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Abstract
BACKGROUND

Artificial intelligence (Al) has potential in the optical diagnosis of colorectal polyps.

AIM

This study aimed to evaluate the feasibility of the real-time use of the computer-aided
diagnosis system (CADx) Artificial Intelligence for ColoRectal Polyps (AI4CRP) for the
optical diagnosis of diminutive colorectal polyps and compared the performance with
CAD EYE™ (Fujifilm, Tokyo, Japan). CADx influence on the optical diagnosis of an

expert endoscopist was also investigated.

METHODS

AI4CRP was developed in-house and CAD EYE was proprietary software provided by
Fujifilm. Both CADx-systems exploit convolutional neural networks. Colorectal polyps
were characterized as benign or premalignant and histopathology was used as gold
standard. AI4CRP provided an objective assessment of its characterization by

presenting a calibrated confidence characterization value (range 0.0-1.0). A predefined




cut-off value of 0.6 was set with values <0.6 indicating benign and values 20.6
indicating premalignant colorectal polyps. Low confidence characterizations were
defined as values 40% around the cut-off value of 0.6 (<0.36 and >0.76). Self-critical

AI4CRP’s diagnostic performances excluded low confidence characterizations.

RESULTS
AI4CRP use was feasible and performed on 30 patients with 51 colorectal polyps, Self-
critical AI4CRP, excluding 14 Low confidence characterizations (27.5% [14/51]), had a

diagnostic accuracy of 89.2%, sensitivity of 89.7%, and specificity of 87.5%, which was
higher compared to AI4CRP. CAD EYE had a 83.7% diagnostic accuracy, 74.2%
sensitivity, and 100.0% specificity. Diagnostic performances of the endoscopist alone
(before AI) increased non-significantly after reviewing the CADx characterizations of

both AI4CRP and CAD EYE (Al-assisted endoscopist). Diagnostic performances of the Al-

assisted endoscopist were higher compared to both CADx-systems, except for

specificity for which CAD EYE performed best.

CONCLUSION

Real-time use of AI4CRP was feasible. Objective confidence values provided by a CADx
is novel and self-critical AI4CRP showed higher diagnostic performances compared to

AJACRP.

INTRODUCTION

Endoscopists” task in performing colonoscopies increasingly involves optical diagnosis,
the endoscopic characterization of colorectal polyps. Recently, diagnostic performance
of optical diagnosis increased due to optimization of technologies such as high
definition imaging, magnification, and image enhancement techniques like blue light
imaging (BLI)[L 2, Despit&these optimizations, endoscopists do not consistently meet

quality standards set by the American society for gastrointestinal endoscopy (ASGE)




and the European society of gastrointestinal endoscopy (ESGE) for implementation of
the resect-and-discard and diagnose-and-leave strategies based on optical diagnosisl® 4l.

The first strategy entails diminutive (€5 mm) colorectal polyps to be resected and

discarded without histopathological assessment under the condition of a =90%

agreement in the post-polypectomy surveillance interval between the optical and

histopathological diagnosis. The second strategy states that diminutive hyperplastic

polyps in the rectosigmoid can be left in situ if a negative predictive value (NPV) of

>90% is reached for the optical diagnosis of adenomatous polyps. Large, multicenter

studies demonstrated disappointing results on optical diagnosis, even for additionally
trained (bowel cancer screening) endoscopists, hampering implementation in clinical
practicel> ¢l Diagnostic performances are operator dependent, showing high
interobserver variability, and rely on training and expertisel3 7. 8I.

