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Summary eClinicalMedicine

Background The Bowel Ultrasound Score (BUSS) accurately detects therapy-related changes by using the Simple 2024;71: 102559

Endoscopic Score for Crohn’s disease (SES-CD) as the reference standard. We aimed to evaluate ultrasound
remission as a treatment target and its prediction for long-term endoscopic remission.
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Methods This single-centre prospective observational study, based at a tertiary referral centre in Milan, Italy, enrolled,

between March 1, 2018, and January 31, 2021, adult patients with active CD (SES-CD >2) who were starting biologics.
Colonoscopy and IUS was performed at baseline and at 12 months (mean 12.8 + 4.2). The primary outcome was the
predictive value of ultrasound remission at week 12 (BUSS <3.52) for long-term endoscopic remission at 12 months.
The International Bowel Ultrasound Segmental Activity Score (IBUS-SAS) was also calculated and optimal cut-point
to detect endoscopic remission was identified through ROC analysis.

Findings 93 patients with CD were included. Of these, 22 patients (24%) achieved endoscopic remission. Week 12
ultrasound remission predicted endoscopic remission (59% compared with 41% of the patients who were not in ul-
trasound remission; OR 9.93, 95% CI 3.10-31.80; p < 0.001), while week 12 calprotectin values (<50, <100, <250 pg/g)
did not. Week 12 ultrasound activity was associated with failure to achieve long-term endoscopic remission (NPV 87%,
PPV 54%). IBUS-SAS cut-off to discriminate endoscopic remission was 22.8 (AUC 0.906). ROC curve comparison
showed no-significant difference between BUSS and IBUS-SAS (p = 0.46) for detecting endoscopic remission.

Interpretation Early ultrasound remission predicts long-term endoscopic remission, making it a valuable early treatment
target for clinical practice and in clinical trials. Larger multicentre validation studies are warranted to confirm these
findings.

Funding None.
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Introduction quality of life.! A “treat-to-target approach” with tight
Crohn’s disease (CD) is a chronic, relapsing, and monitoring of intestinal inflammatory lesions is rec-
destructive inflammatory disorder of the gastrointestinal ~ ommended.” Ileocolonoscopy (IC) is currently the gold
tract which can lead to organ damage and impaired  standard to assess disease activity and the response to
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Research in context

Evidence before this study

Dependence solely on symptoms for treatment escalation
results in a lower rate of achieving endoscopic remission, as
compared with an approach that includes evaluation of both
clinical and biochemical activity. However, establishing a
single universal fecal calprotectin threshold applicable to all
patients for predicting endoscopic remission remains a
challenge. Intestinal ultrasound has emerged as a promising
tool for monitoring patients, effectively detecting disease
activity. We aimed to evaluate ultrasound remission as a
treatment target and its prediction for long-term endoscopic
remission.

Added value of this study
The findings of this single-centre prospective observational
study suggest that ultrasound remission after induction with

treatments.” However, it has a limited role in tight
monitoring strategies because it cannot be performed
repeatedly. Conversely, intestinal ultrasound (IUS) al-
lows frequent assessments and has the advantage of
assessing both the large and the small bowel and
examining bowel wall layers beyond the mucosa. The
ability of IUS in monitoring response to treatment in
patients with CD has been demonstrated in large co-
horts.** The first interventional multicentre trial evalu-
ating IUS has shown that some ultrasonographic
parameters, including bowel wall thickness (BWT) and
colour Doppler signals (CDS), change early and quickly
in response to treatment.” However, clear definitions of
response and remission to assess the responsiveness by
IUS are not yet validated, particularly with IC as the
reference standard.*’

The international Bowel Ultrasound Segmental Ac-
tivity Score (IBUS-SAS) was developed without the use
of IC as a reference standard, so definitive cut-off values
for remission and response are lacking.®

We have previously developed and described an
[US-based score of luminal activity in a large cohort of
patients with CD that uses IC as the reference standard
and have used parameters identified in multivariate
analyses as independent predictors for detecting dis-
ease activity and severity.” The Bowel Ultrasound Score
(BUSS) detects endoscopic response with high accu-
racy. The most accurate cutoff values for BUSS were
3.52 (AUROC 0.86) for endoscopic remission (SES-
CD <2) and decrease of 1.2 points (AUROC 0.79) for
endoscopic response (>50% decrease of SES-CD)."
More recently, BUSS was validated in an external
cohort."

