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OBJECTIVE: This study evaluates the performance of
artificial intelligence (Al) colposcopy in detecting cervical
cancer and precancerous lesions in real-world scenarios
within resource-limited areas.

METHODS: This is a cross-sectional study. Participants
with positive human papilloma virus results or who were
cytologic positive were referred for colposcopy, during
which Al colposcopy was implemented. Biopsies were per-
formed for positive findings suggested by either the colpo-
scopist or the Al system. For the analysis, we calculated the
sensitivity, specificity, positive predictive value, negative
predictive value, and area under the curve for detecting
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cervical intraepithelial neoplasia (CIN) 2+ and CIN 3+. His-
topathology was the gold standard for disease diagnosis.
RESULTS: A total of 825 women underwent colposcopy,
with 99 (12.0%) diagnosed with CIN 2+ and 53 (6.4%) with
CIN 3+. Positive findings were reported in 392 women
(47.5%) under conventional colposcopy and 640 (77.6%)
with Al colposcopy. The sensitivity for detecting CIN 2+
was significantly higher for Al colposcopy (96.0%) and Al-
assisted colposcopy (100%) than for conventional colpo-
scopy (85.9%, P=.026, P<<001, respectively). In postmeno-
pausal women, the sensitivities of Al colposcopy (94.3%)
and Al-assisted colposcopy (100%) surpassed that of con-
ventional colposcopy (77.4%, P=.026, P<.001, respec-
tively). Artificial intelligence-assisted colposcopy also
significantly enhanced the sensitivity of junior colposcop-
ists with less than 10 years of clinical experience, achieving
100% compared with 84.6% by conventional colposcopy
(P=.001), and improved detection in women with a squa-
mocolumnar junction that was not visible (100% vs 70.4%,
P=.004). For CIN 3+, the sensitivity of Al-assisted colpo-
scopy was superior to that of conventional colposcopy
(100% vs 86.8%, P=.013). In postmenopausal women, the
sensitivities of both Al colposcopy and Al-assisted colpo-
scopy were 100%; however, the sensitivity of conventional
colposcopy was 77.8% (P=.023).

CONCLUSION: Artificial intelligence-assisted colpo-
scopy enhances sensitivity in detecting CIN 2+ and CIN
3+, particularly among postmenopausal women. More-
over, it improves the diagnostic performance of junior
colposcopists and improves detection in women with
a squamocolumnar junction that is not visible.

(Obstet Gynecol 2025;00:1-10)

DOI: 10.1097/A0G.0000000000006014

ervical cancer remains a significant global public

health issue.! In China, the National Cancer
Center reported more than 150,700 new cases in
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2022, with an average annual increase of 7.3% in cer-
vical cancer incidence over the past two decades.?
Persistent infection with high-risk human papilloma-
virus (HPV) is the primary cause of cervical cancer.
Organized screening programs are essential for facil-
itating early diagnosis and treatment, which are criti-
cal for reducing the disease burden associated with
cervical cancer and improving patient outcomes.?

Because of the transient and often autoimmune
nature of HPV,* HPV infection does not always prog-
ress to cervical precancerous lesions. However, its
potential risks still require further evaluation with col-
poscopy and, if necessary, a biopsy to help with diag-
nosis. However, the accuracy of conventional
colposcopy is heavily reliant on clinicians’ subjective
experience. Discrepancies in diagnostic concordance
are common among colposcopists and between colpo-
scopic assessments and histopathologic findings.5~”
Therefore, enhancing the diagnostic accuracy of col-
poscopy is crucial to prevent misdiagnosis.’

Atrtificial intelligence (AI) shows great potential in
improving the early detection and diagnosis of can-
cer.”10 Multiple studies indicate that AI enhances the
accuracy, efficiency, and accessibility of cervical cancer
screening and gynecologic examinations.!!:!2 Xue
et al'? introduced an Al colposcopy device known as
CAIADS (Colposcopic Atrtificial Intelligence-Assisted
Diagnostic System), validated its performance by a ret-
rospective study using anonymized colposcopy images
from six Chinese hospitals, and demonstrated that Al
colposcopy increased the sensitivity for detecting CIN
2+. Zhao et al'* used CAIADS and found that Al-
assisted conventional colposcopy also improved the
sensitivity of CIN 2+ detection. However, both studies
focused on hospital-based patients, potentially intro-
ducing selection bias on the clinical performance eval-
uation of Al or Al-assisted colposcopy.

