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ABSTRACT

Colposcopy has limitations due to observer variability, which is why artificial intelligence (Al) has been proposed to
improve its accuracy. This systematic review (PRISMA 2020) analyzed the diagnostic accuracy of Al systems on
colposcopic images to detect high-grade cervical intraepithelial lesions (CIN2+, CIN3+, HSIL). Searches were
conducted in PubMed, Scopus, Web of Science, ScienceDirect, IEEE Xplore, and Google Scholar (January 2021 —
June 2026), including studies with histopathological confirmation as the reference standard and assessing quality with
QUADAS-2. Ten studies were included (over 15,000 images and 7,500 patients), mostly retrospective and from Asia.
Performance was heterogeneous: sensitivity (63.0-99.9%), specificity (57.6-99.8%), and AUC up to 0.95. Al proved
useful as a supportive tool, especially for junior colposcopists. The main biases were related to patient selection and
retrospective design. In conclusion, Al shows promising diagnostic accuracy for high-grade lesions, although with
significant variability. Prospective, multicenter studies conducted in real-world settings are needed to confirm its
effectiveness and cost-effectiveness before widespread clinical implementation.

Keywords: artificial intelligence, colposcopy, cervical intraepithelial neoplasia, high-grade cervical lesions,
diagnostic accuracy, cervical cancer.

RESUMEN

La colposcopia tiene limitaciones por la variabilidad del observador, por lo que la inteligencia artificial (I1A) se ha
propuesto para mejorar su precision. Esta revision sistematica (PRISMA 2020) analiz6 la precision diagndstica de
sistemas de IA en imagenes colposcépicas para detectar lesiones intraepiteliales cervicales de alto grado (CIN2+,
CIN3+, HSIL). Se busc6 en PubMed, Scopus, Web of Science, ScienceDirect, IEEE Xplore y Google Scholar (enero
de 2021 - junio de 2026), incluyendo estudios con confirmacion histopatol6gica como estandar de referencia y
evaluando la calidad con QUADAS-2. Se incluyeron 10 estudios (mas de 15.000 imagenes y 7.500 pacientes),
mayoritariamente retrospectivos y asiaticos. El rendimiento fue heterogéneo: sensibilidad (63,0-99,9 %), especificidad
(57,6-99,8 %) y AUC hasta 0,95. La IA resulté Gtil como apoyo, especialmente para colposcopistas noveles. Los
principales sesgos se relacionaron con la seleccion de pacientes y el disefio retrospectivo. En conclusion, la A muestra
una precision diagnostica prometedora para lesiones de alto grado, aunque con variabilidad significativa. Se necesitan
estudios prospectivos, multicéntricos y en condiciones reales para confirmar su efectividad y costo-efectividad antes
de su implementacion clinica generalizada.

Palabras clave: inteligencia artificial, colposcopia, neoplasia intraepitelial cervical, lesiones de alto grado, precision
diagnéstica, cancer cervicouterino.
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INTRODUCTION

Cervical cancer remains a priority public health problem worldwide, despite being a largely
preventable neoplasm through vaccination against human papillomavirus (HPV), organized
screening, and timely treatment of precursor lesions (World Health Organization [WHO], 2020,
2025). The WHO recognizes it as the fourth most common cancer in women, with approximately
660,000 new cases and 350,000 deaths recorded in 2022, with the greatest disease burden
concentrated in low- and middle-income countries (WHO, 2025). According to estimates from the
Global Cancer Observatory in 2022, cervical cancer continues to represent a major cause of female
morbidity and mortality, especially in regions with less access to prevention, screening, and timely
treatment programs (Bray et al., 2024).

The natural history of cervical cancer is closely linked to persistent infection with
oncogenic HPV genotypes, particularly types 16 and 18, which are responsible for the majority of
invasive cancer cases. Progression from persistent infection to cervical intraepithelial neoplasia
(CIN) and subsequently to invasive cancer usually takes several years, providing an opportunity
for early detection and treatment of precursor lesions (Perkins et al., 2020). In this context,
identifying high-grade cervical intraepithelial lesions, especially CIN2+ and CIN3+, constitutes a
fundamental objective of secondary prevention programs, due to their high potential for
progression to invasive cancer (WHO, 2020).

