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Abstract

Background: To assess treatment response, objective measures are superior to clinical improvement in Crohn’s disease [CD]. Intestinal ultra-
sound [IUS] is an attractive, non-invasive alternative to endoscopy, demonstrating early transmural changes after treatment initiation. Therefore,
we investigated IUS and contrast-enhanced ultrasound [CEUS] to predict [early] endoscopic treatment response.

Methods: Consecutive patients with endoscopically active CD, starting anti-TNFa therapy, were included. Clinical, biochemical, IUS, and CEUS
parameters at baseline [TO], after 4-8 weeks [T1] and 12-34 weeks [T2] were collected. The most severely inflamed segment at endoscopy
(highest segmental Simplified Endoscopic Score for Crohn's Disease [SES-CD]) and IUS (highest segmental bowel wall thickness [BWT]) was
identified. At T2, endoscopic response [decrease in SES-CD > 50%] and remission [SES-CD = 0] were scored.

Results: A total of 40 patients were included: 14 reached endoscopic remission and 17 endoscopic response. AtT1 (3.1 mm [1.9-4.2] vs 5.3 mm
[3.8-6.9], p=0.005) and T2 (2.0 mm [1.8-3.1] vs 5.1 [3.0-6.3] mm, p = 0.002) BWT was lower in patients with endoscopic remission. At T1
and T2, 18% (area under the receiver operating curve [AUROCI: 0.77; odds ratio [OR]: 10.80, p = 0.012) and 29% [AUROC: 0.833; OR: 3750,
p=0.006] BWT decrease predicted endoscopic response, respectively. To determine endoscopic remission, BWT 3.2 mm was most accurate
[AUROC: 0.94; OR: 39.42, p < 0.0001] at T2. In addition, absence of colour Doppler signal [OR: 13.76, p = 0.03] and the CEUS parameter wash-
out rate [OR: 0.76, p = 0.019] improved the prediction model.

Conclusions: Reduction in BWT, already after 4-8 weeks of follow-up, predicted endoscopic response and remission. CEUS parameters were
of limited value. Furthermore, we have provided accurate cut-offs for BWT reflecting endoscopic response and remission at different time
points.
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1. Introduction location, severity, and extent of disease activity, and are not
always accurate.®

Intestinal ultrasound [IUS] is a promising, non-invasive,
cross-sectional imaging technique that has a low cost and high
accessibility. Previous studies showed high accuracy for IUS
to detect disease activity, severity, and extent when compared
with endoscopy or magnetic resonance imaging [MRI].”’
Furthermore, reliability is high among different operators.'

Crohn’s disease [CD] is a chronic inflammatory disease
that can affect the complete gastrointestinal [GI] tract.
It is characterised by a relapsing-remitting pattern, often
with an onset in adolescence.! In the treatment of CD, close
monitoring in a treat-to-target setting is a key principle to
prevent relapse and complications.? Although the presence

of clinical symptoms might reflect active inflammation, Predomi v bowel wall thick BWT bined with
clinical scoring indices show poor correlation with the true redominantly bowel wall thickness [ ] combined wit

state of disease activity; hence, other objective measures are C,Ol,our, Doppler Slgnal [CDS] .1nd1cates presence of dls,ease ac-
needed.2 tivity in most patients. Multiple cross-sectional studies have

confirmed these findings.®!'! So far, studies assessing the cap-
ability of IUS to measure change [ie. responsiveness]| after ini-
tiation of treatment in CD using IUS are limited, particularly
with endoscopy as the reference standard.

In addition to B-mode and Doppler parameters, contrast-
enhanced ultrasound [CEUS| has been investigated.'>!
Inflammation in CD leads to increased microvessel density

Endoscopy has become the gold standard to objectify ac-
tive inflammation.?> However, it is invasive, expensive, and
not without risks.>* Consequently, it is an unattractive tool
for frequent monitoring. Alternatively, non-invasive bio-
chemical markers such as C-reactive protein [CRP] and
faecal calprotectin [FCP] are being used and are theoretic-
ally attractive. However, they lack ability to determine disease
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and a local dysregulation of blood flow in the GI wall.'¢-!$
This causes changes in the bowel wall perfusion, which can
be quantified with CEUS. Previous studies have shown a role
for CEUS in determining disease activity at endoscopy and
furthermore in predicting endoscopic response and remis-
sion in an early phase.'>'* However, data are conflicting and
limited.

In this study, we aimed to investigate conventional IUS and
CEUS parameters to predict endoscopic treatment response
and remission early after treatment initiation. In addition, we
aimed to determine cut-off values for IUS and CEUS param-
eters to reflect endoscopic endpoints.

2. Materials and Methods
2.1. Study design

This was a single-centre, longitudinal, prospective, co-
hort study. Patients > 18 years of age with active CD at
endoscopy (Simple Endoscopic Score for Crohn’s Disease
[SES-CD] > 3 in at least one segment), starting treatment
with TNFa inhibitors [adalimumab or infliximab], were eli-
gible for inclusion.

