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Abstract:

Background & Aims: Up to 30% of adenomas might be missed during sorgerolonoscopy—these
could be polyps that appear on-screen but are ecaignized by endoscopists or polyps that are in
locations that do not appear on the screen a€Calinputer-aided detection (CADe) systems, based on
deep learning, might reduce rates of missed ademdnyadisplaying visual alerts that identify
precancerous polyps on the endoscopy monitor ihthew. We compared adenoma miss rates of

CADe colonoscopy vs routine white-light colonoscopy

Methods: We performed a prospective study of patients, 58y&ars old, referred for diagnostic,

screening, or surveillance colonoscopies at a siegdoscopy center of Sichuan Provincial People’s
Hospital from June 3, 2019 through September 2492@Game day, tandem colonoscopies were
performed for each participant by the same endadstdpatients were randomly assigned to groups
that received either CADe colonoscopy (n=184) outine colonoscopy (n=185) first, followed

immediately by the other procedure. Endoscopistewénded to the group each patient was assigned
to until immediately before the start of each coleropy. Polyps that were missed by the CADe system
but detected by endoscopists were classified aseahipolyps. False polyps were those continuously
traced by the CADe system but then determined mdiet polyps by the endoscopists. The primary
endpoint was adenoma miss rate, which was defigseth@ number of adenomas detected in the

second-pass colonoscopy divided by the total nummbadenomas detected in both passes.

Results: The adenoma miss rate was significantly lower W@#De colonoscopy (13.89%; 95% ClI,
8.24%-19.54%) than with routine colonoscopy (40.0@%% Cl, 31.23%-48.77%R<.0001). The
polyp miss rate significantly lower with CADe colmstopy (12.98%; 95% CI, 9.08%-16.88%) than
with routine colonoscopy (45.90%; 95% CI, 39.65%45%) {P<.0001). Adenoma miss rates in
ascending, transverse, and descending colon wgnéficantly lower with CADe colonoscopy than
with routine colonoscopy (ascending colon 6.67%39s13%;P=.0095; transverse colon 16.33% vs

45.16%;P=.0065; and descending colon 12.50% vs 40.9924)364).
Conclusions. CADe colonoscopy reduced the overall miss ratad#gnomas by endoscopists using
white-light endoscopy. Routine use of CADe mightduee the incidence of interval colon cancers.

chictr.org.cn study no: ChiCTR1900023086

KEY WORDS: Artificial intelligence, AMR, neoplasm, early detamn



Introduction

Adenomas are routinely missed during colonogcbyg individual endoscopists Although
colonoscopy remains the gold standard for screecam@er and precancerous lesions in the éolon
colonoscopy can be technically demanding as itiregipoth manipulation and observation at the same
time, and there is significant variation in howawdscopy is performed and how lesions are detected
between individual endoscopists.

Non-visualization is a major cause of missed diagg)@s lesions may remain hidden behind folds
or debris during colonoscopy. Such lesions couldéter exposed by means of high-quality bowel
cleansing, endoscopic cameras with wider viewingles) and meticulous mucosal inspection
techniques However, adenoma miss rate (AMR) still rangeanr6% to 41% using white light
colonoscopy ®. Studies using full spectrum colonoscopy (FUSH)iciv provides 330° angle of view,
show an adenoma miss rate between 7.@%d 20.5% This indicates that lesions within the visual
field may still be missed due to failure of ideit@tion by human eye.

For those polyps that are technically in the vidiedt, such lesions may be non-obvious, briefly
visible, partially obscured or appear on the edigthe screeh Second observer strategies that utilize
either nurse observers or trainees during colonmsotay increase polyp detection rate (PDR), but use
of a second observer may or may not increase adedetection rate (ADR)® ” & °. In addition, it is
likely that adding additional human observers matyaompletely overcome the deficiencies of human
attention and human visualization in the identiiima of subtle colonic lesion3®. Thanks to the
breakthrough of artificial intelligen¢® !, computer-aided detection (CADe) systems have been
developed that show high accuracy, fidelity andststency and in prospective randomized trials have
shown promise as a standardized second obsenah.eSsystem may help to avoid missed diagnoses
for any visible lesions that appear ever briefiythe visual field by providing real-time visual gk
during colonoscopy. The positive impact of CADe on ADR has been destrated prospectively in
the clinical setting .

