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Abstract 
Background and Aims: The Milan ultrasound criteria [MUC] is a validated score to assess endoscopic activity in ulcerative colitis [UC]. 
MUC > 6.2 detects Mayo endoscopic score [MES] > 1. In this study we evaluated the predictive value of MUC for biologic treatment response, 
using colonoscopy [CS] as a reference standard.
Methods: Consecutive UC patients starting biologic therapy were included, and underwent CS, IUS, clinical assessment and faecal calprotectin 
[FC] measurement at baseline and within 1 year. In addition, IUS, clinical and FC assessments were performed at week 12. The primary objective 
was to evaluate whether ultrasound improvement [MUC ≤ 6.2] at week 12 predicted endoscopic improvement at reassessment [MES ≤ 1]. 
Endoscopic remission was defined as MES = 0.
Results: Forty-nine patients were included [59% under infliximab, 29% under vedolizumab, 8% under adalimumab, 4% under ustekinumab]. 
MUC ≤ 6.2 at week 12 was the only independent predictor for MES ≤ 1 and MES = 0 at reassessment (odds ratio [OR] 5.80, p = 0.010; OR 
10.41, p = 0.041; respectively). MUC ≤ 6.2 at week 12 showed a negative predictive value of 96% for detecting MES = 0. A ≥2 reduction of the 
MUC predicted MES = 0 (area under the curve [AUC] 0.816). MUC ≤ 4.3 was the most accurate cut-off value for MES = 0 [AUC 0.876]. Guyatt’s 
responsiveness ratio for the MUC was 1.73 [>0.8].
Conclusion: MUC ≤ 6.2 at week 12 predicts long-term endoscopic response. MUC is accurate in monitoring treatment response and may be 
used in both clinical trials and routine practice.
Key Words: Ulcerative colitis; intestinal ultrasound; Milan ultrasound criteria

1.  Introduction
Ulcerative colitis [UC] is a chronic, relapsing and destruc-
tive inflammatory disorder of the colon which can lead to 
organ damage and impair quality of life.1 A ‘treat-to-target 
approach’ with tight monitoring of intestinal inflammatory 
lesions is recommended.2 Colonoscopy [CS] is currently the 
gold standard to assess disease activity and the response 
to treatments.2 However, it is an invasive procedure, is un-
pleasant to patients, and comes with some risks, especially 
during severe flares.3,4 Intestinal ultrasound [IUS] is a patient-
friendly, non-invasive, accurate, cheap tool to manage UC 
patients in clinical practice.5 Its ability to be performed as 
a point-of-care ultrasound may drastically change the fre-
quency of assessment of the treatment response, speeding 
the clinical decision-making process.6 A recent multicentre 
study showed that IUS detected a fast and early response 
to anti-inflammatory treatments, with a high correlation 
with clinical response at week 12.7 To our knowledge, only 

a few studies have evaluated the responsiveness of IUS in 
comparison with colonoscopy,8–11 and just one proposed 
cutoff values for IUS parameters.12 We have externally val-
idated non-invasive ultrasonography-based criteria (Milan 
ultrasound criteria [MUC]) to assess and grade endoscopic 
activity in UC.13,14 We have also demonstrated that MUC is 
able to predict a negative course, in terms of treatment escal-
ation, need of corticosteroids, hospitalization or colectomy.15

The aim of the present study was to assess the predictive 
value of IUS and MUC for treatment response in a longitu-
dinal cohort of UC patients under biologic treatments, by 
using CS as a reference standard.

2.  Methods
2.1.  Study design and population
This was a single-centre, prospective observational study. All 
consecutive adult patients [18 years of age and older] with an 
established diagnosis of UC [for at least 6 months], seen in a 
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tertiary referral centre [Humanitas Research Hospital, Milan, 
Italy] between April 2018 and December 2020, requiring in-
vestigation by CS for a suspicion of active disease, were en-
rolled. Inclusion criteria were endoscopic activity, defined 
by a Mayo endoscopic score [MES] > 1, and a need to start 
biological therapy. Exclusion criteria were any contraindica-
tion to full CS [e.g. intolerance to preparation, severe flare], 
concomitant participation in clinical trials, disease limited to 
the rectum, active infections, including Clostridium difficile 
and cytomegalovirus infections, and inability to perform IUS 
within the time intervals established by the study.

