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Artificial Intelligence-Based Colorectal Polyp Histology Prediction
by Using Narrow-Band Image-Magnifying Colonoscopy

Istvan Racz', Andras Horvath?, Noemi Kranitz’, Gyongyi Kiss', Henriett Regoczi', and Zoltan Horvath*

'Department of Internal Medicine and Gastroenterology, Petz Aladar University Teaching Hospital, Gyor, ’Department of Physics and
Chemistry, Szechenyi Istvan University, Gyor, *Department of Pathology, Petz Aladar University Teaching Hospital, Gyor, “Department
of Mathematics and Informatics, Szechenyi Istvan University, Gyor, Hungary

Background/Aims: We have been developing artificial intelligence based polyp histology prediction (AIPHP) method to classify
Narrow Band Imaging (NBI) magnifying colonoscopy images to predict the hyperplastic or neoplastic histology of polyps. Our aim
was to analyze the accuracy of AIPHP and narrow-band imaging international colorectal endoscopic (NICE) classification based
histology predictions and also to compare the results of the two methods.

Methods: We studied 373 colorectal polyp samples taken by polypectomy from 279 patients. The documented NBI still images
were analyzed by the AIPHP method and by the NICE classification parallel. The AIPHP software was created by machine learning
method. The software measures five geometrical and color features on the endoscopic image.

Results: The accuracy of AIPHP was 86.6% (323/373) in total of polyps. We compared the ATPHP accuracy results for diminutive
and non-diminutive polyps (82.1% vs. 92.2%; p=0.0032). The accuracy of the hyperplastic histology prediction was significantly
better by NICE compared to AIPHP method both in the diminutive polyps (1=207) (95.2% vs. 82.1%) (p<0.001) and also in all

evaluated polyps (n=373) (97.1% vs. 86.6%) (p<0.001)

Conclusions: Our artificial intelligence based polyp histology prediction software could predict histology with high accuracy only in

the large size polyp subgroup. Clin Endosc 2022;55:113-121
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INTRODUCTION

Colonoscopy with polypectomy of early colorectal neoplas-
tic lesions (polyps) is a proven and widely accepted method of
reducing colorectal cancer mortality rates. Predicting histology
prior to endoscopic colorectal polyp removal is useful espe-
cially for diminutive (1-5 mm) and small (6-10 mm) polyps.
Colorectal polyp histology can be non-neoplastic (hyperplas-
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tic) or neoplastic (tubular, villous adenomas, or sessile serrated
lesions [SSLs]).

Non-neoplastic lesions, especially if they are diminutive
hyperplastic polyps, may not require endoscopic polypectomy
because of the negligible risk for developing malignancy."”

Evaluation of colorectal polyps using the narrow-band im-
aging (NBI) technique and the NBI International Colorectal
Endoscopic (NICE) classification are useful to predict the his-
tology during endoscopy.”” However, NBI and magnification
based polyp histology prediction needs training and endo-
scopic experience. Moreover, the final and objective diagnosis
still requires histology.

Therefore, we have been developing artificial intelli-
gence-based polyp histology prediction (AIPHP) software to
automatically evaluate the magnified NBI colonoscopy images
aiming the histology prediction of polyps. We report the de-
velopment of our software that can evaluate colorectal polyps
using selectively recorded still colonoscopic images.
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We aimed to analyze the AIPHP and NICE classifica-
tion-predicted histology results and compare the histological
predictive accuracy of the two methods.

MATERIALS AND METHODS

We examined 373 colorectal polyps (207 polyps, <5 mm;
103 polyps, 6-9 mm; and 63 polyps, =10 mm) obtained from
279 patients. Polyps were removed by traditional polypectomy
or with mucosectomy or by cold-snare technique.

All endoscopic procedures and histological examinations
were performed at the Petz Aladar University Teaching Hospi-
tal between October 2015 and November 2018.

Colonoscopies were performed with Olympus EXERA III
CFHQ190 I (Olympus, Tokyo, Japan) high-resolution NBI
colonoscope, providing 65x optical magnification.

