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Value of high-risk human papillomavirus detection
combined with colposcopy in the diagnosis of
cervical cancer and precancerous lesions
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Abstract. In the present study, the diagnostic value of high
risk-human papillomavirus (HR-HPV) combined with colpos-
copy for the detection of cervical cancer and precancerous
lesions was evaluated. A total of 397 patients with confrmed
cervical disease were enrolled between August 2020 and
December 2021. According to the pathological diagnosis, the
patients were divided into cervical intraepithelial neoplasia
grade I (CIN I; n=153 cases), CIN II (n=101 cases), CIN III
(n=86 cases) and cervical cancer (n=57 cases) groups. The
HR-HPV-positive rate of the patients with different lesion
types was compared, and the consistency of colposcopy and
pathological examination results were assessed. For cervical
cancer and precancerous lesions, the diagnostic value and
efficacy of HR-HPV testing, colposcopy and combined
HR-HPV testing and colposcopy examination were compared
using pathological examination results as the gold standard.
The results of the present study demonstrated that in patients
with cervical cancer, the positive rate of HR-HPV (100.00%;
n=57/57) was higher than that in patients with precan-
cerous lesions, and the positive rate of HR-HPV in patients
with CIN I type (36.60%, n=56/153) was lower than that in
patients with CIN II (83.17%, n=84/101) and CIN III (82.56%,
n=71/86) types (P<0.05). There was no signifcant difference
in the HR-HPV-positive rate between patients with CIN II and
CIN III (P>0.05). Cohen's k coeffcient for colposcopy exami-
nation and pathological examination of patients with cervical
cancer and precancerous lesions was 0.622, the diagnostic
accuracy was 90.43% (n=359/397), the positive predictive
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value was 65.57% (n=40/61), and the negative predictive value
was 94.94% (n=319/336). Receiver operating characteristic
curve analysis demonstrated that the area under the curve of
the combined examination in the diagnosis of cervical cancer
and precancerous lesions was 0.904, which was higher than
that of colposcopy (0.820) or HR-HPV testing (0.802) alone
(P<0.05). The results of the present study indicated that
HR-HPV detection combined with colposcopy has diagnostic
value for cervical cancer and precancerous lesions.

Introduction

Cervical cancer is the fourth most common malignant tumor
in the world and the most common malignant tumor of the
female reproductive system (1). It is also the only malignant
tumor with clear etiology that can be prevented early and
for which intervention is possible through vaccination (2).
In 2018, there were ~570,000 new cases of cervical cancer
worldwide, accounting for 3.15% of all malignant tumors and
~310,000 deaths, accounting for 3.26% of all malignant tumor
deaths (3). Clinically, cervical cancer has no obvious symp-
toms in the early stage, and the main symptoms in the middle
and advanced stages include increased leucorrhea and vaginal
contact bleeding (4). Early cervical precancerous lesions
have no visible symptoms, such as watery vaginal secretions,
postcoital bleeding and intermittent drip bleeding (5). The
early symptoms of patients are often ignored due to the lack
of specifcity; therefore, early cervical cancer screening is of
value for the prevention of cervical cancer (6). Persistent infec-
tion with HR-HPV has been reported to be the main cause of
cervical cancer (7). HR-HPV is a small double-stranded DNA
virus that can cause skin and mucous membrane lesions in
humans. Based on its carcinogenic risk, HPV is divided into
low- and high-risk HPV types (8.,9). Persistent HR-HPV infec-
tion may progress to CIN and eventually to invasive cervical
cancer (10). Clinical data have indicated that persistent
infection with high-risk human papillomavirus (HR-HPV)
is related to the incidence of cervical cancer (11). It has been
reported that =70% of women will have =1 HPV infection in
their lifetime, but such infections can be naturally cleared
by the body's own immune system in most cases, and only
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1-4% of persistent HPV infections will gradually develop into
precancerous lesions or cervical cancer (12). Therefore, HPV
infection can be regarded as being analogous to a ‘common
cold’ of the cervix. Clinical data also show that high-grade
cervical intraepithelial neoplasia (CIN) can potentially develop
into invasive carcinoma (13,14).