While, past prospective studies have shown a aheagase in ADR, relatively little is known in
regards to the exact contribution of the CADe syste the increase in detection rate. In addition,
AMR, another important indicator that reflect theatity of colonoscopy, has not been specifically
examined. Such a variable can directly reflectitiqgact of CADe by using a back-to-back
comparisofi Therefore, we aim to investigate the impact ofD@%n AMR by means of a tandem
study. Furthermore, by comparing video recordsref &nd second pass, the direct contribution ef th
CADe system may be better demonstrated.

M ethods
Study design and patients

This study was a single-center, open labeled, pasm®, randomized, tandem study, which was
conducted in the endoscopy center in Caotang brhospital of Sichuan provincial people’s hospital,
China between June 3, 2019 to September 24, 20&%ekvuited patients from 18-75 years who had



been referred for diagnostic, screening colonoscmpwgurveillance colonoscopy (for patients who
underwent previous polypectomy). We excluded p#iesith a history of IBD, CRC, colorectal
surgery, or contraindication for biopsy. Patientsom the cecum were not reached and were high
suspicion for polyposis syndromes, IBD and CRC wase excluded. In addition, we excluded cases
of ‘difficult insertion’ (defined as insertion time 7 minutes in first pass), because of safety
considerations for an already prolonged tandemquhoie. Written informed consent was obtained
from all participants before the colonoscopy exation.

The protocol was approved by the Institutional RewviBoard of Sichuan Academy of Medical
Sciences & Sichuan Provincial People’s Hospital.

Randomization and masking

All eligible patients were randomized via compujererated stratified randomization to either
CADe colonoscopy or routine colonoscopy, followedniediately by the other procedure. Block
randomization with a block size of 4 was used tteeine the assignment (1:1) of each participant.
The randomization was performed using a digitadoem number generator before the procedure to
either CADe white light colonoscopy first versusitine white light colonoscopy first. Patients were
blinded to the grouping. Operating endoscopisteveld the group allocation by a research assistant
before the start of colonoscopy procedure.

Interventions

The CADe system (EndoScreener, Shanghai Wision &| Ctd. China) is a real-time automatic
polyp detection system (Figure S1) developed oeepdearning architecture. In a preliminary study,
the system was validated to have a per-image setysibf 94.38%, per-image specificity of 95.92%
and an area under the receiver operating charstitedgurve of 0.984 to detect colon polyps in
colonoscopy report images. In addition, the sysies also validated to have a per-polyp sensitivity
100.00% (per-image sensitivity of 91.64%) and a-ipege specificity of 95.40% in real-world
colonoscopy videdd The system processes >30 frames per second étlerscy of 46.56 + 2.79ms
on Ge-Force-1080ti (Nvidia, CA), an imperceptitdéehcy”* for most human endoscopists. The CADe
system was integrated into the endoscopy model &gns of synchronously capturing and analyzing
the video stream from the endoscopy processor @plagling alert boxes directly into the primary
endoscopy monitor. This CADe colonoscopy worksnraagmented reality way to assist endoscopists
to detect polyps (video S1)

Procedures

A same-day back-to-back tandem colonoscopy waspeed for each eligible patient by the same
endoscopist to assess AMR. All polyps were biopsietemoved by cold forceps biopsy once verified
by the operating endoscopist. Larger polyps identifiuring colonoscopy are biopsied and referred fo
later complete resection, as is typical of the endpy workflow for a large referral center in China



Diminutive 2 mm) rectal polyps deemed by the endoscopist thyperplastic in natufeby use of
blue laser imaging (BLI) or Fuji Intelligent Chroewdoscopy (FICE) mode according to type 1 of
NBI International Colorectal Endoscopic (NICE) Gliisation'®, were not biopsied. The location, size
and morphological features according to the Pdaissdfication of each detected polyp were recorded
by the research assistant.

Colonoscopies were performed with latest-generatiodel (Fujifim LASEREO and VP4450HD),
high definition colonoscopes (EC-L590, EC-580, E®D)pB(Fujifilm, Tokyo, Japan) and high-definition
monitors. All colonoscopy exams were done with whight only, except for NICE classification for
an identified polyp when BLI or FICE mode was useda short-interval at the discretion of the
colonoscopists. Anesthesia, including midazolamiaieyl or propofol, was delivered and supervised
by an anesthesiologist during colonoscopy exanundbtr each participant. Bowel preparation method
was 2 L of polyethylene glycol with 6 ml simethi@solution, given in split doses.

Three experienced endoscopists from the divisiogasitroenterology participated as colonoscopy
performers in this study.

