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Objectives: Worldwide, around 18.2% of cervical cancer occurred in China, mainly because of lower screening coverage and screening quality in regional disparities. To assess self-sampling for human papillomavirus (HPV) testing, combined with the internet, as a primary cervical cancer screening (CCS) method in low-resource settings, and to establish an internet-based self-sampling CCS-management model.

Methods: The women who participated registered on a CCS website. We recruited 20,136 women, aged 30–59 years, from 13 provinces in China, to perform vaginal self-sampling for HPV testing as a primary CCS, based on the internet. A questionnaire was subsequently used to investigate the acceptability of self-sampling.

Results: Of the 20,103 women with qualified samples, 35.80% lived in remote areas, 37.69% had never undergone CCS, 59.96% were under-screened, and the overall prevalence of a high-risk of HPV was 13.86%. Of 8,136 respondents, 95.97% of women felt that self-sampling was easy to perform, 84.61% had no discomfort when using a self-sampling brush, 62.37% women were more likely to choose self-sampling for CCS in future, and 92.53% were willing to introduce the concept to others around them. The reliability and ease of self-sampling were independent factors influencing selection of self-sampling (p < 0.05).

Conclusions: The Internet-facilitated self-sampling for HPV testing and management model for cervical cancer prevention is feasible and effective. It can be used as a supplement to the conventional screening, particularly in outlying areas with few medical resources, to improve the coverage of CCS.

Clinical trial registration: https://www.chictr.org.cn, identifier: ChiCTR2000032331.
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Introduction

Cervical cancer is the most diagnosed cancer and the leading cause of cancer death in women in developing countries (1, 2). As the second carcinoma on Chinese women following breast cancer, cervical cancer has been remaining the leading cause of cancer death of Chinese women under 50 of age for decades (3). It has been demonstrated that cervical cancer cannot be well-controlled without screening coverage of more than 70% (4, 5). In China, the cervical cancer screening (CCS) coverage from 2013 to 2014 ranged from 12 to 67% in different regions (6) even after the China national CCS program has been implemented for more than 12 years. Although some social element plays roles in unsatisfied cervical cancer prevention outcomes, it is clear that way of medical care provision to medically underserved women is one of the key issue for unsatisfied screening coverage and is the one that can be changed easily and feasibly at the time (4, 7, 8). It is obvious that inconvenience for participation is the main barrier for screening coverage because those programs were designed using provider sampling, which makes the screening programs can be conducted only in medical facilities and needs medically underserved women to go long distance for screening (6, 8, 9). High risk human papillomavirus (hr-HPV) had been demonstrated to be the necessary pathogen of cervical cancer, and many studies demonstrated that the high sensitivity of the HPV testing could maximize the effectiveness of CCS and its satisfied negative prediction value enables a 5–10 year of the screening interval (4, 5, 10, 11).

To make hr-HPV testing to be widely accessible in medically underserved remote area, investigators tried to study using self-collected samples for HPV primary testing 20 years. Since then, multiple studies have demonstrated that self-collected samples work as well as provider-collected samples when tested on polymerase chain reaction (PCR) based HPV testing (12–14). And it could remarkedly expand screening coverage in both urban and rural areas, since it is far less reliant on medical resources (11–13). Several preliminary research projects in China (8, 14–16) has verified that self-sampling offers possibility to make CCS reach under or non-screened women. Publications indicated that majority of cervical cancers occur in women who could not be regularly screened or properly treated for cervical pre-cancers due to less accessibility to qualified screening program (17–19). It is commonly recognized that women living in low-and-middle-income countries (LMIC), including China, should be the target population for expanding screening coverage. In year 2021, World Health Organization (WHO) initiated a global strategy by 2030 to scale up preventive, screening, and treatment interventions to eliminate cervical cancer as a global public heathy problem (18, 20). It is obvious that CCS is parallelly determinant with HPV vaccination to achieve WHO goals. Self-collected HPV testing has demonstrated to be the absolutely the effective way to make CCS to reach the medically underserved women living in remote area in the world. However, self-sampling does not just change the way of sampling but the manner of services. 8 years ago, Dr. Belinson and a group of Chinese investigators developed a community participatory self-sampling model for CCS and demonstrated that this model could potentially expanding screening coverage because it enabled primary screening be conducted without needs for involvement of medical providers in sampling procedures, in high efficiency in term of sampling, and at a very low rate of data error (21). Following the establishment of community participatory model (CPM) for CCS, Dr Wu, etc. (14) conducted a pilot study to have women apply primary screening on internet-based website. This was a small case size study but is highly valuable to contribute a solution for another barrier in cervical cancer screening activities, the data input. From then on, Chinese investigators have done a lot to develop internet-based platforms for cervical cancers screening and tried to know whether internet based screening is really work well-to improve the service efficiency, to simplify the screening procedures, and to increase the screening coverage.