Optical diagnosis with artificial intelligence (AI) has the potential to overcome this high
interobserver variability by minimizing the operator dependence and providing
objective optical diagnosesl’l. Accurate characterization of colorectal polyps with
computer-aided diagnosis systems (CADx) may facilitate the implementation of the
resect-and-discard and diagnose-and-leave strategies by meeting the set quality
standards. Implementation of these strategies may lead to a reduction in unnecessary
polypectomies, thereby decreasing the risk of post-polypectomy complications,

reducing histopathology costs, and improving the cost-effectiveness of colonoscopyl0.
11],

The primary aim of this study was to evaluate the feasibility of the real-time use of the
CADx-system Artificial Intelligence for ColoRectal Polyps (AI4CRP) for the optical
diagnosis of diminutive (<5 mm) colorectal polyps. Secondary aims were a head-to-
head comparison of AI4CRP with CAD EYE™ (Fujifilm, Tokyo, Japan), evaluating the
diagnostic performances of self-critical AI4CRP (providing only high confidence
diagnoses), the diagnostic performances of an expert endoscopist (endoscopist alone), and

the influence of CADx on the optical diagnosis of an expert endoscopist (Al-assisted

endoscopist).




MATERIALS AND METHODS

This prospective study was conducted at the Catharina Hospital Eindhoven, the
Netherlands. The study was performed in accordance with the declaration of Helsinki
and the General Data Protection Regulation. The Medical Research Ethics Committees
United (W20.239, July 2021) approved the study (ClinicalTrials.gov NCT05349110).

AI4CRP

AJ4CRP, developed in-house by our research group (Video Coding & Architectures,
Eindhoven University of Technology, the Netherlands), is an image-based CADx
exploiting convolutional neural networks. AI4CRP was previously validated and a
technical explanation has been published['? 13l AI4CRP was trained multicenter and
tested using prospectively collected datasets from multiple endoscopy vendors (Fujifilm
and Pentax) (Supplementary table 1). Characterizations were made in three image
modalities: high-definition white light (HDWL), BLI, and linked color imaging (LCI).
AI4CRP characterized colorectal polyps as benign (hyperplastic polyp) or premalignant
(adenoma and sessile serrated lesion [SSL]). The characterization was provided by a
green assist bar for benign and a red assist bar for premalignant polyps. A heatmap
pointed out the area of interest (Figure 1). Distinctive from other CADx-systems,
AJ4CRP provided calibrated confidence characterization values (range 0.0-1.0)
representing the objective confidence level of AI4CRP in its characterization. A
predefined cut-off value of 0.6 was set with values <0.6 indicating benign and values
>0.6 indicating premalignant colorectal polyps. A value close(r) to 0.0 implies high
confidence for a benign colorectal polyp and a value close(r) to 1.0 high confidence for a
premalignant colorectal polyp. Providing these confidence values enabled a self-critical
AI4CRP in which low confidence characterizations were excluded. Low confidence
characterizations were defined as values 40% around the cut-off value of 0.6 (<0.36 and

>0.76). To explore the added value of our self-critical CADx-system and allowing for an




exploration of self-critical AI4CRP, the system was compared head-to-head with CAD
EYE.

CAD EYE

CAD EYE is a commercial, video-based CAD-system developed to detect and
characterize colorectal polyps. CAD EYE exploits convolutional neural networks!'l. For
this study, only the characterization mode (BLI) was used. CAD EYE characterized
colorectal polyp as hyperplastic (hyperplastic polyp and SSL) or neoplastic (adenoma)
(note the difference in SSL characterization compared to AI4CRP). A status bar
indicated the status of the characterization (complete or incomplete), a visual assist
circle colored green for hyperplastic and yellow for neoplastic, a position map indicated

the position of the colorectal polyp, and a characterization was displayed (Figure 1)1,

Patients

Patients, aged =218 vyears, referred for screening colonoscopies, symptoms, or
surveillance were eligible for participation. Consecutive patients were included if at
least one diminutive colorectal polyp was encountered. Exclusion criteria were
polyposis syndromes, inflammatory bowel diseases, inadequate bowel preparations
(Boston bowel preparation scale <6), and emergency colonoscopies. Patients were
informed during a screening visit at the outpatient clinic before the colonoscopy. All

patients provided written informed consent.