In the routine pass, a routine white light colormgscwas performed. In the CADe pass, the CADe
system processed each frame of the video streamhgymously and reported the detected polyp
location with a hollow blue alert box directly ihg endoscopy monitor with a simultaneous sound
alarm (Video S2). The system was activated duriitgdsawal only. For any area alerted by the CADe
system, the endoscopist was required to check aritl the area within the box based on his or her
own clinical judgement.

All polyps detected during first-pass colonoscopgrevbiopsied or removed using cold forceps
biopsy. During the second-pass colonoscopy, anytiaddl polyps detected were also biopsied or
removed by cold forceps biopsy. The residue of paihich was biopsied during the first pass was a
mark that demonstrated the polyp had been idedtdigring the first pass, and these lesions were not
counted as detected during the second pass. Raipeates of already-biopsied lesions were not taken
during the second pass. All biopsied tissue wasfeeipathological examination.

We measured the level of bowel cleanliness duraigrmscopy with the Boston Bowel Preparation
Scale (BBPS). Insertion time to the cecum, withdratime for each pass, and biopsy time for each
lesion were all recorded with a stopwatch duringheaolonoscopy procedure by a staff assistant. The
endoscopist estimated polyp size with an open iégpseps.

In the CADe colonoscopy pass, missed polyps byOA®e system and consistent false detections
by the CADe system were recorded. A missed polypghey CADe system was defined as a polyp
verified by the endoscopist but undetected by tstesn. A consistent false detection by the CADe
system was defined as a detected area, which wamugously tracked by the system, but deemed by
the endoscopist not to be a polyp. Any complicatthming the procedure or recovery was also
recorded. All authors had access to the studyatadaeviewed and approved the final manuscript.

Outcomes

The primary outcome was adenoma miss rate (AMR)iclwlwas defined as the number of



adenomas detected in the second-pass colonoscapggdliby the total number of adenomas detected
in both passes. The secondary outcomes were paggrate (PMR), which was defined as the number
of polyps detected in the second-pass colonoscopged by the total number of polyps detected in
both passes, in which the non-biopsied hyperplgsbiyps in rectum were included. Miss rate of
advanced adenomas, and SSA/Ps were calculatedhgitame definitions as AMR and PMR. Patient
miss rate, which was defined as number of patientghom adenomas were detected in second pass
for the first time divided by the total number dftignts with at least one adenoma detected. Adenoma
detection rate (ADR) for the first pass was defimedthe proportion of individuals with at least one
adenoma detected in the first pass procedure. Adanper colonoscopy (APC) or polyp per
colonoscopy (PPC) was defined as the total numbadenomas or polyps divided by the total number
of patients of each group. We defined advancedadas as any adenoma of 10 mm or greater in size,
or containing villous histology, or with high-gradgsplasid® *’.

Additionally, since the CADe system is felt to helfih missed polyps that appear in the visual field
but remain unrecognizedhut not those that fail to appear in the visueldij to further scrutinize the
contribution of the CADe system, 3 senior expedastopists reviewed all video records and excluded
polyps which did not appear in the visual filed idgrthe first pass. Here we define visible adenoma
miss rate (AMR-V) and visible polyp miss rate (PMR-as the proportion of missed adenomas or
polyps among all detected adenomas or polyps wiire visible in first pass. Meanwhile, we define
invisible adenoma miss rate (AMR-INV) and invisilglelyp miss rate (PMR-INV) as the proportion of
missed adenomas or polyps among all detected agenonpolyps which were invisible in first pass.

Statistical analysis

We prospectively designed this study to allow fo#Bpower or more to detect a 15% difference (30%
vs 15%) in adenoma miss rates, per lesion analysts/een colonoscopy procedures with a two group
¥2 test with a two-sided level of 0.05. Thus, the overall participant enteht goal was 392 to allow
for potential exclusions or dropouts of 10%, wititle participant undergoing same day, back-to-back
colonoscopy (784 tandem colonoscopies in total)sciptive statistics were calculated for all
measured variables and derived parameters. Foinoonts variables, time to reach the caecum,
colonoscope withdrawal time, and total procedureetiwe calculated means, medians, IQRs, SDs, and
minimums and maximums. For categorical variablamreary statistics were counts and percentages.
We used t tests to compare continuous variablascéegorical variables, we used Fisher’s exadt tes
or x2 test to compare detection rates between groupsedtimates of proportions, we calculated 95%
exact binomial Cls. All tests applied were two-gdil We analyzed data with R (version 3.4.4).