CIN is an important stage in the prevention and treatment
of cervical cancer. Early treatment of precancerous lesions
and the blocking of their further development into cancer
can effectively reduce the occurrence of cervical cancer (15).
Colposcopy, an important method of examination for cervical
cancer screening, supports the early detection and diagnosis of
the disease. With digital colposcope amplifcation technology,
changes in the surface of the cervix can be accurately and
clearly observed, and the location of abnormal cells can be
clearly identified through biopsy. However, false-negative
phenomena may occur owing to the actions of the examiner
themselves (16). Previous studies (12,17) have also reported
that because of the confusion of normal and abnormal
transformation areas, the diffculty in detecting endocervical
lesions and the lack of specifcity in images and other factors,
colposcopy can lead to misdiagnosis. Therefore, it is necessary
to explore a more accurate examination method to improve
the rate of cervical cancer detected by early screening. In
previous study (18), HR-HPV testing combined with colpos-
copy was used to diagnose cervical cancer. In the present
study, the receiver operating characteristic (ROC) curve was
used to analyze the diagnostic value of HR-HPV testing
combined with colposcopy in differentiating cervical cancer
from precancerous lesions, and to provide a reference for the
clinical diagnosis and identifcation of this disease.

Materials and methods

Clinical data. A total of 397 patients with cervical cancer
or precancerous lesions, aged 26-71 years (average,
38.60+6.15 years (mean + SD), were diagnosed from August
2020 to December 2021 in Jinan Licheng District Maternal
and Child Health Care Family Planning Service Center,
China and were included in the present study. The patients
have 0-6 previous pregnancies with a mean of (2.15+1.26)
and the number of live births was 0-5 times with a mean of
(1.31%1.17 times. There were 136 cases with smooth cervix,
118 grade I cervical erosion, 100 grade II cervical erosion, and
43 grade III cervical erosion (19). There were also 10 cases
of menopause and 387 cases of non-menopausal. Pathological
diagnosis was divided into CIN I (mild dysplasia; n=153 cases),
CIN II (moderate dysplasia; n=101 cases), CIN III (severe
dysplasia and carcinoma in situ; n=86 cases) and cervical
cancer (n=57) (20). The present study was reviewed and
approved by the ethics committee of Jinan Licheng District
Maternal and Child Health Care Family Planning Service
Center, Jinan, Shandong, China . Samples are collected and
processed in February 2022.

Inclusion criteria. Patients who fulfilled the following
criteria were included in the present study: i) HR-HPV DNA
detection and colposcopy; ii) reported subjective symptoms,
such as sexual intercourse bleeding or increased leucorrhea;
iii) complete clinical and imaging data; iv) age =18 years and

had sexual experience; and v) patient consented to participate
in the present study.

Exclusion criteria. The following criteria were used to exclude
patients from the present study: i) Treatment with radio-
therapy and/or chemotherapy; ii) pregnancy or breastfeeding;
iii) history of cervical surgery; iv) other gynecological tumors;
v) infections with other viruses; vi) vaginal infectious lesions;
vii) autoimmune diseases; viii) history of hysterectomys;
iX) <24 h since last sexual intercourse; x) Within 48 h of
vaginal medication; and xi) active menstruation.

HR-HPV detection. The cervix was fully exposed with a
vaginal speculum, and a special HPV sampling brush rotated
around the cervix counterclockwise 3-5 times for ~10 sec. The
sampling brush was then removed and put in Digene sample
storage solution .The upper part of the sampling brush was
discarded, and the reagent bottle was covered with a cap. A
total of 13 types of HR-HPV including types 16, 18, 31, 33, 35,
39,45, 51,52,56,58,59 and 68 were assessed using the hybrid-
ization capture method using an HCII-HPV-DNA genetic
hybridization detection system (hybrid capture II) (21,22)
and an HCII reagent kit (Shanghai Yaoyun Biotechnology
Co., Ltd.), which was performed according to manufacturer's
protocols. All detection procedures and results were strictly
determined in accordance with the kit instructions. The posi-
tive determination criteria were relative light unit (RLU)/cut
off (CO) =1.0 of the specimen.

Colposcopy. The domestic VIZ-GD optical and electronic inte-
grated colposcopy system (Beijing Siwei Saiyang Technology
Co., Ltd.) was used to examine patients in the non-menstrual
phase of the menstrual cycle who had not had cervical inter-
course and neither drug administration, smear and irrigation,
nor other gynecological examinations were performed within
24 h before the examination. Patients with acute infammation
were examined at a later time, after recovery. Patients were
placed in lithotomy position, the bladder was drained and the
cervix was exposed using a vaginal speculum. The cervical
surface secretions were wiped with cotton balls for prelimi-
nary analysis, then 3% glacial acetic acid was applied to the
cervix for 1 min. Compound iodine solution was applied to
columnar and squamous epithelia, and their transformation
areas. The suspicious parts or iodine free areas were identifed
under colposcopy, and cervical canal scratching or biopsy was
performed. Biopsies were collected at the 3,6,9 and 12 o'clock
positions on the cervix (23).

