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BACKGROUND AND Artificial intelligence (AI) tools aimed at improving polyp detection have been shown to in-
AIMS: crease the adenoma detection rate during colonoscopy. However, it is unknown how increased
polyp detection rates by Al affect the burden of patient surveillance after polyp removal.

METHODS: We conducted a pooled analysis of 9 randomized controlled trials (5 in China, 2 in Italy, 1 in
Japan, and 1 in the United States) comparing colonoscopy with or without Al detection aids. The
primary outcome was the proportion of patients recommended to undergo intensive surveil-
lance (ie, 3-year interval). We analyzed intervals for Al and non-Al colonoscopies for the U.S.
and European recommendations separately. We estimated proportions by calculating relative
risks using the Mantel-Haenszel method.

RESULTS: A total of 5796 patients (51% male, mean 53 years of age) were included; 2894 underwent Al-
assisted colonoscopy and 2902 non-Al colonoscopy. When following U.S. guidelines, the pro-
portion of patients recommended intensive surveillance increased from 8.4% (95% Cl, 7.4%-
9.5%) in the non-Al group to 11.3% (95% CI, 10.2%-12.6%) in the Al group (absolute differ-
ence, 2.9% [95% CI, 1.4%-4.4%]; risk ratio, 1.35 [95% CI, 1.16-1.57]). When following Euro-
pean guidelines, it increased from 6.1% (95% CI, 5.3%-7.0%) to 7.4% (95% CI, 6.5%-8.4%)
(absolute difference, 1.3% [95% CI, 0.01%-2.6%]; risk ratio, 1.22 [95% CI, 1.01-1.47]).
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CONCLUSIONS:
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The use of Al during colonoscopy increased the proportion of patients requiring intensive co-

lonoscopy surveillance by approximately 35% in the United States and 20% in Europe (absolute
increases of 2.9% and 1.3%, respectively). While this may contribute to improved cancer
prevention, it significantly adds patient burden and healthcare costs.

Keywords: Computer-Aided Diagnosis; Surveillance Interval; Machine Learning.

C olorectal cancer (CRC) is the second leading cause
of cancer death worldwide. Screening colonos-
copy is expected to reduce incidence and mortality from
CRC through early detection of cancer and removal of
precancerous adenomas.’ It is well known that colo-
noscopy efficacy to prevent CRC varies according to
endoscopists’ adenoma detection rate (ADR). Patients
examined by endoscopists with high ADR have lower
CRC mortality as compared with those examined by
endoscopists with low ADR.”

The exact relationship between ADR and future can-
cer prevention is still unknown. There could be a linear
relationship,” but there remains the possibility of a
threshold effect, so that above a certain level of ADR
there may be no further improvement in cancer pre-
vention.” If there is a threshold between ADR and CRC
prevention, increased ADR beyond a threshold may
result in additional cost and burden for patients and
health systems without significant additional benefit."”

An important part of costs and burden for patients
with polyps is colonoscopy surveillance after polyp
removal. Current guidelines recommend frequent sur-
veillance colonoscopy for patients with polyps.®® As
patient surveillance after colonoscopy is based on the
number of polyps removed (in addition to size and his-
tological features), more patients examined by endo-
scopists with high ADR are recommended surveillance
colonoscopies. Recently, the use of artificial intelligence
(AI) for polyp detection has been shown to increase ADR
of individual endoscopists by about 12% (ie, from 25%
to 37%).” While there is benefit of increased ADR, there
is also increased burden associated more intensive sur-
veillance colonoscopy.

The present pooled analysis of randomized trials of Al
colonoscopy aims at quantifying how the use of Al affects
postpolypectomy surveillance and thus affects patient
burden.

Materials and Methods

Included Studies

We conducted a pooled analysis of randomized trials
of colonoscopy with or without Al tools aimed at
improving polyp detection. We identified randomized
trials comparing Al and non-Al colonoscopy that had
published results by May 2021 through a PubMed search
with search terms of “colonoscopy,” “randomized

controlled trial, “computer aided,” and “artificial intelli-
gence,” and invited the lead investigators of all trials to
participate in the study. Among 11 available trials, 9
agreed to participate and provided data for analyses'®'”
while the remaining 2 did not respond.'®*?

Among the included trials—5 in China,'°'* 2 in
Italy,lS'l(’ 1 in ]apan,17 and 1 in the United States’’—6
were parallel randomized trials (Al-assisted colonoscopy
vs standard non-Al colonoscopy) and 3 were randomized
tandem trials. In the randomized tandem trials, we used
the first-pass data in which each patient was randomized
to either Al-assisted colonoscopy or standard non-Al
colonoscopy, while we did not include data from the
second pass in which the patient had the comparator
procedure. All polyps detected during colonoscopy were
removed or biopsied and included in the analyses, except
for tiny hyperplastic polyp-like lesions in the rec-
tosigmoid colon. Primary endpoints included ADR or
adenoma missed rate in all trials.