2.1.1.  Colonoscopies
Examinations were performed in a blinded fashion by an ex-
pert endoscopist, with at least 10 years of experience, using 
a standard video endoscope [Fujinon] and following the 
standard protocol used in clinical practice [colonic cleansing 
by administration of 4 L of polyethylene glycol]. Endoscopic 
activity was assessed by MES, where endoscopic improve-
ment was defined by MES ≤ 1 and endoscopic remission by 
MES = 0.16

2.1.2.  Intestinal ultrasound
A gastroenterologist expert in IUS [20 years of experience] 
performed all the scanning procedures in a blinded fashion, 
without having any knowledge of the patient’s symptoms or 
endoscopic findings. Neither preparation nor contrast were 
used. IUS was performed after 6–8 h of fasting, using an 
Aloka Arietta V60 with convex [1–5 MHz] and microconvex 
probes [4–8 MHz], according to an acquisition protocol pre-
viously described.17,18 The entire abdomen was systematic-
ally scanned starting from the right iliac fossa. The following 
parameters were evaluated: bowel wall thickness [BWT] 
[normal values up to 3 mm], measured in longitudinal and 
transverse sections, from the interface between the mucosa 
and the lumen to the interface between the serosa and the 
muscle layer—a mean of two measurements for each section 
was calculated; bowel wall pattern [BWP], defined as [0] 
normal, multilayered, [1] predominantly hypoechogenic, [2] 
predominantly hyperechogenic, [3] lost; bowel wall flow 
[BWF], defined as absence [0] or presence [1] of blood sig-
nals on colour Doppler; presence of mesenteric lymph nodes; 
and mesenteric hypertrophy, defined as absence [0] or pres-
ence [1]. These parameters were evaluated for each intestinal 
segment impacted by the disease, and the worst segment was 
taken into account.

The MUC was measured, as previously described, ac-
cording to the following formula17:

MUC = 1.4 × BWT [mm] + 2 × BWF; where BWF

= 1 if present, or BWF = 0 if absent.

Ultrasound improvement was defined as an MUC ≤ 6.2, 
an maccurate and validated cut-off value for endoscopic im-
provement [MES ≤ 1].13,14

2.2.  Study design
All patients underwent CS [reference standard] and IUS at 
week 0, before starting biologic therapy, and at reassessment, 
after an average follow-up time of 9.40 months [SD = 3.59]. 
IUS and CS were performed within a maximum interval of 
30 days. Therapies were kept stable in the period between the 
two procedures. MES and MUC were measured to quantify 
disease activity and to assess the accuracy of MUC in moni-
toring UC patients and in detecting therapeutic response to 
biologic therapy. In addition, at week 0, at week 12 and at re-
assessment, patients underwent complete clinical assessment 
and stool samples were obtained for faecal calprotectin [FC] 
measurements. At week 12, IUS was also performed [Figure 
1]. The disease was considered clinically active if the partial 
Mayo score [PMS] was >2.16 The Montreal Criteria were used 
to define disease extent.19

2.3.  Study aims
The primary objective was to evaluate whether ultrasound 
improvement [MUC ≤ 6.2] at week 12, during biologic 
therapy, could predict endoscopic improvement [MES ≤ 1] at 
reassessment.2

The secondary objectives were: [1] to investigate the 
sensitivity-to-change of MUC in patients treated for active 
UC, using the MES as a reference standard; [2] to investi-
gate the correlation between MES and MUC at reassessment; 
[3] to investigate the minimum improvement in MUC able to 
predict endoscopic improvement and remission at reassess-
ment; [4] to investigate the role of FC < 50 µg/g and PMS ≤ 
2 at week 12 as predictors of endoscopic improvement at re-
assessment; [5] to evaluate whether ultrasound improvement 
at week 12, during biologic therapy, could predict endoscopic 
remission at reassessment [MES = 0]; and finally [6] to find 
the most accurate cut-off value of MUC for endoscopic re-
mission [MES = 0].

