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Abstract

Lesions missed by colonoscopy are one of the main reasons for post-colonoscopy
colorectal cancer, which is usually associated with a worse prognosis. Because the
adenoma miss rate could be as high as 26%, it has been noted that endoscopists
with higher adenoma detection rates are usually associated with lower adenoma
miss rates. Artificial intelligence (Al), particularly the deep learning model, is a
promising innovation in colonoscopy. Recent studies have shown that Al is not
only accurate in colorectal polyp detection but can also reduce the miss rate.
Nevertheless, the application of Al in real-time detection has been hindered by
heterogeneity of the Al models and study design as well as a lack of long-term
outcomes. Herein, we discussed the principle of various Al models and
systematically reviewed the current data on the use of Al on colorectal polyp
detection and miss rates. The limitations and future prospects of Al on colorectal
polyp detection are also discussed.
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Core Tip: This review highlights the results of recent studies on the use of artificial
intelligence for the detection of colorectal polyps and its role in reducing missed lesions
during colonoscopy.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer worldwide. In 2015, there
were 1.7 million new cases, resulting in more than 800000 deaths worldwidel'.
Screening colonoscopy and polypectomy have been shown to be effective in reducing
the incidence of colorectal cancer as well as the associated cancer mortalities].
However, colonoscopy is not risk proof, and CRC can still develop within a short
interval after a negative colonoscopy for cancer. In particular, post-colonoscopy
colorectal cancer (PCCRC) is the preferred term used to define cancers appearing after
a colonoscopy in which no cancer is diagnosed. Specifically, PCCRC can be further
subdivided into “interval cancer,” where cancer is identified before the next
recommended screening or surveillance examination. PCCRC, or interval cancer,
could account for up to 9% of all colorectal cancers and is usually associated with an
adverse outcomel’. Recent studies showed that missed polyps and adenoma by
colonoscopy accounted for at least 50% of all PCCRCsP1. Therefore, ways to minimize
missed lesions during colonoscopy are of utmost importance to maintain the quality
and effectiveness of colonoscopy in preventing CRC.

STRATEGY TO MINIMIZE MISSED POLYPS

It was shown in a recent meta-analysis that up to 26% of colonoscopies could have
missed adenomas!®. While many factors could affect the adenoma miss rate (AMR),
the endoscopist factor was recognized to be one of the main determinants of AMR.
High adenoma detection rate (ADR), high adenomas per index colonoscopy and high
adenomas per positive index colonoscopy of the endoscopist were all shown to be
negatively associated with AMRFL In particular, higher adenomas per positive index
colonoscopy was independently associated with a lower advanced adenoma miss rate,
which was an important predictor for PCCRC. Intuitively, ways to improve the ADR
could also help to minimize AMRPL.

While “to err is human,” the mitigation of human factors, such as distraction,
fatigue, impaired level of alertness, visual perception and recognition errors, may be
the key to improving adenoma detection and hence reducing miss rates!'.
Additionally, patient factors, mainly poor bowel preparation, were also associated
with lower ADR™ and higher AMRF. However, there was minimal difference
between fair- and good-quality bowel preparation in ADR and AMRF, implying that
at least fair bowel preparation should be achieved. Adequate withdrawal time, a
minimum of 6 min, is another important quality measure to optimize ADR and
AMRI'*. Another factor that would improve the ADR and reduce the AMR was the
use of auxiliary techniques. There are a large number of auxiliary techniques,
including second-pass colonoscopy!”, retroflexion in right-sided colon™, water-aided
colonoscopy?}, team detection approach (endoscopist and experienced nurse)!**,
wide-angle endoscopy?’, high-definition endoscopy with or without a special imaging
technique™*! and add-on devices, that have been reported to increase the ADR.

ARTIFICIAL INTELLIGENCE SYSTEMS USED IN THE DETECTION OF
COLORECTAL POLYPS

Artificial intelligence (AI) has been applied in the medical field since the early 1950s.
Al is defined as any machine that has cognitive functions mimicking humans, e.g.,
problem solving or learning”l. The machine learning model, which is a subtype of Al,
is characterized by a set of methods that can automatically detect patterns in data and
then use the uncovered patterns to predict outcomes”. Conventional Al systems
utilize a supervised type of machine learning model that extracts the covariates of
training data to achieve pattern recognition or classification. It is important to note that
each piece of information included in the representation of the patient is known as a
covariate, and the traditional type of machine learning, e.g., logistic regression, only
examines the relationships of “predefined covariates” with the outcomel™.
Nevertheless, the machine learning model cannot change the way in which covariates
are defined. The deep learning model actually solves this problem by defining
covariates and builds up complex concepts from simple covariates, which is
particularly useful in image classification and object location because features of a
group of similar subjects can be complex and difficult to be defined by humans™
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(Figure 1).