Specifically, we asked the authors of the included
studies to provide the number of patients of the Al group
and non-Al group, respectively, in accordance with the 3-
class, adenoma-based risk (low risk, intermediate risk,
and high risk). The definition of this risk classification is
written in the following section. We also obtained in-
formation on the colonoscopy indications of each of the
participants (screening colonoscopy or non-screening
colonoscopy).

Outcome Measures

The primary outcome measure of the present study is
the proportion of patients advised to undergo intensive
colonoscopy surveillance, defined as colonoscopy sur-
veillance after 3 years based on the following guidelines
of 3 major endoscopy societies® ®: the American Society
of Gastrointestinal Endoscopy, part of the U.S. Multi-
Society Task Force on Colorectal Cancer (USMSTF)’;
the European Society of Gastrointestinal Endoscopy
(ESGE)®; and the Japan Gastroenterological Endoscopy
Society.’

All 3 guidelines recommend colonoscopy surveillance
after 3 years for patients with 5 or more nonadvanced
adenomas, or 1 or more advanced adenomas. The U.S.
and Japanese guidelines also recommend 3-year sur-
veillance for patients with 3-4 nonadvanced adenomas,
while the European guidelines recommends surveillance
for these patients after 10 years.
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We evaluated the proportions of patients recom-
mended surveillance after 3 years comparing Al-assisted
colonoscopy with non-Al colonoscopy with pooled data
from the 9 randomized trials. We classified all patients
into 3 categories based on the adenoma-based risk: low
risk (no adenoma or 1-2 nonadvanced adenomas), in-
termediate risk (3-4 nonadvanced adenomas), and high
risk (>5 nonadvanced adenomas or any advanced ade-
noma)s; advanced adenomas were defined as adenomas
with villous components, size >10 mm, or high-grade
dysplasia.” Subsequently, we determined the surveil-
lance interval of all patients based on the assigned risk
levels. The length of surveillance interval had some range
in the USMSTF guidelines according to patients’ risks,
and thus we simplified the surveillance interval slightly;
we assumed 10-year surveillance interval instead of 7- to
10-year interval for the low-risk patients, and 3-year
surveillance interval instead of 3- to 5-year interval for
the intermediate-risk patients (Table 1). We did not take
sessile serrated lesions (SSLs) into consideration in the
present study because the contribution of SSLs to future
cancer risk is uncertain and all current Al polyp detec-
tion software mainly targets adenomas.® We also per-
formed subgroup analyses including only colonoscopy
done for CRC screening.

Al Tools Used in the Randomized Trials

All Al tools were designed to improve polyp detec-
tion. Most tools used in the trials had similar functions in
terms of identifying areas suspicious for a polyp with a
bounding frame alert on the monitor during colonoscopy.
The exception was the study by Gong et al,"* who used a
quality improvement system that showed blind spots to
endoscopists instead of showing a bounding frame dur-
ing colonoscopy. The tools used a similar deep learning
architecture with small difference in terms of algorithm
development and performance. Preceding pilot studies
showed that most of the Al tools for polyp detection
provided over 95% sensitivity for polyp recognition in
still image and video analysis.”'

Ethics

The investigators of the 9 trials provided aggregated
data for pooled analyses. No person-identifiable data
were transferred to us for analyses. Data were saved and
analyzed in a secure computer at the University of Oslo.
The protocols of all included trials have been approved
by the local ethics committees and were registered in
clinical trial registries. All participating patients provided
informed consent in the context of each trial. No new
consent was obtained for the present pooled analysis.
The present study was conducted in accordance with the
Declaration of Helsinki.
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What You Need to Know

Background

It is unknown how artificial intelligence tools aimed
at improving polyp detection changes colonoscopy
surveillance after polyp removal.

Findings

The use of artificial intelligence during colonoscopy
increased the proportion of patients requiring
intensive colonoscopy surveillance by approximately
35% in the United States and 20% in Europe (ab-
solute increases of 2.9% and 1.3%, respectively).

Implications for patient care

While this may contribute to improved cancer pre-
vention, it significantly adds patient burden and
healthcare costs.

Statistical Analysis

Because all 9 included trials adopted similar study
design, inclusion and exclusion criteria, intervention,
and outcome measures, we applied fixed effect
models for the pooled analyses. Absolute difference of
the proportion was expressed with 95% CI. We per-
formed pairwise comparisons of Al-assisted colonos-
copy vs non-Al colonoscopy using a Mantel-Haenszel
fixed effects model and reported relative risks with
95% Cls and forest plots. As a sensitivity analysis, we
also estimated values based on a random effects
model with the restricced maximum likelihood
approach. Statistical heterogeneity among studies was
quantified using the I? statistic. We used Stata SE 17.0
(StataCorp, College Station, TX) for all statistical
analyses.

