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Abstract

Background: Mucosal healing (MH) is an important treatment end-point in inflammatory bowel
disease (IBD), and achieving MH has been demonstrated to improve disease related outcomes.
Considerable uncertainty exists however, regarding the optimal approach for the assessment of
MH.

Aims: Compare currently available diagnostic tools for the assessment of MH, and outline the
ideal approach to integrating these tools into clinical trials and clinical practice.

Methods: Review article

Results: Endoscopy represents the gold standard for the assessment of MH, and frequent
endoscopic assessment is associated with a higher rate of achieving MH. The use of mucosal
biopsy allows for the identification of persistent histologic disease activity, but the incremental
clinical benefit of achieving histologic healing is yet to be determined. Magnetic resonance
enterography (MRE) has a high sensitivity for ulcer healing in endoscopically inaccessible disease
activity. However, the presence of mucosal lesions cannot be reliably excluded based on this
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modality alone and further small bowel endoscopy should be considered in symptomatic patients.
Video capsule endoscopy (VCE) or device assisted enteroscopy (DAE) can be used, with DAE
being preferred in stricturing Crohn’s disease due to the risk of capsule retention, or in patients
where small bowel malignancy is a possibility.

Conclusions: Endoscopy remains the gold standard for the assessment of MH. Several
alternative diagnostic modalities have become available that can be of value in specific clinical
circumstances, particularly in patients with small bowel involvement.

Introduction

Ulcerative colitis (UC) and Crohn’s disease (CD) are idiopathic inflammatory bowel
diseases (IBD) characterized by recurrent episodes of intestinal inflammation and mucosal
ulceration.1"3 Management strategies have traditionally been aimed at the non-specific
inhibition of inflammation with the intent of reducing disease related symptoms, such as
diarrhea, abdominal pain, and fatigue. Accordingly, treatment end-points have largely
focused on subjective measures of symptom severity.* Symptom based measures however,
correlate poorly with mucosal inflammation, are difficult to apply in clinical practice, and
have little value in predicting disease related morbidity and mortality.>8 Recent advances in
biologic therapy have transitioned treatment goals towards targeting specific inflammatory
mechanisms with the intent of modifying long-term outcomes such as disease related
complications, hospitalizations and surgery. Thus, efforts have now focused on identifying
well-defined, reliable, and readily measurable end-points that accurately predict treatment
response and long-term outcomes.®

Central to the pathogenesis of IBD is mucosal barrier dysfunction, which leads to an
aberrant host response to commensal microorganisms, and ultimately, loss of intestinal
immune homeostasis. The end result of this uncontrolled immune reaction is intestinal
inflammation, erosions, friability and mucosal ulceration.1-3 Thus, restoration of barrier
function through mucosal healing (MH) has the potential to be a key treatment target in IBD.
In support of this concept data from both clinical trials and prospective cohort studies have
demonstrated that the presence of MH following treatment is associated with better short
and long-term disease related outcomes.%11 The optimal approach to assessing and
integrating this new treatment target into clinical practice remains to be determined. In this
review we will highlight the modalities currently available for the assessment of MH, and
outline a pragmatic approach to integrating these tools into clinical practice. We anticipate
this will allow providers to better understand the changing role of MH in IBD and the
optimal approach to utilizing this end-point in clinical practice.

Mucosal healing: Clinical relevance and current definitions

A fundamental principle regarding the importance of MH as a treatment target for IBD is
that restoration of mucosal integrity is critical to re-establishing the barrier function of gut
epithelium. An intact mucosal barrier prevents the translocation of commensal bacteria into
the mucosa and submucosa, thereby down-regulating the pathological immune response,
which in turn, ameliorates clinical manifestations of the disease.!l Although symptom-based
metrics such as resolution of pain, bleeding and diarrhea hypothetically might be adequate
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surrogates for MH, a strong correlation has not been demonstrated between these methods of
assessment.> 612,13 A key feature of IBD is the repetitive nature in which epithelial damage
occurs, often before clinical signs manifest.14: 15 Thus, the chronicity of damage is often
well established at the time of presentation, and healing often lags behind symptomatic
improvement.® Logically this would suggest that symptom based assessments may be
neither sensitive nor specific enough, when used in isolation, to adequately manage patients.
Given the clinical impact of continued mucosal inflammation on short and long-term disease
related complications, and the clear impact improving endoscopic disease activity and
achieving MH has on reducing these risks,16-22 (Table 1) an impetus has developed to
include MH as a primary treatment target in both clinical trials and clinical practice.®

