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Abstract
Background. Almost 20% of U.S. women (particularly low-income, racial/ethnic minorities) remain at risk for
cervical cancer due to their inability or unwillingness to participate in periodic clinic-based screening. Selfsampling has been shown to be an effective strategy for screening women for high-risk human papillomavirus
(HR-HPV) infection in specific contexts. However, its effectiveness among medically underserved women in
safety net health systems has not been evaluated. Furthermore, it is also unclear whether implementation
strategies such as patient navigation can be used to improve the success of self-sample screening programs by
addressing patient-level barriers to participation.
Methods/Design. The Pr ospective E valuation of S elf- T esting to I ncrease S creening (PRESTIS) trial is a hybrid
type 2 effectiveness-implementation pragmatic randomized controlled trial of mailed self-sample HPV testing.
The aim is to assess the effectiveness of mailed self-sample HPV testing kits to improve cervical cancer
screening participation among patients in a safety net health system who are overdue for clinic-based screening,
while simultaneously assessing patient navigation as an implementation strategy. Its setting is a large, urban
safety net health system that serves a predominantly racial/ethnic minority patient population. The trial targets
recruitment of 2,268 participants randomized to telephone recall (enhanced usual care, n=756), telephone recall
with mailed self-sample HPV testing kit (intervention, n=756), or telephone recall with mailed self-sample HPV
testing kit and patient navigation (intervention + implementation strategy, n=756). The primary effectiveness
outcome is completion of primary screening, defined as completion and return of mailed self-sample kit or
completion of a clinic-based Pap test. Secondary effectiveness outcomes are predictors of screening and
attendance for clinical follow-up among women with a positive screening test. Implementation outcomes are
reach, acceptability, fidelity, adaptations, and cost-effectiveness.
Discussion. Hybrid designs are needed to evaluate the clinical effectiveness of self-sample HPV testing in specific
populations and settings, while incorporating and evaluating methods to optimize its real-world implementation.
The current manuscript describes the rationale and design of a hybrid type 2 trial of self-sample HPV testing in a
safety net health system. Trial findings are expected to provide meaningful data to inform the equitable delivery
of screening to at-risk populations and ultimately realize the global goal of eliminating cervical cancer.
Trial registration: ClinicalTrials.gov NCT03898167. Registered 01 April 2019.
https://clinicaltrials.gov/ct2/show/NCT03898167
Contributions To The Literature:
The PRESTIS trial is a hybrid type 2 pragmatic randomized controlled trial that will assess the
effectiveness of mailed self-sample human papillomavirus (HPV) testing kits to improve cervical cancer
screening participation among underscreened patients in a safety net health system, while
simultaneously assessing patient navigation as an implementation strategy.
Upon completion, PRESTIS will provide much-needed insight into the utility of self-sample HPV testing as
a means to screen medically underserved women otherwise do not or under-attend for standard of care
clinic-based screening.
Although with methodological trade-offs, hybrid designs can advance knowledge of the clinical
effectiveness of mailed self-sample HPV testing while establishing best practices to optimize
implementation in real-world settings.
Introduction
Background and Rationale
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The implementation of clinic-based Papanicolaou (Pap) test screening for cervical cancer has dramatically
reduced the incidence of the disease in the United States (U.S.) and other countries with widespread screening
programs (1). However, despite the $5.4 billion in costs incurred by these programs in the U.S. each year (2), as
many as 20% of U.S. women remain at risk for cervical cancer as a result of screening non-attendance (3) (i.e.,
their inability or unwillingness to periodically attend for clinic-based screening according to national screening
guidelines). Recent data indicate increasing rates of screening non-attendance among U.S. women (4). These
trends are particularly concerning given that over half of the 13,000 cases of invasive cervical carcinoma