2.4.  Statistical analysis
Descriptive statistics of the data are presented as medians 
[interquartile range], or as percentages when appropriate. A 
matched-pairs Wilcoxon signed-rank test was used to analyse 
changes in continuous variables. The McNemar test was used 
to assess differences in qualitative parameters between baseline 
and the other time points. A logistic regression analysis was per-
formed to analyse the association between ultrasound improve-
ment at week 12, as defined by an MUC ≤ 6.2, and objective 
presence of endoscopic improvement assessed by CS and MES 
≤ 1 at reassessment. The presence of endoscopic improvement 

Week 0:
CS, IUS, PMS,
FC, CRP

Week 12:
IUS, PMS,
FC, CRP

At reassessment:
CS, IUS, PMS,
FC, CRP

Figure 1. Design of the study.Abbreviations: CS, colonoscopy; IUS, intestinal ultrasound; PMS, partial Mayo score; FC, faecal calprotectin; CRP, 
C-reactive protein. D

ow
nloaded from

 https://academ
ic.oup.com

/ecco-jcc/article/17/10/1579/7135679 by H
ospital San R

affaele user on 28 D
ecem

ber 2023



Early IUS Predicts Biologic Response 1581

was the outcome variable [or dependent variable] [i.e. a bino-
mial variable taking the value 1 if MES ≤ 1, and the value 0 
if MES > 1]. MUC ≤ 6.2, and other non-invasive parameters, 
including FC < 50 µg/g and PMS ≤ 2 were used as explana-
tory variables [or independent variables]. In the univariable 
analysis, a criterion of p < 0.10 was used to identify candidate 
predictors. A multivariable model was then fitted using a ‘back-
wards elimination procedure’. All variables with p < 0.05 were 
retained in the model. Contingency tables taking into account 
presence or absence of endoscopic improvement at reassess-
ment, in relation to ultrasound improvement at week 12, were 
constructed to determine the sensitivity, specificity, positive and 
negative predictive values, and accuracy of MUC. Correlation 
between MUC and MES at reassessment was assessed using the 
Spearman rank correlation test. Reliability between ultrasound 
improvement at week12 and endoscopic improvement at re-
assessment was assessed using kappa statistics.

Guyatt’s responsiveness ratio, the ratio of the change in the 
MUC in patients in endoscopic improvement [MES ≤ 1] to 
the standard deviation of the MUC in patients in endoscopic 
activity [MES > 1], was calculated. The standardized effect 
size was also compared: the ratio of the mean change in the 
MUC in patients in endoscopic improvement to the standard 
deviation of their baseline scores. For both of these ratios, 
values >0.8 are indicative of a large effect, indicating that the 
tool is more responsive to change.

Aiming to investigate the relationship between ultra-
sound improvement at week 12 and a more stringent target 
of treatment, such as endoscopic remission [MES = 0] at re-
assessment, we performed multivariable analysis also using 
endoscopic remission as a dependent binomial variable taking 
the value 1 if MES = 0 and the value 0 if MES > 0. The sensi-
tivity, specificity, accuracy, positive predictive value [PPV] and 
negative predictive value [NPV] of ultrasound improvement 
at week 12 for detecting endoscopic remission at reassessment 
were also investigated. A receiver operating characteristic 
curve was constructed to determine the minimum decrease in 
MUC for predicting endoscopic improvement and endoscopic 
remission. Finally, the area under the receiver operating char-
acteristic curve [AUROC] was used to determine cutoff values 
for MUC for detecting endoscopic remission.

All statistical tests were two-sided. Probability values <0.05 
were considered to be statistically significant. Stata software 
was used for all statistical analyses [Stata Corp.].

We did not perform a power analysis as this is not always 
feasible in observational studies. Sample size was determined 
by practical considerations [i.e. time, availability of eligible 
patients and cost], but also aiming to reach a similar or even 
higher sample size compared to relevant studies,12,20–22 in 
which IUS or other imaging tools, such as magnetic reson-
ance imaging, were shown to assess response to therapy in 
patients with inflammatory bowel disease. Finally, according 
to the rules of thumb, for which the sample size should be ten 
times the number of predictors, we considered that a sample 
size of at least 40 might have been acceptable. To overcome 
drop-outs, we aimed to include a total of 49 patients.