Role of the funding source

The study had no funding source. P W, G Z, P L dnd had full access to the raw data and had
final responsibility for the decision to submit foublication.

Results



Baseline and demographic data (Table 1)

A total of 386 patients were enrolled in this studlypatients withdrew the consent before grouping.
382 patients were randomized into the routine-first190) group or CADe first group (n=192). 13
patients were excluded during colonoscopy due tdusion criteria. A total of 369 eligible patients
were analyzed, with 185 patients in routine-fingiugp and 184 in the CADe first group (Figure 1)eTh
total withdrawal time of routine-first and CADe ditr groups were 7.14 minutes vs. 7.85 minutes
(p=0.001) in the first pass and 6.73 minutes &4 éninutes (p=0.001) in the second pass respegtivel
possibly due to more polyps detected and more hippscedures performed in the CADe colonoscopy.
However, when biopsy time was excluded from analytsie clean withdrawal time was 6.51 minutes
versus 6.55 minutes (p=0.745) in the first pass @fd minutes vs. 6.14 minutes (p=0.146) in the
second pass respectively (Table S1).

There were no statistically significant differendestween the two groups in demographic data,
insertion time, bowel preparation level, indication colonoscopy (Table 1) and adenoma risk factors
(Table S2). No complications were reported.

Missrate of polyps, adenomas, advanced adenomas and SSA/P (Table 2)

Table 2 shows the miss rate of polyps, adenonmak raajor polyp subtypes. The AMR was
significantly lower with CADe colonoscopy than witbutine white light colonoscopy (13.89% vs.
40.00%, P<0.0001). The PMR was also lower with CAID®noscopy than with routine white light
colonoscopy (12.98% vs. 45.90%, P<0.0001). Thereew® statistical differences in miss rate of
advanced adenomas and SSA/Ps.

Table 3 shows the clinicopathologic charactarsstif the missed adenomas in routine white light
colonoscopy and CADe colonoscopy. The AMR for dimtive (<5mm) were significantly lower with
CADe colonoscopy than with routine white light acad@copy (13.11% vs. 39.66%, P=0.0015), as well
as for small (5-9mm) adenomas (13.75% vs. 46.9490,®01). Regarding morphology, AMR was
significantly lower with CADe colonoscopy than withoutine white light colonoscopy in
non-pedunculated types (14.18% vs. 42.45%, P<0)0O0®MIR was found to be lower with CADe
colonoscopy than with routine white light colonoggan the ascending, transverse and descending
colon (Table 3).

Missrate of visible adenomas and polyps (Table 4)

AMR-V was 24.21% vs. 1.59% (p<0.001) in routined@A group and CADe-routine group, the
PMR-V was 30.89% vs. 2.36% (p<0.001) in routine-@Ad¥oup and CADe-routine group.

Out of 23 missed visible adenomas and 59 polyping first pass, there were 10 (10/23, 43.48%)
adenomas, and 22 (22/59, 37.29%) polyps recordetdtlao files being detected by CADe system in
post-hoc video analysis.

Missrate of invisible adenomas and polyps (Table 4)

AMR-INV was 27.07% vs. 11.11% (p<0.001) in routi@&De group and CADe-routine group, the
PMR-INV was 25.00% vs. 12.68% (p=0.016) in routidabe group and CADe-routine group.



ADR PDR APC and PPC (Table5)

The overall ADR (42.39% vs. 35.68%, P=0.186), oNeP®DR (63.59% vs. 55.14%, P=0.099),
overall APC (0.78 vs. 0.65,P=0.129), and overalCRP.55 vs. 1.32,P=0.065) were different between
the CADe colonoscopy first group and routine cokmupy first groups. For the first pass, there was n
statistical difference found in ADR in the first 93a(34.78% vs. 26.49%, P=0.085) in CADe
colonoscopy and routine white light colonoscopwuih the trend was towards a higher ADR in the
CADe first group. The PDR, APC and PPC were sigaiftly higher in CADe colonoscopy than
routine white light colonoscopy, i.e. PDR for fipsiss was 55.98% vs. 37.84%, P=0.001. APC for first
pass was 0.67 vs. 0.39, P<0.001. PPC for first pass1.35 vs. 0.71, P<0.001. Similar findings were
found when analyzing the second pass, all ADR, RDB& APC and PPC were significantly higher in
CADe colonoscopy than routine white light colongsgoi.e. ADR for second pass was 18.38% vs.
10.87%, P=0.043, PDR for second pass was 37.84%9\82%, P<0.001. APC for second pass was
0.26 vs. 0.11, P=0.001. PPC for second pass was/8.®.20, P<0.001.