diagnosed in the U.S. each year (5) are diagnosed in un- or under-screened women (6, 7). Cervical cancer results
in over 4,000 deaths annually, and its treatment and follow-up costs total over $440 million (2).
While screening non-attendance is largely driven by inadequate access to preventive care (3), multiple personal
and cultural barriers also affect women’s participation in timely screening. These barriers include language and
cultural differences with providers, discomfort during a pelvic exam, education/literacy, and health beliefs
(8–10). Many of these factors continue to adversely impact screening participation even after medically
underserved women gain regular access to preventive care (10, 11). The availability of licensed vaccines to
prevent infection with the etiologic agent, high-risk human papillomavirus (HR-HPV), creates new opportunities
to reduce the incidence of both pre-invasive and invasive cervical disease. However, persistently low rates of
vaccine uptake mean that U.S women will continue to face significant risk of developing a cervical cancer for at
least the next several generations (12). Under such circumstances, cost-effective strategies to improve existing
screening programs will be required for the foreseeable future.
Testing self-collected cervicovaginal samples for HR-HPV has been shown to be an effective strategy to
overcome multiple barriers that often hinder clinic-based screening (13–23). Clinical platforms capable of
identifying clinically significant HR-HPV infections at the time a woman undergoes a Pap test are currently a
standard of care option that improve both the sensitivity and specificity of cervical screening (24). Recently, HRHPV testing alone was recommended by the U.S. Preventive Services Task Force as a tool for cervical cancer
screening (25). Substantial evidence indicates that samples can be collected by providers or by women
themselves (26, 27), paving the way for the expansion of primary screening from clinical settings into women’s
homes through mailed self-sample HPV testing kits. Mailed self-sample HPV testing has been evaluated in
multiple trials, particularly in international settings, where it has been used as an additive strategy to increase
primary screening participation among screening non-attendees of organized population-based screening
programs (13–23). To our knowledge, In the U.S., the HOMES study in the Kaiser Northwest System has been the
only published trial to evaluate mailed self-sample HPV testing in the analogous setting of an integrated health
system (28). However, to date, no randomized controlled trials have been conducted in safety net healthcare
systems nor in a predominantly racially/ethnically minority patient population. Evaluating mailed self-sample
HPV testing in this context is important both because safety net health systems (i.e., those that offer access to
care regardless of the patient’s ability to pay (29, 30)) serve a large proportion of socioeconomically
disadvantaged individuals in the U.S.(30) and because racial/ethnic minorities, particularly Hispanic and nonHispanic black women, shoulder a disproportionate burden of cervical disease (31–33).
In safety net health system settings, patients may face barriers that hinder the use of mailed self-sample HPV
testing kits, including language barriers, low literacy, and distrust of the health system. Patient navigation is a
patient-centered service delivery intervention designed to promote access to timely screening, diagnosis, and
treatment of cancer and chronic diseases (34) by addressing barriers to care (i.e., access and financial barriers,
communication and informational barriers; fear, distrust, and emotional barriers, and structural medical system
barriers) (34). Patient navigation has successfully been used to increase participation in cancer screening among
racial/ethnic minorities and medically underserved populations (35). It can also aid in the defragmentation of
health care by connecting a patient’s records from various providers and health care systems. In the context of a
mailed self-sample HPV testing intervention, patient navigation may synergistically increase screening
participation by providing the opportunity to motivate women and address knowledge gaps and personal and
cultural barriers to screening (36). Thus, patient navigation may be an effective implementation strategy to
increase reach, adoption, acceptability, and use of mailed kits.
Use of hybrid effectiveness intervention trials to optimize self-sample HPV testing

