
This is an open access article under the CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).
Eur. J. Gynaecol. Oncol. 2024 vol.45(1), 143-146 ©2024 The Author(s). Published by MRE Press. www.ejgo.net

Submitted: 04 June, 2023 Accepted: 20 July, 2023 Published: 15 February, 2024 DOI:10.22514/ejgo.2024.020

S HOR T COMMUN I CAT I ON

Evaluation of AI-assisted colposcopy for detecting
high-risk subtypes of human papillomavirus in CIN2
Takayuki Takahashi1,2, Hikaru Matsuoka1, Yusuke Kobayashi2, Takashi Iwata2,
Kouji Banno2, Wataru Yamagami2, Gen Tamiya2,3,*

1Statistical Genetics Team, RIKEN Center
for Advanced Intelligence Project,
103-0027 Tokyo, Japan
2Department of Obstetrics and
Gynecology, Keio University School of
Medicine, 160-8582 Tokyo, Japan
3Tohoku University Graduate School of
Medicine, 980-8575 Sendai, Japan

*Correspondence
gen.tamiya@riken.jp
(Gen Tamiya)

Abstract
Cervical cancer is the second most common cancer in women, and the role of human
papillomavirus (HPV) testing in its etiology is becoming increasingly important. We
aimed to evaluate the performance of an artificial intelligence (AI)-assisted colposcopy
system in detecting high-risk human papillomavirus (HR-HPV) subtypes in cervical
intraepithelial neoplasia (CIN) 2 patients. We conducted a post-hoc analysis of a previous
observational study that developed an AI algorithm for colposcopic images of patients
with CIN2. Out of 78 patients with HR-HPVs (HPV 16, 18, 31, 33, 35, 45, 52 and 58), 60
(76.9%) had positive AI colposcopy results. The accuracy, sensitivity and specificity of
the AI-assisted colposcopy system in detecting HR-HPVs (16, 18, 31, 33, 35, 45, 52 and
58) were 0.689, 0.769 and 0.537, respectively. This study is the first to focus on using
AI to detect high-risk subtypes. The AI algorithm accurately detects the characteristics
of HR-HPVs. It can be used to detect high-risk CIN types in patients with cervical
dysplasia based only on colposcopic imaging findings and is potentially a valuable tool
for follow-up.
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1. Introduction

Cervical cancer (CC) is a malignant tumor that affects many
women; more than 600,000 new cases were reported world-
wide in 2020, with 340,000 women dying from the disease
[1]. CC and precancerous lesions (cervical intraepithelial
neoplasia: CIN) are caused by chronic infection with high-
risk human papillomavirus (HR-HPV) [2]. Among the HR-
HPV types in Japanese women, eight types, including 16, 18,
31, 33, 35, 45, 52 and 58, all have difficulty spontaneously
resolving. They are particularly susceptible to progression
to CC and require more attention [3]. CC is averted by
preventive HPV vaccination and screening [4]. Guidelines
have suggested HPV testing as an effective screening method
in recent decades; however, only approximately 10% of long-
term HR-HPV infections cause CIN or lead to CC [5].
Pathological diagnosis is the gold standard for detecting CIN

and CC, and colposcopy is a real-time technique for visualizing
and evaluating the cervix to obtain specimens for biopsy [6].
Thus, the biopsy material obtained during colposcopy must be
analyzed for an appropriate diagnosis. However, colposcopic
biopsies are rarely repeatable and do not always yield samples
from the most malignant tumors, resulting in many differences
among colposcopists [7]. Therefore, qualified, knowledgeable
colposcopists are required. Thus, the diagnostic accuracy
of colposcopy must be improved to prevent the wastage of

health resources due to overdiagnosis or missing patients [8].
Recently, we developed an artificial intelligence (AI)-assisted
colposcopy system that can accurately detect high-grade le-
sions and predict the prognosis of CIN2 patients based solely
on their colposcopy images [9].
HR-HPV testing is essential for managing CIN and deter-

mining the appropriate treatment strategies [4]. However,
some drawbacks exist: not all facilities test for HR-HPV,
several putative positive results exist, and the disease cannot
be evaluated in real-time, necessitating follow-up. By contrast,
in cases of CIN2, colposcopy should be performed according
to guidelines [10]. Knowing the HR-HPV type and recog-
nizing the lesion during colposcopy is beneficial for patient
management. This would allow early intervention and prevent
inappropriate testing and treatment.
Therefore, in this study, which is the first to focus on using

AI to detect high-risk subtypes, we aimed to evaluate the
performance of the AI-assisted colposcopy system in detecting
high-risk subtypes of HR-HPVs in CIN2.

