics do not appear to change the progression to
stricturing or complicated CD,?4?” even when introduced early in a
pediatric prospective cohort.?® Further prospective studies are
needed to clarify the role of biologics in this setting.>?° In concor-
dance with this, factors associated with active inflammation such as
MRE features of inflammation and C-reactive protein were not
associated with any of the outcomes. This suggests that inflammation
(or treatment of inflammation with biologics as discussed above) may
not impact outcomes once strictures are established.

This study also highlights the pressing need for antifibrotic
development and the establishment of adequate endpoints in stric-
turing CD to support it. Until recently no pathway to design clinical
trials existed and respective endpoints were missing. This is being

addressed by a global consortium?®>t¢

and in fact the population
examined in this manuscript largely represents a population that was
included in the first global clinical trial testing antifibrotics in stric-
turing CD (NCT05013385). The information provided herein sup-
ports power calculations for this scenario as patients treated with
standard of care medical therapy would comprise the placebo arm in
this setting.

The limitations of our study include the observational nature of
the study and the limited number of patients (albeit comparable to
other published studies of this kind)>”?'%22 as well as non-
protocolized medical treatments. However, these patients were a
well-defined group treated according to currently accepted stan-
dards of care in a quaternary care IBD center and outcomes seen
here likely reflect outcomes that can be expected in “real-world”
practice. This manuscript noted a disconnect between symptoms and
the presence of strictures. Although this may be due to variations in
symptom reporting, a standardized electronic template for symptom
evaluation was used in most cases, which would make this possibility
unlikely. Another explanation would be that patients may adapt their
diet to avoid symptoms. Dietary restrictions are taken into account in
the obstructive symptom index, but may not be assessed systemati-
cally or in-depth during clinic visits. Finally, another more likely
explanation may be that obstructive symptoms develop later in the
disease course and that when they do occur, this is associated with a
need for intervention and portends poor response to medical ther-
apy. Nevertheless, this is an important consideration when planning
for clinical trials in stricturing disease in the future and does highlight
the need for further work to better define PROs in stricturing CD,
which is currently ongoing.'®

In conclusion, the present study shows that in a cohort of pa-
tients with Tl stricturing CD defined by the CONSTRICT criteria

and treated according to current standard of care, obstructive
symptoms, duration and length of stricture were independent and
validated predictors of the need for intervention. Future studies are
needed to establish appropriate endpoints in stricturing CD and
explore treatment targets. This should pave the way for clinical
trials to evaluate the role of antifibrotics in this setting, which are
eagerly awaited.
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