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Abstract: With rising health awareness and increasing cancer incidence, cervical lesion screening has become more 

widespread. To enhance screening efficiency and accuracy, this study investigates the application value of liquid-based 

thin-layer cytology artificial intelligence (AI) diagnostic technology in the pathological diagnosis of cervical lesions, and 

analyzes the occurrence of HPV-16 integration into the human host genome in cervical cancer and precancerous lesions 

and its significance for screening. Samples were collected from 50 cases of cervical cancer, 127 cases of low-grade 

squamous intraepithelial lesions (LSIL), 83 cases of high-grade squamous intraepithelial lesions (HSIL), and 22 cases of 

normal cervical epithelial tissues from total hysterectomy. Overlapping PCR was used to detect HPV-16 integration status, 

aiming to provide a basis for optimizing cervical lesion screening strategies. 
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1. INTRODUCTION 
 

Nowadays, with the continuous improvement of people's health awareness and the increasing incidence of cancer 

year by year, the screening work of various clinical diseases, especially cancer, is also widely promoted. Cervical 

lesion screening is a common type. Cervical lesion screening is used to judge whether women have cervical lesions 

and increase their attention to cervical lesions, so as to do a good job in prevention, diagnosis and treatment. It has 

played a vital role in ensuring women's health and life safety[3-5]. At present, extensive promotion has been 

carried out in many places in China. At the same time, in the screening of cervical lesions, how to adopt a more 

efficient and accurate diagnosis is crucial to improve the screening effect of cervical lesions. With the rapid 

development of science and technology, AI and other advanced technologies have been gradually introduced in 

clinical disease diagnosis, especially in the liquid-based thin-layer cytology examination. Studies have shown that 

the incidence of cervical cancer is lower in those infected with HPV, but there is high-risk HPV infection, and there 

is integration between HPV virus and host genes, and the incidence of cervical cancer is significantly increased. A 

number of studies have shown that HPV virus can integrate with host genes at different DNA open reading frame 

positions. Studies have confirmed that the common deletion site of the integration of host genes of high-risk HPV 

is in the hinge region of E2 gene. There are many types of high-risk HPV viruses, such as HPV-16, HPV-18, 

HPV-30, etc., among which HPV-16 is the most common virus. 

 

2. RELATED WORK 
 

Cervical cancer ranks second only to breast cancer in the incidence of female malignant tumors. The key to reduce 

the incidence and mortality of cervical cancer is early prevention, early detection and early treatment for the 

diagnosis of cervical precancerous lesions and cervical cancer patients mostly according to the degree of lesions 

and the specific situation of patients[6]. CIN is usually treated with LEEP, physical therapy, hysterectomy and 

cold-knife conectomy, etc. After early detection of cervical cancer, timely treatment usually has a good prognosis 

and a high cure rate. The occurrence of cervical cancer is a gradual process, and it takes about 7-8 years or more to 

progress from CIN to cervical cancer[7-8]. At present, the main methods of clinical screening cervical cancer are 

macroscopic examination, colposcopy and cytology detection, but the above examination methods have some 

errors. Experts propose that high-risk HPV gene detection can be used for cervical cancer screening, diagnosis and 

treatment. Compared with conventional cervical cancer screening methods, high-risk HPV gene monitoring can 

not only detect precancerous lesions earlier, but also reduce the high-risk groups of HPV and improve the detection 

probability of precancerous lesions for effective prevention of cervical cancer[9-11]. Studies have shown that HPV 

persistent infection is the main factor for cervical cancer, and high-risk HPV is closely related to its occurrence." 
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At present, with the continuous research on HPV subtype infection and cervical cancer and precancerous lesions, it 

is shown that different subtypes of HPV have different disease-causing abilities, and high-risk HPV infection can 

directly take the lives of patients." Therefore, in 2007, the relevant research society proposed to use HPV typing as 

one of the early screening methods for cervical cancer. In 2012, the Cervical Cancer Society pointed out that if a 

patient is infected with HPV-16.HPV-18, even if the cytological test is negative, further colposcopy is required 

[12]. Previous investigations have shown that cervical cancer is an infectious disease, which is the main risk factor 

for cervical cancer and CIN. Prevention of HPV infection Monitoring of HPV infection targets is the key point to 

prevent intraepithelial neoplasia from rising to precancerous lesions and cervical cancer. 

