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Abstract

Objective To evaluate the feasibility of an internet-facilitated community model for cervical cancer screening using
self-collected HPV testing as primary screening.

Method A population-based cervical cancer screening program was conducted in the suburb of Shenzhen, China,
from September 2014 to July 2017. Women with 25-60 years of age and no pregnancy were eligible for participation.
Participants could register for screening by logging in a website by themselves or with the aids of local community
workers. A unique barcode was issued to each applicant upon successful registration. After registration, women could
get sampling kits from community screening site/study clinic, collect vaginal samples privately or in group, and pro-
vide their sample for Hr-HPV tests on Cobas4800 and SeqHPV assays. Testing reports were checkable through per-
sonal account for all participant and phone calls were given to all women positive of Hr-HPV. Participants positive

of both or either the 2 assays were identified as the positives. The positives could return the study clinic for triage

or search medical care in other clinics. Colposcopy directed or ramdom biopsies were performed on all positives who
returned to the study clinics.

Results A total of 10,792 community women registered for screening, among whom, 10,010 provided their vaginal
samples for tests. 99.5% of the participants were confirmed to have correct personal identifiable information and sam-
ples, and 98.9% of them got HPV testing results from both or either assays. No adverse event was reported.

Conclusion When self-collected HPV testing is used as the primary testing, the internet-based data platform
facilitates the screening in registration, data collection, and data tracking, and increases the screening coverage.
Internet-facilitated community model is promising to cervical cancer control and applicable in regions with variety
of resources.
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Background

Cervical cancer is mainly resulted from persistent infec-
tion of high-risk human papillomavirus (hrHPV) which
contributes to nearly all cases (99%) of the clinically
confirmed cervical cancer or precancers [1]. Well-pro-
grammed cervical cancer screening has been proven
effective in reducing incidence of cervical cancer [1-4].
Nevertheless, the screening coverage remains low in
China and other developing countries due to the high
medical and financial burdens related to the screening
models that highly dependent to medical resources (facil-
ities and personnel).

Most studies on cervical cancer screening have paid
much more attention to testing technologies than screen-
ing models. However, medical literatures have consen-
sus that key to achieve higher coverage is to reduce the
dependence of the screening to medical resources and
make it easily accessible for women to participate [5, 6].
In SHENCAST II and several other studies [7-10], we
demonstrated that the sensitivity of self-sampling was
comparable to provider-sampling using the same type
of sampling devices and found that self-sampling sig-
nificantly facilitated the implementation of population-
based screening by decreasing inputs of gynecologists
and consumables and saving time for attendants. With
self-sampling, we could screen more people with much
fewer medical inputs. However, we also need a system
including service provision and lab-testing that match
the screening effectiveness since self-sampling does
not only change the way of sampling. It is important to
ensure the easy attendance to the screening and thus we
need to further optimize our screening model.

In 2012, we completed the Chinese Cervical Cancer
Prevention Study (CHICAPS) [10], in which we devel-
oped a community-based participatory model for mas-
sive screening using self-sampling and the concepts
founded in Community Based Participatory Research
(CBPR) Model. The screening was organized by the local
community and executed by the community workers
(community leaders, CLs). The study showed that com-
munities were able to execute the screening program
satisfactorily after a training course of less than 50 muni-
ties. Based on the results of CHICAPS, we designed a
website for cervical cancer screening and conducted a
pilot study on cervical cancer screening through internet
services (internet screening model) in 2014, with aim to
demonstrate the feasibility of self-registration and sam-
pler/sample delivery [11]. The study demonstrated that
a web-based program worked well in providing effective
platform for public education, project notification, self-
registration for participation, self-sampling instruction,
and sampler distribution and sample delivery via general
logistic services.
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The above-mentioned models facilitate screening
attendance, reduce the involvement of medical provid-
ers, and allows the healthcare system free from primary
screening to focus on evaluation and management of the
positives. However, Community-based model is more
likely suitable to well-organized population screening in
specific timeline and regions and needs a trained team
to take screening record, while the internet screening,
like online shopping, is only applicable to women who
can visit web sites. To make self-sampling-based screen-
ing be more applicable, we iterated the website (mcareu.
com) we developed earlier and designed a study, in which
we integrated internet service into community screening
model and apply it in a government sponsored cervical
cancer screening project, with a purpose to demonstrate
the roles of an public website in a self-HPV testing based
population screening program.