We therefore designed and implemented this study to apply cervical cancer screening project in the remote rural communities in multiple provinces using self-collected HPV testing as the primary testing and adopting an internet platform for screening registration, purposing to investigate the key elements impacting the acceptability of self-sampling among women of different backgrounds and living in various communities, to identify the key determinants for setting up a self-sampling-based HPV-testing CCS project, to evaluate the effectiveness of self-sampling in terms of motivating project participation and expanding CCS coverage, and to verify the role of internet platform in the screening program.



Methods


Study populations

As a prospective study, the participants were recruited from remote towns, rural communities or town/city in 13 regions in China, including Beijing, Liaoning Province, Jilin Province, Shaanxi Province, Qinghai Province, Zhejiang Province, Guangdong Province, Jiangxi Province, Guizhou Province, Yunnan Province, the Inner Mongolia Autonomous Region and the Guangxi Autonomous Region in China. The target communities distributed in Northern, Southern, Middle, Southwest, and West of China. The inclusion criteria were: (1) 30 to 59 years of age, (2) sexually exposed, (3) non-pregnant, and (4) consent for participation. The exclusion criteria were: (1) had cervical surgical history as cold knife conization (CKC) and loop electrosurgical excision procedure (LEEP), (2) was performed hysterectomy or pelvic radiotherapy, and /or (3) was suffering acute or recurrent genital and urinary tract infections.

Recruitment notifications were released via several available public or inter-personal ways as the website, WeChat moment, and telephone call, followed by sending an oral explanation or an introductive printings by the community workers. Women were recruited for participation by medical staff from the community medical centers, the local maternal and child health systems, the local hospitals, the local branch of Women's Federation, and sub-district offices or community service. Women who were willing to participate needed to visit any of the screening sites nearby for registration. They were encouraged to registered for participation through signing up the website (http://47.106.227.241/) via their personal computers or smartphones. Any woman who needs help in registration online can search for assistance from staff at the sites to accomplish the registration. Successful registration required eligible women to fill out a personal information form and to sign an electronic version of informed consent form. Also, a written informed consent form was provided for the offline signature of uneducated women by fingerprints with the witness of a third person who had not involved in the screening project. Successfully registered participation was subsequently provided with a sampling kit for self-sampling. The working flowchart for the study was shown in Figure 1.
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FIGURE 1
 Working flowchart for the study.


This study was organized by Peking University People's Hospital (PKUPH) and Peking University Shenzhen Hospital (PSUH) and was conducted from September 2018 to July 2020. Before implementation, it had been approved by the Ethics Committee of Peking University People's Hospital (2018PHB056-01) and registered on the Chinese Clinical Trial Website (https://www.chictr.org.cn, ChiCTR2000032331).



Self-collection of the vaginal samples

The sampling kit provided to the women contained a cone-size brush, a sample processing card (FTA based card, BGI-Shenzhen, China) or a vial containing preservative solution (Bioperfectus, Taizhou, China), a graphic/textual sampling instruction and several copies of a unique barcode that was not only the sample identification code but also the patients study ID for further diagnostic examination when tested positive. All participants were guided to collect their own vaginal samples in referring to the sampling instruction or the interpretation of the local staff on sites, No assistance would be provided to any women when they perform self-sampling.

When sampling, participant would take a squat or a standing position with one feet on a bench to open the legs, hold the handle of the sampling brush to insert the head of the brush into vagina, shaking back and forth aligning the axes while pushing the brush inward, until feeling resistance. This was followed by rotating the brush up to five times prior to removing it from the vagina. After sampling, women who got a sample processing card would apply the sample on the brush-head on the sample application area of the card until they saw color changes, while women who got a vial would place the brush-head into the vial and cover it by screwing the cap of the vial tightly. An on-site nurse or women themselves would check each vial to confirm that the brush-head was in the vial and that none of the solution had leaked out.