In addition, the effectiveness of colposcopy varies
among populations.!’ For instance, in premenopausal
women, hormonal shifts and cervical atrophy often
render the squamocolumnar junction invisible, com-
plicating conventional colposcopy. Artificial intelli-
gence colposcopy may better address these
challenges through deep learning algorithms, improv-
ing screening accuracy. The widespread implementa-
tion of AI technology has significantly enhanced
diagnostic support for health care professionals, par-
ticularly in resource-limited settings, thereby contrib-
uting to efforts to eliminate cervical cancer.!®!”
Despite this progress, medical professionals remain
skeptical of current Al algorithms for cervical cancer
screening because of their reliance on highly selective
small data sets, the limited representation of real
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screening populations, and the insufficient diversity
in training and testing, which may be addressed
through rigorous empirical studies.!8-2!

Our study recruited women from the general
population to assess the applicability of Al colposcopy
in real-world cervical cancer screening, aiming to
assess the performance of conventional, Al, and Al-
assisted colposcopy among premenopausal and post-
menopausal women, with further stratification by the
seniority of the colposcopists and the status of the
squamocolumnar junction.

METHODS

This cross-sectional, multicenter, observational study
recruited 15,116 women for cervical cancer screening
in Ganzi and Yanting counties, Sichuan Province,
from March 2023 to May 2024. The inclusion crite-
rion was as an anatomically intact cervix. Participants
were required to understand the screening procedure,
to voluntarily participate, and to provide written
informed consent.

Cervical exfoliative cell samples were obtained
for HPV testing and cytologic analysis. Women with
positive HPV results or who were cytologic positive
underwent colposcopy, during which Al colposcopy
was implemented. A total of 825 women were finally
included in the study. The study was approved by the
ethics committees of the Chinese Academy of Medical
Sciences and Peking Union Medical College (No.
CAMS&PUMC-IEC-2022-059-1) and the Sichuan
Cancer Hospital (No. SCCHEC-02-2023-047).

A gynecologist using disposable sampling kits to
collect shed cervical cells performed HPV testing.
Detection was conducted with next-generation
hybridization capture technology, which can identify
14 high-risk HPV subtypes (16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59, 66, and 68) and simultaneously
differentiate types 16 and 18. The presence of any
HPV type was classified as positive.

The cervical exfoliated cytology specimens col-
lected by the gynecologist were preserved in Preserv-
Cyt solution, and cytologic smears were prepared
within 1 week of sampling. Cytologic diagnostic results
were interpreted according to the Bethesda 2014
classification system, which includes negative for intra-
epithelial lesion or malignancy, atypical squamous cells
of undetermined significance (ASC-US), atypical squa-
mous cells that cannot exclude high-grade squamous
intraepithelial lesion (ASC-H), low-grade squamous in-
traepithelial lesion (LSIL), high-grade squamous intra-
epithelial lesion (HSIL), atypical glandular cells (AGC),
squamous cell carcinoma (SCC), adenocarcinoma
in situ (AIS), and adenocarcinoma. Findings of ASC-
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US or worse (ASC-US+, including ASC-US, ASC-H,
LSIL, HSIL, AGC, SCC, and AIS) were considered
positive.

During conventional colposcopy, colposcopists
applied 5% acetic acid or Lugol iodine to the cervix,
recording the visibility of the squamocolumnar junc-
tion and colposcopic diagnostic results (negative-
benign or positive: LSIL, HSIL, or cancer); both nor-
mal and benign results were considered negative.
Biopsies were performed for positive findings. If the
cytology indicated HSIL or worse (including HSIL,
AGC, SCC, AIS) but the colposcopy was negative,
random biopsies from the squamocolumnar junction
and endocervical curettage would be performed. We
used CAIADS along with conventional colposcopy.
After staining, the AI colposcope captures images at
60, 90, 120, and 150 seconds according to conven-
tional colposcopy. Using the cervical image recogni-
tion algorithm, CAIADS interprets colposcopic
images and adjusts the initial recognition results from
the image recognition algorithm according to the pa-
tient’s previous cytologic and HPV test results, locat-
ing the cervical lesion areas, thereby optimizing the
likelihood of diagnosis. Results of CAIADS are clas-
sified as positive or negative. A positive CAIADS
result recommends a biopsy, and a negative result
suggests follow-up. When CAIADS indicated biopsy,
the clinicians re-examined the area indicated by the
system and performed a biopsy on the corresponding
region according to the actual situation. It should be
noted that although the biopsy sites of the two meth-
ods may overlap, only one biopsy was performed to
avoid redundant sampling. All patients underwent
both conventional and Al-assisted colposcopy, with
the two methods independent of each other. Positive
Al-assisted colposcopy was defined as either a positive
conventional colposcopy diagnosis or a negative con-
ventional colposcopy diagnosis accompanied by a pos-
itive Al colposcopy diagnosis.

