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ABSTRACT

Background Optical diagnosis of colonic polyps is poorly

reproducible outside of high volume referral centers. The

present study aimed to assess whether real-time artificial

intelligence (AI)-assisted optical diagnosis is accurate

enough to implement the leave-in-situ strategy for diminu-

tive (≤5mm) rectosigmoid polyps (DRSPs).

Methods Consecutive colonoscopy outpatients with ≥1

DRSP were included. DRSPs were categorized as adenomas

or nonadenomas by the endoscopists, who had differing

expertise in optical diagnosis, with the assistance of a real-

time AI system (CAD-EYE). The primary end point was ≥90%

negative predictive value (NPV) for adenomatous histology

in high confidence AI-assisted optical diagnosis of DRSPs

(Preservation and Incorporation of Valuable endoscopic In-

novations [PIVI-1] threshold), with histopathology as the

reference standard. The agreement between optical- and

histology-based post-polypectomy surveillance intervals

(≥90%; PIVI-2 threshold) was also calculated according to

European Society of Gastrointestinal Endoscopy (ESGE)

and United States Multi-Society Task Force (USMSTF) guide-

lines.

Results Overall 596 DRSPs were retrieved for histology in

389 patients; an AI-assisted high confidence optical diag-

nosis was made in 92.3%. The NPV of AI-assisted optical

diagnosis for DRSPs (PIVI-1) was 91.0% (95%CI 87.1%–

93.9%). The PIVI-2 threshold was met with 97.4% (95%CI
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Introduction
The implementation of clinical strategies based on optical diag-
nosis of diminutive (≤5mm) colorectal polyps may lead to a
substantial saving of economic and financial resources [1, 2].
Despite this, 84% of European endoscopists reported not using
such strategies – also known as the “leave-in-situ” and “resect-
and-discard” strategies [3] – in their practice owing to the fear
of an incorrect optical diagnosis [4]. Indeed, the accuracy of op-
tical diagnosis is operator-dependent, and values reported in
community settings are below the safety thresholds proposed
for its incorporation in clinical practice [5, 6].

Because of its accuracy in discriminating different visual pat-
terns, artificial intelligence (AI) has the potential to help endos-
copists in distinguishing neoplastic from non-neoplastic
polyps, making the characterization process more reliable and
objective. Preliminary retrospective data in an artificial setting
have shown high feasibility and accuracy levels of AI for optical
diagnosis of colorectal polyps [7, 8], especially when focusing
on diminutive rectosigmoid polyps (DRSPs) [9–12]. Recently,
AI-assisted endocytoscopy showed an adequate accuracy for
≤5-mm rectosigmoid polyps, achieving a ≥90% negative pre-
dictive value (NPV) for adenomatous histology in a real-time
setting [13]. Despite this, endocytoscopy is not widely used in
Western countries, and it requires dedicated equipment and
special skills that are not available in community endoscopy.

In the present study, we exploited a new computer-aided di-
agnosis system (CAD-EYE; Fujifilm Co., Tokyo, Japan) that pro-
vides real-time polyp characterization with standard endos-
copy. The study was primarily aimed at prospectively evaluating
whether the endoscopist assisted by AI could achieve a ≥90%
NPV for adenomatous histology of DRSPs. Secondary study
aims were to evaluate the optical diagnosis performances of
the endoscopists alone and the AI system alone, and the agree-
ment between the post-polypectomy surveillance intervals
based on optical diagnosis and histology.

Methods
Centers and patients

This prospective cohort study was conducted in four open-
access endoscopy centers in Italy (listed in Appendix 1 s, see
online-only Supplementary Material). The institutional review
boards of all participating centers approved the protocol. All
patients provided their written informed consent. The study is
reported according to STROBE guidelines [14].

Consecutive adults (18–85 years) undergoing outpatient co-
lonoscopy were considered for inclusion, with enrollment lim-
ited to those patients in whom at least one DRSP was detected.
The exclusion criteria are listed in the Appendix 2 s.