The greatest experience with the use of MH as a treatment target has been in the setting of
randomized controlled trials. (Table 2) Within these trials however, definitions have varied
considerably for both UC and CD. Hence, it is not surprising that no well validated and
widely accepted definitions exist in clinical practice. This deficiency has created
considerable uncertainty regarding the optimal approach to integrating MH as a treatment
target.12:13.23 |n UC, disease activity is limited to the mucosa and thus it seems plausible
that MH represents the ultimate therapeutic goal. Therefore, absence of friability, blood,
erosions, or ulcerations in all examined segments with restoration of a normal vascular
pattern seems to be a valid definition.” The definition of MH in CD is less easily defined
given the transmural nature of the disease and wide variability in lesion characteristics. The
International Organization for Inflammatory Bowel Disease has proposed defining MH in
CD as the absence of all visible ulcers.® Although this dichotomous definition is simple to
apply in clinical practice, it is relatively insensitive to change, and does not allow for a
quantification of overall improvement or improvement beyond ulcer healing. It is important
though to recognize that the importance of ‘complete’ MH beyond healing of ulcerations
and erosions is yet to be determined.24 Accordingly, for practical purposes, providers should
consider the term MH to represent the absence of friability (UC), ulcerations, and erosions
(UC and CD).

Performance characteristics of available diagnostic tools

Endoscopy

Endoscopy plays an integral role in the diagnosis, monitoring and management of IBD and
IBD related complications. One of the most important roles for endoscopy remains its ability
to assess and stratify disease activity, which in turn influences medical decisions.2 26 In the
past few years this role has been given greater prominence, and a new role has emerged in
the assessment and monitoring of treatment response.2”-29 Despite the overall willingness of
patients to undergo repeated assessment, ileocolonoscopy is not inexpensive, it places
patients at risk for complications, and its use can be limited by resource constraints.
Therefore, it is important to identify an optimal approach for utilizing this diagnostic tool in
an effort to maximize its clinical value.30-32

Feasibility and frequency of endoscopic assessment—Although MH is a well-
established outcome measure in clinical trials,? 33-48 data regarding its use as a treatment
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target in clinical practice is limited. A recent retrospective cohort study, performed at a
single institution, evaluated the practicality of treating to the target of MH in 67 CD patients.
28 patients underwent repeated endoscopy assessment of disease activity at a median interval
of 24 weeks (Interquartile range [IQR] 17 - 38). At the end of 62 weeks (IQR 44 — 79) of
follow-up, 34 (51%) patients had achieved MH and the only factors associated with
achieving MH were fewer than 26 weeks between initiation of treatment and time of
endoscopy (hazard ratio [HR] 2.35, 95% confidence interval [CI] 1.15 - 4.97, p=0.019), and
adjustment of medical therapy when MH was not observed on endoscopy (HR 4.28, 95% CI
1.9-11.5, p<0.001). A similar study in UC, which evaluated 60 patients who underwent at
least 2 consecutive endoscopic assessments of disease activity, demonstrated that repeated
endoscopic assessment was feasible and treatment adjustment based on endoscopy improved
the likelihood of achieving MH.2 These two studies demonstrate the feasibility of using
endoscopy for the assessment of MH in clinical practice, and suggest that re-evaluation
within a minimum of 24 weeks is necessary for success. However, these concepts still
require additional validation in larger, more methodologically rigorous studies. REACT 2 is
a cluster randomization trial in which approximately 40 international gastroenterology
practices and 1200 CD patients will be randomized to either an enhanced care algorithm
group, with treatment intensification guided by endoscopic assessment, or a conventional
step-up care algorithm. The primary outcome measure of the study is the risk of CD related
complications over the entire follow-up period.4®

