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Abstract: Screening and prevention in the early stage of cervical cancer could improve the 
5-year survival rate of cervical cancer by up to 90%. The occurrence rate of human 
papillomavirus (HPV) integration has gradually increased with the development of cervical 
lesions. Here, we report the case of a 43-year-old woman diagnosed with chronic cervicitis 
based on cervical biopsy results. After medical consultation, surgery was recommended to 
the patient considering her 64 HPV integration sites and other biochemical and clinical test 
results. The pathology result of the conical biopsy obtained during operation confirmed that 
both her cervix and the glands had high-grade squamous intraepithelial lesion or cervical 
intraepithelial neoplasia III (HSIL/CIN III). The patient underwent uterectomy and bilateral 
salpingectomy and was discharged thereafter. The diagnosis of the patient was revised to 
stage Ia1 cervical cancer. The number of HPV integration sites is suggested to be an auxiliary 
indicator in the early screening of cervical cancer for predicting high-grade CIN and invasive 
cervical cancer. 
Keywords: HPV DNA, DNA methylation detection, cervical cancer, precancerous lesion of 
cervical cancer

Introduction
Cervical cancer is one of the most common gynecological malignant tumors that 
seriously threatens women’s health. In recent years, the incidence and mortality of 
cervical cancer have increased, while the age of onset is decreasing in China.1 

Therefore, accurate screening and prevention in the early stages of cervical cancer 
in the context of precision medicine is necessary. Considering that chronic persis-
tent infection with the high-risk human papillomavirus (HPV) is one of the main 
causes of cervical cancer, the detection of high-risk HPV DNA accompanied by 
liquid-based cytology (ThinPrep cytologic test [TCT]) and colposcopy examination 
are the main screening methods for cervical lesions in clinical settings. Although 
continuous infection with HPV is almost a necessary condition for cervical cancer, 
not all infected people develop cervical cancer.2 An indicator for cervical lesions is 
urgently needed to help identify high-risk groups in clinical settings. Ho et al 
confirmed that the frequency of integration between the high-risk HPV DNA and 
the host genome was increased following cervical lesions.3 Melsheimer et al have 
confirmed that the integration event could lead to instability of the host genome and 
abnormal gene expression of both viral and host cells.4,5 Thus, the number of HPV 
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integration sites might be a potential indicator of malig-
nant progression from cervical intraepithelial neoplasia to 
cervical cancer.6 In this study, we report the case of a 43- 
year-old woman who was diagnosed with chronic cervici-
tis based on cervical biopsy results at onset, but was finally 
diagnosed with stage Ia1 cervical cancer after considering 
the number of HPV integration sites as an indicator and 
underwent proper treatment.

Case Presentation
Ethics Approval and Consent to 
Participate
The Medical Ethics Committee of Southern Medical 
University approved the study (ethical approval number: 
HN20200108). The patient has signed an informed consent 
to submit her tumor samples and paired peripheral blood 
for gene testing and scientific research and to publish her 
case details.

Here, we present a 43-year-old woman who was 
admitted to the Hainan Hospital of PLA General 
Hospital with a two-month history of HPV 16 infection. 
The patient had a small amount of thin yellow secretion 
and no history of postcoital bleeding. First, she underwent 
a gynecological examination, which showed a smooth cer-
vix without obvious abnormalities. Second, she underwent 
TCT and found no significant atypical cell changes. She 
underwent cervical biopsy according to the diagnostic 
process. The diagnosis after cervical biopsy was chronic 
cervicitis (The cervix is 3, 6, 9 and 12 o ‘clock clockwise). 
In order to rule out the possibility of malignant lesions, the 
patient underwent HPV typing and integration tests, the 
P16 test, and PAX1 methylation detection. The patient 
accepted relieve from anxiety. She had HPV 16 infection 
with 64 HPV DNA integration sites. The P16 test was 
positive, and the value of PAX1 methylation was 1.01, 
indicating a high risk for cervical cancer. The patient 
underwent surgery after medical counseling. The surgery 
was performed based on both the results of the tests and 
the desire of the patient.