Study outcomes
According to the Preservation and Incorporation of Valuable
endoscopic Innovations (PIVI)-1 threshold, proposed by the
American Society of Gastrointestinal Endoscopy [15], the pri-
mary end point was to assess whether AI-assisted optical diag-
nosis with a high degree of confidence achieved ≥90% NPV for
adenomatous histology of DRSPs, having histopathology as the
reference standard. The secondary aims were: (i) to calculate
the performance measures of the endoscopist alone (endos-
copist-alone optical diagnosis) and the AI system alone (AI-
alone optical diagnosis); (ii) to evaluate whether the post-poly-
pectomy surveillance interval based on optical diagnosis
achieved ≥90% agreement (the PIVI-2 threshold) according to
both the United States Multi-Society Task Force (USMSTF) and
European Society of Gastrointestinal Endoscopy (ESGE) guide-
lines [16, 17].

We also planned exploratory subgroup analyses on accuracy
according to the level of expertise (i. e. expert vs. nonexpert),
level of confidence (i. e. high vs. low), and polyp location (i. e.
rectosigmoid vs. nonrectosigmoid polyps).

Endoscopic procedures

All procedures were performed using the ELUXEO 7000 endos-
copy platform (EC-760ZPV and EC-760RV endoscopes, ELUXEO
VP-7000 videoprocessor, and ELUXEO BL-7000 light source;
Fujifilm Co.).

The participating endoscopists were dichotomized as ex-
perts (had followed a dedicated training program, underwent
periodic auditing and monitoring, and performed optical diag-
nosis on a regular basis, according to the ESGE curriculum [18,
19]) and nonexperts in optical diagnosis. Regardless of their ex-
pertise, all endoscopists received formal training, which consis-
ted of a 45-minute lecture on the principles of optical diagno-
sis, the blue-light imaging (BLI) system, the BLI Adenomas Ser-
rated International Classification (BASIC) system [20], and the
features of the AI system used in the present study.

AI system

A real-time convolutional neural network-based AI system
(CAD-EYE) was used for polyp characterization in BLI mode.
The technical features of the system have been described else-

95.7%–98.9%) and 92.6% (95%CI 90.0%–95.2%) of pa-

tients according to ESGE and USMSTF, respectively. AI-

assisted optical diagnosis accuracy was significantly lower

for nonexperts (82.3%, 95%CI 76.4%–87.3%) than for

experts (91.9%, 95%CI 88.5%–94.5%); however, nonex-

perts quickly approached the performance levels of experts

over time.

Conclusion AI-assisted optical diagnosis matches the re-

quired PIVI thresholds. This does not however offset the

need for endoscopistsʼ high level confidence and expertise.

The AI system seems to be useful, especially for nonexperts.
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where [8]. Briefly, the AI system provides optical diagnosis
through: (i) polyp identification in the “location map”; (ii)
colored brackets surrounding the endoscopic image; and (iii)
diagnostic labeling as “hyperplastic” or “neoplastic” (i. e. ade-
noma or nonadenoma, according to the manufacturer’s indica-
tion). ▶Fig. 1 shows how the CAD-EYE output is provided.

Steps involved in AI-assisted optical diagnosis

All polyps identified by the endoscopist had their size, location,
and morphology (according to the Paris classification [21]) re-
ported. They were resected and retrieved in separate jars and
sent for pathology assessment.

All ≤5-mm polyps were characterized (as adenomas or non-
adenomas) through a three-step sequential process. Every step
of polyp optical diagnosis was performed with BLI and in real
time during the endoscopic procedure.

In the first step (endoscopist-alone optical diagnosis), the
endoscopist categorized the polyp as an adenoma or nonade-
noma, using the BASIC classification, without AI assistance.
The endoscopist’s confidence level in the optical diagnosis
(high vs. low) was recorded. Only DRSPs evaluated with high
confidence were included in the analysis of endoscopist-alone
performance.

In the second step (AI-alone optical diagnosis), the AI system
was switched on and the output that was automatically provid-
ed by the AI system (adenoma vs. nonadenoma) was recorded,

irrespective of the previous output and level of confidence of
the endoscopist. The AI output was collected only when the
system was able to provide it and it was technically reliable
and stable over time. Further details about the CAD-EYE user
interface and operation are reported in Appendix 3 s.

In the third step (AI-assisted optical diagnosis), the final di-
agnosis (adenoma vs. nonadenoma) provided by the endos-
copist combining the results of the first two steps was report-
ed, as well as the confidence level (high vs. low). Only DRSPs re-
ceiving a high confidence AI-assisted optical diagnosis were
used for the computation, irrespective of the results of the pre-
vious steps.