Table 1. Simplified Guideline Recommendations on
Surveillance Interval, in Accordance With the
Detected Adenoma-Based Risk Stratification

USMSTF ESGE JGES

Low risk (0-2 nonadvanced 10y 10y 5y
adenomas)

Intermediate risk (3—4 nonadvanced 3y 10y 3y
adenomas)

High risk (5 nonadvanced adenomas 3y 3y 3y

or any advanced adenomas)

ESGE, European Society of Gastrointestinal Endoscopy; JGES, Japan
Gastroenterological Endoscopy Society; USMSTF, US Multi-Society Task
Force on Colorectal Cancer.
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Results

Overview of the Pooled Data

A total of 5796 patients (51% male, mean 53 years of
age) were included; 2894 underwent Al-assisted colo-
noscopy and 2902 underwent standard colonoscopy.
Among them, 1299 were done as a primary screening
examination. Higher ADRs in the Al-assisted colonoscopy
groups were observed in all included trials. Demographic
data and ADRs for Al and non-Al colonoscopies from the
9 included trials are presented in Table 2.

Polyp Risk Stratification

Among the 2894 patients who underwent Al-assisted
colonoscopy, 2565 (88.7%) were classified as being in
the low-risk group, 114 (3.9%) in the intermediate-risk
group, and 215 (7.4%) in the high-risk group (Table 3).
Among the 2902 patients who underwent non-Al colo-
noscopy, 2658 (91.6%) were classified as being in the
low-risk group, 67 (2.3%) in the intermediate-risk group,
and 177 (6.1%) in the high-risk group.

A similar trend was confirmed in which screening
was the indication for colonoscopy; in the Al-assisted
colonoscopy group (666 patients), 89.2%, 4.2%, and
6.6% of patients were classified as low, intermediate, and
high risk, respectively. In the non-Al colonoscopy group
(633 patients), 91.9%, 2.1%, and 6.0% of patients were
classified as low, intermediate, and high risk,
respectively.

Surveillance Recommendation

When following the U.S. and Japanese guidelines, the
proportion of patients recommended intensive surveil-
lance increased from 8.4% (95% CI, 7.4% to 9.5%) in the
non-Al group to 11.3% (95% CI, 10.2% to 12.6%) in the
Al group, with an absolute difference of 2.9% (95% CI,
1.4% to 4.4%) and a risk ratio of 1.35 (95% CI, 1.16 to
1.57; I* = 29%) (Table 4). When following the European
guidelines, it increased from 6.1% (95% CI, 5.3 to 7.0%)
to 7.4% (95% CI, 6.5% to 8.4%), with an absolute dif-
ference of 1.3% (95% CI, 0.01% to 2.6%) and a risk ratio
of 1.22 (95% CI, 1.01 to 1.47; I* = 21%).

Among those undergoing colonoscopy for CRC
screening, the proportion of patients recommended
intensive surveillance increased from 8.1% (95% CI, 6.1%
to 10.5%) to 10.8% (95% CI, 8.6% to 13.4%), with an
absolute difference of 2.7% (95% CI, -0.5% to 5.9%) and a
risk ratio of 1.32 (95% CI, 0.95 to 1.84; P = 0%), in
accordance with the U.S. and Japanese guidelines. On the
other hand, it increased from 6.0% (95% CI, 4.3% to 8.1%)
to 6.6% (95% CI, 4.8% to 8.8%), with an absolute differ-
ence of 0.6% (95% CI, -2.0% to 3.2%) and a risk ratio of
1.09 (95% CI, 0.72 to 1.64; P = 0%), in accordance with
the European guidelines. Forest plots of the analyzed data
are shown in Figure 1 and Supplementary Figures 1 and 2.
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The number needed to scope with Al-assisted colo-
noscopy to detect 1 more patient who is recommended
intensive surveillance as compared with non-Al colo-
noscopy was 37 when we referred to the American and
Japanese guidelines.

Proportion of Low-Risk Patients

When compared with standard colonoscopy, there
was a slight reduction in patients being in the low-risk
group after Al-assisted colonoscopy, from 91.6% (95%
CI, 90.5% to 92.6%) to 88.6% (95% CI, 87.4% to 89.8%).
This represents an absolute reduction of -3.0% (95% CI,
-4.5% to -1.5%), and a risk ratio of 0.97 (95% CI, 0.95 to
0.98; I = 5%) according to the Mantel-Haenszel fixed
effects model. For patients who underwent screening
colonoscopy, the absolute reduction was -2.7% (95% CI,
-5.9% to -0.5%), for a relative risk of 0.97 (95% CI, 0.94
to 1.01; I* = 13%) (see Figure 2).

