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Title:
Development and validation of the international blue-light imaging for Barrett's neoplasia
classification

Abstract

Background and Aims: Detecting subtle Barrett's neoplasia during surveillance endoscopy
can be challenging. Blue-light imaging (BLI) is a novel advanced endoscopic technology with
high intensity contrast imaging which may improve the identification of Barrett's neoplasia.
The aim of this study was to develop and validate the first classification to enable
characterisation of neoplastic and non-neoplastic Barrett's using BLI.

Methods: In phase 1, descriptors pertaining to neoplastic and non-neoplastic Barrett's were
identified to form the classification (BLINC). Phase 2 involved validation of these component
criteria by 10 expert endoscopists assessing 50 BLI images. In phase 3, a web-based training
module was developed to enable 15 general (nonexpert) endoscopists to use BLINC. They
then validated the classification with an image assessment exercise in phase 4 and their pre-
and post-training results were compared.

Results: In Phase 1, the descriptors were grouped into color, pit, and vessel pattern
categories to form the classification. In Phase 2, the sensitivity of neoplasia identification
was 96.0% with a very good level of agreement among the experts (K=0.83). In Phase 3, 15
general endoscopists completed the training module. In Phase 4, their pretraining sensitivity
(85.3%) improved significantly to 95.7% post-training with a good level of agreement
(K=0.67).

Conclusion: We developed and validated a new classification system (BLINC) for the optical
diagnosis of Barrett's neoplasia using BLI. Despite the limitations of this image-based study
with a high prevalence of neoplasia, we believe it has the potential to improve the optical
diagnosis of Barrett's neoplasia given the high degree of sensitivity (96%) noted. It is also a
promising tool for training in Barrett's optical diagnosis using BLI.

Introduction

Barrett's esophagus (BE) is a precursor to esophageal adenocarcinoma and endoscopic
surveillance of BE is now recommended for early detection of neoplasia.l’2 This enables the
use of minimally invasive curative endoscopic techniques that are now first line for
management of early Barrett's neoplasia.s_5

The current recommended surveillance technique is the Seattle biopsy protocol in which
nontargeted quadrantic biopsy specimens are taken every 1 to 2 cm throughout the
Barrett's segment.6 However, this technique has its drawbacks because the biopsies only
sample less than 5% of BE, and focal dysplasia can be missed.” Adherence to this protocol is
poor particularly in long segments of Barrett's, and the vast quantities of biopsy specimens



taken increase cost, prolong procedure time, and reduce patient tolerance to the
procedure.s’9

The advent of push-button advanced endoscopic imaging technologies over the past decade
has provided a means of targeting biopsy samples in order to improve the identification of
dysplasia during surveillance endoscopy.'®** Narrow-band imaging (NBI; Olympus, Tokyo
Japan), I-SCAN (Pentax, Tokyo, Japan) and flexible spectral imaging color enhancement
(FICE; Fuijifilm, Tokyo, Japan) can enhance mucosal surface and vascular microstructures to
facilitate optical diagnosis. In order to determine whether a new technology can indeed
replace the current random sampling surveillance protocol, the American Society for
Gastrointestinal Endoscopy (ASGE) set out quality thresholds through its Preservation and
Incorporation of Valuable Endoscopic Innovations (PIVI) initiative.'* These PIVI criteria
stipulate that a technology needs to achieve a per-patient sensitivity of >90%, specificity
>80%, and negative predictive value (NPV) of >98% for dysplasia detection before it can
replace quadrantic biopsies.

An ASGE-led meta-analysis showed that acetic acid chromoendoscopy, NBl and confocal
laser endomicroscopy (CLE) met the PIVI thresholds set (pooled sensitivity of 96.6% for
acetic acid, 94.2% for NBl and 90.4% for CLE).13 NBI is the most widely studied of these
technologies and a recent randomised controlled trial comparing high definition white light
to NBI showed that NBI detected a higher proportion of dysplastic areas (30% vs 21%).**

Recently, a new optical imaging technology known as Blue Light Imaging (BLI; Fujifilm) was
developed. The system uses a 4-light emitting diode multilight technology rather than xenon
or laser light sources, thereby producing brighter images. It is the first nonfilter technology
producing blue light in a narrow spectrum that is bright enough to identify subtle changes in
surface and vessel patterns, which is of relevance in early Barrett's neoplasia. However, to
date, no validated classification system exists to guide our use of BLI in the diagnosis of
Barrett's neoplasia.