In recent years, the deep learning model was increasingly used in the detection and
localization of colorectal polyps. Once training data were provided with proper labels,
the deep learning model could automatically extract the important features in the
training data for differentiation and classification. Without the need of human
intervention or indication, the internal parameters of each “neuron” in a single layer
would be tuned towards a model with the least degree of errort”]. The most common
architecture used in the deep learning model of early colonoscopy studies was
convolutional neural networks, which mimics the structure of the human brain and
contains multiple layers with “artificial neurons” under each layer. The convoluted
layers actually act as a filter for extraction of the important features from the original
image or data. The pooling layers can downsize the parameters of the layers to
streamline the underlying computation. Finally, with the fully connected layers, these
features are combined together to create a model to classify different outputst™>l1.

ROLE OF Al IN THE DETECTION OF COLORECTAL POLYPS DURING
COLONOSOCPY

Our meta-analysis of recently published Al studies on colorectal polyp detection
suggested that a well-designed Al system could achieve more than 90% accuracy!™-*l.
Compared to a traditional machine learning based algorithm, studies using the deep
learning model were found to have high accuracy (up to 91%) with a pooled
sensitivity of 94% and a specificity of 92% on the detection of colorectal polyps!™.

As yet, most of the previously published studies have been retrospective in nature,
and there have been limited high-quality prospective real-time studies on the use of Al
in actual patients until recently. The first randomized controlled trial was reported in
2019 by Wang et al”]. They showed that the use of real-time automatic polyp detection
system (CADe) based on a deep learning architecture can increase the ADR in patients
with a low prevalence of adenoma (20%-30%). Among the 1130 patients randomized,
the ADR of the CADe group was significantly higher than that of the conventional
colonoscopy group (0.29 vs 0.20, P < 0.001). The mean numbers of polyp and adenoma
detected in the CADe group also increased from 0.50 to 0.95 (P < 0.001) and from 0.31
to 0.53 (P < 0.001), respectively, when compared with conventional colonoscopy.

Five recently published randomized controlled trials (RCTs) in 2020 again
confirmed that Al-assisted colonoscopy significantly increased the adenoma detection
rate when compared to conventional colonoscopy. Wang et all*! further reported
another RCT to compare a CADe system with a sham system. Again, the CADe system
had a significantly higher ADR than the sham system (34% vs 28%, P = 0.03). In the
same trial, adenoma or sessile serrated adenoma missed by endoscopists were
characterized by isochromatic color, flat shape and located at the edge of the visual
field or even partly behind colonic folds. Another randomized controlled trial by
Repici et al*! involving three centers in Italy also found that the CADe system was
associated with a higher ADR with an odds ratio (OR) of 1.30 (95%CI: 1.14-1.45).
Subgroup analysis showed that the performance of the CADe system was not affected
by the size, shape and location of the polyps.

In addition to polyp location systems, Gong et al*! reported a CADe system that
aimed to monitor real-time withdrawal speed and to minimize blind spots during
withdrawal. Their study showed that the ADR also improved from 8% to 16% (P =
0.001) with the CADe system. Similarly, Su et al*! reported an automatic quality
control system on colorectal polyp and adenoma detection that would also remind the
endoscopist of the withdrawal time and speed and the need to re-examine unclear
colonic segments on top of a polyp localization system. The system was found to have
a significantly higher ADR than conventional colonoscopy (28.9% vs 16.5%, P < 0.001).

In view of these newly available RCTs after the publication of our meta-analysis™),
we have summarized the results of the latest prospective RCTs here in a new meta-
analysis. In this meta-analysis of six RCTs, the pooled OR for the improvement of ADR
was 1.91 (95%Cl: 1.51-2.41) under a random effects model with a heterogeneity of I* =
63% (Figure 2). Hence, there is convincing data from RCTs to show that the existing Al
models could already help to boost the ADR by 90%.
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Figure 1 Diagrammatic presentation of artificial intelligence, machine learning and deep learning.

CADe conventional

Study 0dds ratio OR  95%CI  Weight
Events total Events total
Wang 2019 152 52 109 536 —m- 161 [121;2.14]  19.4%
Su 2020 89 308 52 315 —, 2.06 [L40;3.02]  15.5%
Wang 2020 165 484 132 478 —— 136 [1.03;178]  19.7%
Gong 2020 58 355 27 349 —=—— 233 [1.44;378]  12.5%
Repici 2020 187 341 139 344 — 179 [132;242]  18:6%
Wang 2020 124 184 72 185 P 324 [2.12;497]  14.2%
Random effects model 2194 2207 P 1.91[1.51; 2.41]  100%
Heterogeneity /* = 63%, > = 0.0519, 2 = 0.02
0.5 1 2

Figure 2 Pooled analysis for improvement of adenoma detection rate of all the randomized controlled trials. Events: number of patients with
adenoma detected. CADe: Real-time automatic polyp detection system; Cl: Confidence interval; OR: Odds ratio.
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ROLE OF Al IN MISSED POLYPS

In addition to its role in enhanced colorectal polyp detection, there are emerging data
to suggest that Al could also help to reduce missed lesions during colonoscopy. In our
recent study"”, we showed that the validated real-time deep learning Al model could
help endoscopists to prevent missed colorectal lesions. We first applied the validated
Al system to review 65 videos of tandem examinations of the proximal colon (from
cecum to splenic flexure) and found that the Al system could detect up to 79.1% of
adenomas that were missed by the endoscopist during the first-pass examination. In
the second part of the prospective study, the same deep learning Al model was able to
detect missed adenomas in 26.9% of patients during real-time examination. In
multivariable analysis, missed adenomas were associated with findings of multiple
polyps during colonoscopy (adjusted OR, 1.05) or colonoscopy performed by less-
experienced endoscopists (adjusted OR, 1.30).

