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STRUCTURED SUMMARY (247/250 WORDS)

Background and Aims: Endoscopic assessment of disease activity is integral for evaluating
treatment response in patients with Crohn’s disease (CD). We aimed to define appropriate items
for evaluating endoscopic activity and conventions for consistent endoscopic scoring rules in CD.
Methods: A two-round modified Research and Development/University of California Los
Angeles appropriateness methodology study was conducted. A panel of 15 gastroenterologists
used a 9-point Likert scale to rate the appropriateness of statements pertaining to the Simple
Endoscopic Score for Crohn’s Disease (SES-CD), Crohn’s Disease Endoscopic Index of Severity
(CDEIS), and additional items relevant to endoscopy scoring in CD. Each statement was voted as
appropriate, uncertain, or inappropriate based on the median panel rating and presence of
disagreement.

Results: Panellists voted that it is appropriate for all ulcers to contribute to endoscopic scoring in
CD, including aphthous ulcers, ulcerations at a surgical anastomosis, and anal canal ulcers (scored
in the rectum). Mucosal healing should reflect an absence of ulcers. Stenosis should be defined by
an impassable narrowing, and when occurring at the junction between two segments, should be
scored in the distal segment. The scoring of scarring and inflammatory polyps/pseudopolyps as
affected mucosa was considered inappropriate. The optimal method for evaluating the total
ulcerated and affected surface area and defining ulcer depth remains uncertain.

Conclusions: We outlined scoring conventions for the SES-CD and CDEIS, noting both scores
have limitations. Therefore, we identified priorities for future research and steps for developing
and validating a more representative endoscopic index in CD.

KEYWORDS

Crohn’s disease; clinical trials; endoscopy; index; outcomes; ulcer; remission



INTRODUCTION

Endoscopic evaluation is an integral component of disease activity assessment in patients with
Crohn’s disease (CD). Recognizing that symptoms are poorly correlated with objective measures
of inflammation and that treating to symptomatic improvement alone does not change the natural
history of CD, endoscopy has been increasingly adopted as a therapeutic endpoint.'* In pivotal,
registrational clinical trials, endoscopy is now routinely performed to qualify patients with active
CD at enrolment and to assess for endoscopic response as a co-primary endpoint.* The use of
endoscopy has also increased in clinical practice, with the Selecting Therapeutic Targets in
Inflammatory Bowel Disease (STRIDE)-II guidelines recommending endoscopic healing as the
appropriate treatment target.” However, although endoscopy is more objective than symptom-
based assessments, there are substantive limitations of the existing methods for scoring endoscopic

disease activity.

The two most commonly used endoscopic indices, the Simple Endoscopic Score for Crohn’s
Disease (SES-CD) and the Crohn’s Disease Endoscopic Index of Severity (CDEIS), both involve
the assessment of ulcerations, ulcerated and affected surface area, and the presence of stenosis,
scored across the ileum and multiple colonic segments.”® While the SES-CD and CDEIS have
been shown to have high inter-observer reliability and responsiveness to treatments of established
efficacy,”!? these indices have important limitations: (1) processes for handling missing or
inaccessible segments are uncertain; (2) reliability and responsiveness are lower for the stenosis
component compared to other items'!; (3) thresholds for defining clinically relevant changes in
endoscopic activity and endoscopic remission are uncertain'?; (4) scoring conventions are not

standardised for all index items (e.g., which types of lesions constitute affected surface area are
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unclear); and (5) the total score is disproportionately impacted by the number of involved segments
as opposed to the severity of findings in a single segment. Resultingly, the total SES-CD and
CDEIS scores may inaccurately reflect overall endoscopic disease activity or inadequately capture

response to treatment.

Given these limitations, we conducted a modified Research and Development/University of
California, Los Angeles (RAND/UCLA) appropriateness methodology (RAM) study with
international gastroenterologists specialising in CD endoscopy to (1) determine the endoscopic
measures most appropriate for evaluating disease activity in CD; and (2) define the conventions

that can be feasibly applied to facilitate consistent application of endoscopic scoring.
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MATERIALS AND METHODS

The RAM process is a widely accepted, evidence-based approach that employs a modified Delphi
panel method to determine the appropriateness and face validity of a list of generated statements.!?
An international panel of 15 gastroenterologists from the United States, Canada, and Europe were
invited to participate in the modified RAM process. Panellists were selected based on their

expertise in CD endoscopy, which took precedence over geographic representation.

Statement generation

The modified RAM used an online survey comprised of statements that were informed by prior
systematic literature reviews”™'* and expert opinion. The SES-CD and CDEIS (Supplemental
Tables 1 and 2) were identified as the most used endoscopic instruments for the evaluation of CD
activity, and statements relevant to the definitions and scoring of these indices and their component
items were used to design the original survey. Additional items reported in the literature or

unpublished items deemed relevant were also included (Supplemental Table 3).

Panel meetings and surveys

All panel meetings were conducted over videoconference. In an initial meeting, the methodology
and voting processes were summarised for all panellists, and the original list of statements for
voting generated from the systematic reviews was discussed. Panellists were encouraged to
comment on the clarity of these initial statements, provide feedback on uncertain wording, and to
identify any additional potentially relevant items to be included. The list of statements was then

revised according to the panellists’ feedback and included in an online survey. Panellists rated the
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appropriateness of each statement on a 9-point Likert scale (1, highly inappropriate; 5, uncertain;

9, highly appropriate).