4

Hybrid effectiveness-implementation designs are relatively new research designs that address clinical
effectiveness while incorporating and evaluating methods and procedures to implement interventions in realworld settings (37). Their dual focus implies that hybrid studies may have a more rapid influence on clinical
practice than standard clinical studies (38). The continuum of hybrid effectiveness-implementation designs
(shown in Fig. 1) range from those that emphasize effectiveness research with minimal implementation
strategies (type 1) to those where effectiveness and implementation are given equal weight (type 2) to those
that focus primarily on implementation outcomes with minimal focus on clinical effectiveness (type 3) (37, 39).
Hybrid type 2 designs are ideal when studying interventions that have demonstrated effectiveness in other
settings or populations, but where there is uncertainty about the effectiveness of the intervention in another
context (39, 40). Type 2 designs are also ideal when there is momentum in a healthcare system to implement
interventions with preliminary effectiveness data, as they provide an opportunity to study the intervention’s
effectiveness while evaluating how best to implement the intervention (39). As described by Landes, et. al.,
there are key criteria of type 2 designs to which such studies need to adhere. Specifically, it is critical in type 2
designs that an implementation strategy that is plausible in the real world be explicitly described; that
implementation outcomes (e.g., reach, fidelity) be explicitly evaluated; and that there is a clear distinction
between intervention components and intervention strategy components (39).
Here we describe the rationale and design of the PRESTIS trial (Prospective Evaluation of Self-Testing to Increase
Screening), a hybrid type 2 effectiveness-implementation pragmatic randomized controlled trial (RCT). The
overarching goal of the PRESTIS trial is to simultaneously evaluate the effectiveness of mailed self-sample HPV
testing kits to improve cervical cancer screening participation among patients overdue for clinic-based screening
while evaluating patient navigation as a strategy for its effective implementation. The driving hypothesis is that
mailed self-sample HPV testing kits and patient navigation act synergistically to increase cervical cancer
screening in otherwise underscreened patients. Informed by the Reach, Effectiveness, Adoption, Implementation,
Maintenance (RE-AIM) framework (41), PRESTIS also aims to determine implementation outcomes of mailed selfsample HPV testing; specifically, reach, patient acceptability, fidelity, adaptations, and cost-effectiveness.
Methods
Overview of Trial PRESTIS is a parallel, single-blinded, three-arm RCT (Figure 2). The study arms are: 1)
telephone recall (enhanced usual care control arm); 2) telephone recall with mailed self-sample HPV testing kit
(intervention arm); and 3) telephone recall with mailed self-sample HPV testing kit and patient navigation
(intervention + implementation strategy arm). The primary effectiveness outcome is completion of primary
screening, defined as completion and return of mailed self-sample kit or completion of a clinic-based Pap test.
Secondary effectiveness outcomes are predictors of screening and attendance for clinical follow-up among
women with a positive screening test and detection and treatment of cervical precancers (exploratory).
Implementation outcomes are reach, acceptability, fidelity, adaptations, and cost-effectiveness.
Conceptual Framework. Multiple conceptual frameworks underlie the PRESTIS trial, including classic theories
(i.e., PRECEDE-PROCEED) to develop the intervention, and implementation science frameworks (i.e., RE-AIM) to
design and evaluate its implementation. PRESTIS is also informed by effectiveness-implementation hybrid design
and pragmatic trial considerations.
The intervention was developed using the PRECEDE-PROCEED theoretical framework (42). In our preliminary
studies, the PRECEDE process was used to assess the individual, interpersonal, and environmental determinants
of Pap test underutilization among women in our healthcare system. As described, there are multiple personal
and cultural barriers that affect women’s participation in screening, in addition to structural barriers such as
inadequate access to healthcare and lack of health insurance. Cultural and personal barriers include language
and cultural differences with providers, discomfort during a pelvic exam, limited education/literacy, modesty
concerns, unacceptability of a male provider, and lack of partner support for seeking screening. During the
conception and planning of the intervention, we constructed a PRECEDE-PROCEED logic model that identified the
predisposing, enabling, and reinforcing factors that could influence women’s decisions to participate in selfsample HPV testing. Key features of the study design were included to address these factors.
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The implementation science conceptual framework underlying study design is the Reach, Effectiveness,
Adoption, Implementation, Maintenance (RE-AIM) evaluation framework (41). RE-AIM has been widely used to
translate research into practice and plan for and evaluate the implementation of evidence-based programs in
“real-world settings.” The PRESTIS trial is also informed by the pragmatic-explanatory continuum indicator
summary 2 (PRECIS-2) pragmatic trial framework (43). PRECIS-2 is a validated tool to guide trialists in making
design decisions that are consistent with the trial’s intended purpose. It uses 9 domains to describe clinical trials
on a continuum from explanatory (ideal situation) to pragmatic (usual care situation): eligibility, recruitment,
setting, delivery, adherence, follow-up, outcomes, and analysis (43). Gold standards for pragmatic trials include
broad eligibility criteria, an intent-to-treat data analytic approach, and incorporation of rigorous prospective
controls.
Protocol approvals, registration, and reporting guidelines. The trial was approved by the Institutional
Review Board (IRB) for Baylor College of Medicine and granted administrative approval by Harris Health System.
The trial is registered at ClinicalTrials.gov (NCT03898167). The CONSORT checklist for RCT reporting is included
in Additional File 1.
Study setting. The PRESTIS trial is being conducted within Harris Health System in Harris County, Texas. Harris
Health is the primary safety net provider for the Houston metroplex, and provides care for more than 320,000
under- or uninsured Harris County residents. It is the third largest safety net health system in the U.S. and