HPV testing

The self-collected samples on card were tested on SeqHPV(BGI-Shenzhen, China) and that in liquid vials were tested on BMRT (BioPerfectus, China). We used FTA card to process samples for SeqHPV and liquid vial to process samples for BMRT test. SeqHPV is a sequencing-based HPV DNA assay developed by BGI Genomics (Shenzhen, China). It amplifies HPV DNA by multiplex real-time PCR and determines HPV genotypes (if any) by new generation of sequencing (NGS). With sequencing the E6/E7 DNA at L1, it reports 14 h-HPV genotypes (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68). It has been validated in multiple trials to work well with both self- and provider-collected samples processed in liquid media and on an FTA® card (22). It adopted quality control in three testing procedures: (1) DNA extraction, in which a negative standard substance was added to every 30 samples to monitor any contamination; (2) PCR, in which five negative substances (purified water) and a positive reference (plasmid quality control) were added to every 96 samples to monitor the PCR process; and (3) HPV genotyping, in which the target peak from Agilent 2100 Bioanalyzer and the concentration of Q-PCR quantification be would be used to confirm the quality of the library. BMRT, The BioPerfectus Multiplex Real-Time PCR assay, is a fluorescence-based quantitative HPV testing assay developed by Bioperfectus Technologies Co., Ltd. (Jiangsu, China). BMRT reports 21 HPV genotypes, including 14 h-HPV as same as SeqHPV and HPV 6, 11, 26, 73, 81, and 82 (23). It has been validated to work well-with both self- and provider- collected samples in liquid media as it is also a PCR-bases assay. As there is no strong evidence to show the pathogenic relation between low-risk HPV and cervical cancer, to make the testing results from the two assay comparable, we will just analyze BMRT results related to hr-HPV and treat the cases positive of low-risk HPV as negative of hr-HPV.



Colposcopy and biopsies

Women who were primarily tested positive for any of the 14 h-HPV types were referred for colposcopy. Multiple biopsies were taken for all patients from any colposcopically suspected lesion site or, if no suspected lesion site was confirmed, at the transformation zone on four quadrants of the cervix. Endocervical curettage (ECC) was performed on any patients whose TZ could not be completely visible under colposcopy. Histological analysis was conducted by pathologists from PKUPH and diagnostic results were reported as high-grade squamous intraepithelial lesions (HSIL), low-grade squamous intraepithelial lesions (LSIL), and cervical mucositis, which served as the gold referance for evaluation the screening effects.



Statistical analysis

Statistical analyses were performed using SPSS software (version 20.0) for Windows (IBM SPSS, Inc., Armonk, NY, USA) and Excel (version 2013; Microsoft, Redmond, WA, USA). For analysis of the data regarding to socio-demographics and women's attitudes to self-sampling, participants were grouped according to age, educational background, marital status, income, service accessibility, and screening history. The count data were subjected to chi-square testing. P-values were two-sided, and P < 0.05 was considered statistically significant.




Results

A total of 20,136 participants were enrolled for the primary screening of the study and provided self-collected vaginal samples. After excluding 10 (0.05%) for labeling errors and 23 (0.11%) for unqualified samples, 20,103(99.89%) participants had results for HPV testing on either SeqHPV or BMRT (the screened women). Among those, 2,787 (13.9%) women were tested positive of hr-HPV, of whom, 2,045 women (73.38%) returned for colpo-biopsies with pathological outcomes. As this analysis will just focus on the screening process, we included all screened women into the data set.


Socio-demographic characteristics

The mean age of the participants who had primary testing (the screened women) was 44.31 ± 7.70 years. Of those screened women, 35.80% (7,198/20,103) were from remote areas [defined as rural communities that were more than 10 kilometers away from hospitals providing cervical cancer prevention services (PCPS-hospitals)], while 43.54% were living in towns (defined as in town/city communities that were < 5 kilometers away from PCPS-hospitals), and 19.18% were from suburban communities (communities that were 5–10 kilometers away from PCPS-hospitals). Socio-demographic data are listed in Table 1.


TABLE 1 Demographic and behavioral features.

[image: Table 1]

The overall rate of hr-HPV infection was 13.86%. The top five most prevalent HR-HPV subtypes were HPV52 (3.42%), HPV58 (2.29%), HPV16 (2.17%), HPV39 (1.35%), and HPV51 (1.30%).