Methods

Study population

The study was integrated into a population-based cervical
cancer screening project that was organized by the local
government and applied in Pingshan Xin District, Shen-
zhen, China. Forty-six (46) community clinics within
this district were involved as the screening sites. Women
were eligible for participation if they were 25—60 years of
age, not pregnant, and with an intact cervix. All women
needed to sign up the website to register for participa-
tion. Registration for participation need women to fill an
online registration form and, if eligible, sign electronic
version of informed consent. This study was approved by
Ethics Committee in Peking University Shenzhen Hospi-
tal under the number G2014-1.

Study design

The website (www.mcareu.com) was developed by
Cervical Cancer Project Team from Peking Univer-
sity Shenzhen Hospital (PUSH) in 2013 and iterated
to meet the requirements of the study in 2014. It was
designed for public education on cervical cancer pre-
vention, self-sampling instruction, screening registra-
tion, result reporting, and further-step guidance for
hrHPV-positive women. Assigned community workers
from 46 communities in the project area were trained
by Gynecologists from PUSH on how to guide the com-
munity women to register for participation, to get sam-
ple for themselves, and to check results through the
website. Then the community workers took missions
to notify the communities about the project in their
own way, motivate women for participation, and guide
women to register for participation via the website.
The website was reviewable to all over China, but reg-
istration for screening was just opened to the project
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area we choose to conduct the study. Due to the pro-
grammed finance of the local government, we planned
to screen 3,000-3,500 women per year.

Registration for participation and screening delivery

Any person could sign up on the website as the users
without limits. Apply for participation needed a woman
living in the project area to provide personal identifi-
able information including her name, ID, phone number,
and home address for registration. Any applicant was
informed about her serving clinic as the screening site
that was near to her living address. With that arrange-
ment, women who were skilled on internet browse were
encouraged to complete registration and screening appli-
cation by themselves, while women who were not skilled
on website visits could be aided by the local community
workers at the screening sites or their family members at
home. A unique barcode would be issued for each eligible
applicant upon successful registration. Eligible applicants
with a participation barcode would then be called the
participants.

The sampling kit used for self-sampling included a con-
ical shaped brush, a specimen processing vial contain-
ing PreservCyt liquid, and a graphic sampling guidance.
Sampling kits were distributed in the following proce-
dures: They were firstly shipped to all screening sites (the
clinic) in batch per the request from each screening site
in a full number of participants assigned to the site; then
the community workers distributed the sampling kits to
the participants.

Before self-sampling, participants could learn self-sam-
pling through referring the graphic guidance provided
with the kits or watching the video instruction showing
at the screening sites or online of the website. On-site
instruction would be provided by the community workers
to whomever needed. Completion of screening needed
the participants to obtain vaginal samples by themselves
and returned the samples to the screening sits. The sam-
ples were then sent to PUSH lab for HPV testing.

When sampling, participants could choose sampling in
person or in group per their preference, which mean sam-
pling individually in a private room and at a self-selected
time (Fig. 1) or sampling in group in a sampling room in
the screening sits with on-site instruction of a commu-
nity worker (Fig. 2), respectively. The screening events
were scheduled twice a week at each of the community
sites. During screening events, the community workers
could answer all questions from the participants but not
collect the sample for the women. In order to ease the
participation of those working in factories or companies,
temporary sampling rooms were also set in the factory or
company’s clinics to complete the screening.
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Fig. 1 Flow chart for personal screening

Shows the flow chart for personal screening. After successful
registration, which meant eligible for participation, with basic
personal identifiable information including the name, ID, phone
number, and home address, the eligible woman was then contacted
by a community leader via phone call or text message to confirm her
mail-address. A sampling kit with a unique barcode/QC was mailed
to her or go to the nearest community health center screening

site to pick up a sampler on her own. After getting the kit, she

could collect sample for herself and mail the sample to the sample
collection address in referring the graphic instruction on the package
or following pictures the video instruction playable on the website

Sampling and HPV detection

Following the sampling guidance, participants sim-
ply inserted the conical-shaped brush into the upper
vagina and rotated the brush handle at least three turns,
then removed the brush from the vagina and placed it
in the vial containing 2.5 ml PreservCyt. All the sample
were tested for High-risk types of HPV (hr-HPV) on
Cobas4800 (Roche) and SeqHPV (BGI-Shenzhen) assays
according to the manufacturer’s instructions and within
one month.