After performing conization of the uterine cervix, the 
possibility of endogenous lesions combined with the result 
of the hysteroscopy was excluded. The pathology result of 
the conical biopsy obtained during operation indicated that 
both her cervix (from 1 to 12 points) and the glands had 
high-grade squamous intraepithelial lesion or cervical 
intraepithelial neoplasia III (HSIL/CIN III). 1 o ‘clock 
clockwise of the cervix presented with budding 

manifestations, indicating microinvasive carcinoma. 
There were some retained cysts with both depth and 
width of less than 0.01 cm. CIN was found at the incisor 
edges at 1 point and 6–8 points. The patient underwent 
further examination for tumor markers after surgery. The 
values of Ca19-9 (normal reference value: 0.1–37μ/mL) 
and CA724 (normal reference value:0.1–30μ/mL) were 
39.79/mL and 37.290/mL, respectively. The normal refer-
ence values were provided by the Department of Clinical 
Laboratory of the Hainan Hospital of PLA General 
Hospital. Pelvic computed tomography (CT) showed 
a change in the uterine cervix, which indicated the mani-
festations of cervical cancer. Considering her medical his-
tory and auxiliary examination, both uterectomy and 
bilateral salpingectomy were performed, and the patient 
was finally diagnosed with stage Ia1 cervical cancer. 
Postoperative pathology examination revealed a small 
amount of HSIL/CINIII residue at three different points 
in her cervix and gland, and no infiltration was observed. 
According to the immunohistochemistry results, the Ki- 
67×2 of the basement membrane was positive. No cancer 
cells were found in the parametrium or incisional margins 
of the vaginal wall. The operation was successful, and the 
patient was discharged.

Discussion
In this case, the patient was possibly followed up based on 
her cervical biopsy result only, and there was no clear 
indication for surgery according to the guidelines. In the 
absence of intervention, early cervical cancer can progress 
to more severe cervical cancer as the disease progresses. 
With a good follow-up, the patient may be diagnosed early 
with cervical cancer, but in the case of poor follow-up, the 
diagnosis may be delayed and may progress to more 
advanced cervical cancer. However, her 64 HPV integra-
tion sites combined with other molecular detection results 
indicated a high risk for cervical cancer, which was sub-
sequently confirmed by her postoperative pathology test. 
This indicates that the number of HPV integration sites 
could be a potential indicator for cervical cancer and could 
be used for clinical diagnosis and to guide treatment. This 
can help to reduce the number of missed diagnoses.

Studies have reported that the coincidence rate of cer-
vical biopsy and postoperative pathological biopsy is 
approximately 90%.7,8 The location and extent of the 
sampling, as well as the age of the patient, may result in 
false negatives in cervical biopsy.10 In this case, the patient 
underwent cervical biopsy twice before surgery, and the 
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results were negative. Studies have reported that the over-
all sensitivity, specificity, positive predictive value, nega-
tive predictive value, and accuracy of cervical exfoliation 
cytological smear for CIN2+ were 81.0%, 95.4%, 38.3%, 
99.3%, and 94.9%, respectively, based on the cervical 
biopsy results of 25,830 women with abnormal cervical 
cells and HPV positivity.9 Studies have reported that sec-
ondary colposcopy could significantly improve the detec-
tion rate of CIN2.1 The gynecologists might make 
mistakes during operation, although studies have reported 
that the level of training of gynecologists did not have any 
substantial effect on the accuracy.10

Additionally, considering that our patient was 45 years 
old, the presence of a cervical squamous columnar epithe-
lium transformation zone might have led to the false- 
negative results. Studies have reported that the sensitivity 
of colposcopy for the diagnosis of microinvasive carci-
noma in the cervix was only approximately 23%, and 
14.5% of microinvasive cancers were hidden in the type 
III transformation zone.11 Considering that the type III 
transformation zone is located in the cervical canal, colpo-
scopy is inadequate. Cervical tube scratching and multi-
point cervical biopsy cannot provide sufficient reliable 
information, which might lead to a misdiagnosis, espe-
cially when the patient is infected with HPV 16 or 18.12 

Thus, it was necessary to combine cytology, cervical 
biopsy, HPV testing, and other potential biomarkers to 
make a final diagnosis.

