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ABSTRACT

Background The objective evaluation of endoscopic
disease activity is key in ulcerative colitis (UC). A
composite of endoscopic and histological factors is the
goal in UC treatment. We aimed to develop an operator-
independent computer-based tool to determine UC
activity based on endoscopic images.

Methods First, we built a computer algorithm using
data from 29 consecutive patients with UC and 6
healthy controls (construction cohort). The algorithm
(red density: RD) was based on the red channel of the
red-green-blue pixel values and pattern recognition
from endoscopic images. The algorithm was refined in
sequential steps to optimise correlation with endoscopic
and histological disease activity. In a second phase, the
operating properties were tested in patients with UC
flares requiring treatment escalation. To validate the
algorithm, we tested the correlation between RD score
and clinical, endoscopic and histological features in a
validation cohort.

Results We constructed the algorithm based on the
integration of pixel colour data from the redness colour
map along with vascular pattern detection. These data
were linked with Robarts histological index (RHI) in a
multiple regression analysis. In the construction cohort,
RD correlated with RHI (r=0.74, p<0.0001), Mayo
endoscopic subscores (r=0.76, p<0.0001) and UC
Endoscopic Index of Severity scores (r=0.74, p<0.0001).
The RD sensitivity to change had a standardised effect
size of 1.16. In the validation set, RD correlated with RHI
(r=0.65, p=0.00002).

Conclusions RD provides an objective computer-based
score that accurately assesses disease activity in UC. In
a validation study, RD correlated with endoscopic and
histological disease activity.

INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory
disorder involving the colon to different extents.’
The proposed target for the treatment of UC is
complete remission of symptoms combined with
endoscopic remission.” It is suggested that a treat-
to-target (T2T) algorithm could improve outcomes
at the long term in UC.? But before we can truly

Significance of this study

What is already known on this subject?

> Assessment of disease activity is subjective and
leads to interobserver variability.

» Endoscopic scores are useful as treatment
target if they are objective and predictive for
further disease course.

» Regulatory authorities request a combined
endpoint of endoscopic and histological
remission for the claim of mucosal healing

What are the new findings?

» Red density (RD) is an operator-independent
computer-based tool to determine disease
activity in patients with UC.

> RD assesses disease activity based on
evaluation of the redness map and vascular
pattern recognition.

» RD scores correlated with endoscopic and
histological features of UC activity.

How might it impact on clinical practice in the

foreseeable future?

» This algorithm might be used for computer
analysis of digital endoscopic images from
patients with UC and evaluate healing or
disease progression in an objective way.

» Larger, prospective studies are ongoing to
confirm its accuracy and predictive value.

implement a T2T algorithm, some hurdles have to
be taken. First, when using the existing endoscopic
scoring systems for UC, it is still to be determined
what the exact definition is for endoscopic remis-
sion.* In clinical trials, endoscopic remission is
defined as Mayo endoscopic subscore (MES)<1and
endoscopic improvement MES<1,but in clinical
practice, it is suggested that patients with MES=0
have longer sustained clinical remission than patient
with MES=1.> A similar trend is seen when using
the Ulcerative Colitis Index of Severity (UCEIS).®
Second, all scoring systems are operator dependent
with variable interobserver agreement.” In UC,
central reading of endoscopic disease activity can
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be of added value in the assessment of a treatment effect and to
reduce the placebo effect.® In the reliability and initial validation
study of the UCEIS, the interobserver agreement in the determi-
nation of UCEIS scores was moderate (k=0.50). Additional data
demonstrated that even in experienced hands, variable interob-
server agreement was seen.’ Although training programme can
improve the agreement, the subjectivity hampers the use in clin-
ical practice.’ Third, the significance of a therapeutic target
depends on the predictive value for predicting future disease
course of the individual patient. Currently, the best predictor
for long-term outcomes in patients with UC in clinical remission
is histological remission,” "' but the scoring is cumbersome. '
Moreover, a claim of ‘mucosal healing’ requires a combination
of endoscopic and histological remission.'® For this, an endo-
scopic evaluation tool that is objective, easily accessible and
that correlates with endoscopic and histological remission could
improve the adoption of a T2T strategy in clinical practice and
drug development in UC.