The aim of our study was to develop and validate a classification using BLI for identification
of neoplasia in BE.

Methods

Study design

This was a prospective noninterventional image-based study conducted in 4 phases to
develop and validate a classification system for Barrett's neoplasia using BLI. Images for this
study were collected as part of a trial on Barrett's patients under endoscopic follow-up with
institutional board approval (16/ES/0074). The study was carried out in accordance with the
Helsinki Declaration.

Acquisition of images for the Blue-Light Imaging Library

The images for this study were captured from 100 patients undergoing Barrett's evaluation
procedures in Queen Alexandra Hospital, Portsmouth, United Kingdom. Patients provided
written informed consent for these procedures including the use of image and video



recording. The procedures were carried out using the Fujifilm gastroscope series ELUXEO
TM 7000 with BLI enhancement (ELUXEO, VP-7000, BL-7000; Fujifilm, Tokyo, Japan) and in
each case, the Barrett's segment was examined with high-definition white light before BLI.
All patients received a preprocedure drink containing N-acetylcysteine and simethicone to
improve mucosal visibility. Images were captured of both neoplastic and non-neoplastic
Barrett's and were matched with targeted biopsies from this area for histopathological
confirmation. Two independent expert gastrointestinal histopathologists who were not
involved in the study and who were blinded to the endoscopic images reported the biopsies
of all neoplastic areas. The histopathology report was considered the criterion standard for
interpretation in this study with consensus achieved among both histopathologists.
Neoplastic Barrett's encompassed areas containing high-grade dysplasia, intramucosal
cancer, and submucosally invasive cancer. Non-neoplastic Barrett's had intestinal
metaplasia with no dysplasia. No images of low-grade dysplasia (LGD) were included in this
study due to the high interobserver variability in histopathological diagnosis and lack of a
universal histological definition because it remains an area of controversy. All images were
anonymized and stored in a tagged image file format on a secure password protected
computer. One hundred high-quality nonmagnification images were selected for inclusion in
the study phases (50 non-neoplastic and 50 neoplastic images). All neoplastic visible lesions
selected were flat (Paris lla or Ilb)*® with no nodular components. Images were selected
according to their sharpness and clarity with clear visibility of mucosal and vessel patterns.
Images from patients with active esophagitis, esophageal strictures, or previous esophageal
therapy (endoscopic resection, ablation or radiotherapy) were excluded.

Study Phases

Study phases are shown in Figure 1.

Phase 1: Development of the BLI classification using descriptors pertaining to neoplastic
and non-neoplastic Barrett's

Three experienced endoscopists in a tertiary referral center (performed over 200 BE
procedures using BLI) reviewed 40 images (20 neoplastic, 20 non-neoplastic) from the
library. They proposed a series of descriptors relating to the color, pit, and vessel pattern of
neoplastic and non-neoplastic BE. Color was chosen as a category given the brightness of BLI
that enabled areas of focal darkness representing neoplasia to be highlighted. Pit and vessel
patterns were described according to the type (morphology), distribution (arrangement),
and density. After several rounds of voting, complete consensus was achieved among the
endoscopists on the choice of descriptors used in these categories to form a structured
classification.

Phase 2: Expert validation of proposed descriptors and classification

Ten expert endoscopists (excluding endoscopists in Phase 1) experienced in BE surveillance
and neoplasia detection using optical imaging took part in this phase. All had used BLI in
their practice. They applied the descriptors to 50 images (25 neoplastic, 25 non-neoplastic)
to make a diagnosis. A level of confidence (high or low) was assigned to the predicted
diagnosis. All the images were arranged randomly on an online portal developed specifically
for this study. They were able to view the descriptors alongside each image and use drop
down boxes to select the chosen descriptors. None of the images in Phase 2 were used in
Phase 1. The sensitivity, specificity, area under the curve (AUC) and Kappa scores for each



descriptor were calculated. Descriptors with a minimum Kappa value of 0.5 were retained in
the classification.