All pathologic slides were reviewed by patholo-
gists from Sichuan Cancer Hospital. According to the
pathologic diagnostic criteria for cervical epithelial
tissue, cervical lesion diagnoses were classified as
normal or inflammatory, CIN 1, CIN 2, CIN 3, and
cancer (squamous cell carcinoma or adenocarci-
noma). In clinical practice, CIN 2 is conventionally
recognized as the screening end point for early
detection and intervention. However, CIN 3+ (includ-
ing CIN 3 and cancer) has a higher malignant poten-
tial and may progress to invasive cancer.?? Therefore,
we report both thresholds.

We have set the histopathologic diagnoses of CIN
2+ and CIN 3+ as the primary end points of this
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study. Categorical data were presented as counts
and percentages, and continuous data reflecting age
distributions were reported as medians with interquar-
tile ranges. Sensitivity, specificity, positive predictive
value, negative predictive value, area under the curve
(AUC), k, and agreement rate were calculated with
epiR packages, along with 95% CIs, using the Wilson
scoring method. Data were further stratified by men-
opausal status (postmenopause was defined as cessation
of menstruation for 12 months or more), colposcopist
seniority, and location of the squamocolumnar junc-
tion. In this study, senior colposcopists were defined as
those with 10 years or more of clinical experience;
those with less than 10 years of experience were
defined as junior. The corresponding sensitivity, spec-
ificity, positive predictive value, negative predictive
value, and AUCs were calculated for each subgroup.
The paired x? test was used to compare sensitivity and
specificity among the Al colposcopy, Al-assisted col-
poscopy, and conventional colposcopy. P<.05 was
considered statistically significant. Graphs were gen-
erated, and statistical analysis was performed with
R 4.3.3.

RESULTS

A total of 825 women were included in the study (the
detailed process of the included population is pro-
vided in Appendix 1, available at http://links.lww.
com/AOG/E236), of whom 583 (70.7%) underwent
biopsy. The median age of the participants was
53 years (interquartile range 47-57 years). Among
them, 451 women (54.7%) were postmenopausal.
Overall, 675 women (81.8%) tested positive for
HPV infection, with 299 (36.2%) being positive for
HPV 16/18. The squamocolumnar junction was com-
pletely visible in 245 women (29.7%) and not visible
in 290 women (35.2%). Diagnoses revealed that 99
women (12.0%) had CIN 2+ and 53 women (6.4%)
had CIN 3+. Detailed demographic information is
presented in Table 1.

As shown in Table 2, conventional colposcopy
identified 392 women as positive, with 85 pathologi-
cally confirmed as having CIN 2+ (21.7%); the other
433 women were negative under conventional colpo-
scopy, and 14 of them were confirmed as having CIN
2+ (3.2%). Artificial intelligence colposcopy yielded
640 women as positive, and 95 of them were con-
firmed as having CIN 2+ (14.8%); 185 women were
negative by Al colposcopy, of whom four were path-
ologically confirmed as CIN 2+ (2.2%).

The agreement between conventional colposcopy
and Al colposcopy was 53.0% (k=0.085, 95% CI,
0.029-0.140). The agreements between conventional
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Table 1. Demographic Characteristics of the Study

Population
Characteristic n (%)
Age 53.0 (47.0, 57.0)
Age group (y)
45 or younger 168 (20.3)
46-55 372 (45.1)
56 or older 285 (34.5)
Ethnic group
Han 561 (68.0)*
Zang 261 (33.6)
Other 2 (0.2)
Marital status
Single 93 (11.3)*
Married 696 (84.4)
Divorced 16 (1.9)
Widowed 19 (2.3)
Education
Primary school or 556 (67.4)*
less
Middle school 221 (26.8)
High school 33 (4.0)
Graduate 12 (1.5)
Occupation
Unemployed 319 (38.7)*
Farmer 380 (46.1)
Worker 9(1.1)
Enterprise 40 (5.5)
personnel
Government 20 (2.4)
employee
Other 51 (6.2)
Smoking status
Never 815 (98.8)
Former smoker 4 (0.5)
Current smoker 5 (0.6)
No. of pregnancies
Oor1 328 (39.8)*
2 335 (40.6)
3 or more 155 (18.9)
Menopausal status
Premenopausal 369 (44.7)*
Postmenopausal 451 (54.7)
SCJ
Completely visible 245 (29.7)*
Partially visible 248 (30.1)
Not visible 290 (35.2)
Biopsy
No 242 (29.3)
Yes 583 (70.7)
Histopathology
diagnosis
Normal or 656 (79.5)
inflammatory
CIN 1 70 (8.5)
CIN 2 46 (5.6)
CIN 3 52 (6.3)
Cancer 1(0.1)
(continued)
4 Changetal Effectiveness of Al-Assisted Colposcopy

Table 1. Demographic Characteristics of the Study
Population (continued)

Characteristic n (%)
hrHPV infection
Any hrHPV 675 (81.8)
positive’
HPV 16/18 299 (36.2)
Negative 150 (18.2)

SCJ, squamocolumnar junction; CIN, cervical intraepithelial neo-
plasia; hrHPV, high-risk human papillomavirus.