 

According to the latest global Cancer data for 2020 released by the World Health Organization International 

Agency for Research on Cancer (IARC), The number of new cases and deaths of female cervical cancer in the 

world were 604,100 and 341,800 respectively, making it the fourth largest malignant tumor threatening the health 

and life safety of women worldwide. In China, the number of new cases of cervical cancer in 2020 is 109,700, 

which is the sixth most common malignant tumor in women." In recent years, the incidence of cervical cancer is 

increasing year by year and the incidence is younger. Without timely treatment and intervention, it will pose a 

serious threat to the life safety of patients. A large number of data show that more than 90% of cervical cancer 

patients are accompanied by high-risk human papilloma virus (HPV) infection. The relationship between high-risk 

HPV infection and the occurrence and development of cervical cancer was studied as early as the 1970s, and it was 

proposed that the continuous infection of high-risk HPV is the main risk factor and cause of cervical cancer. 

Therefore, to carry out standardized HPV detection and cervical cytological screening for women of childbearing 

age can screen out those with high risk of cervical cancer as early as possible, which is of great significance for 

early diagnosis and treatment of cervical cancer. Early diagnosis and early treatment can significantly improve the 

cure rate and long-term quality of life of patients with cervical cancer." In view of the relationship between HPV 

infection and cervical cancer, early HPV vaccination can effectively prevent high-risk HPV infection and thus 

prevent the occurrence of cervical cancer. This paper will review the current commonly used clinical cervical 

cancer screening methods and the clinical application and research progress of HPV vaccine, so as to improve the 

population's awareness of cervical cancer screening and prevention. Prevent and reduce the incidence of cervical 

cancer, protect women's life and health. 

 

3. METHODOLOGY 
 

(1) Preparation before collection: Patients with cervical TCT and HR-HPV samples were required to have no 

sexual activity, no vaginal medication and gynecological examination one day before sampling, and were in a 

non-menstrual period at the time of sampling. (2) Collection method: The shed cells in the cervical transitional 

zone and cervical canal were collected, and the brush head was taken and placed in a special cell preservation 

liquid bottle. 

 

3.1 TCT Detection 

 

The specimens were processed using the new Broker-Broker-ThinPREP2000 specimen processing system (CDI) 

and the liquid-based cell preparator (Beijing New Jiulu Technology Company). The results were interpreted 

according to the universal cervical liquid-based thin layer cytology diagnostic standard, namely the Bethesda 

system. 

 

The application value of TCT cytology detection in screening of cervical precancerous lesions showed that the 

accuracy, sensitivity and specificity of TCT cytology results were higher than that of Pap smear, fully indicating 

that TCT cytology has a high value in the application of cervical lesions, which can detect cervical lesions as early 

as possible and reduce the risk of cervical cancer. The analysis of the reasons shows that the traditional Pap smear 

is easily affected by factors such as mucus, blood and inflammation, resulting in fuzzy samples and easy to appear 

test errors. The special cell brush used in the TCT cytology detector can better obtain the cells in the cervical tube, 

avoid interference by mucus and other vaginal secretions, and collect the sample cells into a special preservation 

solution, which retains the natural cell shape to a great extent and maintains its mechanical uniform dispersion. 
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Figure 1: HPV-16 TCT detection model 

3.2 HPV-DNA Testing 

 

As early as the 1970s, German pathologist Haraldzur Hausen found that HPV infection was closely related to the 

incidence of cervical cancer through years of observation and research, and published his book Human Pathogenic 

Papilloma-viruses in 2006. Professor Hausen was also awarded the 2008 Nobel Prize in Physiology/Medicine for 

this important discovery. Since then, a large number of studies have confirmed that continuous infection of 

high-risk HPV is the main pathogenic factor of cervical cancer. At present, more than 200 HPV genotypes have 

been clinically detected, and HPV is divided into high-risk and low-risk types according to the relationship 

between HPV infection and the risk of cervical cancer. The study found that 99.7% of cervical cancer specimens 

had high-risk HPV infection, of which about 70% were associated with HPV types 16 and 18, and 18 other 

high-risk HPV infections were directly related to the occurrence of cervical cancer. HPV16, 18, 31, 33, 35, 39, 45, 

