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Abstract
The objective of this study is to evaluate the accuracy of AI in the diagnosis of early cervical cancer using a systematic 
evaluation/meta-analysis approach and a comprehensive search of published literature. A comprehensive computer search 
of foreign language databases such as PubMed/MEDLINE, Embase, Cochrane Library, and IEEE; and Chinese databases 
such as China Knowledge Network, Wan fang Data Knowledge Platform, and Wipu.com (VIP) was conducted to retrieve 
reports on diagnostic accuracy of AI in early cervical cancer included between 1946 and December 2022. The literature 
was screened according to inclusion and exclusion criteria, and the quality of the included literature was evaluated using the 
QUADAS-2 quality evaluation chart. 2 × 2 diagnostic data in text were extracted and complete data were calculated using 
Review Manager 5.3. Heterogeneity between studies was analyzed using Stata SE 15.0 software with Meta Di Sc 1.4 and 
causes of heterogeneity were sought. A total of 42 data sets were included in the study of AI for the identification of benign 
and malignant cervical vitreous nodules, with a combined Sen value of 0.90; a combined Spe value of 0.90; a combined + LR 
value of 9.0; a combined −LR combined value was 0.11; DOR combined value was 83; and AUC was 0.96. The Fagan plot 
suggested a 50% pre-test probability and a 90% post-test probability of confirming diagnosis when the AI model diagnosed a 
glassy nodule positively, and a 10% probability of misdiagnosing the nodule when the result was negative. A total of 34 data 
sets were included in the study to determine benignity and malignancy of solid cervical nodules by AI, showing a combined 
Sen value of 0.92; a combined Spe value of 0.93; a combined + LR value of 13.37; a combined −LR combined value of 
0.08; DOR combined value of 164; AUC of 0.97. The Fagan plot suggested a 50% pre-test probability and a 93% post-test 
probability of confirming the diagnosis of a solid cervical nodule when the AI model was positive, and an 8% probability 
of misdiagnosing the nodule when the result was negative. The results of likelihood ratio dot plots suggest that the use of 
an AI model for cervical detection in the clinical setting has a good exclusionary diagnostic power. Summing up the accu-
racy and specificity of the A1 model for diagnosis of early cervical cancer, accuracy for diagnosis of solid cervical nodules 
(0.90) > diagnosis of cervical nodules (0.92), and specificity for diagnosis of solid cervical nodules (0.90) > diagnosis of 
cervical nodules (0.93). The AI model is highly accurate in diagnosing early cervical cancer and has high clinical diagnostic 
value. The accuracy of the AI model in diagnosing solid nodules in the cervical region was higher than diagnosing ground 
glass nodules in the cervical region. The labeling method, image pre-processing method, and feature learning method affected 
the accuracy of the AI model in diagnosing early cervical cancer, while the choice of learning image library and validation 
database did not usually affect the accuracy of the model.

Keywords Artificial intelligence · Cervical cancer · Diagnosis · Accuracy · Systematic evaluation/meta-analysis

1 Introduction

Cervical cancer is one of the deadliest gynecological malig-
nancies in the world, with more than half a million new 
cases each year. According to Global Cancer Statistics 
Report 2020, the number one cancer causing death among 
women in 157 out of 185 countries in the world is breast 
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cancer, and the second most common cancer is cervical can-
cer, with more than 600,000 new cases (6.5%) and 340,000 
deaths (7.7%) reported worldwide in 2020 [1]. In China, 
cervical cancer accounts for about 110,000 cases (5.2%) and 
59,000 deaths (5.0%), making it the sixth most prevalent 
cancer among women [2]. Due to the heavy burden of this 
disease, the World Health Organization (WHO) adopted 
in 2020 a global strategy to eliminate cervical cancer by 
2030 through quality cervical screening, i.e., to reduce the 
incidence of cervical cancer to below 4 per 100,000. The 
long window period also provides time and opportunity 
for cervical cancer screening, which can be done through 
timely and effective cervical screening measures to detect 
cervical lesions and obtain early treatment [3]. As cervical 
cancer prevention and control efforts have been aggressively 
pursued, more and more precancerous cervical lesions have 
been detected, reducing the risk of cervical cancer and cer-
vical cancer death by approximately 80–90% [4]. Over the 
years, global authorities have continued to update cervical 
cancer screening methods and ages to find a more integrated 
approach, with several important guidelines being updated. 
As early as 1988, the American Cancer Society (ACS) rec-
ommended that the initial population for cervical screening 
should be women with a history of sexual intercourse or who 
had reached adulthood (18 years of age), and in 2002 ACS 
recommended screening for women who had been sexually 
active for at least three years and were over 21 years of age. 
In 2012, cytology should be recommended every three years 
between the ages of 21 and 29 years, with combined screen-
ing recommended for women over 30 years of age [5]. In 
2016, ACOG stated in its cervical cancer screening and pre-
vention guidelines that FDA-approved HPV testing may be 
used for primary cervical screening in women aged 25 years 
and older, but that cytologic screening alone and combined 
screening is also recommended (Level B evidence). In July 
2020, ACS, in its latest guidelines for cervical cancer screen-
ing, recognized the importance of primary HPV testing in 
screening and, for the first time, raised the age of cervical 
cancer screening to 25 years, with primary HPV testing pre-
ferred every 5 years between 25 and 65 years [6]. 1 primary 
HPV test every 5 years (strongly recommended) [7]. In July 
2021, WHO recommended a change in the exact mode of 
initial screening to HPV DNA testing and the age of women 
starting screening, for the general population, from 30 years 
of age, using HPV DNA as initial screening and for women 
with human immunodeficiency virus infection from 25 years 
of age screening is initiated.