AIM

The aim of the study was to develop an automated real-time
operator-independent endoscopic tool that correlates with endo-
scopic and histological disease activity in UC.

METHODOLOGY

This was a prospective multicentre study performed in two
tertiary centres in Belgium and Japan. The study included three
phases. In the first phase, the feasibility of the algorithm (‘red
density’: RD) was tested, and in several sequential steps, the
algorithm was further refined to achieve the optimal correlation
with histological and endoscopic disease activity in UC. In the
second phase, the operating properties of the RD score devel-
oped in phase I were tested in patients with UC that needed
treatment escalation for a disease flare. In the third phase, the
final algorithm that was developed in phase I was validated in a
validation cohort.
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1/ System description

We used a high-definition prototype endoscope with a prototype
processor from Pentax (Pentax Medical, HOYA Corporation,
Tokyo, Japan). White-light (WL) illumination was delivered
by a 300W xenon lamp. The processor includes I-scan virtual
chromoendoscopy with digital and optical enhancement. The
endoscopes had 1290966 pixels for display. The outer diam-
eter is 9.9 and 11.5 mm with a 105 and 170 cm working length
for the gastroscope and colonoscope, respectively. Images were
displayed on a 27 inch screen (NDS surgical imaging, San Jose,
California, USA). The RD function can be selected from the
video processor’s touch panel, the keyboard or the assigned
scope button. Once the RD function is activated, RD image and
RD score will be displayed on the monitor in real time, along
with the WL image (figure 1).

The algorithm used in the study was based on automatic
computer-aided assessment of redness on a pixel level. The red
channel of the red-green-blue (RGB) pixel values are extracted
and used to build an RD map (figure 2A-B)'”: the RD score. For
the application of the algorithm, WL images were used before
enhancement. The algorithm excludes the interference of stools,
light reflection and shadow. The endoscopist needs to wash the
mucosa, insufflate air and press the button on the scope to get
the RD score, which is comparable to taking a quality endo-
scopic picture.

2/ Phase I: algorithm development

Consecutive patient with UC and healthy controls (polyp
screening) presenting for planned endoscopy at the University
Hospitals of Leuven (Leuven, Belgium) and the Sapporo Medical
University (Sapporo, Japan) were prospectively recruited in
the first phase of the trial. Colon cleansing and sedation was
performed according to local guidelines.'® Endoscopies were
performed by two inflammatory bowel disease (IBD) endos-
copists with >10years of experience (PB, HN). The endo-
scopic procedure followed a standardised protocol (online
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Figure 1

o

Example of how the red density (RD) system is displayed during endoscopy. RD image and RD score are displayed on the monitor in real

time, along with the white light image. The RD image shows the redness of the input image, warmer colour means stronger redness. The RD score is
a representative value of colour map and is provided at the bottom of the screen. The colour map and RD score can be recorded simultaneously with
still captured image. Left: white light images. Right: RD colour map with RD score in the legend.
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Figure 2 Visual representation of the different modifications in a sample endoscopic image: (A) standard white light high definition endoscopic
image; (B) original colour map of the red density image; (C) colour map of the red density image after adapted range setting; (D) image with vascular
pattern detection; (E) colour map of the red density after vascular pattern extraction.

