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Background: This study sought to systematically analyze the clinical diagnostic value of tumor markers
combined with ThinPrep cytologic test (TCT) and human papillomavirus (HPV) deoxyribonucleic acid
(DNA) detection for cervical cancer and pre-cancerous lesions. However, there is a lot of controversy in the
field of TCT + HPV-DNA. Many people have mixed opinions on the accuracy of TCT + HPV-DNA, and
there is no unified opinion. Therefore, it is necessary to further confirm the significance of this combined
detection method in the early diagnosis of cervical cancer by applying meta method.

Methods: The Cochrane Library, PubMed, Web of Science, Embase, Chinese Biomedical Literature
Database (CBM) databases were searched to retrieve studies. To assess the methodological quality of each
study and potential risk of bias, QUADAS-2 Guidelines were used to evaluate the quality of all articles that
met the inclusion criteria and data extraction of the included articles were performed, and a meta-analysis
was performed of the included studies using Review Manager 5.2 software.

Results: A total of 5 studies were included in the study, and a total of 2,778 patients were included in the
study, and there was no significant publication bias observed. The meta-analysis showed that there was a
statistical difference in terms of the accuracy of the tumor markers combined with TCT in the detection
of cervical cancer. The results were as follows: the pooled sensitivity (SEN) was 0.86 (95% CI: 0.75-0.93);
the combined specificity (SPE) was 0.79 (95% CI: 0.57-0.92); the diagnostic performance of combined
with thin-layer liquid-based cytology and HPV DNA detection in the diagnosis accuracy of cervical cancer
by summary receiver operating characteristic (SROC) curve analysis, result showed excellent diagnostic
accuracy, with a combined area under the curve (AUC) of 0.90 (95% CI: 0.87-0.92).

Discussion: Tumor markers are important for the early diagnosis of cervical cancer. Combining the tumor
markers with TCT and HPV DNA detection effectively improved the detection rate.
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Introduction the third most common cancer in developing countries (2).

Cervical cancer is a gynecological malignant tumor whose The early clinical symptoms of this disease are not typical,

incidence is only to that of breast cancer (1). Despite the and it is easy to be missed and misdiagnosed clinically.

widespread screening programs, cervical cancer remains In recent years, the incidence of cervical cancer has
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Identification of studies via databases

Figure 1 Flow chart of the literature screening process.

continued to increase, and thus it poses a serious threat to
the health of patients (3). In recent years, the incidence of
cervical cancer has been increasing year by year, as has the
incidence among younger women (4). At the beginning of
the disease, the patient’s clinical symptoms are not obvious,
so the diagnostic accuracy is not high. To effectively
prevent cervical cancer, it is generally accepted that the
early detection of lesions is very important. At present, the
application of serum tumor markers in the diagnosis of
cervical cancer is increasing, but there is a lack of research
on the diagnosis of cervical cancer (5).

At present, many cervical disease screening techniques
are widely used in clinical practice, among which human
papillomavirus (HPV) examination and ThinPrep
cytologic test (TCT) examination have relatively important
clinical value. However, there is a lot of controversy in
the field of TCT + HPV-DNA. Many people have mixed
opinions on the accuracy of TCT + HPV-DNA, and there
is no unified opinion (6-10). Therefore, it is necessary
to further confirm the significance of this combined
detection method in the early diagnosis of cervical cancer
by applying meta method. We present the following
article in accordance with the PRISMA-DTA reporting
checklist (available at https://atm.amegroups.com/article/
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Methods
Search strategy

According to the requirements of the Cochrane
Collaboration, a computer search was conducted to retrieve
all relevant articles published in The Cochrane Library,
PubMed, Web of Science, Embase, Chinese Biomedical
Literature Database (CBM) databases. The English search
words included cervical carcinoma, cervical lesion, cervical
intraepithelial neoplasia, CIN, cervical disease, pre-
cancerous cervical cancer, cervical cancer, cervix neoplasms,
cervical screening, mass smear, liquid-based, thin-layer
liquid-based cytology, Pap smear, Papanicolaou smear,
cytology, cyto-diagnosis, cytological techniques, human
papillomavirus, HPV, colposcopy, biopsy, and histological
diagnosis. All the retrieved articles were manually re-
screened (Figure 1).

Literature inclusion criteria

To be eligible for inclusion in the meta-analysis, the
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Table 1 Basic clinical features of the 5 included studies

Author Year Country Type of cancer Tumor/control Stage
Pan 2019 China Cervical intraepithelial neoplasia 133/168 CINI-HI
Liang 2016 China Cervical intraepithelial neoplasia 110/308 CINI-II
Liu 2017 China Cervical cancer 199/221 CINI-II
Husaiyin 2021 China Cervical cancer 477/1,145 CINI-I
Zhang 2020 China Cervical cancer 95/342 CIN-IIl

articles had to meet the following inclusion criteria: (I)
be an English-language article published; (I) include >20
subjects; (III) evaluate the value of the liquid-based cell test,
and the HPV test, and the combined value of the 2 methods
in cervical disease screening; (IV) be a retrospective
cohort study; (V) use a positive criterion for the liquid-
based cytology of atypical squamous cells of undetermined
significance and above lesions; (VI) use the gold-standard
pathological tissue diagnosis, and a positive diagnostic
standard for cervical intraepithelial neoplasia I (CIN I) or
above lesions; (VII) have complete original data that could
be obtained directly or have available data from which the
true positive number, false positive number, false negative
number, and true negative number of the test could be
obtained.