Phase 3: Training Module Development

After the development of the classification, a web-based training module was designed
using 10 images of neoplastic and non-neoplastic BE. Each image was illustrated with BLINC
descriptors to teach the user how to recognise patterns of neoplastic and non-neoplastic BE
on BLI. The various categories (color, pits and vessels) of the classification were
demonstrated separately and in combination. The module also contained information on
the morphology, location and features of Barrett's neoplasia. The images used in the
training module were not included in the assessments.

Phase 4: External validation of the classification by nonexpert endoscopists

Pretraining assessment: 15 endoscopists with exposure to standard BE surveillance in a
general population but no experience of optical imaging in BE participated in this phase.
They assessed the image library used in Phase 2 and made an optical diagnosis (non-
neoplastic versus neoplastic Barrett's) alongside a level of confidence (high/low) for each
prediction. They were blinded to the proportion of neoplasia in the exercise and were not
given feedback on their diagnostic performance after this phase.

Post-training assessment: The endoscopists completed the BLINC training module and
repeated the assessment of the same 50 images (25 neoplastic; 25 non-neoplastic) with an
average time period of 8 weeks between pre and post-training tests. The pre- and post-
training accuracy, sensitivity, and specificity of neoplasia detection was measured. The
proportion of high confidence predictions was also compared between the pre- and post-
training assessments.

Statistical Analysis

The sample size was calculated based on the number of observations required for Phase 4.
Previous classification studies have demonstrated sensitivity for dysplasia diagnosis at
around 80%.'%" These studies, like ours, were conducted in tertiary centers with an
enriched population and higher prevalence of dysplasia. This study was powered on the
basis that the classification would improve the sensitivity of neoplasia diagnosis from 80% to
90%. The data were paired as each assessor evaluated the same images with and without
the new classification. It was estimated that 20% of observations would have discordant
responses on the 2 timepoints. Using a 5% significance level and 80% power, 155
observations were required for the sensitivity analysis. As an equal number of neoplastic
and non-neoplastic images were used, the total number of observations required for the
study was doubled (155x2=310). Phase 4 generated 750 observations (15 endoscopists
rating 50 images) which satisfied the power calculations.

All data were collected on Microsoft Excel (Microsoft Corporation, Redmond, Wash, USA).
Stata version 15.1 (StataCorp, College Station, Tex, USA) was used for statistical analysis.
Diagnostic performance was evaluated using sensitivity, specificity, and accuracy. The
comparisons between the pre- and post-training data were performed using a
bootstrapping approach. Five hundred bootstrap samples were analyzed. The results were
used to calculate a confidence interval for each statistic at each timepoint, the difference



between the pre and post-training results, and the corresponding statistical significance.
The P values were based on a calculation of the standard deviation of the bootstrap samples
representing the standard error (SE) of the difference in proportions between timepoints. In
turn, a z-test using the observed difference and the SE was used to obtain a P value for
difference. Interobserver agreement was assessed using the kappa statistic (poor <0.20; fair
0.21-0.40; moderate 0.41-0.60; good 0.61-0.80; very good 0.81-1.00). AUC values of >0.9
were excellent, 0.8-0.9 good, 0.7-0.8 fair, 0.6-0.7 poor, and <0.6 as having no discrimination.

Results

Phase 1: Development of the BLI classification using descriptors pertaining to neoplastic
and non-neoplastic Barrett's

A consensus was achieved around 3 main domains: color, pits, and vessels. Each domain had
2 to 3 descriptors as shown in Figure 2. Neoplasia was characterized by the presence of focal
darkness, amorphous pits with irregular distribution or pit crowding (increased density) or
containing dilated vessels with a noncryptal alignment (Table 1). An image needed to
contain an abnormality in at least one domain (color change or distortion in mucosal pits or
vessels) to be classified as neoplastic.

Phase 2: Expert validation of proposed descriptors and classification

A total of 500 observations were analyzed (10 endoscopists each assessed 50 images).
When BLINC was used, the overall sensitivity, specificity, and accuracy of neoplasia
identification was 96%, 94.4% and 95.2%, respectively (Table 2).