Data are median (25t percentile, 75th percentile) or n (%).

* Missing values.

Indicates a positive result for any one of the 14 high-risk HPV
types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68)
and is sufficient to be considered hrHPV positive.

colposcopy and histopathology and between Al col-
poscopy and histopathology were 65.8% (k=0.296,
95% CI, 0.239-0.353) and 39.4% (x=0.085, 95% ClI,
0.050-0.120), respectively (Table 3).

As shown in Figure 1, conventional colposcopy
demonstrated a sensitivity of 85.9% (95% CI, 77.1-
91.8%), specificity of 57.7% (95% CI, 54.0-61.3%),
and AUC of 0.718 (95% CI, 0.670-0.766). In contrast,
Al colposcopy exhibited a sensitivity of 96.0% (95%
CI, 89.4-98.7%), specificity of 24.9% (95% CI, 21.9-
28.3%), and AUC of 0.604 (95% CI, 0.553-0.656).
Furthermore, Al-assisted colposcopy achieved a sensi-
tivity of 100% (95% CI, 95.3-100%), a specificity of
15.8% (95% CI, 13.3-18.7%), and an AUC of 0.579
(95% CI, 0.526-0.633). Both AI colposcopy and Al-
assisted colposcopy demonstrated significantly higher
sensitivity than conventional colposcopy (96.0% and
100% vs 85.9%, P=.026 and P<.001, respectively).

Among postmenopausal women, conventional
colposcopy had a sensitivity of 77.4% (95% CI,
63.5-87.3%) and a specificity of 61.6% (95% CI,
56.6-66.3%).  Artificial intelligence  colposcopy
showed a sensitivity of 94.3% (95% CI, 83.4-98.5%)
and a specificity of 24.1% (95% CI, 20.1-28.7%). Arti-
ficial intelligence—-assisted colposcopy achieved a sen-
sitivity of 100% (95% CI, 91.6-100%) but had
a specificity of 15.8% (95% CI, 12.5-19.9%). Both
Al colposcopy and Al-assisted colposcopy demon-
strated significantly higher sensitivity than conven-
tional colposcopy (94.3% and 100% vs 77.4%,
P=.026 and P<.001, respectively).

In examinations performed by junior colposcop-
ists, conventional colposcopy detected CIN 2+ with
a sensitivity of 84.6% (95% CI, 73.1-92.0%) and
a specificity of 56.1% (95% CI, 51.3-60.9%). In this
group, Al-assisted colposcopy achieved a sensitivity
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Table 2. Histopathologic Diagnosis by Colposcopic Findings

Histopathology Diagnosis

Total Normal or

Colposcopy Diagnosis (n) Inflammatory CINT CIN2 CIN3 CIN2+ CIN3+
Conventional colposcopy

(=) 433 404 (93.3) 15 (3.5) 7 (1.6) 7(1.6) 14(3.2) 7 (1.6)

(+) 392 252 (64.3) 55 (14.0) 39 (9.9) 45 (11.5) 85 (21.7) 46 (11.7)
Al colposcopy

(-) 185 171 (92.4) 10 (5.4) 3(1.6) 1 (0.5 4(2.2) 1(0.5)

(+) 640 485 (75.8) 0(9.4) 43 (6.7) 51(8.0) 95(14.8) 52 (8.3)
Conventional colposcopy and Al

colposcopy

(+) and (—)* 70 58 (82.9) 8(11.4) 3(4.3) 1(1.4) 4 (5.7) 1(1.4)

(=) and (' 318 291 .5) 13 (4.1) 7(2.2) 7(2.2) 1444 7(2.2)

(+) and (+)* 322 194 2) 47 (14.6) 36 (11.2) 44 (13.7) 81 (25.2) 45 (14.0)

(=) and (-)° 115 113 .3) 2(1.7) 0 (0.0) 0 (0.0) 0 (0.0 0 (0.0)

CIN, cervical intraepithelial neoplasia; Al, artificial intelligence.

Data are n (%) unless otherwise specified.

* Conventional colposcopy positive and Al colposcopy negative.
¥ Conventional colposcopy negative and Al colposcopy positive.
* Conventional colposcopy positive and Al colposcopy positive.

$ Conventional colposcopy negative and Al colposcopy negative.

of 100% (95% CI, 93.0-100%) with a specificity of
12.5% (95% CI, 9.6-16.1%). Artificial intelligence—as-
sisted colposcopy significantly outperformed conven-
tional colposcopy in sensitivity (100% vs 84.6%,
P=.001).