Heterogeneity of the Analyzed Data and
Application of the Random Effects Model

Heterogeneity among studies was moderate based on
the fixed effects model (I* = 29% when following the U.S.
and Japanese guidelines; 21% when following the Euro-
pean guidelines). When applying a random effects model,
the results were similar (see Supplementary Figure 3).

Sensitivity Analysis Focused on Computer-
Aided Detection for Polyps

We also conducted a sensitivity analysis focused on
computer-aided detection for polyps by excluding Gong
et al’s study.'* The analysis showed a slight decrease in
the proportion of patients for whom intensive surveil-
lance is recommended, with the risk ratio decreasing
from 1.35 to 1.34. On the other hand, the heterogeneity
of the included studies was reduced from 29% to 7%
(Supplementary Figure 4).

Discussion

According to our pooled analysis, utilization of Al tools
aimed at improving polyp detection results in a 35% in-
crease (ranging from a 16% increase to as high as 57%
increase) in the proportion of patients allocated to an
intensive postpolypectomy surveillance in the United States
and Japan (absolute increase of 2.9%). This is primarily
because of the reallocation of patients into intermediate- or
high-risk categories. Such Al-driven enrichment of the
higher-risk category is likely to be explained by the Al-
related increase in the adenomas per colonoscopy that
has been described in these Al-based trials.”**

The main clinical relevance of such Al-related change
in risk stratification of adenoma-bearing patients is that
patients with high-risk adenomas are known to be at a



Table 2. Overview of the Pooled Trial Data

Number of Patients Gender Indication of Colonoscopy ADR (%)”

Al-Assisted Standard Mean Age Al-Assisted Standard
Publication Design Country Total Colonoscopy Colonoscopy Men Women (Years) Screening Nonscreening Colonoscopy Colonoscopy Al System
Wang et al, 2019'? Parallel RCT  China 1058 522 536 512 546 50 84 974 29 20 EndoScreener
Wang et al, 2020'° Parallel RCT China 962 484 478 495 467 49 158 804 34 28 EndoScreener
Liu et al, 2020"® Parallel RCT  China 790 393 397 374 416 48 182 608 29 21 EndoScreener
Gong et al, 2020'* Parallel RCT China 704 355 349 345 359 50 123 581 16 8 ENDOANGEL
Repici et al, 2020'® Parallel RCT ltaly 684 341 343 336 348 61 152 532 55 40 Gl GENIUS
Repici et al, 2022'° Parallel RCT ltaly 660 330 330 330 330 62 192 468 53 45 Gl GENIUS
Wang et al, 2020""  Tandem RCT® China 369 184 185 179 190 47 113 256 35 26 EndoScreener
Kamba et al, 2021"” Tandem RCT” Japan 346 172 174 265 81 61 162 184 65 54 YOLOv3
Glissen Brown Tandem RCT? United 223 113 110 122 101 61 133 90 50 44 EndoScreener

et al, 2022%°

States

ADR, adenoma detection rate; Al, artificial intelligence; RCT, randomized controlled trial.

2The proportion of patients who had adenomas detected during colonoscopy.
PADRs of the tandem colonoscopy trials were calculated based on the first pass of colonoscopy.
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Table 3. Patients Number for Each Risk Category Based on the Detected Adenomas

Risk Based on

Indication Al or Non-Al Detected Adenomas Number of Patients Percentage

All Al-assisted colonoscopy (n = 2894) High risk 215 7.4
Intermediate risk 114 3.9

Low risk 2565 88.7

Standard colonoscopy (n = 2902) High risk 177 6.1

Intermediate risk 67 2.3

Low risk 2658 91.6

Screening colonoscopy Al-assisted colonoscopy (n = 666) High risk 44 6.6
Intermediate risk 28 4.2

Low risk 594 89.2

Standard colonoscopy (n = 633) High risk 38 6.0

Intermediate risk 13 2.1

Low risk 582 91.9

Low risk: no adenoma or 1-2 nonadvanced adenomas; intermediate risk: 3-4 nonadvanced adenomas; high risk: 5 nonadvanced adenomas or any advanced

adenomas.
Al, artificial intelligence.

higher risk of developing metachronous cancer and
dying from it. In detail, CRC incidence and mortality are
nearly 2 times more likely in patients with high-risk
adenomas as compared with patients with no ade-
nomas, and more than 2 times more likely than patients
with low-risk adenomas.”” When considering the
proven efficacy of an intensive endoscopic surveillance
in mitigating such excess CRC risk, the 35% increase in
3-year surveillance interval colonoscopies could be a
relevant mechanism for the additional CRC prevention
expected on the basis of the Al-related ADR increase. In
other words, some of these Al-upshifted high-risk ade-
noma patients would have been erroneously allocated
in the low-risk adenoma group by standard
colonoscopy.

