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Abstract :

Background & Aims : There is no validated magnetic resonance imaging (MRI) index
for assessment of perianal fistulas in patients with Crohn’s disease (CD). We developed
and internally validated a new instrument.

Methods : We used paired baseline and week 24 MRI scans from 160 participants in a
randomized placebo-controlled trial of stem cell therapy for patients with perianal
fistulizing CD. Four radiologists scored disease activity using index items identified
during previous studies and exploratory items. Reliability was assessed using intraclass
correlation coefficients. We developed an index using backward elimination linear
regression analysis in which potential independent variables were items having
intraclass correlation coefficients of at least 0.4 and the dependent variable was
perianal fistulizing disease activity, measured on a 100 mm visual analogue scale. The
final model was internally validated using the .632 bootstrap method to correct model
optimism and quantify calibration accuracy. We evaluated responsiveness of the index
by assessing longitudinal validity and estimating standardized effect sizes.

Results : We developed the magnetic resonance novel index for fistula imaging in CD
(MAGNIFI-CD) using 6 items. The optimism-corrected R2 of the model was 0.71, which
was comparable to R2 for the original sample (0.74). The calibration slope for the model
was 0.98. Compared with the original and modified versions of the Van Assche index,
the MAGNIFI-CD had improved operating characteristics. Estimates of intraclass
correlation coefficients for MAGNIFI-CD, the modified Van Assche index, and Van
Assche index were 0.85 (95% CI, 0.77-0.90), 0.81 (95% CI, 0.74—-0.86), and 0.81 (95%
Cl, 0.71-0.86) for intra-rater reliability, and 0.74 (95% CI,0.63-0.80), 0.67 (95% ClI,
0.55-0.75), and 0.68 (95% ClI, 0.56—0.77) for inter-rater reliability. Corresponding
standardized effect size estimates were 1.02 (95% CI, 0.65-1.39), 0.84 (95% ClI, 0.48—
1.21), and 0.68 (95% CI, 0.33-1.03).

Conclusions : We developed an index, called the MAGNIFI-CD, based on 6 items. It
assesses MRI data and determines perianal fistulizing CD activity with improved
operating characteristics compared to previous indices. This index may be used as an
outcome measure in clinical trials comparing treatment effects in patients with perianal
fistulizing CD. Although the performance of the MAGNIFI-CD indicates its stability and
reasonable external validity, external validation is needed.

KEY WORDS: ICCs, VAS, healing, remission



INTRODUCTION

Perianal fistulas affect approximately one-third of patients with Crohn’s disease (CD)
during their lifetime and are associated with significant morbidity and impaired quality of
life. 2 A multidisciplinary initiative of clinicians, patients and patient-support
organizations in the United Kingdom identified perianal CD as one of the top ten
research priorities for the inflammatory bowel diseases.®* Despite progress in drug
development for luminal CD, few randomized controlled trials (RCTs) have specifically
addressed fistula healing. A meta-analysis of medical therapies for fistulizing CD
published in 2018 found moderate quality evidence from RCTs to support the efficacy
of tumor necrosis factor antagonists, ustekinumab, and mesenchymal stem cell therapy
for induction of fistula remission.” Interest in drug development for treatment of
fistulizing perianal CD has been recently bolstered by promising outcomes observed in
a clinical trial of stem cell therapy,® and further studies of this modality are underway
(clinicaltrials.gov NCT03279081).

Although magnetic resonance imaging (MRI) is considered the gold standard for
assessment of perianal fistulas,® the lack of a validated outcome measure to assess
disease activity and response to therapy is a barrier to efficient drug development for
perianal fistulizing CD. The Van Assche Index (VAI) is the most frequently used MRI
index for assessment of perianal fistulas,” however this instrument was developed
without using standard procedures for item identification and selection, and evaluation
of reliability and responsiveness. In addition, the VAI has been only partially
validated.® We previously developed standardized scoring conventions for the existing

component items of the VAI through a formal expert consensus process, assessed



these and novel items proposed during the consensus process, and ultimately
developed a 5-item (extension, hyperintensity on T2-weighted images, rectal wall
involvement, inflammatory mass, dominant feature of primary tract and extension)
modified version of the VAI (mVAI) that had numerically higher intraclass correlation
coefficients (ICCs) for intra- and inter-rater reliability compared to the VAL® In addition,
further refinements to items considered during the development of the mVAI were
proposed during a second post-reliability expert consensus meeting that included
recommendations to 1) definitively exclude assessment of the presence of an
ano/rectovaginal tract, 2) re-categorize number of fistulas as “single, unbranched” and
“‘complex,” with complex fistulas including both single, branched and multiple tracts, 3)
replace rectal wall involvement with “presence or absence of proctitis,” defined as
increased wall thickness and size of mesorectal lymph nodes, creeping fat, and

increased perimural T2 signal and enhancement,®

and 4) modify the description of
hyperintensity of primary tract and extensions on post-contrast fat saturated T1-
weighted images to rate the most severe lesion by comparing signal intensity with

nearby, in-plane vessels.®

We developed a new index using 160 MRI scans collected during the conduct of
a phase 3, randomized placebo-controlled clinical trial of adipose derived stem cell
therapy for fistulizing perianal CD.> We first re-assessed the reliability of the component
items refined during the development of the mVAI, and the reliability of exploratory
items proposed by the current study radiologists. Items with acceptable reliability were
used to develop a refined MRI index, MAGNIFI-CD. The operating properties of

MAGNIFI-CD were then explored and compared to the mVAI and the VAL



METHODS

Study population

We used MRI sequences and necessary clinical covariates from the ADMIRE CD study,
a phase 3 randomized placebo-controlled trial of a local injectable stem cell therapy
(darvadstrocel [formerly Cx601]) for complex perianal fistulas in patients with CD.”> The
inclusion criteria, patient characteristics/demographics, and clinical data from the
ADMIRE CD trial have been previously described and no post-hoc analyses related
either to efficacy or safety are part of this study. All MRI sequences used in the present
study were prospectively re-read for the purposes of this study by four radiologists who
were not involved in the original RCT and were masked to clinical information, treatment
assignment and timepoint.

