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Abstract

Introduction: The aim of this study was to provide an external validation of bowel
ultrasound (US) predictors of activity in ulcerative colitis (UC) and quantitative
Milan Ultrasound Criteria (MUC).

Methods: Forty-three consecutive patients with UC (16 in endoscopic remission
and 27 with endoscopic activity) underwent bowel US and colonoscopy in a tertiary
referral inflammatory bowel disease unit.

Results: An MUC score >6.2 discriminated patients with active versus non-active
UC with a sensitivity of 0.85 (95% confidence interval (Cl) 0.66-0.96), specificity of
0.94 (95% CIl 0.70-0.99) and an area under the curve of 0.902 (95% CI| 0.772-0.971)
in complete agreement with the derivation study.

Conclusion: The external validation of MUC confirms that it is an accurate tool for
assessing disease activity in patients with UC.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic, relapsing and destructive in-
flammatory disorder of the colon which can lead to organ damage
and impair quality of life.! A treat-to target approach with tight
monitoring of intestinal inflammation is recommended.? Hence, we
need simple, practical and non-invasive tools for monitoring UC pa-
tients in order to reduce the burden related to colonoscopy (CS).
Bowel ultrasound (US) is a cost-effective, well-tolerated, non-inva-
sive and readily available tool for the management of patients with
inflammatory bowel disease (IBD), including UC, in clinical practice.®

Several data on the accuracy of bowel US in monitoring disease
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activity of UC have been published.*” However, clear US-based
parameters to assess and grade disease activity and severity in UC
patients are lacking. Recently, we determined the bowel US param-
eters that best identified endoscopic activity, defined by a Mayo
score of >2, using multivariable analysis, and developed non-invasive
ultrasonography-based criteria (Humanitas Ultrasound Criteria
[HUC] now described as Milan Ultrasound Criteria [MUC]) to assess
and grade disease activity in UC.2 The external validity and repro-
ducibility of these criteria remain to be investigated in an indepen-
dent cohort of UC patients and assessed by an independent IBD
team.’ The aim of this study was to provide external validation of
the MUC.
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METHODS
Study population and examinations

Consecutive adult patients with an established diagnosis of UC (of
at least 6 months), seen in a tertiary referral centre (Fondazione
IRCCS Ca’ Granda- Ospedale Maggiore Policlinico, Milan, Italy)
between May 2019 and May 2020 and requiring routine in-
vestigations by CS, were prospectively assessed by CS and bowel
US within 1 week, irrespective of disease activity. Inclusion and
exclusion criteria and design of the study were the same as those
reported in detail in the derivation study.® The endoscopic activity
was evaluated by CS according to the Mayo endoscopic sub-score,
and mucosal healing (MH) was defined by an absolute Mayo
endoscopic sub-score of 0 or 1.}° Bowel US was performed by
two gastroenterologists who were experts in bowel US (6-
20 years of experience) using a Philips iU22 apparatus (Philips
Ultrasound; Philips Healthcare) with a multi-frequency convex (C5-
2, 5-2 MHz) and a linear array transducer (L12-5, 12-5 MHz).
The following parameters were evaluated: colonic wall thickening
(CWT; the average of three measurements, normal values <3 mm);
colonic wall pattern (CWP; O=normal, multi-layered, 1=prevalently
hypoechogenic, 2=prevalently hyperechogenic, 3=lost); colonic
wall flow (CWF; O=absence, 1=presence of blood signals at
(short

axis >5 mm); and mesenteric hypertrophy (defined as the pres-

colour Doppler); enlarged mesenteric lymph nodes
ence of a hyperechoic area surrounding the pathologic intestinal

tract).

Statistical analysis

Descriptive statistics of the baseline data are presented as medians
(interquartile range) or as percentages when appropriate. Data
comparison was performed using Fisher's exact test for categorical
variables and the non-parametric two-sample Wilcoxon rank-sum
(Mann-Whitney) test for continuous variables. The coefficients of
CWT and CWF (i.e, 1.4 and 2.0, respectively), derived from the
multivariable analysis in the derivation study,® were used to
calculate the MUC in the validation cohort. We performed receiver
operating characteristic (ROC) analysis to calculate the area under
the curve (AUC) in the validation cohort, and assessed the perfor-
mance of the model in this new population in terms of sensitivity

and specificity.