2.4.  Ethical considerations
The study was performed according to Good Clinical Practice 
guidelines and was approved by our Institutional Review 
Board. All patients gave their informed consent for this 
study. Clinical trial registry website and trial number: https://
praticheweb.humanitas.it; ICH1330.

All authors had access to the study data and reviewed and 
approved the final manuscript.

3.  Results
3.1.  Study population
A total of 49 patients with UC were included in the study. 
The characteristics and clinical data of the study population, 
at week 0, at week 12 and at reassessment, are presented in 
Table 1. In particular, 59% of the patients were treated with 
infliximab, 29% with vedolizumab, 8% with adalimumab and 
4% with ustekinumab. After treatment, at reassessment, 18 
[37%] patients achieved endoscopic improvement [MES ≤ 1] 
and 20 [41%] achieved ultrasound improvement [MUC ≤ 6.2] 
[Table 2]. We found a statistically significant, high positive cor-
relation between MUC and MES at reassessment (r = 0.767, 
95% confidence interval [CI] 0.619–0.862; p < 0.001).

3.2.  Responsiveness of MUC
We observed a significant change of MUC values before 
and after treatment, at reassessment (8.7 [7.7–9.5] vs 7.6 
[4.2–8.9]; p < 0.001). A significant improvement from week 
0 was also observed at week 12 (7.5 [4.7–8.5]; p < 0.001). 
Conversely no further significant changes were observed be-
tween week 12 and the reassessment (7.6 [4.2–8.9]; p = 0.18). 
It is noteworthy that MUC values were significantly lower at 
all the time points in the patients with MES ≤ 1 compared to 
patients without MES ≤ 1 [at week 0, p = 0.03; at week 12, 
p = 0.003; at reassessment, p < 0.001; Figure 2]. The size of 
the change in MUC and in MES was significantly correlated 
[r = 0.513, 95% CI 0.271–0.694; p < 0.001].

Guyatt’s responsiveness ratio for the MUC was 1.73 (Δ 
MUC in the group in endoscopic improvement [3.46]/SD 
of the group not in endoscopic improvement [2.0]), and the 
standardized effect size ratio was 1.6 (ΔMUC in the group 
in endoscopic improvement [3.46]/SD of their baseline scores 
[2.13]). Both these values being >0.8 indicate a large effect of 
responsiveness for the MUC.

3.3.  Early predictors of risk of endoscopic 
response
Multivariable analysis among all the variables considered at 
week 12 identified MUC ≤ 6.2 as the only independent pre-
dictor of endoscopic improvement [MES ≤ 1] at reassess-
ment (odds ratio [OR] 5.80, 95% CI 1.49–22.47; p = 0.010) 
[Table  3]. Moderate reliability (k = 0.44 [0.17–0.71]) was 
observed between MUC ≤ 6.2 at week 12 and MES ≤ 1 at 
reassessment. With the aim to investigate the relationship be-
tween MUC ≤ 6.2 at week 12 and a more stringent target of 
treatment, such as endoscopic remission [MES = 0] at reassess-
ment, we performed multivariable analysis also using endo-
scopic remission as a dependent binomial variable taking the 
value 1 if MES = 0 and the value 0 if MES > 0. MUC ≤ 6.2 
was again the only independent risk factor associated with 
achieving endoscopic remission [OR 10.41, 95% CI 1.09–
99.29; p = 0.041] [Supplementary Table S1]. The sensitivity, 
specificity, accuracy, PPV and NPV [95% CI] of MUC ≤ 6.2 
for detecting endoscopic improvement at reassessment were 
67% [41–87], 78% [58–91], 73% [58–85], 67% [41–87] and 
78% [58–91], respectively. The NPV of MUC ≤ 6.2 increased 
to 96% [95% CI 81–100] for detecting endoscopic remission 
[Table 4]. A reduction of ≥2 of the MUC had a sensitivity 
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Table 1. Characteristics of patients at week 0, at week 12 and at reassessment [n = 49]

Week 0 Week 12 Reassessment

Male 34 [69]

Age at diagnosis [years] 34 [21–45]

Disease duration [years] 5.8 [2.8–10.8]