This study aimed to prospectively evaluate early ul-
trasound remission, as defined by a BUSS <3.52, as a
relevant treatment target and its prediction for long-
term endoscopic remission.

biologic therapy could consistently predict long-term
endoscopic remission. We identified that a Bowel Ultrasound
Score (BUSS) greater than 3.52 by week 12 is associated with
failure to achieve endoscopic remission (NPV 87%) at 12
months.

Implications of all the available evidence

Intestinal ultrasound offers the potential for a non-invasive,
proactive approach involving early and meticulous monitoring
of patients. This strategy could encompass timely evaluations
of treatment response, with the overarching goal of reducing
Crohn'’s disease (CD) related complications. Larger multicentre
validation studies are needed.

Methods

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 CD (since at least
6 months) seen in a tertiary referral centre in Milan,
[taly, between March 1, 2018, and January 31, 2021, who
required investigation by IC due to suspicion of active
disease were eligible. Inclusion criteria were endoscopic
activity, defined by a SES-CD >2, and need to start a
biological therapy. Exclusion criteria were any contra-
indication to full IC (e.g., intolerance to preparation,
severe flare), concomitant participation in clinical trials,
disease limited to the rectum, active infections,
including Clostridioides difficile and cytomegalovirus in-
fections, penetrating or stricturing complications
requiring surgery, and inability to perform [US within
the time intervals established by the study.

Ethics statement
The study was performed according to Good Clinical
Practice guidelines and was approved by our Institu-
tional Review Board, IRCCS Ethics Committee of the
Humanitas Clinical Institute. All patients gave their
informed consent for this study.

This protocol study is registered on Clinical trial
registry website (https://praticheweb.humanitas.it) with
the number ICH2218.

Procedures

Colonoscopies

The examinations were performed in a blinded fashion
by an expert endoscopist with at least 10 years of expe-
rience and using a standard video endoscope (Fujinon,
Japan) and following the standard protocol used in
clinical practice (colonic cleansing by administration of
4 L polyethylene glycol). The endoscopic activity was
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measured by SES-CD, and endoscopic remission was
defined as a SES-CD <2.'*"

Intestinal ultrasound

A gastroenterologist who is expert in IUS (20 years of
experience) performed all the scanning procedures in a
blinded fashion, without having any knowledge about
the patient’s symptoms and endoscopic findings.
Neither preparation nor contrast were used. IUS was
performed after 6-8 h fasting, using an Aloka Arietta
V60 with convex (5-1 MHz) and microconvex probes
(4-8 MHz), according to acquisition protocol previously
described.” The entire abdomen was systematically
scanned starting from the right iliac fossa. The
following parameters were evaluated: bowel wall thick-
ness (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 stratification (BWS), defined as (0) normal, multi-
layered, (1) uncertain, (2) predominantly hypoechogenic
(<3 cm), (3) lost (>3 cm); colour Doppler signals (CDS),
defined as absence (0) or presence of blood signals at
colour Doppler. In case of presence of blood signals,
they were quantified as (1) short signals, (2) long signals
inside bowel wall, (3) long signals inside and outside
bowel wall; presence of mesenteric lymph nodes;
mesenteric hypertrophy [i-fat, defined as absent (0),
uncertain (1), present (2)]. The presence of complica-
tions was also investigated: stricture, defined as pres-
ence of wall thickening with a narrowed lumen with or
without dilatation of a proximal loop; fistula, defined as
a hypoechoic tract with or without hyperechoic content;
abscess, defined as a roundish anechoic lesion with an
irregular wall, without vascular signals.

These parameters were evaluated for each intestinal
segment impacted by the disease, and the worst
segment taken into account.

The BUSS was calculated according to the validated
formula (BUSS = 0.75 x BWT + 1.65 x CDS; where
CDS =1 if present, or CDS = 0 if absent). Ultrasound
remission was defined as a BUSS score <3.52, ultra-
sound response as a decrease of 1.2 points of BUSS.™
The IBUS-SAS was also calculated (4 x BWT + 15 x i-
fat + 7 x CDS + 4 x BWS).*

We considered the most affected segment, with the
highest scores, in cases where multiple intestinal seg-
ments were affected by the disease.