For analysis, statements were classified as inappropriate, uncertain, or appropriate according to
both the median panel rating and the presence of any disagreement. Inappropriate statements were
defined by median ratings of 1 to 3 without disagreement; uncertain statements were defined by
median ratings of 3.5 to 6.5 without disagreement or any median rating with disagreement;
appropriate statements were defined by median ratings of 7 to 9 without disagreement.
Disagreement was defined as at least five panellists rating the statement at each of the extreme

ends of the scale (i.e., 1-3 and 7-9).

Anonymised group results were distributed to the panel, and the uncertain statements were
specifically discussed in a second moderated videoconference. Panellists were encouraged to
review each statement and discuss the rationale for their responses. Importantly, the modified
RAM process does not force a consensus but aims to evaluate the appropriateness of each
statement. After the discussion, the survey was revised and recirculated for a second round of
voting by the panel. Panellists were encouraged to consider their original vote, the group vote, and
the feedback from the discussions. For the final analysis, statement classifications were defined as
described for the first-round survey. Median appropriateness ratings of the modified RAM panel

were summarised, and the corresponding interquartile ranges were calculated.
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RESULTS

Of the 104 statements rated by panellists in the first-round survey, 36 (35%) statements were
considered appropriate, 49 (47%) statements were uncertain (including 11 statements with
disagreement), and 19 (18%) statements were inappropriate. In the second-round survey
comprising 116 statements, 45 (39%) statements were voted as appropriate, 40 (34%) statements
were uncertain (including 15 statements with disagreement), and 31 (27%) statements were

inappropriate.

Appropriateness of the SES-CD and component items

Appropriateness ratings of statements related to the SES-CD are summarised in Table 1. Different
configurations of ulcer size scoring were considered, including both categorical and continuous
measures. The panellists voted that the current schema for ulcer size (O=none, 1=aphthous ulcers
[0.1-0.5 cm], 2=large ulcers [>0.5-2 cm], 3=very large ulcers [>2 cm]) is appropriate for scoring
the largest visualised ulcer. The use of a greater number of categories to differentiate 0.5 to 2 cm
ulcerations (separately score 0.5-1.0, 1.0-1.5, 1.5-2.0 cm ulcers) was voted as inappropriate, given
the poor feasibility of implementing these categories in routine care and the substantial inter-rater
variability in size estimation. The scoring of ulcers at the anastomotic rim irrespective of any
suspicion regarding ischemic versus inflammatory pathogenesis was voted as appropriate, as was
the scoring of anal canal ulcerations within the rectal segment. For the estimation of ulcerated
surface, it was uncertain whether the current categories (O=none, 1=<10%, 2=10%-30%, 3=>30%)
or a continuous evaluation on a 100-mm visual analogue scale (VAS) is more appropriate. This
uncertainty was based on concerns regarding the subjectivity of ulcerated surface assessment, the

difficulties in scoring ulcerated area in longer segments, and the variability of this assessment
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when shorter versus deeper ileal intubation is performed. Furthermore, a VAS was considered
difficult to independently validate. The panellists discussed that a comparison of operating

properties among the ulcerated surface assessment permutations is required.

The panellists voted that the current categorical configuration (O=unaffected segment, 1=<50%,
2=50%-75%, 3=>75%) for scoring affected area is appropriate due to concerns regarding the
accuracy of estimating the percentage of affected surface in a continuous fashion. Scoring the anus
in the rectal segment was also deemed appropriate among the panel. In addition, the panellists
discussed specific scenarios where scoring may be challenging due to anatomic location. To avoid
double scoring and the resulting “over-inflation” of the total SES-CD score, the scoring of
ulcerations at the junction of two colonic segments only in the most affected segment was voted
as appropriate. However, the panellists also voted that very large ulcerations clearly extending
over two segments should contribute to ulcer scoring in both segments. The panellists determined
that the scoring of ulcerations affecting the ileocecal valve (ICV) in the distal colonic segment is
appropriate. Ulcerations or affected surface should not be scored in a proximal segment for which
an impassable narrowing precludes evaluation; this statement was deemed appropriate due to
difficulties in accurately assessing the ulcerated and affected area when the segment is not fully

visualized.

The panellists believed that an appropriate definition of narrowing is a clear decrease in lumen
diameter (compared with the previous and subsequent bowel) that does not insufflate with air and
may be associated with trauma when passing it; and that an appropriate definition of multiple

narrowings is described by clearly repeated areas of narrowed diameter with intervening open
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areas. An impassable stenosis should be defined as an impassable narrowing without dilation. It
was agreed that stenosis at the junction between two segments (e.g., hepatic or splenic flexure)
should be scored in only the distal segment. Similarly, stenosis of the ICV or anastomosis should

be scored in the colonic segment distal to the stenosis.