Colorectal polyps were detected first by high definition
colonoscopy then by NBI at the optical maximum magnifica-
tion (65x). All studied polyps were photo-documented. The
stored NBI photos were analyzed by the NICE classification
and AIPHP parallel system (Fig. 1).

The still NBI-magnifying colorectal polyp images were tak-
en before polyp removal by an endoscopist having >20-year
experience. The stored NBI images were classified as type I or
II-1IT with high-confidence prediction by three experienced
endoscopists using NICE. All the three endoscopists were
blinded to the histology and AIPHP results. In particular
polyp cases when the NICE class assessment differed among
the evaluating endoscopists, the majority (two-thirds) classi-
fication was accepted as final. The NICE classification divides
pit patterns and microvessels at the surface structure in NBI
images into types I, TI, or IIL"

This classification correlates with the most likely pathology
(Figs. 2, 3). NICE I corresponds to serrated lesions, such as
hyperplastic polyps and SSLs, whereas NICE II and III corre-
spond to adenomatous polyps.

Histological examination methods

Pathological examinations were performed by a single
pathologist who was blinded to both the NICE and AIPHP
system diagnosis. To determine the alterations, we used the
WHO dlassification of colorectal polyps.*

We used histology as the gold standard reference in statisti-

Colonoscopic detection of Magnifying NICE
colorectal polyps — > colonoscopy — > dassification
(size measurement) (65%, NBI)
Polypectomy \
v Developing artificial intelligence based
Histology polyp histology prediction software

Fig. 1. Study protocol flowchart. NBI, narrow-band imaging; NICE, NBI international colorectal endoscopic.

Fig. 2. Typical endoscopic view of a NICE classification | polyp.
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cal calculations. The two-class classifications were considered:
hyperplastic or neoplastic (SSLs, tubular or villous adenomas,
and invasive adenocarcinomas).

The study was approved by the Regional and Hospital
Research Ethics Committee (ethical approval number: 76-1-
20/2015.) and it was performed at the Department of Endos-
copy and Gastroenterology, Petz Aladar University Teaching
Hospital, Gyor, Hungary, in accordance with the Declaration
of Helsinki (clinical trial registration number: NCT04425941).
Patients gave informed consent for the endoscopic procedure
and the pathological examination study as well as for the
NICE and AIPHP analysis of the resected specimen.

NBI images

Human interaction:
select good quality
polyp areas

Polyp images

AIPHP-preprocess:
noise filtering
glare canceling

brightness correction

Preprocessed
images

ATPHP-features:
geometry of spots,
intensity parameters,
color statistics

02310 04514
0.1894 0.0701
Feature 02217 02341
vectors 0.8710 0.7608
0.6402 0.6093
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AIPHP software system

The AIPHP software was developed in Python language,
using OpenCV module. The AIPHP software is based on the
categorization of the vascular pattern and color of the polyps.

The main steps of AIPHP software development were the
following: 1) feature vector calculation, 2) training of classifier
module, and 3) AIPHP classifier testing (Fig. 4). The present
AIPHP version cannot automatically find the area of interest
of polyp in a colonoscopy image; therefore human interaction
is needed to select it. A simple image editor program (GNU
Image Manipulation Program; GIMP, USA) was used for this
purpose. The next step is the pre-processing that contains

Fig. 3. Typical endoscopic view of a NICE classifica-
tion Il polyp.