Endoscopic procedure
Colonoscopies were performed by one expert endoscopist (R.M.S.). The endoscopist

was additionally trained in optical diagnosis (succeeding several training sessions in

optical diagnosis organized by the ESGE), performed optical diagnoses on a regular

basis according to the ESGE curriculum for optical diagnosislll, and is a teacher in

optical diagnosis training sessions. The endoscopist was familiarized with both CADx-

systems. He was involved in the development of AI4CRP and used CAD EYE in clinical




practice for 6 months before the start of this study. A maximum of three diminutive
colorectal polyps per patient were included due to time restrictions. If more than three
diminutive colorectal polyps were encountered, the first three were included to
minimize selection bias. The endoscopist optically diagnosed colorectal polyps real-time
(endoscopists alone) as benign (hyperplastic polyp) or premalignant (adenoma and SSLs)
using BLI and according to Japan NBI Expert Team (JNET) and BLI adenoma serrated
international classification (BASIC)[15 1], The endoscopist provided a confidence level
(low or high [290%]) for each optical diagnosis. Subsequently, all colorectal polyps
optically diagnosed by the endoscopist were characterized by both CADx-systems in
sequence. AI4CRP characterized images captured from the real-time video output in
each image modality separately and calculated an overall characterization using all
three image modalities (multimodal imaging). Images were manually captured by a
research physician. Motion-blurred images and images out-of-focus were excluded.
Afterwards, CAD EYE was activated by the endoscopist to provide a characterization.
Both CADx characterizations were recorded and saved. Lastly, the endoscopist optically
diagnosed the colorectal polyps after reviewing both CADx characterizations (Al-
assisted endoscopist) and again provided a confidence level.

Despite proper endoscope positioning, CAD EYE provided inconclusive
characterizations, defined as unstable characterizations over time (switching diagnoses
between hyperplastic and neoplastic) despite a complete status bar. The video-recorded
CAD EYE characterizations were assessed by two independent expert endoscopists
blinded to histopathology. Upon agreement of inconclusiveness, these characterizations

were excluded from the analyses.

Outcomes
The primary outcome was the feasibility of the real-time use of AI4CRP. Feasibility was
defined as seamless video output reception from the endoscopy processor without

noticeable clinically relevant latency (the time from capturing the endoscopic image to

outputting the analyzed results)!'”l and seamless operation of the software in obtaining




characterizations. Latency was not measured by the AI4CRP system itself or by the

investigators since it is known from previous studies that small differences in latency

were not noticeable for endoscopists, and therefore only clinically noticeable latency

was deemed relevant. published['2l. Secondary outcomes were real-time diagnostic

performances of (self-critical) AI4CRP and a head-to-head comparison of (self-critical)
AJ4CRP with CAD EYE and an expert endoscopist (endoscopist alone and Al-assisted
endoscopist). Histopathology was used as gold standard and assessed according to the
revised Vienna classification. Involved pathologists were specialized in gastrointestinal
histopathology. Differences in characterization of SSLs by AI4CRP, CAD EYE, and the
endoscopist were accounted for by histopathology in computing measures of diagnostic
performance. Outcomes were reported according to the STARD (standard for reporting

diagnostic accuracy studies) checklist.

Statistical analyses .
7
Due to the feasibility design of the study, no formal sample size calculation was

erformed,_The sample size (n = 30 patients) was based on a previous CADx feasibility
studyl!sl. Baseline characteristics are presented as proportions (%) for categorical
variables or as mean (standard deviation [SD]) for numerical variables. Feasibility was
éescribed qualitatively. Diagnostic performances were investigated in terms of
diagnostic accuracy, sensitivity, specificity, and negative and positive predictive values
(NPV, PPV), expressed with 95% confidence intervals. As sensitivity analysis, cluster
bootstrapping was performed to account for multiple colorectal polyps per patient. Self-
critical AI4CRP was analyzed post-hoc. Differences between (self-critical) AI4CRP,
CAD EYE, and the endoscopist were analyzed using the McNemar test for paired
proportions. Two-sided p-values <0.05 were considered statistically significant.
Statistical analyses were performed with IBM SPSS Statistics (IBM Corp., USA) and R (R
Foundation, Austria). The statistical methods of this study were reviewed by B.

Winkens from the Department of Methodology and Statistics of Maastricht University.