Appropriateness of the CDEIS and component items

Appropriateness ratings of the statements related to the CDEIS are summarised in Table 2. While
differentiating superficial versus deep ulcerations was deemed appropriate for the CDEIS, the
operationalization of this was uncertain. Specifically, measuring the depth of an ulceration
continuously was discussed but was believed to be infeasible, and panellists reviewed different
definitions of deep ulcerations including visible cratering and the involvement of deeper layers
beyond the mucosa (i.e., involvement of the submucosa). The scoring of aphthous ulcerations as
superficial ulcers in the CDEIS was voted as appropriate, as was the scoring of anal ulcers as part

of the rectum and the inclusion and scoring of ulcerations at the anastomotic rim.

There was disagreement amongst panellists regarding whether the surface involved by the disease
and the ulcerated surface, both measured using 10-cm linear scales, are the optimal descriptors of
endoscopic disease activity. Although these descriptors have been used in historical studies and
have face validity for endoscopic disease activity, some panellists expressed the ambiguity of these
measures and the difficulty of reliably evaluating disease involvement using a 10-cm scale,
particularly in some circumstances such as for clustered or patchy lesions. Components that should
be included in the assessment of affected disease surface are listed under Additional Items in Table

3 and summarised in the following section.
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As with the SES-CD, the CDEIS statements deemed appropriate included the definition of stenosis
as an impassable narrowing, the scoring of stenosis at the junction of two segments in the distal
segment, the scoring of ulcerations across two segments once on the most affected side (unless
very large ulcerations clearly involve multiple segments), and the scoring of ulcerations on the
ICV in the right colon. The panel determined that patients participating in luminal inflammatory
(not fibrostenotic) CD trials should not be considered eligible if a dilation is required at enrolment
because there is a high risk of re-stenosis after dilation, there are variations between sites with
respect to dilation ability and comfort, and differences in dilated anastomotic versus primary
strictures. Panellists determined that any mucosal break within a stricture should be considered an
ulcerated stricture, recognizing that determining the precise size and depth of ulcerations within a

tight narrowing may be challenging.

Items relevant to both indices (SES-CD and CDEIS) and additional items

Appropriateness ratings of the statements applicable to both endoscopic indices and the additional
items from the second-round survey are summarised in Table 3. There was agreement that
pseudopolyps and scarring should not be considered for inclusion in the affected area for disease
activity measures and that ulcerations limited to the top of an inflammatory pseudopolyp should
not be considered part of the ulceration or ulcerated surface. In discussions, panellists believed that
these items were not representative of active CD and should not be scored as such. There was
uncertainty regarding appropriateness of the inclusion of oedema in the affected area score, given

that this item may be challenging to consistently assess between observers.
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For the scoring of ulcerations, the panel agreed on the appropriateness for local endoscopists to
pause at the largest ulcer from each segment for a minimum of one second to facilitate accurate
centralised reading in trial settings. The measurement of ulcer size using wire measurement tools
was considered infeasible with regard to both cost and time, and the appropriateness was uncertain

for benchmarking the lesion against open biopsy forceps given the variability among biopsy sizes.

Several issues pertaining specifically to the ileum and rectum were discussed. Panellists identified
the inappropriateness of requiring rectal retroflexion in every case, given that retroflexion may not
be safely performed in some scenarios (e.g., very deep or large rectal ulcers, narrow rectal vault).
However, the panel discussed that careful evaluation of the rectum and anal canal should be
performed in forward view if retroflexion is not performed. For the ileum, it was discussed that a
minimum depth of intubation should be considered (10 cm), but the feasibility of measuring the
depth of intubation in all cases was uncertain due to challenges that arise when there is looping of
the colonoscope. The panel agreed that even aphthous ulcers within the ileum are important for
measuring endoscopic disease activity, but there was disagreement on whether lesions visualised
in the distal ileum or neoterminal ileum beyond an impassable stricture at the ICV or anastomosis
should contribute to endoscopic scoring. Indeed, clear ulcerations may be visualised beyond an
impassable stricture that contribute to symptoms and the patient’s disease course. However, some
panellists identified that scoring lesions in the ileum proximal to an impassable stricture may

inaccurately reflect the proportion of the ileum/neoterminal ileum that is truly involved.

The panel agreed that the definition of healed mucosa should include an absence of ulceration.

However, the panellists’ votes identified the inappropriateness of including an absence of
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inflammatory polyps, erythema, friability, or granularity in the definition of healed mucosa, which
may be infeasible to achieve with current therapies. In addition, some of these components (e.g.,
erythema) are difficult to score or have poor reliability among observers, and inflammatory polyps
may not reflect ongoing active CD. The panel also discussed the weighting of different segments,
recognizing that all segments may not be visualised in all procedures. The use of “worst-score”
imputation methods was deemed inappropriate for the SES-CD and CDEIS, given that such
methods systematically increase the total score (and may be inappropriately used to meet minimum
score criteria at trial enrolment). The heavier weighting of lesions in the rectum and ileum was
voted as inappropriate and uncertain, respectively. Although it was identified that these lesions
may be associated with a greater burden of symptoms and a negative impact on prognosis, inter-
rater differences in scoring in these segments (with unique considerations with respect to
visualization as previously identified) would be compounded with increased weighting. The panel
also discussed whether all colonic segments should be pooled, with items scored across the entire
colon rather than in multiple colonic segments. There was uncertainty regarding this method,

highlighting that it should be evaluated in future research.