When the squamocolumnar junction was not
visible, conventional colposcopy exhibited a sensitiv-
ity of 70.4% (95% CI, 49.6-85.5%) and a specificity of
66.2% (95% CI, 50.1-71.8%). In contrast, Al-assisted
colposcopy demonstrated a sensitivity of 100% (95%
CI, 84.5-100%) but had a specificity of only 17.5%
(95% CI, 13.2-22.7%). The sensitivity of Al-assisted
colposcopy was significantly greater than that of con-
ventional colposcopy (100% vs 70.4%, P=.004).

For the detection of CIN 3+, conventional colpo-
scopy had a sensitivity of 86.8% (95% CI, 74.1-94.1%)
and a specificity of 55.2% (95% CI, 51.6-58.7%). On
the other hand, Al-assisted colposcopy demonstrated
a sensitivity of 100% (95% CI, 91.6-100%) and a spec-
ificity of 19.1% (95% CI, 16.5-22.0%). The sensitivity
of Al-assisted colposcopy was significantly higher
than that of conventional colposcopy (100% vs
86.8%, P=.013).

In postmenopausal women, conventional colpo-
scopy showed a sensitivity of 77.8% (95% CI, 57.3-
90.6%) and a specificity of 59.2% (95% CI, 54.3-
63.9%). Artificial intelligence colposcopy had a sensi-
tivity of 100% (95% CI, 84.5-100%) and a specificity
of 23.4% (95% CI, 19.5-27.7%). Artificial intelli-
gence-assisted colposcopy demonstrated a sensitivity
of 100% (95% CI, 91.6-100%) and specificity of 14.9%
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(95% CI, 11.7-18.7%). Both AI colposcopy and Al-
assisted colposcopy were significantly more sensitive
than conventional colposcopy in detecting CIN 3+
(100% and 100% vs 77.8%, P=.023). These findings
are illustrated in Figure 2.

DISCUSSION

This study demonstrates that Al colposcopy offers
advantages in assisting conventional colposcopy for
detecting precancerous cervical lesions in low-resource
settings, especially among postmenopausal women and
those with a squamocolumnar junction that was not
visible. Artificial intelligence-assisted colposcopy out-
performs conventional methods in identifying CIN 2+,
thus enhancing the diagnostic capabilities of less expe-
rienced colposcopists. Although the specificity of Al-
assisted colposcopy is relatively low, it is important to
note that all referrals for colposcopy come from indi-
viduals at high risk with positive initial screenings.
Missed diagnoses in this context could pose consider-
able clinical risks. Therefore, sensitivity was prioritized
as the primary focus to ensure the identification of
patients with potential lesions.

Colposcopy is crucial for cervical cancer screen-
ing, but its effectiveness is constrained by colposcop-
ists’ subjective clinical experience, resulting in
inconsistencies. Moreover, the shortage of skilled col-
poscopists, especially in low-resource settings, poses
significant challenges; training qualified professionals
demands substantial manpower, materials, and finan-
cial resources. Advancements in Al have enabled the
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Table 3. Consistency Among Conventional Colposcopy, Artificial Intelligence Colposcopy, and
Histopathology Diagnosis Across Different Populations

