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ABSTRACT
Background: Human papillomavirus (HPV) is the most common sexually transmitted infection
(STI) in the United States, and high-risk HPV (hr-HPV) is the cause of nearly all cervical cancers.
Female-to-male transmasculine (TM) patients, who identify with a gender different from their
female sex assigned at birth, have low uptake of screening for STIs and cervical cancer via
Papanicolaou (Pap) tests. Self-collection methods for hr-HPV DNA and STI detection may
increase TM patient engagement and reduce disparities in screening rates.
Objectives: To assess the performance characteristics and acceptability of self-collected
frontal/vaginal specimens compared with provider-collected cervical swabs for hr-HPV DNA and
other STI detection among TM individuals.
Methods: This cross-sectional study enrolled 150 TM participants with a cervix, aged 21-64
years (mean age, 27.5 years), between March 2015 and September 2016. Participants
completed a 1-time study visit comprising a self-report survey, self-collected frontal/vaginal hrHPV DNA and Neisseria gonorrhoeae and chlamydia trachomatis (GC/CT) swabs, and providercollected frontal/vaginal GC/CT and cervical hr-HPV swabs. Participants were randomized to
complete either self- or provider collection first to minimize ordering effects. We tested selfand provider-collected samples for 13 hr-HPV DNA types using a DNA hybridization assay;
provider-collected cervical sample also underwent cytologic review. The primary outcome
variable was the concordance (κ statistic) and performance (sensitivity and specificity) of selfvs provider-collected cervical hr-HPV swabs (gold standard). We conducted a qualitative
interview to gather acceptability data of screening methods.
We conducted national online focus groups with patients (4 groups, n = 27), providers (2
groups, n = 14), and stakeholders (2 groups, n = 10) to explore potential acceptability of
methods in different geographic regions and contexts. Of the 150 participants enrolled, 10 did
not complete both the self- and provider-collected specimens, and 9 of the provider samples
could not be assayed due to low cellular content, resulting in an analytic sample of n = 131.
Results: Of 131 participants completing both self- and provider-collected hr-HPV tests, we
detected 21 cases of hr-HPV by provider cervical swab (gold standard; 16.0% hr-HPV
prevalence); 15 of these cases were accurately detected by the self-collected frontal/vaginal
swab (71.4% concordance) (κ = 0.75; 95% CI, 0.59-0.92; P < .001). Compared with the gold
standard, the self-collected frontal/vaginal hr-HPV DNA test demonstrated a sensitivity of
71.4% (95% CI, 0.52-0.91; P = .0495) and specificity of 98.2% (95% CI, 0.96-1.00; P < .0001). The
likelihood ratio of a positive test was 39.29, while the likelihood ratio of a negative test was
0.29. No participants tested positive for chlamydia or gonorrhea via self- or provider swabs. We
also detected 1 new case of syphilis and 2 new cases of bacterial vaginosis (a vaginal infection).
The aggregated lifetime prevalence (self-reported) of other STIs was 16.0% (n = 24). The selfcollected frontal/vaginal hr-HPV swab was highly acceptable to TM individuals; more than 90%
endorsed a preference for this method over provider-collected cervical swab. Of online focus
group participants, 62.5% preferred the idea of self- over provider collection methods.
4

Conclusions: Self-collected frontal/vaginal swabs are highly acceptable to test for hr-HPV in TM
individuals and have performance characteristics consistent with previous studies in cisgender
women whose gender and sex at birth are concordant. This screening method may represent a
reasonable, patient-centered alternative for first-line cervical cancer screening in TM patients
unwilling or unable to have a cervical Pap or hr-HPV test.
Limitations and Subpopulation Considerations: Most sexually active individuals will get HPV at
some point in their lives; most HPV infections will clear on their own, particularly for younger
individuals (ie, aged 21-29 years). Overscreening and overdiagnosis are therefore concerns for
hr-HPV testing as a primary screening approach. Additional research is needed to identify and
validate an optimal follow-up algorithm for primary hr-HPV screening, including for younger age
groups.
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BACKGROUND
Sexually transmitted infections (STIs) lead to significant morbidity and mortality in US
natal females, with 10 million incident STIs diagnosed annually.1-3 Human papillomavirus (HPV)
is the most common STI in the United States, with an estimated prevalence of 23%.4 High-risk
HPV (hr-HPV) infection is the cause of virtually all cervical cancers,5 with approximately 12 000
cervical cancer diagnoses occurring per year in the United States.6 Screening can detect cervical
precancers, and treatment can prevent these from progressing to cancer. Regardless of HPV
vaccination status, current US guidelines for cervical cancer screening recommend
Papanicolaou (Pap) testing every 3 years for individuals aged 21 to 65 years who have a cervix,
with the option of cotesting for hr-HPV for those aged 30-65 years, which extends the screening
interval to 5 years.7,8 Screening for other STIs (HIV, syphilis, gonorrhea, chlamydia,
trichomoniasis) is also recommended for all patients who engage in high-risk sexual behaviors
such as condomless vaginal or anal sex.4 Testing for hr-HPV is increasingly being seen as an
alternative to cervical cytology as a first-line approach to cervical cancer screening that has the
potential to further reduce morbidity and mortality of cervical cancer in the United States.9 It is
critical to identify individuals who are either unscreened or underscreened to optimize the
benefits of population screening.
FTM transmasculine (TM) patients—individuals who were assigned a female sex at birth
and identify as man, male, or another diverse nonbinary gender identity on the masculine
spectrum—need to undergo cervical cancer screening if they retain their natal anatomical
structures (eg, cervix).10 Routine screening for other STIs is also recommended.11 In a
retrospective chart review study of 350 TM patients with a cervix, more than 1 in 3 (36%) were
not up to date on cervical cancer screening.12 Compared with cisgender female patients served
at the same facility, TM patients evinced disparities in screening such that TM patients had
lower uptake of physician-administered Pap tests for cervical cancer screening. It is likely that
this research underestimates the low rates of Pap test uptake in TM patients, given that the
sample was drawn from a health center specialized in providing care to lesbian, gay, bisexual,
and transgender (LGBT) people and that approximately 25% of transgender individuals avoid
6

preventive health care due to perceived discrimination or fear of mistreatment due to
transgender status.13
Pap tests and pelvic exams can be particularly difficult for TM individuals,14 and many
TM patients who undergo cervical cancer screening via a Pap test report high levels of gender
dysphoria and distress.15 Personal and interpersonal factors, such as the gendered nature of
testing (eg, gendered waiting rooms with predominantly cisgender women and stereotypically
female decor and materials, anatomical terminology, misgendering or use of incorrect
pronouns), genital dysphoria, concerns about provider discrimination (eg, refusal of care) and
provider insensitivity, and a history of trauma, can contribute to the emotional discomfort of
testing and can act as barriers to sexual health screening.16-22 Long-term testosterone use for
masculinization can also cause genital atrophy,20,22 making pelvic exams physically painful and
increasing discomfort due to the use of a speculum to visualize the cervix in a provider exam.
Finally, structural barriers can prevent access to services, such as lack of health
insurance or noncoverage of natal sex preventive services.15 These reasons, among others, can
lead to the avoidance of cervical cancer screenings by TM individuals and contribute to
disparities in uptake of cervical cancer screening according to recommended US guidelines.7
Testing for hr-HPV has been approved by the US Food and Drug Administration as an
alternative to cervical cytology for primary cervical cancer screening in the United States, and
may be an important patient-centered tool for increasing screening uptake among TM
populations.9 Our team conducted a series of formative in-depth qualitative interviews to learn
more about perceived barriers and facilitators to cervical cancer screening among TM patients.
TM patients expressed high levels of interest in alternative cervical cancer screening techniques
that would help them to feel more in control of their bodies.23 When asked about self-collected
swabs for HPV testing as a primary screening method for cervical cancer, the vast majority
(94%) were enthusiastic about having self-swabs as a more comfortable and “less invasive”
option than a provider exam.
Prior studies examining the use of self-collected swabs for hr-HPV testing among
cisgender (nontransgender) women have shown high rates of concordance with provider7