The emergence of AI-based cervical nodule detection 
systems based on deep learning has become an inevitable 
trend, which is a big step forward toward precision medi-
cine [8]. The AI cervical nodule-assisted diagnosis system is 
based on automatically extracted computer data about cervi-
cal nodules and can quickly detect nodules and respond to 

nodule information including nodule location, density, and 
size, and predict their benign and malignant risk [9]. Many 
reports have shown that cervical nodule-assisted detection 
systems can improve the detection rate and efficiency of 
radiologists in detecting cervical nodules, and that use of 
AI software in medical imaging can reduce pressure on phy-
sicians, thus assisting them in accurate diagnosis and treat-
ment [10]. However, the role of AI in clinical practice is still 
at a trial and research stage, and its performance deserves 
further evaluation [11]. Expanding and diversifying datasets, 
maintenance, external validation, cross-validation, regula-
tory approvals, metrics evaluation, benchmarking, clinical 
trials, peer review, ethical considerations, interpretability, 
monitoring, robustness testing, expert input, implementa-
tion, specific clinical contexts, transparency, and profes-
sional education are all part of the validation process for AI 
models in healthcare. AI is unique in its ability to transform 
image interpretation from a subjective, qualitative task to 
an objective, quantitative one, with its efficient mechanism 
for processing complex images [12]. However, the achieve-
ments of AI in the diagnosis of early cervical cancer are 
manifold, and the development of AI models has been 
greatly hampered by confusion caused by the variety of AI 
models and the diversity of methods. The present study will 
address these issues by conducting a systematic evaluation 
and meta-analysis of AI models for diagnosis of early cervi-
cal cancer [13]. The main topics include (1) evaluation of 
Sen and specificity of the AI model for diagnosis of cervi-
cal and cervical solid nodules, respectively, and (2) evalu-
ation of Sen and specificity of the labeling method, image 
pre-processing method, feature learning method, and image 
library in diagnosis, respectively.

2  Information and Methods

2.1  Search Strategy

Foreign language databases, Chinese databases such as 
China Knowledge Network (CNKI), Wan Fang, and Wei 
Pu, to find diagnostic reports published between 1946 and 
December 2022 on diagnostic accuracy of A1 in early cervi-
cal cancer accuracy of report [14]. There were no language 
restrictions. We developed a search strategy combining key-
words and medical subject terms (Me SH)/free words and 
will use the following expressions.

#1 “AI” [Mesh].
#2 “Machine learning model”.
#3 “Machine learning algorithms” [Title/Abstract].
#4 “Algorithms” [Title/Abstract].
#5 “Machine learning” [Title/Abstract].
#6 “Deep learning” [Title/Abstract].
#7 “Computational Approach”.
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#8 “Automated-computer aided”.
#9 “Convolutional neural network”.
#10 “Artificial neuronal network”.
#11 “Support Vector Machine”.
#12 OR/#1-#11.
#13 cervical* [Mesh] [Title/Abstract].
#14 Pulmonary* [Title/Abstract].
#15 chest* [Title/Abstract].
#16 bronchial* [Title/Abstract].
#17 OR/#13-#16.
#18 nodule* [Mesh] [Title/Abstract].
#19 cancer* [Mesh] [Title/Abstract].
#20 tumor*[Title/Abstract].
#21 neoplasm* [Title/Abstract].
#22 lesion*[Title/Abstract].
#23 Carcinoma* [Title/Abstract].
#24 OR/#18-#23.
#25 #17 AND #24.
#26 #12 AND #25.

2.2  Eligibility and Exclusion Criteria

2.2.1  Inclusion Criteria

Independent assessment will be performed by 2 reviewers. 
Inclusion criteria are as follows: (1) At least one AI model is 
included to be used for diagnosis of early cervical cancer. (2) 
The data are complete containing sample size, Sen, speci-
ficity, or sufficient information to construct a 2*2 outcome 
table. (3) The gold standard for Sen and specificity reference 
is tissue biopsy. (4) The article generally conforms to the 
STARD (Standards for the Reporting of Diagnostic Accu-
racy Studies) statement.

2.2.2  Exclusion Criteria

(1) Studies for which data were not available or could not 
be calculated in text, appendices, or after contacting the 
lead author were excluded.

(2) Excluded were reviews, case controls, case reports, 
reviews, conference abstracts, animal studies, and other 
types of articles.

(3) Articles with cases lacking pathological gold standard 
confirmation of results were excluded.

2.2.3  Study Selection and Data Extraction

Articles will be independently screened by two research-
ers based on title and abstract, and those that do not meet 
the criteria will be eliminated [15]. If there is a difference 
between the two researchers’ evaluations, disagreement will 
be resolved through discussion and, if necessary, submitted 

to a third researcher for independent review [16]. Follow-
ing this initial stage, all remaining articles will be reviewed 
in full by two fellows independently, and these two fellows 
will determine the final study by inclusion or exclusion from 
unsatisfactory literature [17].