Pathology (reference standard)

Expert pathologists (at least one in each center), blinded to the
optical diagnosis, evaluated all the resected polyps according
to the Vienna classification [22]. For the present study, hyper-
plastic polyps, sessile serrated lesions, inflammatory polyps, or
normal mucosal samples were all labeled as nonadenomas. Tak-
ing into account the dichotomy “adenoma” and “nonadeno-
ma,” if disagreement between the pathological diagnosis and
high confidence AI-assisted optical diagnosis of DRSPs was dis-
closed, the pathology specimens were blindly reviewed by a
second expert pathologist and the polyp was then reclassified
by agreement. Adenomas with significant villous features
(> 25%), size ≥1.0 cm, high grade dysplasia, or early invasive
cancer were defined as advanced.

Statistical analysis and sample size calculation

With an expected prevalence of rectosigmoid adenomas of
46.8%, based on previous data collected in the centers partici-
pating in the present study, an NPV for AI-assisted diagnosis of
> 90% implied a <0.11 likelihood ratio for negative results.
Using the equations described by Simel et al. [23], we deter-
mined the minimum sample size required to test the primary
hypothesis (at 5% two-sided significance level and 80% power)
to be 235 adenomatous DRSPs.

With regard to the post-polypectomy surveillance intervals,
the optical diagnosis-based strategy was calculated taking into
account high confidence optical diagnosis of ≤5-mm polyps,
along with the histopathological assessment of both polyps
≥6-mm in size and those of ≤5mm that were evaluated with
low confidence [6]. If only diminutive polyps were detected
and evaluated with high confidence, the optical diagnosis-
based post-polypectomy surveillance interval was provided at
the end of the endoscopic procedure; otherwise, it was made
as soon as the histopathology became available.

Comparisons of categorical variables were performed by
two-sided chi-squared test or Fisher exact test, as appropriate.
A P value of ≤0.05 was considered statistically significant for
our primary outcome measure. All other outcome measures
(e. g. diagnostic performance according to the level of endos-
copist expertise) were treated as secondary in our study design.
There was no need to adjust for multiplicity, as findings for sec-
ondary outcomes were considered subsidiary and exploratory,
rather than confirmatory [24].

▶ Fig. 1 Illustration of the output of the artificial intelligence sys-
tem (CAD-EYE) showing color coding of the location map and sim-
ilar coloring of side brackets around the endoscopic image with: a
yellow dots and brackets for adenomatous polyps (plus “neoplastic”
banner below the endoscopic image); and b green dots and brack-
ets for nonadenomatous polyps (plus “hyperplastic” banner below
the endoscopic image).
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Results
Patients and polyps

From October 2020 to February 2021, 1134 adults referred for
outpatient screening, surveillance, or diagnostic colonoscopy
were evaluated. Of these, 745 were excluded from further anal-
ysis (study flow chart is shown in Fig. 1 s); therefore 389 pa-
tients (52.5% men; mean [SD] age: 63.7 [10.4] years;) with
1031 polyps were identified (▶Table1). Of the polyps, 30
were not retrieved (30/1031: 2.9%) and DRSPs accounted for
58.6% (604/1031) of all polyps.

Because of disagreement between the high confidence AI-
assisted optical diagnosis and the histology, 64 DRSPs (64/
550; 11.6%, 95%CI 9.1%–14.6%) were blindly reviewed by a
second expert pathologist and two of these (2/64; 3.1%, 95%
CI 0.4%–10.8%), were reclassified. In one case the final diagno-
sis was in line with the AI-assisted high confidence diagnosis.

Out of 596 retrieved DRSPs, 259 were histologically classi-
fied as adenomas and 337 as nonadenomas. The features of
the DRSPs are reported in Table1 s.

Accuracy of the optical diagnosis process

Optical diagnosis was performed with high confidence by the
endoscopist alone (step one) in 540/596 DRSPs (90.6%, 95%CI
87.8%–92.8%). The AI-alone optical diagnosis (step two) was
recorded in 541/596 DRSPs (90.8%, 95%CI 88.2%–92.9%): out
of the 55 polyps excluded from the AI-alone optical diagnosis,
the characterization was unstable in 47 (47/596; 7.9%, 95%CI
5.8%–10.3%) and characterization was not possible (the sys-
tem did not provide any recordable outcome) in the remaining
eight polyps (8/596; 1.3%, 95%CI 0.6–2.6%). AI-assisted endos-
copist diagnosis (step three) was performed with high confi-
dence in 550/596 DRSPs (92.3%, 95%CI 89.8%–94.3%); 238 of
these were adenomas (43.3%, 95%CI 39.1%–47.5%) and 312
had nonadenomatous histology (56.7%, 95%CI 52.5%–60.9%).