Follow-up

All patients underwent IC (reference standard) and IUS
at week 0, prior to starting biological therapy, and at the
final visit, after an average follow-up time of 12.8
months (SD = 4.2). IUS and IC were performed in a
maximum interval of 30 days, by two different blind
operators, unaware of the patients’ clinical and
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biochemical parameters. Therapies were kept stable in
the period between the two procedures. The SES-CD
and the BUSS were measured to quantify disease ac-
tivity. In addition, at week 0, at week 12 and at the final
visit, patients underwent complete clinical assessment
and blood and stool samples were obtained for C-reac-
tive protein (CRP) and faecal calprotectin (FC) mea-
surements. IUS was also performed at week 12 (Fig. 1).
The disease was considered clinically active if the
Harvey-Bradshaw Index (HBI) was higher than 4." The
Montreal Criteria were used to define disease extent.*

Outcomes
The primary objective was to evaluate whether ultra-
sound remission (BUSS <3.52) at week 12, after bio-
logic induction, could predict endoscopic remission
(SES-CD <2) in the long-term.

The secondary objectives were: 1) to evaluate the role
of FC at different cut-off values, <50, <100 and < 250
mcg/g, and of CRP <5 mg/L, at week 12 as predictors of
endoscopic remission at the final visit; 2) the role of HBI
<4 at week 12 as predictor of endoscopic remission at
the final visit; 3) to find the best cut-off of IBUS-SAS to
detect endoscopic remission (SES-CD <2); 4) to
compare the ROC curves of BUSS, IBUS-SAS and BWT
in order to find the best model to detect endoscopic
remission (SES-CD <2); 4) to evaluate whether ultra-
sound remission (BUSS <3.52) at week 12, after bio-
logic induction, could predict ultrasound remission in
the long-term.

Statistical analysis

Descriptive statistics of the data are presented as me-
dians (interquartile range), or as percentages when
appropriate. Logistic regression analysis was performed
to analyse the association between ultrasound remission
at week 12, as defined by a BUSS <3.52, and endoscopic
remission, as defined by SES-CD <2, at the final visit.
The presence of endoscopic remission was the outcome
variable (or dependent variable) (i.e., a binomial variable
taking the value 1 if SES-CD <2, and the value 0 if SES-
CD >2). BUSS <3.52, and other non-invasive parame-
ters, including FC at different cut-off values, <50, <100
and <250 mcg/g, CRP <5 mg/L and HBI <4 were
employed as explanatory variables (or independent var-
iables). In the univariable analysis, a criterion of p < 0.10
was used to identify candidate predictors. A multivari-
able model was then fitted using a “backwards elimi-
nation procedure”. All variables with p < 0.05 were
retained in the model. Contingency tables taking into
account presence or absence of endoscopic remission at
the final visit, in relation with ultrasound remission at
week 12 and ultrasound response during biologic ther-
apy, were constructed to determine the sensitivity,
specificity, positive and negative predictive values, and
accuracy (how closely a given result aligns with the true
or expected value) of BUSS. Reliability between
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93 patients with CD (SES-CD > 2)
starting biologics

Week 12

At the final visit

Fig. 1: Cohort and design of the study. Abbreviations: IC, colonoscopy; IUS, intestinal ultrasound; HBI, Harvey-Bradshaw index; FC, faecal

calprotectin; CRP, C-reactive protein.

ultrasound remission at week 12 and endoscopic
remission at the final visit was assessed using kappa
statistics.

Correlation between BUSS, IBUS-SAS and SES-CD
at the final visit was assessed using the Spearman
rank correlation test. Area under the receiver operating
characteristic curve (AUROC) was used to determine
cutoff values for IBUS-SAS for detecting endoscopic
remission. Finally, AUROC of BUSS, IBUS-SAS and
BWT were compared in order to find the best model to
assess endoscopic remission.

We planned to treat missing data as worst-case sce-
nario should any patients be lost to follow-up. Namely,
the ultrasound data would be considered non-predictive
of endoscopic remission.

All statistical tests are two-sided. p-values less than
0.05 were considered to be statistically significant. Stata
software was used for all statistical analyses (Stata Corp.,
College Station, TX, USA).

The sample size was based according to the rules of
thumb, for which the sample size should be 10 times or
greater than the number of predictors (i.e., at least 60
patients in total).'® We considered that a sample size of
93 would be acceptable. In addition, it 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 with
relevant studies,"” in which IUS or other imaging tools,
such as magnetic resonance imaging, were shown to
assess response to therapy in patients with inflamma-
tory bowel disease.