RESULTS

Study population

Patients who underwent a colonoscopy at Catharina Hospital Eindhoven between
August and November 2021 were screened for eligibility. In total, 30 patients with 51
colorectal polyps were included (Figure 2). Patient characteristics are provided in Table
1. Mean polyp size was 2.8 mm (SD 1.0). Histopathology showed 32 tubular adenomas
(62.7%), 1 tubulovillous adenoma (2.0%), 6 SSLs (11.8%), and 12 hyperplastic polyps
(23.5%) (Table 2).

Feasibility

Real-time use of AI4CRP was deemed feasible in clinical practice. By means of plug-
and-play the AI4CRP-computer was easily connected to the endoscopy processor. No
noticeable clinically relevant latency was observed in receiving the video output from

the processor and the software worked flawless without interruptions.

AJ4CRP

AI4CRP was able to characterize all 51 colorectal polyps. Eight images were excluded

because the images were out of focus and four because of motion blur. For these

colorectal polyps, a second image was taken by the endoscopist. AI4CRP showed a

sensitivity of 82.1% (95%CI 0.66-0.92) and a diagnostic accuracy of 80.4% (95% CI 0.66-
0.90) in BLI, which was significantly higher compared to HDWL (sensitivity 59.0%, P =
0.022 and diagnostic accuracy 66.7%, P = 0.007) (Table 3, Supplementary Figure 1).
NPV was also highest in BLI (56.3%, 95%CI 0.31-0.79), but not significantly different
from other image modalities. Self-critical AI4CRP excluded 14 Low confidence
characterizations (27.5% [14/51], tubular adenomas n = 7, SSLs n = 3, hyperplastic
polyps n = 4). Self-critical AI4CRP showed higher diagnostic performances on all
metrics compared to AI4CRP (sensitivity 89.7% and diagnostic accuracy 89.2%) (Table
4).




CAD EYE

CAD EYE was able to provide a characterization for all but two colorectal polyps (n =
49, 96.1%), which were diagnosed inconclusively. CAD EYE had a sensitivity of 74.2%
(95%Cl 0.55-0.87), a specificity of 100.0% (95%CI 0.78-1.00), a NPV of 69.2% (95%CI 0.48-
0.85), and a diagnostic accuracy of 83.7% (95%C10.70-0.92) (Table 4).

Expert endoscopist

The endoscopist (endoscopist alone) optically diagnosed 47 (92.2%, 47/51) colorectal
polyps with high confidence. Before Al (endoscopist alone), sensitivity was 97.4%
(95%CI 0.85-1.00), specificity 77.8% (95%CI 0.40-0.96), NPV 87.5% (95%CI 0.47-0.99), and
diagnostic accuracy 93.6% (95%CI 0.81-0.98) (Table 4). 92.2% [47/51] 96.1% [49/51],

Although this study was not powered to detect a difference between the endoscopist

alone and the Al-assisted endoscopist, after reviewing characterizations of both CADx-

systems specificity, PPV, NPV, and diagnostic accuracy increased non-significantly for

the Al-assisted endoscopist (Table 4, Supplementary Figure 2). The number of optical

diagnoses made with high confidence also increased (endoscopist alone 92.2% [47/51]
vs Al-assisted endoscopists 96.1% [49/51], P = 0.500) (Supplementary Table 2).

Diagnostic performances of the Al-assisted endoscopist were higher compared to both

CADx-systems, except for specificity for which CAD EYE performed best. Comparing

diagnostic performances of AI4CRP with the endoscopist alone showed a significantly
higher sensitivity (P = 0.031) and a non-significantly higher specificity and diagnostic
accuracy for the endoscopist (P = 1.000 and P = 0.180, respectively) (Supplementary
Figure 2). The Al-assisted endoscopist also had a significantly higher sensitivity (P =
0.031) and a non-significantly higher specificity and diagnostic accuracy (P = 0.500 and
P = 0.289, respectively) than AI4CRP. Self-critical AI4CRP did not show any significant
difference with the endoscopist alone and the Al-assisted endoscopist. Compared with CAD
EYE, the endoscopist alone had a significantly higher diagnostic accuracy (P = 0.004) and
sensitivity (P = 0.016), while specificity was non-significantly lower (P = 0.500)




(Supplementary Figure 2). The same accounted for the comparison between CAD
EYE and the Al-assisted endoscopist. Performing cluster bootstrapping to correct for
multiple colorectal polyps per patient did not change the conclusions (Supplementary
Table 3). Analysis according to colorectal polyp location are presented in

Supplementary Table 4.