2.3  Quality Assessment

The study used the QUADAS-2 tool to assess the quality of 
included diagnostic accuracy literature, with two reviewers 
independently assessing the risk of bias for each included 
study [18]. The QUADAS-2 tool evaluates the patient 
selection, index test, reference standard, and flow/timing 
domains to assess the quality of diagnostic accuracy studies 
in systematic reviews. Consider particular elements for each 
domain. It has an impact on the overall caliber and depend-
ability of the data used in systematic reviews and meta-anal-
yses to support diagnostic accuracy. When using the QUA-
DAS-2 tool, reviewers were asked to evaluate the risk of bias 
sequentially according to the four components described on 
the website. In the second stage, the QUADAS-2 tool is used 
to determine the level of risk of bias, and information in the 
text is used to determine the level of “High risk”, “Unclear 
risk”, or “Low risk”. If all items in one of the modules are 
scored as ‘Yes’, then a low risk of bias can be concluded; if 
one of the answers in one of the modules is ‘No’, then a pos-
sible risk of bias can be assessed and reviewer needs to fur-
ther use guidelines provided in Stage 2 to determine the risk 
of bias. The reviewer needs to use the guidelines provided in 
Stage 2 to determine the risk of bias [19]. If literature does 
not provide the necessary information to make a judgment, 
then an ‘Unclear’ classification is applied. Disagreements, 
if any, will need to be resolved through discussion and con-
sensus. The final risk of bias and quality score is presented in 
the form of a quality assessment chart. Decision-making is 
substantially influenced by quality evaluations in diagnostic 
trials, with high-quality studies having an impact on clinical 
practice, guideline creation, health policy, and budget alloca-
tion. Making educated decisions based on the information 
provided is ensured by rigorous and transparent processes.

2.4  Assessment of Heterogeneity

Heterogeneity was checked by visually inspecting forest 
plots of Sen and specificity for each study, as well as SROC 
curves associated with individual study results. Finding 
the ideal cutoff threshold for a diagnostic test is the goal 
of the threshold effect analysis used in investigations of 
diagnostic accuracy. The SROC curve shows graphically 
how test performance changes with thresholds, and the spot 
on the curve with the highest performance corresponds to 
the ideal threshold. The extracted data were entered into 
StataSE15.0 software and the ‘mid as’ command was used 
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to perform relevant statistical analyses. Using bivariate 
box plots, included studies were tested for heterogeneity 
using Q-tests and P-statistics, with heterogeneity indicated 
if p < 0.1 or 12 > 50%, and insignificant heterogeneity if 
p > 0.1 and I2 < 50%. The ability to recognize study het-
erogeneity is essential for meta-analyses and systematic 
reviews. Cochrane's Q statistic, I2 statistic, forest plots, sub-
group analysis, meta-regression, sensitivity analysis, and 
Baujat plot are examples of common techniques. To analyze 
the source of heterogeneity, the presence or absence of a 
threshold effect could be determined by visually determin-
ing the presence or absence of a “shoulder–arm shape” in 
included studies through scatter distribution of the SROC 
curve. Numerous sources of variance, intricate relation-
ships, limited sample sizes, insufficient reporting, and pub-
lication bias are some of the causes of the confusion around 
the significance of labeling techniques in research hetero-
geneity. More investigation is required. Meta Di Sc 1.4 was 
used to calculate Spearman’s correlation coefficient and dis-
tribution of the ratio of diagnoses to the ratio of combined 
diagnoses for rechecking the presence of a threshold effect. 
In research on diagnostic accuracy, techniques like Spear-
man’s correlation coefficient and the ratio of diagnoses are 
employed to assess the threshold effect. The best diagnos-
tic threshold for clinical decision-making is determined by 
measuring sensitivity and specificity, comparing positive 
diagnoses at various thresholds, and performing these meas-
urements. If combined results suggest no heterogeneity, 
then either a fixed-effects model or a random-effects model 
can be used to validate combined data. If heterogeneity is 
determined to be due to non-threshold effects, effects can be 
combined using a random-effects model. Due to its capac-
ity to take into account heterogeneity, offer conservative 
estimates of effect sizes, and improve analytical reliability 
against extreme or outlier research, a random-effects model 
is used for data analysis. It is consistent with the reasonable 
supposition that genuine impact sizes varied between stud-
ies as a result of variations in demographics, locations, or 
methodology.

2.5  Data Analysis

The data were imported into Stata SE 15.0 and merged 
using the ‘mid as’ command to integrate Sen, Spe, + LR, 
−LR, DOR, DS, etc., plotting SROC and calculating diag-
nostic metrics such as AUC, Fagan plots and likelihood 
ratio dot plots to determine accuracy. Sen, Spe, + LR, and 
−LR are common diagnostic test accuracy indicators; DOR 
values usually range from 0 to infinity, with larger values 
indicating better test identification. Through standardiza-
tion, efficiency, improved picture quality, feature extraction, 

consistency, data integration, machine learning, and AI, 
and decreased reader fatigue, automatic image processing 
increases diagnostic accuracy, specifically sensitivity (Spe). 
It guarantees reliable, repeatable analysis, minimizes human 
error, and combines data from diverse sources for thorough 
analysis. When DOR < 1 it means that the test is incorrectly 
designed, probably due to the presence of more negative 
tests; the DS value is usually proportional to the AUC 
value and is often used for comparison with other diagnos-
tic modalities; AUC is calculated by plotting SROC curve 
to reflect accuracy of diagnostic test and is usually artifi-
cially divided into five bands: 0.90 to 1 (excellent), 0.80 to 
The post-test probabilities were evaluated by Fagan plots to 
simulate improvement of pre-test probabilities by diagnostic 
approach; likelihood ratio dot plots were used to visualize 
likelihood ratios of diagnostic models. 10, LRN < 0.1 can 
be excluded and confirmed, RUQ: LRP > 10, LRN > 0.1 
can be confirmed only, LLQ: LRP < 10, LRN < 0.1 can be 
excluded only, RLQ: LRP < 10, LRN > 0.1 can be excluded 
and confirmed neither.