supplementary data 1). Biopsies were taken in all evaluated
segments both in inflamed (most severe inflammation) and non-
inflamed areas (random) of the patients with UC and in healthy
controls. All endoscopies were anonymously recorded, and per
evaluated segment, still images were obtained. Per segment, all
WL images were reassessed at random by two groups of two
blinded central readers (SV, HN for the Leuven data and PB, RB
for the Sapporo data) for the MES and the UCEIS. The central
reader did not assessed his own endoscopies he performed
before. In case of disagreement, final adjudication was obtained
during a consensus meeting with the two central readers. All
biopsies were scored according to the Geboes score (GS)"” and
the Robarts histological index (RHI)*® by an experienced UC
histopathologist (GDH, TH). Histological remission was defined
by different thresholds (GS<2.0and GS<3.1; RHI<6). Clinical
disease activity was recorded based on patient reported outcome
(PRO2)*! and the total Mayo score.?? Subsequently, the results of
the clinical, endoscopic and histological scorings were correlated
with the RD score. Based on these initial findings, the algorithm
that calculates the RD score was further refined by recalibrating
and expanding the RD score, followed by recalculating the RD
score in a simulator using still images (Pentax Medical, HOYA
Corporation, Tokyo, Japan). By this, it is possible to understand
how the RD score is affected by changing the algorithm, and
repeated algorithm corrections and adjustments provide optimal
results from the input dataset.

3/ Phase II: operating properties testing

Consecutive patients at the University Hospitals of Leuven
(Leuven, Belgium) presenting with symptoms of a UC flare for
planned endoscopy were included in the trial. Flexible endos-
copy was performed before treatment escalation and a second

endoscopic evaluation was performed 8-14 weeks after the
treatment escalation to assess endoscopic response and/or remis-
sion. At baseline and at week 8-14, PRO2*' and total Mayo
score were recorded.”” Endoscopic procedure, central reading
(SV and MF) and histopathological sampling and scoring (GDH)
followed the same protocol as in phase I, except for the fact
that videos were used for the central reading of the endoscopic
scoring instead of still pictures. This change in format of the
central reading compared with the construction phase was done
to minimise the inter-rater variability. Only the videos of the
most inflamed segment at baseline and the videos of the corre-
sponding segment at week 8—14 were used to test the sensitivity
to change.

4/ Phase lll: final RD score validation

To validate the final algorithm constructed in phase 1, the
correlation between RD and clinical, endoscopic and histolog-
ical scores was retested in the cohort of patients from phase II.
In contrast to phase II, all images from all available segments
from all patients in phase II were used also of those having only
a baseline visit.

5/ Statistical analysis

Statistical analysis was done using R software (The R Foundation,
Vienna, Austria). Continuous variables with non-normal distri-
bution are described as medians with IQR. Categorical variables
are described as percentages. For time-independent evaluation
of continuous variables, we used the Wilcoxon signed-rank test
(or Mann-Whitney test if applicable), and for categorical vari-
ables, the %* tests (or Fisher’s exact test if applicable). Receiver
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operating characteristics (ROC) curves were used to determine
cut-off values of continuous variables.

Contingency tables took account of the histological remission
in relation to RD score, in order to determine the sensitivity,
specificity, positive and negative predictive values, and overall
diagnostic accuracy of the RD score. The correlations between
the RD score and the clinical, endoscopic and histological
assessments of disease activity were assessed in Spearman’s rank
correlation test. The strength of the correlation was described
as follows: 0.00-0.19 ‘very weak’; 0.20-0.39 ‘weak’; 0.40-0.59
‘moderate’; 0.60-0.79 ‘strong’; 0.80-1.0 ‘very strong’. The
Cohen’s kappa was used to calculated the inter-rater agreement
between the central readers.

To assess the sensitivity to change of the RD score, we used the
standardised effect size.”> This is based on the difference in the
mean RD scores for patients who changed divided by the SD of
their baseline scores. Higher values indicate that the evaluative
instrument is more responsive to change, and a value >0.8 indi-
cates a large effect.

A formal sample size calculation was not possible for the
initial construction cohort, since this was an exploratory exercise
to assess correlation between RD and histology. We calculated a
sample size with enough sensitivity to detect change. We aimed
to show that the RD score significantly decreases after treatment
in a population of patients that show clinical benefit (MES2-3
before treatment and MESO-1 after treatment). A sample size
of 13 patients, scoring MES2-3 before treatment and MESO-1
after treatment, was needed to show such effect with 80% of
power (power increased to 90% when including 16 patients).
Calculations are performed for a two-sided paired t-test at 5%
significance level, assuming a correlation of 0.05 between both
measurements. Using pilot data, we assumed a mean score of
126 and SD 53 before treatment and a mean score after treat-
ment of 68 (SD 43).