Size Feature Histology
data vectors results
PI001 | 6 mm

PI002 | 3 mm
PI003 | 5 mm

PI001 10.2310, 0.1894, 0.2217, 0.8710, 0.6402
P1002 | 0.4514, 0.0701, 0.2341, 0.7608, 0.6093
PI003 | 0.4484, 0.1134, 0.2501, 0.7712, 0.5991

PI001 | HP
PI002 | TVA
PI003 | SSA

N Y e

Machine learning
database

PI001 | 6 mm | 0.2310, 0.1894, 0.2217, 0.8710, 0.6402 | -
PI002 | 3 mm | 0.4514, 0.0701, 0.2341, 0.7608, 0.6093 | +
PI003 | 5 mm | 0.4484, 0.1134, 0.2501, 0.7712, 0.5991 | +

size-based selection +

Training set
PI002 | 3 mm | 0.4514, 0.0701, 0.2341, 0.7608, 0.6093 | +
PI003 | 5 mm | 0.4484, 0.1134,0.2501, 0.7712,0.5991 | +

random selection / ¢ \

‘ Subset 1 ‘ ‘ Subset 2 ‘ B ‘ Subset 10 ‘
trainingSVM__ | | |
‘ Classifier 1 ‘ ‘ Classifier 2 ‘ oo ‘ Classifier 10 ‘
AIPHP classifier

Fig. 4. Main steps of artificial intelligence-based polyp histology prediction (AIPHP) training; feature vector calculation (left) and training of sub-classifiers (right). NBI,
narrow-band imaging, HP, hyperplastic polyp; PI, polyp investigation; SSA, sessile serrated adenoma; SVM, support vector machine; TVA, tubulo villous adenoma.
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Original

Fig. 5. Classification of bright and dark spots on a polyp surface. Blue, s1; green, s2; yellow, s3; red, s4.

automatic noise reduction, glare removal, and a brightness
correction step.’

Five features were used by our AIPHP software. Feature 1 is
the relative standard deviance of the intensity diagram of the
pre-processed image. Features 2 and 3 are the relative area of
irregular bright and dark spots based on a method that clas-
sifies every spots as either “s1”, “s2”, “s3”, or “s4” where “s1” is
for approximately circular and “s4” for irregular shapes with
branches (Fig. 5). Features 4 and 5 measure the color differ-
ence of the polyp surface and the surrounding area.

Training was performed using a cross-validation scheme
with 10 subsets. All trained 10 classification methods were
saved and used later in the testing phase.

The average time to assess polyp histology by AIPHP was
0.5+0.2 s. A trained person had to mark the polyp surface
on still images because the present AIPHP version cannot
automatically find the area of interest. This maneuver took an
additional 10-15s (12.2+6).

Statistical analysis

Medical parameters and histological data were collected in
one Excel file, which was analyzed by a self-developed Python
program using the Pandas module to calculate various sta-
tistical quantities in tables. Fisher’s exact test was applied for
calculating p-values using Scientific Python software (an open
source, community developed software) and p < 0.05 was con-
sidered statistically significant.

Linear regression was calculated to characterize the correla-
tion between the size of polyps and accuracy of the AIPHP
and NICE methods.
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RESULTS

A total of 400 colorectal polyps were detected, photo-doc-
umented (NBI still images 65X magnification) and removed
for histological analysis. Because of technical failures, like
mechanical or thermal damage, 27 specimens were considered
not suitable, hence a total of 373 polyps were characterized by
AIPHP analysis and NICE classification as well as histological-
ly (Fig. 6). The endoscopic, histological and NICE characteris-
tics of the lesions are presented in Table 1.

Among the polyps, 143 (38.3%) and 230 (61.7%) were
hyperplastic and neoplastic (among them, 151 tubular ad-
enomas, 70 tubulovillous adenomas, 3 SSLs and 6 invasive
adenocarcinomas), respectively. Of the diminutive polyps, 128
(61.8%) and 79 (38.2%) showed hyperplastic and neoplastic
histology, respectively (Table 1).

Utility of AIPHP and NICE classification

The accuracy of AIPHP was 86.6% (323/373) (sensitivity,
92.2%; specificity, 77.6%; positive predictive value [PPV], 86.9;
negative predictive value [NPV], 86.0%) in all the polyps.

We compared the AIPHP accuracy results for diminutive
and non-diminutive polyps (82.1% vs. 92.2%; p=0.0032),
which showed a significantly higher accuracy in the non-
diminutive polyp group. (Table 2).