DISCUSSION

AI4CRP use for the optical diagnosis of diminutive colorectal polyps was feasible and
showed promising results. The novelty of our AI4CRP lies in providing objective
confidence values. Self-critical AI4CRP achieved considerably higher diagnostic
performances compared to AI4CRP. Reviewing characterizations by AI4CRP and CAD

EYE did non-significantly increase the performance of the Al-assisted endoscopist.

Real-time use of AI4CRP was feasible and did not obstruct clinical workflow. No
clinically relevant time delays in obtaining CADx characterizations were observed. This
study compared two CADx-systems head-to-head, namely AI4CRP and CAD EYE. By
comparing a commercially available CADx with an in-house developed CADx,
comparison between the systems and a self-critical system was possible. Diagnostic

performances of both CADx-systems were non-significantly inferior compared to the

performance of the expert endoscopist, with the exception of specificity, were CAD EYE

demonstrated the best performance. This difference in specificity between (self-critical)

AT4CRP and CAD EYE, can be explained by the differences in characterizing SSLs.

Performances of both CADx-systems should be improved for utility in clinical practice.

Objective assessment of the confidence level as performed by self-critical AI4CRP is a
novelty. Diagnostic performances were considerably higher for self-critical AI4CRP
compared to AI4CRP. CAD EYE does not provide a confidence value while
inconclusive diagnoses occurred (3.9%). However, these inconclusive diagnoses were
marked by expert consensus and are not objective as for self-critical AI4CRP.

Rondonotti ef al (2022)[%l reported higher numbers of CAD EYE characterizations being




unstable over time (7.9%) or not possible (1.3%) Self-critical AI4CRP made low
confidence characterizations in 27.5%. Providing an objective confidence level can be
seen as a form of explainable Al which may increase endoscopists' trust in CADx and
therefore has potential applicability in real-time endoscopy practice. At the same time,
one can argue that CADx should be of added value particularly in colorectal polyps
deemed difficult by endoscopists. Interestingly, the low confidence diagnoses made by
the endoscopist were high confidence diagnoses by AI4CRP in 75.0% of cases.
Furthermore, self-critical AI4CRP was performed post-hoc. In real-time colonoscopy,
endoscopists could do another attempt in gaining a high confidence characterization by
repositioning the colonoscope and thereby optimize the endoscopic imaging possibly
lowering the number of low confidence characterizations. Future studies should
investigate if defining low confidence characterizations as diagnosis with a confidence
value of 40% around the cut-off value is sufficient.

CADx utility in clinical practice will not be in a stand-alone fashion, but in aiding
endoscopists. A strength of this study is the Al-assisted performances of the endoscopist,
in contrast to previous studies in which endoscopist alone or Al-assisted non-expert
endoscopist vs CADx were investigated['!.20l. The non-significant increase between the
diagnostic performances of the endoscopist alone and the Al-assisted endoscopist is
comparable with results of Hassan et al (2022)12l, Furthermore, Jin et al (2020)122 only
showed an increase for non-experts and not for experts. Here, the number of optical
diagnoses made with high confidence did increase for Al-assisted optical diagnosis.
Most CADx-systems have been trained to operate in a single image enhancement
modality, i.e. narrow band imaging (NBI) or BLL. Zachariah et al (2020)/%] and Biffi et al
(2022)24] trained their systems using both HDWL and NBI or BLI, respectively. They
compared the diagnostic performances of their CADx in HDWL with the performances
in the image enhancement modality and found no significant differences. This favors
the use of HDWL since the interpretation of image enhancement modalities requires
training(?’], limits generalizability, and hampers the utility of Al-assisted CADx by

undertrained endoscopists. A strength of our study is that AI4CRP was trained with




multiple image enhancement modalities, namely HDWL, BLI, LCI, and i-scan 1, 2, and
3. In contrast to Zachariah ef al (2020) and Biffi et al (2022), AI4CRP’s diagnostic
performances were significantly higher in BLI compared to HDWL. Future research
should, therefore, investigate the effect of different image enhancement modalities
(especially BLI) on the output of CADx compared to HDWL.