RESULTS

1/ Phase |

In total, 29 patients with UC and 6 healthy controls were
included in the first phase of the study. Demographic data and
disease characteristics of the patient population are summarised
in table 1. The development of the RD algorithm started with the
data from the initial algorithm based on preliminary testing.'”
The average RD score in the rectum and sigmoid was not signifi-
cantly different in healthy controls. A higher RD score had more
diffuse detection of redness compared with patient with low
RD score since redness was only captured in regions with visual
vascular pattern, supporting the redness detection. No correla-
tion was seen between the RD score and the haemoglobin level.
In the next step, the RD algorithm was tested in 26 patients with
UC and 6 healthy controls. There was a correlation when eval-
uating all segments from all patients (MES: r=0.38, p<0.0001;
UCEIS: r=0.41, p<0.0001). The RD score was not influenced
by C reactive protein level (r=—0.03, p=0.90) or haemoglobin
level (r=0.26, p=0.21) in patients with UC. In the following
step, the range setting for the colour map was revised (figure 2C).
By this, the RD score increased overall but more specific in three
situations: (1) pictures with high score in the default setting
leading to a better discrimination; (2) pictures with a distinct
vascular pattern; and (3) pictures with multiple highlights.
A vascular pattern recognition algorithm (based on an edge
detection technique) was developed to exclude a false-positive
effect of vascular pattern (figure 2D). This system automatically
detects and scores the presence of vascular structures. An inverse

Inflammatory bowel disease

Table 1 Demographic characteristic of patients in phase |

Healthy controls
(n=6)

5 (83%)

48.9 (36.3-60.9)

UC patients (n=29)
13 (45%)
43.6 (38.1-56.7)

Female gender
Age at time of procedure (years):

median (IQR)

Age at diagnosis (years): median NA 32.6 (24.2-43.7)

(IQR)

Disease duration (months): median NA 166 (85-219)

(IQR)

Smoking status NA Never 14/27 (52%)
Stopped 12/27 (44%)
Current 1//27 (4%)

Disease extension (Montreal) NA E1:8/29 (27.6%)
E2:14/29 (48.3%)
E3:7/29 (24.1%)

Current treatment NA 5-ASA 23/29 (79%)
Steroids 3/29 (10%)
IMM 3/29 (10%)
Anti-TNF 4/29 (14%)
Vedolizumab 5/29 (17%)

Previous treatments NA 5-ASA 29/29 (100%)

Steroids 25/29 (86%)
IMM 14/29 (48%)
Anti-TNF 12/29 (41%)
Vedolizumab 4/29 (14%)

5-ASA, 5-aminosalycic acid; E, extension; IMM, immunomodulator; NA, not
applicable; TNF, tumour necrosis factor.

