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SUMMARY:
This study determined the appropriateness of MRI-based disease activity indices, methods for
assessment, and clinical trial design for pediatric perianal fistulizing CD. These

recommendations will aid index development for assessing disease activity in future clinical
studies.

ABSTRACT

Background: Perianal fistulas and abscesses are common complications in children with Crohn’s
disease (CD). A validated imaging assessment tool for quantification of perianal disease severity
and activity is needed to evaluate treatment response. We aimed to identify magnetic resonance
imaging (MRI)-based measures of perianal fistulizing disease activity and study design features
appropriate for pediatric patients.

Methods: Seventy-nine statements relevant to MRI-based assessment of pediatric perianal
fistulizing CD activity and clinical trial design were generated from literature review and expert
opinion. Statement appropriateness was rated by a panel (N=15) of gastroenterologists,
radiologists and surgeons using modified RAND/University of California Los Angeles
appropriateness methodology.

Results: The modified Van Assche Index (mVAI) and the Magnetic Resonance Novel Index for
Fistula Imaging in CD (MAGNIFI-CD) were agreed to be appropriate instruments for use in
pediatric perianal fistulizing disease clinical trials. Although there was concern regarding the use
of intravascular contrast material in pediatric patients, its use in clinical trials was considered

appropriate. Appropriate trial inclusion criteria included a clinically evident fistula tract and



radiologic disease defined as at least one fistula or abscess on pelvic MRI. A co-primary clinical
and radiologic endpoint and inclusion of a patient-reported outcome were also considered
appropriate.

Conclusion: Outcomes of treatment of perianal fistulizing disease in children must include MR,
and existing multi-item measures, specifically the mVVAI and MAGNIFI-DC can be adapted and

used for children. Reliability and validity assessment specifically in pediatric patients is planned.
KEYWORDS: pediatric; Crohn’s disease; perianal fistula; clinical trial; pelvic MRI

KEY MESSAGES:

What is already known?

A validated imaging assessment tool for quantification of disease activity and severity may aid
evaluation of treatment response for new interventions for perianal fistulas in children with

Crohn’s disease.
What is new here?

We identified appropriate magnetic resonance imaging-based measures of disease activity and

study design features.
How can this study help patient care?

These recommendations will aid index development, standardization of trial outcomes, and

investigation of new treatments.



INTRODUCTION

Perianal fistulizing disease is a disabling complication of pediatric Crohn’s disease (CD) and is
characterized by pain, purulent discharge, incontinence, and impaired quality of life. In a Canadian
multicenter prospective study of 1,092 patients with new onset inflammatory bowel disease (IBD),
of the 63% patients with CD, 16% had perianal fistulizing disease as defined by the Paris
classification of pediatric IBD.! The fundamental goals for treatment of perianal fistulizing CD in
children are control of local sepsis and induction of mucosal and fistula tract healing, which
frequently requires a combined medical-surgical approach. Consensus guidelines by all academic
societies recommend tumor necrosis factor (TNF) antagonists as the initial choice of treatment for
patients with signicant perianal fistulizing disease.?® Surgical interventions may be considered,
with small uncontrolled studies showing benefit of seton placement and fistulotomy in selected
patients,* however efficiacy of surgical intervention must be weighed against the risk of fecal
incontinence inherent to surgery involving the sphincters. A systematic review including four
studies that examined the efficacy of infliximab in pediatric patients reported clinical resolution of
perianal disease in 110 of 197 patients (55%), and a partial response to treatment in a further 33
(17%).* Despite clinical cessation of drainage, however, subclinical disease may persist that is
undetectable by visual or physical examination.®> Thus, other diagnostic modalities are needed to

accurately assess perianal fistulizing disease activity.

Pelvic magnetic resonance imaging (MRI) targeted to the perianal region is currently considered
the best non-invasive tool for assessing perianal fistulas, and has been shown to have greater
sensitivity for detecting perianal disease than clinical evaluation.® The Parks’ and St. James’
University Hospital® classifications are historical surgical- and MRI-derived anatomical methods

for classifying perianal disease (Supplemental Table 1), and are used clinically to describe the



anatomic relationship of the fistula tract(s) to the anal sphincter complex but do not provide an
estimation of the severity of activity nor prognostic value for associated outcomes. Of MRI-based
measures aiming to quantify perianal inflammation, the Van Assche Index (VAI)® has the most
reported use in the literature to date but its responsiveness is suboptimal.® A modified version of
this index was developed in 2017 (Supplemental Table 2) based on the reliability and
responsiveness of disease descriptors.’® The Magnetic Resonance Novel Index for Fistula Imaging
in CD (MAGNIFI-CD) was more recently developed and internally validated for evaluating
perianal fistulizing disease activity in adults with CD (Supplemental Table 3).1* MAGNIFI-CD
assesses 6 weighted MRI items (number of fistula tracts, hyperintensity of primary tract on post-
contrast T1-weighted images, dominant feature, fistula length, extension, and inflammatory mass)
to calculate an overall score of fistulizing CD activity. This index was shown to be reliable and
responsive to change.* The performance of MAGNIFI-CD in the pediatric population, where the
morphology of perianal disease may be different, is currently unknown. The Pediatric MRI-based
Perianal Crohn’s disease (PEMPAC) index for pediatric CD has also recently been developed
(Supplemental Table 4) and validated. As with MAGNIFI-CD in adults, PEMPAC was shown to

be reliable and responsive to change.?