serves a racially and ethnically diverse patient population. In fact, more than 92% of Harris Health patients selfidentify as under-represented ethnic or racial minorities (primarily Hispanic and/or non-Hispanic black). Standard
of care cervical cancer screening at Harris Health currently involves routine Pap test screening every three years
for women 21 to 29 years, and Pap and HR-HPV co-testing every five years for women 30 to 65 years. Pap and
HR-HPV co-testing was adopted as standard of care for routine population-based cervicovaginal screening in
2015. Harris Health uses opportunistic strategies to promote screening, in particular, electronic medical recordbased identification of women due or past due for screening when they present for primary care and display of
patient education videos in examination rooms (44). Screening test results are managed according to the 2012
American Society for Colposcopy and Cervical Pathology (ASCCP) Consensus Guidelines (45) and 2015 ASCCP
Interim Guidelines (46). Women with an abnormal Pap test are tracked and navigated for clinical follow-up (i.e.,
colposcopy or repeat Pap test). Standard patient navigation procedures used at Harris Health System include
educating and motivating patients to attend for follow-up; alerting providers to notify patients of their results
and/or to perform necessary tests and procedures; directly booking Pap test appointments at primary care
clinics; assisting patients in booking colposcopy appointments; and helping patients address other individuallevel barriers (e.g., childcare and transportation needs).
Integration of trial elements into health system. The trial was designed in collaboration with team
members who serve as clinicians and leaders in the Harris Health System. The outreach interventions in each
arm of the trial are delivered by trained Harris Health patient navigators who are embedded in a well-established
and successful patient navigation program that has been successfully used to improve rates of cancer screening
and diagnostic follow-up. Patient navigators participating in PRESTIS are well versed in standard procedures used
at Harris Health System to identify and address barriers to care (as described above). In addition to standard
patient navigation training, navigators have received research training on protection of human subjects, clinical
trial database entry and management. When contacting subjects on behalf of PRESTIS, the navigators deliver a
scripted, arm-specific educational intervention. Self-sampling kits mailed to participants can be returned to
Harris Health via U.S. mail or by depositing them at well-identified laboratory drop-boxes at established Harris
Health clinics. This latter strategy mimics the procedures used for home-base fecal immunochemical test (FIT)
kits already used for population-based screening by many Harris Health enrollees. Kits are checked in by the
patient navigation team and routed to the central health system laboratory for testing. Test results are posted as
a research note in the EMR for clinical use by providers. Clinical follow-up for abnormal HR-HPV test results is
coordinated by patient navigators and managed by Harris Health primary care and Gynecology care providers.
Trial information was disseminated to providers using existing communication pathways, including medical
directors’ meetings, clinic staff meetings, and clinical update emails.
Stakeholder Advisory Board. The trial’s Stakeholder Advisory Board (SAB) is comprised of representatives
from Harris Health System leadership, ambulatory care providers, oncologists, patient navigators, and Harris
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Health patients. Responsibilities for the SAB include monitoring and guiding trial planning and execution, guiding
the development of bilingual patient-centered education materials, providing input for the interpretation of study
outcomes, planning for dissemination, troubleshooting to resolve scientific, logistical, and administrative
challenges that may occur, and setting priorities for future research. In addition to quarterly in-person meetings,
the research team is in contact with SAB members by email for ad hoc issues.
Eligibility and randomization
Waivers of informed consent were granted to identify potentially eligible women through a query of the EMR and
to randomize them to study arms. As determined by data abstracted from the EMR for each potential subject,
women are eligible for PRESTIS if they are 1) aged 30-65 years; 2) have no history of prior hysterectomy or
cervical cancer; 3) have had at least 2 visits within ambulatory care program of Harris Health System in the past
5 years; 4) have not had a Pap test in the past 3.5 years or a Pap/HPV co-test in the past 5.5 years; and 5) are
currently enrolled in a healthcare coverage or financial assistance plan accepted by Harris Health
(Medicaid/Medicare, homeless grants, family planning grants, women’s health grants, Breast Cervical Cancer
Screening (BCCS) grants, private insurance, and veterans’ health plans). A 6-month grace period was added to
the recommended screening intervals of three and five years for Pap and Pap/HPV co-testing, respectively, to
allow time for women to respond to opportunistic usual care strategies.
Once initial qualifications are assessed, data of potentially eligible women are extracted from the EMR and
transferred to REDCap electronic data capture tools hosted at Baylor College of Medicine (47, 48). REDCap
(Research Electronic Data Capture) is a secure, web-based software platform designed to support data capture
for research studies, providing 1) an intuitive interface for validated data capture; 2) audit trails for tracking data
manipulation and export procedures; 3) automated export procedures for seamless data downloads to common
statistical packages; and 4) procedures for data integration and interoperability with external sources. Exclusion
criteria are then assessed for potential participants based on a review of their EMR. Potential participants are
excluded if they 1) lack telephone contact information in their EMR; 2) are not currently enrolled in a healthcare
coverage plan accepted by Harris Health (re-assessed using financial assistance database and EMR); 3) have a
named primary care provider outside the health system documented in their EMR (as this usually indicates
referral to the health system for specialty care); or 4) have a history of cervical dysplasia in the past 3.5 years.
Women who meet the eligibility criteria are contacted by telephone. Participants who are not reached on first
attempt are contacted on three different days at three different times before being classified as unreachable. At