correlation was seen between the vascular pattern score and the
vascular subscore of the UCEIS (r=—-0.42, p<0.0001) when
evaluating MES 0 and 1 images. In the next step, we applied a
new pixel-based analysis by using the 16 bin histograms from
the RD colour map (after extraction of the vascular pattern)
providing 16 dimensional vectors that were used as 16 explan-
atory variables in a multiple logistic regression analysis. In that
way, the RD score was converted in a probability score ranging
from 0 to 200 for the probability of not having MAYO 0. The RD
histograms were also used to exclude the interference of ulcers
with the vascular pattern score. Subsequently, the converted RD
score was combined with the vascular pattern score (figure 2E).
This combination provided a correlation with the lower ranges
of UCEIS (0-3) (r=0.54, p<0.0001) and MES (0-1) (r=0.56,
p<0.0001). Since we aimed for an evaluation tool that correlates
with histology in UC, we integrated the results of the RHI and
the RD histograms of all subjects (n=70 images) in a multiple
regression analysis; subsequently, the vascular score was inte-
grated in the algorithm. This provided a correlation between the
RD score and the final consensus MES (r=0.71, p<0.0001) and
UCEIS (r=0.69, p<0.0001). The RD score correlates with the
RHI (r=0.60, p<0.0001). To reduce the variation in the RD
score, the vascular pattern score setting was further modified
and SD of the RD was integrated in the algorithm. The RD
histograms were only used to exclude the interference of ulcers.
This optimised the correlation between the RD score and RHI
(r=0.61, p<0.0001), MES (r=0.70, p<0.0001) and UCEIS
(r=0.70, p<0.0001). The calculation of the score based on this
algorithm was feasible but necessitated high hardware power. To
enable a real-time calculation of the RD score, the algorithm was
further modified. For this, the SD of the RD was replaced by the
maximum frequency (which negatively correlates with the SD).
In this modified setting, the vascular pattern recognition was
only used to extract the vascular pattern from the image, not in
the formal calculation of the RD score (figure 2E). The final RD
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Figure 3  Schematic representation of the construction of the algorithm of the final RD score. RHI, Robarts histological index; Freq, maximal redness

frequency; Rmax, maximal redness; Int, interaction effect; RD, red density.

score is based on a multiple regression analysis integrating the
maximal redness score, the maximal redness frequency and the
RHI of the redness map after extraction of the vascular pattern.
The maximal redness is robust to the size of the red area and
the interference of ulcers. The final formula of the algorithm is:
RHI=a*Rmax +b*Freq +c*Int+d. This is schematically repre-
sented in figure 3. This results in a final correlation between
the RD score and RHI (r=0.74, p<0.0001), MES (r=0.76,
p<0.0001) and UCEIS (r=0.74, p<0.0001). The correlation of
the total UCEIS was higher than the correlation of the specific
subcomponents (vascular: r=0.72; bleeding r=0.6; ulcer
r=0.61; all p<0.0001). Based on ROC analysis, with a cut-off
RD score of 60, we could discriminate between active histolog-
ical inflammation (RHI>6) and histological remission (RHI<6).
An RD score<60 predicts patient has histological remission
(RHI<6) with a sensitivity of 96% and specificity of 80%. This
results in a positive predictive value for histological remission of
74% and negative predictive value of 97%. The area under the
curve (AUC) was 0.95 (online supplementary figure 1). When
using other definitions of histological remission based on the
GS, a cut-off of 52 and 60 for the RD score was recognised
for GS<2.0and GS<3.1, respectively, see online supplementary
figure 2. Inter-rater agreement for the central readers based on
still image data was moderate (online supplementary table 1).

2/ Phase Il

Sixteen patients were screened and 10 patients were included in
the second phase. Demographic data and disease characteristics
of the patient population are summarised in table 2. At base-
line, the median PRO2 was 3 (IQR 1-4), median total Mayo
was 7 (IQR 4-9). All patients had active endoscopic disease at
baseline. Median interval between the first and second evalu-
ation was 10 weeks (IQR 8-11). All but one patient received
treatment escalation after baseline. The evolution of the clinical,

endoscopic and histological disease activity is shown in figure 4.
For central reading, based on the endoscopic videos, adjudica-
tion was needed in 50% and 65% of cases for MES and UCEIS,
respectively. This resulted in a poor interobserver agreement for
both MES (xk=0.33) and UCEIS (k=0.25). Nine patients had a
change in their endoscopic score compared with baseline. The
median delta in UCEIS and MES was 1 (IQR 0-3) (p=0.01) and
1 (IQR 0-1) (p=0.003), respectively. A significant number of
patients achieved clinical, endoscopic and histological remission

Table 2 Demographic characteristic of patients in phase Il

UC patients (n=10)
6 (60%)

39.6 (36.3-57.1)
32.2 (23.7-43.8)
76.8 (44.8-144)
Never 5/10 (5%)
Stopped 4/10 (40%)
Current 1/10 (10%)
E1:0/10 (0%)