Patient and public engagement

Patients were actively encouraged to participate in order
to provide evidence on the use of non-invasive tools for
the management of their disease. The role of patients
within this study was highlighted during the annual
meeting with the patients held at our institution.
Patients were aware that their participation was useful to

advance knowledge and to improve quality of care for
themselves and the patients’ community.

Role of the funding source

The funders had no role in data collection, analysis, or
interpretation of this manuscript. All authors confirm
their participation in the shaping of the manuscript, had
access to the data and accept responsibility for the
decision to submit for publication.

Results
Study population
692 patients with Crohn’s disease were eligible during
the enrollment phase. 169 patients had active Crohn’s
disease. 76 were excluded because they were partici-
pating in other studies. Finally, 93 were enrolled and
completed the study, with no patient lost at follow-up.
43% of the patients were treated with adalimumab,
439% with ustekinumab, 9% with infliximab, and 5% with
vedolizumab (Table 1). After a median period of 12.8
months (SD 4.2, IQR 9.9-15.6 months), 22 (24%) pa-
tients achieved endoscopic remission (SES-CD <2), and
29 (31%) ultrasound remission (BUSS <3.52). We found
a statistically significant, high positive correlation be-
tween BUSS and SES-CD at the final visit [r = 0.525, 95%
CI 0.360-0.658; p < 0.001]. Change of clinical character-
istics over time are summarized in Supplementary
Table S1. Specifically, BUSS significantly decreased
from week 0 to week 12 (median 5.85 vs 4.95; p < 0.001).
Conversely no further significant changes were observed
between week 12 and the final visit (median 4.95 vs 4.95;
p = 0.13). Similarly, CRP and calprotectin decreased
mainly within the first 12 weeks (median 6.4 vs 2.8;
p < 0.001; median 235 vs 93.6; p = 0.001; respectively).
HBI decreased significantly throughout the time period
[median 5 at week 0 vs 2 at week 12; vs 1 at the final visit
(p < 0.001 week 0 vs week 12 and the final visit; p = 0.005
week 12 vs final visit)]. BUSS values were significantly
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Patients included
in the study (N = 93)

Sex, N (%)

Male 53 (57)

Female 40 (43)
Age at diagnosis, year (q1-g3) 26 (21-41)
Disease duration, year (q1-q3) 5.9 (1.7-11.3)
Disease location, N (%)

L1 ileal 47 (51)

L2 colonic 77)

L3 ileo-colonic 39 (42)
Disease behavior, N (%)

B1 inflammatory 52 (56)

B2 stricturing 30 (32)

B3 penetrating 11 (12)
Perianal disease, N (%) 21 (23)
Previous surgery, N (%)

1 surgery 32 (34)

>1 surgery 1(1)
Smoking, N (%)

Active 36 (39)

Past 26 (28)

Never 30 (33)
Previous use of biologics, N (%)

1 biologic 30 (32)

>1 biologic 15 (16)

Never 48 (52)
Use of steroids, N (%)

Concomitant 13 (14)

Past 80 (86)
Use of immunosuppressants, N (%)

Concomitant® 77

Past 34 (37)

Never 52 (56)
Biological therapy started, N (%)

Adalimumab 40 (43)

Infliximab 8(9)

Ustekinumab 40 (43)

Vedolizumab 5(5)

Data are presented as medians (interquartile range) or percentages when
appropriate. “Five patients took azathioprine and 2 patients methotrexate.

Table 1: Characteristics of patients.

lower at all the time points in the patients who achieved
endoscopic remission compared with patients did not (at
week 0, p = 0.013; at week 12, p < 0.001; at the final visit,
p < 0.001). CRP and calprotectin were significantly lower
at week 12 and at the final visit (p = 0.004 and p = 0.008;
p = 0.013 and 0.049, respectively). Conversely HBI was
not significantly different in patients having endoscopic
remission at any of the time points (Fig. 2).