The panellists agreed that the quality of bowel preparation and washing should be graded for each
procedure and that a minimum percentage of the mucosa should be visualised for scoring to be
performed. A VAS was also suggested for assessing video quality in clinical trials with centralised
endoscopy scoring because of the potential poor quality of the video recordings, even with

sufficient bowel preparation.
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DISCUSSION

The accurate assessment of endoscopic disease activity in CD is paramount for clinical decision
making as part of a treat-to-target strategy and for evaluating the efficacy of novel therapies as a
coprimary endpoint in clinical trials. Although endoscopic scoring systems for CD have been
developed and used for the approval of advanced therapies, there are substantive limitations of
both the SES-CD and CDEIS. Here, we used a modified RAND/UCLA appropriateness
methodology to develop guidance on the component items that have face validity for evaluating
endoscopic CD activity. We also aimed to standardise scoring conventions to minimise variability
in the application of the SES-CD and CDEIS (particularly in challenging but commonly
encountered clinical scenarios such as stricturing CD) and to identify areas for future research,

including steps for developing the next iteration of a validated endoscopic CD index.

The panellists discussed at length which endoscopic lesions constitute active CD. Ulcerations are
clearly a hallmark finding in CD, which is reflected in the definition of mucosal healing that has
historically incorporated the absence of ulcers.!%!%!>17 The size, depth, and extent of ulceration
were considered to be appropriate components of an endoscopic activity index in CD, although
several limitations should be noted. First, accurately estimating ulcer size or ulcerated surface area
can be challenging, and therefore, the panel voted to use categorical scoring rather than continuous
estimates of these parameters. Second, evaluating three-dimensional ulcer depth from a two-
dimensional image or video may be difficult. While frankly penetrating ulcers are easy to
distinguish, the differentiation of more subtle cases requires an operational definition of “deep”
versus “superficial,” which was not provided in the development of the original CDEIS.® Several

different descriptors of “deep” ulcers were considered, including involvement beyond the
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muscularis mucosa (as defined in peptic ulcer disease), appearance of a visible crater, and depth
beyond that of a closed biopsy forceps.'®!® Additional research is required to determine which of

these definitions may be most reliable and feasible for application in clinical care.

In addition to the size, depth, and extent of ulcerations, the panel also discussed the relative merits
of scoring aphthous ulcerations or erosions and whether ulcers in specific segments such as the
rectum or ileum should be weighted more heavily. Generally, the panel believed that all ulcerations
should contribute to an endoscopic score of CD activity, given that aphthous ulcers, anal canal
ulcers, and ulcers along a surgical anastomosis can all be associated with symptoms and/or disease
progression.?%! The exception to this guidance is for isolated ulcers on the cap of an inflammatory
pseudopolyp, which are considered to reflect the re-epithelization and regeneration processes
involved in healing rather than active inflammatory CD.?? Several clinical trial programs have
suggested that ileal and rectal ulcerations, especially very large ulcerations >2 cm, are less likely
to heal with medical therapy, irrespective of treatment class.”»** This observation underlies the
premise from a post hoc analysis of three CD trials, where individual component items were

differentially weighted in a modification of the SES-CD.?

Although weighting is conceptually advantageous for addressing the potential differences in
healing between segments, the limitations of weighting should also be considered. First, the
weighting of individual components may compound the differences in scoring of less reliable
items. For example, the presence of a non-passable stenosis is weighted more heavily in the
modified SES-CD but is also the least reliable item in both the SES-CD and CDEIS.!! The ability

for a stenosis to be passed is highly variable and dependent on factors such as insufflation, pressure
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applied by the endoscopist, and type of colonoscope used; and morphologically, strictures are
better characterised on cross-sectional imaging than on endoscopy.?® Second, the influence that
weighting different components has on responsiveness is unclear because the relative weights have
been conditioned on endoscopic remission defined by the SES-CD, rather than on differentiating

changed versus unchanged patients in response to treatments of known efficacy.

The SES-CD and CDEIS are based on scoring component items in multiple colonic and ileal
segments, which captures the extent of disease. However, scoring by segment may also be limited
by missing data from segments that are not visualised due to an impassable stricture, technical
challenges preventing procedure completion, poor bowel preparation, or prior surgery. Missing
data from non-visualised segments is problematic in trial settings when different segments may be
visualised at baseline compared to follow-up. The panel considered different methods for handling
missing segments, including the imputation of scores, calculation of the SES-CD or CDEIS “as
observed,” or the analysis of only matching segments visualised both before and after treatment.
Each approach has potential advantages and drawbacks, although we have previously shown
empirically that the use of a worst-score imputation method is likely to increase the variance and
may bias the treatment effects.?’” The panel agreed that only clearly visualised segments should
contribute to scoring because of the reliance of both the ulcerated and affected surface components

on accurate visualization of each segment.

Our study has some important strengths. We used a validated modified RAM process and
convened a panel of gastroenterologists with expertise in CD endoscopy to address inherent

challenges of the SES-CD and CDEIS. The scoring conventions that we addressed are relevant to



22

clinical and research settings. However, we also acknowledge some key limitations. First, several
statements were based on the panellists’ opinions rather than empiric evidence. These statements
highlight important areas for future research, such as how to best define ulcer depth and how to
accurately estimate the percentage of affected or ulcerated surface. In the future, artificial
intelligence computerized evaluation may more precisely and reliably estimate affected area,
although this requires further wvalidation. Second, the functional application of our
recommendations may differ between clinical care and trial settings. For instance, although we do
not recommend scoring segments proximal to an impassable stricture, partially visualised disease

activity should not be ignored in routine clinical care.