Literature exclusion criteria

Articles were excluded from the meta-analysis if they
met any of the following exclusion criteria: (I) comprised
a review, conference paper, lecture, or abstract; (II) had
incomplete literature data; (III) the main purpose of the
study was to examine a HPV vaccine, the HP) gene, HIV
infection, or another topic; (IV) the cytological examination
had been performed using the traditional pap smear
method.

Data extraction and quality assessment

"Two reviewers independently extracted the data included in
the literature, which included the following: We extracted
the following data for the diagnostic value of the author
name, publication year, country, type of cancer, cancer
stage.

Quality assessment of diagnostic accuracy studies
(QUADAS) was used for assessing quality of individual
studies in this meta-analysis. This method is considered as
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an evidence-based quality assessment tool developed for use
in systematic reviews. The highest score possible is 14.

Statistical method

Diagnostic sensitivity and specificity were calculated using
the formulas: sensitivity = true positive/(true positive
+ false negative); and specificity = true negative/(true
negative + false positive). The area under the receiver
operating characteristic (ROC) curve was used to evaluate
the feasibility of combined with thin-layer liquid-based
cytology and HPV DNA detection in the diagnosis
accuracy of cervical cancer. Publication bias was evaluated
using Deeks’ funnel plot. Two-tailed P values of <0.05 were
considered statistically significant. All statistical analysis was
performed using Stata version 15.0. If ’>50% and P<0.1
from chi-square analysis showed study heterogeneity, Meta-
analysis by random effects models and searched for possible
heterogeneity by subgroup analysis source.

Results

Literature retrieval results and included research
characteristics

In this study, the PubMed, Cochrane Library, Web of
Science, Embase, CBM databases were searched. Repeated
publications were excluded based on a reading of the
titles and abstracts of the articles, after which 20 articles
remained. Next, the full-text of the 20 articles were
reviewed, and different reports of the same clinical study
and articles inconsistent with the purpose of this study were
excluded. Ultimately, a total of 5 studies were included in
the study (11-15). All the retrieval and screening processes
were completed independently by 2 evaluators, and any
differences in opinions were resolved through internal
discussion (Tiable 1). Almost all the literatures included in
this study are within the effective range of the triangle, so
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Figure 2 Forest plot of pooled sensitivity and specificity of cervical cancer. Squares specify the effect sizes of individual studies and extended

lines denote 95% Cls. Sizes of square imply the weight of studies based on sample size using a random effects analysis. The diamond data

indicates pooled prevalence. CI, confidence interval.

there is no obvious risk bias.

Pooled diagnostic sensitivity and specificity

The diagnostic value of combined with thin-layer liquid-
based cytology and HPV DNA detection in the diagnosis
accuracy of cervical cancer from six studies. The results
were as follows: the pooled sensitivity (SEN) was 0.86 (95%
CI: 0.75-0.93); the combined specificity (SPE) was 0.79
(95% CI: 0.57-0.92): these results are illustrated by the
forest map in Figure 2.

Pooled ROC curves

The diagnostic performance of combined with thin-layer
liquid-based cytology and HPV DNA detection in the
diagnosis accuracy of cervical cancer by summary receiver
operating characteristic (SROC) curve analysis, result
showed excellent diagnostic accuracy, with a combined

area under the curve (AUC) of 0.90 (95% CI: 0.87-0.92)
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in Figure 3.

Publication analysis

The Deeks’ Funnel plot shows that there is no publication
bias, and Figure 4 shows that there is no publication bias in
diagnostic studies.

Discussion

After breast cancer and colorectal cancer, cervical cancer
is the 3rd most common malignant tumor in women
worldwide, and the most common malignant tumor of the
female reproductive tract (16). In 2021, there were 529,800
new cervical cancer cases and 255,100 deaths, with 85%
of the new cases occurring in developing countries (17).
Due to advances in cervical cancer screening technology,
the incidence and mortality of cervical cancer in developed
and developing countries have decreased significantly and
become hot (18). The formation of cervical cancer is a

Ann Transl Med 2022;10(14):761 | https://dx.doi.org/10.21037/atm-22-1732



Annals of Translational Medicine, Vol 10, No 14 July 2022

SROC with prediction & confidence contours

Sensitivity
o
o
1

(Q Observed data
Summary operating point|
@ SENS =0.86 [0.75-0.93]
SPEC =0.79 [0.57-0.92]
— SROC curve
AUC =0.90 [0.87-0.92]
— 95% confidence contour|