Acceptability of self-sampling

Of the screened women, 8,136 responded to questionnaires (the respondents), but not all of them completed all questions. Of the respondents, 95.97% (7,080/8,136) responded “feeling self-collection is easy to do,” and 84.61% (6,884/8,136 responded “no discomfort when using the self-sampling brush.” Moreover, 62.37% (5,074/8,136) of the respondents expressed their preference for using self-sampling for CCS in future. Those numbers are quite encouraging to the investigators for making self-sampling widely adopted in cervical cancer screening programs projected to cover more women living in remote regions. The percentage and number of women who specified reasons for self-sampling preference are listed in Table 2.


TABLE 2 The participants' recognized reasons for attitude to provide sampling.

[image: Table 2]

Of the respondents, 5,842 (71.80%) responded to the questions regarding their preference to self-sampling sits, and 51.65% (3,017/5.842) of them choose “self-sampling at hospital,” 38.30% (2,237/5,842) choose “self-sampling at home,” and 5.19% (303/5,842) choose “self-sampling at nearby community healthcare centers or clinics,” indicating that inconvenience in access to screening services might be a significant barrier of community women to their participation in hospital-centralized screening projects. Another fact to show the acceptance of community women to self-sampling is that 92.53% (5,406/5,842) of the respondents expressed their willingness to introduce self-sampling for HPV testing to others. Participants' acceptance of and perception after self-sampling are shown in Figure 2 and Table 3.
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FIGURE 2
 Results from survey on the participant's acceptance of and preference for self-sampling.



TABLE 3 Participant's stated reasons for choosing self-sampling.
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Multivariate analysis showed that the reliability of self-sampling and its easiness were independent factors influencing self-sampling preferences (p < 0.05). No statistical significance was found in different groups of age, education, occupation, gravidity, medical insurance, or age of sexual initiation (p > 0.05) (Table 4). Analysis on the factors influencing participants' preference for self-sampling or provider-sampling shows that self-sampling preference was related to education level, occupation, age of sex-exposure, availability of social insurance, and realization to the easiness and reliability of self-sampling.


TABLE 4 Multivariate analysis of the factors influencing self-sampling tendency (Binary logistic regression analysis).
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The number of women who felt self-sampling be easy to do was significantly higher than that of women who thought self-sampling be difficult and who felt provider-collection be easier (p < 0.001). Self-sampling was significantly preferred by most women at all education background (p < 0.001) and all kinds of occupations (p < 0.001), without effect from social medical insurance availability and irrespective of parity from sex exposure age and the scale given to self-sampling (p < 0.001). No difference in sampling preference was observed regarding marital status, residence category, contraception, or screening histories (Table 5).


TABLE 5 Analysis of elements influencing the choices for self- or provider-based sampling.
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Discussion

It has been reported that there are many factors impacting the lower coverage of CCS (6, 9, 24, 25). The elements that impact screening coverage and can be feasibly improved are the technologies used in primary screening tests, the way of delivering screening services, and the roles of medical providers. Self-sampling based on community screening with internet facilitation can provide convenient access for women living in medically underserviced regions and may potentially provide a solution for extending CCS to cover the majority of women in the world.

With the giant population, Chine contributes a big part of the cervical cancer cases and deaths. As one of the LMICs, China still has big portion of women living in medically underserved region in which screening programs strongly relying medical resourced in primary screening cannot reach most of women in those area. According to China Cancer Reports, cervical cancer is most prevalent in women at age of 45–64, and it is reported by variety of studies that most cervical precancers (CIN2/3) are detected in women at age of 30–59, indicating that the most sensitive age span for pre-cancer prevalence is 30–59 (3, 7, 9).

Using the validated self-sampling technology and the HPV testing assays that has been validated to work well-with self-sampling, we recruited women at the most sensitive age for precancers and living in variety of communities to verify the effectiveness and feasibility of self-sampling in community cervical cancer screening demonstrated that self-sampling is widely accepted by community women regardless education, occupation, sexual experience, and ages.


The questionnaires to investigate participant's attitude to internet facilitated self-HPV screening

The questionnaires we provided to the participants included 10 questions, followed by 50 selectable choices related to three aspects: (1) experience of self-sampling; (2) preference for sampling methods, and (3) self-perception on self-sampling. The questions were designed to survey the public awareness of CCS and medical services and the public concept to cancer prevention. Based on the results of the questionnaire survey, most of the respondents, regardless education, occupation, and social insurance, feel self-sampling be easy to do without obvious discomfort and expressed their interests in self-sampling for their future CCS. As none of the questions showed feelable comparison of self- or provider-sampling, this result can represent the direct perception of those women to the two kinds of sampling and indicates that there is no significant objective barrier to replace provider-sampling with self-sampling in HPV testing based primary screening. However, the responses reflect the strong trust of the public on medical facilities and self-sampling, which might be suggestive evidence to introduce self-sampling into medical facilities.



