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Abstract

Objective: To review the efficacy and accuracy of the GI Genius Intelligent Endoscopy Module Computer-
Assisted Diagnosis (CADx) program in colonic adenoma detection and real-time polyp characterization.
Patients and Methods: Colonoscopy remains the gold standard in colonic screening and evaluation. The
incorporation of artificial intelligence (AD) technology therefore allows for optimized endoscopic perfor-
mance. However, validation of most CADx programs with real-world data remains scarce. This prospective
cohort study was conducted within a single Singaporean institution between April 1, 2023 and December
31, 2023. Videos of all Al-enabled colonoscopies were reviewed with polyp-by-polyp analysis performed.
Real-time polyp characterization predictions after sustained polyp detection were compared against final
histology results to assess the accuracy of the CADx system at colonic adenoma identification.

Results: A total of 808 videos of CADx colonoscopies were reviewed. Out of the 781 polypectomies per-
formed, 543 (69.5%) and 222 (28.4%) were adenomas and non-adenomas on final histology, respectively.
Overall, GI Genius correctly characterized adenomas with 89.4% sensitivity, 61.7% specificity, a positive
predictive value of 85.4%, a negative predictive value of 69.8%, and 81.5% accuracy. The negative predictive
value for rectosigmoid lesions (80.3%) was notably higher than for colonic lesions (54.2%), attributed to the
increased prevalence of hyperplastic rectosigmoid polyps (11.4%) vs other colonic regions (5.4%).
Conclusion: Computer-Assisted Diagnosis is therefore a promising adjunct in colonoscopy with sub-
stantial clinical implications. Accurate identification of low-risk non-adenomatous polyps encourages the
adoption of “resect-and-discard” strategies. However, further calibration of Al systems is needed before the
acceptance of such strategies as the new standard of care.
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From the Department of

olonoscopy is the international gold
‘ standard for colonic screening and

assessment,* being the modality of
choice in achieving histological diagnosis of
colonic lesions and to perform therapeutic in-
terventions such as polypectomies.’ Given the
well-established evolutionary pathway of most
colorectal tumor  carcinogenesis,”  timely
removal of pre-malignant lesions halts pro-
gression along the adenoma-carcinoma

sequence and serrated pathway.” ~ This is
associated with an 80% and 60% reduction
in incidence and mortality from colorectal can-
cer, respectively.”’

Endoscopy therefore is an important skill
for interventionists to acquire and master.” It
demands successful real-time toggling of scope
controls to obtain adequate mucosal exposure
and meticulous inspection of mucosal surfaces
for lesions and ensuring patient safety and
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comfort. This requires substantial experience
to master and maintain Consistency.o As
such, the integration of artificial intelligence
(ADD) deep learning algorithms such as
computer-assisted detection in colonoscopy
aims to optimize polyp detection, "
reducing the mental burden on the endoscop-
ist.'” The incorporation of Al into conven-
tional endoscopy has resulted in increased
adenoma detection rates (ADRs) and adenoma
per colonoscopy numbers, which may in turn
be associated with a decreased risk of interval
colorectal malignancy.' ™"

Advancements in Al technology have
opened doors to not only real-time detection
but also optical characterization of polyps
during colonoscopy.  Computer-Assisted
Diagnosis (CADx) programs are built on the
foundation of computer-assisted detection,
boasting  value-added  capabilities  in
characterizing detected colonic lesions by
differentiating adenomatous polyps from
non-adenomatous counterparts. This may
potentially influence the endoscopist’s choice
of intervention, allowing for reduced resec-
tions of non-neoplastic polyps (“leave in
situ” strategy) or reduced sending of resected
specimens for histological analysis (“resect-
and-discard” strategy), of which both strate-
gies may lead to an improvement in overall
long-term  cost-effectiveness.' ™' Existing
real-world data on the efficacy of CADx is
promising, but further research and valida-
tion are required to support the incorporation
of the aforementioned “leave in situ” or
“resect-and-discard” strategies into main-
stream health care services as the new stan-
dard of care.'”