The diagnostic performance of each subcategory within the classification was also assessed
(Table 3, Figure 4). All subcategories were useful for optical diagnosis of neoplasia with
excellent AUC results (>0.90) in the majority of categories (pit type, pit and vessel
distribution, density) and good (>0.80) for color and vessel type. Irregular pit distribution
showed the highest sensitivity (97.20; 95% Cl, 94.32-98.87) and accuracy (95.40; 95% Cl,
93.18-97.06) for neoplasia identification. Pit and vessel density (increased = neoplasia) as
well as vessel distribution (noncryptal denoting neoplasia) also showed high levels of
sensitivity and accuracy exceeding 90%.

The level of agreement between the observers in this phase for each subcategory and the
overall diagnosis is displayed in Table 4. The highest level of agreement ("very good," Kappa
>0.80) was noted in the scoring of pit distribution and density. Pit type, vessel type,
distribution, and density showed a good level of agreement (K=0.61-0.80). Color was the
only category where a moderate level of agreement was found (K = 0.59). Nevertheless,
when using all categories in the classification, the level of agreement on the overall
diagnosis was very good (K = 0.83).

Phase 3: Training Module Development

Figure 3 illustrates aspects of the online training module that the participants undertook.
The neoplastic descriptors and importance of each descriptor on its own and in combination
was highlighted.

Phase 4: External validation of the classification by nonexpert endoscopists



Seven hundred fifty observations were analyzed in this phase (15 endoscopists assessing 50
images). Their pre- and post-training results were compared (Table 5). There was a
significantly higher proportion of high confidence predictions post-training (611/750 or
81.5%) compared with the baseline before BLINC training (441/750 or 58.8%, p<0.0001,
Table 6). Sensitivity of neoplasia diagnosis improved significantly post-training reaching
levels of 95.7% (p<0.001). However, the specificity of diagnosis decreased from 88.3% to
80.8% (p=0.006) after the use of BLINC. The diagnostic performance of each of the
subcategories was analyzed (Table 7) showing that pit type, pit distribution, and vessel
distribution displayed the highest specificity for neoplasia (95.2%, 87.2%, and 89.9%,
respectively). AUC was excellent for pit distribution and density (0.90), and good for all
other subcategories. The diagnostic agreement of neoplasia diagnosis among all
endoscopists pretraining was moderate, 0.60 (95% Cl, 0.573-0.627). This improved to a good
level of agreement post training (K=0.67; 95% Cl, 0.646-0.700) although this improvement
was not statistically significant (p=0.20). An analysis of interobserver agreement according
to each category within the classification was also carried out (Table 8), demonstrating the
highest Kappa scores in the pit distribution category (0.74).

When the post-training results were considered alone and stratified according to level of
confidence, there was a distinct increase in all diagnostic parameters (sensitivity 96%,
specificity 86%) with a much higher proportion of neoplastic images in the high confidence
cohort (Table 9).

Discussion

We have proposed and validated the first classification system using BLI in the identification
of Barrett's neoplasia. A high level of sensitivity (96%) for neoplasia was reached when
validated among expert endoscopists. This was matched by nonexpert endoscopists after
training where 96% sensitivity for neoplasia diagnosis was also achieved. This, coupled with
high interobserver agreement (K>0.8 in our study) further strengthens the validity and
reproducibility of BLINC across a broad user spectrum.

The use of optical imaging in BE is not new. The most widely researched imaging technology
so far in this field is NBI and several iterations of validated classifications have been
proposed over the past decade.’®'*?° However, subsequent validation of some of these
classifications have shown only modest results, perhaps in part due to their complexity
limiting uptake in the community.?! Recently, a new simplified consensus driven NBI
classification for Barrett's (BING) was developed and validated by an international working
group of experts.'” The BING criteria identified patients with dysplasia with an overall 85%
accuracy, 80% sensitivity and 88% specificity. Higher levels of accuracy, sensitivity, and
specificity (92%, 91%, 93%, respectively) were demonstrated when this classification was
used in high confidence predictions with good interobserver agreement (K=0.68). However,
when BING was used with different modalities (I-scan, magnification, and/or acetic acid)
accuracy rates were lower (accuracy of I-scan with acetic acid 79%, magnification and acetic
acid 83%)." Therefore, we did not incorporate classifications designed for NBI or i-scan in
the design of this study to assess the utility of BLI in identifying Barrett's neoplasia.