Patients were excluded when there was no endoscopy
performed at the start of treatment or when treatment was
changed between baseline endoscopy and IUS examination.
Previous TNF-a inhibitor use, pregnancy, obesity (body mass
index [BMI] > 35 kg/m?), chronic obstructive lung disease,
unstable heart disease, ongoing gastroenteritis, or a pre-
vious allergic reaction to SonoVue or its components, were
also exclusion criteria. In addition, patients were excluded
when there was no thickened bowel segment at IUS or en-
doscopy did not show at least aphthous ulcers. All patients
were informed and gave informed consent. This study was
approved by the medical ethical committee of the Amsterdam
University Medical Center [MEC2015_359].

2.2. Procedures

Medical history and demographics were collected at baseline.
At start of treatment [TO], after 4-8 weeks [T1], and after
12-34 weeks [T2], the Harvey—Bradshaw Index [HBI] score,
C-reactive protein [CRP], albumin, haemoglobin, leukocyte
count, thrombocyte count, and faecal calprotectin [FCP]
levels were collected and IUS with CEUS was performed. T1
was considered an early time point. At TO and T2, a complete
ileocolonoscopy was performed. TUS/CEUS and endoscopy
were performed on separate days, avoiding oedema or bowel
preparation as a consequence of endoscopy. At TO, anti-TNFa
treatment was also initiated.

2.3. Objectives

The primary objective was to study the difference in BWT at
T1 between patients with endoscopic remission and no re-
mission at T2. Secondary objectives at T1 and T2 were differ-
ences in BWT, other TUS parameters, and CEUS parameters,
between patients reaching endoscopic remission or response
and no remission or response, respectively. Furthermore, we
aimed to determine accurate cut-off values at T1 and T2 for
IUS and CEUS parameters, to predict or determine endo-
scopic remission and response.

2.4. Intestinal ultrasound measurements

All the IUS examinations were performed by one of three
trained ultrasonographers [KN, SB, and FV] using an Epiq
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5G ultrasound scanner [Philips, The Netherlands] with a
C5-1 convex and L12-5 linear probe. Frequency, focus, and
gain settings were optimised to get the best images of the
patient. For CDS, the L12-5 transducer was used with a vel-
ocity scale of 5 cm/s for registration of the slow flow in the
GI wall. The terminal ileum [TI] and large intestines were
scanned by following their course from the TI in the right
lower quadrant to the rectum, and the small intestine was
examined by scanning systematically through the nine sec-
tors of the abdomen. Images and cine-loops of pathological
segments were stored per segment. At the time of IUS, the
sonographer was blinded to biochemical and endoscopic
disease activity information.

At least 3 months after IUS examination and blinded to
all other patient data and each other’s data, two raters [SB: §
years of IUS experience and FV: 3 years of IUS experience] in-
dependently scored all IUS parameters per segment [Table 1]
using a DICOM-viewer (RadiAnt DICOM Viewer [Software].
Version 2016). As there is a current lack of consensus per
parameter, measurements and definitions were based on cur-
rent literature and were discussed in a study team consensus
meeting before the scoring procedures started.!®™" Following
individual parameters, presence or absence of disease activity
was scored per rater. In addition, the most severely affected
segment was defined as the segment with the highest BWT
and was also independently determined by the two raters.
Before start of the study there was agreement among all inves-
tigators to use the data from the second reader to correlate,
determine, and predict endoscopic outcomes.

2.5. Contrast-enhanced ultrasound
measurements

The L12-5 transducer was used together with contrast spe-
cific pre-sets on an Epiq 5G ultrasound scanner which were
equal for all patients. The most affected [ie. thickest] bowel
segment was chosen for CEUS measurements. At T1 and T2,
CEUS measurements were performed in the same segment,
also when BWT normalised. The mechanical index [MI]
was set as close to 0.05 by adjusting power and depth, and
the focus region was set just below the area of interest. The
gain was kept constant during the study; 2.4 mL of contrast
agent [Sonovue, Bracco, Milan, Italy] with 10 mL 0.9% sa-
line were administered via a venous catheter with a diam-
eter of at least 1.1 mm, in the left elbow vein. Immediately
after administration, a cine-loop was recorded for 90 s. This
procedure was performed twice in the same segment.

At post-processing, all CEUS cine-loops were analysed
by one ultrasonographer [FV] with VueBox [Bracco, Milan,
Italy]. The complete bowel with surrounding mesentery
was delineated using the peritoneum as delineation border.
Then, motion compensation was applied using the peak-
enhancement [PE] slide as reference standard. Subsequently,
images with > 1 cm motion out of the delineation area were
omitted. The cine-loop with least omitted images was used in
further processing and analysis. Then, four regions of interest
[ROI] were drawn with ROI1 encompassing the complete
anterior wall, ROI2 the submucosa, ROI3 a single vessel in
mucosa or submucosa, and ROI 4 mucosa and submucosa
[Supplementary Figure 1a, b]. All ROIs [except ROI3] had to
be over 0.5 cm? surface and at least one ROI had to reach a
quality of fit > 85%.%

Subsequently, data on peak enhancement [PE], wash-in area
under the curve [WiAUC], rise time [RT], mean transit time
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Table 1. Intestinal ultrasound parameters

IUS parameter Technique/categories Pathological
Bowel wall thickness [2 x longitudinal plane + 2 x cross-sectional plane]/4 >3.0 mm

Colour Doppler signal
[modified Limberg score']

: absent
: small spots [single vessels] within the wall

: long stretches within the wall
: long stretches extending into the mesentery
: measurement failed

Wiall layer stratification

Presence of inflammatory fat

Presence of enlarged lymph nodes [>5 mm in shortest axis]

1

2

3

4

5

1: preserved
2:focal loss [< 3 cm extent]
3:

4:

1:

3:

1:

extensive loss [> 3 cm extent]
measurement failed

absent;2: uncertain
present

absent

2:uncertain

Mootility in terminal ileum

Colonic haustrations

W= W= W

: present

: present
: uncertain
: absent

: preserved
: uncertain
: loss

Category 3 or 4

Category 2 or 3

Category 3

Category 3

Category 3

Category 3

IUS, intestinal ultrasound.