By increasing the proportion of patients who fall into
the intermediate- and high-risk categories by approxi-
mately 35% (which may range between 16% and 57%),
it could be argued that the financial costs of the addi-
tional Al-related intensive surveillance represent a
possible drawback of Al implementation in CRC
screening programs. Such excess surveillance may not
result in a higher CRC prevention, which is well known
as the overdiagnosis bias. Such bias could mainly apply
to the intermediate-risk category that is represented by
those with 3-4 nonadvanced adenomas.” While previous
studies based on metachronous advanced adenomas
showed an excess risk for this intermediate category,
more recent studies with metachronous CRC incidence or
mortality as endpoints tended to exclude such excess
risk.” Of note, the consequences of potential Al-related
overdiagnosis depend on not only the baseline risk
category, but also the adopted guidelines. For instance,
the intermediate-risk category triggers an intensive
surveillance according to the U.S. and Japanese

guidelines but not according to the European guidelines.
This results in a substantial difference in the excess of Al-
related intensive surveillance that is roughly halved
when passing from the U.S. and Japanese guidelines to
the European guidelines. Thus, the consequences of
possible overdiagnosis may be mitigated by more con-
servative surveillance recommendations, especially in
those health systems that are already experiencing sub-
optimal capacity with the population-based CRC
screening programs in the first place.

In a recent cost-effectiveness modelling analysis on
postpolypectomy surveillance estimates with the cost of
a surveillance colonoscopy at approximately $1000, its
cost-effectiveness was less than the recommended
$100,000 per quality-adjusted life-years, irrespective of
the low vs high intensity of surveillance.”® Thus,
assuming a 3% absolute increase of the intensive post-
polypectomy surveillance as shown by our analysis for
the U.S. scenario, and the need of approximately 2 more
colonoscopies in the next 10 years, we expect an increase
in cost of 3% x 2 x $1000 that equals an undiscounted
$60 per screening examination. According to a recently
published microsimulation study, the cost for Al per
screening examination is $20. Thus, the cost of additional
surveillance would become the main determinant of the
cost of Al in colonoscopy. Of course, this is not cost-
saving intervention in the short term. On the other
hand, a recently published microsimulation study sug-
gests that CRC prevention effect due to the increased
ADR with Al could reduce this increased short-term
cost.”’

The present study measures the actual proportion
of intensive surveillance colonoscopies, but it is not a
microsimulation study that estimates the number of
surveillance colonoscopies in a specific period. In fact,
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Table 4. Relative Risk on the Intensive Surveillance Recommendation (ie, 3-Year Interval), Comparing Artificial
Intelligence—Assisted Colonoscopy With Standard Colonoscopy

USMSTF’ ESGE® JGES®
Indication Relative Risk 95% CI Relative Risk 95%Cl Relative Risk 95%Cl
All 1.35 1.16-1.57 1.22 1.01-1.47 1.35 1.16-1.57
Screening colonoscopy 1.32 0.95-1.84 1.09 0.72-1.64 1.32 0.95-1.84

The values were calculated based on the American, European, and Japanese guidelines.
Cl, confidence interval; ESGE, European Society of Gastrointestinal Endoscopy; JGES, Japan Gastroenterological Endoscopy Society; USMSTF, U.S. Multi-
Society Task Force on Colorectal Cancer.

Treatment  Control Risk Ratio Weight

Study Yes No Yes No with 95% Cl (%)
Wang P, et al. 2019 43 479 22 514 —a— 2.01[1.22, 3.31] 8.91
Wang P, et al. 2020 39 445 27 451 —— 1.43[0.89, 2.29] 11.15
Liu P, etal. 2020 20 373 13 384 —— 1.55[0.78, 3.08] 5.31
Gong D, et al. 2020 12 343 3 346 3.93[1.12, 13.81] 1.24
Repici A, et al. 2020 69 272 47 296 —- 1.48[1.05, 2.07] 19.24
Repici A, et al. 2021 84 246 66 264 . 1.27[0.96, 1.69] 27.09
Wang P, 2020 12 172 15 170 —&— 0.80[0.39, 1.67] 6.14
Kamba S, et al. 2021 33 139 35 139 —i— 0.95[0.62, 1.46] 14.28
Glissen Brown JR, etal. 2021 16 96 16 94 —&%—— 0.98[0.52, 1.86] 6.63
Overall < 1.35[1.16, 1.57]

Heterogeneity: I = 29.02%, H® = 1.41
Testof 6, =6;: Q(8) = 11.27, p=0.19
Testof 8=0:z=3.83, p=0.00