Conventional Colposcopy

Al Colposcopy Histopathology Diagnosis

Agreement Agreement Agreement
Colposcopy k (95% CI) Rate (%) k (95% Cl) Rate (%) k (95% CI) Rate (%)
Overall
Conventional — — 0.085 53.0 0.296 65.8
(0.029-0.140) (49.6-56.4) (0.239-0.353)  (62.5-69.1)
Al 0.085 53.0 — — 0.085 39.4
(0.029-0.140) (49.6-56.4) (0.050-0.120)  (36.0-42.8)
Postmenopausal
Conventional — — 0.054 49.0 0.279 67.0
(—0.016-0.124) (44.4-53.6) (0.199-0.359)  (62.4-71.3)
Al 0.054 49.0 — — 0.066 37.7
(—0.016-0.124) (44.4-53.6) (0.020-0.112)  (33.2-42.3)
Premenopausal
Conventional — — 0.125 57.7 0.309 64.2
(0.036- 0.214) (52.7-62.8) (0.229-0.390)  (59.1-69.1)
Al 0.125 (0.036— 57.7 — — 0.107 41.5
0.214) (52.7-62.8) (0.054-0.161)  (36.4-46.7)
SCJ
Completely visible
Conventional — — 0.077 52.2 (46.0-58.5) 0.077 69.8
(—0.023-0.176) (—0.023-0.176) (63.6-75.5)
Al 0.077 52.2 — — 0.087 38.4
(—=0.023-0.176) (46.0-58.5) (0.027-0.147)  (32.2-44.8)
Partially visible
Conventional — — 0.115 58.9 0.181 56.0
(0.004-0.226) (52.7-65.0) (0.087-0.246)  (49.6-62.3)
Al 0.115 58.9 — — 0.135 43.1
(0.004-0.226) (52.7-65.0) (0.070-0.200)  (36-9-49.6)
Not visible
Conventional — — 0.040 45.5 0.304 70.7
(—0.043-0.123) (39.8-51.2) (0.200-0.407)  (65.1-75.9)
Al 0.040 45.5 — — 0.030 35.5
(—0.043-0.123) (39.8-51.2) (—=0.027-0.088) (30.0-41.3)
Clinician level
Senior colposcopist
Conventional — — 0.096 (0.002— 52.9 (47.5-58.3) 0.240 64.7
0.189) (0.160-0.320)  (59.3-69.9)
Al 0.096 (0.002- 52.9 (47.5-58.3) — — 0.098 41.3
0.189) (0.045-0.150)  (36.0-46.9)
Junior colposcopist
Conventional — — 0.070 (0.003— 53.0 (48.6-57.4) 0.325 66.5
0.137) (0.248-0.402)  (62.2-70.7)
Al 0.070 (0.003—- 53.0 (48.6-57.4) — — 0.063 38.1
0.137) (0.018-0.107)  (33.8-42.5)

Al, artificial intelligence; SCJ, squamocolumnar junction.

development of Al colposcopy systems that leverage
deep learning to improve diagnostic precision and
efficiency.!” In addition, the real-time analysis capa-
bilities of Al allow clinicians to obtain diagnostic re-
sults swiftly, which in turn expedite treatment
decisions.?3

Both Xue et al'® and Zhao et al'* reported that Al
or Al-assisted colposcopy had higher sensitivity than

6 Chang et al Effectiveness of Al-Assisted Colposcopy

colposcopists for detecting CIN 2+. In our study, we
assessed CAIADS for detecting CIN 2+ in real-world
scenarios. Both AI colposcopy (96.0 vs 85.9, P=.026)
and Al-assisted colposcopy (100 vs 85.9, P<.001) sig-
nificantly improved the sensitivity for detecting CIN
2+. This finding, highly consistent with the previous
research by Xue et al and Zhao et al, strongly dem-
onstrates that Al colposcopy has a very low rate of
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Fig. 1. Clinical accuracy of conventional colposcopy, artificial intelligence (Al) colposcopy, and Al-assisted colposcopy in
detecting cervical intraepithelial neoplasia (CIN) 2+ among different women. Sensitivity (A), specificity (B), positive pre-
dictive value (PPV) (C), and area under the curve (AUC) (D). SCJ, squamocolumnar junction. 3Statistical significance in
sensitivity between Al-assisted colposcopy and traditional colposcopy (P<.05). bStatistical significance in sensitivity

between Al colposcopy and traditional colposcopy (P<.05).
Chang. Effectiveness of Al-Assisted Colposcopy. Obstet Gynecol 2025.

missed diagnoses in low-resource settings and can
maximize the detection of CIN 2+ cases. Although
the AI systems used in the studies by Kim et al**
and Mascarenhas et al'! differ from the one we used,
their results similarly demonstrate that both Al-
assisted colposcopy and Al colposcopy can effectively
increase the detection rate of cervical precancerous
lesions.

However, the accuracy of targeted biopsies under
colposcopy is influenced by multiple factors, includ-
ing age, menopausal status, squamocolumnar junction
location, and colposcopist experience.!>2® These var-

VOL. 00, NO. 00, MONTH 2025

iables contribute to heterogeneity, affecting the gener-
alizability of study findings. To address this, we
stratified our analysis by menopausal status, squamo-
columnar junction location, and colposcopist experi-
ence to gain a clearer understanding of where Al
colposcopy outperforms conventional methods. First,
we found that the k values of Al colposcopy and tra-
ditional colposcopy compared with pathologic results
in postmenopausal women were lower than those in
premenopausal women, indicating that menopausal
status affects colposcopic detection. Fan et al?> also
reported that postmenopausal status might be

Chang et al  Effectiveness of Al-Assisted Colposcopy 7

© 2025 by the American College of Obstetricians

and Gynecologists. Published by Wolters Kluwer Health, Inc.
Unauthorized reproduction of this article is prohibited.