Disease extent at diagnosis

 � Proctitis 2 [4]

 � Left-sided 20 [41]

 � Extensive 27 [55]

Disease extent at inclusion

 � Proctitis 0

 � Left-sided 33 [67]

 � Extensive 16 [33]

Smoking

 � Active 8 [16]

 � Past 16 [33]

 � Never 25 [51]

Previous use of biologics

 � 1 biologic 15 [31]

 � >1 biologic 9 [18]

 � Never 25 [51]

Use of steroids

 � Concomitant 23 [47] 2 [4] 4 [8]

 � Past 26 [53] 47 [96] 45 [92]

Use of IMM [azathioprine]

 � Concomitant 15 [31] 15 [31] 13 [26]

 � Past 21 [43] 21 [43] 23 [47]

 � Never 13 [26] 13 [26] 13 [26]

Biological therapy starteda

 � Infliximab 29 [59] 29 [59] 29 [59]

 � Adalimumab 4 [8] 4 [8] 4 [8]

 � Vedolizumab 14 [29] 14 [29] 14 [29]

 � Ustekinumab 2 [4] 2 [4] 2 [4]

Partial Mayo score
  PMS > 2
  PMS ≤ 2

4.0 [2.7–6.0]
37 [76]
12 [24]

2.0 [0.0–5.0]
20 [45]
24 [55]

2.0 [0.0–4.5]
19 [40]
29 [60]

C-reactive protein, mg/L
  CRP ≥ 5
  CRP < 5

4.0 [2.0–6.5]
19 [40]
28 [60]

3.4 [1.5–6.0]
14 [33]
29 [67]

3.5 [1.7–7.3]
17 [39]
27 [61]

Calprotectin, µg/g 485 [130–800] 214 [27–673] 101 [26–503]

 � Calprotectin < 50 3 [7] 15 [35] 14 [33]

 � Calprotectin 50–250 13 [29] 8 [19] 14 [33]

 � Calprotectin > 250 28 [64] 20 [46] 15 [34]

Mayo endoscopic score 3.0 [3.0–3.0] NA 2.0 [1.0–3.0]

 � 0 0 7 [14]

 � 1 0 11 [23]

 � 2 10 [20] 10 [20]

 � 3 39 [80] 21 [43]

Milan ultrasound criteria 8.7 [7.7–9.5] 7.5 [4.7–8.5] 7.6 [4.2–8.9]

 � MUC ≤ 6.2 3 [6] 18 [40] 20 [41]

 � MUC > 6.2 46 [94] 27 [60] 29 [59]

Abbreviations: IMM, immunomudulators; PMS, partial Mayo score; CRP, C-reactive protein; MUC, Milan ultrasound criteria.
aBiological therapy: a total of ten patients optimized biological dosage, three in adalimumab, two in vedolizumab and five in infliximab, six at week 12 and 
four after week 12.
Data are presented as medians [interquartile range] or percentages when appropriate.
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Table 2. Percentages of patients achieving ultrasound and endoscopic outcomes at reassessment, among the different groups of treatment

Biologics MUC ≤ 
6.2
N [%]

MES ≤ 1
N [%]

MUC > 6.2
N [%]

MES > 1
N [%]

Infliximab 10/29 [34] 10/29 [34] 19/29 [66] 19/29 [66]

Adalimumab 3/4 [75] 2/4 [50] 1/4 [25] 2/4 [50]

Vedolizumab 6/14 [43] 5/14 [36] 8/14 [57] 9/14 [64]

Ustekinumab 1/2 [50] 1/2 [50] 1/2 [50] 1/2 [50]

All patients 20 [41] 18 [37] 29 [59] 31 [63]

Abbreviations: MUC, Milan ultrasound criteria; MES, Mayo endoscopic score.

Milan ultrasound criteria, MUC
9,0

8,5

8,0

7,5

7,0

6,5

6,0

5,5

5,0

4,5
MUC_W0 MUC_W12 MUC_Final

Patients not having endoscopic remission

Patients having endoscopic remission

Figure 2. MUC changed significantly over time [p < 0.001], with the largest drop at week 12 [p < 0.001]. MUC values were significantly lower at all time 
points in patients with MES ≤ 1 [dashed line] compared to patients without MES ≤ 1 [continuous line] at reassessment [p < 0.05].Abbreviations: MUC, 
Milan ultrasound criteria; MES, Mayo endoscopic score.