[MTT], time to peak [TTP], wash-in rate [WiR], wash-in per-
fusion index [WiPi], wash-out area under the curve [WoAUC],
wash-in and wash-out area under the curve [WiWoAUC], fall
time [FT], and wash-out rate [WoR] were collected both as
linear and as log converted data (decibel [dB] or seconds [s]).
To assess inter-observer agreement for CEUS measurements,
30 CEUS cine-loops were randomly selected and similarly
rated by a second reader [KN].

2.6. lleocolonoscopy

The patients were also scheduled for ileocolonoscopy at T = 0
and T = 2. All examinations were performed by trained gastro-
enterologists. The interval between the first ileocolonoscopy
and IUS was always shorter than 12 weeks without changes
in treatment between the procedures. The ileocolonoscopies
were directly scored per segment for SES-CD. In addition, the
most affected segment was determined as the segment with
the highest SES-CD score. Segmental endoscopic remission
was defined as SES-CD = 0, segmental endoscopic treatment
response was defined as a decrease of SES-CD > 50%, and
complete endoscopic remission was defined as SES-CD = 0 in
all segments. The performing gastroenterologist was blinded
for the results of TUS.

2.7. Statistics

Statistical analysis was performed with SPSS Statistics for
Windows, version 26 [IBM Corp., Armonk, NY, USA]. All
normally distributed data were reported in mean = standard
deviation [SD] and non-normally distributed in median and
interquartile range [IQR]. Mann-Whitney U tests were used
to compare continuous non-parametric variables, chi square
tests for dichotomous variables, and Wilcoxon rank tests or
McNemar tests for paired samples. Area under the receiver
operating characteristic curve [AUROC] was used to deter-
mine accuracy, sensitivity, specificity, positive predictive value

[PPV], and negative predictive value [NPV]. Logistic regres-
sion was used to determine odds ratios and for univariable
and multivariable analysis using forward selection. Spearman
correlation coefficient was used to determine correlation with
0.00-0.09, 0.10-0.39, 0.40-0.69, 0.70-0.89, 0.90-1.00 con-
sidered as negligible, weak, moderate, strong, very strong cor-
relation, respectively. Inter-observer agreement was assessed
with intra-class correlation coefficient [ICC], weighted kappa
[K], and Cohen’s kappa [x] for continuous, ordinal, and di-
chotomous outcomes.???> For ICC, a value below 0.50 was
considered as poor, 0.50-0.75 as moderate, 0.75-0.90 as sub-
stantial, and 0.90-1.00 as strong agreement. Kappa statistics
0.0-0.20, 0.21-0.40, 0.41-0.60, 0.61-0.80, and 0.81-1.00
were considered as slight, fair, moderate, substantial, and per-
fect agreement, respectively. For ICC, a p-value of 0.05 was
used to determine significance.

3. Results

3.1. Baseline and follow-up characteristics

From April 2016 to March 2020 we included 40 consecutive
CD patients with active disease and starting anti-TNFa treat-
ment. Baseline characteristics are shown in Table 2. Follow-up
is demonstrated in Supplementary Figure 2. In total, 23 pa-
tients underwent a second endoscopy at T2 (median: 22
weeks [IQR: 19-26.5]) to evaluate treatment response. In fur-
ther analysis, all patients who underwent surgery between T0
and T2 were considered as non-responders.

At baseline endoscopy, the worst segment was the TI in
26/40 and a colonic segment in 14/40 patients, respectively.
At baseline IUS, the TI was the worst segment in 25/40
patients and a colonic segment in 15/40 patients [Table
2]. Per segment analysis [sigmoid, descending, transverse,
ascending colon, and TI] showed strong correlation be-
tween endoscopic and IUS presence or absence of disease
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Table 2. Baseline characteristics.