E2: 7110 (70%)
E3:3/10 (30%)
5-ASA 8/10 (80%)
Steroids 1/10 (10%)
IMM 2/10 (20%)
Anti-TNF 1/10 (10%)
Vedolizumab 2/10 (20%)
5-ASA 8/10 (80%)
Steroids 2/10 (20%)
IMM 0/10 (0%)
Anti-TNF 1/10 (10%)
Vedolizumab 1/10 (10%)

Female gender

Age at time of first procedure (years): median (IQR)
Age at diagnosis (years): median (IQR)

Disease duration (months): median (IQR)

Smoking status

Disease extension (Montreal)

Treatment at baseline

Treatment intensification after baseline

5-ASA, 5-aminosalycic acid; E, extension; IMM, immunomodulator; NA, not
applicable; TNF, tumour necrosis factor.
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(A—F) Evolution of the endoscopic (A-B) and clinical (C-D) scores, red density score (E) and RHI (F) after treatment escalation. PRO-2,

patient-reported outcome 2; RHI, Robarts histological index; UCEIS, Ulcerative Colitis Index of Severity.

after treatment (all p<0.03). Median RD score decreased signifi-
cantly from baseline (137 to 48; p=0.006) (figure 4E). The stan-
dardised effect size for RD was 1.16. There was a correlation
between the delta RHI and delta RD (r=0.73; p=0.02). No
significant correlation was seen between the delta RD and the
delta of MES (p=0.4) or UCEIS (p=0.5).

3/ Phase IlI

In the final step, the RD score was validated in all available
images from the segments of the patients in phase Il (n=55). This
confirmed the validity of the score and demonstrated a correla-
tion between RD and RHI (r=0.65, p=0.00002) (figure 5). A
correlation was seen between UCEIS (based on consensus central

reading (n=36) and the RD score (r=0.56; p=0.0004) and MES
(r=0.61; p=0.00009), but there was a wide range of RD values
for MES=1and UCEIS=1, which underlines the subjectivity of
the interpretation of MES and UCEIS by the human eye (online
supplementary figure 3).

DISCUSSION

The RD score is an important new concept in the evaluation of
disease activity in UC. It is the first endoscopic scoring system
that provides operator-independent full digital scoring of
disease activity in UC. Due to the integration of pattern recog-
nition and automated redness assessment from the endoscopic
images, it excludes the subjectivity of the operator. RD correlates
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Figure 5 Correlation between RHI and RD score for the patients in
phase Il (r=0.65, p=0.00002). RD, red density; RHI, Robarts histological
index.

with histological scoring systems (RHI) and to a lower extent
with existing subjective endoscopic scores. For this, RD evalu-
ates endoscopic images on a deeper level. Histology is a better
predictor of further disease course in UC and endoscopic scores
are hampered by inter-rater and intra-rater variability. In this
way, there is a potential for RD in the prediction of sustained
remission and a target in a T2T setting.” RD demonstrates an
excellent sensitivity to change. RD can be used as an objective
monitoring tool for the evaluation of treatment effect in UC.

Recently, several endoscopic innovations for the scoring of
disease activity in UC have been proposed. The Picasso score is
based on high-definition endoscopic images and electronic virtual
chromoendoscopy.** Due to its superb image quality, vascular
dilation, mucosal architecture and intramucosal bleeding can be
appraised. Although specific training programme for the Picasso
score results in low inter-rater variability in expert hands, data on
the utility for real-time use in daily clinical practice are lacking.”
Confocal laser endomicroscopy (CLE) deals with similar prob-
lems as other endoscopic scores in IBD. This technique performs
well in expert hands, but has a certain learning curve. Moreover,
CLE requires intravenous fluorescein administration and specific
endoscopic equipment.”®?” RD, in contrast, can be used without
specific training. The use of RD does not require special prepa-
ration and the scoring results are provided in real time.