Fixed-effects Mantel-Haenszel model

Treatment Control Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
Wang P, et al. 2019 5 3 0 44 ———12.07[0.69, 211.65] 0.89
Wang P, et al. 2020 6 76 2 74 — 2.78[0.58, 13.36] 3.87
Liu P, et al. 2020 8 90 3 81 —a— 2.29[0.63, 8.34] 6.03
Gong D, et al. 2020 0 60 0 63 1.05[0.02, 52.05] 0.91
Repici A, et al. 2020 9 68 4 71 —a— 2.19[0.71, 6.81] 7.56
Repici A, et al. 2021 22 76 19 75 L 3 1.11[0.64, 1.91] 36.17
Wang P, 2020 3 55 2 53 — 142[0.25, 8.19] 3.83
Kamba S, et al. 2021 1 74 14 63 E = 0.71[0.34, 1.47] 27.40
Glissen Brown JR, et al. 2021 8 60 7 58 —— 1.09[0.42, 2.84] 13.35
Overall L 2 1.32[0.95, 1.84]
Heterogeneity: I’ = 0.00%, H = 1.00
Test of 6, = 6;: Q(8) =7.97, p=0.44
Testof 6=0:z=1.67,p=0.10
1/l32 1}2 é 158
Fixed-effects Mantel-Haenszel model

Figure 1. (Top) Relative risk on the intensive surveillance recommendation according to the U.S. guidelines, comparing Al-
assisted colonoscopy with standard colonoscopy (all indication; the fixed effect model). (Bottom) Relative risk on the inten-
sive surveillance recommendation according to the U.S. guidelines, comparing Al-assisted colonoscopy with standard co-
lonoscopy (only screening colonoscopy; the fixed effect model).
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Treatment Control Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
Wang P, et al. 2019 479 43 514 22 —— 0.96[0.93, 0.99] 19.11
Wang P, et al. 2020 445 39 451 27 —— 0.97[0.94, 1.01] 17.10
Liu P, et al. 2020 373 20 384 13 —— 0.98[0.95, 1.01] 14.40
Gong D, et al. 2020 343 12 346 3 i 0.97[0.95, 1.00] 13.15
Repici A, et al. 2020 272 69 296 47 ——— 0.92[0.86, 0.99] 11.12
Repici A, et al. 2021 246 84 264 66 —— 0.93[0.86, 1.01] 9.95
Wang P, 2020 172 12 170 15 —— 1.02[0.96, 1.08] 6.39
Kamba S, et al. 2021 139 33 139 35 L 1.01[0.91, 1.12] 5.21
Glissen Brown JR, et al. 2021 96 16 94 16 L 1.00[0.90, 1.12] 3.57
Overall < 0.97[0.95, 0.98]
Heterogeneity: I’ = 5.26%, H’ = 1.06
Test of 8 = 6;: Q(8) = 8.44, p = 0.39
Testof 6 =0:z=-3.84, p=0.00
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Fixed-effects Mantel-Haenszel model

Treatment Control Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
Wang P, et al. 2019 35 5 4 00— — 0.88[0.77, 0.99] 7.1
Wang P, et al. 2020 76 6 74 —— 0.95[0.89, 1.02] 12.87
Liu P, et al. 2020 90 8 81 —B— 0.95[0.89, 1.02] 14.62
Gong D, et al. 2020 60 0 63 i 1.00[0.97, 1.03] 10.39
Repici A, et al. 2020 68 9 7 —— 0.93[0.85, 1.03] 12.05
Repici A, et al. 2021 76 22 75 19 —— 0.97[0.84, 1.13] 12.83
Wang P, 2020 55 3 83 2 —— 0.98[0.91, 1.07] 9.12
Kamba S, et al. 2021 74 11 63 14 — l—1.06[0.93, 1.22] 11.08
Glissen Brown JR, et al. 2021 60 8 688 7 —— 0.99[0.88, 1.12] 9.94
Overall << 0.97[0.94, 1.01]
Heterogeneity: I° = 12.85%, H> = 1.15
Test of 8= 6;: Q(8) =9.18, p=0.33
Testof 6 =0:z=-1.67, p=0.09
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Fixed-effects Mantel-Haenszel model

Figure 2. (Top) Relative risk on being classified into the low-risk group, comparing Al-assisted colonoscopy with standard
colonoscopy (all indication). (Bottom) Relative risk on being classified into the low-risk group, comparing Al-assisted colo-
noscopy with standard colonoscopy (only screening colonoscopy).

increased burden of the patients and society may be
assessed more properly in a microsimulation study
with the number of surveillance colonoscopies. We
recently conducted another simulation study, which
showed that the number of surveillance colonoscopies
increased from 4123 to 4706 per 100,000 in the first
10 years after introduction of Al in colonoscopy.”’
However, results of microsimulation modeling are al-
ways subject to considerable uncertainty because of
many assumptions. Therefore, we conducted this real-
world data-driven study to provide more reliable in-
formation about the burden of patients in the short
term.