Baseline n=40
Female; n [%)] 0[50.0%]
Age at inclusion; median [range], 33 [18-68]

years

Disease duration in median years

[IQR]

Montreal classification in CD patients
A1 [<16 years]

A2 [17-40 years]
A3 [>40 years]

L1 [ileum]
L2 [colon]
L3 [ileocolonic]

B1 [non stricturing, non-
penetrating]

B2 [stricturing]
B3 [penetrating]
P [perianal disease]

Previous surgical resection at time

of TUS
ICR and ileal re-resections
[Partial] colonic resection
Medication use in medical history

Biologics [infliximab, adalimumab,
vedolizumab, ustekinumab]

Immunomodulators [thiopurines/
methotrexate]

Corticosteroids
Aminosalicylates
Medication use at inclusion
Corticosteroids
Aminosalicylates

Immunomodulators [thiopurines/
methotrexate]

Medication after inclusion
Infliximab
Adalimumab

Clinical and biochemical parameters
in median [IQR]

Harvey-Bradshaw Index

C-reactive protein in mg/L

Haemoglobin in mmol/L

Leukocyte count in 10°/L

Platelet count 10'%/L

Albumin in g/L

Faecal calprotectin in pg/g
Intestinal ultrasound parameters
Most severely affected segment

Sigmoid colon

Descending colon

Transverse colon

Ascending colon

Terminal ileum

Bowel wall thickness in mm [median
and IQR]

3.88 [1-14.25]

S [12.5%]
27 [67.5%)]

8[20.0%]
17 [42.5%]

9[22.5%]
14 [35.0%]
16 [40.0%]

12 [30.0%]
12 [30.0%]
11 [27.5%]

5137.5%]
S [12.5%]

15 [37.5%]
20 [50.0%)]

30 [75.0%]
820.0%)]

6 [15.0%]
1[2.5%]
5162.5%]

28 [70.0%)]
2 [30.0%]

0 [3.0-8.0]
8.25 [2.43-30.08]
8.10 [7.40-8.88]

7.65 [5.95-10.75]
340.0 [269.25-405.25]
41.0 [37.75—44.25]
688.0 [382.0—-1810.50]

S [12.5%]
4110.0%]
2[5.0%)]

4110.0%]
S

25 [62.5%)]

1601
Table 2. Continued
Baseline n=40
Colour Doppler signal
No signal 5.21 [4.60-6.84]
Single vessel 1[2.5%)]
Stretches within the wall 5112.5%]
Stretches in the wall and mesen- 21 [52.5%)]
tery
Measurement failed 10 [25.0%]
Loss of stratification 31[7.5%]
Preserved
Focal loss [< 3 cm] 19 [47.5%)]
Extensive loss [> 3 cm] 11 [27.5%]
Measurement failed 7 [17.5%)]
Presence of inflammatory fat 3[7.5%]
Not present 8120.0%)]
Uncertain 6 [15.0%)]
Present 26 [65.0%]
Presence of lymph nodes [> 5 mm in
shortest axis]
Present 8 [20.0%]
Uncertain 3[7.5%]
Not present 9172.5%]
Mootility in terminal ileum [7 = 25]
Present 3[12.5%]
Uncertain 3[12.5%]
Absent 91(79.2%)]
Colonic haustrations [z = 15]
Loss 1[73.3%]
Preserved 4126.7%]
Endoscopic parameters
Most severely affected segment
Rectum 1[2.5%)]
Sigmoid colon 6 [15.0%)]
Descending colon 2[5.0%]
Transverse colon 2 [5.0%]
Ascending colon 31[7.5%]
Terminal ileum 26 [65.0%)]
Total SES-CD score [median and 9.0 [5.25-15.00]

IQR]
SES-CD of most affected segment
[median and IQR]

6.50 [3.25-8.00]

IQR, interquartile range; ICR, ileocecal resection; SES-CD, Simple
Endoscopic Score-Crohn’s Disease; IUS, intestinal ultrasound.

[p=0.81, p <0.0001]. BWT was higher in patients with
disease activity in the TI than in the colon [5.8 = 1.5 mm vs
4.9 + 1.2 mm, p = 0.04]. There was a mean of 38 = 38 days
between baseline ileocolonoscopy and IUS without change

In treatment.

At T2, 14/40 [35.0%] (14/23 [60.9%]) patients had
complete endoscopic remission in all segments and 17/40
[42.5%] (17/23 [73.9%]) had endoscopic response. Patients
with a colonic segment as the most severely affected, were

more likely to have endoscopic response [OR: 2.59, 95%

CI: 1.43-4.70, p = 0.004] and remission [OR: 3.07, 95% CI:
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1.44-6.52, p = 0.006] at T2 as compared with patients with
disease activity in the TI. There was a mean of 39 = 21 days
between ileocolonoscopy and IUS at T2. None of the pa-
tients changed treatment between the last endoscopy and
last TUS.

3.2. IUS parameters
3.2.1.  Correlation with SES-CD

There was moderate to strong correlation for BWT [p = 0.61,
p <0.0001] [Figure 1], CDS [p = 0.73, p <0.0001], loss of
motility [p = 0.50, p = 0.001], presence of inflammatory fat
[p=0.58, p<0.0001], and loss of haustrations [p =0.48,
p =0.031] with presence of disease activity at endoscopy
[>SESCD 1] at both TO and T2. In addition, there was
weak correlation for loss of wall layer stratification [WLS]
[p=0.34, p = 0.007]. ABWT at T1 [p = 0.54, p = 0.003] and
T2 [p =0.47,p = 0.025] correlated moderately with ASES-CD
for the most severe segment [Figure 2].

3.2.2. Bowel wall thickness

Patients with endoscopic response had a significantly lower
BWT at T1 and T2 compared with patients without endo-
scopic response [Figure 3]. Similarly for endoscopic remis-
sion, BWT was lower at T1 (3.1 mm [1.9-4.2] vs 5.3 mm

Correlation between BWT and SESCD

BWT in mm

SESCD
Figure 1. Correlation between SES-CD score and BWT in the most

severely affected segment [r = 0.61, p < 0.0001]. SES-CD, Simple
Endoscopic Score-Crohn's Disease; BWT, bowel wall thickness.