Table 3. Influence of non-invasive tools at week 12 on the risk of endoscopic improvement [MES ≤ 1] at reassessment

Parameter Univariable analysis Multivariable analysis

OR [95% CI] p OR [95% CI] p

MUC ≤ 6.2 7.0 [1.84–26.61] 0.0043 5.80
[1.49–22.47]

0.010

FC, µg/g
<50
50–250
>250

6.0 [1.52–23.67]
0.44 [0.07–2.51]
0.30 [0.08–1.12]

0.010
0.35
0.074

— —

CRP < 5 mg/L 2.03 [0.51–8.00] 0.31 — —

PMS ≤ 2 3.54 [0.97–12.90] 0.054 — —

Abbreviations: MES, Mayo endoscopic score; MUC, Milan ultrasound criteria; FC, faecal calprotectin; CRP, C-reactive protein; PMS, partial Mayo score.
Significant p-values are highlighted in bold and italics.

Table 4. Diagnostic accuracy of MUC ≤ 6.2 at week 12 in detecting endoscopic improvement [MES ≤ 1] and endoscopic remission [MES = 0] at 
reassessment

Sensitivity, % [95% CI] Specificity, % [95% CI] Accuracy, % [95% CI] PPV, % [95% CI] NPV, % [95% CI]

Endoscopic improvement [MES ≤ 1]

MUC ≤ 6.2 67 [41–87] 78 [58–91] 73 [58–85] 67 [41–87] 78 [58–91]

Endoscopic remission [MES = 0]

MUC ≤ 6.2 86 [42–100] 68 [51–82] 71 [56–84] 33 [13–59] 96 [81–100]

Abbreviations: MUC, Milan ultrasound criteria; MES, Mayo endoscopic score; PPV, positive predictive value; NPV, negative predictive value.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/17/10/1579/7135679 by H

ospital San R
affaele user on 28 D

ecem
ber 2023



1584 M. Allocca et al.

of 89% [95% CI 65–98] and a specificity of 77% [95% CI 
59–90] [AUROC 0.806, 95% CI 0.667–0.904], and a sensi-
tivity of 100% [95% CI 59–100] and a specificity of 62% 
[95% CI 46–76] [AUROC 0.816, 95% CI 0.680–0.912], in 
predicting patients who achieved MES ≤ 1 and MES = 0, re-
spectively [Figure 3].

3.4.  Cut-off value for endoscopic remission
A receiver operating characteristic curve set an enquiry MUC 
≤ 4.3 as the best cut-off value to determine endoscopic remis-
sion [MES = 0]. Sensitivity and specificity were 100% [95% 
CI 59–100] and 76% [61–88], respectively [AUROC 0.876, 
95% CI 0.750–0.952].

4.  Discussion
A ‘treat-to-target’ strategy with close monitoring of the re-
sponse to treatment is recommended in UC.2 Colonoscopy 
is the mainstay of this approach and patients often undergo 
numerous colonoscopies during therapy. However, this pro-
cedure is not well accepted by patients.23 IUS is a non-invasive 
technique which does not require specific preparation and 
contrast media and is welcomed by patients. In addition, 
IUS can be performed in real time, at the point of the care, 
speeding the clinical decision-making process.6 We have de-
veloped and externally validated the MUC to assess disease 
activity in UC.13,14 It correlates very well with endoscopic 
grading of inflammation; in particular, a MUC > 6.2 is an in-
dicator of endoscopic activity [MES > 1] with a specificity of 
100%. Furthermore, MUC is very easy to calculate, as it con-
sists of only the sum of BWT and BWF. These two parameters 
are the most reliable and reproducible among the ultrasound 
parameters,12,24 thus overcoming the limit that sees bowel US 
as an operator-dependent procedure.