There is a need for safe and effective therapies for the management of fistulizing CD in the
pediatric population as well as in adults. A multi-item measure is required to assess response, and
may also offer potential for prognostication.'® It would be advantageous to use the same instrument
across all age groups, even if some modification is required for children. We therefore employed
Research and Development/University of California Los Angeles (RAND/UCLA) appropriateness
methodology!* to determine the appropriateness of existing MRI-based fistulizing CD activity

indices for assessment of pediatric perianal fistulizing CD; methods for assessment and/or



definitions of specific features of pediatric perianal fistulizing disease activity; and aspects of
clinical study design for pediatric fistulizing CD. We herein report the first stage in ongoing studies

to assess the reliability and validity of MR-based measures of perianal disease activity in children.

MATERIALS AND METHODS
Statement generation

A list of statements for determination of appropriateness was drafted based on literature review
and expert opinion that included MRI indices (and index component items) currently employed
for assessment of CD activity, definitions and/or scoring methods for assessment of disease
activity, and elements of study design relevant to clinical trials in pediatric perianal fistulizing CD

(including trial inclusion criteria and outcome assessment) (EC, LMS, MLG).
Recruitment of panelists

An international, multidisciplinary panel of 15 experts (7 pediatric and adult gastroenterologists,
2 surgeons, 6 pediatric and adult radiologists) were invited to participate. Panelists were selected
based on publication record, clinical and/or research expertise in pediatric gastroenterology,
radiology, surgery and/or experience in index development or methodology. These criteria took
precedence over geographical representation. Panel participant selection was performed by MLG

and VJ after review of a list of potential experts meeting the criteria described above.

A modified RAND/UCLA appropriateness methodology was used to assess the face validity (i.e.,
the extent to which an item appears to address the concept it purports to measure) and feasibility

of statements.’® This methodology, which is widely accepted, iterative, and evidence-based,



employs a modified Delphi panel approach to combine the best available evidence with the clinical

experience of relevant experts, without forcing consensus.
First panel meeting/survey and analysis of survey results

The initial list of statements was circulated to panelists for review prior to the introductory meeting,
which was conducted virtually in June 2020. Assumptions for the development of the list and the
individual statements were discussed with the panel during the moderated teleconference, and the
list was modified based on panel feedback. Statements on the modified list were then incorporated

into a survey that was circulated to the panelists for online voting.

The appropriateness of each statement was rated anonymously by each panelist on a scale from 1
to 9 (1 = highly inappropriate, 9 = highly appropriate). Panelists were also permitted to add free
text comments. Statement appropriateness was assessed as described in the RAND manual and
based on the median panel rating and degree of panel disagreement, where statements with median
scores from 1 to <3.5 without disagreement were considered inappropriate, those with median
scores >3.5 to <6.5 or any median score with disagreement were considered uncertain, and
statements with median scores >6.5 to 9 without disagreement were appropriate.!’” Disagreement
was defined as having at least 5 rating(s) in each of the lowest (1 to 3.5) and highest (6.5 to 9)
median ranges, and was based on recommendations for panels with 15 experts. Disagreement is
not explicitly defined for larger panels in the RAND/UCLA manual, but rather implicitly defines
disagreement as having at least one-third of the panellists rating in each of the extreme median

groups.’

Second panel meeting/survey



Results of the first survey were distributed to panelists and presented in a moderated
teleconference. Areas of disagreement regarding item appropriateness were identified and
panelists were asked to explain the rationale behind their responses. In accordance with
RAND/UCLA appropriateness methodology, no attempt was made to force the panel to consensus.
The survey was revised based upon the second panel meeting and a second survey was circulated
for rating by the panelists. Statement appropriateness on the second survey was analysed as

described above.

RESULTS
Statement generation and survey

The draft of the statement list was arranged according to the relevant topics (Figure 1). Table 1
summarizes the component items from existing disease activity indices that were considered. A
final survey consisting of 79 statements was circulated. Of these, 59 were rated as appropriate, 1
rated as inappropriate and 19 were rated as uncertain (Table 2). Uncertain statements were further
reviewed, and ratings were tabulated according to specialty (radiologist versus gastroenterologists
and surgeons). No meaningful subjective differences were evident, and most statements remained
uncertain regardless of the survey responder’s specialty. Statements rated as uncertain by the panel

whose appropriateness rating differed by specialty are shown in Supplemental Table 5.

Appropriateness of disease activity indices

The MAGNIFI-CD and mVAI were considered appropriate for assessment of disease activity in
pediatric perianal fistulizing CD clinical trials, however the panel was uncertain regarding the use

of the original VAI for this purpose. The fact that the VAI does not include assessment of fistula



size or account for the presence of either anovaginal fistulas, horseshoe extensions, or an
inflammatory mass was a concern for some panelists. Whilst the St. James’ University Hospital
and Parks Classifications were considered useful for the assessment of anatomy and surgical risk,
they were considered inadequate for assessment of disease activity and do not differentiate

outcome characteristics.
Appropriateness of radiologic items

Component items of existing indices were overall rated as appropriate for assessment of disease
activity in pediatric perianal fistulizing CD clinical trials. Although additional items were proposed
during the RAND process, the panel was uncertain whether assessment of aggregate fistula length,
sinuses, number of internal openings and extra-anal regional inflammation was appropriate in

clinical trials of perianal fistulizing CD.