collected cervical swabs for HPV DNA testing,24 and have demonstrated that self-swabbing is
both sensitive and specific at detecting potentially cancerous cellular changes on the cervix.25-27
In a 2005 meta-analysis, 6 studies in which cisgender female patients used Dacron or cotton
swabs or cytobrushes to obtain self-collected samples by inserting a swab into the vagina (not
by visualizing the cervix and getting a cervical specimen) were pooled and had an overall
sensitivity of 74% (95% CI, 0.61-0.84) and specificity of 88% (95% CI, 0.83-0.92).28 In a large
clinical trial with thousands of cisgender women, provider-collected HPV DNA testing as a
primary screening strategy for cervical cancer had superior sensitivity compared with a Pap test
alone or Pap test with simultaneous provider-collected HPV testing.29 Other studies have also
found primary hr-HPV screening for cervical cancer to be highly acceptable for cisgender
women and to increase screening rates in underscreened populations.30,31
To our knowledge, there are no published studies gathering immediate feedback of the
acceptability of self- vs provider-collected swabs for hr-HPV testing in TM patients. In addition,
we were not able to identify any studies that report laboratory-confirmed prevalence estimates
of hr-HPV infection in TM individuals. There is also a dearth of data on the prevalence of other
STIs among the TM population, and on self-swab practices for STI screening. The current
research sought to fill these gaps. The purpose of this mixed methods biobehavioral study was
to assess the clinical performance and acceptability of self-collected frontal/vaginal sampling in
comparison with provider-collected cervical specimen collection for HPV DNA detection and to
assess the prevalence of other STIs among sexually active TM adults.
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PARTICIPATION OF PATIENTS AND OTHER STAKEHOLDERS
A study-specific task force of TM patients, providers, and stakeholders was convened in
December 2014, and remained actively engaged throughout the course of the study. The task
force comprised 10 members (3 patients, 3 stakeholders, 4 providers), 60% of whom were TM
individuals (see Table 1 for a roster of task force members). We recruited members via referrals
from the Fenway Institute staff and other TM community members. The task force met every
other month (6 times per year) either in person or via videoconference using Zoom. Meetings
were patient-only, provider-only, or combined, depending on the pertinent areas of input
needed by the research team. We did this to ensure balance of perspectives; by creating space
for each group to discuss the issues specific to their representative group, groups could achieve
consensus before a larger discussion considering all patient, stakeholder, and provider groups.
All task force members agrees to this alternating meeting structure. We utilized a philosophy
incorporating community-based participatory research principles (transparency, accountability)
for patient and other stakeholder engagement. The principal investigator refers to this as a
“participatory population perspective” whereby the study team worked “with” not “on”
communities of patients, stakeholders, and providers to conduct the project in order to
maximize future impact of the research process and findings.32
The task force proved instrumental to the overall successful conduct of the study, from
assisting investigators with development of the study protocol and piloting data collection
instruments to spearheading the design and development of patient-centered dissemination
materials. As representatives of the patient population of interest, task force patient members
focused on providing specific input on measuring outcomes that other TM patients would care
about; for example, shaping the qualitative interview instrument for gathering acceptability
data about self- vs provider specimen collection. During study startup and protocol
development, task force members were particularly helpful in ensuring the patient
centeredness and cultural sensitivity of the study design and materials. For example, per
feedback from patient task force members, we reduced the original proposed number of selfcollected swabs from 5 to 3, as patients felt that asking participants to self-collect 5 swabs was
9

an undue burden and increased the likelihood of causing confusion when collecting and
packaging samples. Members also assisted with the development of study materials, including
(1) a stakeholder member with HPV expertise developed an infographic for participants that
helps clearly explain the concept of “overscreening” during the informed consent process; (2)
the task force modified the self-swab collection instruction sheet to include gender-affirming
language and images and ensure that instructions were clear to participants; (3) 2 patients and
2 stakeholders pilot-tested the programmed quantitative assessment and provided extensive
feedback; and (4) 2 patient members of the task force volunteered to take part in a community
photo shoot to ensure recruitment images used on flyers and social media were inclusive of
people of different races, gender identities, and ages. Provider task force members gave
additional scientific and clinical oversight to study investigators, and aided in ensuring rigorous
scientific methodology such as proposing the use of a large cotton swab upon speculum
removal to remove excess lubricant that may interfere with subsequent self-collection
specimens.
Table 1. Roster of Study-Specific Task Force Members
Name

Vocation/organization/affiliation

Task force role

TM?

TreAndre Valentine
(task force cochair)

Community activist

Patient

Yes

Landen Motyka

Chair, Massachusetts Commission on LGBT Youth

Patient

Yes

Thomas Lewis

Community activist

Patient

Yes

Mason Dunn

Executive director, Massachusetts Transgender
Political Coalition

Stakeholder

Yes

Ruben Hopwood, MDiv,
PhD

Coordinator, Transgender Health Program at
Fenway Health

Stakeholder

Yes

Van Bailey, EdD

Director, Office of BGLTQ Student Life at Harvard
University

Stakeholder

Yes

Elizabeth Boskey, PhD

Licensed certified social worker (independent)

Provider

No

Julie Thompson, PA-C

Physician assistant and co–medical director for
transgender health at Fenway Health

Provider

No

Yvonne Gomez-Carrion,
MD

Gynecologist, Beth Israel Deaconess Hospital

Provider

No

Joshua Safer, MD FACP

Endocrinologist, Boston Medical Center

Provider

No

Abbreviations: BGLTQ, bisexual, gay, lesbian, transgender, queer, and questioning; LGBT, lesbian, gay, bisexual,
and transgender; TM, transmasculine.
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Beyond study design and protocol development, the task force provided the study team
with ongoing consultation on community engagement and study recruitment, and helped
create materials for study dissemination. A task force member assisted with the planning and
execution of multiple engagement events, including creating a successful partnership with a
Pride organization for Haitian and Pacific Islander communities to host a discussion on
transmasculinity in communities of color. Regarding community deliverables, the task force
conceived, designed, and successfully executed the Trans & Gender Non-Conforming Card,
which provides TM patients a safe way to disclose their identity and orientation to medical
providers in the context of a clinical encounter. Members also provided substantial feedback on
the Community Report that details the main study findings in lay terms for nonresearchers or
nonclinicians and the implications for TM patient care.
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METHODS
Study Design
Between March 2015 and September 2016, this observational cross-sectional mixed
methods biobehavioral study enrolled 150 TM individuals aged 21-64 years in Boston,
Massachusetts, to assess the performance characteristics and acceptability of self-collected
frontal/vaginal specimens in comparison with provider-collected cervical swabs for hr-HPV DNA
and other STI detection. We sought to determine acceptability of, as well as collect
epidemiologic data on, the comparative performance characteristics of several biological
preventive sexual health screening modalities in this patient population. Patients and
stakeholders were key partners throughout the project and were involved in all phases of study
development, implementation, and plans for dissemination. We selected this study design to be
maximally responsive to TM patient needs and ensure broad participation from the patient
population.
We randomized the order of self- vs provider-collected swabs for hr-HPV and STI testing
to minimize ordering effects; individual randomization of patients to a particular intervention
condition would not have been feasible or ethical given the imperative that TM patients be
screened for cervical cancer and other STIs. Additionally, we conducted a series of
asynchronous, online focus groups (FGs) with a national sample of TM patients (4 groups, n =
27), providers who serve TM patients (2 groups, n = 14), and personal and professional
stakeholders (2 groups, n = 10) between September 2015 and February 2016 to gather
information on barriers and facilitators to accessing sexual health care for TM patients,
perceptions of different screening techniques (ie, self- vs provider collection), needed
resources, and ideas for dissemination of findings in diverse geographic locales. Online FGs
were conducted via FocusGroupIt software using an asynchronous method. We selected the
asynchronous method for this study and the target study population for multiple reasons: (1) It
facilitated the engagement of a larger national sample of TM patients, providers, and
stakeholders, rather than just those in the greater Boston area; (2) the asynchronicity of the
groups meant that all participants did not have to be online at the same time, which afforded
12