The original trial® randomly allocated 107 patients to active treatment consisting
of a single injection of 120 million cells distributed into the tissue adjacent to all fistula
tracts and internal openings, and 105 patients to control treatment consisting of a
single injection of saline solution. The present study used scans (independent of
treatment assignment in ADMIRE CD) from 160 patients for whom both baseline and
Week 24 scans were available.

Ethical considerations

All patient information used in this study was de-identified with respect to the originating
study, patient identification number and investigational site. The informed consent
obtained during the original clinical trial complied with International Conference on
Harmonization Good Clinical Practice and all applicable regulatory requirements.

Approval to re-read the MRI scans independently for the purposes of this study was



granted by the Western University Health Science Research Ethics Board (file number
108869).

Pelvic MRI

Pelvic MRI scans in the ADMIRE CD study were acquired with either 1.5-T or 3.0-T
scanners (depending on site facilities), according to a standardized protocol for perianal
fistulizing disease (Supplementary Table 1 ) and included T2-weighted sequences in
three planes of space with fat saturation in the axial plane, and T1-weighted sequences
with fat saturation. Post-contrast sequences in the axial plane were performed after IV
administration of 0.1 mL/kg gadolinium contrast agent. As the imaging parameters and
pulse sequences listed in Supplementary Table 1 may be field strength dependent,
appropriate pulse parameters were included to adjust for these potential differences.
Use of the same equipment and parameters was requested for all study sequences and
images

Reading of the MRI sequences

All MRI scans were reviewed for consistent image quality, type, and use of contrast
prior to assessment of disease activity by four expert abdominal radiologists (ST, CS,
JR, BM), selected for specific expertise in the interpretation of MR images in fistulizing
CD, trained on scoring of the original and mVAI, and blinded to clinical information and
study time point. Items assessed included those generated during the development of
the mVAI® and exploratory items proposed by the study radiologists (number of external
and internal openings and length of fistula tract) (Table 1), as well as a global measure
of perianal fistulizing disease activity (100 mm visual analogue scale [VAS]; where

0 mm = no disease and 100 mm = worst disease encountered). Scans that lacked
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sufficient overall quality, or those that had missing VAS or index items scores were
excluded from further analysis.

Datasets used for assessment of reliability, respon siveness and index
development

For assessment of index reliability, each of the four central readers independently
evaluated disease activity in Week 24 scans (N=40) that were randomly selected using
computer-generated scan numbers from patients in both treatment groups, twice, in
random (computer-generated) order on separate occasions, in the absence of any
clinical information. Week 24 images were used for assessing reliability, since they are
more likely to represent a spectrum of potential disease activity.

All paired (baseline and Week 24) scans with adequate quality were used to
evaluate responsiveness. Each of the four radiologists read approximately one-fourth of
the paired images (range 35-42 pairs). In the case of Week 24 images that had already
been read twice by all four readers for reliability, a single read was chosen using a
computer-generated randomly selected reader and using the first of the two reliability
reads.

Index development was based on Week 24 scans with adequate quality using
the selection process described above.

Statistical methods

Scoring of the VAI and mVAI

The original VAI items were not directly assessed but were obtained by recoding the
mVAI items (Table 1) as follows: 1) number of fistula tracts (VAI; single [unbranched or

branched], multiple): number of external and internal openings was determined when a
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complex tract (mVAI) was identified by the central reader. The presence of one external
opening and more than one internal opening was interpreted as a “single, branched”
tract for calculation of the VAI, whereas the presence of two or more external openings
was interpreted as “multiple” tracts; 2) location (VAI; extra- or intersphincteric,
transsphincteric, suprasphincteric): a submucosal location on the mVAI was assigned a
score of zero, extrassphincteric and intersphincteric locations were each assigned a
score of 1 and a suprasphincteric location was assigned a score of 3 for calculation of
the VAI; 3) extension (VAI; infralevatoric, supralevatoric): a horseshoe configuration on
the mVAI was not considered an extension; 4) collections (VAI; cavities > 3 mm): small,
medium, and large collections identified for the mVAI item “inflammatory mass” were
interpreted as collections “present” for the VAI; 5) proctitis (VAI; rectal wall involvement
[normal, thickened]): the presence of “proctitis” identified for the mVAI (as
recommended by the RAND experts who participated in the study described by Samaan
et al;? scored as 0 when absent and 2 for present) was interpreted as “thickened” for
the “rectal wall involvement” item and assigned a score of 2 for calculation of the VAL
Assessment of reliability

As the data were either ordinal or continuous, reliability was quantified using intraclass
correlation coefficients (ICC), which are equivalent to quadratically weighted kappa for
ordinal data. Point estimates for ICCs were obtained using a 2-way random effects
analysis of variance model with interaction for the MR indices, each index component,
and the 100 mm VAS global measure of perianal fistulizing disease activity. The
advantage of this model is that it can simultaneously estimate intra- and inter-rater

reliability.'* Specifically, the model contains subject, rater and their interaction terms.
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The inter-rater ICC is then defined as the proportion of total variability in observed
measurements accounted for by the subject-to-subject variability, and the intra-rater
ICC is defined as the correlation between two randomly selected measurements on the
same subject for a randomly selected rater. To avoid the assumption that the data are
normally distributed and to account for the fact that the observations within an image
are not independent, we used the cluster nonparametric percentile bootstrap method
with 2000 replicates with replacement at the level of image to obtain the associated two-
sided 95% confidence intervals (Cl) for intra- and inter-rater ICCs.'> The degree of
reliability was interpreted according to the benchmarks proposed by Landis and Koch
whereby ICCs of <0.0, 0.0-0.20, 0.21-0.4, 0.41-0.6, 0.61-0.8, and >0.81 constitute
‘poor,’ ‘slight,’ ‘fair,” ‘moderate,’ ‘substantial’ and ‘almost perfect’ reliability.** It should be
noted, however, that other benchmarks have also been proposed for the interpretation
of IcC.*

Development of the novel index

ltems from the mVAI and exploratory items identified in the present study were
considered as candidate items for the new index. Fistula location was not considered
based on expert opinion of the study radiologists that it is unlikely to change with
effective treatment. For index development, items with at least a ‘moderate’ level of
reliability (i.e. ICC =20.40) were selected as candidate items and the VAS global
measure of perianal fistulizing disease activity was used as the anchor. Exploratory
bivariate analyses between the VAS score and each of the selected items were
performed first to guide the coding of each item. Specifically, we prespecified that items

would be coded as continuous if a linear relationship was demonstrated between a
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change in the item score and a change in the VAS score. If a linear relationship was not
evident, the bivariate relationships were used to collapse item levels.