51 in exuded cervical cells were detected with HR-HPV typing nucleic acid assay kit (Shanghai Liemai 

Bioengineering Co., LTD.) by fluorescent polymerase chain reaction. The specific DNA nucleic acid fragments of 

15 types, including 52, 56, 58, 59, 68, 66, 82, were tested qualitatively. The amount of DNA copy of HR-HPV 

virus was quantitatively calculated according to CT value of HPV-positive specimen. 

 
Figure 2: HPV-16, DNA testing model 

3.3 Pap Smear Test 

 

The mucus on the surface of the cervix should be wiped clean in advance, and then the sampling brush should be 

inserted into the cervical canal 1 cm and rotated for 5 weeks in the clockwise and counterclockwise directions, 

respectively, to collect the cells removed from the external opening of the cervix and the cervical canal, and 95% 
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alcohol should be evenly applied to the collected specimens for fixation. The diagnosis was performed according 

to the Pap grading criteria: Normal: Grade I; Negative: different degree of inflammation (grade I); Positive: 

Suspected cancer (sub-grade), highly suspected cancer (grade IV), cancer (grade V) during Pap smear test positive 

and highly suspected patients were re-biopsied colposcopy. The procedure of colposcopy is as follows: Select the 

subject's bladder lithotomy position to fully expose the cervix and vagina, wipe the subject's cervical secretions 

with cotton balls, align the colposcope objective with the subject's cervix and the lesion site, adjust the focal length 

reasonably according to the specific conditions, and observe the subject's cervix morphology, color and blood 

vessels in detail with the low stop lens. Moreover, a cotton ball with a concentration of 3% acetic acid was used to 

wipe the cervix and vagina repeatedly to ensure that the epithelium was fully purified, and then the compound 

iodine solution was evenly applied on the cervical surface of the subject, and acetic acid test was carried out. 

Biopsy was performed on the abnormal places and the places that were not colored by iodine test. 

 

4. EXPERIMENT RESULTS 
 

In normal cervical epithelial tissue, LSIL, HSIL and cervical cancer tissue, the positive rate of HR-HPV was 13. 64, 

33. 07%, 61. 45% and 94. 00%, any two groups above were statistically analyzed, P<0.05, see Table 1 

Table 1: Detection of HR-HPV in each group (%) 

Degree of cervical cancer number HR-HPV positive 

Epithelial tissue 22 3(13.6) 

LSIL 127 42(33.07) 

HSIL 83 51(61.45) 

tissue 50 47(94.00) 

X2  6433.801 

P  0.000 

The common screening method for cervical cancer is mainly HPV DNA. In recent years, as the relationship 

between high-risk HPV and cervical cancer has been gradually determined, HPV DNA combined cytological 

examination has gradually attracted more and more researchers' attention, and has been widely used in clinical 

detection. However, HPV DNA method has some defects. That is, it is not possible to determine the integration of 

the HPV virus with the host gene. Some studies have shown that in patients with condyloma lesions and LSIL 

patients, the rate of HPV integration is low, and it only appears in cancer. The results of this study found that there 

were 17 cases of HPV-16 infection in LSIL. The integration rate is 32%, and the integration rate in HSIL is also 

9.0%. In addition, the HPV-16 integration rate reached 58% in cervical cancer tissues, indicating that high-risk 

HPV integration throughout the entire process of cervical tissue lesions. This further indicates that rapid HPV 

DNA detection and combined detection of HPV integration status can effectively improve the detection 

specificity. 