2. Materials and methods

2.1 Targets for analysis
In this post-hoc study, we used 593 images from 119 pa-
tients who visited our clinic between 2012 and 2020 and
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were diagnosed with CIN2. The results of cytology, col-
poscopy, targeted histology and HPV examinations were ob-
tained from medical records. We performed colposcopy ac-
cording to the American Society for Colposcopy and Cervical
Pathology (ASCCP) Colposcopy Standards and stratified 593
images. In this study, all patients diagnosed with CIN2 were
identified based on pathological findings. To ensure consis-
tent and reliable results, a skilled pathologist, with extensive
experience, made these diagnoses.

2.2 HPV testing
We performed HPV typing with the PGMY line blot assay,
as previously described [11]. We selected eight HR-HPV
subtypes (HPV 16, 18, 31, 33, 35, 45, 52 and 58) most likely
to be involved in CIN1,2 progression as HR-HPV positive
group in the present analysis [12]. Previous studies have shown
a substantial agreement rate of 88.7% between the PGMY
line blot assay and the traditionally used MY09/11 assay [13].
This concordance suggests that the PGMY line blot assay can
accurately detect HR-HPV subtypes.

2.3 Colposcopy
During the colposcopic examination, 5% acetic acid was ap-
plied to the cervix. Colposcopy findings were classified as
normal, benign or abnormal (including low-grade, high-grade
and cancerous). After applying acetic acid, a punch biopsy
was performed if acetowhitening epithelium was observed. A
colposcopy-directed biopsy was performed for each suspected
lesion area.

2.4 AI system
We used the AI algorithm developed in our previous study [9].
The colposcopic impression of a high-grade lesion of CIN2
was detected by applying explainable AI techniques.

2.5 Statistical analysis
The detection of abnormal colposcopy findings based on the
AI system was compared with HR-HPV results. Accuracy,
sensitivity, specificity and precision were evaluated.

3. Results

This AI model was trained to associate specific colposcopic
image features with HR-HPV infection. The results of a model
trained to distinguish between positive and negative outcomes
are presented in Fig. 1. The model was trained to differen-
tiate between positive and negative outcomes. The regions
highlighted in white or decolorized in the figure represent the
regions identified by the model as critical in differentiating
these outcomes. A positive AI result predicts infection with
one or more specific HR-HPV types (16 or 18) or (16, 18, 31,
33, 35, 45, 52 or 58). Conversely, a negative AI result implies
that infection with any of these HR-HPV types is not predicted
by the AI model.
Of the 119 CIN2 patients, 73 (61.3%) were positive for

HPV16 or 18. Of these 73 cases, 37 (50.7%) were determined
to be positive by AI colposcopy. Overall, the diagnostic

accuracies of AI colposcopy for detecting HR-HPV (16 or 18)
were 0.647, 0.507 and 0.870 in terms of accuracy, sensitivity
and specificity, respectively.
Of the 119 CIN2 patients, 78 (65.5%) were positive for

HPV16, 18, 31, 33, 35, 45, 52 or 58. Of these 78 cases,
60 (76.9%) were determined to be positive by using AI col-
poscopy. The diagnostic accuracy of AI colposcopy for detect-
ing HR-HPV (16, 18, 31, 33, 35, 45, 52 or 58) was 0.689, 0.769
and 0.537 in terms of accuracy, sensitivity and specificity,
respectively.

FIGURE 1. Visualization results by Lime based on our
learning. The locations of the colposcopic lesions detected by
the constructed AI algorithm are circled in yellow.

4. Discussion

CC is the second most common cancer among women world-
wide; nevertheless, it is a type of genital cancer that can be
prevented by early diagnosis and screening tests [14]. The
benefits of primary HPV screening include identifying precan-
cerous lesions, determining the need for biopsy, and the safe
lengthening of screening intervals [15]. Current treatment for
CIN2 is centered on regular surveillance based on tests for HR-
HPV subtypes and colposcopy [16].
The precision rate of the detection of HR-HPV subtypes in

this study was 75.9%. This AI algorithm that can extract HR-
HPV groups from colposcopy images of CIN2 patients could
be of great clinical significance in patient management. For
example, real-time evaluation of HR-HPV groups could enable
more rapid diagnosis and earlier therapeutic intervention. It
could also facilitate follow-up, especially in facilities with
limited medical resources. With continuous advancements
and further refinement of the AI algorithm, there is potential
for it to make valuable contributions to the management of
CIN2 patients in the future. These advancements could reduce
the dependence on biopsies and enable more personalized
observation or treatment approaches.
We noted a substantial increase in sensitivity from 0.507
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(Table 1) to 0.769 (Table 2) when incorporating five addi-
tional HPV-positive patients. This notable enhancement can
be attributed to the introduction of variation through these
extra images. Despite their limited quantity, they depicted
scenarios not adequately represented in the original dataset.
Consequently, these new images expanded the model’s train-
ing coverage, enhancing its ability to recognize diverse sit-
uations. The improved sensitivity, therefore, signifies the
model’s heightened capacity to accurately identify true positive
cases, emphasizing the significance of diverse and comprehen-
sive training data in constructing effective AI models.