Cobas 4800

The Cobas 4800 (Roche Inc., Pleasanton CA, USA) is
a qualitative multiplex HPV testing assay. It provides
specific genotyping information for HPV -16 and/
or-18 and the pooled result for the other 12 Hr-HPV
types (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68). It
has been licensed by FDA and CFDA (China Food and
Drug Administration). Our previous study has demon-
strated that self-collected samples were equal sensitive
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Fig. 2 Flow chart for group screening

For group screening, a trained medical provider was assigned

as a site coordinator at each of the screening sits. The site coordinator
organized the screening twice a week at the community site. With
consensus of the participants in group, the site coordinator would
first sign up for them on the website. After complete registrations
for a group of participants, the coordinator distributed the sampling
kits to each of the participants one by one. Self-collection was done
by the women in a prior prepared sampling room in group (or

in the preset cabinets privately) following the graphic or video
instructions. The site coordinator would answer all questions

from the participants but not get sample for them. At least one small
cabinet was set at the site in case that any women would request
for a private room for sampling. After sampling, the site coordinator
collected the samples and shipped them to the testing lab

and specific with physician-collected samples in detec-
tion CIN2 +and CIN3 + on Cobas4800 [12, 13].

SeqHPV

The SeqHPV testing assay was developed by BGI-
Shenzhen, China. It amplifies DNA on multiplex PCR
platform and identify HPV genotypes using the next
generation sequencing. This assay is advantageous for
its high throughput and precise genotypes. SeqHPV
was configured to detect 14 Hr-HPV types (16, 18, 31,
33, 35,39, 45, 51, 52, 56, 58, 59, 66, and 68) separately
with a through-put of greater than 6,000 samples per
unite in a 10-h round at that time. The assay was vali-
dated in successive comparisons with Cervista using
the specimens and data from SHENCCAST II and
then with cobas4800 in a multi-center clinic trial (CHI-
MUST). It had been licensed by CFDA when used in
this study [9, 13].
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Registration data checking and identification

of the participation status

All eligible applicants were given a phone call to verify
the personal identifiable information on the registration
forms and confirm their participation. A case of “data
error” would be identified if any registered phone num-
ber was not reachable. Participation status was identi-
fied as “screened” if a participants visited the screening
site for getting a sampling kit and returned her sample,
“refusal” for participation if an eligible applicant did not
visit the screening site to get a sampling kit after success-
ful registration; or “withdraw” from participation if an
eligible applicant got the sampling kit but did not return
her sample. Percentages of screened, refusal, and with-
draw participants were calculated as the indirect indica-
tors for evaluation of the feasibility of internet facilitated
community model.

Result reporting and management of the positives
Participants who were primarily positive of Hr-HPV on
both or either SeqHPV and/or Cobas4800 were defined
as the positives. The primary Hr-HPV testing results
were reported online, together with the recommenda-
tions for further management. Participants could access
their personal results by signning on the website with the
username or ID and the passwords. Text message vali-
dation would be needed if the password was forgotten.
A text message notifying the availability of the testing
report was sent to the registered mobile phone number
of all the participants. Following the text message noti-
fication were phone calls by the research team to all the
positives with aim to inform them the positive results,
explain the results, answer their questions, release their
anxiousness, instruct them to search medical cares, and
help them to make appointments for triages in the study
clinics. All the positives were encouraged to return to the
study clinics for triages, where triage clinic were provided
by gynecologists from PUSH every three months. The
participants were also informed that they had right to
search medical care for their positive results in qualified
medical facilities other than the study clinics. To the pos-
itives who returned to the study clinics, colposcopy and
biopsy were conducted following a protocol of colpos-
copy-directed and random multi-biopsies. Histological
diagnostics were conducted by pathologists from PUSH.

Results

Characteristics of the participants

This study was conducted during September 2014 to
April 2017. Twelve thousand six hundred and ninety-
nine (12,699) people signed up the website, among them
10,792 successfully registered for the screening (the
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Table 1 Participant categorization Table 3 Primary hrHPV testing results
Participant classification Agely) n % Screening test  Positives % (positive)  Invalid % (Invalid)
Community Residents 364+7.40 6,294 62.8% Cobas 1052 10.51 120 1.20
Medical providers 38.5+7.80 1,277 12.8% SegHPV 757 7.56 105 1.05
Plant workers 336+638 1,022 10.2%
Clerks from company 29.7+747 778 7.8%
G t offi 6.7+£744 49 ™

overnment ofmeers 3 639 6:4% Table 4 Positive management
Total 3594748 10,010 100%

Table 2 The screening women age, errors and testing failures

Screening Mean age (yrs) >50yrs Information
choice error

Personal screen- 39.9+7.94 9.9% (265/2666)  0.64% (17/2666)
ing

Group screen-  344+6.73 2.1% (156/7344)  0.76% (56/7344)
ing

Total 359+748 4.2%(421/10010)  0.73% (73/10011)

participants) and contacted for provision of sampling kit.
Of the participants, 10,010 (92.8%) provided their self-
collected samples and were identified as the screened
participants. Of the 782 participants who did not provide
samples, 496 (63.4%) did not visit the screening sites to
get sampling kits and was identified as “refusal” for par-
ticipation; while 286 (36.6%) got the samplers but did not
provide samples and were identified as “withdraw” from
participation. Nine thousand nine hundred and thirty-
eight (9,938, 99.3%) participants were confirmed with
provision of correct personal identifiable data, with a
data error rate of 0.7%.