more flexibility in terms of scheduling, gave participants more time to respond to prompts, and
minimized overlap of dialogue; and (3) participants were afforded a greater degree of
anonymity than in traditional, in-person FGs that use synchronous data capture, since no live
face-to-face interaction took place.

Forming the Study Sample
We recruited potential participants for the in-person clinical visit through a variety of
convenience sampling methods, including recruitment flyers posted at clinical care sites and
facilitated referrals from medical providers and clinical staff. We also recruited potential clinical
visit and FG participants via outreach to local organizations and venues frequented by members
of the TM community; study information shared through social media, transgender websites,
and email listserv posts; and peer-to-peer word of mouth referrals. Potentially interested
individuals contacted study staff, who administered a brief screening survey in person or on the
phone before enrollment.
Participants were eligible to participate in the clinical study visit if they met the
following criteria: (1) aged 21 to 64 years, (2) assigned a female sex at birth and now identify on
the female-to-male continuum, (3) having a cervix, (4) sexually active within the past 3 years
(sexual partner[s] of any gender), (5) able to speak and understand English, and (6) willing and
able to provide informed consent. Prior and/or recent HPV vaccination was not grounds for
exclusion from the study.
To participate in online FGs, all participants had to be aged 18 years or older, able to
speak and understand English, able to access the internet, and willing and able to provide
informed consent. We stratified interested participants into the following groups if they met
the requisite additional criteria (Figure 1):
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Figure 1. Diagram of Stratification of National Online Focus Groups

TM Patients
Assigned a female sex at birth and now identify on the female-to-male continuum. We
further stratified TM patients based on age (<30 years old, ≥30 years old) and Pap test
utilization (up-to-date or not up-to-date). (Note: “Up-to-date” was operationalized as having
received a Pap test within 3 years before eligibility screening.) Providers: Had conducted a least
1 Pap test ever on a TM patient.

Stakeholders
Had contact with TM patients (including friends, family, partner, allies, or activists);
worked within health care delivery systems that serve TMs; or participated in TM research,
education, policy, or advocacy. We further stratified stakeholders based on their stake into 1 of
2 categories: (1) “professional stakeholders” such as mental health professionals, surgeons,
researchers, and policymakers; or (2) “personal stakeholders” such as family, friends, and
partners.
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Study Setting
The Trans Masculine Sexual Health Collaborative conducted the study at Fenway Health.
Fenway Health is a federally qualified community health center that serves the LGBT
community in Boston, Massachusetts, and is a national leader in transgender public health
clinical care and research.33 In 2013, Fenway Health had approximately 650 TM patients in
medical care; by 2016, that number had increased to more than 950 TM patients. All study
activities were approved by the Fenway Health IRB (application ID: FWA00000145).

Interventions
All in-person clinical visit participants completed a 1-time visit that included selfcollected frontal/vaginal specimens and provider-collected cervical specimens for hr-HPV DNA
and STI testing (see Data Collection and Sources below). Participants were randomized to
complete either self- or provider-collected swabs first in order to minimize ordering effects.
Randomizing the order of self- or provider specimen collection was deemed appropriate and
acceptable by TM patients in the task force, and also improved the methodological rigor of the
study design. Individual randomization of patients to 1 particular intervention condition or
another would not have been feasible or ethical given the imperative that TM individuals with a
cervix receive routine preventive sexual health services. The extreme difficulty and discomfort
many TM patients face in accessing and receiving cervical cancer screening via Pap testing
necessitated a study design responsive to the needs of TM individuals. Given the already
invasive nature of the clinical visit that included a Pap test, TM community feedback from the
task force emphasized that equity and communal participation would be an important aspect to
build trust (ie, each individual should undergo and participate in the same patient-centered
procedures and protocols as part of the research).

Follow-up
As this was a cross-sectional study design, no follow-up with participants was necessary
beyond the delivery of testing results to clinical visit participants via telephone.
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Study Outcomes
The primary outcome variables were the concordance and performance (sensitivity,
specificity) of a self-collected frontal/vaginal hr-HPV DNA specimen vs a provider-collected
cervical hr-HPV swab as a gold standard (biologically confirmed hr-HPV). The secondary
outcomes were the prevalence of other STIs and concordance of self-collected frontal/vaginal
Neisseria gonorrhoeae and chlamydia trachomatis (GC/CT) specimens vs provider-collected
frontal/vaginal GC/CT specimens. We selected the outcomes to inform clinical practice with TM
individuals, including incorporating TM feedback expressing high levels of interest in alternative
patient-centered STI and cervical cancer screening methods, such as self-collection, to
overcome the discomfort and dysphoria associated with provider-conducted screening. We
assessed acceptability of self- vs provider-collected swabs via a brief qualitative exit interview
capturing patient self-report data about the experience of the clinical protocol following
collection of biological specimens. We explored potential acceptability of different screening
methods situated in different contexts and geographic regions via national online FGs.

Understanding the Study Outcomes in the Context of Screening for Cervical
Cancer
Studies evaluating the diagnostic accuracy of screening tests are commonly evaluated
against the gold standard test. The gold standard for diagnosis of cervical dysplasia (cervical
cancer) is colposcopy with appropriate sampling of cervical cells (biopsy). By contrast, the
current study screened for HPV presence, comparing a provider-collected cervical swab with a
patient-collected frontal/vaginal swab for HPV DNA detection. In evaluating the tradeoff
between standard Pap testing vs HPV testing, it is important to remember that cytology-based
screening (such as the Pap test) and HPV testing do not aim to detect the same thing. The Pap
test detects abnormal cells in the cervix (eg, abnormal cytology), including cancer cells and cells
that show changes that increase the risk of cervical cancer if left untreated. HPV testing looks
for the infections that cause these cell changes. HPV testing involves testing cells collected from
the cervix for infection with any types of HPV that are most likely to lead to cervical cancer.
Most tests detect the DNA of high-risk HPV. Some tests detect any high-risk HPV and do not
identify the specific type or types that are present (eg, HPV type 16 or 18). For additional
16