In summary, we have developed conventions for consistently scoring the SES-CD and CDEIS,
and we have defined appropriate items with face validity for assessing endoscopic disease activity
in CD. Both existing scores have shortcomings, and there remains a need to develop and validate
an instrument that is feasible for use in routine clinical care and for defining eligibility criteria in
clinical trials and that is responsive to change after treatment with effective medical therapies. Our
study has established the framework for developing such an instrument through our identification
of the key components that reflect endoscopic activity and the areas of uncertainty that require

further research to optimise the corresponding operating properties.
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TABLES

Table 1. Voting summary of SES-CD items

Median
(IQR)

Statement

Ulcers (0=none; l=aphthous ulcers [diameter 0.1-0.5 cm]; 2=large ulcers

[diameter 0.5-2 cm]; 3=very large ulcers [diameter >2 cm]) is an optimal 7(5,9)

descriptor to assess endoscopic disease activity

Ulcers at the anastomotic rim should be scored as ulcers, regardless of whether

or not there is suspicion that these are ischemic

Anal ulcers, as well as all lesions that can be visualised on retroflexion, should
8(7,9)

be scored as part of the rectum

Ulcers are optimally measured with a greater number of categories to describe -

ulcer size (e.g., <0.5 cm, 0.5-1 cm, 1-1.5 cm, 1.5-2 cm, >2 cm)

Ulcers noted on side-by-side anastomoses should be allocated to the segment

7(5,8)

with the greatest disease burden LY
Ulcer severity should be scored on a 10 cm linear scale from 0 to 10, for future

. 55@,8)
item development

Ulcer size should be scored on a 10 cm linear scale from 0 to 10, for future item 503, 8)

development

Ulcers should be scored on a linear scale with anchors very small to very large,
for future item development

Ulcerated surface (0=none, 1=<10%, 2=10%-30%, 3=>30%) is an optimal

. o . 6 (5,8)
descriptor to assess endoscopic disease activity
Ulceration across a narrowing at the junction of two colonic segments, with
minimal extension into either segment will be scored ONCE, on the side that 8(7,9)
appears most affected
Ulcerations on the colonic surface of the IC valve, not in the ileum itself, should
be scored as right colon
If ulceration extends clearly over a long distance over the two segments, then
ulceration can be scored for two segments
Scoring ulceration or affected surface beyond an impassable stricture should not
be performed. In this case, impassable narrowing (SES-CD subscore 3) can be
assigned to the distal segment except in the ileum/ileocolonic stricture where 7(7,8)
the narrowing score (3) would be applied to the ileum. The statement above is
an ideal SES-CD optimization
Aphthous ulcerations should contribute to the ulcerated surface in the SES-CD 8(7,8)
Percentage of ulcerated surface is optimally scored as a continuous variable 5@3,6)
Ulcerated surface is optimally measured on a 100-mm VAS from 0=no 6 (3, 8)
ulceration to 100=whole surface ulcerated ’
Affected surface (O=unaffected segment, 1=<50%, 2=50%-75%, 3=>75%) is

. : D L 7(5,7)

an optimal descriptor to assess endoscopic disease activity
Percentage of affected surface is optimally scored as a continuous variable _
Affected surface is optimally measured on a 100 mm VAS from 0=no affected 6(3.7)
surface to 100=whole surface affected ’

8(7,9)

8 (8, 9)




Median
Statement (IQR)
Stenosis (O=none, 1=single, can be passed, 2=multiple, can be passed, 3=cannot
. . . L L. 6.5(6,7)
be passed) is an optimal descriptor to assess endoscopic disease activity
"Narrowing" should be defined as a clear decrease in the diameter of the lumen,
compared to the previous and subsequent bowel, which does not insufflate with
air, and may or may not be associated with trauma when passing it. Multiple
. . = . 7(7,8)
narrowings are clearly repeated areas of narrowed diameter with intervening
open areas. “Stenosis” is defined as impassable narrowing without dilation,
using an adult scope. The statement above is an ideal SES-CD optimization
Stenosis at the junction between two segments (such as hepatic flexure or 8 (7, 8)
splenic flexure) should be scored in only the distal segment ’
Anal stenosis should be scored as part of the rectum 8 (6, 8)
The anus should be included with the rectum for the propose of scoring 7(5,8)
Stenosis noted at side-by-side anastomoses should be allocated to the right 6 (4, 8)
colon ’
If dilation is required to pass a stricture, that patient would not be eligible for
entry into the clinical trial. (Reasons include probability or re-stenosis that can
occur after dilation, variable ability of local endoscopist to dilate strictures,
differences in probability of dilation of primary versus anastomotic strictures). 7(7,8)
If dilation is required to pass stricture after the trial starts, then the area could
be scored above the dilated stenosis if it can be intubated and adequately
visualised. The statement above is an ideal SES-CD optimization
The optimal method to account for missing or not-visualised segments in the SES-CD is to:
Impute the score for the worst visualised segment _
Average the score of visualised segments 5(@3,6)
Weight the score by dividing by the number of visualised segments 70,7
Only score same segments seen on original scope 7 (5, 8)

Abbreviations: IC, ileocecal; IQR, interquartile range; SES-CD, Simple Endoscopic Score for

Crohn Disease; VAS, visual analogue scale.