Operating properties of endoscopic indices—Several endoscopic indices from
clinical trials are available for use in clinical practice.?: 13 (Table 3) The two endoscopic
indices most widely used and studied for CD are the Crohn’s disease endoscopic index of
severity (CDEIS) and the Simplified endoscopic score in Crohn’s disease (SES-CD). The
CDEIS is a complex scoring system where various descriptors (deep and superficial
ulcerations, ulcerated or non-ulcerated stenosis) are combined with the average extent of
diseased and ulcerated mucosa. Although the CDEIS allows for a complete and detailed
examination of disease activity, the index has fair interobserver agreement for grading of
superficial (intraclass correlation coefficient [ICC] 0.63 — 0.77) and deep ulcerations (ICC
0.67 — 1.00).12 The SES-CD, a simplified version of the CDEIS, has demonstrated a high
degree of correlation with the CDEIS for grading of disease activity (Pearson correlation
coefficient 0.89, 95% CI, 0.84 — 0.92; Spearman rank coefficient 0.91, 95% CI, 0.87 — 0.94,
p < 0.001) and responsiveness to changes in disease activity (Pearson’s r = 0.89, p <0.001),
with similar intra- and interobserver agreement.12 (Table 3) Therefore, the simplicity of use
and high degree of correlation with the CDEIS, make the SES-CD a favorable diagnostic
index for use in clinical practice.

Within UC, the most widely used endoscopic index is the Mayo endoscopic score. (Table 3)
This endoscopic index is simple to apply in routine practice, and the agreement among
central readers has varied with some studies demonstrating a high level of agreement
(Intracbserver: ICC 0.89, 95%CI 0.85 — 0.92; Interobserver: ICC 0.79, 95% CI 0.72 — 0.95),
13 and others suggesting only a fair to moderate level of agreement (Interobserver Kappa
0.38, 95% CI 0.33 — 0.43).%0 Given its inability to account for global severity, and the
simplicity of scoring (0-3 points), concerns arise regarding its ability to accurately quantify
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treatment response over time. In an effort to overcome this, an alternative index, the
Ulcerative Colitis Endoscopic Index of Severity (UCEIS) has been developed which take
into account a more detailed assessment of disease activity.

The UCEIS was developed based on a formal validation program, and takes into account a
more detailed scoring system for key sub-components with the least amount of variability
among readers (vascular pattern, bleeding, and erosions/ulcerations). This 8 point scoring
index has demonstrated excellent intra- and interobserver agreement among central readers
(intraobserver: ICC 0.89, 95% CI 0.85 — 0.93; interobserver: ICC 0.83, 95% CI 0.77 — 0.88),
51 and offers the advantage of a more detailed assessment for key sub-components as
compared to the Mayo score. The UCEIS can easily be translated into clinical practice for
monitoring treatment effect, and is likely to become the endoscopic index of choice for this
purpose.

Potential value of histologic disease activity assessment—Given the complex
molecular process involved in restoring intestinal barrier function, some authors have
suggested that histologic healing should be incorporated into the existing definitions of MH.
11,52 The incremental benefit of achieving histologic healing beyond that of endoscopic MH
in UC has been suggested, but the validity of current histologic scoring systems for this
purpose has not been established.>? Little is known about histologic healing in CD.
Recognizing that the definition of MH is evolving, and the prognostic value of histologic
healing in IBD is being actively studied, great potential exists for the use of histology as a
treatment target.>* Thus, it is important to understand how recent innovations in endoscopic
imaging technigues may influence our ability to assess histologically defined activity.>>: 56

Recent studies have shown that angiogenesis plays an important role in the pathogenesis of
IBD, and therefore monitoring of the mucosal vascular pattern might identify early or
residual disease activity in otherwise normal appearing mucosa.”® 57 There are two principal
mechanisms through which providers may enhance endoscopic visualization of the mucosal
vascular pattern. The first, dye based chromoendoscopy, is a technique wherein a dye (i.e.
methylene blue or indigo carmine) is sprayed on the mucosal surface at the time of
endoscopy. The second, dye-less chromoendoscopy, utilizes high-contrast imaging to
enhance mucosal details. This technique is based upon capturing varying wavelengths of
reflected light (optical chromoendoscopy, i.e. narrow band imaging (NBI); Olympus, Japan),
or through digital post-processing of the endoscopic images (digital chromoendoscopy, i.e. I-
scan; Pentax, Japan). The dye-less chromoendoscopy techniques are less effective for IBD
dysplasia surveillance when compared to dye based chromoendoscopy, but they offer the
advantage of being able to switch from conventional white light endoscopy to dye-less
chromoendoscopy with the push of a button.>8 The exact role of dye-less chromoendoscopy
for IBD disease activity monitoring is yet to be established.