ABWT for ASES-CD in most severe segment

g 4

=

- 3

2

e 1 =
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E 0 ,,,,,,,,,,,,,,,,,,,, | SRR r‘. ,,,,,,,,,
= -1 , I/
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ASES-CD
ABWT T1-TO - ABWT T2-TO

Figure 2. Correlation between ABWT (T1 [p = 0.54, p = 0.003] and
T2 [p =0.47 p=0.025]) and ASES-CD for the most severe segment.
SES-CD, Simple Endoscopic Score-Crohn's Disease; BWT, bowel wall
thickness.
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[3.8-6.9], p=0.005) and T2 (2.0 mm [1.8-3.1] vs 5.1
[3.0-6.3] mm, p = 0.002). In addition, decrease in BWT at
T1 was significantly different between endoscopic responders
versus non-responders (ABWT: -1.7 mm [-2.6- -0.2] vs
-0.1 mm [-1.1- -0.7], p = 0.012), respectively. At T2, BWT
decreased further compared with TO and was significantly
different between endoscopic responders and non-responders
(ABWT: -2.5 mm [-3.3- -1.4] vs -0.7 [-1.5- -0.2], p = 0.035),
respectively.

At T2, a BWT cut-off value of 3.2 mm was most accurate
to predict endoscopic remission [AUROC: 0.940, 95% CI:
0.862-1.000, p < 0.0001] with 70% sensitivity, 85% specifi-
city, PPV: 87%, and NPV: 63%. For prediction of endoscopic
response a decrease in BWT from baseline expressed in per-
centage was most accurate. At T1, an 18% decrease in BWT
predicted endoscopic response [AUROC: 0.765, 95% CI:
0.580-0.949, p = 0.02] with 82% sensitivity, 71% specificity,
PPV: 64%, NPV: 86%. A 29% decrease in BWT at T2 pre-
dicted endoscopic response [AUROC: 0.833, 95% CI: 0.626-
1.000, p = 0.017] with 83% sensitivity, 88 % specificity, PPV:
93%, NPV: 71%.

3.2.3. Other parameters

When there was endoscopic response, presence of hyperaemia
[CDS 3 or 4] decreased significantly at T1 [T0: 87% vs T1:
35.5%, p = 0.004] and T2 [TO: 87% vs T2: 6%, p < 0.0001]
[Supplementary Figure 3a]. A decrease of 1 point in CDS
score at T1 [OR: 2.89, 95% CI: 1.054-7.907, p = 0.039] and
T2 [OR: 5.44, 95% CI: 1.258-23.478, p = 0.023] was asso-
ciated with endoscopic response. WLS normalised more fre-
quently at T2 when there was endoscopic response [T0: 55%
vs T2: 12%, p = 0.016] but not at T1 [T0: 53% vs T1: 29%,
p =0.289]. However, a normalisation of WLS at T1 [OR:
4.91, 95% CI: 0.496-48.622, p = 0.174] or T2 [OR: 3.56,
95% CI: 0.326-38.777, p = 0.30], respectively, could not pre-
dict endoscopic response at T2.

Presence of lymph nodes did not decrease significantly
when there was endoscopic response at T1 [T0: 19% vs T1:
19%, p = 1.00] or at T2 [T0: 19% vs T2: 6.3%, p = 0.08].

Presence of inflammatory fat did decrease with a trend to-
wards significance at T1 [T0: 82% vs T1: 44%, p = 0.07] and
significantly at T2 [TO0: 82% vs T2: 6%, p < 0.0001], respect-
ively [Supplementary Figure 3b]. There was no significant
change in presence of inflammatory fat when there was no
endoscopic response.

In patients with disease activity in the TI, motility returned
at T2 [absence of motility TO: 88% vs T2: 10%, p = 0.03]
but not at T1 [absence of motility TO: 88% vs T1: 45%,
p =0.25]. When there was no endoscopic response at T2,
there was no significant change in motility [TO0: 85%, T1:
89%,T2: 75%, p = ns|.

When there was endoscopic response, colonic haustrations
normalised significantly at T1 [absence of haustrations at
TO: 78% vs absence of haustrations at T1: 14%, p = 0.031]
and at T2 [absence of haustrations at T0: 78% vs absence
of haustrations at T2: 0%, p = 0.016]. When there was no
endoscopic response, there was no normalisation of colonic
haustrations [T0: 75%, T1: 66%,T2: 75%, p = ns]].