2.6  Publication Bias

Dee k’s funnel plot was plotted by Stata SE 15.0 to assess 
the publication bias of included studies. A visual tool for 
meta-analysis known as Dee K’s funnel plot forms a sym-
metric funnel shape with the x-axis standing for effect size 
and the y-axis signifying study accuracy. Each point on the 
scatterplot represents different research. The closer the angle 
between the line in the plot and the X-axis is to 90°, the more 
publication bias exists; at the same time, p-value analysis 
was combined with p < 0.05 to indicate statistical signifi-
cance and publication bias.

3  Results

The search form was imported into databases to be searched 
on demand, and a total of 4719 subject-related papers were 
obtained, including 4077 papers in English and 642 papers 
in Chinese, all papers were imported into EndNote X9 soft-
ware to eliminate duplicates 346 papers, and then titles and 
abstracts of remaining papers were browsed to exclude 3901 
papers that did not meet research direction, and then full 
papers were obtained and read through Internet. The final 
total number of included studies was 68 (in addition to 8 
groups of data from included literature), as shown in Fig. 1. 
42 groups of data were published between 2015 and 2020, 
including 42 groups of data for AI identification of benign 
and malignant cervical nodules, and 34 groups of data for AI 
identification of benign and malignant solid cervical nodules 
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[20]. The data were published between 2015 and 2020, with 
42 sets of data for AI to identify benign and 34 sets of data 
for AI to identify solid cervical nodules [20].

The QUADAS-2 graphical display template for assessing 
the quality of diagnostic trials provided on the QUADAS-2 
website was used to evaluate the quality of included stud-
ies in turn and to automatically generate. By methodically 
evaluating patient selection, index test, reference standard, 
flow, and timing, the QUADAS-2 graphical display template 
improves diagnostic trial quality evaluation. It offers clear 
direction, improves openness, calls for expert judgment, and 
supports well-informed decision-making. The responses 
were “Yes”, “Unclear” or “No” according to descriptions 
and landmark questions in each item. The risk of bias and 
clinical suitability of content is then rated as ‘High risk’, 
‘Unclear risk’, or ‘Low risk’, and the graphic display tem-
plate automatically generates green, orange, and blue colors 
of the quality assessment chart. The results of the quality 
assessment show that the overall quality of the included 
studies is high. The basic characteristics of the included 
studies are shown in Fig. 2, Tables 1 and 2.

A total of 42 studies were included in the study of AI for 
the identification of benign and malignant cervix. Through 
a systematic search, screening, full-text review, publication 

bias detection, data extraction, quality assessment, interpre-
tation, meta-analysis, statistical analysis, inclusion criteria, 
reporting, and peer review, the AI study for differentiat-
ing between benign and malignant cervix conditions uses 
42 studies. The calculated four-compartment tables were 
imported into StataSE15.0 software and correlation analyses 
were performed using the “mi das” command. The bivariate 
box plot showed that six studies were located outside the 
graph (Fig. 3) and 12 values for combined Spe were 99.12%, 
p = 0; 12 values for combined Sen were 99.36%, P = 0, sug-
gesting heterogeneity of studies. To analyze the results, 
it was first necessary to analyze the threshold effect. The 
results showed that there was no "shoulder–arm" distribution 
of dotted lines in the SROC curve plan, suggesting that there 
was no threshold effect in this group of included studies; 
in addition, Spearman’s correlation coefficient calculated 
by Meta Di Sc 1.4 was − 0.387, p = 0.092 (p > 0.05), and 
DOR forest plot showed that distribution of ratio of diagno-
ses to ratio of combined diagnoses was not linear, so above 
two results also indicated that there was heterogeneity in 
included studies due to non-threshold effects. A Diagnostic 
Odds Ratio (DOR) forest plot, which displays study-specific 
DORs, an overall DOR, and quantitative indicators of het-
erogeneity, is crucial in a diagnostic accuracy meta-analysis. 

Fig. 1  PRISMA inclusion and exclusion flowchart
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In addition to providing numerical insights into the level of 
heterogeneity and identifying outliers, it graphically evalu-
ates possible heterogeneity and highlights aspects other than 
threshold effects. In summary, results suggest heterogeneity 
in the results of included articles and considering possible 
heterogeneity due to non-threshold effects, we will use a ran-
dom-effects model to combine effect values in data analysis.

The forest plots are shown in Fig. 4, yielding a combined 
Sen value of 0.90 and a combined Spe value of 0.90; Fig. 5 
shows a combined DOR value of 83 and a combined DS 
value of 4.42; Fig. 6 shows a combined + LR value of 9.0 
and a combined −LR value of 0.11. The combined + LR 
value was 9.0 and the combined −LR value was 0.11; the 
SROC curve was plotted (Fig. 7) and the area under the 
curve AUC was 0.96 (95% CI 0.93, 0.97). The Fagan plot 
(Fig. 8) suggests a 50% pre-test probability and a 90% post-
test probability of confirming diagnosis when the AI model 
diagnoses the cervix as positive, and a 10% probability 
of misdiagnosing nodule when the result is negative. The 
Fagan plot is a useful tool for evaluating the effects of the 
model’s test outcomes on pre-test and post-test probabil-
ity when used in the context of an AI model for cervix 
detection. This graphical tool aids medical professionals 

in diagnosing patients, risk assessment, and outcomes 
communication. The results of likelihood ratio dot plots 
(Fig. 9) indicate that the use of an AI model for cervical 
detection in clinical practice has weak exclusionary diag-
nostic power.

To further analyze heterogeneity, we explored sources 
of heterogeneity in the Meta-analysis of AI models for 
diagnosing cervix from the pre-processing method and 
model structure of AI models, and conducted meta-regres-
sion for labeling method, image pre-processing method, 
feature learning method, and image library, respectively 
(Fig. 10). The results showed that three variables of the 
label generation method, image pre-processing method, 
and feature learning method could generate heterogene-
ity. To determine how these factors affect outcomes, a 
meta-regression analysis entails defining the research 
question, gathering data, standardizing it, performing an 
initial meta-analysis, performing meta-regression for each 
factor, assessing heterogeneity, determining confounders, 
conducting sensitivity analyses, and reporting findings. 
The labeling method was divided into supervised learning 
groups, semi-supervised learning groups, and unsuper-
vised learning groups. The results are shown in Table 2. 