The NPV for adenomatous histology of DRSPs for AI-assisted
optical diagnosis (step three) was 91.0% (95%CI 87.1%–93.9%),
while the sensitivity, specificity, and accuracy were 88.6% (95%
CI 83.7%–91.4%), 88.1% (95%CI 83.9%–91.4%), and 88.4%
(95%CI 85.3%–90.9%), respectively (▶Table 2). The same fig-
ures for endoscopist-alone optical diagnosis (step one) and AI-
alone optical diagnosis (step two) are also detailed in ▶Table2.
Out of 541 DRSPs in which AI output was predictable and
stable, the outcomes provided by the endoscopist alone (step
one) and by AI alone (step two) were divergent in 32 cases
(5.9%, 95%CI 4.1%–8.2%).

When comparing AI-assisted diagnosis with high confidence
with that scored as low confidence by the AI-assisted endos-
copist (adenomatous histology, 21/46; 45.6%, 95%CI 30.9%–
61.0%), the accuracy and NPV were significantly lower in the
low confidence group: accuracy 50.0% (95%CI 45.3%–74.9%)
vs. 88.4% (95%CI 85.3%–90.9%); NPV 70.6% (95%CI 44.0%–
87.1%) vs. 91.0% (95%CI 87.1%–93.9%) (Fig. 2 s).

When focusing our analysis of ≤5-mm lesions according to
their location, the overall accuracy for high confidence diagnosis
was similar for DRSPs and diminutive polyps proximal to the rec-
tosigmoid tract (diminutive non-rectosigmoid polyps): 87.0%

(95%CI 86.0%–92.9%) vs. 88.4% (95%CI 85.3%–90.9%). How-
ever, the NPV for adenomatous histology was significantly low-
er for diminutive non-rectosigmoid polyps compared with that
for DRSPs: 72.4% (95%CI 58.8%–82.9%) vs. 91.0%, (95%CI
87.1%–93.9%) (Fig. 2 s). This was related to a higher relative
prevalence of adenomatous histology (222/285; 77.9%, 95%CI
72.6%–82.5%) in diminutive non-rectosigmoid polyps compar-
ed with that among DRSPs (238/550; 43.3%, 95%CI 39.1%–
47.5%; P <0.001). In addition, the specificity of optical diagno-
sis was lower for diminutive non-rectosigmoid polyps than for
DRSPs: 66.7% (95%CI 53.5%–69.6%) vs. 88.1% (95%CI 83.9%–
91.4%).

Agreement of post-polypectomy surveillance
intervals

The optical diagnosis-based post-polypectomy surveillance in-
terval was readily available at the end of colonoscopy (i. e. pa-
tients in whom only diminutive polyps were detected, with all
evaluated with high confidence) in 280 patients (280/389;
72.0%, 95%CI 67.2%–76.4%).

The post-polypectomy surveillance interval based on AI-as-
sisted optical diagnosis (step three) was correctly advised in
97.4% of patients (95%CI 95.7%–98.9%) within the ESGE fra-
mework and in 92.6% (95%CI 90.0%–95.2%) within the
USMSTF framework (▶Table3).

The post-polypectomy surveillance interval agreement rate
with both the ESGE and USMSTF recommendations, based on
endoscopist-only optical diagnosis (step one) and on AI-only
optical diagnosis (step two) are also reported in ▶Table 3. The
rates of patients receiving a delayed optical diagnosis-based
surveillance colonoscopy according to the ESGE and USMSTF
guidelines and to each step of optical diagnosis are shown in
Table2 s.