As far as we know, this is the first pooled data anal-
ysis on the impact of a new technology for polyp detec-
tion on the interval of surveillance. Thus, our analysis
may be used as reference standard for future studies
addressing the same surveillance endpoint for non-Al
technologies, such as devices to increase mucosal expo-
sure or chromoendoscopy series. Furthermore, the pre-
sent data contribute to robust estimate of -cost-
effectiveness of Al in colonoscopy, which is a crucially
important topic given the growing use of Al in clinical
practice.

The main limitation of our study is the lack of inclu-
sion of SSLs in our pooled cohorts. There are 3 reasons
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for this: (1) because we thought it to be important to
simplify the study outcome measures, (2) because the
prevalence of SSLs in the included studies was small, and
(3) because there is ongoing discussion on the risk of
SSLs for metachronous CRC. The USMSTF emphasizes
earlier surveillance of patients with SSLs, while the ESGE
guidelines do not recommend any surveillance for those
with <10-mm serrated polyps. Nevertheless, given the
uncertain performance of Al in increasing the detection
of SSLs,”* inclusion of the SSLs may not have very much
influenced the study outcomes. Second, most of the
included trials were performed in highly controlled
research settings, preventing its generalization to
community-based centers. Third, we assumed a complete
patient compliance with the recommended surveillance
intervals. However, both under- and overuse of endo-
scopic surveillance has been shown.”® Fourth, the length
of surveillance intervals has some range in the USMSTF
guidelines according to patients’ risks, and thus we
simplified the surveillance interval slightly; we assumed
10-year surveillance interval instead of 7- to 10-year
interval for the low-risk patients, and 3-year surveil-
lance interval instead of 3- to 5-year interval for the
intermediate-risk patients. Therefore, our interpretation
that the use of Al increases the burden of surveillance
colonoscopy may be overestimated. Fifth, surveillance
guidelines of each region were developed and fine-tuned
in accordance with region-specific background informa-
tion such as capacity of colonoscopy, disease rate, and
health economic consideration. In this regard, super-
imposing surveillance guidelines of a specific region over
the population of another region might provide less
relevant results. Sixth, we did not do systematic review
to identify the randomized studies to be analyzed, which
might lead to selection bias.

Furthermore, to better understand the difference of
Al benefits between the low detectors and high de-
tectors, we should classify participating endoscopists
into those with lower ADR in the screening colonoscopy
and those with higher ADR in the screening colonoscopy.
Unfortunately, there has been no randomized controlled
trial that has focused only on the benefits of using Al in
screening colonoscopy and provided subgroup analysis
data according to the endoscopists’ expertise. On the
other hand, a recently published interesting comparison
between 2 Italian randomized controlled trials (one trial
included only expert endoscopists, while the other trial
included only nonexperts)'® showed that the use of Al
but not the level of endoscopist experience, was associ-
ated with increased ADR. Thus, similar benefit and po-
tential burden may be expected from the use of Al for
polyp detection even between the different groups of
endoscopists.

In conclusion, our study showed an impact by Al on
baseline risk stratification, which shifted a considerable
proportion of patients to higher-risk categories with little
influence on the proportion of patients in low-risk
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categories. This in turn prompts a more intensive post-
polypectomy surveillance that may lead to a more
effective cancer prevention. Surveillance strategies
should take such an increase into account balancing be-
tween higher efficacy on the one hand and endoscopy
capacity and risk of overdiagnosis on the other hand.
Large-scale population-based trials with long-term
follow-up will bring clear answers to these important
questions.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at http://doi.org/10.1016/j.cgh.2022.08.022.
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Treatment Control Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
Wang P, et al. 2019 26 496 16 520 —— 1.67[0.91, 3.07) 8.93
Wang P, et al. 2020 24 460 17 461 — 1.39[0.76, 2.56] 968
Liu P, et al. 2020 12 381 10 387 —_— 1.21[0.53, 277) 563
Gong D, et al. 2020 12 343 3 346 —e—393[1.12, 13.81] 1.7
Repici A, et al. 2020 51 290 38 305 i 1.35[0.91, 2.00] 21.43
Repici A, et al. 2021 51 279 50 280 E B 1.02[0.71, 1.46] 28.28
Wang P, 2020 6 178 13 172 —&— 046(0.18, 1.19] 7.33
Kamba S, et al. 2021 21 151 18 156 el 1.18[0.65, 2.14] 10.12 Supplementary Figure 1.
Glissen Brown JR, etal. 2021 12 101 12 98 —a— 0.97[0.46, 207] 6.88 Relative risk on the inten-
— * el s sive surveillance recom-
VeI , 2[1.01, 147) mendation according to
Heterogeneity: I’ = 20.81%, H' = 1.26 the European guideline,
Testof 6. =6:Q(8)=10.10, pP=.26 comparing artificial
Testof6=0:2=204. P=.04 intelligence—assisted colo-
T T noscopy with standard
oz 12 48 colonoscopy (all indication;
Fixed-effects Mantel-Haenszel model the fixed effect model).
Treatment Control Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
Wang P, et al. 2019 2 38 0 44 —es——549(0.27, 110.97] 1.19
Wang P, et al. 2020 3 79 175 _—— 2.78(0.30, 26.16] 2.58
Liu P, et al. 2020 6 92 2 82 — 257053, 1240] 5.36
Gong D, et al. 2020 0 60 0 63 1.05[0.02, 52.05) 1.22
Repici A, et al. 2020 6 71 3 72 —— 1.95[(0.51, 751 7.57
Repici A, et al. 2021 15 83 15 79 R B 0.96[0.50, 1.85] 38.12
. Wang P, 2020 1 67 1 54 0.95(0.06, 14.79] 2.56
Supplementary Figure 2. e [ ]
Relative risk on the inten-  Kamba S, etal. 2021 7 78 10 67 —— 0.63[0.25 1.58] 26.13
sive surveillance recom- Glissen Brown JR, et al. 2021 4 64 6 59 —— 0.64[0.19, 2.16] 15.28
mendation accordllngl to oucal PN 1.09[0.72, 1.64]
the European guideline, o Ml ne S
Comparing artificial Heterogeneity: I" = 0.00%, H" = 1.00
intelligence-assisted colo- Testof 6,=6:Q(8)=5.88, p=.66
noscopy Wwith standard Testof 8=0:2=0.41, p=.68
colonoscopy (only 152 14 2 16