Fig. 2   Quality evaluation chart 
of QUADAS-2
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Table 1  Basic characteristics of incorporating AI to distinguish benign and malignant cervical solid nodules

Name year Model Labeling method Image processing 
method

Feature extraction Learning database TP FP FN TN

Zhang [5] SVM Supervise Automatic ‘DAR-
WIN’ software

Shallow layer Own database 90 5 9 36

SVM-RF Supervise Manual (manu-
ally extracting 
features)

Shallow layer LIDC/IDRI 1782 63 855 1341

RF Supervise Manual (manu-
ally extracting 
features)

Shallow layer LIDC/IDRI 1677 77 960 1327

3D-CNN Supervise Manual Deep level Own database 129 39 9 112
Guo [7] DNN Semi-supervised Manual (manu-

ally extracting 
features)

Degree of depth Own database 228 22 11 199

Long [21] CNN Semi-supervised Automatic (3D 
reconstruction)

Degree of depth Own database 766 137 100 546

SVM Supervise Manual Shallow layer LIDC/IDRI 584 36 31 420
3D-CNN Supervise Hounsfield units Deep level Own database 604 173 89 693
SVM Supervise Manual (3D mod-

eling)
Shallow layer Own database 149 33 36 127

Dan [13] CNN Semi-supervised Automatic (multi-
stream multitask-
ing network)

Deep level LIDC/IDRI 418 22 34 534

3DD-CNN Unsupervised 
(MRPN)

Automatic Deep level LIDC/IDRIand-
LUNA16

205 36 4 399

CNN Supervise Manual (SS 
OLHF)

Deep (Alex Net) LIDC/IDRI 357 79 75 718

CNN Supervise Manual (SS 
OLHF)

Deep (VGGI6Net) LIDC/IDRI 358 66 76 718

CNN Supervise Manual (SS 
OLHF)

Deep (multi-crop 
Net)

LIDC/IDRI 357 66 76 731

SVM Supervise Manual (divided 
by color blocks)

Shallow layer LIDC/IDRI 369 90 27 923

Tang [22] CNN Semi-supervised Manual (manu-
ally extracting 
features)

Shallow layer LIDC/IDRI 1376 68 65 923

CNN Semi-supervised 
(LeNet-5 feature 
extraction)

Automatic (3D 
reconstruction)

Degree of depth LIDC/IDRI 2065 93 52 1872

Yang [11] 3D-CNN Supervise Automatic (3D 
reconstruction)

Deep (Res Net) LIDC/IDRI 194 68 19 734

MV-KBC Semi-supervised 
(U-NET)

Automatic (3D 
reconstruction)

Depth (Res Net50) LIDC/IDRI 556 79 90 1224

DCNN Semi-supervised 
(U-NET)

Automatic (3D 
reconstruction)

Depth (Google 
Net)

LIDC/IDRI 542 78 104 1225

SVM Supervision 
(genetic algo-
rithm tag)

Manual (grayscale 
marking)

Shallow layer LIDC/IDRI 369 90 27 923

CNN Unsupervised Automatic Deep (Re LU) LIDC/IDRI 1339 91 76 1741
Yu [1] DNN Semi-supervised Manual (segmen-

tation by color 
blocks + 3D mod-
eling)

Deep (Re LU) LIDC/IDRI 1223 53 79 1249

3DMV-CNN Semi-supervised 
(using DAG)

Automatic (3D 
reconstruction)

Deep (Google Net) LIDC/IDRI 6769 452 313 6990
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r was lower in the unsupervised learning group and semi-
supervised learning group than before, but Spe—98.07% 
in the supervised learning group—was not changed from 
the unsupervised group, so it is not clear whether labe-
ling method whether it was a source of heterogeneity in 
the study. Notably, results of subgroup analysis showed an 
improvement in Sen: 0.94 (95% CI 0.91, 0.95) and Spe: 
0.96 (95% CI 0.93, 0.98) for the semi-supervised group, as 
well as improvements in −LR, + LR, DOR, and AUC. The 
image pre-processing methods were divided into manual 
and automatic image processing. The results are shown in 
Table 2. 12 was lower in the automatic image processing 
group than in the medium manual processing group, so the 
image pre-processing method may be a source of study 
heterogeneity. In this work, meta-analysis, heterogeneity 
assessment, sensitivity analysis, and detailed reporting are 
used to compare the effects of low-value automatic image 
processing and medium manual processing on diagnos-
tic accuracy. Due to elements including picture quality, 
complexity, algorithmic efficacy, human operator experi-
ence, data characteristics, and assessment methodology, 
automatic image processing only received a lower score 
of 12 than manual image processing. The automatic image 

processing group showed an improvement in all diagnostic 
accuracy indicators, especially in Spe: 0.93 (95% CI 0.89, 
0.95). The feature learning method was divided into a deep 
learning group and a shallow learning group. Deep learn-
ing models, similar to deep neural networks, can deal with 
complicated data patterns and need a lot of training data. 
While shallow learning methods, such as logistic regres-
sion, need less data and human feature building, they are 
more adaptable to fluctuations. When analyzing heterogene-
ity, researchers should take into account the kind of their 
data. The deep learning group included 25 studies and the 
shallow learning group included 17 studies. The subgroups 
were tested for heterogeneity in turn and effect sizes were 
combined, and results are shown in Table 2. In a meta-anal-
ysis, subgroups are identified, heterogeneity tests are run, 
the results are interpreted, a technique is selected, effect 
sizes are combined, robustness is evaluated, publication 
bias is evaluated, and clinical practice-relevant conclusions 
are drawn. In addition, the deep learning group showed an 
improvement in all diagnostic accuracy indicators such as 
Sen, Spe, −LR, + LR, DOR, and AUC. The image library 
was divided into the LIDC/IDRI group, its database group, 
and the combined group. The image library is divided into 