Patients missrate (Table 6)

Patient miss rate was lower with CADe colonosctian with routine white light colonoscopy, but
without a statistically significant difference (9%% vs. 25.76%, P=0.258).

Consistent false detections with the CADe system (Table S3)

There was a total of 67 consistent false detectiortke CADe colonoscopy. Most consistent false
detections were wrinkled mucosa.

None was missed by the CADe system among all aatqmblyps by the endoscopists in the CADe
colonoscopy.

Discussion

In this single center, open-labeled tandem stugyfound AMR and PMR to be significantly lower
with CADe colonoscopy than routine colonoscopy. AdlRained from tandem colonoscopy, is a more
representative parameter to reflect the performanfcan individual endoscopist with and without
CADe than ADR. In previous tandem studies utiliztragitional colonoscopes, the reported AMR for
a single standard colonoscopy has been estimated between 10% to 303%™ %° 2%, However, if a
wide-viewing angle colonoscope is used for the sdquass, AMR may be as high as 31419,
This high miss rate is thought to translate intugher risk of developing interval cancers for pats
who undergo routine colonoscopy. By enlarging tieual field, using technology such as FUSE
colonoscopy, AMR may be reduced to 7% to 3d%\evertheless, subtle polyps on the endoscopy
screen can still be missed by the endoscopist, wisicself-evident by the non-zero miss rate of the
wide viewing angle colonoscopies and similar desfcé® ** % 26 Furthermore, it can be challenging
for an endoscopist to be fully vigilant to everycten of the monitors in a multi-screen setting in
colonoscop§ . In addition, visual gaze patterns (VGP), diffetween endoscopists and it has been
shown that endoscopists either with a wider VGRemter-looking VGP may have a higher adenoma
or polyp detection rate than endoscopists with otH@P<” *°. Finally, “inattentional blindnes3® 3
and “change blindnes§® phenomena may add to intra-proceduralist varigbiland neither



wider-viewing colonoscopes nor second observertegfies may completely address these issues.
Therefore, high-performance CADe may serve as amtandardized “second eye” in assisting the
endoscopist to avoid missing any lesion.

In this study, overall AMR was significantly lowén the CADe colonoscopy arm (13.89% vs.
40.00%, P<0.0001). This AMR is comparable to thduction in AMR seen when utilizing FUSE
technology (7% to 209%§. This indicates missed diagnosis by lack of reg@@mnmight be an equally
important issue as non-visualization. Moreoverultesin this study are comparable with that of
Western and Japanese studies, which similarly $h8@% to 41%?* in the routine colonoscopy groups
when compared to an AMR of 40% in our white lighétfgroup.

AMR was found to be significantly lower for bothnainutive (<5mm) and small adenomas (5-9mm)
in the CADe colonoscopy group when compared tadléine colonoscopy group in this tandem study.
Notably, CADe here is shown to reduce miss ratthénascending, transverse and descending colon,
whereas FUSE and similar approaches which aimlatging the visual field mainly seem to primarily
provide benefits in the right colon where the foddle deepér’® Consistent with our previous studies,
CADe reduces miss rate of non-pedunculated adendtioagever, there was no statistical difference in
miss rate of large adenomas, advanced adenomaseasile serrated adenoma/polyp (SSA/P), a fact
likely due to limited sample size and correspondiow statistical power for these specific groups of
polyps. Similar findings were seen in the J-FUSEdgt Moreover, no difference in miss rates of
SSA/Ps is suggested due to low numbers and ingrffipowering. It is also possible that the leagnin
images used to train the CADe system were limitgdhe experience of average endoscopists. An
exclusive study demonstrated the per-image-seitgitf this CADe system on small SSA/P was 80%,
which is lower than 94%, the per-image sensitigfythe conventional adenomas and non-neoplasitc
polyps™. Future improvement in CADe should be directedsémsitively and specifically detect
hard-to-detect SSA/Ps collected among more extenspurces. Further studies should also look at
AMR for advanced adenoma and SSA/Ps, with a lasgerple size aimed at detecting a statistically
significant difference.