The assessment of length of the predominant fistula was rated as appropriate by the panel.
However, the panel raised potential concerns regarding the assessment of fistula length in clinical
trials, including the accuracy of measurement on 2D images, as well as confounding due to
differential healing rates. The panel additionally questioned the portion of the tract that should be
measured on follow-up (i.e., measuring the entire tract including fibrotic components versus
measuring only T2 hyperintense portions reflecting granulation tissue and/or fluid). Although
assessment of number of fistula tracts was considered appropriate and a marker of disease severity
and/or extent, panelists advised that this feature would be unlikely to change in response to
currently available therapy and that number of fistulas may be a more useful radiological measure
of disease characteristics rather than response to therapy. The panel advised that accurate
assessment of number of fistula tracts may be limited by visualization of internal anatomy that

may be less well defined in pediatric patients relative to adults, delineation influenced by the



homogeneity of fat suppression, and small size of the anal canal and fistula (or its ramifications)
in this population. Panelists further noted that a disconnect often occurs between what is visualized
on the perineum by the clinician and radiologic findings. Questions were also raised regarding
whether this assessment should be limited to tracts with evidence of activity, or to those that reach

the skin.

Uncertainty regarding assessment of the number of internal openings, which some panelists
equated to evaluation of fistula, may have arisen from the difficulty of assessment, as internal
openings are not always well seen on MRI, and can be affected by the presence of a seton.
Importantly, items responsive to change with a seton in place were considered appropriate for
radiologic assessment of pediatric fistulizing CD activity. The panel was uncertain regarding the

need to differentiate sinus tracts from fistulas.
Methods for scoring

Although the component items of existing instruments were generally considered appropriate,
there was panel uncertainty regarding the methods for scoring some of the features, including
fistula extension, abscess volume and rectal wall involvement. There was considerable discussion
about the assessment and scoring of fistula extensions, particularly regarding horseshoe
extensions, bidirectional ramifications that are often but not always defined as crossing midline.*®
19 Not all panelists agreed with the weighting of horseshoe and infralevatoric extensions or that
the two were mutually exclusive. Although scoring of fistula extension in the MAGNIFI-CD index
applies the same weight to scoring of infra- and supralevatoric extensions, some panelists believed

these should be scored separately.

The panelists agreed that T1-weighted post-contrast images should be fat-suppressed. Although

the scoring of items in the inflammatory mass category according to MAGNIFI-CD conventions



was considered appropriate, the panel noted potential difficulties in distinguishing focal lesions
from collections, and some panelists believed that the mixing of lesion type in this item was
inconsistent with the notion that inflammatory masses are a distinct entity from fluid containing
abscesses. Finally, there were suggestions that assessment of this feature should be measured on

more than one axis, rather than the shortest axis, as prescribed in MAGNIFI-CD.

Although assessment of rectal wall involvement was considered appropriate, scoring this item
consistent with the original VAI (e.g., normal versus thickened) was rated as uncertain, as some
panelists suggested that more precision was required, and they noted imprecision in absolute wall
thickness, changing with the degree of rectal distension. Some panelists proposed assessment of
proctitis (defined per mVVAI as increased wall thickness and size of mesorectal lymph nodes
(>5mm), fibrofatty proliferation, increased mural or perimural T2 signal and enhancement) in

preference to rectal wall involvement alone (defined per VAI as normal or thickened).
Clinical trial inclusion and outcome criteria

Appropriate inclusion criteria for clinical trials evaluating interventions for pediatric perianal
fistulizing CD included a clinically evident fistula tract, plus confirmation of radiologic disease
activity, defined as at least one fistula or abscess on pelvic MRI. Including both radiologic and
clinical outcomes as co-primary endpoints were considered appropriate by the panel, as was the
inclusion of a patient reported outcome. All authors considered it inappropriate for a clinical trial
to not have radiologic confirmation of a fistula at inclusion. Panelists were uncertain whether the
primary endpoint for a pediatric perianal fistulizing CD study should be based upon a radiologic

outcome alone.

Appropriate minimum technical requirements for radiologic assessment included imaging across

three planes (sagittal, coronal and axial — the latter two aligned relative to the anal canal) and slice



thickness of < 5 mm. There was some uncertainty regarding the field of view given the variation
in pediatric patient sizes. The use of diffusion weighted imaging (DWI) was considered helpful
when the quality of the scan is optimal, however that this sequence can be subject to artifact was
viewed as a technical limitation. Additionally, the panel was uncertain about the use of DWI in
clinical trials given the lack of data on the additional benefit of DWI over standard T2-weighted
imaging and problems with reproducibility in a multisite clinical trial setting. Although highlighted
as a particular concern for the patient population, the use of intravenous gadolinium-based contrast
material for adequate assessment of perianal fistulizing CD activity in pediatric clinical trials was
considered appropriate at present, and useful for distinguishing collections from inflammatory

masses and purulent fluid from granulation tissue.