Our study aims to review the accuracy of
the CADx function of the GI Genius Intelligent
Endoscopy Module in the identification and
characterization of colonic adenomas. This
aims to satisfy the unmet clinical need to eval-
uate this CADx program for its suitability to
aid in “leave in situ” or “resect-and-discard”
strategies.

PATIENTS AND METHODS

Study Design

A prospective cohort study was conducted
within a single institution in Singapore from
April 2023 to December 2023 in accordance

with the Strengthening the Reporting of
Observational Studies in Epidemiology guide-
lines. This was performed as part of the CO-
PILOT  study  (Clinicaltrials.gov ~ ID:
NCT05822895). Endoscopists in this institu-
tion utilized real-time Al-assisted colonoscopy
equipment, the GI Genius Intelligent Endos-
copy Module with the CADx feature, in
conjunction with the unit's pre-existing
Olympus EVIS EXERA III 190 Video endos-
copy system (Olympus Medical System
Corp.). Colonoscopies were performed by
accredited trainees and specialists in the
Endoscopy unit as per the institution’s stan-
dard of care. All colonoscopies utilizing Al-
assisted technology were recorded and
reviewed by 2 independent authors not
involved in performing these colonoscopies.
Real-time polyp characterization predictions
were compared with the corresponding histo-
pathology report of the polypectomy speci-
mens. Polypectomy was defined as the
complete removal of a polyp either in whole
or piecemeal fashion.

CADx Program

The CADx program utilized in the institution
was the GI Genius Intelligent Endoscopy
Module. On sustained identification of a
mucosal finding by the CADx system, a green
box encircles the identified lesion. Real-time
polyp characterization yields 3 possible polyp
characterizations—“adenoma,” “nonade-
noma,” or “no prediction,” as reported in the
Figure. This is presented as floating labels
adjacent to the superimposed detection box.
“Adenoma” was defined as a polyp of any
adenomatous histology, regardless of dysplasia
grade. “Nonadenoma” was defined to include
nonpolyp lesions (polypoid colonic mucosa
and lymphoid hyperplasia) as well as all other
non-adenomatous polyp histology (sessile
serrated, hyperplastic, and inflammatory).
Mucosal lesions, which yielded sustained
detection but could not be characterized confi-
dently using the Al system as either “adenoma”
or “nonadenoma,” were resultantly labeled as
“no prediction.”

Statistical Analyses

Polyp characterization predictions made using
the CADx were compared with corresponding
individual polyp histology results to assess the
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FIGURE. Examples of real-time Gl Genius Computer-Assisted Diagnosis (CADX) polyp characterizations. Each CADx-identified

mucosal lesion is encircled within a green box, accompanied by a label of its predicted characterization: “adenoma,” “non-
adenoma,” or “no prediction.” The top left and right images depict the CADXx characterizations of a mucosal lesion as “adenoma’” and
“nonadenoma,” respectively. The bottom left and right images depict mucosal lesions, which could not be conclusively characterized

by the CADx as either an “adenoma” or “nonadenoma,” resulting in a “no prediction” label.

accuracy of the real-time polyp prediction al-
gorithm. “No prediction” characterizations on
the CADx and histology-proven malignant
neoplasms were omitted from further data
analysis.

Confusion matrices were plotted to attain
true positive, false positive, true negative,
and false negative values for CADx predic-
tions. Computer-Assisted Diagnosis perfor-
mance was evaluated on the basis of
sensitivity, specificity, positive predictive
value, and negative predictive value (NPV) of
the characterization of adenomatous polyps
by the Al algorithm. A true positive was
defined as a lesion for which the CADx predic-
tion of “adenoma” was in concordance with an

adenomatous lesion on final histopathological
analysis. Tubullovillous adenomas with fea-
tures of both low-grade and high-grade
dysplasia on final histology were included. A
true negative was defined as a lesion that
yielded a “nonadenoma” CADx prediction
with a final histopathological report of a
non-adenomatous lesion. This was taken to
include all other lesions apart from colonic
adenomas—namely  hyperplastic  polyps,
sessile serrated lesions (SSLs), and polypoid
colonic mucosa. Conversely, a false positive
was defined as a lesion with an “adenoma”
CADx  prediction but yielded non-
adenomatous histology, as previously defined.
The false negative was similarly defined as a

Mayo Clin Proc Digital Health ®m December 2024:2(4):647-655 ® https://doi.org/10.1016/j.mcpdig.2024.10.002

www.mcpdigitalhealth.org



https://doi.org/10.1016/j.mcpdig.2024.10.002
http://www.mcpdigitalhealth.org

MAYO CLINIC PROCEEDINGS: DIGITAL HEALTH

650

lesion predicted as “nonadenoma” using CADx
but with final adenomatous histology.