Early predictors of risk of endoscopic remission

The multivariable analysis among all the variables
considered at week 12 identified BUSS <3.52 as the only

www.thelancet.com Vol 71 May, 2024

independent predictor of endoscopic remission (SES-
CD <2) at the final visit [OR 9.93, 95% CI 3.10-31.80;
p < 0.001] (Table 2). Moderate reliability [k = 0.42
(0.10-0.21)] was observed between BUSS <3.52 at week
12 and SES-CD <2 at reassessment. Sensitivity, speci-
ficity, accuracy, positive predictive value (PPV), and
negative predictive value (NPV) (%, 95% CI) of BUSS
<3.52 at week 12 for detecting endoscopic remission at
the final visit were 59 (36-79), 85 (74-92), 78 (69-86), 54
(33-74), and 87 (77-94), respectively. BUSS >1.2
reduction had a sensitivity of 86% (95% CI 65-97),
specificity of 63% (95% CI 51-75), accuracy of 69%
(95% CI 58-78), PPV of 42% (95% CI 28-58) and a NPV
of 94% (95% CI 83-99), in predicting patients who
achieved SES-CD <2 (Supplementary Table S2).

Early predictors of risk of ultrasound remission
BUSS <3.52 at week 12 was the only independent pre-
dictor of ultrasound remission (BUSS <3.52) at the final
visit [OR 7.27, 95% CI 2.28-23.14; p < 0.001]
(Supplementary Table S3).

Cut-off values for IBUS-SAS

IBUS-SAS correlated significantly with SES-CD
[r = 0.544, 95% CI 0.382-0.673; p < 0.001]. Based on
the receiver operating characteristic curve, we selected
IBUS-SAS <22.8 as the best cut-off value to determine
endoscopic remission (SES-CD <2). Sensitivity and
specificity were 95% (95% CI 77-99) and 83% (72-91),
respectively [AUROC 0.906, 95% CI 0.827-0.957].

We found a statistically significant high positive
correlation between BUSS and IBUS-SAS at the final
visit [r = 0.891, 95% CI 0.840-0.927; p < 0.001]. The
analysis of ROC curves comparing BUSS and IBUS-SAS
showed no statistically significant differences in their
abilities to detect endoscopic remission (p = 0.46). In
contrast, BUSS exhibited superiority over BWT (AUC of
0.918 for BUSS compared with 0.885 for BWT
(p = 0.007)) (Fig. 3).

Discussion

A ‘treat-to-target’ strategy involving vigilant treatment
response assessment is strongly advised for managing
patients with CD.? IC forms the cornerstone of this
strategy and patients frequently undergo multiple colo-
noscopies throughout their treatment journey. Howev-
er, patient acceptance of this procedure remains limited.
In contrast, IUS presents a non-invasive alternative that
eliminates the need for preparation and contrast media,
making it more favourable among patients. Moreover,
IUS offers real-time feasibility, enabling swift clinical
decision-making right at the point of care. BUSS is an
ultrasonography-based score of luminal activity, devel-
oped in a large cohort of patients with CD, using IC as
reference standard, and recently validated in an external
cohort.”'" BUSS detects accurately treatment response
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Fig. 2: Change of clinical characteristics over time, according with the achievement of the endoscopic outcomes. Data are presented as medians
(interquartile range) in patients achieving endoscopic remission vs patients not achieving endoscopic remission. The asterisk symbols indicate
the presence of statistical significance. A) BUSS: at week 0, 5.33 (4.43-5.93) vs 6 (5.19-6.83), p = 0.013; at week 12, 2.89 (2.25-4.50) vs 5.55
(4.38-6.15), p < 0.001; at the final visit, 2.32 (2.25-2.63) vs 5.33 (4.53-6.23), p < 0.001. B) HBI: at week 0, 4.5 (1-7) vs 6 (2-8), p = 0.66; at
week 12, 1 (0-4) vs 2 (1-5), p = 0.19; at the final visit, 1 (0-3) vs 1 (0-4), p = 0.60. C) CRP: at week 0, 4.95 (1.7-19.8) vs 6.8 (3.7-16.2), p = 0.40;
at week 12, 1.2 (0.85-2.25) vs 3.7 (1.9-9.72), p = 0.004; at the final visit, 1.9 (0.82-4.87) vs 4.5 (1.7-7.15), p = 0.013. D) FC: at week 0, 249
(42-755) vs 253 (64-635), p = 0.88; at week 12, 32 (11-117) vs 105 (37-296), p = 0.008; at the final visit, 62 (20-142) vs 124 (60-260),
p = 0.049. Abbreviations: BUSS, Bowel Ultrasound Score; HBI, Harvey-Bradshaw index; CRP, C-reactive protein; FC, faecal calprotectin.