A full model was then obtained that incorporated all items, re-scaled where
deemed necessary, followed by a step-down model building approach with P = 0.05
used as the criterion for item retention. Residuals from the final model were subjected to
diagnostics examination (see Supplementary Figure 1 ), which suggests no obvious
violations of the key assumptions for linear regression analysis, i.e., homogeneity of
residual variance, normality of residual distribution, and the lack of outliers. The stability
of the final model was assessed and calibrated using the .632 bootstrap method with
2000 replicates.™ Briefly, we obtained the optimism-corrected performance (e.g., R?
and calibration intercept and slope) as the difference between the apparent
performance in the study sample and the average optimism, where the average
optimism was obtained using the bootstrap method with 2000 replications. Within each
replication, the bootstrap sample was used to develop a model using backward
elimination, with apparent performance estimated. This model was then tested on data
points in the original sample that were not included in the bootstrap sample to obtain the
test performance. The optimism for each replication was obtained by the difference
between the apparent performance and test performance. This process was repeated
2000 times to obtain the average optimism. On average, 63.2% of the subjects were
used to build the model, which was then tested on the remaining 36.8% of the subjects.

The coefficients from the final model were standardized by dividing by the

smallest coefficient and then rounded to allow simple calculation of the new index. The
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operating characteristics of the new index were evaluated in terms of reliability and
responsiveness using methods described elsewhere in this section.

Evaluation of responsiveness

Responsiveness of the MR indices was evaluated from two perspectives as suggested
by the COnsensus-based Standards for the selection of health status Measurement
INstruments (COSMIN) checklist.®® We first evaluated longitudinal validity*’ by
estimating correlation coefficients and their associated 95% ClIs between change scores
for the MR indices, the VAS and other measures of disease activity including the
perianal disease activity index (PDAI), the Crohn's Disease Activity Index (CDAI), the
Inflammatory Bowel Disease Questionnaire (IBDQ), and C-reactive protein (CRP)
concentrations. We then evaluated responsiveness by quantifying the ability of the
indices to detect a meaningful change, defined as an improvement in the VAS of one-
half of the baseline standard deviation (SD).*® Results were reported in terms of the
standardized effect size (mean difference divided by standard deviation) and the
associated 95% CI. Interpretation of correlations and standardized effect sizes was
done according to benchmarks set by Cohen.' Standardized effect sizes were
compared using methods for areas under correlated receiver operating curves (ROC),
as it can be shown that the area under the ROC curve is a one-to-one function of
standardized effect size?® when data are normal.*

Justification of sample size

Sample size calculation for reliability was based on the 1-way random effects model,*?
which tends to provide more conservative estimates compared to those based on 2-way

models. Assuming a true ICC of 0.7, evaluation of 40 MRI scans 2 times by 4 central
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readers would yield an approximately 80% chance of obtaining a lower bound for the 2-
sided 95% CI for an ICC greater than 0.5. We did not do formal sample estimation for
index development as there is no simple procedure for this purpose, However, using the
rule of thumb of 10 observations per predictor, this study had sufficient sample size for
16 predictors. Sample size justification for responsiveness was based on estimation of
standardized effect size. Specifically, assuming 30% of patients experienced meaningful
change scores, a sample size of 160 would result in an 80% chance that the lower limit
of the 95% CI would exclude O.

Statistical analyses were conducted with SAS (version 9.4) and rms package in R
(version 3.5.2) software.?®

RESULTS

MRI sequences

Of the 212 patients randomized in the ADMIRE CD trial, 186 had MRIs available at both
baseline and Week 24. For the purpose of this post hoc study which required rescoring
of all paired images, 11 pairs were excluded due to image quality (baseline only [n=2],
Week 24 only [n=6], or both time points [n=3]), and 15 pairs were excluded due to
missing VAS global perianal fistulizing disease activity or index item scores, leaving a
total of 160 patients (86%) with MRI pairs available for analysis. Baseline clinical
characteristics of the patients whose scans were read and used for subsequent
analyses described below are provided in Supplementary Tables 2 and 3.

Assessment of reliability

Intraclass correlation coefficients (95% CI) for intra- and inter-rater reliability for the VAI,

mVAI, the exploratory items, and the VAS are shown in Table 2 (intra-rater reliability for
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each reader is shown in Supplementary Table 4 ). For the VAI and mVAI, intra-rater
reliability was almost perfect (0.81 [0.71-0.86] and 0.81 [0.74-0.86], respectively) and
inter-rater reliability was substantial (0.68 [0.56-0.77] and 0.67 [0.55-0.75],
respectively). Almost perfect intra- and inter-rater reliability was observed for the VAS-
based assessment (0.89 [0.83-0.92] and 0.82 [0.75-0.86], respectively).

All component items considered in the development of the mVAI had moderate to
substantial intra-rater reliability and moderate inter-rater reliability. This was also true for
the original VAI items, with the exception of “number of fistula tracts” and “extension,”
for which only moderate intra-rater and fair inter-rater reliability were observed.

For the exploratory items, intra-rater reliability was substantial, and inter-rater
reliability was moderate for “length of fistula tract,” whereas assessment of the “number
of external openings” and “number of internal openings” were associated with moderate

intra-rater and fair inter-rater reliability.

New index development for perianal fistulizing Croh n’s disease: MAGNIFI-CD

The mean (SD) Week 24 VAS global perianal fistulizing disease activity score was 42.4
(21.6) and the distribution of the VAS scores for the 160 patients whose images were
used for index development is shown in Figure 1a. Eight candidate items for the new
index had inter-rater ICC estimates = 0.4, including number of fistula tracts,
hyperintensity of primary tract on T2-weighted images, hyperintensity of primary tract on
post-contrast T1-weighted images, proctitis, dominant feature of primary tract and

extensions, length of fistula tract, fistula extension and inflammatory mass.