Subgroup analysis was performed to
compare the aforementioned performance
markers between polyp locations. Colonic
polyps were defined as polyps located in the
caecum, ascending colon, hepatic flexure,
transverse colon, splenic flexure, and descend-
ing colon. Rectosigmoid polyps were defined
as polyps located in the sigmoid colon and
rectum. This anatomical division of polyp
location was adopted in keeping with Amer-
ican Society of Gastrointestinal Endoscopy
guidelines on “diagnose-and-leave” strategies
for clear NPV comparison.

Overall polyp detection rate, ADR, and ad-
enoma per positive colonoscopy were also
tabulated. Polyp detection rate was defined
as the percentage of colonoscopies performed
where one or more polyps were detected. Ad-
enoma detection rate was defined as the per-
centage of colonoscopies performed where
one or more adenomas were detected. Ade-
noma per positive colonoscopy was defined
as the ratio of the total number of adenomas
detected to the total number of colonoscopies
in which at least 1 adenoma was detected. All
statistical analyses were performed using IBM
SPSS Statistics 28 software.

RESULTS

Over the study period of 9 months, 808 full
videos of CADx colonoscopies were reviewed.
In total, 820 CADx characterizations were
generated, of which 479 (58.4%) were labeled
“adenoma,” 173 (21.1%) labeled “nonade-
noma.” and 168 (20.5%) labeled “no predic-
tion” (Table 1). In total, 39 of these CADx
characterizations did not result in eventual
polypectomy by the endoscopist—comprising
3 predicted “adenoma,” 24 predicted

“nonadenoma” and 12 “nil prediction” charac-
terizations. The final decision for polypectomy
was left to the discretion of the individual
endoscopist to mirror real-life diagnostic and
intervention practices before the introduction
of the CADx system. Unpaired data sets such
as CADx predictions without histology and
polypectomized lesions without prior CADx
characterization were excluded from further
analysis as a CADx prediction with a corre-
sponding histopathological result of the same
lesion is required to assess algorithm accuracy.

A total of 781 polypectomies were per-
formed, of which 543 (69.5%) and 222
(28.4%) were adenomas and non-adenomas
on final histology, respectively (Table 2). Of
the non-adenomatous polyps, 26 (3.3%)
were SSL, 115 (14.7%) were hyperplastic
polyps, and 81 (10.4%) were non-polyps
(colonic mucosa, lymphoid hyperplasia, and
lipoma). Of the 781 polypectomies performed,
508 (65.0%) were for colonic polyps, whereas
the remaining 273 (35.0%) were for rectosig-
moid polyps. Final histopathology of the
colonic polyps yielded a distribution of 402
(51.5%) adenomas, 13 (1.7%) SSL, and 37
(5.4%) hyperplastic polyps. This is in compar-
ison to 141 (18.1%) adenomas, 13 (1.7%)
SSL, and 78 (11.4%) hyperplastic polyps in
the rectosigmoid region (Table 2). Of note,
the disease prevalence of hyperplastic polyps
in the rectosigmoid region was higher at
9.99% compared with 4.74% in the rest of
the colon, consistent with existing literature. '

In total, 16 specimens returned as malig-
nant neoplasms, 4 of which were colonic ma-
lignancies and 12 rectosigmoid malignancies.
Moreover, all 16 of these malignant specimens
were noted to have yielded “no prediction”
CADx characterizations. These mneoplasms
were therefore excluded from further analysis.