Green indicates statements voted as appropriate (without disagreement); yellow indicates
statements voted as uncertain (without disagreement); orange indicates statements voted as
any rating (with disagreement); and red indicates statements voted as inappropriate (without

disagreement).



Table 2. Voting summary of CDEIS items

Statement Median (IQR)
Deep ulceration (present/absent) is an optimal descriptor to assess endoscopic 7(4,7)
disease activity ’
Deep ulceration can be identified by the presence of depth noted during the 5(2,7)
colonoscopy ’
Superficial ulceration is defined as the absence of depth during the 73,7
colonoscopy ’
Superficial ulceration (present/absent) is an optimal descriptor to assess 6(2.7)
endoscopic disease activity ’
Superficial and deep ulceration should be determined by depth of lesion 7 (6, 8)
Surface involved by the disease (measured in cm, for partially explored

segments and for the ileum, the 10 cm linear scale represents the surface 6 (3, 8)
effectively explored), is an optimal descriptor to assess endoscopic disease ’
activity

Ulcerated surface (measured in cm, for partially explored segments and for

the ileum, the 10 cm linear scale represents the surface effectively explored), 63,7
is an optimal descriptor to assess endoscopic disease activity

This is an ideal CDEIS optimization: stenosis should be defined as impassable 8 (7, 8)
narrowing ’
Stenosis at the junction between two segments (such as the hepatic flexure or

splenic flexure) should be scored in only the distal segment. Strictures that are 7(7,8)
scored by digital examination would be excluded from the scoring

Stenosis at the junction between two segments (such as hepatic flexure or
splenic flexure, should be scored in both segments

Ulceration across a narrowing at the junction of two colonic segments,
including flexures with minimal extension into either segment should be
scored ONCE on the side that appears most affected. Note: Ulceration on the
colonic surface of the IC valve, not in the ileum itself, should be scored as
right colon. Note: if ulceration extends clearly over a long distance over the
two segments, then ulceration can be scored for two segments. Note: Any
mucosal break in a stricture is an ulcerated stricture. The above statement is
an ideal CDEIS optimization

8(7,8)

Any mucosal break in a stricture is an ulcerated stricture

7(5,8

More than two mucosal breaks in a stricture in an ulcerated stricture

Any mucosal break, except aphthous ulceration is an ulcerated stricture

5(3,7)

If dilation is required to pass a stricture, that patient should not be eligible for
entry into the clinical trial. (Reasons include probability of re-stenosis that can
occur after dilation, variable ability of local endoscopists to dilate strictures,
differences in probability of dilation of primary versus anastomotic strictures).
If dilation is required to pass stricture after the trial starts, then the area could
be scored above the dilated stenosis if it can be intubated and adequately
visualised. The above statement is an ideal CDEIS optimization

7(7,8)

Ulcers at the anastomotic rim should be scored as ulcers, regardless of whether
or not there is suspicion that these are ischemic

7(5,8)




Statement Median (IQR)
Ulcers noted on side-by side anastomoses should be allocated to the segment 7(6,8)
with the greatest disease burden ’
Aphthous ulcerations should be scored as superficial ulcers in CDEIS because
we believe they cannot be neglected. (This is an issue for the score and merits 8(7,8)
a rule to include them as ulcers.)
Anal ulcers, as well as all lesions that can be visualised in case of retroflexion,
should be scored as part of the rectum given that they can cause symptoms and 8(7,8)
may respond to therapy, and are relevant to disease
Anal stenosis should be scored as part of the rectum 8(7,8)
Stenosis noted at side-by side anastomoses should be allocated to the right 7(5,8)
colon ’
The optimal method to account for missing or non-visualised segments in the CDEIS is to:
Impute the score from the worst visualised segment ;
Average the score of visualised segments 4(2,6)
Weight the score by dividing by the number of visualised segments 7(5,7)
Only score same segments seen on original scope 7(5,8)

Abbreviations: CDEIS, Crohn's Disease Endoscopic Index of Severity; IC, ileocecal; IQR,

interquartile range.

Green indicates statements voted as appropriate (without disagreement); yellow indicates
statements voted as uncertain (without disagreement); orange indicates statements voted as
any rating (with disagreement); and red indicates statements voted as inappropriate (without

disagreement).