+ 95% prediction contour

0.0 T l
1.0 0.5 0.0

Specificity

Figure 3 The SROC curves of cervical cancer characteristics.
SROC, summary receiver operating characteristic; AUC, area
under the curve; SENS, sensitivity; SPEC, specificity.
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Figure 4 Deeks’ funnel plot asymmetry test. ESS, standardized

effect sizes.

continuous development process. CIN usually proceeds as
follows: CIN I — CIN II — CIN III — carcinoma in situ
(CIS) — early invasive carcinoma of the cervix — invasive
carcinoma of the cervix. The time from CIN lesions to CIS
of the cervix is 3-8 years (19).
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Due to the long, reversible pre-cancerous lesion stage
in the occurrence and development of cervical cancer, with
timely detection and appropriate treatment, the cure rate
of early cervical cancer is nearly 100% (20). Thus, more
and more attention has been paid to the early screening
of cervical diseases in clinical practice, and more effective
and reasonable examination methods have been developed
to improve the accuracy of cervical disease diagnosis (21).
Cervical cancer is the only gynecological cancer that can
be diagnosed early and cured, and the early detection of
pre-cancerous lesions is the key link in the prevention and
treatment of cervical cancer (22-25). Traditional cervical
cancer screenings are aimed at the early detection of
cervical cancer, while modern cervical cancer screenings are
aimed at the early detection of high-grade CIN lesions and
the early treatment of obstructive cervical cancer.

Cervical cancer is a popular area of modern medical
research. Cervical cancer is an infectious disease caused by
HPV infection. The development process for the formation
of cervical cancer is continuous. The period from CIM
to cervical cancer ranges from 3-8 years (26). Thus, the
pre-screening of cervical cancer is particularly important.
However, research needs to be conducted to determine
which test is the most valuable for cervical disease screening.
Extensive research has been conducted on disease screening
technology for cervical disease, and based on traditional
literature reviews, the research has 2 main characteristics.
First, research results is the certain result of the literature
more less number of come to the conclusion that generally
do not evaluate the literature, also does not consider the
quality of the literature. Second, there are 2 main problems;
that is, the quality of many similar studies is not the same,
and the number of samples in each study differs. Under the
equal-weight method, which is used in traditional literature
reviews, it is difficult to ensure the authenticity, reliability
and scientific nature of research results, especially when
the results of multiple studies are inconsistent, and any
conclusions drawn may easily lead to misunderstandings or
confusion (27). The statistical purpose of a meta-analysis
is to merge, analyze, and summarize the results of similar
independent research, increase the sample size, increase
the efficiency of the inspection, examine inconsistent
results, especially when multiple research studies have been
conducted or the results are not statistically significant, and
reveal the real situation based on a statistical analysis of the
results.

The present study had a number of limitations. First, the
search of the databases was not sufficiently extensive. The

Ann Transl Med 2022;10(14):761 | https://dx.doi.org/10.21037/atm-22-1732



Page 6 of 7

multi-person, blind-screening method was not adopted in
the search and screening of the articles, which may have
led to the omission of some articles conforming to the
standard. The authors of this study screened the articles
according to the inclusion criteria and exclusion criteria,
which may be subjective. Second, the unpublished article
was not available. Third, only articles published in English
were included in the meta-analysis. Due to the influence
of language and region, articles in other languages and
some unpublished studies were not included in the meta-
analysis. The possibility of language bias or publication bias
is large. As for some of the published articles, they were not
included in the meta-analysis, as the original authors could
not be contacted and the complete data were unavailable,
which affected the comprehensive quality of the analysis. All
the above-mentioned reasons may have led to sampling bias
in this study. Future studies need to improve on the above-
mentioned aspects to ensure the research results are more
comprehensive and reliable and thus can be used to guide
clinical applications.

TCT is a thin-layer liquid-based cytology detection
system for detecting cervical cells and conducting
cytological classification diagnoses. Compared to a
traditional pap smear, TCT has a higher detection rate, and
thus can provide a pathological basis for the early diagnosis
and treatment of cervical cancer, which in turn could reduce
the death rate of cervical cancer patients. Pap smears must
be performed by experienced and highly skilled laboratory
personnel to ensure their accuracy. These methods have
been widely used in the clinical screening of cervical cancer,
but the detection rate of each method alone needs to be
improved. This study examined the diagnostic value of
the combined application of various indicators for cervical
cancer. The results showed that the diagnostic value of
the combined detection methods was far superior to that
of a single detection method, and the detection value of
HPV deoxyribonucleic acid (DNA) was higher than those
of other detection methods. Thus, combined detection
represents the best screening choice for individuals with the
economic ability to pay for this type of screening.
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