Colposcopy is an essential diagnostic tool in the evaluation of women with abnormal
screening tests or high-risk HPV infection. Its main function is to identify suspicious epithelial
alterations and guide the performance of targeted biopsies for histopathological confirmation
(Wentzensen et al., 2015). However, several studies have shown that the diagnostic accuracy of
colposcopy depends significantly on the examiner's experience, image quality, and adequate
visualization of the transformation zone, leading to considerable inter- and intra-observer
variability (Bifulco et al., 2015; Dorji et al., 2022; Vallikad et al., 2017). These limitations can
affect the detection of high-grade lesions, particularly in settings with a shortage of trained
specialists.

Over the past decade, artificial intelligence (Al) has experienced accelerated growth in the
healthcare field, especially in disciplines based on medical image analysis (Rajpurkar et al., 2022).
Advances in machine learning and deep learning, particularly through convolutional neural

networks, have enabled the development of systems capable of identifying complex patterns with
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accuracy levels comparable to, or even exceeding, those of human specialists in certain diagnostic
areas (Estevaetal., 2017; Topol, 2019). These technologies have demonstrated utility in radiology,
dermatology, ophthalmology, and pathology, driving the development of clinical decision support
tools (Topol, 2019).

In gynecology, the application of artificial intelligence to the analysis of colposcopic
images has emerged as a promising strategy to improve the detection of cervical precursor lesions
(Takahashi et al., 2025); recent studies have reported deep learning-based systems capable of
classifying colposcopic images, identifying suspicious areas, and differentiating low- and high-
grade intraepithelial lesions with high levels of sensitivity and specificity (Wu et al., 2023;
Mascarenhas et al., 2024; Ouh et al., 2024). Likewise, it has been observed that the use of Al-
based diagnostic assistance systems can improve the performance of less experienced
colposcopists and optimize biopsy site selection (Chang et al., 2025).

Despite the growing number of publications, the available evidence shows heterogeneity
in terms of the algorithms used, characteristics of the populations studied, methodological quality,
outcomes assessed, and diagnostic metrics reported. While some studies analyze the detection of
CIN2+, others focus on CIN3+, HSIL, or invasive cancer, making direct comparison of results and
determination of the true clinical performance of these technologies difficult (Mascarenhas et al.,
2024; Liu et al., 2025; Takahashi et al., 2025).

Therefore, it is necessary to critically synthesize recent scientific evidence related to
artificial intelligence applied exclusively to colposcopic images, which is why the present
systematic review aimed to analyze the diagnostic accuracy of artificial intelligence systems

applied to colposcopic images for the detection of high-grade cervical intraepithelial lesions.

METHODOLOGY

A systematic review of diagnostic accuracy studies was designed, following the
recommendations of the PRISMA 2020 statement (Page et al., 2021). The research question was:
What is the diagnostic accuracy of artificial intelligence systems applied to colposcopic images
for the detection of high-grade cervical intraepithelial lesions?

Studies published between January 2021 and June 2026, in Spanish or English, were
included. They had to evaluate artificial intelligence, machine learning, deep learning,

convolutional neural network models, or computer-aided diagnostic systems applied to
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colposcopic images, cervicographic images, or digital images of the cervix. The target population
was women undergoing colposcopy due to abnormal cervical screening, high-risk human
papillomavirus (HPV) infection, abnormal cytology, or clinical suspicion of cervical lesions.

The primary outcome was diagnostic accuracy for detecting high-grade cervical
intraepithelial lesions, defined as CIN2+, CIN3+, HSIL, or cervical cancer. Diagnostic indicators
considered were sensitivity, specificity, positive predictive value, negative predictive value,
overall accuracy, and area under the curve (AUC). The preferred reference standard was
histopathological confirmation via cervical biopsy.