Panel uncertainty was found regarding the statement pertaining to adequacy of technical
parameters when assessing fluid collections and fluid filled tracts, i.e., spatial resolution, signal-
to-noise ratio, and echo time, and likely reflects differing technical parameters in use based on
patient and site-specific preference. The panel was also uncertain regarding the use of spline (non-
linear) tools for the measurement of fistula length, and concern was raised about the availability

of this tool for the purpose of outcome measurement.

DISCUSSION

There are few trials published evaluating the efficacy of medical or surgical interventions for
pediatric perianal fistulizing CD. Clinical assessment alone may be inadequate and adult studies
have evolved to use MRI-based imaging in combination with clinical assessment as the gold
standard for evaluating perianal fistulizing disease activity. This circumstance has been possible

due to the development of MRI-based indices for assessment. Specifically, MRI-based indices



have evolved to provide greater consistency in assessment of perianal disease extent and activity
and are sufficiently responsive to enable their use in clinical practice and in clinical trials guiding
drug development.® I Important and much needed research to aid development of MRI indices

for assessment of perianal fistulizing CD in the pediatric population has only recently begun.?

In the first stage of this study, evaluating the operating properties of MRI indices for pediatric
perianal fistulizing CD, we assessed the appropriateness of MRI-based fistulizing CD activity
indices and their component items through a RAND/UCLA appropriateness process that included
disease experts. MRI-based assessment of perianal fistulizing CD activity in pediatric clinical trials
was considered appropriate by the RAND panel, and the mVVAI and MAGNIFI-CD specifically
were considered appropriate indices to assess radiologic disease activity. Panelists were not
specifically asked about the appropriateness of the PEMPAC index, as this index was not yet
available in the public domain when this RAND exercise was conducted. However, numerous
items included in PEMPAC, such as number of fistulas, hyperintensity on T2-weighted images,
location, and collections were considered appropriate by the panel. PEMPAC is a pediatric-
specific, imaging-based index that was developed and validated using data from 88 children
included in the ImageKids study.'? Strong correlation of PEMPAC with the VAI (r=0.92, p<0.001)
supports the validity of the instrument, but responsiveness data is limited, and our study addresses
many aspects of a pediatric perianal clinical trial that are beyond an imaging-based index employed
by central readers, e.g., technical parameters and requirements, inclusion criteria, clinical

outcomes and patient-reporting outcome tools*?.

These results highlight the findings of a RAND appropriateness process involving a panel of 15
experts, 2 rounds of survey responses, and 2 moderated panel meetings. There was no panel

disagreement regarding the appropriateness of a total of 79 statements. The only statement



considered inappropriate proposed a requirement for radiologic confirmation of a clinically active
fistula as a criterion for inclusion of patients in clinical trials in pediatric perianal fistulizing CD.
Number of fistula tracts, the predominant fistula location and length, complexity of the fistula, and
fistula extension were considered appropriate items for the assessment of perianal fistulizing CD
activity. Fistula length, which is not included as an item in the VAI or mVAI, is included in
MAGNIFI-CD and PEMPAC and can have prognostic implications.>* Shenoy-Bhangle et al?
demonstrated absolute and aggregate fistula length on pelvic MRI were the best predictors of
treatment response in a pediatric CD cohort, with 63% of patients with a dominant fistula length
<2.5 cm demonstrating a good response (defined as a decrease in fistula length and abscess volume
and no evidence of a new fistula or abscess) compared to 25% of patients with dominant fistula
length >2.5 cm (p< 0.05). Additionally, in 42% of those studied, an aggregate or total fistula length
>2.5 cm was associated with disease progression, compared to 8% of patients with aggregate
length <2.5 cm. The RAND panel was uncertain whether sinus tracts should be differentiated and
assessed separately from fistulas in MR images, as they may be difficult to distinguish when small
or short in length. There was further debate on the severity rating of fistula extensions, with
panelists disagreeing on the severity of horseshoe extensions relative to infralevatoric or

supralevatoric extensions.

Assessment of hyperintensity of the primary tract on both fat-saturated T2-weighted images and
post-contrast T1-weighted images as a component of perianal fistulizing activity were considered
appropriate by the panel. Use of intravenous gadolinium-based contrast material was considered
appropriate for adequate radiologic assessment of perianal fistulizing CD activity. The utility of
DWI in the clinical trial setting, as well as in clinical practice, was considered unknown at the

current time due to lack of data on its utility, as well as technical complexity and variability for



comparable purposes. This contrasts with considerations made during the development of the
PEMPAC index. Although DWI features are not scored as a separate index item, DWI was used
in conjunction with T2-weighted imaging to help delineate fistulas and abscesses in preference to
contrast-enhanced T1-weighted imaging given the “Black box” warning regarding the use of
gadolinium-based contrast agents. Scores for a subset of patients (7) were found to be similar when
defining index items with and without use of contrast-enhanced images,?* but experts on our panel
considered evidence for reliable identification of abscesses without gadolinium is lacking,
potentially compromising assessment of novel therapeutic agents. The panelists strongly felt
external validation with larger numbers is required to clarify the contribution of DWI added to T2-
weighted sequences in differentiating a collection from an inflammatory mass and its role in

potentially replacing post-contrast fat-suppressed T1-weighted imaging.

Regarding the configuration of endpoints for clinical trials, a co-primary endpoint of a radiological
and clinical outcome was considered appropriate by the panelists. Inclusion of a patient reported

outcome measure was also appropriate.