Coding of each item in the multivariable linear regression model was guided by
bivariate relationships between scores on the VAS and each item (Figure 1b; the

17



corresponding frequency distribution of investigated items is shown in Supplementary
Table 5). Specifically, there were linear relationships between increments in VAS
scores and the number of fistula tracts, hyperintensity of primary tract on T2-weighted
images, and length of the fistula tract. For hyperintensity of the primary tract on post-
contrast T1-weighted images both scores of 0 and 1 had VAS scores of approximately
20, justifying the collapsing of this item from three original categories (0 = absent, 1 =
mild, 3 = pronounced) to two categories (0 = absent/mild and 1 = pronounced) for model
development. For the extension item (4 original categories; 0 = absent, 1 =
infralevatoric, 2 = horseshoe configuration, 3 = supralevatoric), categories 1 and 3 were
collapsed, leaving 3 categories for this item (0 = absent, 1 = horseshoe configuration, 2
= infralevatoric/supralevatoric). For the inflammatory mass item, the original categories
of focal and diffuse were switched (such that O = absent, 1 = focal, 2 = diffuse, 3 = small
collections, 4 = medium collections, 5 = large collections). Switching of the categories
for extension and inflammatory mass were discussed with clinical experts. The bivariate
relationships between the VAS score and each item after the re-scaling process are
shown in Figure 1c (the corresponding frequency distribution and univariable linear
regression models of the investigated items after re-scaling are shown in

Supplementary Tables 6 and 7).

A backwards step-down procedure with the .632 bootstrap method of 2000
samples removed the items hyperintensity of primary tract on T2- weighted images and
proctitis from the initial model, leaving 6 items in the final model for predicting the VAS
(Table 3). The R was minimally changed from the full model that included 8 items to

the final model that included 6 items. Residual diagnostic plots did not indicate severe
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violation of model assumptions (results not shown). The optimism-corrected R? (0.71)
was comparable with that based on the original sample (0.74). Furthermore, the
optimism-corrected calibration slope was 0.98, and close to an ideal value of 1.0. We
therefore conclude that the final model with 6 independent variables is very stable

(Figure 1d), suggesting the final model has reasonable external validity.
Using the standardized coefficients from Table 3, MAGNIFI-CD can be calculated as:

MAGNIFI-CD = 3x number of fistula tracts (3 levels)
2 X hyperintensity of primary tract on post-contrast T1-
weighted images (2 levels)
2 x Dominant feature (3 levels)
2 x Fistula length (3 levels)
2 x Extension (3 levels)
1 x Inflammatory mass (6 levels)

The total MAGNIFI-CD score ranges from 0 (no disease activity) to 25 (severe disease
activity). The mean (SD) MAGNIFI-CD score based on the 160 patients used for the
development of the new index was 13.6 (5.6). Intra-class correlation coefficients (95%
Cl) for the new index scores were consistent with nearly perfect intra-rater (0.85, 0.77—

0.90) and substantial inter-rater reliability (0.74, 0.63—0.80).
Assessment of responsiveness

Longitudinal validity

Correlations among the changes in the MRI index scores and those of the PDAI, CDAI,
IBDQ, and CRP concentrations irrespective of treatment assignment are shown in
Table 4. Changes in the MRI index scores were highly correlated with each other and

the VAS (correlation coefficients = 0.60). However, the correlations among changes in
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the other outcomes and changes in the MRI index scores were small (all correlation
coefficients < 0.20).
Standardized effect size estimates
When meaningful change was defined as a decrease in the VAS of one-half of the
baseline SD, 56/160 patients (35.0%) were considered improved or changed, 77/160
(48.1%) were considered unchanged while 27/160 (16.9%) worsened. The standardized
effect size (95% CI), according to this definition of change was 0.68 (0.32 to 1.03) for
the original VAI, 0.84 (0.48-1.21) for the mVAI, and 1.02 (0.65-1.39) for MAGNIFI-CD.
Although the difference in standardized effect size between MAGNIFI-CD and the mVAI
was not statistically significant (P = 0.29), the standardized effect size for MAGNIFI-CD
was statistically superior to the standardized effect size for the VAI (P = 0.045).
For patients whose VAS changed more than one-half of the SD, the mean (SD)
MAGNIFI-CD scores at baseline and Week 24 were 15.3 (4.9) and 11.4 (5.9),
respectively. The values for patients whose VAS changed less than one-half of the SD
were 14.8 (5.4) and 14.4 (5.2), respectively.
DISCUSSION

Identification of new treatments for fistulizing perianal CD is an unmet medical
need. An important barrier to progress in this area is the lack of a well-validated MRI
disease activity index. In previous studies we developed standardized scoring
conventions for the original items of the VAI and assessed their reliability in a
convenience sample of MR images.® Modifications were made to improve item reliability
and new candidate items were identified through a formal consensus process. A

modified VAI was created using a mixed model approach, and final recommendations
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for further improvement were suggested for future evaluation. In the present study, we
retested the reliability of all of the items assessed during the derivation of the mVAI,
additional exploratory items, and, furthermore, evaluated the reliability and
responsiveness of the resulting indices using MRIs from a randomized, placebo-
controlled trial of a stem cell therapy of known efficacy.” Both the VAI and the mVAI
were associated with almost perfect intra-rater, and substantial inter-rater reliability, and
ICCs that were nearly identical to those observed in the derivation cohort.” These
observations in an independent dataset confirm the validity of our original findings.

Items of sufficient reliability were considered candidate items for incorporation
into a new MRI activity index. Using the VAS as the dependent variable, application of a
backward step-down regression procedure yielded a new index consisting of 6 items
with a total score ranging from 0-25. Three items that met the criterion for inclusion in
further index development based on their inter-rater reliability (ICC =0.4; Table 2), were
not included in the final model. Fistula location was not included as a candidate index
item at the recommendation of the study radiologists. This item will not change following
administration of an effective therapy and fibrous tracts may persist despite lesion
healing. Both proctitis and hyperintensity of T2-weighted images were eliminated during
the backwards step-down procedure. Although proctitis has prognostic implications for
the likelihood of response to anti-inflammatory therapy,®* expert opinion is that it has
little value for defining the severity of fistulas.

The final index has improved inter-rater reliability and responsiveness compared
to both the VAI and the mVAIL. MAGNIFI-CD incorporates clinically important items

relevant to the burden of perianal disease inflammation, such as number and the length
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of fistulas and, in contrast to the mVAI, does not include assessment of “proctitis,” a
finding that is not directly related to the severity of the disease. Thus MAGNIFI-CD is
likely to be a more efficient measure of disease activity that can be used to detect early
efficacy signals and dose-response relationships in early drug development, a setting
where use of the binary endpoint of fistula “remission” is relatively statistically inefficient.
However, further work is needed to evaluate this possibility, as well as the operating
properties of the new index in order to determine cut-points for minimal clinically
important change.