The mode of action of BLI differs from that of existing technologies as it uses light emitting
diodes to directly emit a blue light without involving a narrow-band filter or digital
postprocessing technology. Given the differences in this technology it was important that a
bespoke classification was designed to facilitate interpretation of BLI images and for
training. The contrast-enhancing properties and brightness of the BLI image of BLI enable it
to be used to recognize areas of dysplasia within BE. A recent study showed that experts
using BLI were able to improve their performance in delineating neoplastic lesions
compared with white-light endoscopy.*? Our classification is unique in its inclusion of
“color” as a category in addition to pit and vessel patterns. We describe “focal darkness”
associated with neoplasia as we believe it can be used as a red flag that draws the
endoscopist's attention to an abnormal area, which is then categorized further by
identifying the pit and vessel structure. Focal darkness was correctly associated with
neoplasia in 84.8% of neoplastic images rated by the 10 experts in our study with moderate
interobserver agreement (K=0.59). Another unique feature of BLINC is its incorporation of
the subcategories of type, distribution, and density thereby providing a framework to
analyse BE mucosa and enable the endoscopist to distinguish between neoplastic and non-
neoplastic patterns. This is particularly important when implementing a new technology
among nonexperts without the experience or intuition built upon years of experience to
confidently distinguish between a neoplastic and non-neoplastic pit and vascular structure.
The expert validation of this classification showed that nonuniform or irregular pits,
increased pit density, “noncryptal” vessels and increased vessel density were the best
predictors of neoplasia (sensitivities of 97%, 94%, 92%, and 91%, respectively). These
parameters also displayed higher levels of interobserver agreement (K >0.8 for pit
distribution and density, K>0.7 for vessel distribution and density).

One of the strengths of this study is the incorporation of an external validation phase (Phase
4) to assess applicability of the classification among general (nonexpert) endoscopists with
no specific experience of Barrett's neoplasia detection and no routine use of optical imaging
in their daily practice. Our results showed that with adequate training this group was also
able to reliably identify (sensitivity=95.7%) and rule out neoplasia in the images assessed.
The decrease in specificity in this phase from 88.3% to 80.8% after implementation of BLINC
is likely due to the increased awareness and focus on neoplastic features leading to a
tendency to overcall neoplasia. However, this is still preferable to the baseline of this group
where a higher neoplasia miss rate was found. We also demonstrated that the use of BLINC
significantly increased the proportion of high confidence responses (81.5%) among general
endoscopists, almost reaching the level noted in the expert group (88.4%). Even in low
confidence predictions made in Phase 4, high levels of sensitivity were shown (94%),
suggesting that BLINC has a role to play in improving detection and reliably excluding
neoplasia. Although these results are encouraging and come close to the pre-defined ASGE
PIVI thresholds, further prospective in-vivo studies in a surveillance population will need to
be carried out for optimal validation. At present, the results of this study are not
generalizable to the general surveillance population with a much lower prevalence of
neoplasia and at present, BLI may not be used to replace standard surveillance protocol
biopsies.

It is also important to note that these results were achieved with the application of BLINC
through a web-based training portal rather than with face-to-face teaching sessions. The



absence of immediate direct feedback with no opportunity for discussion may have
underused the strengths of the classification, and it is possible that further improvement in
diagnostic performance could have been reached with a different training method.
Nevertheless, it is encouraging to note the strength of results achieved via web learning,
which may favor the dissemination of this technology and classification for use in daily
practice outside expert centers.

