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Background: The role of computer-aided detection in identi-
fying advanced colorectal neoplasia is unknown.

Objective: To evaluate the contribution of computer-aided
detection to colonoscopic detection of advanced colorectal
neoplasias as well as adenomas, serrated polyps, and non-
polypoid and right-sided lesions.

Design: Multicenter, parallel, randomized controlled trial.
(ClinicalTrials.gov: NCT04673136)

Setting: Spanish colorectal cancer screening program.

Participants: 3213 persons with a positive fecal immunochemi-
cal test.

Intervention: Enrollees were randomly assigned to colono-
scopy with or without computer-aided detection.

Measurements: Advanced colorectal neoplasia was defined
as advanced adenoma and/or advanced serrated polyp.

Results: The 2 comparison groups showed no significant
difference in advanced colorectal neoplasia detection rate
(34.8% with intervention vs. 34.6% for controls; adjusted risk
ratio [aRR], 1.01 [95% CI, 0.92 to 1.10]) or the mean number
of advanced colorectal neoplasias detected per colonoscopy

(0.54 [SD, 0.95] with intervention vs. 0.52 [SD, 0.95] for con-
trols; adjusted rate ratio, 1.04 [99.9% CI, 0.88 to 1.22]).
Adenoma detection rate also did not differ (64.2% with interven-
tion vs. 62.0% for controls; aRR, 1.06 [99.9% CI, 0.91 to 1.23]).
Computer-aided detection increased the mean number of non-
polypoid lesions (0.56 [SD, 1.25] vs. 0.47 [SD, 1.18] for controls;
adjusted rate ratio, 1.19 [99.9% CI, 1.01 to 1.41]), proximal
adenomas (0.94 [SD, 1.62] vs. 0.81 [SD, 1.52] for controls;
adjusted rate ratio, 1.17 [99.9% CI, 1.03 to 1.33]), and lesions of
5 mm or smaller (polyps in general and adenomas and serrated
lesions in particular) detected per colonoscopy.

Limitations: The high adenoma detection rate in the control
group may limit the generalizability of the findings to endo-
scopists with low detection rates.

Conclusion: Computer-aided detection did not improve
colonoscopic identification of advanced colorectal neoplasias.
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C olorectal cancer (CRC) screening has led to a reduc-
tion in CRC mortality rate and incidence thanks to

detection and excision of premalignant lesions, such as
adenomas and serrated polyps (1–5). Detection rates for
adenoma and serrated polyps have been associated with
postcolonoscopy CRC incidence (6–8), and improvement
in these quality indicators is expected to enhance the pre-
ventative effectiveness of CRC screening. Systems relying
on artificial intelligence using deep-learning technology
have been linked to improved adenoma detection rates
(ADRs) in different clinical settings (9–13) and also helped
to reduce adenoma miss rates (14–16). A limitation, how-
ever, is that ADRs may increase due to enhanced detection
of small polyps and nonadvanced adenomas, whereas
improved detection of advanced and more clinically sig-
nificant lesions by the artificial intelligence systems has
not been established.

Fecal immunochemical test (FIT)–based CRC screen-
ing can identify people at higher risk for developing
advanced colorectal neoplasias and represents the ideal
setting for assessing the potential of computer-aided
detection to increase identification of advanced lesions.
Studies published to date have not been powered to
find differences in detection rates for these advanced

lesions. We designed a randomized controlled trial with
the primary aim of determining whether computer-
assisted colonoscopy leads to increased detection of
advanced colorectal neoplasias in patients with positive
FIT results in organized CRC screening programs. The
secondary aims were to assess the role of computer-aided
detection in identification of adenomas, serrated polyps,
and nonpolypoid or right-sided lesions.

METHODS

Study Design
This multicenter, parallel, controlled, randomized trial

was conducted in 6 Spanish centers participating in
population-based CRC screening programs. The study
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was reported according to the CONSORT-AI (Consolidated
Standards of Reporting Trials–Artificial Intelligence) guide-
lines for randomized controlled trials and registered
at ClinicalTrials.gov (NCT04673136). The Institutional
Review Board of Hospital General Universitario Dr. Balmis
approved the protocol on 23 November 2020, and all
participants gave written informed consent on the day of
the procedure, once they arrived at the Endoscopy Unit.
All information regarding patient demographic data, pro-
cedures, pathology reports, or physicians was registered
anonymously in the REDCap (Research Electronic Data
Capture) database.