Of note, we did not find meaningful correlation between changes in the MR
indices and changes in other clinical measures of disease activity. The lack of
correlation with the CDAI is not surprising given that luminal activity is distinct from
fistula activity. Indeed, the patient population in the ADMIRE CD study had non-active or
mildly active luminal CD (CDAI £220) despite the presence of complex perianal fistulas.
Furthermore, although the CDAI items “stool frequency” and “abdominal pain” add
significant weight to the total index score, they are not likely to influence the pathological
process in fistulizing CD. Although the PDAI was developed to measure clinical disease
activity in patients with fistulizing disease, it was not developed using methodology that
conformed to accepted principles of evaluative index development. In this regard, the
lack of correlation between changes in the MR indices and the PDAI is analogous to the
poor correlation that exists between endoscopic disease activity and the CDAI. In the
latter case, a clinical (symptom and sign-based) measure of disease activity has poor
correlation with the pathological process of inflammation and is therefore a relatively

poor measure of treatment efficacy. This observation has important implications for drug
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development and selection of clinical trial outcomes, as well as for regulatory
assessment of new drugs.

Our study had several strengths. This work is the result of an international
collaboration between a team of experts in gastrointestinal radiology, inflammatory
bowel disease specialists, and biostatistics. Through collaboration with industry
partners, we were able to utilize MR images from the largest randomized study to date
of an effective therapy for CD patients with perianal fistulas.

Our study has some limitations. First, the dataset excluded patients with simple
fistulas, rectovaginal fistulas, rectal/anal stenosis and/or severe proctitis (defined as the
presence of ulcerations). These restrictions may limit the generalizability of the index in
these subgroups. Second, the participating radiologists were highly experienced in
pelvic MRI and intensively trained on item scoring conventions, thus our results may not
be generalizable to other settings. Third, the new index was not independently
evaluated in a second data set. However, to our knowledge there is no other known
placebo-controlled dataset from a RCT of an effective therapy for perianal fistulizing CD
that has incorporated MRI assessments. Fourth, the images were limited specifically to
an intervention of stem cell therapy injection, and thus the operating properties of the
new index should also be assessed in studies of other treatment types. Despite these
limitations we believe this work addressed an important unmet need in perianal CD for a
validated MRI index for the assessment of perianal fistula activity. Use of MAGNIFI-CD
in future clinical trials will simultaneously facilitate research and development of novel
therapies for a patient group with large unmet need and burden of illness, while

providing additional datasets for external validation of the index.
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FIGURE LEGENDS

Figure 1a. Distribution of the VAS scores for the 160 patients used in the development
of the MAGNIFI-CD.

Figure 1b Univariable summaries of VAS scores as stratified by levels of candidate
items. The figure shows the VAS scores for the items evaluated according to each of
their levels. These were used to guide the number of levels for regression analysis. For
example, a linear relationship is present for the number of fistula tracts, so three levels
were included whereas only two levels were appropriate for hyperintensity of the
primary tract on post-contrast T1-weighted images.

Figure 1c Univariable summaries of VAS scores as stratified by re-scaled levels of
candidate items. The figure shows the VAS scores for the items evaluated according to
each of their levels after re-scaling. For example, hyperintensity of the primary tract on
post-contrast T1-weighted images was collapsed into two levels by combining the first
two levels

Figure 1d . Calibration plot of actual versus predicted VAS using the final model with six
variables (number of fistula tracts, hyperintensity of primary tract on post-contrast T1-
weighted images, dominant feature, fistula length, extension, and inflammatory mass).
The 45° line shows perfect (Ideal) prediction. The model performance as assessed by
the derivation sample is shown by the dotted line (Apparent). The model performance
as assessed by bootstrap validation with 2000 replications is shown by the dashed line
(Bias-corrected). The closeness between the Apparent and Bias-corrected plots
suggests stability for model performance in data sets other than that used to derive the
model.
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Table 1. MRI items assessed for reliability

Item Category

Definition

Number of fistula tracts None

Single, unbranched

Complex

Location (scored for the most Submucosal

severe/predominant fistula tract)

Intersphincteric

Transsphincteric

No tracts visible

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)
Either a single internal opening leading to more than
one fistula tract or multiple internal openings

Tract lies superficial to the internal sphincter

Tract extends through the internal sphincter to the
intersphincteric plane then to the perineal skin

Tract extends via the internal and external anal
sphincter (or puborectal muscle) into the ischiorectal

fossa then to the perineal skin




Extension (score the most severe)

Extrasphincteric

Suprasphincteric

Absent

Infralevatoric

Horseshoe configuration

Supralevatoric

Tract extends through the ischiorectal fossa upwards
and through the levator ani muscles to the rectal wall
completely outside the sphincter mechanism

Tract extends via 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 puborectal muscle into
the ischiorectal fossa then to the perineal skin

No extension

Extends upward in the ischioanal fossa but remains
below the levator ani muscle

Extends into the intersphincteric space on both sides
of the midline

Any extension in the supralevatoric space (i.e. above

where the levator plate is connected to the




anorectum)
Hyperintensity of primary tract or Absent No hyperintensity visible, only scar tissue
extensions on fat saturated T2-
weighted images (rate the most
severe lesion by comparing signal
intensity with nearby, in plane

vessels)

Mild Slight increase in signal intensity but less than
nearby, in-plane vessels
Pronounced Tract showing equal or greater signal hyperintensity

than nearby in-plane vessels




Hyperintensity of primary tract or Absent No hyperintensity visible
extensions on post-contrast fat

saturated T1-weighted images (rate

the most severe lesion by comparing

signal intensity with nearby, in-plane

vessels)
Mild Slight increase in signal intensity but less than
nearby, in-plane vessels
Pronounced Tract showing equal or greater signal hyperintensity
than nearby in-plane vessels
Presence of proctitis Absent Normal appearance of rectal wall

Present Increased wall thickness and size of mesorectal
lymph nodes (>5 mm), creeping fat, increased

perimural T2 signal and enhancement.