the time of the telephone call, additional exclusion criteria are assessed. Specifically, women are excluded if 1)
they or a proxy are unable to communicate in English or Spanish; 2) report that they are currently pregnant.
Once patient-reported exclusion criteria are assessed during the initial part of the phone call, a computergenerated randomization scheme in REDCap is used to randomly assign women who meet the eligibility criteria
to the three trial arms.
Study Arms and Interventions
Due to the transitory nature of our patient population, we decided that eligibility should be contingent on
verification that participants can be reached by telephone and that they have a correct address on file. Thus, the
control arm involves an initial telephone encounter to recall the participant to clinic-based screening rather than
“usual care” which would rely only on opportunistic screening at clinics. The intervention arms incrementally add
the intervention and implementation strategy (Table 1).
Telephone recall (all arms). Participants receive a scripted telephone recall from a trained patient navigator.
Patient navigators state that they are calling on behalf of Harris Health, inform participants that their records
indicate that they are overdue for a Pap test, instruct them to call the scheduling department to make an
appointment, and provide them the scheduling department’s telephone number.
Mailed HPV self-sampling kit (arms 2 and 3). During the telephone recall encounter, patient navigators
inform participants that they will receive a self-sampling kit in the mail. Patient navigators confirm the
participants’ addresses and mail them a kit via US postal service.
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HPV self-sampling kits. Each HPV sampling kit consists of a commercially available cervical specimen collection
kit (Aptima Cervical Specimen Collection and Transport Kit) along with instructions and materials that can be
used to return completed kits. The Aptima kit consists of an individually wrapped cervical swab and a vial of
Aptima Specimen Transport Medium. The kit is accompanied by a letter on behalf of health system medical
leadership inviting potential subjects to participate in self-sample HPV testing as part of a research study a
brochure that instructs subjects on self-sampling and specimen collection; a research information sheet
providing additional information about PRESTIS; and a pre-paid, return-addressed padded envelope. The
introductory letter informs participants that national and local cervical cancer screening guidelines recommend
cervicovaginal screening every 3 years or a combination of traditional cytology and HR-HPV co-testing every 5
years. The letter then indicates that, as an alternative to a Pap test, recipients can complete and return the
enclosed self-sampling kit within four weeks. The additional research information sheet further describes the
PRESTIS’s purpose, procedures, the voluntary nature of participation, potential risks and benefits, and
protections for subject privacy and confidentiality. It also provides the telephone number where subjects can call
to schedule an appointment to be screened for cervical cancer at an established Harris Health community health
center if traditional screening if preferred by recipients. The instructional brochure that accompanies the test kit
provides illustrated, step-by-step instructions in English and Spanish and is written for comprehension at a
fourth-grade reading level.
Return of kits. The instructional brochure indicates that completed kits can be returned to Harris Health via the
U.S. Postal Service using the pre-paid, return-addressed envelopes that accompany each kit or by physically
returning the completed kit to a labeled laboratory drop box at an established Harris Health clinic. As mentioned,
the latter option was included to mimic procedures used for mailed Fecal Immunochemical Test (FIT) kits for
colorectal cancer screening that may already be familiar to some participants. It also reflects the observation
that many patients opt to return their pre-paid, return-addressed FIT kit in person rather than by mail.
Reminder call. Participants who have not returned a kit within three weeks of the telephone recall receive up to
three telephone reminders.
Laboratory testing for HR-HPV using self-sampling kits. Laboratory testing is conducted in the CLIA-certified
central health system laboratory. HPV testing is conducted using the Aptima® HPV test (Hologic) per the
manufacturer’s instructions on approved hardware compatible with this testing platform. Harris Health uses the
Aptima testing platform for standard of care clinical HPV testing throughout its outpatient clinics. Aptima is an
mRNA test that detects 14 high-risk HPV genotypes, including HPV-16 and -18. Per local and national standard of
care, HR-HPV-positive samples are reflexively tested specifically for HPV-16 and -18/45, the genotypes
associated with ~70% of invasive cervical cancers worldwide (49). This two-tier strategy is used to improve risk
stratification and determine the appropriate algorithm for subsequent clinical evaluation. Upon completion of
HR-HPV testing, clinical results are interpreted as 1) HR-HPV negative, 2) HR-HPV positive and HPV 16/18/45
negative; 3) HR-HPV positive and HPV 16/18/45 positive; or 4) inadequate due to unsatisfactory sample. For the
purposes of PRESTIS, sampling kits that are returned >30 days after the mail date are categorized as clinically
inadequate.
Management of test results. HR-HPV test results are reviewed by the study’s clinical co-investigator (EYC) prior
to notification of results. Notification of results to participants is conducted by the patient navigators, who
contact participants by telephone within 10 days of the laboratory’s receipt of the sample. Participants who are
unreachable after three telephone attempts on different days/times are mailed their results by certified mail. HRHPV test results are documented in the patients’ EMR under a research note and in the scanned media tab.
Result notification and clinical follow-up procedures are as follows:
HR-HPV negative. Participants with HR-HPV negative self-test results are informed that no high-risk HPV
strains were detected in their sample. They are also informed that because HR-HPV self-sampling is not
currently approved for primary screening, they should attend for clinic-based screening within the next
12 months.
HR-HPV positive (HR-HPV-16, -18/45 negative). Participants who test positive for HR-HPV but test
negative for HR-HPV-16 or -18/45 are informed of their results and that additional clinical evaluation is
recommended. While on the telephone with the patient, patient navigators are able to directly book
8