Self-critical AI4CRP and CAD EYE reached a NPV of 290% for rectosigmoid polyps
according to the quality standard for the diagnose-and-leave strategy by the ASGEBL

Both CADx-systems also met the quality standard of the ESGE for the diagnose-and-

leave strategy and self-critical AI4CRP also the ESGE quality standard for the resect-
and-discard strategyl4l. Previously, CAD EYE and GI-Genius (Medtronic, USA) also met
the PIVI quality standards/?" 26l. Although the risk of cancer in diminutive colorectal
polyps is very low, misdiagnosis does pose risks when leaving adenomatous polyps in
situ” 21, In an international survey, two-thirds of endoscopists considered
implementation of resect-and-discard not feasible because of the fear of making
incorrect optical diagnoses?l. Studies should investigate if this fear of incorrect optical
diagnosis may be leveraged with CADx.

No consensus exists on the characterization of SSLs between different CADx-systems.
Where CAD EYE, a CADx by Sanchez-Montes et al (2018)(3%, and Zachariah et al
(2020)I%1 characterizes SSLs as hyperplastic, other systems excluded SSLsl® 1. 31-33],
Rondonotti et al (2022)(1%1 marginalized the clinical relevance of SSLs because of their
low prevalence among diminutive rectosigmoid polyps. Albeit this low prevalence,
given that SSLs bear a malignant potential(3*. 3], differentiating them from hyperplastic
polyps is advocated and promotes clinical utility of CADx. AI4CRP, characterizing SSLs
as premalignant, pursued to do just that because of the high need of improving SSL
diagnosisi®]. Expanding CADx characterizations to multiple-class characterizations,
allowing for the separate diagnosis of SSLs, more in line with clinical practice, would
facilitate CADx implementation into clinical practice even further.

The main strength of this study is the head-to-head comparison of two CADx-systems

characterizing the same colorectal polyps in sequence. Certain limitations of our study




should also be acknowledged. Due to the feasibility design, no formal sample size
calculation was performed and the number of included colorectal polyps was limited.
Both CADx-systems were compared with only one expert endoscopist and testing was
performed single center, limiting generalizability. AI4CRP is an image-based CADx,
whereas CAD EYE is video-based. Both systems characterized the same colorectal
polyps in a sequential approach rather than a parallel approach. The sequential
approach led to both CADx systems analyzing slightly different colorectal polyp frames

potentially introducing bias. Bias could also have occurred since AI4CRP was trained

with data from the same hospital in which it was tested in this study, possibly favoring

AI4CRP performances, while this is not true for CAD EYE . An important limitation

was the semi-automated use of AI4CRP. Images had to be manually captured by a

research physician, limiting functional use of AI4CRP in clinical practice. A fully

automated approach is currently under development. Furthermore, images out of focus

or motion blurred imaged were excluded and a new image had to be taken. Although

inconvenient, this only hampered the work flow minimally, but could have introduced

bias. An image quality indicator alongside the CADx prediction, could be helpful in

guantifving and reducing this bias.

CONCLUSION

In conclusion, real-time use of AI4CRP was feasible and achieved promising results.
Self-critical AI4CRP, excluding low confidence characterizations, showed increased
diagnostic performances compared to AI4CRP. The objective assessment of the

confidence level is a novelty with great potential applicability in real-time endoscopy

practice. Diagnostic performances of the Al-assisted endoscopist were higher compared

to both CADx-systems. Diagnostic performances of the Al-assisted endoscopist, after

reviewing both CADx characterizations, were non-significantly superior to the

endoscopists alone. In the future, larger sized studies should expand on our findings.
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