Performance in AI-assisted optical diagnosis
according to level of expertise

Of the 18 participating endoscopists, ninewere experts and nine
were nonexperts. Of the 596 DRSPs included in the analysis, 374
were evaluated by experts (62.7%, 95%CI 76.1%–82.7%) and
222 by nonexperts (37.3%, 95%CI 33.3%–41.7%). Among
DRSPs, the rates of adenomas evaluated by experts and nonex-
perts were 165/374 (44.1%, 95%CI 39.0%–49.3%) and 94/222
(42.3%, 95%CI 35.7%–49.1%), respectively. AI-assisted optical
diagnosis was performed with high confidence in 92.5% (346/
374; 95%CI 89.4%–94.9%) and in 91.9% (204/222; 95%CI
87.5%–95.2%) of DRSPs by experts and nonexperts, respective-
ly. The accuracy of AI-assisted optical diagnosis of DRSPs was
higher for experts than nonexperts in optical diagnosis: 91.9%
(95%CI 88.5%–94.5%) vs. 82.3% (95%CI 76.4%–87.3%).

To explore the potential impact of the use of AI according to
the level of endoscopist expertise, the sensitivity, specificity,
positive predictive value, NPV, and accuracy in endoscopist-
alone (step one) and AI-assisted optical diagnosis (step three)
for experts and nonexperts are reported in ▶Table 4.

The rate of cases in which the outcomes provided by the
endoscopist alone (step one) and by AI alone (step two) were di-
vergent was similar for experts and nonexperts (22/344; 6.4%,
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▶Table 1 Baseline features of the 389 patients and their polyps according to endoscopist expertise.

Endoscopist experience All

Expert Nonexpert

Patient features

Number of patients 235 154 389

Age, mean (SD), years 63.2 (10.1) 64.9 (10.6) 63.7 (10.4)

Sex, male, % 53.6 50.6 52.5

Indication for colonoscopy, n (%)

▪ Symptoms 63 (26.8) 34 (22.2) 97 (25.0)

▪ Surveillance 88 (37.4) 52 (34.0) 140 (36.1)

▪ FIT-positive screening 39 (16.6) 30 (19.6) 69 (17.8)

▪ Primary screening 45 (19.2) 38 (24.2) 83 (21.1)

Polyp features

Size, n (%)

▪ 1–5mm 562 (92.0) 381 (90.7) 943 (91.5)

▪ 6–9mm 31 (5.1) 21 (5.0) 52 (5.0)

▪ ≥10mm 18 (2.9) 18 (4.3) 36 (3.5)

Shape, n (%)

▪ Ip (pedunculated) 16 (3.8) 17 (2.8) 33 (3.2)

▪ Is (sessile) 290 (69.1) 476 (77.9) 766 (74.3)

▪ Isp (semipedunculated) 6 (1.4) 18 (2.9) 24 (2.3)

▪ IIa (flat-raised) 97 (23.1) 31 (5.1) 128 (12.4)

▪ IIb (flat) 11 (2.6) 69 (11.3) 80 (7.7)

▪ IIc (depressed) 0 (0.0) 0 (0.0) 0 (0.0)

Location, n (%)

▪ Cecum 33 (5.8) 32 (6.9) 65 (6.3)

▪ Ascending colon 95 (16.8) 95 (20.5) 190 (18.4)

▪ Transverse colon 55 (9.7) 36 (7.6) 91 (8.8)

▪ Descending colon 23 (4.0) 8 (1.6) 31 (3.1)

▪ Sigmoid colon 227 (40.1) 211 (45.7) 438 (42.5)

▪ Rectum 133 (23.6) 83 (17.7) 216 (20.9)

Histology, n (%)

▪ Low risk adenoma 287 (47.0) 216 (51.5) 503 (48.9)

▪ High risk adenoma 45 (7.4) 12 (2.8) 57 (5.5)

▪ Hyperplastic polyp 214 (35.0) 143 (34.0) 357 (34.6)

▪ Sessile serrated lesion 22 (3.6) 13 (3.2) 35 (3.4)

▪ Inflammatory/normal mucosa 26 (4.2) 23 (5.5) 49 (4.7)

▪ Not retrieved 17 (2.8) 13 (3.0) 30 (2.9)

FIT, fecal immunochemical test.
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95%CI 4.0%–9.5% vs. 10/197; 5.1%, 95%CI 2.4%–9.1%). In de-
tail, in these 32 divergent cases, experts and nonexperts “disre-
garded” the AI diagnosis and kept their initial diagnosis as well
as the level of confidence in 17 cases (17/22; 77.3%, 95%CI
54.6%–92.2%) and seven cases (7/10; 70.0%, 95%CI 34.7%–
93–3%), respectively. The experts modified either the diagno-
sis or the level of confidence in three and two DRSPs, respec-
tively. The same figures for nonexperts were one and two