Study Population
We enrolled consecutive individuals presenting for

colonoscopy after a first positive FIT (cutoff hemoglobin
20 mg/g feces) on CRC screening. Individuals with com-
plete colonoscopy with cecal intubation and adequate
colon cleansing (see the Supplement, available at Annals.
org) were included. Patients were excluded if they had a
personal history of CRC, inflammatory bowel disease, colo-
rectal surgery, terminal illness or severe disease, familial
CRC or family history of inherited CRC syndrome, or lack
of informed written consent.

Randomization and Intervention
Before the colonoscopy, endoscopists randomly allo-

cated (1:1) eligible participants to receive colonoscopy with
or without assistance of the computer-aided detection
system during the withdrawal phase of the procedure.
Randomization was based on a list of random numbers
automatically generated by the coordinating center and
stratified by center and enrollee sex and age. The alloca-
tion sequence was incorporated into the electronic data
record dashboard (REDCap) and revealed once the
endoscopist had registered baseline characteristics of the
patient in the electronic data capture system and before
starting the colonoscopy. Study participants were blinded
to the randomization assignment. Because of intrinsic

characteristics of the computer-aided system, the endo-
scopist could not be blinded to patient allocation.

Artificial Intelligence Device
The computer-aided detection device is a dedicated

convolutional neural network system (GI-Genius, Medtronic)
for polyp detection; its characteristics and development
have been extensively described elsewhere (10). Briefly,
on polyp detection by the GI-Genius, a visual signal in
the form of a green box surrounds the lesion, attracting
the attention of the endoscopist and allowing for real-time
assessment (Figure 1). Whether or not to remove the high-
lighted lesion was at the discretion of the endoscopist. The
version of the artificial intelligence device used in our study
was 2.0.0 and remained static over the study in all partici-
pating centers. Additional information about the computer-
aided device is reported in the Supplement.

Histopathology
In each center, pathologists who are specialists in

gastrointestinal oncology evaluated polyp histology
following the World Health Organization classification
(17). Pathologists were blinded to patient group. All
lesions were classified as adenomas (tubular, villous, or
tubulovillous), serrated lesions (including hyperplastic
polyps, sessile serrated lesions, and traditional serrated
adenomas), or carcinomas. Advanced adenomas were
defined as those with at least 1 of the following: villous
component of 20% or more, size of 10 mm or greater,
or high-grade dysplasia. Advanced serrated lesions were
defined as being 10 mm or larger and/or with a dysplastic
component or as any traditional serrated adenoma.

Definitions andOutcomeMeasures
The primary outcome was the advanced colorectal

neoplasia detection rate, defined as the proportion of
patients with at least 1 histologically proven advanced
adenoma or advanced serrated lesion, or both types.

Secondary outcomes included mean number per
colonoscopy of advanced colorectal neoplasias, adeno-
mas, serrated lesions, polyps, advanced adenomas, and
advanced serrated lesions. Mean values were calculated
based on total number of colonoscopies performed. We
also determined detection rates for adenomas (analyzed
according to size: ≤5 mm, 6–9 mm, ≥10 mm), advanced
adenomas, serrated lesions (also evaluated by size [≤5 mm,
6–9 mm, ≥10 mm], with exclusion of rectosigmoid hyper-
plastic polyps ≤5 mm), advanced serrated lesions, CRC,
polyps (protuberance into the lumen above the surround-
ing colonic mucosa), nonpolypoid lesions (a flat or lateral
spreading lesion according to the Paris classification [18]),
and proximal adenomas or proximal serrated lesions,
defined as proximal to the splenic flexure (including ce-
cum and ascending and transverse colon). Detection rates
were calculated as the proportion of individuals with at
least 1 detected or histologically proven lesion of interest
divided by the number of study participants.