TABLE 1. Tabulation of Gl Genius Computer-Assisted Diagnosis Characterizations

Gl Genius CADx characterization Overall (%) CADX" characterizations without polypectomy
Adenoma 479 (584) 3
Nonadenoma 173 21.1) 24
“No prediction”* 168 (20.5) 12
Total characterizations 820 (100) 39

*No prediction” Computer-Assisted Diagnosis (CADXx) characterizations and CADx characterizations without polypectomy were

excluded from further analysis.
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TABLE 2. Tabulation of Final Histopathology of Removed Specimens, With Subgroup Analysis by Location—Colonic vs Rectosigmoid®

Polypectomies without preceding

Final histopathology Overall (%) Colonic (%) Rectosigmoid (%) CADx characterization
Adenoma 543 (69.5) 402 (51.5) 141 (18.1) 8
Sessile serrated lesion 26 (3.33) I3 (1.66) I3 (1.66) 0
Hyperplastic polyp 15 (14.7) 37 (4.74) 78 (9.99) |
Malignant neoplasm 16 (2.05)° 4 (051) 12 (1.54)
Non-polyps(colonic mucosa, lymphoid 81 (104) 52 (6.66) 29 371) 0
hyperplasia, and lipoma)
Total polypectomies 781 (100)° 508 (65.0) 273 (35.0) 9

*CADx, Computer-Assisted Diagnosis.
®Malignant neoplasms were excluded from further analysis.

“Lost polyp specimens were excluded from the total polypectomy count.

Of the 781 polypectomies performed, 9
were decisively performed by the endoscopists
before preceding CADx characterization could
be generated. In total, 8 returned with adeno-
matous histology and 1 as a hyperplastic
polyp. These too were omitted from further
analysis on the basis of unpaired data.

Of the 26 SSLs identified in this study, 2 of
these lesions had characteristics of dysplasia
identified on histological analysis. One sessile
serrated lesions with dysplasia (SSL-d) lesion
yielded a CADx prediction of “adenoma,”
although the other SSL-d lesion was predicted
as “nonadenoma.”

The comparison of CADx predictions
against the corresponding final histopathology
of the removed specimens yielded an overall
true positive of 403, a true negative of 99, a
false positive of 48, and a false negative of
66 (Table 3). Overall, the GI Genius was
able to correctly characterize adenomas with
a sensitivity of 89.4%, specificity of 61.7%,
positive predictive value of 85.4%, NPV of
69.8%, and accuracy of 81.5%. Of note, the
NPV of the CADx for rectosigmoid lesions

was 80.3%, substantially higher than the
NPV of 54.2% for colonic lesions. A polyp
detection rate of 44.9%, ADR of 36.4%, and
adenoma per positive colonoscopy of 1.50
were obtained (Table 4).

DISCUSSION
Adenoma detection rate is a validated indica-
tor of colonoscopy quality,'”*” with a pur-
ported 3% reduction in interval colorectal
cancer prevalence for every 1% increase in
ADR." Our study yielded an ADR of 36.4%
for a population that includes all diagnostic,
screening, and surveillance colonoscopies,
well above the minimum target detection
rate of 30%."” A previous study conducted
in this institution evaluating the performance
of the same GI Genius algorithm yielded an
ADR of 32.4%,”" thus demonstrating the po-
tential for sustained improvement in the accu-
racy of deep learning algorithms over time.
Strategies including “resect-and-discard”
for diminutive colorectal polyps (defined as
polyps 5 mm or less in size) and “diagnose-
and-leave” for diminutive rectosigmoid polyps

TABLE 3. Polyp-by-Polyp Comparison of Gl Genius Computer-Assisted Diagnosis Polyp Characterizations

Against Final Histopathology of Removed Polyp Specimens

Final histopathology of removed polyp specimens

Gl Genius CADx characterizations Adenoma Nonadenoma
Types of output Overall  Colonic  Rectosigmoid ~ Overall  Colonic  Rectosigmoid
Adenoma 403 300 103 66 33 33
Nonadenoma 48 33 15 99 38 60

CADx, Computer-Assisted Diagnosis.
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TABLE 4. Evaluation of the Overall Performance of Gl Genius Computer-Assisted Diagnosis Algorithm