Inflammatory mass

Absent
Diffuse

Focal

Small collection

Medium collection

Large collection

No inflammatory mass

Diffuse inflammation of surrounding tissues

Lesion > 3 mm in diameter on T2-weighted images
(but does not include linear tracts with diameter >
3mm) with diffuse enhancement on T1-weighted post
contrast images (i.e., granulation tissue)
Circumscribed cavity 3-10 mm in diameter (but does
not include linear tracts with diameter >3 mm).
Hyperintense appearance on fat saturated T2-
weighted images with rim enhancement on T1-
weighted post-contrast images

As defined above except diameter measures 11-20
mm

As defined above except diameter measures >20 mm




Dominant feature of primary tract and Predominantly fibrous

extensions

Internal openings*

Predominantly filled with

granulation tissue

Predominantly filled with

fluid or pus

>2

> 50% of tract has a fibrotic appearance (i.e.,
hypointense on fat saturated T2-weighted images)
> 50% of tract is filled with granulation tissue (i.e.,
hyperintense on fat saturated T2-weighted images
with enhancement of contents and wall on T1-
weighted post-contrast images)

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

tract may enhance])




External openings®

Length of fistula tract*

3

>3

<25cm

25cmto5cm

>5cm

"Exploratory

item

proposed by

the

study

radiologists.



Table 2. Variance components and estimates of intraclass correlation coefficients (ICC) for the original and modified van

Assche indices and the VAS based on assessment of 40 scans (each read twice by 4 readers who were blinded to patient

clinical information).

Variance components

Intraclass correlation coefficients

(95% bootstrap ClI)

Slide  Reader Slide Residual Total Intra-rater Inter-rater
Re;(der

Modified van Assche index
Extension 0.553 0.030 0.202 0.446 1.211  0.64 (0.48-0.77) 0.45 (0.31-0.58)
Hyperintensity of primary tract on T2-weighted images 0.205 0.000 0.066 0.125 0.396 0.68 (0.51-0.79) 0.52 (0.34-0.64)
Proctitis 0.068 0.004 0.026 0.047 0.145 0.68 (0.45-0.84) 0.47 (0.13-0.69)
Inflammatory mass 0.684 0.001 0.520 0.317 0.906 0.79 (0.58-0.89) 0.45 (0.20-0.62)
Dominant feature 0.179 0.010 0.069 0.081 0.339 0.76 (0.63-0.84) 0.53 (0.36-0.65)
Total mVAI 10.860 0.108 2.111 3.044 16.153 0.81(0.74-0.86) 0.67 (0.55-0.75)

Other items explored during derivation of the

modified van Assche index
Number of fistula tracts 0.115 0.032 0.020 0.118 0.285 0.59 (0.48-0.69) 0.40 (0.27-0.52)
Location (modified definition) 0.363 0.041 0.190 0.186 0.780 0.76 (0.67-0.83) 0.47 (0.32-0.58)
Hyperintensity of primary tract on post-contrast 0.145 0.004 0.034 0.115 0.298 0.61 (0.47-0.73) 0.49 (0.34-0.61)

T1-weighted images




Variance components

Intraclass correlation coefficients

(95% bootstrap CI)

Slide  Reader Slide Residual Total Intra-rater Inter-rater
Re;(der
Original VAI
Number of fistula tracts 0.241 0.047 0.110 0.290 0.688 0.58 (0.45-0.70) 0.35(0.22-0.48)
Location 0.196 0.012 0.077 0.136 0.421 0.68 (0.56-0.77) 0.47 (0.34-0.56)
Extension 0.216 0.038 0.061 0.241 0.556 0.57 (0.39-0.71) 0.39 (0.26-0.51)
Hyperintensity of primary tract on T2-weighted images 0.205 0.000 0.066 0.125 0.396 0.68 (0.51-0.79) 0.52 (0.34-0.64)
Collections 0.053 0.001 0.036 0.007 0.097 0.93 (0.83-1.00) 0.55 (0.05-0.79)
Rectal wall involvement 0.068 0.004 0.026 0.047 0.145 0.68 (0.45-0.84) 0.47 (0.13-0.69)
Total VAI 12.63 0.163 2.106 3.541 18.440 0.81 (0.71-0.86) 0.68 (0.56-0.77)
Exploratory items
Length of fistula tract 0.275 0.000 0.033 0.145 0.453 0.68 (0.54-0.78) 0.61 (0.45-0.71)
Number of external openings 0.1251 0.005 0.039 0.177 0.346 0.49 (0.35-0.61) 0.36 (0.23-0.49)
Number of internal openings 0.064 0.008 0.059 0.161 0.292 0.45(0.29-0.58) 0.22 (0.07-0.35)
Visual Analogue Scale (VAS) 406.9 1390 22.16 56.07 499.03 0.89(0.83-0.92) 0.82 (0.75-0.86)
"Re-coding of the mVAI items was used to derive ICC estimates for the original VAl items as described in the Methods.



Table 3. Items and weights for the candidate index MAGNIFI-CD (developed based on

160 Week 24 scans read once by 4 readers [each reading 35 to 42 scans])

ltem Full model Final Model Standardized
Coefficient (SE) Coefficient (SE)  Coefficient®
Intercept -4.84(3.51) -3.22 (3.16)
Number of fistula tracts 8.80 (2.16) 9.48 (2.07) 3
0 = None
1 = Single, unbranched
2 = Complex
Hyperintensity of primary tract on post- 262((2251) -
contrast T2-weighted images
Absent
Mild
Pronounced
Hyperintensity of primary tract on post- 5.79 (2.93) 7.57 (2.31) 2
contrast T1-weighted images
0 = Absent/Mild
1 = Pronounced
Dominant feature? 7.23 (1.91) 7.80 (1.84) 2
0 = Predominantly fibrous
1 = Predominantly granulation
tissue
2 = Predominantly fluid/pus
Proctitis 1.07 (2090 -
Fistula length 6.69 (1.47) 6.72 (1.46) 2
0=<25cm
1=25cmto5cm
2=>5cm
Extension 6.20 (1.22) 6.18 (1.20) 2
0 = Absent
1 = Horseshoe
2 = Infralevatoric/Supralevatoric
Inflammatory mass 3.12 (0.71) 3.15(0.70) 1
0 = Absent
1 = Focal
2 = Diffuse
3 = Collections-Small
4 = Collections-Medium
5 = Collections-Large
R? 0.744 0.742

SE, standard error.