Table 1  (continued)

Name year Model Labeling method Image processing 
method

Feature extraction Learning database TP FP FN TN

Dense Net Unsupervised Manual (manual 
feature extrac-
tion + grayscale 
adaptation)

Deep level Own database 327 8 25 154

Yang [11] SVM Supervise Manual (rota-
tion segmen-
tation + 3D 
reconstruction)

Deep (Re LU) ELCAP 388 405 49 1650

CNN Unsupervised Automatic (multi-
scale spatial 
pyramid pooling)

Deep (Alex Net) LIDC/IDRI 456 69 33 711

CNN Supervise Automatic (3D 
reconstruction)

Deep level LIDC/IDRI 975 102 94 956

Yang [11] CNN Unsupervised Manual (Otsu 
method)

Deep (LeNet-5) LIDC/IDRI 401 18 18 187

Dense Net Supervise Manual (3D mod-
eling)

Deep level Own database 272 9 23 144

CNN Semi-supervised 
(Fe CNN extrac-
tion)

Manual (manu-
ally extracting 
features)

Deep level Own database 90 2 2 100

CNN Supervise Manual (histogram 
equalization)

Deep (Boosting 
Algorithm)

LIDC/IDRI 278 25 277 24

CNN Supervise Manual (grayscale 
marking)

Deep (U-Net) Own database 358 21 29 416
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three groups: database group, which contains data from 
other medical image databases; LIDC/IDRI group, which 
consists of lung CT scan images for lung nodule analysis; 
and merged group, which combines data from both groups 
for thorough medical image analysis and research, guaran-
teeing data accuracy and dependability. The LIDC/IDRI 
group included 22 studies, the database group included 
12 studies, and the combined group included 7 studies. In 
image library analysis, using LIDC/IDRI and one’s data-
base groups improves data diversity, model generalization, 
discovery of unusual conditions, cross-dataset validation, 
diagnostic precision, research validity, dependability, and 
clinical application.

To further analyze sources of heterogeneity in included 
studies, Sen analysis was conducted using Stata SE 15.0 
(Fig. 11). After removing each study individually, the impact 
analysis plot and outlier detection plot revealed the possibil-
ity of heterogeneity in six articles, but the goodness of fit 
and binary normality suggested that fitted images largely 

overlapped with the null line, indicating that combined 
results were relatively stable.

Publication bias was evaluated for included studies by 
producing Dee ‘s funnel plot (Fig. 12) via StataSE15.0 and 
results suggested p = 0.10 (p > 0.05) suggesting no publica-
tion bias.

4  Discussion

Cervical cancer is the fourth most common malignancy in 
women worldwide, and its main pathological types include 
squamous cell carcinoma of the cervix and adenocarcinoma 
of the cervix, which has caused disease and death in millions 
of women over past decades [23]. About 311,000 women 
died of cervical cancer in 2018, and about 29,500 women 
die of cervical cancer each year in China. The age of cervical 
cancer patients is gradually becoming younger, with precan-
cerous lesions in patients under 35 years of age accounting 

Table 2  Subgroup analysis of benign and malignant studies of AI to identify GGO

Subgroup Number 
of stud-
ies

Sen (95%/
CI)

Spe (95%/
CI)

 + LR (95%/
CI)

−LR (95%/
CI)

DOR (95%/
CI)

AUC (95%/
CI)

Sen I2 (%) Spe I2 (%)

Ensemble 42 0.91 (0.89, 
0.92)

0.91 (0.88, 
0.92)

9.0 (7.2, 11.3) 0.12 (0.09, 
0.13

84 (60, 116) 0.97 (0.93, 
0.97)

99.49 (98.28, 
98.87

99.12 (99.02, 
99.21)

Label generation method
 Supervise 30 0.90 (0.87, 

0.91)
0.88 (0.84, 
0.90)

7.1 (5.7, 8.7) 0.13 (0.10, 
0.15)

59 (43, 79) 0.96 (0.92, 
0.96)

67.88 (57.51, 
68.23)

98.08 (94.66, 
98.33)

 Semi-
super-
vised

7 0.95 (0.91, 
0.95)

0.97 (0.93, 
0.98)

23.3 (13.9, 
38.5)

0.08 (0.05, 
0.09)

346 (196, 
606)

0.99 (0.96, 
0.99)

49.70 (44.28, 
51.64)

29.66 (19.57, 
35.72)

 Unsuper-
vised

5 0.90 (0.84, 
0.93)

0.92 (0.87, 
0.94)

10.4 (6.4, 
16.7)

0.13 (0.07, 
0.19)

90 (36, 217) 0.97 (0.94, 
0.97)

0 0

Image pre-processing method
 Manual 25 0.91 (0.88, 

0.92)
0.88 (0.85, 
0.90)

7.2 (5.8, 8.8) 0.12 (0.09, 
0.14)

64 (45, 88) 0.96 (0.93, 
0.96)

58.65 (51.12, 
61.17)

68.67 (61.45, 
78.88)

 Automatic 17 0.92 (0.87, 
0.93)

0.94 (0.89, 
0.95)