Statistical Analysis
Sample Size Calculation

The baseline detection rate for advanced adenomas
and advanced serrated lesions (advanced colorectal

Figure 1.On polyp identification by the computer-aided detec-
tion device, a green box surrounds the lesion to allow attention
of the endoscopist and real-time evaluation.
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neoplasias) in the Spanish FIT-based CRC screening pro-
gram is around 35% (range, 22% to 50%) (19, 20). These
data are in line with the advanced ADRs reported in other
FIT-based screening programs (for example, 29% in Italy
and 37.9% in the Netherlands) (21, 22). Additionally, an
absolute increase of 5% in advanced colorectal neoplasia
identification with computer-aided detection was consid-
ered clinically relevant. According to previous data, the
sample size needed to detect an increase of this magni-
tude was 1471 patients in each group (intervention and
control), considering a power of 80% and an alpha error
of 0.05. Assuming 15% losses after recruitment, we deter-
mined that a minimum of 3384 patients would need to be
initially included and allocated.

Statistical Analysis
Categorical variables are described as frequency

counts and percentages, and quantitative variables are
described using means and standard deviations (SDs).
Two-sided P values of 0.05 and 0.001 were used as the
thresholds for statistical significance for primary and sec-
ondary outcomes, respectively. To evaluate the effect of
the computer-aided detection system on detection rates
and per-colonoscopy rates, we used a log-binominal
and Poisson generalized linear mixed model (GLMM)
adjusted for center and patient gender and age with
random intercepts to account for the clustering effect
within individual endoscopists, respectively. Results are
expressed using adjusted risk ratios (aRRs) and rate ratios,
respectively, and their 95% CI for the primary outcome and
99.9% CI for secondary outcomes. Two sensitivity analyses
were conducted and presented in supplementary material.
We calculated advanced colorectal neoplasia detection
rate and per-colonoscopy rate for each of the centers and
for 2 categories of endoscopists. We calculated the ADRs
of each of the participating endoscopists considering only
standard colonoscopies performed in our study and, after
calculating the median, we established 2 categories of
endoscopists: low and high detectors. Statistical analysis
was performed using SPSS software, version 25.0 (IBM),
and R software, version 4.3.0.

Role of the Funding Source
Medtronic was not involved in the study design; the

collection, analysis, or interpretation of the data; or the
writing of the report. All authors had access to the study
data and final responsibility for the decision to submit
the manuscript for publication. The computer-aided detec-
tion devices were loaned byMedtronic.

RESULTS

Study Population and Baseline Characteristics
A total of 3399 persons were eligible for enrollment

from April 2021 through March 2022. Among them, 186
patients were excluded during colonoscopy according
to the predefined exclusion criteria (Figure 2). The remain-
ing 3213 patients (1610 in the intervention group and
1603 in the control group) were included for analysis and
the compliance rate to the intervention group was 100%
in the study. Mean age was 61 years (SD, 6 years); 53.4%
(n ¼ 1717) were men; and mean bowel preparation score
was 7.8 (SD, 1.3), without differences between groups
(Table 1). Mean withdrawal time was longer in the inter-
vention group when considering either all examinations
(16.9 minutes [95% CI, 16.4 to 17.4] vs. 15.7 minutes for
controls [95% CI, 15.2 to 16.1]) or normal colonoscopies
only (10.6 minutes [95% CI, 10.0 to 11.1] vs. 9.8 minutes
for controls [95% CI, 9.4 to 10.2]). Missing data accounted
for less than 10% of the total number of cases in each vari-
able; therefore, complete-case analysis was conducted.

A total of 64 endoscopists participated in the study,
and the study group allocation and their ADRs are shown
in Supplement Table 1 (available at Annals.org). The vast
majority (n¼ 48) of the endoscopists had a balanced allo-
cation between both study groups. Only 16 physicians with
low volumes had an unbalanced allocation (Supplement
Figure 1, available at Annals.org).

Advanced Colorectal Neoplasias
The groups did not differ in the primary study out-

come of detection of advanced colorectal neoplasias
(34.8% with intervention [95% CI, 32.5% to 37.2%] vs.