Table 3. Voting summary of items for both endoscopic indices (SES-CD

additional items

and CDEIS) and

Statement | Median (IQR)
Both Indices (SES-CD and CDEIS)
Ulceration on the top of the inflammatory polyps should not be counted as 8 (7, 8)
ulcers or ulcerated surface ’
If visible past a stenosis, but the endoscopist is not able to put the scope 5(2,7)
through, any bowel visualised beyond this point should contribute to the score ’
If visible past a stenosis, but the endoscopist is not able to put the scope
through, any clearly observed ulceration should contribute to the score even if 4.5@2,7)
the scope was not put through the opening
If visible past a stenosis, but endoscopist is not able to put scope through, only
clearly observed ileal ulceration should contribute to the score even if the 4.52,7)
scope was not put through the opening
A minimum of 10 cm of ileum must be observed to describe percentage of 6 (3,8)
surface area involved ’
The central reader should be asked to confirm "is there an adequate amount of 6 (4,7)
segment to score?" ’
Rectal lesions must be observed with retroflex -
Rectal lesions should be allocated higher weighting due to the poor prognosis
Local endoscopist should be instructed to take a still photo of each ulcer to
. . o . 3(2,7)
provide a sufficient pause in video recording
Local endoscopist should be instructed to pause at largest ulcers in each
7(7,8)
segment for at least one second
Biopsy forceps should be standardly used to assess size of a lesion 5@3,6
A wire measurement tool should be standardly used to assess size of lesion *
Quality (prep, washing, etc.) should be graded for each procedure and a
minimum percentage of the mucosa must be visualised for scoring to be 7(5,8)
performed (e.g., add minimum rule, such as BBPS above 6, or can see at least ’
95% of mucosa)
Unless both insertion and withdrawal phases of a given segment are
o ) 6(57)
visualised, stenosis cannot be scored
There should be a minimum number of segments visualised if more than 1 503, 8)
segment is missing/not visualised ’
Insufflation with air or water must occur to determine a stenosis cannot be
7 (6, 8)
passed
Additional Items
Presence of ulcer (yes/no) should be explored as a possible descriptor to assess 76, 8)
endoscopic disease activity ’
Ulcer severity measured on a 100-mm VAS should be explored as a possible 6(3.7)
descriptor to assess endoscopic disease activity ’

Ulcers are optimally measured as none/mild/moderate/severe

Ulcers are optimally scored in each segment as; no lesion, rare lesion, sparse
lesion, diffuse lesion, or complete involvement




Statement | Median (IQR)
Affected surface should include:
Inflammatory polyps
Oedema 52,7
Erythema 7(5,8)

Scoring the original CDEIS validation items: The following types of lesions should be

reconsidered for inclusion in a new disease activity scale:

Pseudopolyps

Healed ulcerations (whitish area with a 'ground glass' appearance)

Frank erythema (plaques, bands, or diffuse) (slight or moderate erythema
62,7

should be neglected)
Assessing aphthous ulcers in the ileum is important for measuring endoscopic 7(7,8)
disease activity ’
Aphthous ulcers in the ileum should be quantified on a categorical scale (e.g.,
no aphthous ulcers, few aphthous ulcers, extensive aphthous ulcers, large 6(3,8)
superficial and deep ulcers, ulcerated narrowing)
Ulcers in the ileum should contribute a greater weight to an overall endoscopic 52, 6)
disease activity score ’
Ileal lesion should be given greater weight than colonic lesions 42,5
Ulcers in the ileum should be assessed on a 100-point VAS scale from 0=no
ulcers to 100=maximum number of ulcers
Ulcers in the ileum should be assessed on a 0-4 scale where 0=no ulcers and
4=maximum number of ulcers
Ulcers in the ileum should be assessed on an ordinal scale (e.g., <10, 10-30,
>30) 6G.7

Ulcers in the ileum should be assessed as categories mild, moderate, severe

5@3,6

Ulcers in the ileum should be scored with the Rutgeerts score

Other unique items should be assessed in the ileum

The presence or absence of nodular hyperplasia should be recorded

Rectal lesions should contribute a greater weight to an overall endoscopic
disease activity score

Rectal lesion should be given greater weight than colonic lesions

Rectal and right colonic lesions should be given greater weight than colonic
lesions

All other colonic segments and items assessed on a 100-point VAS should be 5(2,7)
included for exploratory analysis ’
All other colonic segments and items assessed on a 0-4 scale should be

. : 5(2,6)
included for exploratory analysis

All other colonic segments and items assessed on an ordinal scale should be

. . 5@,9)
included for exploratory analysis

All other colonic segments and items assessed as categories mild, moderate, 503, 5)
severe should be included for exploratory analysis ’

Other unique items should assess colonic disease

Lesions (ulcer, erythema, etc.) should be graded as present/absent




Statement

Lesions, (ulcers, erythema, etc.) should be graded on a scale of 0-3

Median (IQR)

Affected surface area is not required, since it adds too much subjectivity to
scoring

6 (3, 8)

Segments should only be scored in a follow-up assessment if they were
observed during the eligibility (baseline) procedure

72, 8)

Healed mucosa is optimally described as absence of ulceration

7(6,8

Healed mucosa is optimally described as absence of inflammatory polyps

Healed mucosa is optimally described as an absence of erythema

Healed mucosa is optimally described as an absence of friability

Healed mucosa is optimally described as the presence of granularity

Ulcers and/or erosion on (or immediately adjacent to) post-inflammatory 6 (4, 8)
polyps should be explicitly excluded ’
Any mucosal break with a yellow/white base of any depth is a small ulcer 7 (6, 8)
The largest ulcer should bear the burden of the score 53,7
An assessment of visible absence or presence of disease activity after a 6 (4,7)
stricture should be included for exploratory index development ’

A bowel preparation quality score should be routinely assessed. (If a

preference or recommendation, please state in comments, e.g., Aronchick, 8 (6, 8)
BBPS, OBPQS, etc.)