In this study, some missed adenomas did not appedne screen during the first pass, and were
detected due to additional exposure during thergbgass, a situation that cannot be counted as a
contribution from the CADe system. Therefore, wefgrened a post-hoc video analysis and tried to
measure a more ‘specific’ AMR for only visible ppl; which we defined as AMR-V. Hence, we could
compare CADe and the naked human eye exclusivelyisible lesions. AMR-V represents the
maximal possibility that the CADe could help to Ease the miss rate, only 1.59% visible adenomas
were missed by CADe colonoscopy whereas 24.21%igifle polyps were missed in the routine
colonoscopy (p<0.001) group. Furthermore, among 2Beinitially missed visible adenomas by
endoscopists, 10 (10/23, 43.48%) of them were sstoky detected by CADe system in post-hoc
video analysis. These data indicate that half efitiitially missed visible adenomas could be adskds
directly by CADe’s alert. This study is the firdudy to analyze a specific AMR for visible lesions,
which overcomes a common limitation of previous BU&ndem studié$ which did not distinguish
whether the additional detection of specific polyes actually due to its wider viewing angle carsera
or not. Noticeably, not only the miss rate of visilmdenoma/polyp is higher in the Routine-CADe
group, but also the miss rate of invisible adengaigp is higher in the Routine-CADe group. To
further break down this analysis on each operagindoscopist (Table S4), the result is very similar



among them. This indicates that endoscopists camsfonore on exposing colon mucosa, because of
the enhanced CADe signal on the exposed polypss,Tihundicates that CADe not only increases
polyps detection in the visual field, but also e&sed the exposure of more polyps.

PDR, APC and PPC were found to be significahiijher in the CADe colonoscopy group when
compared to routine white light colonoscopy in bditlst and second passes. These findings are
consistent with previous comparative studies wiliemonstrated the positive impact of CADe. The 67
total consistent false detections in the CADe cosmopy was consistent with our previous studies, in
which wrinkled mucosa consisted the largest portbrialse positive lesions. Moreover, the similar
withdrawal time (excluding the biopsy time) furthdemonstrated that the false alarm rate is low
enough that withdrawal times are not affected du@ADe withdrawal. (Table S1)

It should be noted that to alert visible lesionidy one of application scenario of computer
vision technology. Only with high-level manipulatiof endoscopists can this technology play its best
role. Therefore, another important application of during colonoscopy is to alert suboptimal
inspection, including endoscopists’ ignorance tepactt the back of folds and flexures, ignorance to
fully inflate the lumen, ignorance to clean thedemd absorb the liquid, unstable manipulation @lé w
as too fast withdraw. Thus, the CADe system wittombination of suboptimal inspection alert system
as well as new optical models or accessories (aadAUSE and Endocuff) which enlarge visual filed,
can further increase the detection of colon caandrany precancerous lesions.

This study has several limitations. First, AMR ob&al in the tandem study cannot reflect the
absolute miss rate, because some lesions mightie@ missed again in the second pass. For those
possible missed polyps/adenomas detected by pestitieo analysis with CADe in the first pass, but
not detected in the second pass during the sthdye's no reliable way to further characterize ¢hes
lesions without a third colonoscopy. However, tde78% and 26.49% ADR in CADe colonoscopy and
routine colonoscopy are the highest in Chinese data® * in a population younger than a
guideline-recommended screening population, thus ledieve the result is meaningful and
representative.

Second, this open label trial might introduce sctije bias, as endoscopists might put more effort i
when being observed or might relax and rely on @#&De in non-blinded trials leading to an
overestimation or underestimation of the effectesn of CADe system. However, the 34.78% and
26.49% ADR for either CADe colonoscopy or routinelomoscopy was consistent with our
double-blinded study in which the same endoscopy models were usedtrendithdrawal time was
also similar in two groups, which could be an iedirmarker of attentiveness. In addition, the dlera
ADR, PDR, APC and PPC in both passes were notrdiffebetween CADe colonoscopy first group
and routine colonoscopy first group, which indicatieat the possibility of missing adenomas or pslyp
is not biased after 2 passes and independent dbrtter. These findings suggest that there is likely
minimal subjective bias seen in the endoscopistd usthis study.

Third, as tandem colonoscopy in each patient wafopeed by the same endoscopist, there might
be “one and done phenomen®h*® *, whereby endoscopists may be less careful whemieitg the
rest of the colon after identifying a single ademoand might be less attentive in the second pass
procedure. However, a single-endoscopist endodcdpsign may introduce minimal inter-observer
variation, which is a goal for this study.



Fourth, we did not restrict the study populatian dcreening-only participants according to
guidelines, thus the results might not generalizabl a typical screening population in which the
absolute number of adenomas is higher.