and predicts disease progression.”'® Other IUS activity
scores have been developed and validated for CD in
recent years. However, sensitivity to change and pre-
dictive ability have not been assessed, or IC was not
used as a reference standard.**

This study presents compelling evidence that
achieving ultrasound remission, as indicated by a BUSS

of 3.52 or less emerged as the sole predictor for endo-
scopic remission over the long term. We found that a
BUSS greater than 3.52 by week 12 was associated with
failure to achieve long-term endoscopic remission (NPV
87%) (Supplementary Figure S1 and S2). Should these
findings be substantiated through further research, they
could potentially steer the direction of treatment

Univariable analysis

Multivariable analysis

significant p-value (p < 0.05 value).

OR (95% Cl) P OR (95% Cl) p
Parameters

BUSS <3.52 7.87 (2.71-22.87) <0.001 9.93 (3.10-31.80) <0.001
Calprotectin pg/g

<50 3.58 (1.25-10.24) 0.017

<100 3.77 (1.21-11.70) 0.021

<250 2.93 (0.60-14.14) 0.17
CRP <5 mg/L 2.66 (0.80-8.87) 0.11
HBI <5 1.33 (0.43-4.09) 0.61

Abbreviations: SES-CD, Simplified endoscopic activity score for CD; BUSS, Bowel Ultrasound Score; CRP, C-reactive protein; HBI, Harvey-Bradshaw index. In bold, the

Table 2: Impact of non-invasive tools at week 12 on the risk of endoscopic remission (SES-CD <2) at the final visit.
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Fig. 3: Comparison of ROC curves of IBUS-SAS (AUC 0.906, 95% CI 0.827-0.957), BUSS (0.918, 95% Cl 0.843-0.965) and BWT (0.885, 95% Cl
0.802-0.942) to discriminate endoscopic remission. IBUS-SAS vs BUSS, p = 0.46; IBUS-SAS vs BWT, p = 0.29; BUSS vs BWT, p = 0.007.
Abbreviations: ROC curve, receiver operating characteristic curve; AUC, area under the curve; IBUS-SAS, International Bowel Ultrasound
Segmental Activity Score; BUSS, Bowel Ultrasound Score; BWT, Bowel wall thickness.

adjustments in cases where the initial ultrasound
remission target has not yet been attained.

The effectiveness of IUS in assessing treatment
response in CD patients is widely acknowledged and
substantiated by evidence from substantial patient co-
horts.>* However, it is important to note that a rigorous
reference standard, such as IC, was not utilized. It is
worth highlighting that a majority of IUS parameters
demonstrated improvement within the initial 12 weeks
of treatment, which aligns with our own findings.
Notably, a recent milestone has been reached with the
publication of the first multicentre interventional trial,
involving centralized readings, that employs IUS for
monitoring the response to ustekinumab. This trial
delved into IUS response in correlation with endoscopic
response and remission. Specifically, the absence of an
IUS response by week 4 was linked to the lack of
endoscopic response by week 48 (NPV of 73%).
Nevertheless, it is worth mentioning that, much like
previous studies, the definitions of IUS response and
remission lacked proper validation.”® A BWT measure-
ment exceeding 3 mm has emerged as the most robust
indicator for discerning disease activity.”” Cut-off
thresholds for BWT concerning endoscopic response
and remission have indeed been suggested.” Nonethe-
less, it is important to recognize that thickening can be
induced by almost all pathological conditions affecting
the gut. Given that both acute inflammatory and chronic
fibrotic alterations are almost universally present
within the CD-affected bowel, it is advisable to also
evaluate other activity parameters. Specifically, neo-
vascularization and heightened vascularization play a
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pivotal role in driving persistent intestinal inflammation
in CD. BUSS was built employing multivariable
approach, with SES-CD serving as the benchmark
reference standard. In this method, the beta coefficients
derived from the conclusive model of each pertinent
variable were transformed into a weighted score. BWT
and CDS emerged as autonomous predictors for endo-
scopic activity.” This approach effectively amplifies the
significance of individual ultrasound parameters by
assigning enhanced weights. Remarkably, the predictive
capacity of the multivariable model surpasses that of the
univariable counterparts, signifying its superior predic-
tive performance. We conducted a comparative analysis
of the accuracy between BUSS and BWT in the identi-
fication of endoscopic remission, revealing superior
performance by BUSS. A standardized metric to
communicate disease activity and therapeutic response
are crucial in order to implement the use of [US for the
management of patients with CD, both in clinical
practice than in clinical trials. The development of
IBUS-SAS followed a rigorous methodological frame-
work. This involved the integration of four essential IUS
parameters: BWT, CDS, i-fat, and BWS. These param-
eters were correlated with the overall disease activity
assessed using a Visual Analogue Scale (VAS), forming
the basis of the score.®* Through a rigorous evaluation
using ROC curve analysis, we established that both
IBUS-SAS and BUSS exhibited commendable diag-
nostic accuracy. As a result of these promising findings,
we advocate for the adoption of these scores not only
within clinical trials but also as valuable tools in routine
clinical practice. A noteworthy aspect of this study lies in
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its proposition that IUS could serve as an early treat-
ment target.