Several limitations of this study should be acknowledged. Whilst we did aim for a multi-specialty
panel, only two surgeons participated. Although we undertook subgroup analysis of subspecialty
ratings of appropriateness (radiology versus gastroenterology and surgery combined) for uncertain
items, the interpretation of these results is limited by small subgroup sample sizes. The results of
this analysis are provided as a descriptive summary only (Supplemental Table 5). We did not
specifically assess the appropriateness of the overall PEMPAC index, the reliability of this index
will be assessed in an upcoming study. Our study also has limitations relating to available evidence
and issues around uncertainty of specific statements, however these topics represent areas for

which consensus or evidence is needed.



In conclusion, this study assessed the appropriateness of MRI-based disease activity indices,
assessment methods, and clinical trial design for pediatric perianal fistulizing CD. This work
provides a framework for the future assessment of the operating properties of existing MRI indices
and items in a pediatric IBD cohort. A list of MRI items considered appropriate for assessing
pediatric perianal fistulizing CD based on face validity, and that reliably measure disease activity
will be collated. This is a crucial step in the development of a fully validated index. This would
allow objective assessment of novel therapies to promote complete disease remission, thereby

improving the quality of life of patients, and reducing the risk of relapse and caregiver burden.



Table 1. Summary of index items under consideration

Item VAl | mVAI | MAGNIFI-CD PEMPAC
Number of fistula tracts + + +
Location + N
Extension + + +

Hyperintensity on T2-weighted + + +
images

Hyperintensity on post-contrast T1- +

weighted images

Collections + +
Rectal wall involvement/proctitis + +

Inflammatory mass + +

Dominant feature + +

Fistula length +

Aggregate length of fistulas +

VAI, Van Assche Index; mVAI, modified Van Assche Index; MAGNIFI-CD, MAGnetic
resonance Novel Index for Fistula Imaging in Crohn’s Disease; PEMPAC, Pediatric MRI-based
Perianal Crohn’s disease index.



Table 2. Summary of RAND 2 survey results

Median,
Item panel MAD | Appropriateness
score
(2.1) The Van Assche Index (VAI) should be used for assessment of radiological 5 1.40 Uncertain
disease activity in pediatric perianal fistulizing CD clinical trials.
(3.1) The modified VAI (mVAI) should be used for assessment of radiological 7 1.20 Appropriate
disease activity in pediatric perianal fistulizing CD clinical trials.
(4.1) The Magnetic Resonance Novel Index for Fistula Imaging in CD (MAGNIFI- 8 0.80 Appropriate
CD) should be used for assessment of radiological disease activity in pediatric
perianal fistulizing CD clinical trials.
(5.1) The St. James’ University Hospital Classification should be used for 5 1.40 Uncertain
assessment of radiological disease activity in pediatric perianal fistulizing CD
clinical trials.
(6.1) The Parks Classification should be used for assessment of radiological disease 5 0.73 Uncertain
activity in pediatric perianal fistulizing CD clinical trials.
(7.1) The number of fistula tracts should be assessed as a component of perianal 8 0.73 Appropriate
fistulizing CD activity in pediatric clinical trials.
(8.1) The predominant fistula location should be assessed as a component of 8 1.33 Appropriate
perianal fistulizing CD activity in pediatric clinical trials.
(9.1) The complexity of fistula tracts should be assessed as a component of perianal 8 0.60 Appropriate
fistulizing CD activity in pediatric clinical trials.
(20.1) Fistula extension should be assessed as a component of perianal fistulizing 8 0.67 Appropriate
CD activity in pediatric clinical trials.
(11.1) Sinuses (cutaneous opening) should be differentiated and assessed separately 5 2.00 Uncertain
from fistulas in MR images obtained during pediatric perianal fistulizing CD trials.
(12.1) Hyperintensity of the primary tract or extensions (most severe lesion 8 0.87 Appropriate
compared to signal intensity of nearby in-plane vessels) on fat-saturated T2-
weighted images should be assessed as a component of perianal fistulizing CD
activity in pediatric clinical trials.
(13.1) Hyperintensity of the primary tract or extensions (most severe lesion 7 1.00 Appropriate
compared to signal intensity of nearby in-plane vessels) on post-contrast fat-
saturated T1-weighted images should be assessed as a component of perianal
fistulizing CD activity in pediatric clinical trials.
(14.1) The dominant feature (fibrous, granulation tissue, pus) of the primary tract 8 1.13 Appropriate
and extensions should be assessed as a component of perianal fistulizing CD activity
in pediatric clinical trials.
(15.1) The length of the (predominant) fistula tract should be assessed as a 7 1.27 Appropriate
component of perianal fistulizing CD activity in pediatric clinical trials.
(16.1) Maximum fistula length (the longest axis diameter based on fistula evaluation 7 1.53 Appropriate
in three planes) should be assessed as a component of perianal fistulizing CD
activity in pediatric clinical trials.
(17.1) Aggregate fistula length (the sum of maximum fistula lengths for all fistulas 5 1.33 Uncertain

present) should be assessed as a component of perianal fistulizing CD activity in
pediatric clinical trials.




(28.1) The number of internal openings should be assessed as a component of
perianal fistulizing CD activity in pediatric clinical trials.