Figure 2. Study flowchart.

Individuals enrolled (n = 3399)

Randomization

Patients allocated
to intervention group (n = 1702) 

Patients allocated
to control group (n = 1697) 

Patients excluded (n = 92)
   Incomplete colonoscopy: 47
   Inadequate colon
      cleansing: 45

Patients excluded (n = 94)
   Incomplete colonoscopy: 41
   Inadequate colon
      cleansing: 53

Patients included in the
 analysis in the intervention

 group (n = 1610) 

Patients included in the
 analysis in the control

 group (n = 1603) 
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34.6% for controls [95% CI, 32.2% to 36.9%]; aRR, 1.01
[95% CI, 0.92 to 1.10]), and the mean number of advanced
colorectal neoplasias per colonoscopy was not increased ei-
ther with the intervention (0.54 [SD, 0.95] vs. 0.52 [SD, 0.95]
for controls; adjusted rate ratio, 1.04 [99.9%CI, 0.88 to 1.22])
(Table 2). Similar results were obtained among the sensitivity
analyses conducted for centers and physician ADR catego-
ries (Supplement Tables 2 and 3, available at Annals.org).

When advanced lesions were evaluated separately
as secondary outcomes, the groups did not differ in detec-
tion rates for advanced adenomas (30.5% with interven-
tion vs. 31.3% for controls; aRR, 0.98 [99.9% CI, 0.84 to
1.14]) or advanced serrated lesions (6.5% with interven-
tion vs. 5.3% for controls; aRR, 1.23 [99.9% CI, 0.77 to
1.97]). In addition, using computer-aided detection was
not associated with increased mean number of advanced
adenomas per colonoscopy (0.44 [SD, 0.82] vs. 0.44 [SD,
0.82] for controls; adjusted rate ratio, 1.00 [99.9% CI, 0.84
to 1.19]) or advanced serrated lesions detected (0.10 [SD,
0.45] vs. 0.08 [SD, 0.41] for controls; adjusted rate ratio,
1.25 [99.9%CI, 0.84 to 1.85]) (Table 2).

Polyps, Adenomas, and Serrated Lesions
Regarding additional secondary outcomes of the

study, using computer-aided detection did not enhance
ADR (64.2% vs. 62.0% for controls; aRR, 1.06 [99.9% CI,
0.91 to 1.23]). However, the intervention was associated
with small improvements in mean number of polyps (2.54
[SD, 3.17] vs. 2.25 [SD, 3.17] for controls; adjusted rate ra-
tio, 1.13 [99.9% CI, 1.05 to 1.22]) and adenomas detected
per colonoscopy (1.78 [SD, 2.38] vs. 1.59 [SD, 2.20] for
controls; adjusted rate ratio, 1.12 [99.9% CI, 1.02 to 1.22])
(Table 2).

Subanalysis of Lesions According toMorphology,
Location, and Size

The intervention was associated with an increased
mean number of nonpolypoid lesions detected per colo-
noscopy (0.56 [SD, 1.25] vs. 0.47 [SD, 1.18] for controls;
adjusted rate ratio, 1.19 [99.9% CI, 1.01 to 1.41]) and an
enhanced detection of nonpolypoid lesions of 10 mm or
larger (6.8% with intervention vs. 5.5% for controls; aRR,
1.25 [99.9% CI, 1.24 to 1.26]). Small improvements in
mean number of proximal lesions were also observed,
specifically in adenomas (0.94 [SD, 1.62] vs. 0.81 [SD,

1.52] for controls; adjusted rate ratio, 1.17 [99.9% CI,
1.03 to 1.33]). Similar results were obtained in lesions of
5 mm or smaller, either polyps (1.68 [SD, 2.42] vs. 1.40
[SD, 2.25] for controls; adjusted rate ratio, 1.20 [99.9%
CI, 1.09 to 1.32]), adenomas (1.12 [SD, 1.84] vs. 0.97 [SD,
1.75] for controls; adjusted rate ratio, 1.16 [99.9% CI,
1.04 to 1.30]), or serrated lesions (0.25 [SD, 0.84] vs. 0.19
[SD, 0.68] for controls; adjusted rate ratio, 1.31 [99.9%
CI, 1.02 to 1.68]) (Figure 3; Supplement Tables 4 and 5,
available at Annals.org).