DRSPs, respectively. Among divergent cases, by comparing
endoscopist-alone optical diagnosis (step one) with AI-assisted
optical diagnosis (step three), the accuracy increased from
87.5% (95%CI 61.6%–98.4%) to 92.8% (95%CI 66.1%–99.8%)
and from 50.0% (95%CI 6.7–93.2%) to 66.6% (95%CI 9.4–
99.1%) for experts and nonexperts, respectively.

To evaluate the potential learning curve, we compared the
performance of AI-assisted optical diagnosis calculated from

▶Table 2 Accuracy parameters (95%CIs) for optical diagnosis of diminutive rectosigmoid polyps at each step of the optical diagnosis process.

Optical diagnosis process*

Endoscopist alone (step one) AI alone (step two) AI assisted (step three)

Sensitivity 88.6% (83.6%–92.2%) 81.9% (76.2%–86.5%) 88.6% (83.7%–91.4%)

Specificity 88.8% (84.5%–91.9%) 88.7% (84.4%–91.9%) 88.1% (83.9%–91.4%)

Positive predictive value 86.1% (80.8%–90.0%) 84.4% (78.8%–88.7%) 85.1% (79.8%–89.1%)

Negative predictive value 90.9% (86.8%–93.7%) 86.7% (82.3%–90.1%) 91.0% (87.1%–93.9%)

Accuracy 88.7% (85.7%–91.2%) 85.8% (82.5%–88.6%) 88.4% (85.3%–90.9%)

AI, artificial intelligence.
* No statistically significant differences were found on comparison of each accuracy parameter for the three steps of optical diagnosis (P >0.05 for each comparison).

▶Table 3 Agreement (95%CIs) between the histology-based and optical diagnosis-based post-polypectomy surveillance intervals for each step of
the optical diagnosis process according to the different recommendations*.

International scientific society recommendations

ESGE USMSTF

Optical diagnosis process Endoscopist alone (step one) 97.1% (95.4%–98.8%) 92.6% (90.0%–95.2%)

AI alone (step two) 96.8% (95.0%–98.6%) 92.1% (89.4%–94.8%)

AI assisted (step three) 97.4% (95.7%–98.9%) 92.6% (90.0%–95.2%)

ESGE, European Society of Gastrointestinal Endoscopy; USMSTF, United States Multi-Society Task Force; AI, artificial intelligence.
* No statistically significant differences were found on comparison of the post-polypectomy surveillance interval agreement calculated for the three steps of optical
diagnosis, according to both the ESGE and USMSTF recommendations (P>0.05 for each comparison).

▶Table 4 Accuracy parameters (95%CIs) for optical diagnosis of diminutive rectosigmoid polyps in step one (endoscopist-alone optical diagnosis)
and step three (AI-assisted optical diagnosis) of the optical diagnosis process, according to endoscopist expertise in optical diagnosis.

Expert endoscopists1 Nonexpert endoscopists2

Endoscopist-alone optical

diagnosis (step one)

AI-assisted optical diagno-

sis (step three)

Endoscopist-alone optical

diagnosis (step one)

AI-assisted optical diagno-

sis (step three)

Sensitivity 90.6 (84.4–94.5) 90.1 (83.8–94.1) 81.8 (71.8–88.9) 86.2 (76.7–92.3)

Specificity 92.1 (87.0–95.3) 93.3 (88.6–96.2) 83.3 (74.9–89.4) 79.5 (70.8–86.1)

PPV 90.0 (83.7–94.1) 91.3 (85.2–95.0) 79.1 (69.0–86.6) 75.7 (65.9–83.5)

NPV 92.5 (87.5–95.7) 92.4 (87.5–95.5) 85.6 (77.3–91.2) 88.6 (80.5–93.6)

Accuracy 91.4 (87.9–94.1) 91.9 (88.5–94.5) 82.7 (76.7–87.6) 82.3 (76.4–87.3)

AI, artificial intelligence; PPV, positive predictive value; NPV, negative predictive value.
1 No significant differences were found on comparison of each accuracy parameter for optical diagnosis step one vs. step three among the expert endoscopists (P>
0.05 for all comparisons).