Narrative reviews, systematic reviews, meta-analyses, editorials, letters to the editor,
studies without full-text availability, and research focused exclusively on cervical cytology, digital
Papanicolaou, computational histopathology, or molecular tests without colposcopic analysis were
excluded. Likewise, studies that did not report quantifiable diagnostic metrics or that used only
experimental databases without clinical validation were excluded.

The bibliographic search was conducted in PubMed/MEDLINE, Scopus, Web of Science,
ScienceDirect, IEEE Xplore, and Google Scholar. Controlled and free terms related to artificial
intelligence, machine learning, deep learning, colposcopy, cervicography, cervical intraepithelial
neoplasia, high-grade cervical intraepithelial lesions, and diagnostic accuracy were used. The
search strategy combined terms such as "artificial intelligence”, "machine learning"”, "deep
learning”, "convolutional neural network™, "colposcopy”, "cervical image", "cervicography",
"cervical intraepithelial neoplasia”, "CIN2+", "CIN3+", and "diagnostic accuracy" using Boolean
operators AND and OR. The strategy was adapted to the specific characteristics of each database
to maximize the sensitivity and relevance of the retrieved results.

The identified records were exported to Zotero 7 for identification and removal of duplicate
records. Subsequently, two reviewers independently evaluated the titles and abstracts of the
retrieved articles. Potentially eligible studies were reviewed in full text to determine their final
inclusion. Discrepancies between reviewers were resolved through consensus or with the
participation of a third reviewer.

Data extraction was performed using a standardized matrix developed in Microsoft Excel.
Variables related to author, year of publication, country, journal, study design, sample size,

population characteristics, type of image analyzed, type of algorithm used, comparator, reference
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standard, target lesion, sensitivity, specificity, positive predictive value, negative predictive value,
area under the curve, diagnostic accuracy, and main conclusions were collected.

The methodological quality and risk of bias of the included studies were assessed using the
QUADAS-2 tool (Whiting et al., 2011), considering four domains: patient selection, index test,
reference standard, and flow and timing. Each domain was classified as having a low, high, or
unclear risk of bias, according to the criteria established by the authors of the tool.

The included studies were organized and classified according to the type of algorithm used,
the diagnostic outcome evaluated, and the reported performance metrics. The results were
synthesized through narrative analysis and comparative tables. Due to the expected heterogeneity
in the algorithms used, study populations, reference standards, and diagnostic outcomes evaluated,
a qualitative synthesis of the evidence was prioritized. However, if sufficient clinical and
methodological homogeneity had been identified among the included studies, the possibility of

performing a quantitative synthesis of diagnostic indicators was considered.

RESULTS AND DISCUSSION

The bibliographic search performed in PubMed/Medline, Scopus, Web of Science,
ScienceDirect, IEEE Xplore, and Google Scholar yielded 148 potentially relevant records. After
removing 33 duplicate records, 115 titles and abstracts were screened. Subsequently, 15 articles
were selected for full-text assessment. After applying the established eligibility criteria, 5 studies
were excluded for not meeting the inclusion criteria. Finally, 10 studies were included in the
qualitative synthesis of this review. Figure 1 presents the study selection process.

The 10 included studies were published between 2021 and 2026 and evaluated different
applications of artificial intelligence for colposcopic image analysis in the diagnosis of precursor
cervical lesions and cervical cancer. Most of the research was conducted in Asia, primarily in
China, South Korea, and Japan, while two studies originated in Europe and the United States.

Retrospective diagnostic development and validation designs predominated. However,
studies with more robust methodologies were also identified, including a multicenter, double-
blind, randomized clinical trial (Kim et al., 2023) and a cross-sectional study of clinical application
under real-world conditions (Chang et al., 2025). The sample size varied considerably, ranging
from 234 to 7,530 patients, with some studies analyzing thousands of colposcopic images for the

training and validation of deep learning algorithms.
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Figure 1. PRISMA 2020 flowchart for the selection of included studies.