In a pilot study of 14 IBD patients, Danese et al.>® demonstrated that the use optical
chromoendoscopy (NBI) detected increased angiogenesis in areas that appeared normal with
white light endoscopy. Kudo et al.®0 similarly demonstrated that, although white light
endoscopy was feasible for detecting the presence of a distorted vascular pattern, the
evaluation of mucosal vascular pattern with NBI yielded a much more precise determination
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of acute microscopic inflammation in patients with otherwise clinically and endoscopically
quiescent disease activity. A randomized double-blind control study was recently conducted
in 78 IBD patients comparing high definition white light endoscopy to computed virtual
chromoendoscopy. Within this study, the use of digital chromoendoscopy did not
significantly increase the overall duration of the procedure, but it did significantly improve
the characterization of mucosal inflammation extent and severity (p<0.001).61

In summary these newer techniques have the potential to improve the real time evaluation of
disease activity, however the clinical utility of this technology has not been rigorously
studied and must be established before these modalities are incorporated into routine
practice.52

Magnetic resonance enterography

Cross sectional imaging is important in CD for evaluating disease severity, determining
extent of involvement, and diagnosing complications, such as strictures, fistulas and
abscesses. Given the strong correlation between inflammatory activity on imaging and
endoscopy, and the fact that a sub-set of CD patients have isolated small bowel disease that
is beyond the reach of ileocolonoscopy, investigators have begun to consider the potential
application of repeated cross sectional imaging for monitoring treatment response.53: 64
Computerized tomography enterography (CTE) and magnetic resonance enterography
(MRE) are currently used in clinical practice, and the diagnostic effectiveness of these
imaging tools is similar. The exposure to ionizing radiation with CTE however, constrains its
application for the repeated assessment of disease activity and MH.5: 66

Initial studies investigating the value of MRE in monitoring disease activity and treatment
response showed inconsistent results. Some investigators demonstrated a significant
correlation between MRE signal intensity and treatment response,87 while others found that,
although significant improvements in MRE findings occurred, normalization of findings
with treatment was rare despite meaningful changes in clinical disease activity.58 This raised
concerns that MRE might be overly sensitive, and MRE guided therapy could result in
unnecessary adjustments in treatment. A recent prospective multicenter study by Ordas et al.
23 aimed to specifically address this question by defining the operating properties of MRE in
CD.

Forty eight patients with CDEIS scores = 7 and ulcers in at least one intestinal segment,
were enrolled to undergo MRE and ileocolonoscopy at baseline, and 12 weeks after
completing treatment with corticosteroids or tumor necrosis factor (TNF) antagonists.
Patients were evaluated by MRE using the MaRIA score, with ulcer healing and MH being
defined as scores of < 11 and < 7, respectively.5% Half of the patients achieved endoscopic
ulcer healing and MH (defined as CDEIS < 3.5) at week 12, and the correlation between the
CDEIS and MaRIA score was highly significant (r=0.81, p<0.001). The MaRIA score was
also demonstrated to be highly responsive to treatment effect (standardized effect ratio 1.72,
standard effect > 0.8 meaning a large effect of responsiveness for an evaluative instrument).
Although the sensitivity of the scoring tool for ulcer healing (94%) was high, the specificity
(69%) and negative predictive value (67%) was low. Similarly, the sensitivity (85%),
specificity (78%), and negative predictive value (63%) for MH (CDEIS < 3.5), was less than
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ideal. Thus, MRE may suggest active inflammation or ulceration when it does not exist
thereby requiring endoscopy to confirm its presence, and further endoscopic assessment may
still be required in patients with persistent symptoms despite apparent healing on MRE.