Fifth, only skilled endoscopists were allowed tatiggpate in this study as colonoscopy performers,
thus the results might not be generalizable toojuendoscopists or trainees. How this CADe system
will affect AMR as a clinical routine in practice less clearly demonstrated in this study, becanke
3 endoscopists participated. Reproducing the figgl@mong more endoscopists of varying experience
would appear warranted.

Sixth, the judgments made by 3-expert panel whaoevead the video record were not a gold
standard as pathology and thus might introduceestisg bias.

Finally, the new generation models with image echdrtechnologies such as Linked Color Imaging
(LCI) by Fuijifilm could offer better visualizatiéh and have the potential to supersede white light
colonoscopy, thus the effectiveness of CADe ushwglatest models of endoscope should be further
investigated.

In conclusion, the results from this study suggesignificantly lower AMR when utilizing a CADe
technology when compared to routine white lightooolscopy. The detection of diminutive and small
adenomas with non-advanced histology and non-pedated shape could be effectively improved by
CADe colonoscopy. The CADe colonoscopy has themiateto be improve the clinical efficacy of
screening and surveillance colonoscopy, with thed gbfurther decrease the risk of interval coldaéc
cancer development.
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Table 1. Baseline infor mation

Characteristics Routine-CADe group CADe-Routine group P* value
(N =185) (N =184)

Age, mean (SD) 47.19 (10.38) 47.72 (10.82) 0.628

BMI, mean (SD) 23.21 (3.15) 23.19 (3.02) 0.939

Indication 0.42

Screening, n (%) 55 (29.73) 58 (31.52)

Symptomatic, n (%) 117 (63.24) 107 (58.15)

Surveillance, n (%) 13 (7.03) 19 (10.33)

Sex 0.467

Female, n (%) 99 (53.51) 91 (49.46)

Male, n (%) 86 (46.49) 93 (50.54)

BMI category 0.593

<25, n (%) 132 (71.35) 135 (73.37)

25 <= BMI < 30, n (%) 51 (27.57) 45 (24.46)

>= 30, n (%) 2 (1.08) 4(2.17)

Procedure time 0.831

AM, n (%) 96 (51.89) 98 (53.26)

PM, n (%) 89 (48.11) 86 (46.74)

Endoscope 0.5

EC-590ZW/M 2 (1.08) 0 (0.00)

EC-L590WM 17 (9.19) 19 (10.33)

EC-580RD/M 1(0.54) 0 (0.00)

EC-590WM 2 (1.08) 1(0.54)

EC-L590ZM 163 (88.11) 164 (89.13)

Anesthesia # Na

No, n (%) 0 (0.00) 0 (0.00)

Yes, n (%) 185 (100.00) 184 (100.00)

Boston Score, mean (SD) 7.19 (1.42) 7.11 (1.40) 63.5

Boston Score Rank 0.846

Inadequate (Sum < 6.0 or anyone < 2.0), n (%) 200 25 (13.59)

Adequate (Sum >= 6.0 and everyone >= 2.0), n (%) 1 (88.03) 159 (86.41)

BMI, body mass index; NSAID, nonsteroidal anti-infl@atory drug.
No Polyp Withdrawal time, Withdrawal time duringoe colonoscopies where no polyp was

detected or removed.

* P value fromy2 test (or Fisher’s exact test, as appropriatétest.
* Anesthesia was administered with midazolam, fefitap an anesthesiologist there to monitor

for complications.

Table 2. Analysis of per-lesion missrate




Routine-CADe group CADe-Routine group P* value
(n = 185) (n=184)

Adenoma

Detected at first pass 72 124

Detected at second pass 48 20

Miss rate, % 40.00(31.23-48.77) 13.89(8.24-19.54) 0.0601

Polyp

Detected at first pass 132 248

Detected at second pass 112 37

Miss rate, % 45.90(39.65-52.15) 12.98(9.08-16.88) 0.0601

Advanced adenoma

Detected at first pass 9 1

Detected at second pass 3 1

Miss rate, % 25.00(0.50-49.50) 50.00(-19.30-119.30) 1

SSA/P

Detected at first pass 1 0

Detected at second pass 2 1

Miss rate, % 66.67(13.33-120.01) 100.00(100.004®)0. 0.9978

* P value fromy2 test (or Fisher’s exact test, as appropriatéjtest

Table 3. Clinicopathologic characteristics of adenomas missed with Routine and CADe