Ethical considerations

The study was performed according to Good Clinical Practice
guidelines and the ethical guidelines of the 1975 Declaration of
Helsinki, and was approved by our Institutional Review Board on 5
November 2014 (ICH1330). Written informed consent was obtained

from each patient included in the study.

RESULTS

A total of 43 consecutive UC patients were included in the study: 16
(37%) patients were in endoscopic remission (Mayo score 0-1), while
27 (63%) patients displayed endoscopic activity (Mayo score >2).
Nineteen (44%) patients had left-sided UC and 14 patients (33%) had
an extensive UC, as evaluated by the CS.

Baseline characteristics and clinical data of the study popu-
lation are presented in Table 1.

Bowel US findings comparing to CS

Median values of CWT in patients in endoscopic remission
(Mayo score 0-1) were 3.0 mm (IQR 3.0-3.5) compared to 6.0 mm
(IQR 4.6-6.6) in patients with endoscopic active disease (Mayo score
2-3; p < 0.0001). CWF was present in 12% (2/16) of patients in
endoscopic remission compared to 78% (21/27) of patients who
displayed endoscopic activity (p = 0.0001). Hypoechogenic or lost
CWP was present in 12% (2/16) of patients in endoscopic remission
compared to 52% (14/27) of patients displaying endoscopic activity
(b = 0.02).

Validation of the MUC

The coefficients of CWT and CWF (i.e., 1.4 and 2.0, respectively),
derived from the multivariable analysis in the derivation study,®
were used to calculate the MUC score in the validation cohort
(i.e., MUC = 1.4 x CWT +2.0 x CWF). The distribution of the MUC in
this cohort is presented in Figure 1. The MUC significantly correlated
with the Mayo endoscopic sub-score (r = 0.76; 95% confidence in-
terval [C1] 0.600.86; p < 0.0001). An MUC score >6.2 was the best cut-
off for discriminating patients with active versus non-active UC at the
ROC analysis, with a sensitivity of 0.85 (95% Cl 0.66-0.96), specificity
0f 0.94 (95% C10.70-0.99) and an AUC of 0.902 (95% C10.772-0.971).
The observed risk of activity for each MUC range is shown in Table 2.
The diagnostic accuracy of the MUC in the validation cohort was

comparable with that in the derivation study (Table 3).8

MUC and faecal calprotectin in combination

We performed the ROC analysis to investigate the performance of
faecal calprotectin (FC), in terms of sensitivity and specificity, for
assessing endoscopic activity. An FC value >50 mg/g was the best
cut-off for discriminating patients with active disease from patients
with non-active disease, with a sensitivity of 0.94, specificity of 0.55
and an AUC of 0.727 (95% Cl 0.527-0.877). The comparison of the
ROC curves regarding ‘MUC alone’ and ‘MUC + FC’ (i.e., a combined
diagnostic strategy of MUC and FC, considered positive if having an
MUC score >6.2 and/or FC >50 mg/g) showed no difference between
the two approaches (p = 0.101; Figure 2). Furthermore, we
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TABLE 1 Characteristics of patients at inclusion in the study
(N = 43)

Female 16 (37)

Age at diagnosis (years) 39.01 (28.25-52.20)
Age at inclusion (years) 53.81 (35.06-70.83)
Disease duration (years) 8.77 (1.81-19.05)

Disease extent at diagnosis

E2 left-sided 29 (67)

E3 extensive 14 (33)
Concomitant treatments®

Steroids 16 (37)

Immunosuppressants 4 (9.0)

Biologic therapy® 9 (21)
Smoking

Past 4 (9.0)

Active 5(12)
Partial Mayo score (PMS) 5 (0-8)

PMS >2 26 (60)

C-reactive protein (mg/L) 8.5 (3.00-39.60)

Calprotectin (mg/g) 111.0 (48.5-188.0)

Mayo endoscopic sub-score

0 10 (23)
1 6 (14)
2 9 (21)
3 18 (42)

Disease extent at colonoscopy at inclusion
E2 left-sided 19 (44)

E3 extensive 14 (33)

Note. Data are presented as medians (interquartile range) or
percentages as appropriate.