information on cervical cancer screening for patients, including Pap testing and HPV testing,
please see websites for the National Cancer Institute34 and Centers for Disease Control and
Prevention.35
Figure 2. Diagram of the Components of the Study Clinical Visit
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Data Collection and Sources—Clinical Visit
The 1-time clinical study visit lasted approximately 3 to 4 hours, and participants were
compensated $100 for their time. Figure 2 outlines the different components of the study visit.
Following a written informed consent procedure, participants completed a selfadministered secure web-based quantitative survey via electronic tablet. The survey included
patient-reported demographics, such as Pap test utilization history, HPV vaccination history,
medical gender affirmation, health care utilization and needs, and sexual behaviors.
Following the survey, the clinical portion of the visit was conducted. The order of
specimen collection (self- or provider-collected first) was randomized. All participants
completed both testing methods during the same day. Self-collection occurred in a private
examination room or single-stall bathroom (per the participant’s preference) at Fenway Health.
Trained study staff provided all participants with a written instruction sheet and detailed verbal
instructions on how to self-collect and package specimens. Testing swabs and collection tubes
were color-coded and numbered to prevent confusion. Participants then completed selfcollection in private (without the presence of study staff in the room). Participants were
provided with a hand mirror and latex gloves. Participants were instructed to self-collect a
frontal/vaginal specimen using a Puritan polyester swab (Dacron swab) inserted approximately
2 inches into the vaginal canal and rotated in a circular motion for 10 to 30 seconds. The
specimen was then placed in a Cytyc ThinPrep solution canister, and tested for 13 hr-HPV types
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68) using a DNA hybridization assay.
Participants also self-collected a frontal/vaginal specimen and rectal specimen using APTIMA
Unixsex swab specimen collection kits to test for GC/CT. Testing was conducted by Quest
Laboratories.
Provider collection was completed in an examination room by a trained medical
provider (MD/NP). Five medical providers were listed on the study protocol; a fidelity
monitoring process and adherence to a detailed study-specific procedure aided to ensure
interprovider consistency. Before collecting biological specimens, providers conducted a brief
pre-examination sexual health history using a standardized script of questions. The provider
18

then inserted a Welch-Allyn speculum (halogen plug-in light utilized) with a small amount of
water-soluble lubricant. The provider collected 3 samples from the frontal/vaginal canal to test
for (1) GC/CT, Trichomonas vaginalis (analyzed via OSOM Rapid Test), and bacterial vaginosis
(analyzed via OSOM Rapid Test). The provider then collected a cervical specimen using a
Medscand Pap-Perfect Spatula and Cytobrush Plus (Cooper Surgical) that was deposited into a
Cytyc ThinPrep solution canister. This sample was tested for (1) abnormal cytology (classified
according to the Bethesda System terminology),36 (2) a DNA hybridization assay for 13 high-risk
HPV types, and (3) HPV messenger RNA (mRNA) E6/E7 using transcription-mediated
amplification.
Following collection of the cervical sample and removal of the speculum, providers
wiped excess lubricant using an additional cotton swab. See Table 2 for a summary of materials
used for specimen collection and the corresponding tests conducted.
Table 2. Materials Used for Specimen Collection; Tests Conducted by Specimen
Method

Site

Materials

Test Conducted

Providercollected

Vaginal
specimen

Puritan Polyester Swab Cytyc
ThinPrep solution

DNA hybridization assay; for 13 highrisk HPV types

Cervical
specimen

Medscand Pap-Perfect
Spatula and Cytobrush Plus
(Cooper Surgical) Cytyc
ThinPrep solution

Cytology DNA hybridization assay; for
13 high-risk HPV types (gold standard
site and test) HPV mRNA E6/E7 using
transcription-mediated amplification

Vaginal
specimen

Puritan Polyester Swab Cytyc
ThinPrep solution

DNA hybridization assay; for 13 highrisk HPV types

Selfcollected

Abbreviations: HPV, human papillomavirus; mRNA, messenger RNA.

Following interim analyses of study results, the collection of a fourth frontal/vaginal
specimen was added to the protocol after participant number 95. For the final 55 participants,
the medical provider additionally collected a vaginal specimen using a Puritan Polyester Swab
inserted approximately 2 inches into the vaginal canal and rotated in a circular motion for 10 to
30 seconds. The specimen was then placed in a Cytyc ThinPrep solution canister, and tested for
13 hr-HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68) using a DNA hybridization
assay. The addition of this test was intended to provide a more direct comparison between self19

and provider-testing methods from the same site (ie, to have frontal/vaginal specimens
collected by both provider and participant, in addition to the existing comparison of selfcollected frontal/vaginal specimen to provider-collected cervical specimen).
No rectal GC/CT sample was collected by the provider. In reviewing and discussing the
study protocol with the Task Force, there was concern that the total number of swabs collected
as part of the study protocol would be overly burdensome to TM study participants. Given the
primary grant aim was frontal/vaginal HPV detection, we modified the protocol to limit the
rectal GC/CT swab to self-collection only.
Following the clinical portion of the visit, both the provider and the patient completed a
postinteraction survey. This survey asked about perceived comfort and satisfaction during the
encounter. Study staff performed a venipuncture for syphilis and rapid HIV testing. Following
the collection of biological samples, participants completed a brief qualitative exit interview
with a nonclinical member of the research team. Semi-structured interview guides included
questions on experiences with self- and provider collection, comparison between the 2
methods, and experiences during the provider encounter. We used purposive sampling to
select 50 participants to complete an extended interview (~ 15 additional minutes) on prior
experiences with Pap testing and sexual health screening. The first 20 study participants were
given the option to complete the longer interview, to assess desire and uptake to complete the
in-depth interview. Based on the rate of uptake, a stratified sampling approach was developed
and utilized to draw the purposive subsample based on diversity of opinion on acceptability of
self-swabs, demographics (age, gender identity, race/ethnicity, recent sexual behavior), and
openness/interest in talking about the issues. Participants who completed the extended
interview received an additional $10. All interviews were audio recorded and transcribed
verbatim for analysis. Participants testing hr-HPV positive were referred for follow-up; specific
recommendations were tailored based on participant age and Pap test cytology results—ie,
normal Pap or abnormal Pap tests (defined as atypical squamous cells of undetermined
significance [ASCUS] or worse). As the sample included individuals aged 21 to 29 years who
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would not otherwise be tested for hr-HPV, study clinicians developed follow-up
recommendations.
Individuals 21 to 24 years were referred for repeat Pap testing (in 3 years if cytology was
normal, 1 year if cytology was ASCUS or worse) based on the incidence and natural history of
HPV in this age group and previous research demonstrating that mean time from incident
detection of HPV infection to detection of squamous epithelial lesions (SIL) or cervical
intraepithelial neoplasia (CIN) was 43 to 36 months.37 Individuals aged 25 to 29 years whose
Pap cytology was normal were recommended to have repeat Pap testing in 1 year due to the
relatively high incidence of CIN1+ in individuals of this age with detectable hr-HPV infection and
based on recent guidelines.9 Individuals aged 25 to 29 years with ASCUS or worse cytology and
individuals aged 30 to 64 years were referred for colposcopy per current screening guidelines
by The Society of Gynecologic Oncology and the American Society for Colposcopy and Cervical
Pathology.9,38 Participants testing positive for other STIs were referred for routine follow-up.