3.2.4. Contrast-enhanced ultrasound

Totals of 40, 32, and 23 patients underwent CEUS at TO, T1,
and T2, respectively. In three patients at T1 and six patients
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Bowel wall thickness over time for endoscopic response in the
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Baseline T1 T2

Timepoint

Time-point

Median BWT (IQR) at TO 4.7 mm (4.2-6.8)
Median BWT (IQR) at T1 3.9 mm (2.5-4.8)
Median BWT (IQR) at T2 2.5 mm (1.8-3.3)

Endoscopic response

Endoscopic non-response

5.4 mm (4.7-7.0) 0.40
5.4 mm (3.4-6.4) 0.005
5.3 mm (4.0-6.4) 0.001

Figure 3. Decrease in BWT in the most severely affected segment at IUS according to endoscopic response and non-response at T1 and T2. BWT,

bowel wall thickness; IUS, intestinal ultrasound; T, time.

at T2, CEUS measurements were of low quality of fit due to a
normal BWT [# = 7] or present motility in the TI [z = 2] and
were excluded from further analysis. For the 17 patients at
T2 with a second endoscopy and valid CEUS measurements
available, 12 [71%] patients had endoscopic response and
eight [47%] patients were in endoscopic remission.

CEUS was analysed for ROI 1, 2, and 3. ROI 4 measure-
ments were omitted from further analysis as air in the lumen
was often within the ROI, resulting in uninterpretable data or
an ROI matching ROI 2. Quality of fit [QoF] at baseline was
high for ROI1 (median: 93.81% [84.93-96.17]), ROI2 (me-
dian: 88.21% [80.68-91.97]), and ROI3 (median: 93.06%
[80.19-95.16]). At T1 and T2, QoF for all ROIs did not sig-
nificantly differ with regards to baseline [data not shown].
At T1, QoF for ROI 3 was lower when there was endoscopic
response compared with no endoscopic response at T2 (me-
dian QoF ROI 3: 73.11% [47.28-84.94] vs 86.38% [81.59-
93.47],p =0.012).

At T1, none of the logarithmic [Supplementary Table
la—]| or linear data [Supplementary Table 2a—c] could pre-
dict endoscopic remission. For ROI1, percentage decrease of
WoR at T1 was significantly different when there was endo-
scopic response compared with non-response at T2 (median
ATO0-T1:-32.55% [-44.74--1.90] vs -1.28 % [-12.58-49.53],
p =0.04]. At T2, decrease in percentage for PE, WiR, WiPi,
and WoR was significantly more pronounced in endoscopic
responders [Supplementary Figure 4]. For ROI2, ROI3, and
the other CEUS parameters, there was no significant change
distinguishing endoscopic responders from non-responders at
T1 or T2. Also, for the linear data at T1 or T2 there was no

significant change with regards to baseline for all three ROIs
[data not shown].

3.2.5. Clinical and biochemical response

HBI, AHBI, FCP, and AFCP values were significantly different
between endoscopic responders and non-responders at T1
and T2 [Supplementary Table 3]. Corresponding AUROC and
cut-off values for FCP are demonstrated in Supplementary
Table 4. All other [changes in] biochemical parameters were
not significantly different between endoscopic responders and
non-responders.

3.2.6. Multivariable regression for endoscopic
remission and response with conventional IUS and
CEUS parameters, HBI, and FCP

When BWT was dichotomised with a cut-off value
of 3.2 mm, endoscopic remission was shown [OR for
BWT < 3.2 mm: 39.42, 95% CI: 7.67-202.57, p < 0.0001]
and normalisation of CDS [CDS < 3] significantly improved
the model [OR: 13.76, 95% CI: 1.28-147.78, p = 0.03].
Adding the other IUS parameters, FCP or HBI did not sig-
nificantly improve the model [Supplementary Table 5]. In
addition, BWT decrease of 18% and 29% at T1 [OR: 10.80,
95% CI: 1.69-68.94, p = 0.012] and T2 [OR: 37.50, 95%
CI: 2.77-507.48, p = 0.006] predicted endoscopic response,
respectively. The other TUS parameters, FCP, and HBI did
not significantly improve the model to predict endoscopic
response.
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When combined with BWT, WoR significantly improved
the model to predict endoscopic remission at T2 [WoR per
1-dB increase: OR: 0.76, 95% CI: 0.60-0.96, p = 0.019]. All
other CEUS parameters did not improve the model. In add-
ition, at T1, none of the absolute CEUS values nor changes in
CEUS parameters at T1 or T2 contributed to the model with
BWT to predict endoscopic response [Supplementary Table
5].

3.2.7 Inter-observer agreement per segment

There was perfect agreement on the most affected seg-
ment between the two raters [k =0.81, 95% CI: 0.68-0.93,
p <0.0001]. Per segment agreement on presence of disease
activity is demonstrated in Supplementary Table 6. For BWT,
there was strong agreement for sigmoid colon [ICC: 0.979,
95% CI: 0.938-0.993, p < 0.0001], ascending colon [ICC:
0.971,95% CI: 0.855-0.994, p < 0.0001] and TI [ICC: 0.953,
95% CI: 0.917-0.973, p < 0.0001]. There was substantial and
moderate agreement for descending [ICC: 0.884, 95% CI:
0.669-0.960, p < 0.0001] and transverse colon [ICC: 0.697,
95% CI: 0.006-0.907, p = 0.024], respectively. Agreement per
parameter and per segment is demonstrated in Supplementary
Table 7.

3.2.8. Interobserver agreement for CEUS

For CEUS measurements there was moderate to strong agree-
ment [Supplementary Table 8]. Particularly, WoR had strong
agreement [ICC: 0.943, 95% CI: 0.875-0.974, p < 0.0001].
For the other ROIs [single vessel and submucosa] there was
moderate to strong agreement [data not shown].