Video capsule endoscopy

Video capsule endoscopy (VCE) has a high sensitivity for detecting small bowel CD, and is
currently offered to patients with a clinical suspicion for small bowel involvement with
negative ileocolonoscopy and cross-sectional imaging. Recently it was demonstrated that
using VCE as a third diagnostic test is not cost-effective, and therefore the optimal
positioning of VVCE as a diagnostic tool in CD remains unclear.”? Given the enhanced
sensitivity over other small bowel imaging techniques, (Table 4)85: 71. 72 consideration has
been given to using VCE as the first or second line diagnostic test for the assessment of MH.
An initial prospective study of 40 patients with known or suspected non-stricturing non-
penetrating CD investigated the use of VCE for assessment of MH during an acute CD flare.
3 Although the overall number of large ulcers as assessed by VCE decreased significantly
in patents who responded to medical therapy (CDAI drop >100 points or CDAI <150), there
was no significant change in the presence of other endoscopic lesions (apthous ulcers,
erythema, edema). This led the investigators to conclude that clinical response did not
correlate with small bowel healing, and that MH of the small bowel as assessed by VCE had
no impact on clinical outcomes. In contrast, a more recent study by Shafran et al.”*
demonstrated that in a cohort of 23 CD patients treatment adjustments based on VCE
findings resulted in enhanced clinical remission.

The most recent study to investigate the role of VCE in MH assessment prospectively
enrolled 43 patients with small bowel CD who were initiating therapy with an
immunosuppressant or TNF-antagonist.”® 76 Mucosal disease activity was studied using the
capsule endoscopy Crohn’s disease activity index (CECDALI) at baseline, week 12, and week
52, and clinical disease activity was assessed using C-reactive protein, fecal calprotectin,
quality of life questionnaires, and the Harvey-Bradshaw index. At 12 weeks, a significant
improvement in clinical disease activity was observed and 27% of patients had
normalization of CECDAI (<3.5; p<0.0005, 95% confidence interval 0.12-0.15). At 52
weeks, 42% of patients had complete MH (p<0.0001 95% CI —0.62 to —0.22) with
concordant clinical and biochemical responses. These findings suggest that MH of the small
bowel is of clinical importance, and assessment by VVCE is feasible.

Recently, a second generation VCE (PCCE2, Given Imaging Ltd.) was designed for the
assessment of both small and large bowel disease activity. The extended battery life and
enhanced visualization, with two cameras on either side of the capsule, might allow for a
more robust evaluation of disease activity, thereby creating the potential for a non-invasive
approach to assessing MH. The diagnostic accuracy of VCE for colonic inflammation has
been investigated in UC patients, and the sensitivity (77%), specificity (78%), positive
predictive value (81%), and negative predictive value (74%), was demonstrated to be only
modest when compared to conventional endoscopy.’” In CD, although a strong to moderate
correlation between VCE and conventional endoscopy was found, VCE systematically
underestimated severity of disease. Furthermore, the sensitivity and specificity for detecting
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colonic ulceration was only 86% and 40%, respectively.”® Thus, the effectiveness of VCE
for the assessment of MH should preferentially remain limited to small bowel CD.

Other important limitations of VCE for the assessment of MH in CD are the risk of capsule
retention and incomplete small bowel visualization. The overall rate of capsule retention in
patients with suspected CD is reported to be only 2%,7° but the rate can be as high as 13% in
patients with confirmed CD, and a substantial minority of these patients will require surgical
resection of the retained device.89 In patients without capsule retention, the delayed small
bowel transit time in CD results in the VCE not reaching the ileocecal valve prior to
finishing recording in approximately 20% of patients.8184 Even if a complete assessment of
the small bowel is performed, the inability to obtain mucosal biopsies further limits VVCE for
assessing mucosal and histologic healing, and a sub-set of patients will require repeat testing
with device assisted enteroscopy.85-89 Thus, the overall feasibility of using VCE for the
routine assessment and monitoring of MH in CD is imperfect, and providers should limit its
use to patients with known CD who have negative diagnostic imaging (MRE and/or
ileocolonoscopy) and persistent symptoms despite changes in medical therapy.

Device assisted enteroscopy

Device assisted enteroscopy (DAE) encompasses several endoscopic techniques (single-
balloon, double-balloon, and spiral enteroscopy) which allow for the direct visualization of
small bowel mucosa. Currently, DAE is recommended for obtaining mucosal samples and
assessing response to medical therapy in CD patients who are symptomatic, but
ileocolonoscopy, VCE, and/or cross-sectional imaging are inconclusive for active disease.%
Another potential benefit for DAE is seen in patients with persistent lesions or small bowel
obstruction refractory to medical therapy, where careful examination of the mucosa is
required to rule out small bowel malignancy. The value of DAE beyond these indications is
unclear, and the feasibility of utilizing DAE for the routine assessment of MH is yet to be
examined.