A bowel preparation quality statement (such as optimal/suboptimal) should be

further defined, such as "adequate to not miss 5 cm ulcer" or "adequate to not 6(2,8)
miss 1 cm ulcer"

Abbreviations: BBPS, Boston Bowel Preparation Scale; CDEIS, Crohn’s Disease Endoscopic
Index of Severity; IQR, interquartile range; OBPQS, Ottawa Bowel Preparation Quality Scale;
SES-CD, Simple Endoscopic Score for Crohn Disease; VAS, visual analogue scale.

Green indicates statements voted as appropriate (without disagreement); yellow indicates
statements voted as uncertain (without disagreement); orange indicates statements voted as
any rating (with disagreement); and red indicates statements voted as inappropriate (without

disagreement).



SUPPLEMENTAL MATERIAL

Supplemental Table 1. Scoring of the SES-CD items

SES-CD Scoring

Item® 0 1 2 3

Presence and size None Aphthous ulcers Large ulcers Very large

of ulcers (diameter, 0.1- | (diameter, 0.5-2 | ulcers (diameter
0.5 cm) cm) >?2 c¢m)

Extent of None <10% 10%-30% >30%

ulcerated surface

Extent of affected Unaffected <50% 50%-75% >T75%

surface segment

Presence and type None Single, can be | Multiple, can be Cannot be

of narrowing passed passed passed

Abbreviation: SES-CD, Simple Endoscopic Score for Crohn’s Disease.
T Each item is scored in the ileum, right colon, transverse colon, left colon, and rectum; the
total score for each item is summed to produce the total SES-CD score.




Supplemental Table 2. Scoring and calculation of the CDEIS

. Sigmoid
Illeum Right Transverse an%l Left Rectum Total
Colon Colon
Colon
Section Yes/no Yes/no Yes/no Yes/no Yes/no n
explored
Deep 0, absent; 0, absent; | 0, absent; 12, | 0, absent; | 0, absent; Total 1
ulceration 12, present | 12, present present 12, present | 12, present
Superficial 0, absent; 0, absent; 0, absent; 6, | 0, absent; | 0, absent;
. Total 2
ulceration 6, present | 6, present present 6, present | 6, present
VAS VAS VAS VAS VAS
Surface range, 0% | range, 0% 0% range, 0% | range, 0%
involved by (best) to (best) to raél get, ¢ ° (best) to (best)to | Total 3
CD 100% 100% loé(zs(gvois o | 100% 100%
(worst) (worst) (worst) (worst)
VAS VAS VAS VAS VAS
range, 0% | range, 0% range, 0% | range, 0%
Ulcerated range, 0%
surface (best) to (best) to (best) to (best) to (best)to | Total 4
100% 100% 100% (worst) 100% 100%
(worst) (worst) (worst) (worst)
Total 1 + Total 2 + Total 3 + Total 4: A
No. of segments totally or partially n
explored:
A/n B
Ulcerated stenosis: C
0, absent; 3, present
Nonulcerated stenosis: D
0, absent; 3, present
B+C
Total CDEIS score: D

Abbreviations: CD, Crohn’s disease; CDEIS, Crohn’s Disease Endoscopic Index of Severity;
VAS, visual analogue scale.




Supplemental Table 3. List of additional items identified through the RAM

Scoring
Item Right Transverse Sigmoid
Ileum and Left Rectum Overall
Colon Colon
Colon
Severity of ulcers None, mild, moderate, or severe -
Severity of ulcers VAS 0.0 to 10.0 cm 0.0 to 10.0 cm
Presence of erythema (on insertion of Absent or present 3
endoscope)
Presence of lesions (ulcers, erythema) Absent or present —
Severity of lesions (ulcers, erythema) 0 =no lesions, 1 = mild, 2 = moderate, or 3 = severe —
Lesion severity VAS 0.0 to 10.0 cm 0.0 to 10.0 cm
Lesion type None, rare, sparse, diffuse, or complete involvement —
None,
Aphthous ulcers few, or — — - - -
extensive
None, 1-
Aphthous ulcers 10,0r>10 | - - - -
0.0 to
Aphthous ulcers VAS 10.0 em — — — — -
Presence of fistula Absent or present —
Presence of ischemic ulcers Yes or no —
Overall presence of ulcers — Absent or
present
Overall ulcer severity VAS — 0.0t0 10.0 cm
Overall size of largest ulcer VAS — 0.0 t0 10.0 cm
Presence of stenosis with visible disease Absent or
activity after segment? j present
. Absent or
Presence of anastomosis -
present
Absent or

Presence of stenosis at anastomosis

present




Scoring

Sigmoid
It i
em Ileum Right Transverse and Left Rectum Overall
Colon Colon
Colon

Can at least 10 cm of ileum be observed to

. . - Yes or no
describe percentage of surface area involved?
Presence of ulceration across a narrowing at 3 Absent or
the junction of two colonic segments? present

Abbreviations: RAM, Research and Development/University of California, Los Angeles appropriateness methodology; VAS, visual

analogue scale.