4. Discussion

IUS, particularly BWT and CDS, showed moderate to strong
correlation with the SES-CD in the most severely affected seg-
ment. In addition, BWT and CDS were responsive and de-
creased in patients with endoscopic response [Figures 4 and
5]. After 4-8 weeks after treatment initiation, BWT showed
already a significant decrease, with 18% thereby predicting
endoscopic response with high accuracy [OR: 10.80,95% CI:
1.69-68.94, p = 0.012]. Accuracy increases after 12-34 weeks
with a BWT decrease of 29% being most accurate to deter-
mine endoscopic response [OR: 37.50, 95% CI: 2.77-507.48,
p =0.006] and a cut-off value of 3.2 mm most accurate to re-
flect endoscopic remission [OR: 39.42,95% CI: 7.67-202.57,
p <0.0001]. Although other IUS parameters and CEUS
parameters also decrease when there is endoscopic response,
they are of limited merit in predicting and determining endo-
scopic outcomes in addition to BWT and CDS. Furthermore,
inter-observer agreement for both conventional IUS param-
eters and CEUS parameters was good to perfect, indicating a
high reliability for IUS and CEUS in clinical practice.

In this study, we have demonstrated high accuracy for IUS,
and specifically BWT, to predict endoscopic response and re-
mission early after initiation of anti-TNFa treatment. Previous
studies have demonstrated the value of IUS to measure treat-
ment response.'>?2 The largest study was conducted by
Kucharzik et al. and showed IUS to detect response to treat-
ment in a large cohort of CD patients clinically responding
to anti-inflammatory treatment.? Most IUS parameters
normalised within the first 3 months of treatment, which is in
concordance with our findings. However, a robust reference
standard was not used. In our study, predominantly BWT,
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CDS, and inflammatory fat were discriminative in an early
phase and are perhaps the most responsive to improvement
and healing of the wall, which has also been demonstrated
in recent studies.!>?325-27:3932 Moreover, these parameters were
often pathological at baseline in most patients, whereas WLS
and presence of lymph nodes were less frequently seen and,
accordingly, also less responsive to change during treatment.

Previous studies have investigated IUS response according
to endoscopic response and remission.?>-?73%3233 Although
these studies found favourable outcomes for patients reaching
transmural healing in addition to mucosal healing, defin-
itions for transmural healing varied and were not validated.
Therefore, in our cohort, we decided to investigate which TUS
parameters best reflect endoscopic response and remission. To
our knowledge, this is first study presenting accurate cut-off
values and decrease in percentages for BWT indicating endo-
scopic remission and response in the corresponding segments,
respectively. Intriguingly, a BWT cut-off value of 3.2 mm
reflected endoscopic remission in both the TI and the colon
accurately. Whereas in diagnosing CD a cut-off value of
2.0 mm [especially in the TI] or 3.0 mm, is not uncommon,'!
this might be too stringent to determine endoscopic remis-
sion after anti-inflammatory treatment. Moreover, fibrosis
or scar tissue might result in a thickened bowel wall.’*
However, a certain proportion of patients reached a cut-off
value < 2.0 mm or 3.0 mm. Consequently, even in patients
with a BWT < 3.2 mm, there might be room for improve-
ment. Future research should elucidate this.

TUS is also sensitive enough to demonstrate endoscopic re-
sponse. A 29% decrease of BWT at T2 reflected endoscopic
treatment response. A recent study defining treatment re-
sponse according to SES-CD score and the Crohn’s Disease
Activity Index found similar findings after 12 weeks of treat-
ment with anti-TNFa."” Another study defined IUS response
as a decrease of 25% in BWT and found moderate correlation
with endoscopic response after 16 weeks of treatment with
ustekinumab, according to the SES-CD score in the corres-
ponding segment.?® In our cohort, a decrease of 18% at T1
could already reflect endoscopic treatment response in an
early phase. In addition the 12-34 weeks’ time frame at T2
could have biased our results with potential lower percentage
decrease for patients undergoing second endoscopy early in
this time frame. To overcome this bias, future research should
confirm this statement in prospective designs with larger pa-
tient cohorts and one time point instead of a time frame.

Most CEUS parameters significantly reflected endoscopic
disease activity, in line with previous studies.'>3!3%3¢ In our co-
hort, only percentage change in WoR could significantly pre-
dict endoscopic response and non-response, whereas previous
studies also showed other parameters to reflect endoscopic re-
sponse.'>"” Quaia et al. found a significant percentage change
in most CEUS parameters after 6 weeks of treatment, between
endoscopic responders and non-responders after 14 weeks of
treatment. Similarly, Laterza et al. found a percentage change
for almost all evaluated CEUS parameters already after 2 to 6
weeks of treatment in endoscopic responders after 12 weeks.
In contrast to these previous studies, we had to exclude pa-
tients due to normalisation of the bowel wall or return of mo-
tility resulting in poor CEUS cine-loops when most of these
patients were endoscopic responders. Consequently, change
in CEUS parameters during treatment within the endo-
scopic responding group might be underestimated. Although
we reached high inter-observer agreements for most CEUS
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Figure 4. Response on IUS and paired colonoscopy in the most severely affected segment [descending colon]. BWT decreases with 22% atT1
from 5.5 mm [T0] to 4.3 mm [T1]. At T2, BWT decreased further to 2.6 mm or 53% with regards to baseline. Also colour Doppler signal showed
improvement over time and colonic haustrations returned. SES-CD = 7 at baseline, with deep ulcerations present. At T2, SES-CD = 0 with no ulcers
present; presence of pseudopolyps and mucosal scar tissue. SES-CD, Simple Endoscopic Score-Crohn's Disease; BWT, bowel wall thickness; IUS,