1.67

Uncertain

(19.1) The number of external openings should be assessed as a component of
perianal fistulizing CD activity in pediatric clinical trials.

1.40

Appropriate

(20.1) The presence of a recto/anovaginal tract should be assessed as a component of
perianal fistulizing CD activity in pediatric clinical trials.

1.93

Appropriate

(21.1) The presence of collections (cavities > 3 mm in diameter) should be assessed
as a component of perianal fistulizing CD activity in pediatric clinical trials.

0.60

Appropriate

(22.1) The presence of abscesses (rim enhancing, fat-saturated T2-weighted
hyperintense/post-contrast fat-saturated T1-weighted hypointense contents and/or
T1- and T2-weighted hypointense gas and/or restricting [if diffusion-weighted
images]) should be assessed as a component of perianal fistulizing CD activity in
pediatric clinical trials.

0.73

Appropriate

(23.1) Abscess volume should be measured as a component of perianal fistulizing
CD activity in pediatric clinical trials.

0.93

Appropriate

(24.1) The presence of an inflammatory mass should be assessed as a component of
perianal fistulizing CD activity in pediatric clinical trials.

0.73

Appropriate

(25.1) Rectal wall involvement should be assessed as a component of perianal
fistulizing CD activity in pediatric clinical trials.

1.27

Appropriate

(26.1) Extra-anal regional inflammation (small foci of inflammation near natal cleft
or subcutaneous fat in buttock not obviously connecting to anal canal) should be
assessed as a component of perianal fistulizing CD activity in pediatric clinical
trials.

1.40

Uncertain

(68.0) Hyperintensity of the primary tract or extensions (most severe lesion
compared to signal intensity of nearby fluid on fat-saturated T2-weighted images)
should be assessed as a component of perianal fistulizing CD activity in pediatric
clinical trials.

0.73

Appropriate

(27.1) The number of fistula tracts should be scored as
0 = none

1 = single, unbranched

2 = single, branched 3 = multiple

1.80

Appropriate

(28.1) The number of fistula tracts should be scored as

0 = none

1 = single, unbranched

2 = complex (includes single, branched, or multiple tracts)

1.13

Appropriate

(29.1) The number of fistula tracts should be scored as

0 = none (no tracts visible)

1 = single, unbranched (single internal opening leading to a single fistula tract
[internal opening defined as discontinuation of anal mucosa or closest proximity of
tract to anal mucosa])

2 = complex (either a single internal opening leading to more than 1 fistula tract or
multiple internal openings)

1.33

Appropriate

(30.1) The location of the primary tract should be scored as
1 = extra- or intersphincteric

2 = transsphincteric

3 = suprasphincteric

1.60

Appropriate




(31.1) The location of the most dominant feature should be scored as 1.33 Appropriate
0 = submucosal (tract lies superficial to the internal sphincter)

1 = intersphincteric (tract extends through the internal sphincter to the

intersphincteric plane then to the perineal skin)

2 = transsphincteric (tract extends via the internal and external anal sphincter [or

puborectalis muscle] into the ischioanal fossa then to the perineal skin)

3 = extrasphincteric (tract extends through the ischioanal fossa, upwards and through

the levator ani muscles to the rectal wall completely outside the sphincter

mechanism)

4 = suprasphincteric (tract extends via the intersphincteric space, then tracts

superiorly to above the puborectalis muscle [i.e., above the anorectal junction]

before curving downward through the levator muscle lateral to the external anal

sphincter and puborectalis muscle into the ischioanal fossa then to the perineal skin)

(32.1) The complexity of perianal fistulas should be scored as 1.80 Appropriate
0 = normal appearance

1 = simple linear intersphincteric fistula

2 = intersphincteric fistula with intersphincteric abscess or secondary fistulous track

3 = transsphincteric fistula

4 = transsphincteric fistula with abscess or secondary track within the ischioanal or

ischiorectal fossa

5 = supralevator and translevator disease

(33.1) Extension of the primary fistula tract should be scored as 1 = infralevatoric 2 1.27 Appropriate
= supralevatoric

(34.1) When assessing fistula extension, all relevant findings should be identified, 1.07 Appropriate
and the highest score chosen from the following

0 = absent (no extension)

1 = infralevatoric (extends upward in the ischioanal fossa but remains below the

levator ani muscle)

2 = horseshoe configuration (extends into the intersphincteric space on both sides of

the midline)

3 = supralevatoric (any extension in the supralevatoric space [i.e., above where the

levator plate is connected to the anorectum])

(35.1) When assessing fistula extension, the most severe finding should be scored as 1.67 Uncertain
0 = absent (no extension)

1 = horseshoe (extends into the intersphincteric space on both sides of the midline)

2 = infralevatoric (extends upward in the ischioanal fossa but remains below the

levator ani muscle) or supralevatoric (any extension in the supralevatoric space [i.e.,

above where the levator plate is connected to the anorectum])

(36.1) Sinuses should be scored as 1.13 Appropriate
0 = absent

1 = present

(37.1) Hyperintensity (of the primary fistula tract) on fat-saturated T2-weighted 1.00 Appropriate
images should be scored as

0 = absent

4 = mild

8 = pronounced

(38.1) Hyperintensity (of the primary fistula tract or extension) on fat-saturated T2- 0.80 Appropriate

weighted images should be scored as

0 = absent (no hyperintensity visible, only scar tissue)