Further, we evaluated the NICE classification results in pre-
dicting hyperplastic or neoplastic polyp histology in different
polyp size groups. The accuracy of NICE results predicting
the correct histology was 95.2% (197/207) (sensitivity, 97.5%;
specificity, 93.7%; PPV, 90.6%; NPV, 98.4%) in the diminutive



polyp group and 99.4% (165/166) (sensitivity, 100%; speci-
ficity, 93.3%; PPV, 99.3%; NPV, 100%) in the non-diminutive

polyp group. (p=0.014) (Table 3)

The accuracy of the hyperplastic histology prediction was

RACZ | et al. Colon Polyp Histology Prediction by Artificial Intelligence

significantly better by NICE compared to AIPHP method
both in the diminutive polyps (n=207, 95.2% vs. 82.1%,

p<0.001) and also in all evaluated polyps (n=373, 97.1% vs.

Total number of detected and removed colorectal polyps

n=400

P—

Still images with NBI and magnification

Y

\

86.6%, p<0.001) (Table 4)

Histology

Y

——— | technical failure n=27

Total number of polyp images with histology for
NICE and AIPHP

n=373

p——

\

hyperplasic polyps: n=143

neoplasic polyps: n=230

mean size: 3.90 mm, SD=1.77 mm

mean size: 11.22 mm, SD=12.94 mm

Fig. 6. Polyp analysis flowchart. AIPHP, artificial intelligence-based polyp histology prediction; NBI, narrow-band imaging; NICE, NBI international colorectal endo-

scopic; SD, standard deviation.

Table 1. Characteristics of the Polyps Analyzed in the Study

1-5mm 6-10 mm 11-100 mm Total number
(n=207) (n=103) (n=63) (n=373)
Localizations in the colon
Left side 175 (84.5%) 74 (71.8%) 54 (85.7%) 303 (81.2%)
Right side 32 (15.5%) 29 (28.2%) 9 (14.3%) 70 (18.8%)
NICE dlassification
NICEI 122 (58.9%) 13 (12.6%) 1(1.6%) 136 (36.5%)
NICE II-1IT 85 (41.1%) 90 (87.4%) 62 (98.4%) 237 (63.5%)
Shape of polyps
Pedunculated 1(0.5%) 6 (5.8%) 15 (23.8%) 22 (5.9%)
Semipedunculated 3(1.4%) 18 (17.5%) 19 (30.2%) 40 (10.7%)
Sessile 203 (98.1%) 79 (76.7%) 29 (46.0%) 311 (83.4%)
Histology
Hyperplastic polyp 128 (61.8%) 14 (13.6%) 1(1.6%) 143 (38.3%)
Neoplastic lesion 79 (38.2%) 89 (86.4%) 62 (98.4%) 230 (61.7%)

NICE, narrow-band imaging international colorectal endoscopic.
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Table 2. Comparison of Artificial Intelligence-Based Polyp Histology Prediction Results with Histology

AIPHP vs. Histology

AIPHP vs. Histology

Polyp size (mm)

Neoplastic Hyperplastic Sens % Spec % PPV % NPV % Acc %
1-5 (n=207) 70/79 100/128 88.6 78.1 714 91.7 82.1*
>5 (n=166) 142/151 11/15 94.0 73.3 97.3 55 92.2%
All polyps (n=373) 212/230 111/143 92.2 77.6 86.9 86 86.6
*p=0.0032

Acc, accuracy; AIPHP, artificial intelligence-based polyp histology prediction; NPV, negative predictive value; PPV, positive predictive

value; Sens, sensitivity; Spec, specificity.

Table 3. Comparison of NICE Classification Results with Histology

NICE NICE vs. Histology
Polyp size (mm)
I II-111 Sens % Spec % PPV % NPV % Acc %
1-5 (n=207) 122 85 97.5 93.7 90.6 98.4 95.2
6-100 (1=166) 14 152 100 93.3 99.3 100 99.4
1-100 (n=373) 136 237 99.1 93.7 96.2 98.5 97.1

Acc, accuracy; NICE, narrow-band imaging international colorectal endoscopic; NPV, negative predictive value; PPV, positive predictive

value; Sens, sensitivity; Spec, specificity.