Calculated by dividing the regression coefficient for each item by the smallest coefficient and rounding.

°If multiple fistula are present, the worst is rated.



Table 4. Estimates of the Pearson correlation coefficient (95% CI) amongst changes in MRI indices and other measures

of disease activity"

VAI mVAI VAS PDAI IBDQ CDAI CRP
MAGNIFI-CD 0.65 0.75 0.69 0.14 -0.09 0.12 0.08
(0.55, 0.74) (0.67, 0.81) (0.60, 0.76)  (-0.02,0.29) (-0.25,0.07) (-0.04,0.28) (-0.10,0.25)
n=153 n=153 n=155 n=150 n=149 n=147 n=128
VAI 0.87 0.60 0.13 -0.07 0.20 0.06
(0.82, 0.90) (0.49,0.69) (-0.03,0.29) (-0.23,0.09) (0.04,0.35) (-0.11,0.23)
n=154 n=157 n=152 n=151 n=149 n=128
mVAI 0.63 0.12 -0.08 0.20 0.07
(0.52,0.72) (-0.04,0.27) (-0.24,0.08) (0.04,0.35) (-0.11,0.24)
n=154 n=149 n=148 n=146 n=126
VAS 0.28 -0.23 0.24 0.12
(0.13,0.42) (-0.38,-0.08) (0.08,0.38) (-0.05, 0.28)
n=155 n=154 n=152 n=131
PDAI -0.36 0.24 -0.11
(-0.49, -0.21) (0.08,0.39) (-0.27,0.07)
n=151 n=150 n=129
IBDQ -0.34 -0.04
(-0.47,-0.19) (-0.22,0.13)
n=151 n=127
CDAI 0.09
(-0.09, 0.26)
n=127

Correlations are based on the population used for index development and validation (N=160); numbers of patients included in each
correlation analysis are based on the number of patients with data available for both outcomes.
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WHAT YOU NEED TO KNOW

BACKGROUND AND CONTEXT: We developed and validated magnetic resonance
imaging (MRI) index for assessing perianal fistulas in patients with Crohn’s disease
(CD).

NEW FINDINGS: We developed an index, called the MAGNIFI-CD, based on 6 items. It
assesses MRI data and determines perianal fistulizing CD activity with improved
operating characteristics compared to previous indices.

LIMITATIONS: We validated the index only internally. External validation is necessary.

IMPACT: This index might be used as an outcome measure in clinical trials comparing
treatment effects in patients with perianal fistulizing CD

LAY SUMMARY: We developed a new system to determine the severity of perianal
fistulas in patients with Crohn’s disease based on 6 factors collected during magnetic
resonance imaging.
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Figure 1. Diagnostics examination of residuals from the final

independent variables.
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Table 1. Standard pelvic MRI acquisition protocol.

Localizer Sagittal T2- Coronal T2-  Axial T2- Axial T2- Axial T1-
weighted weighted weighted weighted weighted Fast
Fast Fast Fast Fast Spin-Echo with
Spin-Echo Spin-Echo Spin-Echo Spin-Echo fat saturation
with plus IV contrast
fat saturation enhancement
TE/TR (msec) N/A 70/2500 70/2500 70/2500 85/4000 10.8-32.3/600
FOV (cm) 40 30 30 30 30 30
Slice Thickness 7 4 4 4 4 4
(mm)
Distance Factor 5.0 0.4 0.4 0.4 0.4 0.4
(mm)
Matrix 256x128 512x256 512x256 512x256 256x256 256x256
Frequency N/A Sl Sl RL RL RL

TE: echo time; TR: repetition time; FOV: field of view; N/A: Not applicable; SI = Superior inferior, RL = Right left



Table 2. Baseline and Week 24 clinical characteristics of the patients whose scans were used

in the assessment of index reliability.

Characteristic Mean (SD)
Baseline Week 24
C-reactive protein, mg/L 9.1 (13.7) 9.0 (14.3)
Perianal Disease Activity Index score 6.1 (2.4) 3.3(2.7)
Crohn’s Disease Activity Index score 71.0 (46.5) 66.8 (52.6)
Inflammatory Bowel Disease Questionnaire Score 182.4 (28.5) 189.5 (32.2)

SD, standard deviation

Table 3. Baseline and Week 24 clinical characteristics of the patients whose scans were used

in the assessment of index responsiveness.

Characteristic Mean (SD)

Baseline Week 24
C-reactive protein, mg/L 7.1 (10.5) 7.1(11.5)
Perianal Disease Activity Index score 7.0 (2.8) 4.4 (3.6)
Crohn’s Disease Activity Index score 92.9 (49.9) 89.7 (68.7)
Inflammatory Bowel Disease Questionnaire Score 169.9 (31.0) 177.3 (34.7)

SD, standard deviation



Table 4. Estimates (95% CI) of reader-specific intraclass correlation coefficients based on 40 scans.

Reader
1 2 3 4
Modified van Assche index
Extension 0.62 0.55 0.40 (0.11, 0.87
(0.37,0.78) (0.29, 0.73) 0.63) (0.78, 0.93)
Hyperintensity of primary tract on T2- 0.69 0.67 0.78 0.55
weighted images (0.47,0.83) (0.46, 0.81) (0.62, 0.88) (0.28,0.74)
Proctitis 0.78 0.66 0.63 0.53
(0.61, 0.88) (0.44, 0.80) (0.41, 0.79) (0.26, 0.72)
Inflammatory mass 0.78 0.89 0.64 0.87
(0.60, 0.88) (0.81, 0.94) (0.41, 0.79) (0.76, 0.93)
Dominant feature 0.76 0.71 0.63 0.89
(0.57, 0.87) (0.50, 0.85) (0.38, 0.79) (0.79, 0.94)
Total mVAI 0.85 0.86 0.71 0.80
(0.72,0.92) (0.74, 0.93) (0.50, 0.84) (0.64, 0.89)
Other items explored during derivation of the modified van Assche index
Number of fistula tracts 0.44 0.48 0.49 0.68
(0.14, 0.67) (0.20, 0.69) (0.22, 0.69) (0.46, 0.82)
Location (modified definition) 0.63 0.87 0.69 0.59
(0.39, 0.79) (0.77, 0.93) (0.49, 0.82) (0.33,0.76)
Hyperintensity of primary tract on post- 0.51 0.77 0.69 0.52
contrast T1-weighted images (0.22, 0.72) (0.59, 0.88) (0.48, 0.83) (0.22, 0.73)
Original VAI*
Number of fistula tracts 0.41 0.59 0.49 0.70
(0.09, 0.65) (0.34, 0.76) (0.22, 0.69) (0.50, 0.83)
Location 0.65 0.74 0.75 0.41
(0.42, 0.80) (0.55, 0.85) (0.57, 0.86) (0.10, 0.64)
Extension 0.50 0.45 0.29 0.75
(0.20, 0.71) (0.17, 0.67) (-0.02, 0.55) (0.57, 0.86)