3All patients took mesalazine.

PEight patients were given infliximab, one vedolizumab.

performed a sensitivity analysis using different cut-offs for FC in the
combined diagnostic strategy ‘MUC + FC'. In the first case, where
‘MUC + FC’ was considered positive when having an MUC score >6.2
and/or FC >150 mg/g, sensitivity was 0.88 and specificity was 0.63,
while in the second case, where ‘MUC plus FC' was considered
positive when having an MUC score >6.2 and/or FC >250 mg/g,
sensitivity was 0.82 and specificity was 0.72.

DISCUSSION

This prospective study provided external validation of US-based
criteria (MUC) for assessing disease activity in UC. It confirmed the
role of CWT and CWF as predictors of UC activity in an external,

Distribution of Milan Ultrasound Criteria in a cohort of UC patients
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FIGURE 1 Distribution of the Milan Ultrasound Criteria (MUC)
in a cohort of patients with ulcerative colitis

TABLE 2 Milan Ultrasound Criteria (MUC): Observed risk of
activity for each MUC range

MUC? range Observed risk of endoscopic activity?
<6.2 4/19 (21%)

6.3-8.1 1/2 (50%)

8.2-10.6 11/11 (100%)

>10.6 11/11 (100%)

Note. Enlarged mesenteric lymph nodes were present in 0% (0/16) of
patients in endoscopic remission compared to 15% (4/27) of patients
with endoscopic activity (p = 0.2).

2Endoscopic activity defined by a Mayo endoscopic sub-score of 2-3.

independent cohort. The good performance of the MUC was shown
by similar ROC areas in the derivation and validation cohorts (AUC:
0.891 and 0.902, respectively). We also confirmed that an MUC
score >6.2 is a valid cut-off to discriminate active from non-active
UC. We have demonstrated that (a) the presence of a CWF and a
CWT >3 mm or (b) the absence of a CWF and a CWT >4.43 mm
are both indicative of active disease in UC, and this may be the
basis for further investigation about the role of the MUC in
monitoring treatment response and driving therapeutic decisions.
Finally, we demonstrated that these criteria are reproducible and
valid when used by independent operators, confirming they are a
simple and valid measure of disease activity that could be
widely used.

The role of US in UC patients is still limited. CS remains the
standard procedure to assess and confirm disease activity and
severity. The main limitations of US are thought to be the poor
sensitivity to look at mucosal ulcers, and the poor reproducibility
among independent operators. We clearly showed that US is ac-
curate in assessing and scoring disease activity in the derivation
and validation cohorts, as the MUC were highly predictive
compared to the Mayo endoscopic sub-score. Therefore, these
criteria can easily and non-invasively distinguish moderate to se-

vere active disease from inactive disease. Moreover, we clearly



ALLOCCA ET AL 441
TABLE 3 Diagnostic accuracy of Milan Ultrasound Criteria (MUC) in derivation and validation study
MUC in derivation study MUC in validation study
Cut-off ROC Sens Spec ROC Sens Spec
Active disease (Mayo endoscopic sub-score >2) >6.2 0.891 0.71 1.00 0.902 0.85 0.94

Abbreviations: ROC, receiver operating characteristic; Sens, sensitivity; Spec, specificity.
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FIGURE 2 Comparison of receiver operating characteristic
curves: ‘Milan Ultrasound Criteria (MUC) alone’ (continuous line)
versus ‘MUC + FC’ (dashed line). No statistically significant
difference was observed (p = 0.101). FC, faecal calprotectin

demonstrated the high reproducibility of US assessment, as we
found similar AUC and cut-off values for our criteria in both
derivation and validation cohorts. This will definitely be an inter-
esting starting point to investigate the potential role of US in
replacing endoscopy at least in patients who need close monitoring
and assessment of response to treatment.

The limitations of this study are that we validated these criteria
in a single centre with a rather small sample size, although this was
consistent with the previously published derivation study.®

In conclusion, we validated the MUC as an accurate tool to
assess the UC activity. The sensitivity to change of these criteria and
their validity to assess treatment response and outcomes both in

clinical practice and in clinical trials require further investigation.
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