Included in the screened participants were 62.8%
(6,286/10,010) of community residents, 12.8%
(1,281/10.010) of medical providers, 10.8% (1,081/10,010)
of factory workers, 7.8% (781/10,010) of company clerks,
and 6.4% (641/10,010) of government officers. The mean
age of the screened participants was 35.9 years (+7.48)
(Table 1).

Of the screened participants, 26.6%(2,666/10,010) col-
lected their samples privately (the personal screening
group) and 73.4%(7,344 /10,010) got their samples in
group at the local screening sites (the group screening
group). The mean-ages of the personal screening group
and the group screening groups were 39.9+7.94 years
and 34.4+6.73 years, respectively. And the ratio of
women with > 50 years of age were 9.9% (265/2,666) and
2.1%(156/7,344) in the personal and group screening
groups, respectively (Table 2). Most of the participants
from factories or companies were young women and they
were screened in group, thus the average age of group

Any hrHPV positive (Cobas or SeqHPV) 1135 11.34% (1135/10011)
The return rate for colposcopy 689 60.70% (689/1135)
Follow-up loss 446 39.30% (446/1135)

screening group was younger than those in personal
screening group. Data errors were identified in 0.64%
(17/2,666) and 0.76% (56/7,344) of the participants in
personal- and group-screening groups, respectively, with
no significant deference (Table 2).

Primary testing results

A total of 1,135 (11.34%) of the participants were tested
positive of hrHPV on Cobas 4800 and/or SeqHPV assays
(Table 3). Overall, 10.51% of participants were tested Hr-
HPV positive on Cobas4800, and 7.56% were positive on
SeqHPV (Table 3). Testing failures were reported to be
1.20% (120/10010) on Cobas4800 and 1.05% (105/10010)
on SeqHPV, with no significant difference between the
two assays. It is addressed that only 12 (0.12%) partici-
pants got testing failure on both two assays who were
identified as sampling failure, suggesting that most test-
ing failure is not related to self-collected samples. We
contacted all those 12 participants with no HPV results
for re-sampling. Unfortunately, 11 of them refused to
return and one got negative result for her re-collected
sample.

Call back for management of triage of the hrHPV-positive
women

Reports for primary Hr-HPV testing were released on to
the website for private review with the personal account
control. A text message was sent to the screened partici-
pants after the reports were reviewable online to notify
them the report-checkability only. Exactly after the text
messages were sent out, the community workers would
contact the 1,135 participants who were tested positive
of Hr-HPV (the positives) via phone call. However, only
1,045 positives had been contacted, with 7.93% (90/1135)
of loss-follow-up for variety of reasons. Since the par-
ticipants were allowed to search medical cares in their
preferable medical facilities, we eventually had 65.9%
(689/1,045) of the approachable positives return back
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for triage (Table 4). All CIN2 + patients were referred for
treatment in PUSH or other qualified hospitals following
standard clinic procedures.

Discussion

Programed screening is a working way to prevent cervi-
cal cancer that is threatening women’s health worldwide.
World Health Organization (WHO) recommends provi-
sion of programed screening as the effective strategy to
prevent cervical cancer. The hospital centralized screen-
ing is easy to conduct as it just needs the patients to visit
hospital regularly and the doctors to follow the recog-
nized guidelines for the clinical patient care. Under this
way, we will eventually get the right answer for a specific
woman. However, such screening manner has been dem-
onstrated to contribute little for cervical cancer control in
populations, especially in medically underserved regions.
When we are projecting to goal successful cervical can-
cer prevention for a country or city with large population,
the screening program should be characterized as: (1)
high in coverage, (2) simple for implementation, (3) cost
affordable, and (4) highly sensitive.

We have known that HPV testing for self-collected
samples is equally accurate to physician-collected ones.
And self-samples have been proven to be efficient and
convenient for screening by means of enlarging screening
coverage and enabling community screening, particularly
in low-resource areas [7-9, 14]. However, we had some
problems that were not about technology, but about the
screening organization.