2 Trends toward increased sensitivity and negative predictive value were observed when comparing step one to step three among nonexpert endoscopists (P=0.053
and P=0.058, respectively).
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the first 50 DRSPs to be evaluated with that calculated from last
50 DRSPs, according to level of expertise. As far as accuracy was
concerned, no differences were observed for experts (92.0%,
95%CI 80.7%–97.7% vs. 90.0%, 95%CI 66.2%–89.9%), whereas
a trend toward an increase was observed for nonexperts (74.0
%, 95%CI 59.6%–85.3% vs. 88.0%, 95%CI 75.6%–95.4%). Inter-
estingly, the AI-assisted NPV of the last 50 DRSPs evaluated
by nonexperts met the PIVI-1 threshold (95.2%, 95%CI 76.2
%–99.85%) and was similar to the NPV calculated for the last 50
DRSPs evaluated by experts (93.9%, 95%CI 79.7%–99.2%; (Fig.
3 s). The trend of accuracy through the series of consecutive
DRSPs evaluated by nonexperts is shown in ▶Fig. 2.

Table3 s summarizes the NPVs of endoscopist-alone optical
diagnosis and AI-assisted optical diagnosis of DRSPs for each
participating endoscopist.

With regards to the post-polypectomy surveillance interval,
Table4 s summarizes the agreement between the optical diag-
nosis-based and histology-based post-polypectomy surveil-
lance intervals, according to endoscopist expertise and accord-
ing to both the ESGE and USMSTF guidelines. Interestingly, the
90% threshold (PIVI-2) was met regardless of the level of exper-
tise or the use of AI.

Discussion
In a clinical setting, real-time AI-assisted optical diagnosis with-
out magnification was feasible in more than 90% of cases and
was effective in reaching the thresholds required for the im-
plementation of cost-saving strategies, namely a ≥90% NPV
for ≤5-mm rectosigmoid polyps for the leave-in-situ strategy,
and ≥90% agreement rate on post-polypectomy intervals for
the resect-and-discard strategy. Level of confidence and exper-
tise were inversely associated with the overall accuracy of AI-
assisted optical diagnosis, which was, in contrast, unaffected
by the location of the lesion.

The clinical relevance of our study is the analysis of the inter-
action between AI and human factors in the decision-making

process as expected in a clinical setting. Differently from pre-
vious studies [9, 25], we did not only analyze the value of AI as
an independent reader, but sequentially incorporated the out-
put of AI prediction into the diagnostic process of the endos-
copist. This likely represents the most realistic scenario, as the
endoscopist will ultimately be responsible for the incorporation
of AI information into clinical practice. Of note, this deals not
only with AI-assisted accuracy, but also with the level of confi-
dence.

Regarding accuracy parameters, diagnoses made both by
the endoscopist alone and with AI assistance were able to
achieve the PIVI criteria. This was not unexpected as approxi-
mately two-thirds of optical diagnoses were performed by ex-
pert endoscopists, who have been shown to match such crite-
ria, irrespective of their use of AI [3, 26, 27]. However, the
equivalent accuracy between pre- and post-AI endoscopist di-
agnoses should not be underestimated.

First, before our study, a possible detrimental effect of AI on
endoscopist diagnosis could not be ruled out. AI-assisted opti-
cal diagnosis might become the new standard of care; hence
our study is reassuring with regard to the lack of harm from
such an AI-based strategy. Second, our study was underpow-
ered to show a possible benefit of AI for expert endoscopists
as a sample size of a different magnitude would have been re-
quired to show an absolute difference within a 5% range. Third,
when segregating our study population according to the level
of experience, our exploratory analysis showed favorable trends
in terms of NPV and the learning curve for nonexpert endos-
copists. This possible role of AI on optical diagnosis training of
nonexperts deserves to be urgently addressed in future studies.