Redness is difficult to score objectively by the human eye.
Uchiyama et al recently used a linked colour imaging (LCI)
index based on postprocessing of small region of interest in the
evaluation of endoscopic healing in UC.?® They demonstrated a
correlation between histopathology and the LCI index. RD in
contrast is constructed based on the complete endoscopic image
and a multifaceted approach with redness data per pixel and an
integrated vascular pattern recognition.

With the introduction of machine learning and pattern
recognition in endoscopy, a new era has begun. The use of
neural networks for computer-aided diagnosis is promising
for the evaluation and classification of colonic polyps.?’ *°
Two groups reported excellent performance of neural network
to assess endoscopic disease activity based on the MES.?! *2
Although these results seem promising, nevertheless this deep
learning system is constructed based on the subjective evalu-
ation of endoscopists who provide the scoring of the images
that trained the convolutional neural network. Deep learning
is used in almost all fields of computer vision and with good

reason: its performance surpasses many of the more tradi-
tional computer vision techniques (sometimes even the human
performance)®® and it is extremely fast. There are, however,
still several limitations to this technique which can justify the
use of other machine learning algorithms like RD. First of all,
training a deep neural network requires generally a very large
annotated dataset before it can generalise well to the given
data. The failure modes of a deep neural network are unpre-
dictable and its results are uninterpretable as to how it got to
its conclusion. This might not be an issue for many computer
vision tasks, but can be different for automated clinical diag-
nosis using clinical images. So, if there is a task with limited
data and we care about having a predictable and explainable
outcome from the algorithm, one might prefer to go with some
of the more ‘traditional methods’ like feature extracting clin-
ical images. In this context, the RD score overcomes this limita-
tion by building the score based on objective imaging data that
were correlated with histological scoring.

Our study has some limitations. First, in the initial phase
of the study, predominantly patients with low disease activity
were included. However, for endoscopists the challenge lays
mainly in discrimination MES 1 from MES 0 and this part of
the spectrum is the target in a T2T setting in UC. Second, the
total number of patients that were included in the study was
modest (n=45). But since we assessed at least 10 images per
patients and tested the algorithm in a simulator, an infinite
number of testing rounds could be done. In contrast to other
systems for computer-aided diagnosis like convolutional neural
networks that require thousands of images, our approach needs
a significantly lower amount of data due to the possibility of
sequential modulation of the algorithm during the develop-
ment. Furthermore, the current number of endoscopies used
for the construction of RD is in line with what is conventional
for scores based on human evaluation like UCEIS (n=60).>*
RD is an automated algorithm, excluding inter-rater variability
and providing always the same score for the same image; for
this, multiple reading and re-reading during construction is
not required. Third, the algorithm works for still images and
currently does not work yet for moving images. But all current
scoring systems and predictive models in UC are based on the
dominant score of the most affected segment. For this reason,
RD cannot also be used in patients with Crohn’s disease due
to the irregular distribution of the disease and the use of non-
dominant cumulative scoring systems for endoscopic disease
activity. At this stage, we did not correlate or integrate the RD
score with other disease biomarkers like faecal calprotectin, but
this will be done in a follow-up prospective validation study. We
wanted first to correlate the RD score with histology since its
value is a predictor of disease course in UC. Last, in this stage
the system is only available for Pentax prototype endoscopes.
By adapting the algorithm to other systems, it might have the
potential to be used in different endoscopy platforms, although
this needs to be developed and confirmed first.

The RD score needs further clinical validation. A multicentre
study in patients with UC in clinical remission is planned to
assess the predictive value of the RD score for sustained clin-
ical remission. If this multicentre study confirms a cut-off value
of the RD score that predicts favourable long-term outcomes in
UC, then the RD score can be used as the first objective operator-
independent endoscopic target in a T2T strategy in UC.”

In conclusion, we developed the first objective operator-
independent endoscopic scoring system for disease activity in
UC with excellent operating properties and correlation with
both endoscopic and histological disease activity.
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