colonoscopy
Routine-CADe group CADe-Routine group P* value
(n = 185) (n=184)
Size, mm
<5 39.66(27.07-52.25) 13.11(4.64-21.58) 0.0015
5-9 46.94(32.97-60.91) 13.75(6.20-21.30) <0.0001
>=10 15.38(-4.23-34.99) 33.33(-20.01-86.67) 0.4842
Morphologic type
Pedunculated 23.08(0.18-45.98) 10.00(-8.59-28.59) 4241
Not Pedunculated 42.45(33.04-51.86) 14.18(8.2790.0 <0.0001
LST 0.00(0.00-0.00) Na
Location
Cecum 50.00(-19.30-119.30) 0.00(0.00-0.00) 0.5473
Ascending colon 39.13(19.18-59.08) 6.67(-2.26-15.60 0.0095
Transverse colon 45.16(27.64-62.68) 16.33(5.988)6.6 0.0065
Descending colon 40.91(20.36-61.46) 12.50(-0.7335. 0.0364
Sigmoid colon 40.62(23.60-57.64) 18.18(5.02-31.34) 0.0514
Rectum 20.00(-4.79-44.79) 20.00(-15.06-55.06) 1

* P value fronx2 test (or Fisher’s exact test, as appropriatéest.

Table 4. Missrate of visible and invisible adenomas and polyps




Routine-CADe group

CADe-Routine group

P *value

(n = 185) (n = 184)
AMR V 0.2421 0.0159 <0.001
PMR-V 0.3089 0.0236 <0.001
AMR-INV 0.2500 0.1268 0.016
PMR-INV 0.2707 0.1111 <0.001

* P value fromy2 test (or Fisher’s exact test, as appropriatéjtest

Routine-CADe group | CADe-Routine group| P value Odds ratio Confidence interval Interval
(N =185) (N =184)

Whole Process
PDR 0.5514 0.6359 0.099 1421 0.936-2.157 1.221
ADR 0.3568 0.4239 0.186 1.327 0.872-2.018 1.144
Average Number of Detected 1.3189 1.5489 0.065 1.174 0.990-1.393 0.403
Polyp
Average Number of Detected 0.6486 0.7826 0.129 1.207 0.947-1.537 0.59
Adenoma
First Pass
PDR 0.3784 0.5598 ‘ 0.001 ‘ 2.089 1.378-3.167 1.784

Table5. ADR, PDR, APC and PP



ADR 0.2649 0.3478 0.085 1.48 0.948-2.312 1.364
Average Number of Detecte 0.7135 1.3478 <0.001 1.889 1.529-2.333 0.804
Polyp
Average Number of Detecte 0.3892 0.6739 <0.001 1.732 1.295-2.315 1.02
Adenoma
Second Pass
PDR 0.3784 0.1902 <0.001 0.386 0.240-0.619 0.37¢
ADR 0.1838 0.1087 0.043 0.542 0.299-0.982 0.683
Average Number of Detecte| 0.6054 0.2011 <0.001 0.332 0.229-0.482 0.253
Polyp
Average Number of Detecte| 0.2595 0.1087 0.001 0.419 0.249-0.706 0.457
Adenoma

* P value fromy2 test (or Fisher’s exact test, as appropriatéjtest

Table 6. Analysis by patient findings

Routine-CADe group CADe-Routine group P* value
(n = 185) (n=184)

Patients with adenoma

Detected at first pass 49 64

Detected at second pass 34 20

Detected at second pass for the first7 14

time

Detection rate at first pass, % 26.49(20.13-32.85) 34.78(27.90-41.66) 0.0846

Miss rate, % 25.76(19.46-32.06) 17.95(12.40-23.50) 0.258

* P value fromy2 test (or Fisher’s exact test, as appropriatéjtest
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What you need to know:

Background and Context: Up to 30% of adenomas might be missed during screening colonoscopy. Computer-
aided detection (CADe) systems, based on deep learning, might reduce rates of missed adenomas by displaying
visua aerts that identify precancerous polyps on the endoscopy monitor in red time.

New Findings: CADe colonoscopy reduced the overall miss rate of adenomas by endoscopists performing white-
light endoscopy.

Limitations: Larger studies are needed to provide external validation of these findings.
Impact: Routine use of CADe might reduce the incidence of interval colon cancers.

Lay Summary: This study describes use of a computer-aided detection system to aide endoscopists in detection of
polyps during col onoscopies.