Data Collection and Sources—Online FGs
Online FGs with TM patients and stakeholders were conducted over the course of 3
consecutive weekdays. Provider FGs were conducted over the course of 5 days (including 1
weekend day). All participants who answered at least half of the proposed questions received a
$20 Amazon gift card via email. Two moderators who identified as members or allies of the TM
community facilitated FG discussions.
Following the completion of a phone screening, eligible participants were emailed a link
to an online informed consent form. Once consent was provided, study staff emailed the
participant the link to a brief demographic survey, instructions on how to create a unique login
and password, and information about the online FG platform with links to instructional videos.
On joining a FG for the first time, participants were assigned a unique online FG ID (ie,
Participant 1, Participant 2) to ensure anonymity. Participants were then individually asked via
private message to provide the unique identification given to them at enrollment in order to
link their responses to their enrollment data and to ensure that all participants had been
screened and found eligible.
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Moderators posted question sets of 4 to 10 prompts twice a day (morning and evening)
each of the 3 days, and participants were allowed to respond to each question set at their
leisure. All participants were able to see and access each question and response thread and
reply to other participants’ responses and comments. Moderators monitored the discussion
boards at all times during the 3 days and posted additional question prompts when necessary
to elicit clarification of participant responses. Moderators were also able to send participants
private messages (“back channel”) to ask for clarification of a response or to remind
participants to respond to a question set that had been posted. In addition to the moderators, 2
other members of the study team acted as observers to monitor the discussion board.
Observers (nonclinical members of the research team) were able to read all participant
responses but were unable to interact directly with participants. Observers tracked participant
responses and emailed the moderators when necessary to ask for further probes and
clarifications. At the conclusion of each online FG, all discussion board chat content was
downloaded via secure server.

Power and Sample Size
We powered this study on the primary outcome of noninferiority of self- vs provider
swab (provider-collected swab is the gold standard in this cross-sectional study). Power for the
noninferiority test was dependent on multiple parameters, including HPV prevalence in our
sample and the difference in detection rates between self- and provider sampling methods.
Overall, prevalence of high-risk HPV in the United States is 42.5% in females aged 14 to 59 years
captured via self-collection of cervicovaginal swab (lowest among age 50-59 years [23.5%] and
highest among age 20-24 years [43.3%]; note: data not stratified by sexual behavior, for
example, women who have sex with women [WSW] not specified).3 In a meta-analysis of selfswab studies in cisgender women, average HPV detection rate across 10 studies was 24.1%
(95% CI, 22.8%-25.5%) with self-sampling and 24.8% (95% CI, 23.4%-26.1%) with provider
sampling, and differences in detection rates between sampling methods ranged from 0.3% to
22.2% (median value, 11.03%).24 There are no HPV prevalence studies of TM individuals.
Research suggests lower prevalence of HPV among WSW compared with behaviorally
heterosexual women. Among 133 WSW, detectable HPV DNA was 30% and 19% (11%
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difference) among WSW who did and did not have a lifetime history of sex with men.39 We
therefore conservatively powered our study with an estimated HPV prevalence of 15%. The null
hypothesis of the noninferiority test is H0: Ps ≥ Pe + d, where Ps is the prevalence of HPV
detection for the provider cervical swab (gold standard), Pe is the prevalence of HPV detection
for the self vaginal swab (experimental), and d is the maximum allowable amount of difference
in detected HPV (noninferiority limit). By rejecting H0, we accept the alternative hypothesis
(H1: Ps − d < Pe), that the percentage of HPV detection for the self-swab is better or slightly
worse than the provider swab by no more than d.
We aimed to achieve >80% power assuming an HPV DNA prevalence of 15% for both the
provider and self-swab tests, an α level of .05, and a 11% noninferiority limit. A meta-analysis of
10 self-swab HPV studies found differences in HPV detection rates for self- vs provider-collected
samples ranging from 0.3% to 22.2% (median value, 11.0%); thus, we selected 11% as the
noninferiority limit for the current study.24 Given the invasiveness of the examination and the
potential for inadequate samples among transgender men,23 we aimed to enroll 150
participants in order to achieve a final paired sample of 131 participants (estimated 12.7%
invalid tests and/or noncompleters).

Statistical Analysis
We routinely monitored missing data as part of the study protocol. This included
characterizing screening/enrollment data and summarizing missingness in biological sample
collection (eg, opting not to complete provider-collected cervical sampling, having inadequate
samples due to low cellular content) and survey data (eg, skipping question sets or individual
items). We conducted statistical analyses using SAS statistical software version 9.14. We
assessed patterns of missing data both between participants (eg, differences in patient
characteristics between TM participants with and without adequate Pap test cytology or
differences in patient characteristics between TM participants endorsing a preference for selfswab vs those with a preference for provider-collected swab) and in within-participant data (eg,
item-level missingness on relevant survey data). There were no significant findings to report in
analyses of missing data; we found no clinically relevant subgroup differences based on
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participant characteristics. Thus, we performed a complete-case analysis for the main outcome
as described below.
Complete hr-HPV testing data were available for 131 participants. We excluded data
from 10 participants who did not complete both self- and provider-collected specimens (7
participants completed self-collection only, 1 participant completed provider-collection only, 2
participants did not complete either the self- or provider swab test). Among the remaining 140
participants who received both tests, we could not assay 9 of the provider samples due to low
cellular content. We restricted this analysis to 131 participants who had available specimens for
self-collected frontal/vaginal vs provider-collected hr-HPV cervical DNA (main outcome).
We performed descriptive analyses (frequencies, proportions, means, standard
deviations) of participant characteristics for the overall sample (n = 150) and for the restricted
sample for which we had valid tests results for the main outcome analyses (n = 131). Patterns
of enrollment and missing data are described in the results section and Figure 3.
The primary outcomes assessed the noninferiority, concordance, and performance of
self-collected frontal (term preferentially used by some TM individuals to describe the
vagina)/vaginal HPV DNA specimen vs provider-collected cervical HPV DNA swab as a gold
standard. The Farrington-Manning Score Test for Proportion Difference determined whether
the self-swab was significantly better or no worse than (within noninferiority limit of 11%) the
provider-collected gold standard self-swab (P < .05).
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Figure 3. Diagram of Clinical Visit Participant Study Flow

Abbreviation: HPV, human papillomavirus.
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We measured concordance between provider- and self-collection methods using
Cohen’s κ statistic, a measure of the agreement between 2 methods in excess of that due to
chance. The strength of agreement was judged as poor (<0), slight (0-0.20), fair (0.21-0.40),
moderate (0.41-0.60), substantial (0.61-0.80), and almost perfect (0.81-1.00).40 For test
performance, we estimated sensitivity and specificity. We computed approximate 95% CIs for
all parameters with an asymptotic variance and critical values from the normal distribution.
Statistical significance of concordance (κ statistic) was achieved when the P value of the test
was less than .05.
We conducted a sensitivity analysis, based on randomization arm, to assess whether
order of testing (provider- or self-collected first) impacted the concordance results. We used a
Breslow-Day test of homogeneity41 to assess the null hypothesis that the odds of having a
positive provider cervical HPV DNA test result for those with a positive self-swab test result
were the same regardless of randomization order. Due to randomization, we did not anticipate
that specimen collection order would affect concordance of test results. Based on prior findings
suggesting testosterone may affect adequacy of cervical samples,23 we conducted post hoc
subgroup analysis to assess the effect of any testosterone use as well as whether duration of
testosterone use (>5 years vs <5 years) impacted concordance results. We also examined selfreported history of lifetime STIs in aggregate (overall lifetime prevalence) and for each STI. We
did not compare the concordance of self- and provider swabs for STIs other than hr-HPV due to
the low prevalence of detected cases (n = 3).
In addition to the primary outcomes and sensitivity analyses, the prevalence of
abnormal cervical cytology results collected from the Pap test were provided. The sensitivity,
specificity, PPV, and NPV of both the provider-collected vaginal HPV DNA test and the selfcollected vaginal HPV DNA test to detect HPV (provider-collected cervical HPV DNA specimen as
the gold standard) were reported and performance statistics were compared. Exit interviews
were audio recorded and transcribed verbatim. We coded and analyzed the transcripts using
techniques from grounded theory.42 Specifically, 5 members of the study team open-coded
transcripts for broad analytic themes. The study team worked collaboratively to organize open26