Another strength of this classification is the overall level of agreement, which was good
(K=0.67) in nonexperts and very good in experts (K=0.83). This compares favorably with
other classifications including BING (K=0.68) in which validation was conducted with experts
only. A study by Silva et al”®> demonstrated that the overall interobserver agreement among
endoscopists using the Kansas, Amsterdam, and Nottingham NBI classifications was 0.44,
0.47 (moderate), and 0.34 (fair). We used images rather than videos in all phases of this
study. Although videos may simulate real-time procedures better, the objective of this study
was to establish whether the proposed BLI classification could be used reliably to predict
neoplasia, and a high-quality still image served better for this purpose. Furthermore, even in
a real-life scenario using BLI, the endoscopist would capture and freeze an image of any
potentially neoplastic areas in order to interrogate its pit and vessel pattern to aid in making
an optical diagnosis.

This study has several limitations. First, we did not incorporate a real-time in-vivo validation
phase in a Barrett's surveillance population. However, the intention of this study was to
develop a new classification for a novel technology, so it would have been premature to
include a real-time in vivo validation phase at this stage. Second, an equal proportion of
neoplastic and non-neoplastic images were used in this study; such an enriched
concentration of neoplasia does not reflect the reality of surveillance in a community-based
setting, and therefore negative and positive predictive values were not reported. It is
important to highlight that the main purpose of this study was to develop a structured
method of recognizing neoplasia and therefore a higher prevalence was required, which
would not have been found in a surveillance population. Participants were not aware of the
proportion of neoplasia and despite the enriched sample, the high sensitivity obtained is a
strong indicator of the classification's performance. Nevertheless, further validation of
BLINC will be required in a BE surveillance population. Third, we did not include images of
LGD. LGD remains a challenge for endoscopists and pathologists due to the high
interobserver variability.>* The histopathological criteria for distinguishing LGD from
inflammation are not well established and to date, no clear endoscopic classification of LGD
exists, which is why we did not include images of LGD in this study. Robust universal
histological definitions of LGD need to be established in order to be able to interpret
endoscopic appearances of LGD, particularly because histological confirmation remains the
criterion standard for dysplasia diagnosis and guides decisions on endoscopic therapy,
including ablation. As an endoscopic and histopathological description of LGD evolves, it can
be incorporated into the classification in the future. We also acknowledge the selection bias
created by a limited number of images, expert driven consensus classification, and high
quality of images selected, which may have accentuated the positive results achieved. The
distinctive categorical nature of the images selected (either neoplastic or non-neoplastic)
may not mirror the uncertainties of real-time examination, which could affect the
performance of the classification when used in real-time validation. Although the same set



of images were used to validate both pre- and post-training components of Phase 4, we
minimized the effect of any recall bias by introducing a gap between pre- and post-training
tests, a different random order to the images rated in the post-training phase and blinding
the endoscopists to the histology until this phase was completed. Finally, we do
acknowledge that because BLI is a new technology that has only recently been approved for
use, it is unlikely to be widely available to most endoscopists at this time. Nevertheless, this
makes it an ideal time to introduce a classification system to aid future users of this new
technology.

In conclusion, we have developed the first classification system (BLINC) using a novel BLI
technology in BE. We also designed and implemented an online training tool on BLINC and
showed that this new classification can be used effectively by both experts and nonexperts.
BLI is a promising tool for optical diagnosis in Barrett's, although further studies need to be
undertaken real-time in a general Barrett's surveillance population.
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Figure Legends

Figure 1. Study phases
Figure 2. Blue-light imaging in Barrett’s neoplasia classification (BLINC).
Figure 3: Integrated example of BLINC descriptor application to images of neoplastic and

non-neoplastic Barrett’s.

Figure 4. Receiver operating characteristics for all subcategories validated in Phase 2.