13.0 (9.1, 
15.9)

0.11 (0.09, 
0.14)

127 (69, 230) 0.98 (0.95, 
0.98

66.57 (55.65, 
69.47)

88.15 (79.00, 
91.29)

Feature learning methods
 Depth 25 0.92 (0.90, 

0.93)
0.93 (0.90, 
0.94)

12.1 (9.0, 
15.9)

0.10 (0.08, 
0.11)

129 (88, 185) 0.98 (0.95, 
0.98)

78.91 (71.74, 
89.07)

69.49 (62.42, 
71.54)

 Shallow 
layer

17 0.89 (0.85, 
0.91)

0.86 (0.81, 
0.86)

6.0 (4.5, 7.6) 0.15 (0.10, 
0.18)

44 (27, 67) 0.94 (0.91, 
0.95)

37.04 (33.28, 
45.78)

41.75 (36.54, 
46.95)

Image library
 LIDC/IDRI 22 0.91 (0.88, 

0.92)
0.94 (0.91, 
0.95)

12.8 (9.4, 
17.1)

0.12 (0.09, 
0.14)

118 (74, 185) 0.97 (0.94, 
0.98)

99.02 (98.86, 
99.16)

99.20 (99.08, 
99.30)

 Own data-
base

12 0.92 (0.88, 
0.93)

0.85 (0.79, 
0.95)

5.7 (4.3, 7.4) 0.12 (0.08, 
0.15)

53 (31, 86) 0.95 (0.92, 
0.96)

65.00 (60.20, 
76.79)

71.68 (69.19, 
77.15)

 Merge both 7 0.92 (0.90, 
0.93)

0.84 (0.83, 
0.84)

6.3 (4.2, 9.1) 0.10 (0.07, 
0.12)

67 (46, 93) 0.96 (0.94, 
0.98)

91.08 (88.21, 
92.73)

88.00 (83.21, 
89.42)
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for almost half of the total [22]. Although the launch of the 
bivalent HPV vaccine in China has increased the rate of 
HPV vaccination in Chinese women and fundamentally 
improved the future incidence of cervical cancer, cervical 
cancer is still a major threat to Chinese women due to the 
short time since its launch and low awareness of vaccination 
among Chinese women. The main cause of death in cervical 

cancer patients is the depth of infiltration of lesion and 
occurrence of lymph node metastasis. To reduce mortality 
and improve the prognosis of women with cervical cancer, 
early diagnosis, and accurate prognosis prediction are essen-
tial to guide clinical treatment, but treatment of cervical can-
cer has still not improved in past decades. There is an urgent 
need to explore an effective indicator to suggest prognosis 

Fig. 3   Bivariate box plots for the study of AI in the identification of benign and malignant servicesRETRACTED A
RTIC
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and pathological features that will facilitate. Tumor stage, 
size, lymph node involvement, histological type, HPV status, 
invasion depth, p16 expression, immunological response, 
patient age, and general health are variables that affect the 
prognosis of cervical cancer. These variables support illness 
severity evaluation, treatment planning, and outcome predic-
tion. There is an urgent need to explore an effective indicator 

to suggest prognostic and pathological features that will 
facilitate the selection of targeted therapies for cervical can-
cer and provide strong theoretical support for future cervi-
cal cancer treatment and prognosis prediction [21]. Enhance 
research quality by reviewing prior studies, enhancing meth-
odologies, carrying out pilot studies, standardizing data, uti-
lizing peer review, implementing open scientific practices, 

Fig. 4  Forest plot of Sen and specificity of AI for identification of benign and malignant cervical studiesRETRACTED A
RTIC
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offering training, securing financing, working with special-
ists, and ensuring ethical oversight. After years of explora-
tion in China, combining our clinical experience and foreign 
big data studies, an Expert Consensus on Issues Related to 
Cervical Cancer Screening and Abnormal Management in 
China was not created until 2017 to guide clinical work. By 
learning from European and American screening guidelines 
and big data analysis, CSCCP in China recommended cer-
vical cancer screening for women aged 25–30 years [24]. 
Recommendations for cervical cancer screening for women 
between the ages of 25 and 30 are based on elements includ-
ing rarity and the self-resolving nature of HPV infections. 
Early detection might result in needless interventions and 
higher healthcare expenses. HPV immunization for adoles-
cents is advised. A healthcare professional should be con-
sulted before making any healthcare decisions. However, 
at this stage, for various reasons, younger women in China, 
especially those under 25 years of age, are also very active 
in cervical cancer screening, leading to an increase in num-
ber of women under 25 years of age who are screened for 
cervical cancer compared to previous period, possibly due 
to following reasons. On one hand, they tend to request cer-
vical cancer screening on their initiative due to their high 
health expectations and higher compliance than other age 
groups, increasing the number of universal and opportunistic 
cervical cancer screenings. On the other hand, it has been 
documented that women who receive the HPV vaccine have 
a lower risk of developing high-grade cervical lesions com-
pared to those who do not receive the HPV vaccine and that 
the HPV vaccine reduces the incidence of cervical lesions 
and cervical cancer. As more young women learn about the 
long-term benefits of HPV vaccination for women’s health, 