The artificial intelligence systems evaluated included convolutional neural networks, deep
learning-based models, computer-aided diagnostic systems, and multimodal platforms that
integrated clinical variables, cytological results, or human papillomavirus infection status. The
outcomes evaluated focused primarily on the detection of high-grade cervical intraepithelial
lesions (HSIL, CIN2+, or CIN3+) and cervical cancer. The general characteristics of the included
studies are presented in Table 1.

Methodological assessment using the QUADAS-2 tool revealed a low or moderate overall
risk of bias in most of the included studies. The domains related to the index test and the reference
standard consistently showed a low risk of bias, due to the use of clearly defined algorithms and
the use of histopathological confirmation as the diagnostic reference. The main sources of
uncertainty were related to patient selection and participant flow, especially in retrospective studies
that used pre-selected databases or that did not fully describe losses during the validation process.
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Table 1. General and methodological characteristics of the included studies

Al Lesion or
Reference Country Studio design diagnostic
system/model S
objective
Liu et al. China dR:\%?prggrYS 7,530 patients; CAD based on LSIL+ and
(2021) oprt 15,276 images ResNet50 HSIL+
validation
Normal, CIN1,
Ito et al. . . GoogleNet / CIN2-3,
(2022) Japan Retrospective 463 images Inception v1 invasive
cancer
Kim et al. Retrospective . CIN2+ or
(2022) South Korea feasibility 234 women Cerviray Al® WOrse
Retrospective
Zhao et al. . . . CIN2+ and
(2022) China diagnostic 346 women CAIADS CIN3+
accuracy
. CIN2+
Wu et al. . Retrospective 366 women; ’
(2023) China external validation 1,830 images CAIADS CIN3+ and
cancer
Kim et al Multicenter, 886 images
" South Korea double-blind, g Cerviray AI®  CIN2+/CIN3+
(2023) out of 7,457
crossover RCT
Retrospective, .
Ouh et al. multicenter, , C?N'C-ARE P2/P3, HSIL
South Korea . 400 images Al; RetinaNet
(2024) blinded or CIN2+
. - + ResNet-50
pivotal trial
Aquilinaet Netherlands / deDvI:I%n?ligrﬁt/ angl,gjfble SegFormer + CIN2+ vs
al. (2024)  United States opm aly GBT <CIN2
validation images
Chang et al. . Al-assisted CIN2+ and
(2025) China Cross 825 women colposcopy CIN3+
Boothetal. . DPOOIC g7gwomen;  Cervix-AID-  CIN2+vs
(2026) lidation 3,153 images Net <CIN2

Most studies presented a low or uncertain risk of bias in the evaluated domains, with no

studies identified as having a high overall risk of bias. The included studies showed considerable
variability in the diagnostic performance of artificial intelligence systems applied to colposcopy.
In general, the algorithms demonstrated a high capacity for detecting high-grade cervical
intraepithelial lesions, with sensitivities generally exceeding 80% and areas under the curve
reaching values close to 1.0 in some models.

The best results were observed in systems specifically developed for CIN2+ identification

and validated on carefully selected image sets. In contrast, models trained to classify multiple
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diagnostic categories or evaluated in more heterogeneous clinical scenarios showed more moderate
performance. Furthermore, several studies demonstrated that artificial intelligence can function
not only as an autonomous diagnostic tool but also as a clinical decision support system, improving
the accuracy of less experienced colposcopists. However, direct comparisons between studies
should be interpreted with caution due to the heterogeneity of the algorithms used, the
characteristics of the populations studied, the reference standards employed, and the diagnostic
outcomes evaluated.

Of the 10 included studies, 9 reported comparable diagnostic metrics of sensitivity,
specificity, and/or area under the curve, and were therefore incorporated into the comparative
synthesis presented in Table 2. Ito et al. (2022) were considered in the qualitative synthesis, but
not in the quantitative comparison, because they reported results in multiple diagnostic categories
without metrics directly comparable to those used by the other included studies. Detailed results
for sensitivity, specificity, and area under the curve for each study are presented in Table 2.