appointments for clinic-based evaluation by Pap/HR-HPV co-testing at Harris Health primary care clinic
locations.
HR-HPV-16, -18/45 positive. Women who test positive for HR-HPV-16, -18/45 are informed of their results
and that additional clinical evaluation is recommended. Patient navigators contact one of Harris Health
colposcopy clinics to request an appointment for colposcopy.
Clinically Inadequate Specimen: Women whose samples are deemed clinically inadequate (due to
unsatisfactory sampling or kit returned after >30 days) are informed of the results and that they should
attend for clinic-based screening. While on the telephone with the patient, patient navigators are able to
directly book appointments for clinic-based screening at Harris Health primary care clinic locations.
Patient navigation (arm 3 only). Within 3-5 days of the kit’s mail-out, participants in arm 3 receive a telephone
call from a PRESTIS patient navigator. The primary purpose of this call is to provide one-on-one education in
three overlapping domains: 1) information on the nature and purpose of cervical cancer screening and the
causative role of HR-HPV; 2) the ability to complete screening through a clinic-based Pap test or through selfsample HPV testing using the kit; and 3) instruction on how to use and return the completed kit. This call also
provides an opportunity for the patient navigator to answer questions and address concerns.
Surveys and Semi-Structured Interviews
Using a factorial design, a random sample of participants in Arms 2 and 3 (self-sample HPV testing kit with
patient navigation who do and do not return their self-sampling kit and who do not test positive for HPV) are
invited to participate in a telephone survey. The survey is designed to identify attitudes and experiences toward
cervical cancer screening, self-sampling, and patient navigation. Different versions of the questionnaire are used
for kit returners and non-returners and for those who did/did not receive patient navigation. Additionally, a
purposively selected subset of participants from Arms 2 and 3 who test positive for HR-HPV (n=30) will be
invited to participate in semi-structured telephone interviews within 6 months of their test results. The telephone
interview will assess women’s perspectives of an HR-HPV positive test and their experiences attending (or not
attending) for clinical follow-up. Participation in the telephone survey requires verbal informed consent and
participants are mailed a gift card incentive ($20 and $25 for survey and in-depth interview participants,
respectively).
Microcosting
To assess direct health-related and unrelated implementation costs necessary for evaluating cost-effectiveness,
we are using a micro-costing approach that allows for precise estimation of economic costs associated with
health intervention. In particular, we will utilize a direct measure method of micro-costing that involves tracking
resource use and enumeration of the unit costs of each of those resources to precisely estimate the cumulative
costs associated with each intervention arm (50). The objective of this assessment will be to determine the costs
of implementing each intervention, where we will consider cost components including training staff, identifying
and contacting eligible women, and delivering the intervention. A cost tracking database is being used to
itemize, quantify, and value self-sampling kit supplies, mailing costs, and laboratory testing.
Outcomes Measures
Clinical Effectiveness Outcomes
Primary outcome. The primary outcome is screening participation, defined as completion and return of a mailed
self-sample HPV testing kit that is adequate for testing (i.e., does not produce unsatisfactory results) or
attendance for clinic-based screening within six months of randomization. Screening participation, and other
clinical effectiveness outcomes, will be ascertained by research coordinators who are not involved in the delivery
of the intervention. Receipt of adequate mailed self-sample HPV testing kits will be ascertained by reviewing
project and lab records. Attendance for clinic-based screening will be ascertained based on a review of the EMR.
Participants in all arms who have no documented completion of a screening test within 6 months of
randomization will be contacted by the patient navigators via telephone to assess whether screening was
performed elsewhere. Authorization of disclosure of medical information will be requested and, if granted, the
outside provider will be contacted to validate the self-report. Primary screening participation is categorized as
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screened, unscreened, and lost-to-follow-up. Returned kits with inadequate samples are classified as
unscreened; Pap tests done elsewhere are categorized as screened once confirmed by the outside provider;