Fourth, there are several barriers against the implementa-
tion of optical diagnosis-based cost-saving strategies that may
be addressed by AI, irrespective of its effect on endoscopist ac-
curacy. For instance, other stakeholders, such as health systems
and patients, could be reassured in replacing histology with an
AI-documented optical diagnosis. Such documentation may be
easily recorded and traced, as much as histological diagnosis.
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▶ Fig. 2 The trend (dotted line) in accuracy through the series of consecutive diminutive rectosigmoid polyps evaluated by nonexperts. DRSP,
diminutive rectosigmoid polyp.
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Similarly, the endoscopist may be more confident in incorporat-
ing the possible risk of litigation related with an optical diagno-
sis, when this is independently supported by an AI machine.

Furthermore, the step-by-step design of our study allowed
assessment of the AI output (AI-alone optical diagnosis) as an
independent reader and compared it with the previous artificial
validation done on a sequence of still-frame high quality select-
ed images [8], which provided reassurance on the performance
of AI in a real practice setting [8, 25]. Of note, we chose this
study design because it closely mimics the endoscopist’s real-
life decision-making process (polyp detection under white-
light endoscopy and initial evaluation by the endoscopist, with
subsequent activation of virtual chromoendoscopy systems
and artificial intelligence).

Interestingly, the absence of substantial differences in the
rate of polyps assessed in a stable and reliable way by experts
or nonexperts suggests that this system is easy to use, regard-
less of the endoscopists’ expertise. However, we acknowledge
that the performance of AI alone, although close to the settled
thresholds, was somewhat suboptimal. Nevertheless, we used
the first available CAD-EYE release and further improvements
are expected with the second-generation software, which is
going to be launched in Europe.

Unlike in a previous endocytoscopy-based study [9], where a
much lower accuracy was shown for proximal as compared with
distal lesions, we observed a similar accuracy between distal
and proximal predictions. However, the apparent drop in NPV
when passing from distal to proximal lesions was exclusively
related to the higher relative prevalence of adenomatous his-
tology in the latter location, confirming the inapplicability of
the leave-in-situ strategy for proximal diminutive lesions.

The main limitation of our study was its inherent psychologi-
cal bias, as endoscopists were aware that all the polyps would
be sent to histology, irrespective of their prediction, so this
may have led to a higher than expected rate of high confidence
diagnoses.

Second, the feasibility of the resect-and-discard strategy
must be confirmed in more dedicated studies because we ex-
cluded patients without distal lesions as the presence of a
DRSP was an inclusion criterion. Furthermore, in the present
study we labelled sessile serrated lesions (SSLs) as nonadeno-
matous. Although the natural history of these lesions remains
poorly defined, some authors suggest they have a behavior
and risk profile closer to adenomas than to hyperplastic polyps.
However, in our study the rate of SSLs among DRSPs was 2.6%
and none of them showed dysplasia. This marginalizes the clin-
ical relevance of the matter. In fact, even when SSLs were re-
classified as adenomatous polyps, the results were very similar.
However, we acknowledge that the detailed histopathological
assessment could be an issue when focusing on right-sided
polyps of > 5mm.

Another possible limitation concerns the multicenter design
of the study, as it may introduce some potential bias related to
the number of patients, endoscopists, and pathologists in-
volved in each center. To minimize these biases, we asked each
center to involve a similar number of experts and nonexperts
and we provided an exploratory subanalysis, according to opti-

cal diagnosis expertise, rather than a per-center or per-endos-
copist analysis. Concerning pathological diagnosis, a centra-
lized histology evaluation or an external review would have in-
creased the strength of our study.

Lastly, we decided per-protocol to perform optical diagnosis
without magnification. Although magnification can further im-
prove the endoscopist optical diagnosis process [20], not all the
participating centers had magnifying endoscopes when the
study was planned and previous validation studies on optical di-
agnosis using BLI were performed without magnification [26].
Interestingly, in a recently published paper [25], in which opti-
cal diagnosis was performed with CAD-EYE, the authors did not
show any significant difference in the performance of optical
diagnosis according to the use of zoom. Finally, the sequential
step architecture of our study is subject to possible cognitive
biases, such as “confirmation bias” and “anchoring bias” [28,
29].

According to our study, real-time AI-assisted optical diagno-
sis without optical magnification appears to be feasible in clini-
cal practice, allowing the optical diagnosis of > 90% of DRSPs.
Compared with optical diagnosis made by the endoscopists
alone, the additional benefit of the AI system in terms of the
correct diagnosis seems to be marginal for experts, but it might
help nonexperts to meet the thresholds required for incorpora-
tion of optical diagnosis in clinical practice.
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