1 = mild (slight increase in signal intensity but less than nearby in-plane vessels)

2 = pronounced (tract showing equal or greater signal hyperintensity than nearby in-
plane vessels)




(39.1) Hyperintensity of (the most severe) primary tract or extensions on post-
contrast fat-saturated T1-weighted images should be scored as

0 = absent (no hyperintensity visible)

1 = mild (slight increase in signal intensity but less than nearby in-plane vessels)

2 = pronounced (tract showing equal or greater signal hyperintensity than nearby in-
plane vessels)

0.80

Appropriate

(40.1) Hyperintensity of (the most severe) primary tract or extensions on post-
contrast fat-saturated T1-weighted images should be scored as

0 = no hyperintensity visible or slight increase in signal intensity but less than
nearby in-plane vessels

1 = tract showing equal or greater signal hyperintensity than nearby in-plane vessels

1.47

Appropriate

(41.1) The dominant feature of primary tract and extensions should be scored as
0 = predominantly fibrous (> 50% of tract has a fibrotic appearance [i.e.,
hypointense on fat-saturated T2-weighted images])

1 = predominantly filled with granulation tissue (> 50% of tract is filled with
granulation tissue [i.e., hyperintense on fat-saturated T2-weighted images with
enhancement of contents and wall on post-contrast fat-saturated T1-weighted
images])

2 = predominantly filled with fluid or pus (> 50% of tract is filled with fluid or pus
[i.e., hyperintense on fat-saturated T2-weighted images with no enhancement of
contents on post-contrast fat-saturated T1-weighted images, though lining of tract
may enhance])

1.00

Appropriate

(42.1) Length of the fistula tract should be scored as
0 =less than 2.5 cm

1=25t05.0cm

2 = greater than 5 cm

1.00

Appropriate

(43.1) The aggregate length of all fistula tracts should be scored as
0=<25cm
1=>25cm

1.20

Appropriate

(44.1) The presence of recto/anovaginal tract should be scored as
0 = absent (no recto/anovaginal tract)

1 = rectovaginal tract (fistula arises from rectal mucosa)

2 = anovaginal tract (fistula arises from anal mucosa)

1.20

Appropriate

(45.1) Number of internal openings should be scored as
0=0

=l

2=2

3 = greater than 2

1.27

Appropriate

46.1) Number of external openings should be scored as

(
0
1
2
3

wWN P O

4 = greater than 3

1.40

Appropriate

(47.1) Collections (cavities > 3 mm in diameter) should be scored as
0 = absent
4 = present

1.13

Appropriate

(48.1) Abscesses (rim enhancing, fat-saturated T2-weighted hyperintense/ post-
contrast fat saturated T1-weighted hypointense contents and/or T1- and T2-weighted
hypointense gas and/or restricting [if diffusion weighted images]) should be assessed
as

0 = absent

1 = present

1.27

Appropriate




(49.1) Abscess volume should be measured according to the ellipsoid volume
formula (0.52 * long-axis diameter * [short axis diameter]2).

1.53

Uncertain

(50.1) Assessment of inflammatory mass should be performed by identifying all
relevant findings, measuring fluid collections (excluding the wall) on the shortest
axis, and scored as

0 = absent (no inflammatory mass)

1 = diffuse (diffuse inflammation of surrounding tissues)

2 = focal (lesion > 3 mm in diameter on fat-saturated T2-weighted images [but does
not include linear tracts with diameter > 3 mm] with diffuse enhancement on post-
contrast fat- saturated T1-weighted images [i.e., granulation tissue])

3 = collection-small (circumscribed cavity 3-10 mm in diameter [but does not
include linear tracts with diameter > 3 mm and if present they should be excluded
from the measurement of the infiltrate]). Hyperintense appearance on fat-saturated
T2-weighted images with rim enhancement on post-contrast fat-saturated T1-
weighted images

4 = collection—medium (as defined above except diameter measures 11-20 mm)

5 = collection—large (as defined above except diameter measures > 20 mm)

1.47

Appropriate

(51.1) For assessment of the inflammatory mass item, an infiltrate should be
described as an inflammatory region as a whole that may or may not include one or
more fluid collections.

1.40

Uncertain

(52.1) For assessment of the inflammatory mass item, all relevant findings should be
identified, and the highest score chosen.

0.60

Appropriate

(53.1) For assessment of the inflammatory mass item, fluid collections should be
measured on the shortest axis and exclude the wall.

1.67

Appropriate

(54.1) Rectal wall involvement should be scored as
0 = normal
2 = thickened

1.53

Uncertain

(55.1) Rectal wall involvement should be scored as

0 = normal (normal appearance of rectal wall)

1 = thickened (thickened rectal wall [>3 mm when distended])

2 = increased signal intensity (hyperintensity of the rectal wall on fat-saturated T2-
weighted images [compared to nearby in-plane vessels], mural stratification and/or
perimural infiltrate)

1.47

Appropriate

(56.1) Proctitis should be scored as

0 = absent (normal appearance of rectal wall)

2 = present (increased wall thickness and size of mesorectal lymph nodes [> 5 mm],
creeping fat, increased perimural T2 signal and enhancement)

1.40

Appropriate

(69.0) When assessing fistula extension, all relevant findings should be identified,
and the highest score chosen from the following

0 = extension absent (inter/transsphincteric fistula without coursing
upward/downward/across midline)

1 = infralevatoric extension (inter/transsphincteric coursing upward/downward but
below levator ani)

2 = horseshoe configuration (inter/transsphincteric fistula either side of internal
opening, 2 or more quadrants)

3 = complex extension (inter/transsphincteric fistula with infralevator extension
AND horseshoe configuration)

4 = supralevator extension (inter/transsphincteric fistula with any extension above
levator ani)

0.93

Appropriate

(70.0) A horseshoe extension is defined as one that extends into the intersphincteric
space on both sides of the midline.