Performance of Gl Genius CADXx algorithm

Evaluated parameter Overall Colonic Rectosigmoid
Sensitivity 89.4% 90.1% 87.3%
Specificity 61.7% 54.2% 64.9%
Positive predictive value 85.4% 90.1% 75.7%
Negative predictive value 69.8% 54.2% 80.3%
Accuracy 81.5% 83.7% 774%
Polyp detection rate 44.9%

Adenoma detection rate 36.4%
Adenoma per positive colonoscopy [.50

CADx, Computer-Assisted Diagnosis.

have been endorsed by the American Society
of Gastrointestinal Endoscopy Technology
Committee as part of its statement on Preser-
vation and Incorporation of Valuable Endo-
scopic Innovations. However, both strategies
have yet to permeate into today’s standard
practice owing to factors such as endoscopists’
experience and comfort, as well as limitations
in current CADx technology. The “diagnose-
and-leave” strategy was premised on achieving
necessary thresholds, including an NPV of
>90% for adenoma diagnosis™* as quoted by
studies by Byrne et al.”’ Such recommenda-
tions potentially allow for accurate identifica-
tion of low-risk non-neoplastic polyps
without the need for histopathological confir-
mation or unnecessary polypectomies, thereby
reducing associated procedural risks and over-
all health care expenditure.

The disparity in the CADx algorithm’s
NPV between colonic lesions and rectosig-
moid lesions may potentially be attributed to
the substantially higher disease prevalence of
hyperplastic polyps within the rectosigmoid
region. Although this may support the “diag-
nose-and-leave” strategy for diminutive recto-
sigmoid  polyps, this may not be
generalizable for polyps located in other
colonic regions. Although promising, the
NPV for rectosigmoid polyps achieved in this
study had yet to reach recommended levels
of at least 90% before “diagnose-and-leave”
strategies can be confidently adopted, there-
fore suggesting a need for further refinement
in this Al algorithm.

For example, 9 polyps that were not iden-
tified or characterized using the CADx system

were decisively polypectomized by endoscop-
ists, of which 8 returned with adenomatous
histology (Table 1). This highlights the collab-
orative dynamic between endoscopists and Al,
serving to supplement and enhance rather
than replace the clinical acumen and technical
skills of the endoscopist.

Endoscopists’  decision-making process
often hinges on concerns about the repercus-
sions of misdiagnoses,'” which invariably
impact patient outcomes and carry potential
medicolegal consequences for endoscopists.
Patient-focused surveys similarly highlighted
concerns from the patient, with up to 50%
of patients citing an unwillingness to accept
the “resect-and-discard” strategy and instead,
keenness to bear additional health care costs
for the histological analysis of all identified
diminutive colorectal polyps.”* This being
the first version of the CADx program for
the GI Genius, future iterations of the program
to enhance and achieve better specificity and
NPV can be expected. Despite the program’s
current-day limitations, it is nonetheless reas-
suring that nearly 90% of adenomatous polyps
are being correctly identified as adenomas,
encouraging endoscopists to remove them.

Limitations and Recommendations

In total, 20.5% of polypectomies performed
yielded a “no prediction” characterization.
During our analysis of endoscopy videos,
several common contributory factors to “no
prediction” characterizations were identified.
This included poor colonic mucosal exposure
due to suboptimal adherence to bowel prepa-
ration. Obscuration of colonic mucosa by fecal
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residue may distort polyp appearance and
result in a higher likelihood of non-
conclusive predictions. Other technical factors
included motion artifacts and inadequate time
for lesion analysis before polypectomy. With
limited instructional and training resources
targeted at educating endoscopists on ways
to fully optimize Al-assisted colonoscopy sys-
tems, the decision to take added measures to
optimize bowel wall visualization largely de-
pends on the individual endoscopist and re-
mains difficult to standardize. Optimization
of polyp surface exposure can be achieved
via endoscopic maneuvers such as washing
mucosal caps and retargeting the scope to
achieve a stable field of view of the polyp.
This does not suggest that the CADx system
is incapable of analyzing polyp type on the ba-
sis of partially exposed polyp surfaces. Howev-
er, optimization of polyp visualization with
good endoscopic technique increases the abil-
ity of the CADx to generate conclusive and ac-
curate polyp predictions. Malignant polyps
and carcinomas established on final histology
were omitted from data analysis. The GI
Genius algorithm utilized in this study had
been trained specifically for the identification
and characterization of adenomas, which can
appear morphologically similar to the naked
eye. Identification of established colonic neo-
plasms, distinguishing between low-grade
and high-grade dysplasia in adenomas, and
distinguishing SSL-d from hyperplastic polyps
were therefore not the intended purposes of
the GI Genius. Malignant polyps and carci-
nomas established on final histology were
thus omitted from data analysis to better
reflect the premise of the GI Genius’ algo-
rithmic training. All 16 biopsy-proven malig-
nant lesions were identified appropriately
and sampled by endoscopists, despite CADx
generating non-conclusive “no prediction”
characterizations. This therefore demonstrates
how, ultimately, the endoscopist’s clinical
acumen decision-making stills at the time of
sampling remains of utmost importance and
cannot be replaced with blind reliance on
the current Al algorithms available.