Table 4. Hyperplastic Polyp Histology Predicting Data by NICE Classification and Artificial Intelligence-Based Polyp Histology Prediction

Sensitivity (%) Specificity (%) Accuracy (%)
All evaluated polyps (n=373) NICE 99.1 93.7 97.1*
AIPHP 92.2 77.6 86.6*
Diminutive 1-5 mm polyps (n=207) NICE 97.5 93.7 95.2**
AIPHP 88.6 78.1 82.1**
*p=0.001
“p=0.001

AIPHP, artificial intelligence-based polyp histology prediction; NICE, narrow-band imaging international colorectal endoscopic.

Neoplastic and hyperplastic histology were correctly pre-
dicted by AIPHP in 92.2% (212/230) and 77.6% (111/143) of
the specimens, respectively (p <0.0001).

Polyp sizes had influenced both the AIPHP/histology and
NICE/histology agreement results. A detailed calculation was
performed to study the connection between the polyp sizes
and agreement accuracy values using five size groups (Fig. 7).

The accuracy of NICE prediction was close to 100% in all
size groups whereas AIPHP/histology accuracy showed an
increasing tendency with the polyp sizes. Linear regression
correlation coefficient results indicate that AIPHP method
was significantly more accurate in the bigger polyps than in

the smaller polyps.
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DISCUSSION

Colorectal polyp diagnostic methods have progressed very
dynamically. The current dilemma is that diminutive polyps
(<5 mm) mostly show a hyperplastic histology which has a
non-neoplastic behavior, and thus the rationale of polyp re-
moval is under discussion.

High-definition endoscopy, including NBI technology, is
able to predict the histology of colorectal polyps with high
accuracy. However, this accuracy is significantly influenced by
subjective elements, such as endoscopist technical skills and
experience.*"’

Consequently, the number of artificial intelligence polyp
classification endoscopic methods is rapidly increasing." "’
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Fig. 7. Size dependency of NICE classification/histology and artificial intelligence-based polyp histology prediction (AIPHP)/histology agreement. r=0.568 for NICE
classification/histology agreement (not significant), and r=0.918 for AIPHP/histology agreement (significant).

The ideal aim of any AIPHP is to provide objective “semi-
histological” diagnosis and ensure high diagnostic accuracy
for non-expert endoscopists.

In our study, the still images were taken by an endoscopist
experienced with the NBI-based histology prediction criteria
and able to choose good-quality images with optimal position.
The photo-documented and stored polyp images were collect-
ed, and the regions of interest were selected manually.

We previously reported that our pilot AIPHP program can
distinguish between images of hyperplastic or neoplastic le-
sions in NBI-magnifying colonoscopy images."®

The Preservation and Incorporation of Valuable Endoscopic
Innovation (PIVI) committee of the American Society for
Gastrointestinal Endoscopy published a statement on estab-
lishing endoscopic diagnostic techniques.”?" Several NBI-
based and magnifying endoscopy methods like NICE and
Hiroshima classifications™* are consistent with the PIVI rec-
ommendations of a >90% NPV and accuracy criteria.

Our present results show that the NICE classification ful-
filled the PIVI criteria but the AIPHP program could only
partly achieve PIVI recommendations among diminutive
polyps (NPV, 91.7%; accuracy, 82.1%). However, in the case
of non-diminutive polyps, the values fulfilled the PIVI criteria
(sensitivity: 94.0%, accuracy: 92.2%). These findings indicate
that the present AIPHP cannot offer the automatic comput-
erized endoscopy-based histological diagnosis especially in
those polyp size groups where the Al diagnosis would be most
beneficial regarding cost-benefit considerations.