1.47

Appropriate




(71.0) A horseshoe extension configuration is a semilunar region of sepsis that
spreads in the horizontal plane either side of an internal opening, to involve two or
more adjacent quadrants. Horseshoe extensions may be ischioanal, intersphincteric,
or supralevator.

0.60

Appropriate

(72.0) Hyperintensity (of the primary fistula tract or extension) on fat-saturated T2-
weighted images should be scored as

0 = absent (no hyperintensity visible, only scar tissue)

1 = mild (slight increase in signal intensity but less than nearby fluid)

2 = pronounced (tract showing equal or greater signal hyperintensity than nearby
fluid)

1.07

Appropriate

(73.0) Assessment of inflammatory mass should be performed by identifying all
relevant findings, measuring fluid collections (excluding the wall) on the shortest
axis, and scored as

0 = absent (no inflammatory mass)

1 = focal (lesion > 3 mm in diameter on fat-saturated T2-weighted images [but does
not include linear tracts with diameter > 3 mm] with diffuse enhancement on post-
contrast fat-saturated T1-weighted images [i.e., granulation tissue])2 = diffuse
(diffuse inflammation of surrounding tissues)

3 = collection—small (circumscribed cavity 3-10 mm in diameter [but does not
include linear tracts with diameter > 3 mm and if present they should be excluded
from the measurement of the infiltrate]). Hyperintense appearance on fat-saturated
T2-weighted images with rim enhancement on post-contrast fat-saturated T1-
weighted images

4 = collection—medium (as defined above except diameter measures 11-20 mm)

5 = collection—large (as defined above except diameter measures > 20 mm)

0.87

Appropriate

(74.0) Rectal wall involvement should be scored as

0 = normal (normal appearance of rectal wall)

1 = thickened (thickened rectal wall [>3 mm when distended])

2 = increased signal intensity (hyperintensity of the rectal wall on fat-saturated T2-
weighted images [compared to nearby fluid], mural stratification and/or perimural
infiltrate).

1.33

Appropriate

(57.1) Inclusion criteria for clinical trials in pediatric perianal fistulizing CD should
require a clinically evident fistula tract, plus confirmation of radiological disease
activity defined as at least one fistula or abscess on pelvic MRI.

1.60

Appropriate

(58.1) Inclusion criteria for clinical trials in pediatric perianal fistulizing CD should
not require radiologic confirmation of clinically evident fistula.

2.33

Inappropriate

(59.1) The primary endpoint of pediatric perianal fistulizing CD clinical trials should
be based on a radiological outcome.

1.60

Uncertain

(60.1) Pediatric perianal fistulizing CD clinical trials should include a co-primary
endpoint of a radiological and clinical outcome.

0.80

Appropriate

(61.1) Assessment of radiological disease activity should be a secondary endpoint in
pediatric perianal fistulizing CD clinical trials.

1.53

Uncertain

(62.1) Pediatric perianal fistulizing CD clinical trials should include a patient
reported outcome.

0.80

Appropriate

(63.1) Diffusion weighted imaging should be included as a component of
radiological assessment of perianal fistulizing CD activity in pediatric clinical trials.

1.60

Uncertain

(64.1) Radiologic assessment of pediatric perianal fistulizing CD activity should
include items that are responsive to change with a seton in place.

1.27

Appropriate




(76.0) Minimum technical requirements for radiologic assessment of perianal
fistulizing CD activity in pediatric clinical trials include

MAD, mean absolute deviation; MR magnetic resonance; CD Crohn’s disease; mm, millimeters.



Figure 1. Statement generation and survey

Draft statement list

Disease activity indices Radiologic items Scoring methods Clinical trail design Qutcome criteria

N4

Introductory panel meeting

Feedback on initial draft statements

NS

Circulation of first survey

67 statements

NS

Second teleconference

Discussion of results and survey modification

NS

Circulation of final survey

79 statements

NS

Results

59 appropriate statements 1 inappropriate statement 19 uncertain statements (See Table 2)
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LIST OF ABBREVIATIONS AND DEFINITIONS OF TERMS

CD

DWI

IBD

MAD
MAGNIFI-CD
MRI

mVAI
PEMPAC
RAND/UCLA
TNF

VAI

Crohn’s disease

diffusion-weighted imaging

inflammatory bowel disease

mean absolute deviation

MAGnetic resonance Novel Index for Fistula Imaging in Crohn’s Disease
magnetic resonance imaging

modified Van Assche Index

Pediatric MRI-based Perianal Crohn’s disease

Research and Development/University of California, Los Angeles
tumor necrosis factor

Van Assche Index
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