A total of 12 sagittal sections were taken at 12 o'clock in
the cervical cone section, which were quickly frozen and fxed
with 10% formaldehyde. Then hematoxylin was nucleated for
3-5 min. After washing, 0.5% weak ammonia water returned
to blue, eosin was re-stained to cytoplasm for 1 min. After
washing, gradient ethanol was dehydrated, xylene transparent
and neutral gum tablets were sealed, and the sections were
observed under a light microscope. The pathological results
were diagnosed by two senior pathologists, and the results
of the colposcopy were described and diagnosed according
to the new colposcopy terms of the 2011 International
Federation for Cervical Pathology and Colposcopy (24). The
pathological diagnostics were based on the International
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Table I. Comparison of HR-HPV testing results in patients with cervical cancer, CIN I, CIN II and CIN III.

HR-HPV type CIN I (n=153) CINII (n=101) CIN IITI (n=86) Cervical cancer (n=57) X P-value
16,n 12 17 10 13

18,n 3 3 5 2

31,n 1 2 10 7

33,n 3 7 5 8

35,n 2 2 6 2

39,n 0 2 3 1

45,n 0 5 3 1

51,n 0 6 2 0

52,n 0 5 6 0

56,n 1 2 2 4

58,n 0 6 3 1

59,n 1 2 2 0

68,n 18 3 1 0

Multiple HR-HPV 15 22 13 17

Total, n (%) 56 (36.60) 84 (83.17) 71 (82.56)*° 56 (98.25)*° 110.9 <0.001

"P<0.05 vs. CIN I; "P<0.05 vs. cervical cancer. CIN, cervical intraepithelial neoplasia; HR-HPV, high-risk human papillomavirus.

Cooperation on Cancer Reporting (25); pathological diagnosis
is the gold standard for diagnosis of cervical cancer. Under
colposcopy, white acetic acid epithelium, with the severity
of the lesion positively associated with the whiteness of the
epithelium, white glands and rings, heterogenous vessels and
punctured vessels were observed. The Reid colposcopy index
(RCI) score was proposed by Reid in 1984; it can reduce the
subjectivity of colposcopy diagnosis and is currently the most
widely accepted colposcopy scoring system (26). Previous
studies (27,28) reported that colposcopy diagnosis using RCI
has a good consistency with histopathological diagnosis. RCI
was adopted for diagnosis and scored as follows: 1-2 points
was regarded as CIN I; 3-4 points was regarded as CIN II; and
5-6 points was regarded as CIN III.

Data comparison. Observation indicators were as follows:
i) HR-HPV-positive rate was compared among patients with
different lesion types, and the consistency of colposcopy and
pathological examination results was analyzed; ii) the diag-
nostic value and effcacy of HR HPV testing, colposcopy and
combined examination for cervical cancer and precancerous
lesions were compared using pathological examination results
as the gold standard; and iii) the detection rates were compared
among patients with different types of cervical lesions by
colposcopy, and the association between HR-HPV-positive
rate and the severity of cervical lesions was analyzed.

Statistical analysis. Data were processed using SPSS
(version 22.0; IBM Corp.). The positive rate of HR-HPV and
sensitivity, specifcity were expressed as percentage, and the
difference between groups was compared using the X* test.
The measurement data were expressed as mean + SD after
Kolmogorov-Smirov normality testing. The diagnostic value
of HR-HPYV testing, colposcopy and combined examination
for cervical cancer and precancerous lesions was analyzed

Table II. Consistency comparison between vaginal examina-
tion results and pathological examination results in patients
with cervical cancer and precancerous lesions.

Pathological result

Examination
method Positive Negative Total, n
Colposcopy
Positive 40 21 61
Negative 17 319 336
Total, n 57 340 397

using the receiver operating characteristic (ROC) curve,
sensitivity and specifcity were calculated according to the
Jorden index (29). MedCalc (version 19.4; Beijing Huanzhong
Ruichi Technology Co., Ltd.) software was used to analyze
z score, and the diagnostic effciency of combined diagnosis
and individual diagnosis of each index was compared. Cohen's
Kk coeffcient test was used to analyze the consistency between
the results of colposcopy and pathological examination. P<0.05
was considered to indicate a statistically signifcant difference.

Results

HR-HPV testing results in patients with cervical cancer and
precancerous lesions. The positive rate of HR-HPV in patients
with cervical cancer was significantly higher than that in
patients with precancerous lesions, and the positive rate of
HR HPV in patients with CIN | was signifcantly lower than
that in patients with CIN IT and CIN III (both P<0.05; Table I).
There was no signifcant difference in the HR HPV positive
rates between patients with CIN II and CIN III (P>0.05).
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Table III. Differential value analysis of colposcopy combined with HR-HPV testing for cervical cancer and precancerous lesions.