Integration into clinical practice: Identifying the optimal approach to

assessing mucosal healing

Multiple considerations influence the choice of a diagnostic test for evaluation of MH.
(Table 5, Figure 1) First, in patients with colonic or ileocolonic involvement,
ileocolonoscopy remains the gold standard based upon its feasibility, ability to obtain
mucosal biopsies, and high diagnostic accuracy. In patients with isolated small bowel
disease beyond the reach of endoscopy, MRE will likely become the gold standard for
disease monitoring. However MRE has a modest negative predictive value, and the presence
of mucosal lesions cannot be reliably excluded based on this modality alone. In selected
patients the use of VCE or DAE could be considered, with DAE being preferred in
stricturing CD due to the risk of VCE retention. In patients where small bowel malignancy is
a possibility, DAE is an ideal strategy.91-94
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Future directions: Surrogate markers for mucosal healing

Although the potential value of MH based treatment algorithms seems clear, our currently
available diagnostic tools are invasive, costly, and resource intensive. Accordingly,
identification of surrogate markers for MH may facilitate the incorporation of MH as a
clinical endpoint in practice. Of the various biomarkers currently under investigation, the
fecal biomarkers (i.e. calprotectin) appear to be the most promising. The correlation between
fecal biomarker concentrations and endoscopic disease activity in IBD is well established,
and the sensitivity and specificity of these biomarkers for endoscopic remission and mucosal
healing is relatively good.%5-97 Furthermore, it has been demonstrated that fecal biomarkers
may allow for the identification of histological disease activity in patients with clinical and
endoscopic remission,% which is not the case for other non-invasive diagnostic tools like
MRE and VCE. Nevertheless, the optimum biomarker cut-off values for predicting MH have
not been determined, and the value of these tests has not been definitively established for
this purpose. Therefore, at the present time these biomarkers should not be considered valid
surrogates for the gold standard of endoscopy.

Conclusion

Mucosal healing has become an important treatment target for the management of IBD. If
this concept is to be successfully incorporated into management algorithms, providers must
frequently assess MH and adjust therapeutic decisions accordingly. Although endoscopy is
currently the gold standard for monitoring mucosal healing, several newer diagnostic tools
are now available, and multiple considerations exist that determine the application of these
diagnostics in this context. We have outlined a suggested algorithm for clinicians to follow
in practice, and anticipate this will allow providers to better integrate mucosal healing as a
clinical endpoint, thereby improving patient outcomes.
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Figure 1.
Approach to assessing mucosal healing in clinical practice

MRE — magnetic resonance enterography; CTE — computerized tomography enterography;
DAE - device assisted enteroscopy; VCE — video capsule endoscopy

Persistent lesion is defined as one that remains identifiable despite significant changes in
treatment and an objective clinical improvement in disease activity.
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Table 1.

Benefits of improving endoscopic disease activity and achieving mucosal healing16-22

. Sustained clinical remission

. Reduction in steroid and immunosuppressive use
. Decreased hospitalization rates

. Reduction in colectomy and surgical resection

. Reduction in colorectal cancer risk
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Table 2.

Mucosal healing as an endpoint in clinical trials®: 33-48

Page 17

Drug Definition of mucosal healing Rates achieved

Ulcerative Colitis

Lichtenstein et al.33 | Mesalamine Mayo endoscopic sub-score of 0 or 1 70 and 80%

Sandborn et al.34 Mesalamine Modified Sutherland 32%
sigmoidoscopy score of 0

Gross et al.3 Budesonide Rachmilewitz index <4 52 and 54%

Ardizzone et al.36 Azathioprine Baron index score of 0 or 1 53%

Ogata et al.3" Tacrolimus Mayo + Sutherland 44%
endoscopic score of 0 or 1

Sandborn et al.5 38 Biologics Mayo endoscopic sub-score of 0 or 1 25-60%

Rutgeerts et al.3?

Sandborn et al.*°

Reinisch et al.*!