This systematic review demonstrated that artificial intelligence systems applied to the
analysis of colposcopic images exhibit favorable diagnostic performance for the detection of high-
grade cervical intraepithelial lesions. Most of the included studies reported sensitivities greater
than 80%, with areas under the curve reaching values close to 1.0 in some models, suggesting a
high discriminatory capacity for identifying precursor lesions with the potential to progress to
cervical cancer.

These findings are consistent with recent reviews that have evaluated the role of artificial
intelligence in colposcopy. Takahashi et al. (2025), in a systematic review of artificial intelligence
applications for the diagnosis of cervical intraepithelial neoplasia and cervical cancer, concluded
that deep learning-based models achieve levels of accuracy comparable to those obtained by
experienced colposcopists. Similarly, Liu et al. (2025), in a meta-analysis of artificial intelligence
applied to the diagnosis of cervical lesions, reported a high overall diagnostic capacity, although
they highlighted considerable methodological heterogeneity among the included studies.
Similarly, Mascarenhas et al. (2024) noted that artificial intelligence has the potential to reduce

the subjectivity inherent in colposcopic interpretation and improve diagnostic reproducibility.
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Table 2. Diagnostic performance of artificial intelligence systems applied to colposcopy for the

detection of high-grade cervical intraepithelial lesions

o o AUC/
" Sensitivity  Specificity : . Reference
Reference Target injury (%) (%) Diagnostic standard
accuracy
Liu et al. . .
(2021) HSIL+ 82.3 80.0 AUC: 0.900 Histopathology
Kim et al. CIN2+ or , :
(2022) WOrse 74.14 83.05 AUC: 0.777 Histopathology
Zhao et al. _ .
(2022) CIN2+ 95.5 57.6 AUC: 0.765 Histopathology
Wau et al. .
(2023) CIN2+ 80.6 63.5 NR Histopathology
: AUC IA alone: .
K'g’ogga" CIN2+/CIN3+  89.18 96.68  0.95; accuracy: ':ftgftafggfe%;
(2023) 86.40% P
Independent
Ouz%gza" PAPS ISk a0 95.5 NR committee +
( ) histology/cytology
Aquilina et al. CIN2+ vs ) :
(2024) <CIN2 63.0 74.0 AUC: 0.75 Histopathology
Chang et al. i
(2025) CIN2+ 96.0 NR NR Histopathology
Booth et al. CIN2+ vs 99.9 99.8 Accuracy: Histology of four
(2026) <CIN2 ' ' 99.8% cervical biopsies

AUC: area under the curve; CIN: cervical intraepithelial neoplasia; HSIL: high-grade squamous

intraepithelial lesion; NR: not reported.

The usefulness of artificial intelligence in cervical assessment is not a recent finding.
Among the first clinically relevant studies included in this review, Liu et al. (2021) demonstrated
that a system based on convolutional neural networks could identify cervical lesions with adequate
sensitivity and specificity, while Kim et al. (2022) reported favorable results using an Al-based
diagnostic support system for the detection of CIN2+ or higher lesions. These findings are
consistent with subsequent research that has shown promising results in the automated analysis of
cervical images, such as Hu et al. (2019) developed an automated visual assessment system capable
of identifying cervical lesions with performance comparable to that of human experts, while Yuan

et al. (2020) demonstrated the feasibility of convolutional neural networks for recognizing cervical
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squamous lesions in colposcopic images. Similarly, Miyagi et al. (2020) observed that combining
colposcopic images with HPV genotype information improved the performance of diagnostic
algorithms, suggesting that multimodal models could represent one of the main lines of future
development.