more women of the right age want to be vaccinated against 
HPV, and some of them have a history of sexual activity or 
are even married with children and have not yet been vacci-
nated against HPV. Most vaccination facilities require a cer-
vical cancer screening report from the recipient, so they will 
go to the hospital to be screened for cervical cancer on their 
initiative. Due to the disparity in medical standards between 
different institutions in China and the specificity of women 
under 25 years of age, it is difficult for many health profes-
sionals to consistently follow guidelines for post-screening 
management, or to misinterpret test results and over-treat a 
transient HPV infection that did not need to be over-treated, 
while patients who should be referred for immediate col-
poscopy are hesitant to do so, resulting in patients losing 
out on treatment. The best time to treat patients is lost. In 
clinical practice, fear of cervical cancer in young women 
increases the rate of colposcopy biopsies due to unnecessary 
referrals for colposcopy, which in turn increases the rate 
of overdiagnosis. Young women have special characteris-
tics of colposcopy images, and there is currently a lack of 
multicenter, large sample, and prospective research in China 
on whether it is possible to minimize colposcopy biopsy 
rates, quickly and efficiently detect hidden high-grade cervi-
cal lesions, and reduce the harm of overtreatment or missed 
diagnosis to women in their reproductive period. The use 
of evidence-based recommendations, patient involvement, 
risk assessment tools, routine screening programs, advanced 
technology, second opinions, early detection awareness, 
monitoring, surveillance, education, patient advocacy, and 
quality assurance are just a few of the strategies being used 
by healthcare providers to lessen overtreatment and missed 
diagnoses in women of reproductive age.

Fig. 5   Diagnostic advantage of AI in the identification of benign and malignant cervical studies compared to DOR
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Meta-analysis of AI model for diagnosis of cervix 
showed a combined Sen of 90% and a combined specific-
ity of 90%, indicating a 10% miss rate and a 10% misdi-
agnosis rate, respectively; combined value of + LR was 
9.0, indicating that true positive rate of positive nodules 
diagnosed by AI model was 9 times higher, and combined 

value of −LR was 0.11, indicating that negative nodules 
diagnosed by AI model were 0.11 times more likely to 
be false negative. The DOR was 83 and AUC was 0.96, 
indicating that the accuracy of diagnosis of the cervix was 
high; assuming a pre-test probability of 50%, the post-
test probability of a diagnosis of the cervix by AI model 

Fig. 6   Likelihood ratios for AI in the identification of benign and malignant cervical studiesRETRACTED A
RTIC
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showed a 90% probability of confirming diagnosis when 
test result was positive, and a 10% probability of misdi-
agnosing nodule when the result was negative, indicating 
that A1 model was effective in the diagnosis of cervix. 
Consequences might include overdiagnosis, missed diag-
noses, and significant clinical, emotional, and financial 
effects for AI models with a 90% positive diagnosis rate 
and a 10% mistake rate. Those making decisions should 
evaluate this probability and take into account techniques 
like confirmatory testing and risk tolerance analysis. The 
likelihood ratios of individual studies were summarized 
in likelihood ratio dot plots, suggesting that the AI model 
was more evenly distributed across four quadrants of dot 
plots and that combined results were in the RLQ quadrant, 
indicating that the AI model was weak in detecting cer-
vical nodules and prone to false-positive and false-nega-
tive results. Due to elements including data consistency, 
standard data collection, strong AI algorithms, enough 
sample size, controlled variables, rigorous assessment 

techniques, and random-effects models, the study’s diag-
nostic accuracy was not greatly impacted by the database 
used. The bivariate box plots and r values of Spe suggest 
heterogeneity in the study. To investigate the source of 
heterogeneity, Meta-regression was conducted for several 
underlying variables such as labeling method, image pre-
processing method, feature learning method, and image 
library, respectively. The results showed that three vari-
ables, namely the label generation method, image pre-pro-
cessing method, and feature learning method, were likely 
to generate heterogeneity.

This study also has some limitations: first, the propor-
tion of malignant tumors in the original study sample 
included in the article was much higher, which may lead 
to overfitting and more optimistic results, so results still 
need prospective large sample studies to confirm conclu-
sions; second, for literature where complete diagnostic 
data were not available in main text, we were still unable 
to obtain them by downloading original supplementary 
data and contacting original authors. Third, the study 

Fig. 7  SROC curves for AI study on identification of benign and malignant cervix
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conducted a comprehensive search of relevant databases, 
but only included literature in English and Chinese, which 
had some impact on the systematicity of the study; fourth, 
original studies were mainly retrospective, and the quality 
of original studies would affect the quality of systematic 
evaluation.

5  Conclusions

According to the study, feature learning techniques and 
picture pre-processing might increase heterogeneity. 
Due to human label input and repeated validation learn-
ing, the diagnostic accuracy of the semi-supervised and 
autonomous image processing groups increased. Deep 

Fig. 8   Fagan diagram for AI study on identification of benign and malignant cervixRETRACTED A
RTIC
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Fig. 9   Likelihood ratio dot 
plots for AI in the identification 
of benign and malignant cervi-
cal studies

Fig. 10   Meta-regressions of studies on AI to identify benign and malignant cervix
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learning’s complex algorithms and logical framework led 
to better diagnostic outcomes. The accuracy of diagnosis 
was unaffected by database selection. Sen analysis, which 
excluded trials with higher heterogeneity, indicated steady 
combined results.

Using 42 data sets, the study examined the utility of AI 
for differentiating between benign and malignant cervical 
vitreous lesions. When the AI model was positive, the find-
ings indicated a high accuracy rate of 50% pre-test probabil-
ity and 90% post-test likelihood of confirming a diagnosis. 

Fig. 11  Sen analysis of AI for identification of benign and malignant cervical studies
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The study also discovered that the AI model’s exclusion-
ary diagnostic power for cervical detection was high. When 
detecting solid nodules in the cervical area as opposed to 
ground glass nodules, the AI model’s accuracy was greater. 
The labeling approach, picture pre-processing method, and 
feature learning method all had an impact on the AI model’s 
accuracy.
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Fig. 12  Publication bias in studies of AI for identification of benign and malignant cervices
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