Feasibility and acceptability of self-sampling

Internet services have covered most areas of China, including the vast rural regions, which is the basis for adoption of internet to facilitate CCS. Public education for CCS through the internet can reach most women with access to internet services. In our study, 35.80% of the responders were living in outlying communities, 89.48% were from low-income families, 18.54% were backgrounded with primary, lower education, or illiteracy. As most of those women would have no barrier to accept self-collected HPV testing based screening and most of the areas they are living in are covered with internet services which have been accepted to be the dominant life style of those women, internet-facilitated self-sampling-based screening would be completely feasible and applicable in outlying regions and to poorly educated and low-income women (2, 14, 19), which is able to provide opportunities to women who do not have access to provider-sampling-based CCS and, therefore, to expand the coverage of the screening. In our study, 37.69% of participants reported never being screened. This percentage was significantly higher than those who reported being screened regularly. This indicates that our project, which was based on self-sampling and facilitated with internet services, created access to screening for many women who were never screened, and suggests that screening program should be designed feasible to target women who have never been screened.

Many studies have demonstrated that self-sampling had high acceptability among women of various spheres, given that it is attractive for its convenience of performing, enabling sampling at home, and less discomfort, embarrassment, pain, and anxiety (26–29). In our study, the post-sampling survey showed good acceptance of self-sampling after the women had experienced it. In addition, 78.67% of the respondents expressed their acceptance of paying < $16 (equaling RMB 100) for self-collected screening, indicating that self-sampling-based screening programs may potentially be able to reach the WHO recommended coverage (70%) if the price can be controlled under $15 per case.

Since self-sampling is easy to learn and can be mastered by women in general (21, 26, 27), it is possible to organize a screening project via internet services. With internet service, women can participate in CCS at home or at facilities nearby, without the need to travel a distance to find medical services and to spend time simply to wait for sampling, which, together with the lack of need for a doctor's involvement in the sampling, is obviously cost-effective. Self-sampling-based HPV testing can increase participation and therefore increase the coverage of CCS (11–14). In addition, privacy protection and the convenience of self-sampling will also encourage office workers to participate in the screening program. In our study, 43.25% of the participants had educational background of university level and above, 36.09% were office workers and public servants. Multi-variant analysis showed that there was no significant influence of different occupations, education levels, ages, medical insurance types, or the age of becoming sexually active on the acceptance of self-sampling. This indicates that self-sampling is suitable for most women, regardless of their background and demographic differences. Moreover, 64.11% of respondents expressed willingness to introduce self-sampling to their relatives and friends, suggested the possibility of popularization of self-sampling.

Self-sampling does have barriers in terms of application. Based on our study, those barriers are mostly cognitive. Multi-variant analysis showed that the top independent reason for not choosing self-sampling was “not trusting the test result” (29.75%), followed by “worrying about specimen contamination during shipment” (28.76%). Both the reasons were cognitive, related to information asymmetry, but not based on evidence. Another independent reason was that self-sampling was “hard to do,” as indicated by some respondents. However, we currently cannot confirm that this is an experience-based answer, because we have no evidence regarding how many respondents who gave that answer had never been screened via provider-based sampling. Other reasons given for not choosing self-sampling were all cognitive. Overall, self-sampling was associated with high confidence and acceptability (28).

Self-sampling can allow CCS be performed in medically underserviced regions and populations at an affordable cost (30, 31). However, self-sampling-based screening programs requires the participants, the community, and the medical providers to play different roles in primary screening, positive triage, and pre-cancer treatment. Internet services could be the most effective platform to link these components to play their respective roles (14). Internet services can also play important roles in public education and participation motivation.

In addition, there are some limits in this study. Firstly, the designed questionnaire only includes questions raised by researchers, which is not well-targeted, and individual interviews are not conducted. Secondly, If there are problems among women sampled at home, consultation is not convenient. Another, if are there any different and influencing factor of the acceptability in the group with higher health literacy or consciousness and with lower levels of health literacy need to further analysis.

In conclusion, the internet-facilitated self-sampling-based HPV-testing for CCS and management model for cervical cancer prevention, in a large sample, is feasible and effective. This approach can be used as a supplement to traditional screening in China, particularly in outlying areas with few medical resources, which will result in significant improvement of the coverage of CCS.
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