86.8(74.1,94.1

( ) -
1 100.0(91.6,100.0)a — A
Total1  g8%(88.6,99.9) =
SBIEETR —,
SCJ partially visible 100.0(74.7.100.0)
94.4(70.6,99.7 L
iinle] 100.0(78.1,100.0 > a
SCJ completely visible 100 0€78 11000

69.2(38.9,89.6)

J}l |

=3 isible4 100.0(71.6,100.0)
=] SCJ not visible 2 ——
% 92.3(62.1,99.6) | o
96.2(78.4,99.8
o e
S | 100.0(84.0,100.0) RV
@ Premenopausal 96.2(78.4,99.8)
TE6TE08, -
g . -6,100.0)a —aA
Postmenopausal 100.0(84.5.100.0)b | —%
90.0(66.9,98.3) | o
By senior colposcopist ;g%? 201%5070)0) A
84.9(67.3,94.3) —_—
By junior colposcopist }ggogg; 8 18g 8; &

40 50 60 70 80 90 100
Sensitivity

0 10 20 30

=b= 11.7(8.8,15.4)
1 e 7.5(5.7,9.7)
Total . 3_156,2,10.6)
—ol— 9.355,2,15.7
5 = ] 6.9(4.1,11.4
SCJ partially visible —A—| 7.8(4.6,12.8)
| 14.8é9.1,22.9)
Lo
—_— Al 8.5(5.3,13.3
SCJ completely visible ol 9_455,8,14.6;
| 8.3(4.1,15.7)
—e
a .
i . 5.3(2.0,9.2
§ SCJ not visible 5_453,0,9_5;
(=]
_ 12.8é8.6,18.4)
a
) 1 al 8.2(5.5,11.9)
> Premenopausal ) 8.8(5.9,12.9)
- 3800059
. P e 5’1
Postmenopausal gl 7.7(6.2,11.7)
- fases
By senior colposcopist . 5.255,1,12,6;
+ Lses
By junior colposcopist e 8.1(5.7,11.3)

0 10 2‘0 30 40 50 60 70 80 90 100

PPV

- Al —A

Sub group

Sub group

—— 55.2(51.6,58.7)
4 19.1(16.5,22.0
Total e 358588559
e 45.5(39.0,52.1)
SCJ partially visible ] —A— ;3 3515181305%)
—do— 56.8(50.1,63.3
SCJ completely visible 1 —h— ;g:i }g:‘}-%g:g
64.3(58.3,69.8)
—
SCJ not visible ++ ;S:g ]g:i-g;:g;
——] 50.2(44.7,55.6
Premenopausal q ++ ;zg(gé‘};ggg
| o— 59.2(54.3,63.9
Postmenopausal —A— ;ggg};g;?;%
e 57.9522635)
By senior colposcopist q —A— ;g;’gg;’gg;;
L 53.4(48.7,58.0)
—e
By junior colposcopist 1 A 1;';5?5()81230)2)
0 10 20 30 40 50 60 70 80 90 100
Specificity
0.710(0.648,0.772)
Total{ $574(0.50 0640 —a T
0.610(0.544,0.675, ——
0.667(0.519,0.816; R E—

SCJ partially visible 0-567E° 433,0. 700; ——
0.620(0.501,0.739) [
0.756(0.668,0.845 —

isibled 0.573(0.451,0.694 [ —
SCJ completely visible 0.617§O 506.0. 728§ |
0.667(0.519,0.816) —t
sinle | 0.583(0.446.0.720 a1
SCJ not visible 1 3-28310-44-0-7208 A S—
0.731 EO .657,0. 806; ——
| 0574(0.474.0.675 P
Premenopausal 0.603(0.507.0.700) e
0.685(0.588,0.782 — e —
Postmenopausal 4 0-57450-477-0-672; —h—
0.617(0.527,0.706) ——
0.741(0.647,0.832) —l——
; «+| 0.598(0.491.0.707 R e—
By senior colposcopist 0.629§0A524.0,734; |
0.691 EO 609,0. 773; ———
i «+] 0.558(0.469.0.650 A
By junior colposcopist 0.569(0.511.0.681)

00 01 02 0.3 04 0.5 06 0.7 08 09 1.0
AUC

D

Al-assisted —€— conventional

Fig. 2. Clinical accuracy of conventional colposcopy, artificial intelligence (Al) colposcopy, and Al-assisted colposcopy in
detecting cervical intraepithelial neoplasia (CIN) 3+ among different women. Sensitivity (A), specificity (B), positive pre-
dictive value (PPV) (C), and area under the curve (AUC) (D). 3Statistical significance in sensitivity between Al-assisted
colposcopy and traditional colposcopy (P<.05); PStatistical significance in sensitivity between Al colposcopy and traditional

colposcopy (P<.05). SCJ, squamocolumnar junction.