The correlation between clinical symptoms and the
extent of mucosal inflammation in CD is notably weak,
often leading to the discovery of significant mucosal
inflammation during complete clinical remission. The
CALM trial underscored the disparity between treat-
ment outcomes, showcasing that relying solely on
symptoms for treatment escalation yielded a lower rate
of endoscopic remission compared with an approach
incorporating clinical and biochemical activity assess-
ment (specifically, FC and CRP).”' Despite this, patients
themselves prioritize clinical symptoms as the para-
mount indicators for treatment.

While attaining clinical remission remains impera-
tive, it must be coupled with demonstrable enhance-
ment in inflammation measures.” Among biomarkers,
FC and CRP take precedence, with FC typically out-
performing CRP. Although a FC threshold of 150 mg/g
has been suggested to denote endoscopic remission, the
limited reliability of FC (especially in CD) designates the
range of 100-250 mg/g as a grey area, and even values
below 600 mg/g can still correspond to minimal
inflammation.? In our study, FC values below both 50
and 100 exhibited an association with endoscopic
remission during the univariable analysis; however, this
correlation did not hold during the multivariable anal-
ysis. These findings point towards the potential superi-
ority of a combined strategy involving IUS alongside
faecal calprotectin, suggesting a more robust and
comprehensive approach to assessment. Ultimately, the
pronounced advantage offered by IUS in evaluating
transmural remission propels our treatment objectives
in CD towards more profound and consequential end-
points. Notably, aiming for the target of transmural
remission appears to correlate with enhanced long-term
outcomes and reduced risk of bowel damage, in contrast
to the exclusive focus on achieving endoscopic remis-
sion.”*** Importantly, it is worth noting that BUSS was
able to forecast disease progression even among patients
who had achieved endoscopic remission.’

This study has several notable strengths: 1) we uti-
lized a validated ultrasound-based scoring system; 2)
treatment response was evaluated in direct comparison
to IC, the established gold standard; 3) both IUS and IC
were conducted in a blinded manner; 4) treatment
regimens remained consistent across the various pro-
cedures; 5) notably, we conducted a prospective longi-
tudinal investigation in a real-world setting. However,
certain limitations are also present in this study: 1) it is
confined to a single centre; 2) while the sample size
aligns with similar studies, it remains modest; 3)
centralized readings were not employed for endoscopic
and ultrasound findings; 4) the interval between IUS
and colonoscopy extended up to 30 days, although as
noted, patients in this study were on stable therapy
during this time period; 5) the last evaluation at the final

visit ranged from 10 to 15 months. We also acknowledge
the limitation of having a single expert ultrasonographer
performing the exams in this study but note that the
established reliability of the two ultrasound parameters
(BWT and CDS) used to construct BUSS is well-
documented.

In conclusion, we demonstrate the utility of IUS as a
highly precise tool for prognosticating treatment
responses, thereby supporting its use as an early treat-
ment benchmark. Specifically, individuals unable to
attain a BUSS of 3.52 following biologic induction stand
at an elevated probability of not achieving endoscopic
remission during the subsequent assessment. These
discoveries offer the potential for a non-invasive, proac-
tive approach involving early and meticulous monitoring
of patients. This strategy could encompass timely evalu-
ations of treatment response, with the overarching goal of
attaining the desired treatment outcome. Extensive mul-
ticentre validation studies are essential to substantiate
these findings. Additionally, such studies can help iden-
tify additional cut-off values for BUSS that may be more
tailored to specific clinical scenarios, such as patients
undergoing surgery or predicting severe endoscopic
activity, complications, and the development of damage.
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