screening  colonoscopy; )
the fixed effect model). Fixed-effects Mantel-Haenszel model
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Treatment  Control Risk Ratio Weight

Study Yes No Yes No with 95% ClI (%)
Wang P, et al. 2019 43 479 22 514 —— 201[1.22, 331 9.77
Wang P, et al. 2020 39 445 27 451 —— 1.43[0.89, 2.29] 10.80
Liu P, et al. 2020 20 373 13 384 e e 1.55[0.78, 3.08] 5.29
Gong D, et al. 2020 12 343 3 346 3.93[1.12, 13.81] 159
Repici A, et al. 2020 69 272 47 296 - 1.48[1.05, 2.07] 20.41

Supplementary Figure 3 Repici A, et al. 2021 84 246 66 264 E B 1.27[0.96, 1.69] 28.24

Relative risk on the inten- Wang P, 2020 12 172 15 1710 —a—— 0.80[0.39, 1.67] 4.64

sive surveillance recom- Kamba S, et al. 2021 33 139 35 139 —— 0.95[0.62, 1.46] 13.25

mendation according to Glissen Brown JR, etal. 2021 16 96 16 94 —&— 0.98[0.52, 1.86] 6.01

the U.S. guideline,

comparing artificial Overall o / ] L 2 1.33[1.13, 1.55)

intelligence-assisted colo- ~ Heterogeneity: 1 =0.00, 1" = 3.62%, H =1.04

noscopy with standard Testof 8, =6;: Q(8) = 11.22, P=.19

colonoscopy (all indication; Testof =0:2=3.48, p=.00

the random effect model).
REML, restricted maximum

likelihood. Random-effects REML model
Treatment  Control Risk ratio Weight
Study Yes No Yes No with 95% CI (%)
Wang P, et al. 2019 43 479 22 514 —®—201[1.22,331] 7.74
Wang P, et al. 2020 39 445 27 451 —a— 1.43[0.89, 229] 9.68
Liu P, et al. 2020 20 373 13 384 —8—— 1.55(0.78, 3.08] 4.61
Repici A, et al. 2020 69 272 47 296 —— 1.48(1.05, 2.07] 16.70
Repici A, et al. 2021 84 246 66 264 —— 1.27(0.96, 1.69] 23.52 Supplementary Figure 4.
Wang P, 2020 12 172 15 170 ——8—— 0.80[0.39, 1.67] 533 ?0 Cussezns'tg’r;ty corar?;:ﬁrs
Kamba S, et al. 2021 33 139 35 139 —— 0.95[0.62, 1.46] 12.40 aided detection for polyps
Glissen Brown JR, et al. 2021 16 96 16 94 S 0.98[0.52, 1.86] 5.75 by exc|uding Gong’s
Ishiyama M, et al. 2021 59 859 40 878 —— 1.48(1.00, 2.18] 14.26 study. Relative risk on the
intensive surveillance
i ) - ) B 2 recommendation accord-
Heterogeneity: I = 7.49%, H* = 1.08 ing to the U.S. guideline,
Testof 8,=6,:Q(8) =865, p=.37 comparing artificial
Testof 8=0:2=3.97, P=.00 intelligence-assisted colo-
e ! 3 noscopy with standard

colonoscopy (all indication;
Fixed-effects Mantel-Haenszel model the fixed effect model).
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