DISCUSSION

The computer-aided detection system used in this
study did not increase detection of advanced colorectal
neoplasias even in the context of a high lesion prevalence
and with an adequately powered study design. Contrary to
previous findings (10, 11, 13, 23–25) and in line with some
real-world data (26), the intervention was not associated
with increased global ADRs in this context. The results
seem to confirm a small increase inmean number of polyps
and adenomas per colonoscopy, as previously reported in
smaller studies (9–12, 24, 25). Computer-aided detection
also was linked to slight increases in detection of large non-
polypoid lesions andmean numbers of nonpolypoid lesions
and proximal adenomas, as well as small lesions (≤5mm).

To date, studies evaluating colonoscopy with com-
puter-aided detection have been inadequately powered
to investigate differences in detection of advanced lesions
(9–12, 24, 25), as confirmed in a meta-analysis (23). The
primary aim of our study was to assess the capacity of
computer-aided detection to identify advanced lesions,
and for this purpose, we enrolled adequate numbers of
participants to detect potential differences. Furthermore,
the specific context of this study relied on a population
with the highest prevalence of advanced colorectal neo-
plasias: FIT-positive patients in a CRC screening program,
which selects for cases involving large, histologically
advanced and nonpolypoid lesions. This setting offered
the best context for investigating the ability of computer-
aided detection to support the diagnosis of advanced
colorectal neoplasias. Previous randomized controlled
trials addressing this question found similar patterns to ours,
with increased detection of small adenomas and hyperplas-
tic polyps but no convincing differences in detection of

Table 1. Baseline Characteristics of Study Participants

Characteristic Total
(n ¼ 3213)

Intervention Group
(n ¼ 1610)

Control Group
(n ¼ 1603)

Mean age (SD), y 60.7 (5.8) 60.7 (5.8) 60.6 (5.7)
Age, n (%)
≥60 y 1855 (57.7) 933 (58.0) 922 (57.5)
<60 y 1358 (42.3) 677 (42.0) 681 (42.5)

Sex, n (%)
Male 1717 (53.4) 865 (53.7) 852 (53.2)
Female 1496 (46.6) 745 (46.3) 751 (46.8)

Mean total bowel preparation score (SD) 7.83 (1.27) 7.84 (1.26) 7.83 (1.27)
Mean withdrawal time (SD)*, min 16.3 (9.9) 16.9 (10.3) 15.7 (9.4)
Mean withdrawal time in normal colonoscopies (SD)†, min 10.2 (4.8) 10.6 (5.3) 9.8 (4.3)

* The information was missing in 17 cases and 14 cases in the intervention and control groups, respectively.
† The information was missing in 4 cases and 1 case in the intervention and control groups, respectively.
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larger lesions. A meta-analysis identified a similar trend to
those we identified here, with an increased mean number
of adenomas per colonoscopy in all size ranges, regard-
less of location or shape (23). Our results are not in com-
plete agreement with the findings of that meta-analysis,
however, even with a comparable sample size. Several
potential factors could explain these differences. First, as
noted, our population was selected based on FIT testing
and was expected to have advanced ADRs higher than
those found in a symptomatic or primary screening colo-
noscopy population.

The detection rate in the control group was high in
this study. Although all of the participating centers were
tertiary hospitals, endoscopists were not selected based
on quality criteria and no rules have been established for
endoscopists in Spain to participate in CRC screening
programs. Additionally, no imbalance was observed in
the allocation distribution of study groups in terms of
endoscopists. Currently, the recommended cutoff point
for ADR in FIT-based colonoscopies is 40% or greater (27)
and many European CRC population screening programs
describe an ADR above this cutoff point (20, 28, 29). In
the Spanish CRC screening program, the ADR is 58%, sim-
ilar to that found in the control group of our study (19).
Therefore, we consider that the results are a reflection of
the usual practice of screening colonoscopies after a pos-
tive FIT finding.