Reader

1 2 3 4
Hyperintensity of primary tract on T2- 0.69 0.67 0.78 0.55
weighted images (0.47,0.83) (0.46, 0.81) (0.62, 0.88) (0.28,0.74)
Collections 0.90 1.00 0.84 1.00
(0.81, 0.94) (0.73, 0.92)
Rectal wall involvement 0.78 0.66 0.63 0.53
(0.61, 0.88) (0.44, 0.80) (0.41, 0.79) (0.26,0.72)
Total VAI 0.83 0.83 0.79 0.74
(0.69, 0.91) (0.70, 0.91) (0.64, 0.89) (0.55, 0.86)
Exploratory items
Length of fistula tract 0.63 0.52 0.78 0.78
(0.39, 0.79) (0.26, 0.72) (0.62, 0.88) (0.61, 0.88)
Number of external openings 0.56 0.33 0.48 0.50
(0.28,0.74) (0.02, 0.58) (0.21, 0.69) (0.21, 0.70)
Number of internal openings 0.35 0.60 0.29 0.46
(0.03, 0.61) (0.35, 0.77) (-0.02, 0.55) (0.16, 0.67)
Visual Analogue Scale 0.90 0.94 0.77 0.91
(0.81, 0.94) (0.90, 0.97) (0.61, 0.87) (0.84, 0.96)




Table 5. Distribution of investigated characteristics prior to item re-scaling (corresponding to Figure 1b)

Characteristic n Mean VAS
(SD)
Number of fistula tracts
0 None 2 6.5 (3.5)
1 Single, unbranched 65 27.7 (15.3)
2 Complex 93 53.5(18.3)
Hyperintensity of primary tract on T2-weighted images
0 Absent 6 10.7 (7.3)
1 Mild 44  27.5(17.4)
2 Pronounced 110 50.2(18.8)
Hyperintensity of primary tract on post-contrast T1l-weighted images
0 Absent 4  19.5(23.8)
1 Mild 41  24.3(16.9)
2 Pronounced 115 49.7 (18.6)
Dominant feature
0 Predominantly fibrous 23 20.3(18.4)
1 Predominantly granulation tissue 111 42.3(18.5)
2 Predominantly fluid/pus 26 62.5(17.0)
Proctitis
0 No 118 39.6 (21.3)
1Yes 42  50.3(20.7)
Fistula length
0<2.5cm 24  18.1(11.9)
125cmto5cm 61 37.2(16.3)
2>5cm 75 54.5(19.5)
Extension
0 Absent 81 29.6(17.3)
1 Infralevatoric 28 59.3(17.0)
2 Horseshoe configuration 25 46.0 (14.5)
3 Supralevatoric 26  60.8(16.8)
Inflammatory mass
0 Absent 83 33.6(19.9)
1 Diffuse 22  49.7 (19.6)
2 Focal 27 42.3(18.3)
3 Collections — small 14  58.9 (14.5)
4 Collections — medium 10 64.8(14.0)
5 Collections - large 4 73.3 (8.5)
Overall 160 42.4 (21.6)

SD, standard deviation; VAS, visual analog score



Table 6. Distribution of investigated characteristics after item re-scaling (corresponding to Figure 1C)

Characteristic n Me?gD\;AS
Number of fistula tracts (no re-scaling)

0 None 2 6.5 (3.5)

1 Single, unbranched 65 27.7 (15.3)

2 Complex 93 53.5(18.3)
Hyperintensity of primary tract on T2-weighted images (no re-scaling)

0 Absent 6 10.7 (7.3)

1 Mild 44  27.5(17.4)

2 Pronounced 110 50.2(18.8)
Hyperintensity of primary tract on post-contrast T1l-weighted images
(re-scaled)

0 Absent/Mild 45 23.9 (17.4)

1 Pronounced 115 49.7 (18.6)
Dominant feature (no re-scaling)

0 Predominantly fibrous 23 20.3(18.4)

1 Predominantly granulation tissue 111  42.3(18.5)

2 Predominantly fluid/pus 26 62.5(17.0)
Proctitis (no re-scaling)

0 No 118  39.6 (21.3)

1 Yes 42  50.3(20.7)
Fistula length (no re-scaling)

0<2.5cm 24  18.1(11.9)

125cmto5cm 61 37.2(16.3)

2>5cm 75 54.5(19.5)
Extension (re-scaled)

0 Absent 81 29.6 (17.3)

1 Horseshoe configuration 25 46.0 (14.5)

2 Infralevatoric/Supralevatoric 54 60.0 (16.8)
Inflammatory mass (re-scaled)

0 Absent 83 33.6(19.9)

1 Focal 27 42.3(18.3)

2 Diffuse 22 49.7 (19.6)

3 Collections — small 14  58.9 (14.5)

4 Collections — medium 10 64.8(14.0)

5 Collections — large 4 73.3 (8.5)
Overall 160 42.4 (21.6)

SD, standard deviation; VAS, visual analog score



Table 7. Univariable linear regression models for candidate items after item re-scaling (N=160)

Candidate ltem Coefficient (SE) R? P Value
Number of fistula tracts 25.5 (2.6) .38 <.001
Hyperintensity of primary tract on T2-weighted images 21.5 (2.6) .30 <.001
Hyperintensity of primary tract on post-contrast T1-weighted images  25.8 (3.2) .29 <.001
Dominant feature 21.1 (2.6) .29 <.001
Proctitis 10.7 (3.8) .05 .006
Fistula length 17.9 (1.9) .36 <.001
Extension 15.2 (1.5) 41 <.001
Inflammatory mass 8.0 (1.0) 27 <.001