coded data into a fixed code structure. We iteratively refined this code structure in a series of
team meetings. Once we finalized the codebook, 2 study team members coded all transcripts
using Dedoose software.43 Coded transcripts were compared across coders to ensure
consistency of code application, and modifications were made to the codebook to improve
clarity and reduce redundancies. The authors met frequently throughout the coding process to
discuss coding questions and ensure consistent application of codes.
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RESULTS
Inclusion and Enrollment Criteria (Figure 3)
Participants were eligible to participate in the clinical study visit if they met the
following criteria: (1) aged 21-64 years, (2) assigned a female sex at birth and now identify on
the female-to-male continuum, (3) have a cervix, (4) have been sexually active within the past 3
years (sexual partner[s] of any gender), (5) able to speak and understand English, and (6) willing
and able to provide informed consent. Prior HPV vaccination and/or recent cervical Pap test
were not grounds for exclusion from the study.

Self-Reported Demographics (Table 3)
Sociodemographics
Participants were a mean age of 27.4 years (SD, 5.8 years; range, 21-50 years) and 75.6%
identified as White, 14.5% as more than 1 race, 9.9% as Hispanic/Latino, 5.3% as Asian, and
3.1% as Black or African American. Most participants (90.1%) reported completing at least some
college or more, and 35.9% reported being currently enrolled as a student; 75.5% of
participants reported some form of employment (30.5% full time, 45.0% part time). The most
common terms participants used to describe their gender identity were 50.4% transgender
man/FTM, 26.0% male/man, and 20.6% genderqueer/nonbinary. Most of the sample (79.4%)
reported ever using masculinizing hormones (eg, testosterone), of which 93.3% (n = 97/104)
reported currently taking hormones.

Sexual Orientation, and Gender of Sexual Partner(s)
The most frequently reported sexual orientation endorsed was 42.0% queer, followed
by 12.2% straight, 12.2% bisexual, 12.2% pansexual, and 8.4% gay/homosexual/same-gender
attraction. Participants reported a mean number of 3.3 sexual partners (SD, 4.4; range, 0-40)
within the past year. Participants reported the gender identity of sex partners within the past
year as 61.1% cisgender woman, 42.7% cisgender man, 20.6% female-assigned gender
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nonconforming/nonbinary person, 16.8% transgender man, 13.0% transgender woman, 5.3%
male-assigned gender nonconforming/nonbinary partner.

Pap Test Utilization and HPV Vaccination Status
The majority of participants (80.2%) reported having received a Pap test at least once in
their lifetime, and 19.1% (n = 25) had never received a Pap test (1 participant preferred not to
answer the question). When those having ever had a Pap were asked to recall previous Pap
testing results, 15.2% reported having ever received an inadequate result and 15.2% an
abnormal Pap result. About half (55.7%) reported that they had received 1 or more vaccinations
for HPV, 35.1% reported that they had never been vaccinated, and 8.4% were unsure of their
vaccination status.
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Table 3. Descriptive Characteristics of TM Clinical Visit Sample (n = 150 vs n = 131)a
Sociodemographics

Enrolled (n = 150)

As treated (n = 131)

Mean

SD

Mean

SD

27.49

5.74

27.35

5.8

American Indian or Alaska Native

0

0.0

0

0.0

Asian

9

6.0

7

5.3

Native Hawaiian or Pacific Islander

1

0.7

1

0.8

Black or African American

4

2.7

4

3.1

White

112

74.7

99

75.6

More than 1 race

23

15.3

19

14.5

Unknown or not reported

1

0.7

1

0.8

Hispanic or Latino

14

9.3

13

9.9

Not Hispanic or Latino

133

88.7

116

88.5

Unknown or not reported

3

2.0

2

1.5

Man/male

43

28.7

34

26.0

Transgender man/FTM

72

48.0

66

50.4

Genderqueer/nonbinary

30

20.0

27

20.6

Another gender identity

5

3.3

4

3.1

High school or equivalent

14

9.3

13

9.9

Some college (1-3 y)

44

29.3

40

30.5

College graduate (4-y college degree)

46

30.7

39

29.8

Graduate school

46

30.7

39

29.8

Full time

44

29.3

40

30.5

Part time

68

45.3

59

45.0

Unemployed

34

22.7

28

21.4

Age, continuous, y (range, 21-50 y)
Race/ethnicity

Hispanic/Latino

Gender identity

Highest level of education

Current employment
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Sociodemographics

Enrolled (n = 150)

As treated (n = 131)

4

2.7

4

3.1

Yes

52

34.7

47

35.9

No

97

64.7

83

63.4

Prefer not to answer

1

0.7

1

0.8

$19 999 or less

45

30.0

36

27.5

$20 000 -$39 999

32

21.3

29

22.1

$40 000 -$59 999

15

10.0

13

9.9

$60 000 -$79 999

16

10.7

14

10.7

$80 000 or more

26

17.3

25

19.1

Don't know

13

8.7

11

8.4

Prefer not to answer

3

2.0

3

2.3

No health insurance

4

2.7

4

3.1

Public insurance (MassHealth, Medicaid,
Medicare)

45

30.0

37

28.2

Private, school or work insurance

68

45.3

59

45.0

Parent's insurance

31

20.7

29

22.1

Prefer not to answer

2

1.3

2

1.5

Prefer not to answer
Current student

Income

Insurance

Sexual orientation and sexual partnering

n = 150

n = 131

Sexual orientation

No.

%

No.

%

Gay/homosexual/same-gender attracted

13

8.7

11

8.4

Straight/heterosexual

18

12.0

16

12.2

Bisexual

17

11.3

16

12.2

Queer

67

44.7

55

42.0

Pansexual

17

11.3

16

12.2

Questioning/unsure

4

2.7

3

2.3

Asexual

2

1.3

2

1.5
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Sociodemographics

Enrolled (n = 150)

As treated (n = 131)

I do not label my sexual orientation

7

4.7

7

5.3

Other

5

3.3

5

3.8

Female assigned sex at birth - gender
nonconforming

42

28.0

39

29.8

Mean

SD

Mean

SD

No. of partners in past 12 mo (range, 0-40)

3.15

4.2

3.32

4.4

Gender of sexual partners, past 12 mo

No.

%

No.