 

5. CONCLUSION 
 

For the screening of cervical lesions, there are many clinical methods, and liquid-based thin layer cytology is a 

common type. This method collects test samples by applying a cell brush to the cervical tube, rotating the cervical 

tube for 1 week, then brushing the cervical surface, and finally collecting the cell brush samples in the preservation 

liquid for examination, which has many advantages, such as simple operation and convenience. Low cost. The 

results of this study showed that the satisfaction rate of liquid based thin layer cytology smear was significantly 

higher than that of Pap smear, and the difference was statistically significant (P<0.05). The positive rate of liquid 

thin layer cytology was significantly higher than that of Pap smear, the difference was statistically significant 

(P<0.05). The positive coincidence rate of liquid thin layer cytology was significantly higher than that of Pap 

smear, and the differences were statistically significant (P<0.05). It was proved that the diagnostic efficiency of 

liquid thin layer cytology was better than that of Pap smear. The reason was analyzed and the cell preservation 

technique was perfect. During the examination, systematic treatment and high-precision filtration minimize the 

influence of blood, mucus and other causes, and ensure that the cell structure has a high clarity. The examiner can 

carefully observe a variety of small or minority cells such as squamous epithelial lesions, and can also easily find 

trichomonas, chlamydia, candida, herpes simplex virus, etc. Therefore, a higher positive detection rate can be 

obtained, which is also consistent with the conclusion reported by Li Gang [13-15]. 

 

In recent years, prophylactic HPV vaccine has achieved good results in preventing HPV infection, but it has no 

obvious effect on patients with existing HPV infection. Therefore, in-depth research on therapeutic HPV vaccine 
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plays an important role in the clinical treatment of patients with HPV infection and related lesions. With the 

in-depth research on the molecular mechanism of carcinogenesis of high-risk HPV, it is known that the high 

expression of HPV E6/E7 gene is a key factor in the continuous infection of high-risk HPV in the cervix leading to 

SIL and cervical cancer progression[16-17]. Che et al. presented a pivotal advancement in the realm of biomedical 

text classification, specifically focusing on Cancer Doc Classification. By delving into the complex task of 

analyzing lengthy research papers related to cancer, this research stands out from previous endeavors that 

predominantly concentrate on succinct abstracts[18].The treatment of HPV E6/E7 targeted genes will provide 

broad ideas and new directions for the treatment of high-risk HPV-positive cervical cancer and its precancerous 

lesions[19-22]. Therapeutic HPV vaccine "by using different ways to express HPV E6 or E7 antigen, activate the 

body's immune response, clear the cells that have been infected with high-risk HPV, so as to achieve the purpose of 

cervical cancer and precancerous lesions." 

 

REFERENCES 
 

[1] Meng , L. (2023). Research on the Evaluation System of Green Cabling of Cables Based on Neural Network. 

Innovation & Technology Advances, 1(2), 25–31. https://doi.org/10.61187/ita.v1i2.37 

[2] Junxi, Y., Wang, Z., & Chen, C. (2024). GCN-MF: A graph convolutional network based on matrix 

factorization for recommendation. Innovation & Technology Advances, 2(1), 14–26. 

https://doi.org/10.61187/ita.v2i1.30 

[3] Gao, H., Zhao, W., Chen, W., Liu, J., Peng, W., & Zhou, S. (2026). Experimental study and geomechanical 

modelling of hard and soft rock masses including fault zones. Environmental Earth Sciences, 85(1), 7. 

[4] Han, J., Zhong, P. & Sun, L. Dual-scale model collaborative reasoning with multi-feature fusion for robust 

AI-generated image detection. Multimedia Systems 32, 363 (2026). 

https://doi.org/10.1007/s00530-026-02425-4 

[5] Ya, L. (2025). EDA Technology in Digital Circuit Design: A Study on Application 

Methodologies. International Journal of Advance in Applied Science Research, 4(12), 6-10. 

[6] Sun, Lingxin. "Designing Inclusive Interfaces: Accessibility Challenges and Solutions in Digital 

Products." Proceedings of the 2025 International Conference on Artificial Intelligence and Sustainable 

Development. 2025. 

[7] Zhang, X. (2026, March). A Hybrid LSTM-GARCH Model Integrating Volatility Factors from the US 

Financial Markets. In Proceedings of the 2026 International Conference on AI Decision-Making and 

Management (pp. 183-189). 