Some studies have shown that use of computer-
aided detection can play a prominent role in outcomes
for newer endoscopists and trainees, and use of these
systems likely is of great help in improving detection
rates for low performers (30). The cutoff point used in the
sensitivity analysis by endoscopist group in our study
was somewhat high. It is possible that lower cutoff points
(that is, 40%) could have shown these differences, although

we could not perform these analyses due to the small num-
ber of endoscopists who would be included in the “low de-
tector” group. Moreover, in most published randomized
controlled trials, detection rates in the control groups have
been low (9, 11–13, 24, 25), which would emphasize any
enhanced performance associated with computer-aided
detection.

Even with the potential influences of a high-prevalence
clinical population and high-performing endoscopists, we
found some improvement in secondary quality indicators,
although of modest magnitude and minor clinical rele-
vance. The mean number of adenomas per colonoscopy
was globally improved with the intervention, especially in
adenomas of 5 mm or smaller. The same pattern held for
serrated polyps, nonpolypoid lesions, and proximal adeno-
mas. The clinical relevance of our findings centers specifi-
cally on the balance between increased detection of small
adenomas but not of advanced lesions. The ADR has been
identified as the most important quality indicator of a colo-
noscopy (31), and any improvement seen with the use of
computer-aided detection or any other system is welcome.
The ADR has been closely related to the diagnosis of post-
colonoscopy CRC (6, 7, 32) and a higher rate of CRC at
surveillance. However, a remaining question is whether
increasing this detection rate or other quality indicators is
associated with concordant increases in advanced lesion
detection or is sufficiently important on its own. Another
question is how much room for action is left to prevent
CRC in these highADR contexts whenwe improve detection
of small lesions, considering that nonadvanced lesions have
a low prevalence of cancer with a long adenoma-carcinoma
sequence and, therefore, have little clinical relevance. In con-
trast, it is in advanced lesions where the burden of screening
to prevent CRC remains, specifically in FIT-based screening,

Table 2. Detection of Colonic Lesions in the Study

Outcome Intervention Group
(n ¼ 1610)

Control Group
(n ¼ 1603)

Risk Ratio*
(99.9% CI)

Rate Ratio*
(99.9% CI)

P Value

Primary outcome, % (n)
Advanced colorectal neoplasia detection rate† 34.8 (560) 34.6 (553) 1.01 (0.92 to 1.10) – 0.91

Secondary outcomes , % (n)
Advanced adenoma detection rate† 30.5 (490) 31.3 (500) 0.98 (0.84 to 1.14) – 0.60
Advanced serrated lesion detection rate‡ 6.5 (104) 5.3 (84) 1.23 (0.77 to 1.97) – 0.14
CRC detection rate 3.7 (59) 3.2 (51) 1.15 (0.62 to 2.13) – 0.46
Polyp detection rate 73.4 (1182) 70.1 (1124) 1.11 (0.94 to 1.30) – 0.036
Adenoma detection rate† 64.2 (1033) 62.0 (990) 1.06 (0.91 to 1.23) – 0.23
Serrated lesion detection rate‡ 21.3 (343) 17.1 (273) 1.21 (0.96 to 1.52) – 0.008

Mean number of lesions detected per
colonoscopy (SD)
Advanced colorectal neoplasia† 0.54 (0.95) 0.52 (0.95) – 1.04 (0.88 to 1.22) 0.44
Advanced adenomas† 0.44 (0.82) 0.44 (0.82) – 1.00 (0.84 to 1.19) 0.98
Advanced serrated lesions§ 0.10 (0.45) 0.08 (0.41) – 1.25 (0.84 to 1.85) 0.063
Polyps 2.54 (3.17) 2.25 (3.17) – 1.13 (1.05 to 1.22) <0.001
Adenomas† 1.78 (2.38) 1.59 (2.20) – 1.12 (1.02 to 1.22) <0.001
Serrated lesions‡ 0.38 (1.11) 0.31 (1.09) – 1.22 (1.00 to 1.49) 0.001

CRC ¼ colorectal cancer.
* After adjustment for center, endoscopist, and patient sex and age. The CI shown for the primary outcome is the 95% CI.
† The information was missing in 2 cases and 7 cases in the intervention and control groups, respectively.
‡ The information was missing in 2 cases and 8 cases in the intervention and control groups, respectively.
§ The information was missing in 2 cases and 9 cases in the intervention and control groups, respectively.
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with a higher sensitivity for detecting advanced adenomas
(23.8%) and lower for nonadvanced adenomas (7.6%) (33).