In this case, we consider the number of viral integra-
tion sites as a biomarker to evaluate the risk of cancer in 
the host. It is known that the integration between viral 
DNA and the host genome is important for the occurrence 
of cervical cancer. The greater the number of integration 
sites, the more affected the host genome. Tsakogiannis 
et al confirmed that only the integration of HPV-DNA 
with the chromosomes in cervical epithelial cells can 
cause host cell gene mutation, leading to cervical 
cancer.14 Sun et al confirmed that the virus detection 
rates of high-risk HPV, including HPV16 and HPV18 in 
cervical cancer, HSIL, and LSIL were 88.2%, 76.2%, and 
37%, respectively.15 Huang et al showed that HPV inte-
gration breakpoints occurred in 97.8% of the CC samples, 
70.5% of the CIN samples, and 42.8% of the normal 
cervical samples with HPV infection.19 Concerning the 
carcinogenic mechanism of HPV-DNA integration, studies 
have shown that, from the perspective of gene structure 
changes, the rupture and integration of the E1 and E2 
regions of the open reading frame of HPV can lead to 

damage or deletion of the E1 and E2 genes and abnormal 
expression of the E1 and E2 proteins. The transcriptional 
inhibitory effect of E2 on E6 and E7 was decreased, and 
E6 and E7 were expressed in large numbers and combined 
with the tumor suppressor genes p53 and pRb to form 
a complex, resulting in the loss of tumor suppressor effect, 
abnormal cell cycle regulation, cell stagnation in G1 
phase, infinite proliferation, cell immortality, and finally 
canceration.16 At the chromosomal level, viral gene inte-
gration damages the host cell chromosomes and destabi-
lizes them. This leads to the inactivation of oncogenic and 
tumor suppressor groups. After HPV-DNA integrates into 
the host cell chromophores, oncogenes such as MYC and 
HMGA2 are overexpressed, and the expression of tumor 
suppressor genes such as FHIT and LRP1B is downregu-
lated. The cells in the upper uterine cervix are transformed 
and carcinogenesis is induced.17,18

Studies have revealed other potential indicators of 
HPV DNA integration for cancer risk evaluation, such as 
the integration of hot integration and viral/host genes. For 
example, Hu et al reported new hot spots (shMGA2 
[7.8%], DLG2 [4.9%], and Sema3D [4.9%]) and potential 
mechanisms by drawing a genome-wide, unbiased, single- 
nucleotide resolution integration map of HPV in CIN and 
cervical cancer. Huang et al reported eight genes with 
significant mutations in cervical cancer by whole genome 
sequencing or whole exome sequencing on 102 tumor- 
normal pairs, and four of those genes (FAT1, MLL3, 
MLL2, and FADD) had not been previously reported. In 
addition, some studies have reported that the viral load of 
high-risk HPV is positively correlated with the severity of 
cervical lesions.13 However, the cutoff value of viral load 
for risk evolution or diagnosis is unclear, and further 
studies are required. In fact, the number of HPV DNA 
integration sites as an indicator focused on the same pro-
blem. Many studies are required in the future.

With the application of new cancer intervention con-
cepts and technologies, the HPV gene integration test 
will help clinicians to predict the outcome of patients 
infected with the HPV at an early stage, intervene before 
the development of cancer, and achieve the purpose of 
early detection and treatment of cervical cancer. With the 
help of the gene test, missed diagnosis and panic in 
patients could be reduced, and patient satisfaction could 
improve. As a supplementary indicator of early cervical 
cancer screening, the number of HPV DNA integration 
sites can help medical doctors in the diagnosis and 
treatment. More medical resources should be focused 
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on high-risk patients. Both psychological pressure and 
economic burden of patients brought about by cervical 
cancer screening and HPV vaccination could be reduced. 
Therefore, this detection method has great clinical sig-
nificance. In addition, more attention should be paid to 
patients with normal biopsy but more gene integration 
sites, especially women in menopause and to alert con-
cerning the occurrence of early cervical cancer. Thus, 
further research on the relationship between cervical 
lesions and the number of integration sites is required 
in the future. At present, most of the reported integration 
sites occur in cervical cancer, and the study on integra-
tion sites in early cervical cancer lesions is still in the 
exploratory stage. Large cohorts of multicenter clinical 
studies should be conducted in future studies. Exploring 
new integration sites will lay a solid foundation for 
finding the laws behind the integration of HPV genes.

Conclusion
The patient benefited from the detection of HPV integra-
tion. The number of HPV integration sites is suggested to 
be an auxiliary indicator in the early screening of cervical 
cancer for predicting high-grade CIN and invasive cervical 
cancer. However, there are still many unexplored areas for 
HPV integration. With the continuous improvement of 
detection methods, it will guide future clinical work and 
play more roles in the future.
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