intestinal ultrasound; T, time.
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Figure 5. No response on |US and paired colonoscopy in the most severely affected segment [terminal ileum]. BWT shows no improvement with
7.7 mm at baseline, 8.1 mm atT1, and 8.1 mm at T2. Colour Doppler signal improves atT1 but deteriorates at T2 and is similar to baseline. SES-CD = 10
in the neoterminal ileum at baseline. At T2, SES-CD = 9, no endoscopic response. SES-CD, Simple Endoscopic Score-Crohn's Disease; BWT, bowel wall

thickness; IUS, intestinal ultrasound; T, time.

parameters in a subset of randomly selected patients, CEUS
might become less feasible when BWT normalises.

Whereas BWT is the most important parameter indicating
endoscopic remission, CDS or WoR added significantly to the
model reflecting endoscopic remission. Two recent studies
using consensus panels found a combination of BWT with

CDS accurately to reflect endoscopic disease activity and
endoscopic response.'® In addition, a recent and partly val-
idated scoring index with endoscopy as reference standard
incorporated both BWT and CDS.*® In clinical practice, pa-
tients with a normal BWT but increased CDS are less likely
to have reached complete endoscopic remission for the
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specific segment. Whether this should lead to dose escalation
or change of treatment is unclear and is a subject for future
studies. Potentially, WoR could fulfil a similar role as CDS.
Although promising and reproducible, measuring WoR is
more difficult and time-consuming than CDS, as the patient
needs contrast administration and CEUS cine-loops need post-
processing. Especially in a point-of-care setting, this is less
attractive. In addition, a recent study found similar accuracy
for a model with BWT and CDS compared with a model with
BWT, CDS, and CEUS parameters.’ Since CDS is a reliable
parameter to score,'© CDS deserves recommendation over
WoR to be incorporated in future scoring indices and defin-
itions for transmural response or healing. Consequently, the
role for CEUS in the treatment follow-up and response assess-
ment is in its current state limited. More practical on-board
methods, including reliable scaling, correction of the arterial
input function, and immediate availability of the measure-
ments, could pave the way to broader utility of CEUS.-4

In addition, we have shown that next to BWT, decrease
in FCP accurately detects endoscopic response in an early
phase. However, early absolute measurements for FCP could
not predict endoscopic response or remission. Moreover, FCP
is subject to other circumstances which could lead to false-
positive or -negative results when compared with endoscopic
outcomes.*">*? In our cohort, we have demonstrated that both
absolute measurements and change in BWT measurements re-
flect endoscopic disease activity at a later stage. Consequently,
BWT is not inferior to FCP and additionally informs on
disease extent. Incorporating FCP in an I[US parameter-based
prediction model did not significantly improve the model to
predict endoscopic response or remission.

Our study has a few limitations. Some patients did not
reach T2 because of surgery, worsening disease, or loss to
follow-up. Although this is suboptimal for the analysis, our
results truly reflect clinical practice which might therefore
also be a strength of this study. Also, time between IUS and
endoscopy was in some patients suboptimal. We generally
performed IUS and CEUS at anti-TNFa administration,
explaining the delay between endoscopy and IUS/CEUS.
However, this reflects the use of IUS in a point-of-care set-
ting and probably limited generalisability of our results.
Furthermore, we scored IUS and CEUS cine-loops and im-
ages per segment after the patient visit, which might have
resulted in a certain bias for inter-observer agreement. IUS
is operator-dependent and ideally inter-observer agree-
ment is scored in a real-time setting with blinded operators.
However, our scoring methods approach a clinical trial set-
ting with central reading, and we have demonstrated a feas-
ible and reliable process using still images and cine-loops to
score IUS and CEUS parameters. Future studies should also
incorporate central reading for endoscopy, especially when
IUS parameters or a score are validated.

Our study also has several strengths. Sonographer and
gastroenterologists were blinded to the other examinations.
In addition, we used a validated and robust endoscopic refer-
ence standard and have shown good correlation with TUS and
CEUS parameters. Also, we did not predefine IUS response
or remission but showed changes on IUS and demonstrated
cut-off values for BWT according to endoscopic changes.

In conclusion, we have demonstrated IUS response to anti-
TNFo treatment according to endoscopic treatment response
and remission. As endoscopy is still the gold standard but in-
vasive, IUS, and especially decrease of BWT in percentages,

F de Voogd et al.

has potential to determine endoscopic response in most pa-
tients for both the TI and colon. In addition, this is feasible
already after 4-8 weeks. The additional value of performing
[early] CEUS in this perspective was limited in our study.
Definition, standardisation, and validation of transmural
healing and transmural response should be a next step in in-
corporation of IUS in research and clinical practice.
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