In view of our study’s definition of “nona-
denoma,” the potential for malignant lesions
to be classified under this “nonadenoma” cate-
gory is technically possible. A limitation of our
study is therefore the reliability of the data

obtained for CADx’s ability to accurately
distinguish between adenomas and actual
non-adenomatous lesions, especially because
most colonic malignancies are adenomatous
in origin on final histology. From our data,
all 16 cases of biopsy-proven malignancies in
our study had yielded “no prediction” charac-
terizations, resulting in their omission from
further data processing. These cases of malig-
nant specimens were therefore not in fact erro-
neously classified under ‘“nonadenoma”
categories and did not have any impact on
the overall predictive values calculated.

Additionally, out of the 9 polypectomies
performed without preceding CADx character-
ization, 8 returned with adenomatous histol-
ogy. Although the lack of CADx detection
could have been possibly attributed to tech-
nical factors as previously raised, this empha-
sizes the importance of endoscopists
maintaining a high index of suspicion for ma-
lignancy, where clinical acumen should not be
replaced with a blind reliance on Al-generated
diagnoses. Artificial intelligence guidance
should instead be utilized as an adjunctive
diagnostic tool to augment the physician’s
decision-making process. Furthermore, Al
technology provides limited benefit in the
identification of established malignancies,
which often display overtly suspicious
morphological characteristics easily picked
up by the endoscopist.

Areas for Future Work

Sessile serrated lesions with dysplasia has a
comparable risk of malignancy as with con-
ventional tubulovillous adenomas. Due to the
morphological similarity of SSLs and hyper-
plastic polyps, their timely identification on
endoscopy poses a challenge. In our study,
the incidence of SSL-d was too low for the pre-
dictive ability of the CADx algorithm to be
meaningfully assessed. With future iterations
of the GI Genius, the ability of the CADx algo-
rithm to accurately identify SSL-d lesions is a
worthy avenue for evaluation.

The collaborative dynamic between the
endoscopist and Al is found in our study. To
achieve a better illustration and assessment
of this relationship, we hope to strive toward
collecting more detailed and standardized
data for polyp characterization in terms of
qualitative characteristics, such as
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morphological appearance, polyp size, and
endoscopist’s predicted histological result.
The inclusion of the above data would
enhance our ability to draw meaningful com-
parisons between CADx’s performance vs
true polyp histology.

CONCLUSION

At this current juncture, the CADx algorithm
cannot yet be deemed ready to be relied on
for polyp detection and characterization in
mainstream health care systems. Further cali-
bration and refinement of the CADx algorithm
to improve its NPV for adenomatous polyps is
undoubtedly needed before the “diagnose-and-
leave” and “resect-and-discard” strategies can be
accepted as a new, safe standard of care. Indi-
vidual endoscopists’ skills, experience, and clin-
ical acumen remain intangible but irreplaceable
elements in the field of endoscopy that AT pro-
grams would need to surpass in order to be
deemed as having superior diagnostic ability
to specialists in this day and age. This, howev-
er, does not render systems like CADx useless
or non-beneficial at present—such algorithms
still serve as useful adjunctive diagnostic tools
that may not replace expert endoscopists
entirely but help by reducing mental burden
and improving the overall efficiency of endo-
scopic procedures.
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