The question is why our AIPHP accuracy results, espe-
cially in the diminutive polyp subgroup, were worse than in
the bigger polyp subgroups. One possible reason is that the

diminutive polyps are mostly hyperplastic and are covered
with mucous surfaces. The adherent mucous disturbs the abil-
ity to analyze the vascular pattern by AIPHP procedure. The
mucous cover and the whitish shape is one reason why we got
less precise histologically predictive results by AIPHP program
compared to NICE classification results. Therefore, hyperplas-
tic polyps can be differentiated better from adenomas using
the NICE classification. Mucous surface and whitish char-
acters hinder histological recognition by AIPHP program in
which the polyp surface vascularity and the color differences
are among the main features. In conclusion, we plan to add
the mucus surface as a new feature for the next-generation
AIPHP programs.

To the best of our knowledge, this is one of the first studies
which analyzed the AI diagnostic results in different polyp
sizes. We found that the AIPHP method is significantly more
accurate in the bigger size polyps than in smaller ones. Polyp
sizes had significantly influenced AIPHP accuracy but not the
NICE/histology agreement results. This study is also pioneer-
ing in comparing the NICE classification with a special artifi-
cial intelligence-based polyp image analyzer. Both hyperplastic
and SSLs correspond to NICE I, therefore it is almost impossi-
ble to distinguish the two by NICE classification. This problem
limits the accuracy of NICE classification regarding the differ-
entiation of non-neoplastic polyps and the neoplastic SSLs. In
our study, the accuracy of NICE evaluation is high, which is
partly due to the small number (n=3) of SSLs analyzed in the
study. The accuracy of NICE likely would decrease as the ratio
of SSLs increases.

We comparatively analyzed our AIPHP results with those
three studies in which software-based automatic polyp histol-
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ogy analysis provided higher sensitivity and accuracy results
than our outcomes. Takemura et al.”* and by Komiani et al.”’
studied low numbers of hyperplastic polyps (47 and 45, re-
spectively) which are notably less than the 143 hyperplastic
polyps in our study. The critical point of the artificial intel-
ligence (AI) analysis is to correctly identify the diminutive
non-neoplastic lesions. To fulfill this requirement, an eligible
number of diminutive hyperplastic lesions should be analyzed.
In the study of Gross et al.,”” 135 non-neoplastic diminutive
polyps were analyzed by a computer with 94.3% NPV. These
results are slightly superior to our findings showing a 91.7%
NPV by AIPHP in 128 hyperplastic lesions.

There are several limitations of our study. Trainings are
necessary both for NICE evaluation and production of
high-quality stored polyp images. Diminutive polyps are typ-
ically hyperplastic with a mucous covering, interfering both
photo-documentation quality and correct AIPHP recognition.
The “one polyp, one picture” method for analysis was suitable
for NICE evaluation but did not complete the correct Al soft-
ware analysis requirements in diminutive and small polyps.
The present AIPHP version cannot automatically find the
area of interest on the polyp surface, hence additional human
interaction is needed. We found that 10-15 s is sufficient for
a trained person to mark the polyp surface on a still image. It
could also be acceptable in routine endoscopy, provided that
the selection marker could be integrated in the software. Such
an integrated software is under development.

Further problems that may limit the generalizability of our
findings are that there are many less experienced endoscopists
in the real-world practice who may not take good-quality
images on particular areas of interest. In addition, magnifying
endoscopy is not widely used in general endoscopy.

In conclusion, our artificial intelligence system manipu-
lating still images of colorectal polyps by NBI-magnifying
colonoscopy could predict histology with high accuracy only
for non-diminutive (>5 mm) polyps. The AIPHP accuracy
significantly increased with larger polyp sizes. Similar to other
studies, NICE classification results showed high sensitivity and
accuracy in all polyp size groups.

Because our present AIPHP cannot substitute the subjective
endoscopic virtual histology evaluations, especially in dimin-
utive polyps, further development with automatic area-of-in-
terest detection and parallel analysis of multiple images of the
same polyp could assist automatic polyp histology predictions,
even in smaller colorectal polyps.
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