Chang. Effectiveness of Al-Assisted Colposcopy. Obstet Gynecol 2025.

positively associated with underdiagnosis of colpo-
scopically directed biopsy (odd ratio 0.104, P=.018).
As previously noted, we found that AI colposcopy
and Al-assisted colposcopy showed significantly high-
er sensitivity in detecting CIN 2+ and CIN 3+ in
postmenopausal women compared with conventional
colposcopy (all P<.05). Furthermore, the lack of vis-
ibility of squamocolumnar junction increases the dif-
ficulty in diagnosing cervical precancerous lesions.?°
Our study revealed that Al-assisted colposcopy nota-
bly enhanced the sensitivity for detecting CIN

8 Changetal Effectiveness of Al-Assisted Colposcopy

24 (100% vs 70.4%, P=.004) when the squamocolum-
nar junction was not visible. In addition, differences in
colposcopist expertise affect the accuracy of detecting
cervical precancerous lesions. We found that Al-
assisted colposcopy increased junior colposcopists’
sensitivity for detecting CIN 2+ from 83.3% to
98.5%. Similar to our findings, Wu et al?! reported
that the CAIADS increased the sensitivity of junior
colposcopists for detecting CIN 2+ from 79.6% to
95.1%. Overall, these studies highlight the promising
potential of Al-assisted colposcopy in improving
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clinical outcomes for detecting precancerous lesions
in low-resource settings.

However, in our study, the k value and the spec-
ificity of the Al and conventional colposcopy com-
pared with the pathologic diagnosis results were
both low. Our findings are inconsistent with those of
Xue et al'3 (AI, k=0.750; conventional, k=0.516),
which may stem from the facts that their study pop-
ulation was hospital based and that individuals with
CIN 2+ accounted for 38.5% (5,237/13,604) of the
total enrolled population; in our enrolled general pop-
ulation cohort, the proportion of those with CIN 2+
was 12.1% (100/825). The lower CIN 2+ prevalence
in our study likely reduced the specificity and k values
of AI colposcopy. The Zhao et al'* study, which
included 346 hospital patients, had a CIN 2+ rate of
25.7% (89/346), with a higher CIN 2+ prevalence
than our study but lower than in the Xue et al study.
We found that Al colposcopy in the Zhao et al study
showed CIN 2+ specificity higher than ours (57.6% vs
24.9%) but lower than that in the Xue et al study
(57.6% vs 93.3%), with similar trends in Al-assisted
specificity (38.1% vs 13.3%). These variations likely
reflect potential bias in Al colposcopy, influenced
by differing CIN 2+ prevalences across cohorts. Our
study focuses on Al colposcopy for cervical precancer
detection in general populations in resource-
constrained settings, prioritizing missed diagnosis
avoidance. The results consistently show that Al col-
poscopy and Al-assisted methods significantly
improve CIN 2+ detection rates. Notably, low-
prevalence scenarios may increase the false-positive
rate of Al leading to more biopsies. Future Al system
updates should optimize screening efficacy for general
populations in low-resource settings to reduce false-
positives.

The strengths of this study lie in comparing the
accuracy of Al-assisted colposcopy between postmen-
opausal and premenopausal women in low-resource
settings and evaluating various squamocolumnar junc-
tion states. Such analyses facilitate the identification of
specific clinical scenarios in which AI colposcopy
shows advantages, offering valuable evidence to
inform clinical practice.

However, our study has several limitations. First,
the low number of CIN 2+ cases resulted in low «
values and specificity in our study. Future research
should include data from more centers. Second, not
all women underwent biopsy, limiting our ability to
resolve discrepancies between Al colposcopy and cli-
nician assessments regarding the necessity for biopsy.
In our study, women with negative colposcopic find-
ings did not undergo biopsy, which may have resulted

VOL. 00, NO. 00, MONTH 2025

in missed diagnoses and an overestimation of the sen-
sitivities, although the risk is low. In a previous study,
women with negative colposcopic results underwent
randomized biopsies, yielding a CIN 2+ detection
rate of 0.02.27 Follow-up of the enrolled women in
the future could enable us to identify the overestima-
tion and to evaluate the long risk of CIN 2+ of differ-
ent colposcopic findings under  Al-assisted
colposcopy.

Our study implies that Al colposcopy offers
advantages in assisting conventional colposcopy for
detecting high-grade precancerous cervical lesions,
especially among postmenopausal women and those
with a squamocolumnar junction that is not visible.
Artificial intelligence-assisted colposcopy outper-
forms conventional methods in identifying CIN 2+,
thus enhancing the diagnostic capabilities of less expe-
rienced colposcopists. In regions with limited health
care resources and a shortage of experienced colpo-
scopists,?® Al colposcopy can serve as a valuable tool
to enhance clinical practice and to aid decision mak-
ing in cervical cancer screening.
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