Examination method Area under the curve SEM 95% ClI Sensitivity, % Specifcity, %
HR-HPV 0.681* 0.031 0.620-0.742 98.25 37.94
Colposcopy 0.820° 0.037 0.747-0.893 93.82 70.18
Combination 0.868 0.027 0.816-0.920 70.18 93.82
*P<0.05 vs. combination. HR-HPV, high risk human papillomavirus.
Table IV. Comparison of detection rates of different types of ROC curve: ROC of HR-HPV
H H 100
cervical precancerous lesions by colposcopy. — HRHPV
— Col
Group Patients, n Detection rate, % (n) 80 Cgrﬂg:is:;?gn
CINI 153 92.16 (141)* 2 60-
CINII 101 95.05 (96) %
CIN III 86 95.35 (82) é 40-
Cervical cancer 57 70.18 (40)
*P<0.05 vs. cervical cancer. CIN, cervical intraepithelial neoplasia. 20
O 1 T 1 I
0 20 40 60 80 100

These fndings indicated that the detection rate of HR HPV in
patients with cervical cancer increased with increasing degree
of lesion.

Consistency of vaginal and pathological examination results
in patients with cervical cancer and precancerous lesions.
Cohen's k coeffcient of vaginal examination results and patho-
logical examination results in patients with cervical cancer and
precancerous lesions was 0.622, the diagnostic accuracy was
90.43% (n=359/397), the positive predictive value was 65.57%
(n=40/61) and the negative predictive value was 94.94%
(n=319/336) (Table Il). These Fndings indicated that colpos-
copy had high consistency with pathological examination of
cervical cancer and precancerous lesions.

Differential value analysis of colposcopy combined with
HR-HPV testing for cervical cancer and precancerous lesions.
The area under the curve (AUC) of combined colposcopy and
HR HPV testing for the identifcation of cervical cancer and
precancerous lesions was greater than that of colposcopy or
HR-HPV testing alone (Table III; Fig. 1). This result indicated
that combined examination was better than either HR-HPV
testing and colposcopy alone in differentiating between
cervical cancer and precancerous lesions. Combined diagnosis
is superior to HR-HPV diagnosis alone (z=8.749, P<0.0001);
Combined diagnosis is better than colposcopic diagnosis alone
(z=3.620; P=0.0003).

Comparison of the detection rate of different types of precan-
cerous cervical lesions by colposcopy. The detection rate
of cervical cancer by colposcopy was lower than the detec-
tion rates for CIN I, CIN II and CIN IIT (P<0.05; Table IV;
Fig. 2-6). This result indicated that the rate of precancerous
lesions detected by colposcopy was higher than that of cervical
cancer.

100%-Specificity %

Figure 1. Receiver operating characteristic curve analysis of colposcopy
combined with HR-HPV testing for the differentiation of cervical cancer and
precancerous lesions. HR-HPV, high-risk human papillomavirus.

Discussion

Previous studies have reported that HR-HPV infection was
closely associated with cervical cancer and precancerous
lesions, and that HR-HPV could be found in almost all samples
from patients with cervical cancer (27,30). Therefore, the
HR-HPV-positive rates in patients with different cervical lesions
were analyzed in the present study. The results demonstrated
that the HR-HPV-positive rate in patients with cervical cancer
was signifcantly higher than that in patients with precancerous
lesions, and HR-HPV-positive rate in patients with CIN I was
signifcantly lower than that in patients with CIN 11 and CIN III,
which suggested that the HR-HPV-positive rate of patients may
be related to the degree of the cervical lesion.

Further analysis in the present study demonstrated that
the HR-HPV-positive rate was associated with the severity
of cervical precancerous lesions, which indicated that
the more severe the cervical lesions were, the higher the
HR-HPV-positive rate might be, which may be related to the
fact that persistent HR-HPV infection is a major risk factor
for cervical cancer. However, previous studies have reported
that HR HPV quantifcation is not related to the severity of
cervical lesions, and HR-HPV infection was not exactly related
to the degree of cervical lesions (31,32). The degree of cervical
lesions increased, the differentiation and maturity of abnormal
squamous cells decreased, and the tumor cells appeared
apoptotic and necrotic, followed by HPV loss. However, the
host DNA-integrated virus in cervical cancer cells increased,
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Figure 2. Cervical intraepithelial neoplasia I precancerous lesion of cervical cancer.