TABLE 1. Diagnostic accuracy of differentiating
HR-HPV (HPV 16, 18) positive group by AI colposcopy.

HPV (HPV 16/18)
Negative Positive

AI Colposcopy
Negative 40 36
Positive 6 37

HPV: human papillomavirus; AI: artificial intelligence.

TABLE 2. Diagnostic accuracy of differentiating
HR-HPV (HPV 16, 18, 31, 33, 35, 45, 52, 58) positive

group by AI colposcopy.
HPV (HPV 16/18/31/33/35/45/52/58)
Negative Positive

AI Colposcopy
Negative 22 18
Positive 19 60

The precision rate for detecting HR-HPVs (16, 18, 31,
33, 35, 45, 52 or 58) in our study was 75.9%. HPV:
human papillomavirus; AI: artificial intelligence.

Upon examining the colposcopic images processed by the
AI algorithm developed in this study, we observed its recog-
nition of image findings associated with HPV infection, in-
cluding white lesions (Fig. 1). Previous research indicates
that the detection of HPV16, particularly, is associated with
high-grade findings, irrespective of the histological diagnosis
[17, 18]. Furthermore, HPV16 is understood to cause more
extensive lesions than other HPV types, often presenting more
pronounced colposcopic abnormalities. Conversely, precan-
cerous lesions associated with HPV18/45 are reported to be
more challenging to detect using conventional cytology and
colposcopy techniques than those linked with HPV16. More-
over, various studies have highlighted distinctive connections
between specific HPV subtypes and the colposcopic findings
of CIN [19, 20]. This indicates that although HPV 16 and
18 receive significant attention, other high-risk HPV types
are equally important in clinical follow-up. The correlation
between colposcopic findings identified by our AI algorithm
and HPV subtypes remains not fully explored. However, we
anticipate that distinctive imaging patterns corresponding to
specific HR-HPV subtypes will emerge. While HPV 16 and

18 are indeed associated with a higher risk of progression, our
AI model’s increased sensitivity to a wider range of genotypes
does not contradict this fact.
The capability of our AI algorithm to identify a subgroup

of high-risk HPV types (16, 18, 31, 33, 35, 45, 52 or 58)
in this study indicates a promising avenue for utilizing com-
mon imaging findings in lesion detection through colposcopic
imaging. It also holds potential for risk stratification in CIN
patients. Although the preliminary results are encouraging, we
acknowledge the need for further refinement to enhance the
model’s specificity and ultimately fulfill the rigorous criteria
required for clinical adoption.
Further investigation is needed to clarify the mechanisms

behind the association of colposcopic findings, identified by
our AI algorithm, with HPV subtypes and their respective
pathological features. Despite these future research needs,
this study holds significant value as the first to establish a
correlation between colposcopy findings and HPV subtypes in
CIN2 patients using an AI algorithm. Furthermore, applying
AI-driven colposcopy technology as a real-time monitoring
tool offers the potential for innovative strategies for early
diagnosis and appropriate therapeutic management of CIN
patients.
The use of AI in oncology has increased over the past decade

[21]. Colposcopy is a real-time visualization and assessment
technique of the cervix for detecting CIN and invasive cancer;
the results showed the possibility of detecting HPV subtypes
using colposcopy by using an AI algorithm. It has been
reported that specific HPV subtypes, such as white lesions,
can be detected on high-risk imaging [8], thus confirming the
hypothesis that AI can infer HPV subtypes via learning from
these findings.
A limitation of this study is that many images used have

small pixel counts, and the number of training images was
minimal; however, improving these aspects would improve the
accuracy of the constructed AI algorithm. Another limitation
of this study is the relatively small sample size and the single-
source nature of the samples. These factors may hinder the
generalizability and robustness of the AI model developed in
this study. To achieve a more accurate and reliable model,
extensive case training, multicenter external validation, and
a comparison between human and machine predictions are
necessary.
In conclusion, our results indicate that AI-based analysis of

colposcopic images can identify HR-HPV groups.
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