%

Cisgender man

61

40.7

56

42.7

Cisgender woman

91

60.7

80

61.1

Transgender man

23

15.3

22

16.8

Transgender woman

18

12.0

17

13.0

Male assigned sex at birth - gender
nonconforming

8

5.3

7

5.3

Female assigned sex at birth - gender
nonconforming

30

20.0

27

20.6

Yes

121

80.7

104

79.4

No

29

19.3

27

20.6

Medical gender affirmation
Lifetime hormone use - lifetime

Time consistently on hormones - lifetime

n = 121

n = 104

<6 mo

21

17.4

20

19.2

6 mo-<12 y

17

14.0

15

14.4

12 mo-<3 y

37

30.6

34

32.7

3 y-<5 y

23

19.0

20

19.2

≥5 y

23

19.0

15

14.4

Mean

SD

Mean

SD

23.3

4.6

23.44

4.7

N

%

N

%

Yes

113

93.4

97

93.3

No

8

6.6

7

6.7

Age started hormones
Range, 4-43 y
Current hormone use
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Sociodemographics

Enrolled (n = 150)

As treated (n = 131)

Total amount of time on hormones

n = 121

n = 104

<6 mo

21

17.4

20

19.2

6 mo-<1 y

17

14.0

15

14.4

1 y-<2 y

15

12.4

15

14.4

2 y-<3 y

22

18.2

19

18.3

3 y-<5 y

23

19.0

20

19.2

≥5 y

23

19.0

15

14.4

Plans to use hormones in future

n = 37

n = 34

Yes

13

35.1

12

35.3

No

3

8.1

3

8.8

Don't know

21

56.8

19

55.9

Transgender surgeries

n = 150

n = 131

Chest surgery (FTM reconstruction/bilateral
mastectomy)

58

38.7

44

33.6

Chest surgery (breast reduction without
breast removal)

6

4.0

4

3.1

Facial or neck surgery

8

5.3

8

6.1

Oophorectomy (removal of both ovaries and
fallopian tubes)

3

2.0

2

1.5

Partial or supracervical hysterectomy
(removal of uterus, cervix
intact)

2

1.3

2

1.5

Metoidioplasty genital surgery without
urethral

1

0.7

0

0.0

Pap test and HPV history
Pap test history - lifetime

n = 150

n = 131

Yes

122

81.3

105

80.2

No

27

18.0

25

19.1

Prefer not to answer

1

0.7

1

0.8

Time since last Pap t
1 y ago or less

n = 122
45

n = 105
36.9

39

37.1
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Sociodemographics

Enrolled (n = 150)

As treated (n = 131)

More than 1 y ago but not more than 2 y

21

17.2

14

13.3

More than 2 y ago but not more than 3 y

28

23.0

25

23.8

More than 3 y ago but not more than 5 y

17

13.9

16

15.2

More than 5 y ago

11

9.0

11

10.5

Inadequate Pap - lifetime

n = 150

n = 105

Yes

22

18.0

16

15.2

No

91

74.6

82

78.1

Don't know

9

7.4

7

6.7

Abnormal Pap - lifetime

n = 122

n = 105

Yes

20

16.4

16

15.2

No

86

70.5

75

71.4

Don't know

15

12.3

13

12.4

Prefer not to answer

1

0.8

1

1.0

Colposcopy - lifetime

n = 20

n = 16

Yes

9

45.0

7

43.8

No

9

45.0

8

50.0

Don't know

2

10.0

1

6.3

Biopsy - lifetime

n = 20

n = 16

Yes

3

15.0

3

18.8

No

14

70.0

11

68.8

Don't know

3

15.0

2

12.5

Heard of HPV

n = 150

n = 131

Yes

82

54.7

74

56.5

No

31

20.7

26

19.8

Don't know

37

24.7

31

23.7

Diagnosed with HPV - lifetime

n = 150

n = 131

Yes

11

7.3

9

6.9

No

135

90.0

120

91.6

Don't know

3

2.0

1

0.8
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Sociodemographics
Prefer not to answer
Received HPV vaccine

Enrolled (n = 150)

As treated (n = 131)

1

1

0.7

n = 150

0.8

n = 131

Yes

84

56.0

73

55.7

No

52

34.7

46

35.1

Don't know

13

8.7

11

8.4

Prefer not to answer

1

0.7

1

0.8

No. of doses of HPV vaccine

n = 84

n = 73

1

3

3.6

2

2.7

2

4

4.8

3

4.1

3

72

85.7

64

87.7

Don't know

5

6.0

4

5.5

Age when First Received HPV Vaccine

Range (11-34 y)

n = 74

n = 63

Mean

SD

Mean

SD

19.01

4.8

18.9

4.9

Abbreviations: FTM, female-to-male HPV, human papillomavirus; Pap, Papanicolaou; TM, transmasculine.
a
The primary outcomes findings are based on an analytic sample of 131 participants. Among the 150 enrolled
participants, 10 participants did not receive both the vaginal self-swab HPV DNA hybridization assay and the
provider cervical HPV DNA hybridization assay (gold standard): 7 participants completed the self-swab, but not the
provider test; 1 participant completed the provider test, but not the self-swab; and 2 participants did not complete
either the provider test or the self-swab test. Of the remaining 140 participants who received both tests, 9 of the
provider samples could not be assayed due to low cellular content.

Prevalence of HIV and Other STIs
The majority of participants (82.0% [n = 123]) reported having received an HIV test at
least once in their lifetime. Of those, 0.8% (n = 1) reported being HIV positive (laboratoryconfirmed). The aggregated lifetime prevalence (self-reported) of other STIs was 16.0% (n = 24).
The most commonly reported STIs were chlamydia (33.3%), trichomoniasis (25.0%), gonorrhea
(20.8%), and herpes simplex virus type 1 (20.8%). No new cases of HIV, GC/CT, or
trichomoniasis were detected. One new case of syphilis was detected. Two new cases of
bacterial vaginosis, a vaginal infection, were detected.
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Main Clinical Findings
Noninferiority, Performance, and Concordance of Frontal/Vaginal Self-Swab
vs Cervical Provider Swab for HPV DNA (Tables 4 and 5)
Of all participants, 16.0% (n = 21/131) tested positive for hr-HPV types via providercollected, cervical DNA hybridization assay, which was considered the gold standard for HPV
infection; 13.0% of participants (n = 17/131) tested positive for hr-HPV types via self-collected,
vaginal samples using a DNA hybridization assay (Table 4). The self-swab was not significantly
worse in its ability to detect HPV relative to the provider swab given a noninferiority limit of
11% (P < .0001). Among the 53 participants who were additionally tested for hr-HPV types using
a frontal/vaginal specimen collected by a medical provider, 11.1% (n = 6) tested positive.
Compared with the HPV DNA hybridization assay conducted on a provider-collected
cervical specimen (gold standard), the HPV DNA hybridization assay conducted on a selfcollected frontal/vaginal specimen had a sensitivity of 71.4% (95% CI, 0.52-0.91) and a
specificity of 98.2% (95% CI, 0.96-1.00). The likelihood ratio of a positive test was 39.29%, while
the likelihood ratio of a negative test was 0.29%. There was substantial concordance between
the sampling methods (κ = 0.75; 95% CI, 0.59-0.92; P < .0001) (Table 5).
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Table 4. Prevalence of HPV by Diagnostic Test (N = 150)
N = 150
Self-collected vaginal HPV DNA

No.