Figure 5. Cervical cancer.

and the detection value decreased (33,34). The results of the
present study demonstrated that there was no signifcant differ-
ence in the HR-HPV-positive rates of patients with CIN IT and
CIN I1I, which indicated that CIN II and CIN III could not be
differentiated by detection of the HR-HPV-positive rate. This

may be because there are other factors, in addition to HPV
infection, that affect the progression of cervical lesions, such
as age at frst sexual intercourse, number of sexual partners,
multiparity, oral contraceptives, smoking, obesity, nutrition
and exercise (35).
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Figure 6. Cervical infammation.

Patients with cervical precancerous lesions often have no
visible symptoms and lack of characteristic cervical morpho-
logical changes, which make it difficult to diagnose early.
Colposcopy is a non-invasive examination instrument that can
replace biopsy examination, improve the accuracy of biopsy and
reduce the misdiagnosis rate (36). Colposcopy technology uses
strong light to penetrate several layers of epithelial cells into the
stroma, which is then refected to form an image. By observing
the color, confguration, blood vessels and iodine staining of
the image, the location and severity of cervical lesions can be
determined. For smooth uterus or mild erosion of the cervix,
colposcopy can also be used to fnd early underlying issues in
a timely manner, and localization and biopsy can be performed
under a microscope (37,38). Previous study (39) have pointed out
that colposcopy also leads to missed diagnosis of cervical lesions.
Under colposcopy, the mucosa of the cervix and vagina is magni-
fed 10 40 times, allowing physicians to directly observe the
morphology and structure of cervical blood vessels and surface
epithelium, and to identify suspicious lesion areas that are diff-
cult to be confrmed with the naked eye. However, colposcopy has
certain limitations. For example, physicians observe the changes
of the cervical epithelium under the action of acetic acid in just a
few minutes during a patient's examination, which is subjective,
and changes in the cervical epithelium may also be affected by
factors such as solution application method, volatilization degree
and action time, which may lead to misdiagnosis and missed
diagnosis (40,41). The present study demonstrated that the accu-
racy and positive predictive value of colposcopy in the diagnosis
of cervical cancer and precancerous lesions were both high,
but the negative predictive value of colposcopy was low, which
suggested that false negative phenomenon could be expected to
occur in the diagnosis of cervical cancer. This is possibly related
to its dependence on the subjectivity of the physician at the time
of diagnosis, therefore, patients need colposcopy and HPV joint
diagnosis. Furthermore, the present study demonstrated that the
detection rate of cervical cancer using colposcopy was lower
than that for CIN I, CIN II and CIN III, which indicated that the
diagnostic accuracy of cervical cancer by colposcopy was lower
than that of precancerous lesions.

Colposcopy provides a basis for the final diagnosis of
cervical lesions by locating suspicious lesions and obtaining
biopsy tissues (42). Previous reports indicate that colpos-
copy may lead to misdiagnosis of cervical precancerous
lesions (43,44). Colposcopy magnifes the cervical lesion site
aiding the evaluation of the surface blood vessels and epithe-
lial morphology, which enables preliminary judgment on the

lesion nature and supports diagnosis through biopsy sampling.
However, the accuracy of the examination results of this
method is affected by the subjective experience of physicians,
which may lead to misdiagnosis (45-47). HR-HPV testing has
become an important screening method for cervical cancer; it
not only improves the sensitivity of cytological screening, but
also predicts the development of disease in patients with normal
cytology or atypical squamous cell lesions, reduces the number
of tests in HPV-negative women with abnormal cytology and
reduces medical waste (48-50). In the present study, the two
examination methods were applied in the clinical diagnosis of
cervical cancer and precancerous lesions. AUC of combined
examination in the identifcation of cervical cancer and precan-
cerous lesions was signifcantly greater than that of colposcopy
or HR-HPYV testing alone. The AUC value of the combined
examinations was =0.9. which suggested that the combined
examination had a high diagnostic value for cervical cancer
and precancerous lesions and may be used in the differential
diagnosis of cervical cancer and precancerous lesions.

In conclusion, HR-HPV testing combined with colposcopy
has diagnostic value for cervical cancer and precancerous
lesions, and the HR-HPV-positive rate was associated with
the severity of cervical lesions. The limitations of the present
study include: i) A total of 13 types of HR-HPV were detected
in the present study, and it is suggested that future prospec-
tive studies should detect more types of HR-HPV, which will
provide reference for clinical diagnosis of cervical cancer and
precancerous lesions caused by HR-HPV; and ii) colposcopy
is affected by the subjective experience of physicians, which
is prone to false negative results. It is suggested that the fnal
results should be decided after discussions with the physicians,
rather than drawing arbitrary conclusions.
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