Feagan et al.*2

Panaccione et al.43 Infliximab + Mayo endoscopic sub-score of 0 or 1 37-63%

Azathioprine

Crohn’s disease

Modigliani et al.* Prednisone CDEIS no lesions or scars 13%

Mantzaris et al.4° Azathioprine CDEIS complete mucosal healing (disappearance of all pathologic 25 and 83%
findings) and near-complete healing (occasional aphthae, residual
superficial erosions, thickened folds)

Rutgeerts et al 46 Biologics SES-CD absence of mucosal ulceration 24-27%

Colombel et al.47 CDEIS < 3 (endoscopic remission) 13-19%

Colombel et al .48 Infliximab + Complete absence of ulceration 17-44%

Azathioprine

CDEIS - Crohn’s disease endoscopic index of severity; SES-CD - simplified endoscopic score for Crohn’s disease.
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Table 3.
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Endoscopy based disease activity indices in inflammatory bowel diseasel?: 13. 50. 99

Index

Scoring

Agreement among readers

Comments

Ulcerative Colitis

Mayo score | Step-wise 4 grade scale based on vascular pattern, Interobserver: Kappa 0.38 Ease of administration
erythema, friability, erosions, ulcerations and 95% C1 0.33 -0.43 Widely used
bleeding Not validated

UCEIS Numeric grading of sub-scores for vascular pattern, | Interobserver: Kappa 0.50 New index
bleeding, and erosions/ulcerations 95% CI10.49 - 0.52 Not widely used

Partially validated

Crohn’s Dise

ase

(0-56 points) based on variables related to size of
ulcer, degree of ulcerated surface, affected surface,
or presence of narrowing throughout the colon/TI

CDEIS Numerical grading Intraobserver: ICC 0.89 Detailed assessment, accounts for global
(044 points) based on variables related to 95% CI10.86 - 0.93 disease (concerns regarding feasibility of
ulcerations, area of involvement, and stenosis Interobserver: ICC 0.71 use in practice)
characteristics in colon and TI 95% CI10.61-0.79 Partially validated

poor agreement for ulcers
SES-CD Numerical grading Intraobserver: ICC 0.91 Simplified version of CDEIS

95% C10.87 — 0.94
Interobserver: ICC 0.83
95% ClI, 0.75-0.89

Partially validated

High degree of correlation with CDEIS
for grading and responsiveness to
changes

Kappa values categorized as: poor (< 0.2); fair (0.21 — 0.4); moderate (0.41 — 0.6); good (0.61 — 0.8), and very good agreement (0.81 — 1.0).
Concordance correlation coefficient (CCC) categorized as: excellent (0.81-1.00), good (0.61-0.80), moderate (0.41-0.60), and fair agreement
(0.21-0.40). UCEIS - Ulcerative colitis endoscopic index of severity; CDEIS — Crohn’s disease endoscopic index of severity; SES-CD - Simplified
endoscopic score in Crohn’s disease; T1 — terminal ileum
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Comparative effectiveness of diagnostics in small bowel Crohn’s disease8 71. 72

Table 4.

Overall 1Y Suspected CD 1Y | Established CD 1Y
(95% CI) (95% CI) (95% CI)
VCE vs. SBR | 37% (29 to 45) | 32% (16 to 48) 38% (22 to 54)
VCE vs. PE 42% (31t053) | 18% (-23t059) | 57% (43 to 71)
VCE vs.CTE | 39% (27 to 50) | 47% (31 to 63) 32% (16 to 47)

VCE vs. MRE | 7% (-4 to 17)

10% (~14 to 34)

-6% (-30 to 19)

MRE vs. CTE | 4% (-4 10 12)

Page 19

1Y — incremental yield, CTE — computerized tomography enterography; MRE — magnetic resonance enterography; SBR — small bowel radiography;

PE - push enteroscopy
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Table 5.

Advantages and disadvantages to current diagnostics for mucosal healing assessment

Page 20

Management of complications (i.e. strictures, VCE
retention)

Advantages Disadvantages
Endoscopy | High sensitivity and specificity Invasive
Histological assessment Only for ileocolonic disease
Management of complications
(i.e. strictures)
MRE Non-invasive Low specificity and NPV
small + large bowel assessment No histological assessment
identification of intra- and extra-luminal complications Unclear cost-effectiveness
VCE Non-invasive Modest specificity
Highly sensitive Retention and incompletion rate
No histological assessment
Under estimate colonic severity
Time consuming
Not cost-effective
DAE Visualization of small bowel Invasiveness and complications

Extra training and time consuming

Utility limited to assessing persistent lesions despite medical therapy

MRE — magnetic resonance enterography; NPV — negative predictive value; VCE — video capsule endoscopy; DAE — device assisted enteroscopy
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