Cervical cancer screening programs were usually
organized by the local authorities with the assistance
from gynecologists and implemented within medical
facilities. In addition, women had to visit the local hos-
pitals for screening in a specified duration of time. This
caused high burden for both the organizers and the
attendants. By contrast, it should be much more con-
venient for women if the screening program could be
organized within the local communities where they live
in. During 2011-2012, using a community based partici-
patory research model, we first designed and studied a
community screening system, in which short-term train-
ing coursed on self-sampling-based project procedures
were provided to the local community staff, who then
successfully organized self-sampling-based screening
for 8,382 women in rural regions in Guangdong Prov-
ince, China. However, we also realized that community
screening model is only suitable to screen women who
could be well organized in specific time and region and
such screening still need personnel, although not medi-
cal providers, from the community to record screening
information, which is a challenge to community workers
who are not medically backgrounded. A date platform is
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needed to facilitate the community screening to easy the
data recording and to guarantee the quality of the data.

With the above consideration in mind and to make the
community-based screening model be feasible in differ-
ent regions, we designed and developed a public data
platform that was based on internet system to facilitate
the community screening. Given the wide coverage of
internet in our daily life, the website can promote dis-
semination of cervical cancer prevention knowledge,
improve the convenience for participation, and facilitate
management of screening. With the data platform on
the website, screening organizers, doctors, and research-
ers can accumulate and keep long-term screening data,
which is important for analyzing the screening cover-
age and strategizing prevention programs. In a pilot
study on internet screening we conducted in 2013, 1,000
women completed primary screening via the same web-
site (mcareu.com). Procedures they went through on the
website included application and registration for screen-
ing, getting sampling kits, sending samples to the lab, and
checking screening results online [11]. This pilot study
made us be confident on the feasibility of the internet-
based screening model because the error of the data
input by the screening women themselves was rated zero
percent. In addition, combination of internet facilitation
and community screening model can reduce the medical
burden when primary HPV testing can be organized and
managed by local community staff without involvement
of medical staff.

Results from this study showed no significant differ-
ences between the personal and group screening groups
in testing failures and personal information errors, sug-
gesting that, with aids from the community worker,
women unskilled for internet visits could finish online
application and screening as well as the skilled women.
Private screening is advantaged for its fair privacy but
disadvantaged for the high per-sample cost for sampler/
sample shipments, comparatively, group screening ena-
bles dramatic decrease of the shipment cost.

Positive management rate was not objected to be eval-
uated in our study. Thus, we gave the hrHPV-positive
women free choice for management at the appointed site
by PUSH team for free of charge or searching for pay-
able service from any other hospital. However, in notic-
ing that 60.7% of the positives returned for free positive
management by the PUSH team in 3 months interval,
we also analyzed the potential reasons which suggests
that 1) publicly recognized high-level medical cares was
more preferrable to public women, 2) the cervical can-
cer screening program should make primary screening,
positive triage, and precancer treatment as the insepara-
ble parts, and 3) free of charge for all the program proce-
dures may be a working way to get high rate of treatment
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for precancers, the core step of cancer control. To include
management of hrHPV-positive women in the screen-
ing programs, especially in those to be implemented in
remote areas, we need to make the management be appli-
cable in primary medical facilities as closer to the com-
munities as possible by training more primary level of
medical providers and verifying variety of protocols for
triage that suitable for those providers. Encouragingly,
the screening model we developed was supported later
by full-coverage screening for Covid-19 in the pandemic
stage, which adopted similar internet platform to identify
people, collect samples, release reports, and keep records
for checking.

Another problematic issue is the property of liquid-
based sample storage to self-sampling, which caused
overflow and was hardly transported for a long-distance
in our study. As FTA-card based solid medium had been
demonstrated to work well for DNA transportation for
HPV testing, it can play important roles in self-sampling
based population screening projects [15, 16].

In our study, we enrolled participants who were aged
25-60 of years. The reason for including women younger
than 30 is that the study was integrated into a govern-
ment organized cervical cancer screening project which
tended to cover women at age of 25—60 years.

In conclusion, internet & community-based screen-
ing model holds the potentiality to be widely applied in
regions with different levels of medical and economic
resources. With this model, community staff can pro-
mote and manage cervical cancer screening continuously.
With facilitation of the internet system, community-
based screening using self-sampling can achieve greater
coverage in a shorter period. This conclusion was further
evidenced by Qu at els., who shared a population screen-
ing project conduced in Xinxiang, Henan, China, using
internet facilitated community screening model. In the
project, the internet facilitation enables 272,004 women
registered in 33 days, and 188,096 be screened in 29 days
[17].
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