Tables

Table 1: Neoplastic and non-neoplastic descriptors used in BLINC

Domains

Descriptors

Optical diagnosis in BE

Color

Focal darkness

Neoplastic

No focal darkness

Non-neoplastic

Pits

Amorphous, circular,
tubular or gyriform pits,
irregular distribution or

increased density

Neoplastic

Circular, tubular or

gyriform pits, regular
distribution and density

Non-neoplastic

Vessels

Dilated/branching pattern,
noncryptal distribution,
increased or focal loss of

density

Neoplastic

Non dilated or branching
pattern, pericryptal vessels
with normal density

Non-neoplastic

Table 2: Diagnostic performance of BLINC when used by experts

Proportion of Sensitivity Specificity (95% | Accuracy (95%
neoplasia (95% ClI) Cl) Cl)
Overall 50% 96.00 (92.77- 94.40 (90.78- 95.20 (92.94-
98.07)% 96.90)% 96.90)%
High 47.51 (42.77- 98.57 (95.88- 97.41 (94.46- 97.96 (96.17-
confidence 52.28)% 99.70)% 99.05)% 99.06)%
predictions
(n=442, 88.4%)
Low 68.97 (55.46- 82.50 (67.22- 55.56 (30.76- 74.14 (60.96-
confidence 80.46)% 92.66)% 78.47)% 84.74)%
predictions
(n=58, 11.6%)




Table 3: Performance of each subcategory within BLINC for the diagnosis of neoplasia by

experts

Categori
es

Subcategories

Area under the
curve (95% Cl)

Sensitivity (95% Cl)

Specificity (95% Cl)

Color

Focal darkness
Vs

no focal
darkness

0.86 (0.83-0.90)

84.80 (79.74-89.01)

87.20 (82.41-91.08)

Pits

Type
(amorphous vs
gyriform/
tubular/
circular)

0.93 (0.90-0.96)

89.60 (85.13-93.09)

96.40 (93.28-98.34)

Distribution
(irregular vs
regular)

0.95 (0.93-0.98)

97.20 (94.32-98.87)

93.60 (89.81-96.30)

Density
(Increased vs
normal)

0.94 (0.92-0.97)

94.80 (91.27-97.20)

94.00 (90.30-96.60)

Vessels

Type (dilated
Vs
nondilated)

0.89 (0.85-0.92)

84.40 (79.30-88.67)

92.80 (88.86-95.68)

Distribution
(noncryptal vs
pericryptal)

0.93 (0.90-0.95)

92.40 (88.39-95.36)

92.80 (88.86-95.68)

Density
(Increased vs
normal)

0.92 (0.89-0.95)

91.20 (86.98-94.40)

92.80 (88.86-95.68)

Table 4: Interobserver variability among 10 experts validating BLINC

Criterion Kappa value

Color 0.586 (0.544-0.627)
Pit type (amorphous vs 0.785 (0.743-0.826)
nonamorphous)

Pit distribution 0.842 (0.801-0.884)
Pit density 0.801 (0.760-0.842)
Vessel type 0.688 (0.646-0.729)

Vessel distribution

0.768 (0.727-0.809)

Vessel density

0.742 (0.701-0.783)

Overall diagnosis

0.831 (0.790-0.872)




Table 5: Pre- and post-BLINC training results in nonexpert endoscopists

Pretraining Post-training Change Significance
Sensitivity (95% | 85.3 (81.1- 95.7 (93.3- 10.4 (6.1- p<0.001
Cl) 88.2)% 97.6)% 14.6)
Specificity (95% | 88.3 (85.0- 80.8 (76.8- -7.5(-12.4,- | p=0.006
cl) 91.7)% 85.1)% 2.3)
Accuracy (95% 86.8 (84.0- 88.3(86.1- 1.5(-1.9,4.9) | p=0.42
Cl) 88.9)% 90.7)%

Table 6: Proportion of predictions according to level of confidence pre and post BLINC
training by nonexpert endoscopists

Pretraining Post-training Change Significance
High confidence | 441/750 611/750 22.7 (18.1-27.1) | p<0.0001
predictions (58.8%) (81.5%)
Low confidence | 309/750 139/750 22.7 (18.1-27.1) | p<0.0001
predictions (41.2%) (18.5%)




Table 7: Diagnostic performance of the individual descriptor subcategories in predicting
neoplasia when used by nonexpert endoscopists

Catego | Subcategories Area under Sensitivity Specificity
ries the curve (95% Cl) (95% Cl)
(95% Cl)

Color Focal darkness 0.82 (0.79- 82.67 (78.45- 82.67 (78.45-
Vs 0.86) 86.36)% 86.36)%
no focal
darkness