A recent single-center RCT by Wang et al*! also showed that the use of CADe-
assisted colonoscopy can reduce AMR from 40.0% to 14.0%. In particular, there were
significant improvements in the ascending, transverse and descending colon.
However, the AMR in this RCT (up to 40%) was much higher than previously
reported. Therefore, a multicenter trial would still be required to validate this finding.

STATE OF THE ART: ROLE OF Al IN MISSED COLORECTAL POLYPS

While supporting the role of Al in reducing missed lesions, these results suggested
that the main reason for missed adenoma could still be due to human factors, as nearly
80% of these missed lesions were actually shown on screen and were not picked up by
endoscopists for various reasons, such as inexperience, fatigue or distraction.
Therefore, the Al could serve as an additional “eye” for the endoscopist with which
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distraction and fatigue would never occur.

However, our study also showed that approximately 20% of missed adenomas were
still not detected even by Al. These missed lesions were usually not shown “on
screen.” They were located behind a fold or at a difficult flexure position or hidden
under the fecal contents in patients with poor bowel preparation. In a recent meta-
analysis by Zhao et al! including 43 studies and 15000 tandem colonoscopies, the use
of auxiliary techniques and good bowel preparation were associated with fewer
missed adenomas. Intuitively, the combination of Al and auxiliary devices in the
presence of satisfactory bowel preparation may be necessary to completely eliminate
the risk of missed colonic lesions during colonoscopy.

USE OF Al IN THE CHARACTERIZATION OF POLYPS

In addition to detection of colorectal polyps, Al has also been shown to be accurate in
histology prediction and polyp characterization in a number of studies™. Although
there was a high degree of heterogeneity in the algorithms and design, along with
potential selection biases, studies using a deep learning model as a backbone generally
performed better than those using other types of algorithms. A study by Byrne et al*!
showed that the use of a deep learning model can achieve a 94% accuracy in the real-
time classification of polyps. A similar result was reproduced by a study!™! using
magnifying colonoscopy, and both studies used narrow-band imaging as the imaging
technique. Our recent meta-analysis further showed that the pooled accuracy from
studies using narrow-band imaging was generally better than that of non-narrow-
band imaging studies in histology characterization™!.

LIMITATIONS AND FUTURE DIRECTIONS

Although there have been promising prospective trials supporting the use of Al in
real-time polyp detection during colonoscopy, there are a number of issues to be
addressed before Al can be implemented in routine clinical practice. Because the
algorithms of Al and deep learning models are still evolving and there is substantial
heterogeneity among different models and training data™), an independent
prospective validation would be required for each Al system. The latest guideline
issued by the European Society of Gastrointestinal Endoscopy suggested that the
possible incorporation of computer-aided diagnosis (detection and characterization of
lesions) into colonoscopy should be supported by an acceptable and reproducible
accuracy for colorectal neoplasia, as demonstrated in high-quality multicenter clinical
studies!’. Another important question regarding the use of Al in colonoscopy is the
actual impact on long-term clinical outcomes. It is still unknown whether the use of
Al-assisted colonoscopy can decrease the PCCRC rate or lengthen the current
recommended surveillance interval after colonoscopy, which would require long-term
prospective cohort studies to address.

The current role of Al in colonoscopy is possibly to act as a virtual assistant to the
endoscopist during real-time colonoscopy, particularly in withdrawal time monitoring
and polyp detection. The prospect of a fully automated independent colonoscopy
system is still too premature at this stage. Moreover, the “black box” nature of the Al
algorithm, especially the deep learning model, may require considerable effort to
convince the regulatory authority to approve for its routine use. The liability and
indemnity issues related to the manufacturers of the Al system also need to be
resolved. Hence, there are still considerable obstacles to overcome before the
application of Al-assisted colonoscopy becomes widespread in daily practice.

CONCLUSION

An externally validated Al system could be one of the promising solutions to increase
adenoma detection and to minimize missed lesions during real-time colonoscopy. As
of yet, means to ensure adequate mucosal exposure, such as add-on devices and
optimal bowel preparation, are also critical in reducing the polyp miss rate in daily
colonoscopy practice. Long-term data are also needed to determine the actual clinical
benefits of this emerging technology in the reduction of PCCRC.
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