A key finding of this review was the considerable variability observed among the included
studies. While Booth et al. (2026) reported a sensitivity of 99.9% and a specificity of 99.8%,
Aquilina et al. (2024) obtained considerably lower sensitivities. Similarly, Ouh et al. (2024)
showed exceptionally high sensitivity and specificity values, exceeding 95%. These differences
likely reflect variations in patient selection, image quality, database size, diagnostic criteria used,
and the characteristics of the algorithms employed. Several authors have noted that models
developed and validated on highly selected image sets tend to perform better than those evaluated
in real-world clinical settings (Desai et al., 2022; Liu et al., 2025).

Another relevant aspect identified in this review is that artificial intelligence appears to
offer its greatest benefit as a tool to support clinical decision-making rather than as a substitute for
specialists. Kim et al. (2023) demonstrated that the incorporation of Cerviray AI® improved
diagnostic accuracy during colposcopic evaluation. Similarly, Wu et al. (2023) observed that the
CAIADS system improved the performance of less experienced colposcopists, while Chang et al.
(2025) documented a significant improvement in sensitivity for the detection of CIN2+ and
CIN3+, especially in resource-limited settings. These findings align with the results reported by
Ito et al. (2022), who observed an improvement in the diagnostic capabilities of gynecologists
when supported by Al-based systems.

From a public health perspective, these results are particularly relevant considering the
global goals for the elimination of cervical cancer. The World Health Organization has established
strategies aimed at strengthening HPV vaccination, effective screening, and timely treatment of
precursor lesions (WHO, 2020, 2021). In this context, artificial intelligence could contribute to
optimizing the early detection of high-grade lesions, particularly in regions with limited access to
expert colposcopists. Bouvard et al. (2021) highlighted the need to develop innovative
technologies that allow for expanding the coverage and quality of cervical screening programs,
while Nakisige et al. (2023) noted that the integration of artificial intelligence could represent a
viable alternative for improving visual cervical assessment in low- and middle-income countries.

However, the results of this review should be interpreted with caution. Most of the included
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studies used retrospective designs and pre-selected databases, which may introduce biases related
to patient selection and the quality of the analyzed images. Furthermore, there was significant
heterogeneity in the outcomes assessed, as some studies used CIN2+ as the primary criterion, while
others evaluated CIN3+, HSIL, or invasive cancer. This methodological diversity hindered direct
comparison between studies and limited the possibility of conducting a robust quantitative
synthesis. For this reason, a narrative synthesis of the available evidence was chosen.

The QUADAS-2 assessment showed that the main risks of bias were related to patient
selection and the diagnostic workflow, while the domains corresponding to the index test and the
reference standard generally showed a low risk of bias. The use of histopathological confirmation
as the reference standard is a significant strength of the included studies, as it allows for an
objective evaluation of the diagnostic accuracy of the algorithms.

Taken together, the available evidence suggests that artificial intelligence applied to
colposcopy represents a promising tool for improving the detection of high-grade cervical
intraepithelial lesions and supporting clinical decision-making. However, before its widespread
adoption in clinical practice, prospective, multicenter studies conducted in real-world settings will
be necessary to validate its performance, evaluate its cost-effectiveness, and determine its impact
on relevant clinical outcomes. Based on the current state of evidence, artificial intelligence should
be considered a complementary tool intended to enhance colposcopic interpretation, not a
substitute for clinical judgment or histopathological confirmation.

CONCLUSIONS

The available evidence indicates that artificial intelligence systems applied to the analysis
of colposcopic images demonstrate favorable diagnostic performance for detecting high-grade
cervical intraepithelial lesions. Most included studies reported high sensitivity and adequate
discriminative ability, suggesting that these technologies can contribute to improving the
identification of CIN2+, CIN3+, and HSIL lesions during colposcopic evaluation. Likewise,
artificial intelligence showed potential as a clinical decision-support tool, particularly in settings
with limited specialist availability or among practitioners with less colposcopy experience.
However, the methodological heterogeneity of the studies and the predominance of retrospective

designs limit the generalizability of the findings. Consequently, prospective, multicenter research
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conducted in real-world clinical conditions is required to confirm its clinical utility, assess its cost-

effectiveness, and define its role within cervical cancer prevention and early detection programs.
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