In this study we have demonstrated, using colonoscopy 
and MES as a reference standard, that MUC responds to 
treatment, the minimal decrease for MUC [a delta MUC re-
duction of 2 points] able to predict endoscopic improvement 
[MUC ≤ 1] and remission [MUC = 0] at reassessment, and 
in particular that an MUC ≤ 6.2 at 12 weeks is the only 
predictor for endoscopic improvement and remission at the 
reassessment. Furthermore, we have shown that an MUC ≤ 
6.2 at week 12 has an NPV of 96% for endoscopic remis-
sion at reassessment, thus allowing an early adjustment of 
treatment in cases where this early ultrasound target has not 
yet been reached. Indeed, a multicentre large study showed 

a normalization of most ultrasound parameters within 12 
weeks from the beginning of the treatment and, in par-
ticular, a high correlation between the normalization of 
BWT and clinical response at 12 weeks.7 Our study confirms 
that IUS response occurs within 12 weeks, and in addition 
shows that it is the only predictor of endoscopic response at 
reassessment.

To our knowledge, this is the first study that demon-
strates that a validated ultrasound-based score may be used 
for monitoring the response to treatment in UC patients. 
Recently a study of 27 UC patients treated with tofacitinib 
showed that BWT, but not BWF, was accurate in detecting 
endoscopic improvement and remission at 8 weeks.12 BWT 
seems to normalize earlier than BWF,7 and an early endo-
scopic assessment may have masked the response of BWF, as 
suggested by the same authors.12 In the development study, we 
employed multivariable modelling, using MES as a reference 
standard, to build the MUC and converted the beta coefficient 
from the final model of each relevant variable [among bowel 
ultrasound parameters only BWT and BWF resulted in inde-
pendent predictors for endoscopic activity] into a weighted 
score, magnifying the weights of the individual ultrasound 
parameters. In fact, a prediction tool from the multivariable 
model performs better than the univariable ones.13 A previous 
longitudinal prospective study compared bowel US and CS 
for the assessment of response to steroids in UC patients. The 
authors found a consistent concordance. However, they used 
a non-standardized ultrasound scale of activity.25 Finally, in 
this study, we have determined that an MUC ≤ 4.3 was the 
most accurate cut-off value for MES = 0 [AUROC 0.876], 
showing that a non-invasive ultrasound-based approach may 
also be feasible when we want to achieve more ambitious 
treatment targets.

Standardized metrics to communicate disease activity and 
therapeutic response are crucial to implement the use of IUS 
for the management of patients with UC, both in clinical 
practice and in clinical trials. In this direction, a simple and 
easy score, such as MUC that includes only two parameters, 
BWT and CDS, and is highly reproducible and reliable, may 
be helpful. Additionally, the use of a rigorously built score has 
a higher accuracy compared to the use of single parameters.

This study has several strengths: [1] we used the only ex-
isting validated ultrasound-based score; [2] response to treat-
ment was assessed in comparison to colonoscopy, the current 
gold standard; [3] IUS and colonoscopy were performed in a 
blinded fashion; [4] treatment was kept stable between the 
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different procedures; and [5] we performed a prospective lon-
gitudinal study in a real-world setting. This study has also 
same limitations: [1] it is a single-centre study; [2] the sample 
size, although in line other similar studies, is modest; [3] we 
did not use a central reading for endoscopic and ultrasound 
findings; [4] the interval between IUS and colonoscopy was 
up to 30 days. To overcome limits due to the large interval 
between the two procedures, patients maintained stable 
therapies. [5] The inter-rater variability was not assessed. 
However, the reliability of the two ultrasound parameters 
[BWT and BWF] to build the MUC is now well known. [6] 
Finally, large international multicentre studies are warranted 
to confirm the validity of these data.

In conclusion, we have demonstrated that IUS and MUC 
are highly accurate for assessing a response to treatment al-
ready at week 12, and for predicting endoscopic remission 
at reassessment, in a prospective, longitudinal cohort of UC 
patients under biologics. In particular, patients who fail to 
achieve an MUC ≤ 6.2 at 12 weeks have a high likelihood 
of not achieving endoscopic remission at reassessment [<1% 
change in false negative results].

Our findings could lead to non-invasive, early and tight 
control in the monitoring of patients with a well-timed assess-
ment of response to treatment aimed at achieving the target.
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