participants who we are unable to reach by telephone after five attempts are classified as lost-to-follow-up.
Secondary outcomes include screening test results (positive, negative, or inadequate) and completion of clinical
follow-up among women with an abnormal screening test result (attended, did not attend). Screening test results
will be ascertained within six months of randomization, based on EMR review and laboratory results. Completion
of clinical follow-up is ascertained by EMR review within six months of the date of the screening test result.
Completion of clinical follow-up is defined as attendance for colposcopy among participants who had a positive
test by clinic-based screening and attendance for colposcopy or subsequent clinic-based screening among those
who had a positive test by self-sampling. Additional exploratory outcomes are the detection and treatment of
cervical precancers (i.e., histologically-confirmed cervical intraepithelial neoplasia grade II or greater [CIN2+]).
Precancers will be ascertained by EMR review within six months of abnormal screening results and treatment as
per ASCCP guidelines will be ascertained within six months of the date of diagnosis.
Implementation Outcomes
RE-AIM-informed implementation outcomes of the PRESTIS trial and their assessment methods are described in
Table 2. Reach of the intervention will be measured through enrollment patterns in the recruitment log as well as
patient flow through the protocol to assess the impact of specific eligibility criteria. Traditional RCT analyses,
using an intent-to-screen approach, will be used to assess the effectiveness of the intervention and the
implementation strategy. Sociodemographic, health, and healthcare utilization characteristics of women who
complete primary screening will be described and compared across screening test modality to assess patterns of
screening test utilization. Women’s experiences and attitudes toward self-sample HPV testing, follow-up of HRHPV positive test results, and how they are mediated by patient navigation, will be assessed using a survey and
in-depth qualitative interviews among a subset of participants. Fidelity to the planned intervention, as well as
adaptations made prior to and potentially during implementation, are being documented through detailed
project notes and study timeline. The cost-effectiveness of the interventions (informed by costs and
effectiveness data from the trial) will be evaluated using a disease microsimulation model. The model will first
simulate cervical cancer natural history from the acquisition of HR-HPV infection to its potential persistence and
progression to cervical cancer (51-53). The outcomes of implementing the interventions will then be overlaid on
the model to determine how longitudinal outcomes of these strategies (including lifetime costs, survival, and
quality of life) vary at different levels of participation and willingness-to-pay thresholds.
Data Management and Statistical Analysis
Data management. Trial data are managed using REDCap and OnCore (Forte Research Systems, Madison, WI).
Data of patients meeting the initial eligibility criteria are extracted from the EMR and transferred to REDCap for
assessment of exclusion criteria initially based on EMR data, followed by the assessment of patient-reported
exclusion criteria by telephone. Once exclusion criteria have been assessed, a computer-generated permutated
block randomization scheme in REDCap is used to randomly assign women who meet the eligibility criteria to
the three trial arms with a 1:1:1 ratio using participants’ medical record number. Randomized women are
entered into OnCore and receive a study-specific identification number.
Statistical analysis. All primary and secondary outcome measures will be analyzed using an “intent-to-screen”
approach. Bivariable tables and Pearson’s χ2 tests will be used to compare the proportion of outcomes by study
arm, as well as the absolute difference across arms. Log binomial regression will be used to calculate the relative
risks of outcomes and corresponding 95% confidence intervals (CIs).
Sample Size. Sample size was calculated based on the primary outcome of primary screening completion.
These calculations relied on assumptions of clinical performance based on a system review of the relevant
literature. We estimated that mailed self-sample HPV testing would be associated with a 12% improvement over
standard recall for completion of primary screening (54, 55), with the proportion of participants who complete
self-sampling ranging from 10-39% (56, 57). To err conservatively and ensure adequate study power, we based
our calculations on the assumption that 24% of screening non-attendees will complete mailed self-sample HPV
10