[8] Ding, G. (2025). Development and Validation of a Multispectral Vision System for In-Situ Detection of 

Pesticide Residues on Agricultural Produce. International Journal of Advance in Applied Science 

Research, 4(8), 98-102. 

[9] Luo, R. (2026). The Integration Analysis of Computer Application Technology and Information 

Management. International Journal of Advance in Applied Science Research, 5(2), 27-30. 

[10] Shen, Zepeng, et al. "Research on Application of Whale Optimization Algorithm in Financial Payment Fraud 

Detection." 2025 4th International Conference on Artificial Intelligence, Internet and Digital Economy 

(ICAID). IEEE, 2025. 

[11] Wang, J. (2026). Research on the Application of Computer Science and Technology in the Context of Big 

Data. International Journal of Advance in Applied Science Research, 5(1), 72-77. 

[12] Ma, J. (2025). A Unified Framework for Congestion Diagnosis and Dynamic Mitigation in Complex 

Networks. International Journal of Advance in Applied Science Research, 4(11), 36-41. 

[13] Jin, L. (2025). Optimization of Order Allocation Algorithms for Industrial Internet Platforms. International 

Journal of Advance in Applied Science Research, 4(12), 44-48. 

[14] Zhou, Z. (2025, November). Digital precision distribution strategy for social media content on private domain 

platforms in the automotive industry: a collaborative filtering model based on user behavior. In Proceedings 

of the 2025 International Conference on Digital Society and Intelligent Computing (pp. 516-521). 

[15] YUAN, Mengwei, et al. TA-Mem: Tool-Augmented Autonomous Memory Retrieval for LLM in Long-Term 

Conversational QA. In: 2026 9th International Conference on Advanced Algorithms and Control 

Engineering (ICAACE). IEEE, 2026. p. 2684-2688. 

[16] Li, G., Yuan, H., Chen, S., Hu, Q., Wang, J., & Jiang, K. (2026). MFT: Memory-Aware Fine-Tuning of 

SAM2 for Efficient Long-Sequence Video Object Segmentation. IEEE Signal Processing Letters. 

[17] Shan, X., Xu, Y., Xia, T., & Lin, Y. S. (2025, October). Rethinking Wine Tasting for Chinese Consumers: A 

Service Design Approach Enhanced by Multimodal Personalization. In 2025 International Conference on 

Content-Based Multimedia Indexing (CBMI) (pp. 1-5). IEEE. 

5



   
              
 
       
 
       
 
       
 

WWoorrlldd JJoouurrnnaall ooff IInnnnoovvaattiioonn aanndd MMoodderernn TTecechhnnoollooggy,y, VVooll..9, Issue 6 (Jun)9, Issue 7 (Jul)
ISSN 2682-59102026

  
  

  

  

 
  

[18] Liu, Y. (2025). The Deep Learning Paradigm for Plant Image Classification: A Systematic Evaluation of 

Architectural Efficacy. International Journal of Advance in Applied Science Research, 4(8), 73-79. 

[19] Miao, J. (2026). Big Data Technologies for Enhanced Network Security Analysis: Applications and 

Approaches. International Journal of Advance in Applied Science Research, 5(4), 16-20. 

[20] Wang, J. (2025). Multi-Scale Feature-Enhanced YOLOv8 for Object Detection in Photovoltaic Farm 

Panoramic Imagery. International Journal of Advance in Applied Science Research, 4(10), 7-11. 

[21] Liu, X. (2025). Research on the Application of GPU Parallel Computing in Image Processing. International 

Journal of Advance in Applied Science Research, 4(2), 1-7. 

[22] Lu, J., Chen, J., Chen, Z., Zhang, L., & Fang, J. (2025). Flame Detection Based on Faster R-CNN 

Model. International Journal of Advance in Applied Science Research, 4(7), 41-45. 

[23] Peng, Qucheng, et al. "RAIN: regularization on input and network for black-box domain adaptation." 

Proceedings of the Thirty-Second International Joint Conference on Artificial Intelligence. 2023. 

[24] Peng, Qucheng, Ce Zheng, and Chen Chen. "A Dual-Augmentor Framework for Domain Generalization in 

3D Human Pose Estimation." Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern 

Recognition. 2024. 

6