Pits Type 0.82 (0.79- 69.33 (64.39- 95.20 (92.52-
(amorphousvs | 0.85) 73.96)% 97.13)%
gyriform/
tubular/
circular)

Distribution 0.91 (0.88- 94.40 (91.57- 87.20 (83.39-
(irregular vs 0.93) 96.50)% 90.41)%
regular)

Density 0.90 (0.87- 93.60 (90.63- 85.87 (81.92-
(Increased vs 0.92) 95.86)% 89.23)%
normal)

Vessels | Type (dilated vs | 0.84 (0.81- 83.73 (79.60- 84.27 (80.18-
nondilated) 0.87) 87.32)% 87.80)%
Distribution 0.85 (0.82- 80.80 (76.44- 89.87 (86.36-
(noncryptal vs 0.88) 84.66)% 92.73)%
pericryptal)

Density 0.87 (0.84- 89.87 (86.36- 84.53 (80.47-
(Increased vs 0.90) 92.73)% 88.04)%
normal)

Table 8: Interobserver variability among nonexpert endoscopists

Criterion Kappa value

Color 0.501 (0.474-0.528)
Pit type (amorphous vs 0.622 (0.595-0.649)
nonamorphous)

Pit distribution 0.742 (0.715-0.769)
Pit density 0.621 (0.594-0.648)
Vessel type 0.457 (0.430-0.485)

Vessel distribution

0.643 (0.616-0.670)

Vessel density

0.630 (0.603-0.657)

Overall diagnosis

0.673 (0.646-0.700)




Table 9: Diagnostic performance for neoplasia identification stratified according to level of

confidence (low vs high) after adoption of BLINC by nonexpert endoscopists

Confidence Proportion Sensitivity Specificity Accuracy
level of neoplasia

High 81.50% 95.94 (93.15- 86.25 (81.76- 91.33 (88.81-
confidence 97.82)% 89.99)% 93.43)%
(n=611)

Low 40.15% 94.55 (84.88- 60.98 (49.57- 74.45 (66.30-
confidence 98.86)% 71.56)% 81.52)%

(n=139)




* Development of BLI for Barrett's Neoplasia classification
(BLINC)

e |nitial validation of the classification by 10 experts using 50
images

¢ Development and implementation of a web-based training
module

¢ External validation of the classification by 15 non-expert
i endoscopists using 50 images
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Colour No focal darkness Focal darkness

Mucosal Type Circular, tubular, gyriform Amorphous, circular, tubular,
pits gyriform
crypts
enes) Distribution Regular Irregular
Density Normal Increased

Vessels Type Non dilated, non branching Dilated, branching

Distribution Pericryptal Non cryptal

Density Normal Increased or focal loss




Non Neoplastic Barrett’s

Neoplastic Barrett's

Mucosal Pits

« Type: Circular & tubular
« Distribution: Uniform
« Density: Normal

Vessels

« Type: Non dilated
« Distribution: Pericryptal
« Density: Normal

Colour

» No focal darkness

Mucosal Pits

« Type: Amorphous
« Distribution: Focal loss
« Density: Increased

Vessels

« Type: Dilated & tortuous
« Distribution: Non cryptal
« Density: Increased (new vessels)

Colour

« Dark



Journal Pre-proof

Source of the
Curve

—— Colour

—— Pittype

—— Pitdistribution

—— Pitdensity

~ Vesseltype

~—— Vesseldistribution
Vesseldensity

—— Reference Line

Sensitivity

0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Diagonal segments are produced by ties.



Acronyms and Abbreviations

ASGE - American Society of Gastrointestinal Endoscopy
AUC - Area under the curve

BE - Barrett's oesophagus

BING - Barrett's International NBI Group

BLI - Blue Light Imaging

BLINC - Blue Light Imaging for Barrett's Neoplasia Classification
Cl - Confidence Interval

CLE - Confocal Laser Endomicroscopy

FICE - Flexible spectral Imaging Colour Enhancement
LGD - Low grade dysplasia

NBI - Narrow Band Imaging

NPV - Negative Predictive Value

PPV - Positive Predictive Value

PIVI - Preservation and Incorporation of Valuable Endoscopic Innovations