testing compared to 18% anticipated to attend for clinic-based Pap testing after being recalled (45). With 756
participants in each study arm and a total of 2,268 participants in the trial (nQueryAdvisor version 7.0), we
anticipate our ability to detect the indicated differences in proportions between any two groups. Calculations
specified a two-sided alpha of 0.05.
Data Safety and Monitoring
Trial safety is actively monitored by the Protocol Review and Monitoring Committee (PRMC) of the Dan L Duncan
Comprehensive Cancer Center (Baylor College of Medicine). The PRMC monitors study progress and enrollment,
adverse events, and data soundness. The trial was considered minimal risk by the reviewing IRB. Potential
adverse events of self-sampling are comparable to those of routine clinic-based screening. Potential adverse
events include pain, discomfort, and/or light bleeding. On the research information sheet included in the mailed
box, participants are asked to self-report adverse events they experience by calling the study telephone number.
All participant-reported adverse events will be documented in OnCore. Any serious adverse events will then be
reported by the study team to the IRB.
Discussion
Reducing disparities in screening coverage is critical for eliminating the global burden of cervical cancer (58). As
a health intervention, self-sample HPV testing offers enormous promise for reducing screening disparities.
Cervical self-sampling has been previously shown in numerous national and international studies to increase
rates of participation in cervical cancer screening programs among otherwise underscreened women (13–23).
However, as with most evidence-based interventions, implementation requires thoughtful planning, deployment,
and evaluation of the strategies used to support intervention adoption, delivery, and sustainability (59). In safety
net health systems that serve medically underserved, predominantly racial/ethnic minority women, we
hypothesize that patient-centered delivery systems, namely patient navigation, are important for increasing
reach and response to the mailed intervention. Telephone-based patient navigation provides a mechanism to
motivate women and address knowledge gaps and personal and cultural barriers to self-sampling (36). Using a
Type 2 hybrid design, the PRESTIS trial will simultaneously evaluate the effectiveness of a mailed self-sample
HPV testing as well as elucidate patient navigation as an implementation strategy to optimize its reach and
response. Additionally, the trial will evaluate important implementation outcomes informed by the RE-AIM
evaluation framework (41), including fidelity and adaptations made to the designed intervention. Surveys and indepth interviews will assess acceptability and experiences among participants, a key consideration influencing
the maintenance and sustainability of self-sample HPV testing as a usual care screening strategy for
underscreened women. Finally, mathematical modelling will elucidate the cost-effectiveness of the intervention,
a key consideration for health system decision-makers.
The main strength of PRESTIS lies in its pragmatic design, which allows for streamlined translation of research
into practice. Using PRECIS-2 (43), pragmatic design decisions were incorporated along nine domains in the
tool’s pragmatic trial framework. With regard to participant eligibility and recruitment, we established broad
criteria to mirror criteria that would be used to determine eligibility for the interventions being studied were
adopted into practice. To facilitate this goal, we sought and obtained a waiver of informed consent to identify
and randomize eligible women from EMR data, as well as a waiver of documentation of informed consent for
women to utilize the mailed kit (using a research information letter in lieu of a formal informed consent form).
Substantial effort was made to integrate the delivery of the intervention into the healthcare system, including
use of health system patient navigators to deliver the intervention, notify patients of results, and navigate them
for clinical follow-up; using the health system laboratory for testing samples and processing results; and
management of results follow-up by primary care providers. Clinical effectiveness outcomes will be analyzed
using an intent-to-treat approach.
Despite major efforts to situate the trial in a real-world setting, certain design decisions should be considered
when interpreting the trial’s results. Because safety net systems are used to varying extent by population, we
instituted eligibility and exclusion criteria to minimize the inclusion of women who use the health system for
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emergency, inpatient-only, and specialty care but otherwise largely receive their primary care elsewhere.
Specifically, we limited inclusion to women who had visited a primary care clinic at least twice over the past five
years and excluded women who had a documented primary care provider outside of the health system. Our
criteria for defining under-screened women included a six month “grace period” to allow for usual care
interventions to be completed (i.e., flagging for past-due screening at primary care appointments, patient
education) and activate women to obtain clinic-based screening. Thus, women only become eligible to
participate in the trial once usual care activation interventions fail. While these criteria limit the numbers of
Harris Health patients potentially eligible to participate in PRESTIS, it is likely that similar design decisions would
be made if mailed self-sampling kits were implemented as a health system strategy. A couple of design decisions
deviate from the original trial design. Direct return of kits to the laboratory was planned but later opted against
due to the potential for misplacement of specimens coming into the high-volume, centralized laboratory. Kits
instead are mailed to the patient navigation team, checked in, and then routed to the laboratory for testing.
Direct posting of test results by the laboratory to the EMR was also planned but later opted against due to health
system concerns over the posting of non-standard-of-care test results. Test results are instead documented as a
research note, precluding our ability to determine clinical effectiveness outcomes entirely by passive review.
Finally, women’s decision to utilize the self-sampling kits may be influenced by the fact that they are delivered
as part of a research study. We plan to elucidate the impact of this barrier in the participant surveys.
In conclusion, the broad purpose of the PRESTIS trial is to evaluate a pragmatic model for the integration of selfsample HPV testing in safety net health systems. To our knowledge, the trial is the first to be embedded in a U.S.
safety net health system, an important setting considering that safety net health systems care for large
numbers of the medically underserved, racial/ethnic minority women (30) at greatest risk of cervical cancer (31,
33). We expect trial findings to provide meaningful data to inform the equitable delivery of screening in order to
realize the global goal of eliminating cervical cancer.
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Tables
Table 1. Arm-specific interventions and implementation strategies

Interventions/Implementation Strategies*
Telephone recall
Mailed HPV selfPatient Navigatio
sampling kit
X
X
X
X
X
X

Study Arm
Arm 1 (Enhanced usual care control)
Arm 2 (Intervention)
Arm 3 (Intervention + Implementation strategy

*X indicates activities incorporated into each arm of the trial

Table 2. RE-AIM-informed implementation outcomes of the PRESTIS trial and their assessment methods.
Assessment

Assessment method

RE-AIM Domain

Patient flow through protocol

RCT data

Reach

Enrollment patterns

Recruitment log

Reach

Clinical effectiveness

RCT data, intent-to-treat analyses

Effectiveness

Characteristics of women who complete
primary screening, by screening test
modality

RCT data, intent-to-treat analyses

Adoption, Implementation

Acceptability

Survey

Adoption, Implementation

Experiences

Survey, in-depth interviews

Implementation

Fidelity/adaptations

Project notes

Implementation

Cost-effectiveness

Micro-costing, microsimulation model

Maintenance

Figures
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Figure 1
Hybrid effectiveness implementation trials
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Figure 2
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Design of the PRESTIS (Prospective Evaluation of Self-Testing to Increase Screening) trial.
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