Contrary to findings in previous publications (10, 24,
25), we did not observe an increase in ADR. As we have
previously mentioned, our study was developed in a very
specific context, FIT-based CRC screening, and to our
knowledge only 1 previous study has been conducted in
this scenario (24). One of the possible reasons why we
have not found differences is the higher rate of ADR that
we found in the control group compared to that reflected
in the Italian study (62.0% vs. 45.3%). Additionally, with-
drawal time was longer in both groups with respect to
withdrawal time reported in other clinical trials (9–12, 24,
25), and this might reflect greater attention and thorough-
ness on the part of the endoscopists in our study. Probably
this high rate in the control group leaves little room for arti-
ficial intelligence devices to improve lesion detection. It is
possible that in contexts of lower ADR or in groups of endo-
scopists considered as “low detectors” there may be more
effect of computer-aided detection systems.

The current findings are a snapshot of what these
systems can currently offer and what can be expected
from them. Detecting more advanced lesions still lies in the
hands of experienced endoscopists who can recognize the
lesions and achieve adequate mucosal exposure. Some
studies have found an improvement in identification of
subtle lesions using computer-aided detection, especially
for laterally spreading and flat lesions (34). This capacity is

especially relevant for the diagnosis of large nonpolypoid
lesions, which were increased in our study in the intervention
group. However, our results show the field has room for
improvement. The findings emphasize the need to train
new versions of deep-learning models with larger data sets
of advanced nonpolypoid lesions to improve their capacity
to locate these frequently difficult-to-detect lesions that
potentially are the primary source of colonoscopy miss
rates (35). Artificial intelligence also has other important
quality-improvement roles in colonoscopy, such as optical
diagnosis, quality assurance, better mucosal exposure, or
higher homogeneity of cecal intubation or colonic cleans-
ing evaluation.

Some strengths of this study are its large sample size
and homogeneous setting of FIT-based CRC screening
with a high rate of advanced and nonadvanced colo-
rectal neoplasias. Further strengths are the multicenter
setting with many nonselected endoscopists, which adds
value for the generalization of our results. Our study also
has some limitations. The high detection rate in the con-
trol groupmade it untenable to evaluate the role of com-
puter-aided detection used by trainees or endoscopists
with low detection rates. Although information about false-
positive and false-negative rates could be relevant for eval-
uating the effectiveness of computer-aided detection
systems, we could not collect these data in our study.
While the type I error was adjusted for multiple testing for
the between-group comparisons of secondary outcomes,

Figure 3. Detection rates (top) and mean number of lesions detected per colonoscopy (bottom) according to morphology, location,
and size.

Detection Rates

Proximal advanced serrated lesions

Proximal advanced adenomas

Proximal serrated lesions

Proximal adenomas

Nonpolypoid lesions ≥10 mm

Nonpolypoid lesions
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Results were adjusted for center, endoscopist, and patient sex and age.
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these secondary findings should be interpreted with
caution.

In summary, we found that colonoscopy assisted by
computer-aided detection was not associated with improved
detection of advanced colorectal neoplasias. Small effects
were observed, with improved detection of large non-
polypoid lesions and increased numbers of nonpolypoid
lesions, proximal adenomas, and small lesions of 5 mm or
less (colonic polyps in general and adenomas and ser-
rated polyps in particular) detected per colonoscopy.
Artificial intelligence applications are in a dynamic phase.
Our results show the need for improvement in this tech-
nology, using larger and more variable data sets to train
deep-learning systems, and for further evaluations of these
new systems in large, adequately powered randomized
controlled trials.
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