%

Positive

21

14.0

Negative

126

84.0

Participant refused test

2

1.3

Othera

1

0.7

Positive

21

14.0

Negative

111

74.0

Unable to test specimen due to low cellular content

9

6.0

Participant refused test

2

1.3

Othera

7

4.7

Positive

7

4.7

Negative

48

32.0

Participant refused test

1

0.7

Test not offered

94

62.7

111

74.0

ASCUS

5

3.3

LSIL

4

2.7

Inadequate

27

18.0

Participant refused test

2

1.3

Othera

1

0.7

Missing results

Provider-collected cervical HPV DNA (gold standard)b

Missing results

Provider-collected vaginal HPV DNA

Missing results

Provider-collected cervical cytology
Normal
Abnormal

Missing results

Abbreviations: ASCUS, atypical squamous cells of undetermined significance; HPV, human papillomavirus; LSIL,
low-grade squamous intraepithelial lesions.
a
Other indicates that the provider did not collect sample due to low expected cellular content, the participant
stopped visit due to pain, or there was a lab error.
b
Collection of the provider vaginal HPV DNA specimen began with participant 95.
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Table 5. Concordance of Self-collected Vaginal HPV DNA Hybridization Assay to the Provider-collected Cervical HPV DNA Specimen and to the
Provider-collected Cervical Cytology

Self-collected
vaginal DNA

Provider-collected
cervical DNA
(n = 131)

Sensitivitya

Specificitya

PPVa

NPVa

κ

Total, No. (%)

95% CI

95% CI

95% CI

95% CI

95% CI

2 (1.5%)

17 (13.0%)

71.43%

98.18%

88.24%

94.74%

75.40%

6 (4.6%)

108 (82.4%)

114 (87.0%)

0.48-0.89

0.94-1.00

0.64-0.99

0.89-0.98

0.58-0.92

21 (16.0%)

110 (84.0%)

131 (100%)

Positive, No. (%)

Negative,
No. (%)

Positive

15 (11.5%)

Negative
Total

Abbreviations: HPV, human papillomavirus; NPV, negative predictive value; PPV, positive predictive value.
a
hr-HPV DNA was detected in 16.0% of the physician-collected samples (21/131) and 13.0% of the self-collected samples (17/131). The self-swab is no worse than the provider
swab, given a noninferiority limit of 11% (P < .001). The likelihood ratio of a positive test was 39.29%, while the likelihood ratio of a negative test was 0.29%.
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Table 6. Sensitivity Analyses by Randomization Arm, Current Hormone Use, and Duration of Hormone Use: Concordance of Self-collected
Vaginal HPV DNA Hybridization Assay and Provider-collected Cervical HPV DNA Specimen (Gold Standard)a
A. Randomization arm
Provider first

Self vaginal HPV
Total

Self first
Provider cervical HPV DNA
Positive Negative Total
Positive 7
2
9
Negative 2
55
57
9
57
66

B. Current hormones
On T

Self vaginal HPV
Total

Provider cervical HPV DNA
Positive Negative Total
Positive 11
1
12
Negative 3
82
85
14
83
97

C. Duration of hormone use
≥5 y on T

Self vaginal HPV
Total

Provider cervical HPV DNA
Positive Negative Total
Positive 3
0
12
Negative 1
11
85
14
83
97

Self vaginal HPV
Total

Not on T

Self vaginal HPV
Total

<5 y on T

Self vaginal HPV
Total

Provider
first
Provider cervical HPV DNA Sensitivity 77.78%
Positive Negative Total Specificity 96.49%
Positive 8
0
8
PPV
77.78%
Negative 4
53
57
NPV
96.49%
12
53
65
κ
74.30%

Self first
66.67%
100.00%
100.00%
92.98%
76.50%

P value
.66
.50
.47
.68
.32

On T
Provider cervical HPV DNA Sensitivity 78.60%
Positive Negative Total Specificity 98.80%
Positive 4
1
5
PPV
91.70%
Negative 3
26
29
NPV
96.50%
7
27
34
κ
82.30%

Not on T
57.10%
96.30%
80.00%
89.70%
59.80%

P value
.35
.43
.51
.17
.20

≥5 y
Provider cervical HPV DNA Sensitivity 75.00%
Positive Negative Total Specificity 100.00%
Positive 12
2
5
PPV
100.00%
Negative 5
97
29
NPV
91.70%
7
27
34
κ
81.50%

<5 y
70.60%
98.00%
85.70%
95.10%
74.00%

P value
1.00
1.00
1.00
.50
.60

Abbreviations: HPV, human papillomavirus; NPV, negative predictive value; PPV, positive predictive value; T, testosterone.
a
McNemar’s test was used due to the dependency of the data. There were no statistically significant differences in sensitivity, specificity, positive predictive value, negative
predictive value by randomization order, current hormone use, or longer duration of hormone use. κ: The odds of having a positive provider-collected cervical HPV DNA test
result for those with a positive self-swab HPV DNA test result are the same regardless of randomization order (Breslow-Day test: χ2 = 1.00; df = 1; P = .317; adjusted odds ratio
[aOR], 140.2; CI, 22.8-1780.0), current hormone use (Breslow-Day test: χ2 = 1.61; df = 1; P = .204; aOR, 116.8; CI, 20.8-1302.0), and being on hormones for 5 years or longer
(Breslow-Day test: χ2 = 0.274; df = 1; P = .601; aOR, 140.0; CI, 20.3-1266.0).
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Sensitivity Analyses by Randomization Arm and Testosterone (Table 6)
We analyzed concordance by randomization arm (self- vs provider-collection first); the κ
was similar within each stratum and overall (77.8% agreement in patients randomized to the
provider-collected first arm, 66.7% agreement in self-collected first arm; P = .66). As
anticipated, there were no statistically significant differences in sensitivity, specificity, PPV, or
NPV for provider-collected cervical vs self-collected frontal/vaginal specimens by randomization
order (P = .32).
We conducted a post hoc analysis to assess whether test performance characteristics
differed as a function of hormone therapy for medical gender affirmation. We found no
statistically significant differences in sensitivity, specificity, PPV, or NPV for provider-collected
cervical vs self-collected frontal/vaginal specimens by current testosterone use (P = .20) or
longer duration of hormone use among those taking hormones (testosterone ≥5 years vs <5
years) (P = .60). However, the numbers are small, which represents a study limitation (please
see Discussion).

Performance and Concordance of Self- vs Provider-Collected
Frontal/Vaginal Swabs (Table 7)
A total of 53 participants were administered an HPV DNA hybridization assay conducted
on a provider-collected frontal/vaginal specimen. Compared with the provider-collected
frontal/vaginal specimen, the DNA test conducted on the self-collected frontal/vaginal
specimen had a sensitivity of 85.7% (95% CI, 0.60-1.00) and a specificity of 97.9% (95% CI, 0.941.00). There was an 84.0% concordance between these 2 tests (95% CI, 0.61-1.00; P < .0001).
The DNA test conducted on the provider-collected vaginal specimen, when compared with the
same test on the provider-collected cervical specimen (gold standard), had a sensitivity of
85.7% and specificity of 100.0%. There was 91.2% concordance between these 2 tests.

Cytologic results. Among participants with adequate cytology specimens (n = 120),
92.5% (n = 111) received normal cytology results from the provider-collected cervical Pap test
and 7.5% (n = 9) received an abnormal result (n = 5 ASCUS and n = 4 2LSIL).
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A total of 105 participants had valid provider-collected cervical HPV DNA and cervical
cytology (Pap) test results. Of the 20 cases (19.0%) that were found to be HPV positive in the
provider cervical test, 7 cases (35.0%) were found to be abnormal based on the cervical
cytology (Pap) test. A total of 119 participants had valid self-collected vaginal HPV DNA and
cervical cytology (Pap) test results. Of the 21 cases (17.6%) that were found to be HPV positive
via the self-collected frontal/vaginal HPV DNA test, 6 cases (28.6%) were found to be abnormal
based on the cervical cytology Pap test. The sensitivity of abnormal cytology detection using the
provider-collected cervical cytology HPV test as the gold standard was higher (100.0%) than the
self-collected frontal/vaginal HPV test (66.7%) (P < .001). No significant differences existed in
the specificity, PPV, or NPV abnormal cytology detection using the provider-collected cervical
HPV test (specificity = 86.7%; PPV = 35.0%; NPV = 100.0%) compared with using the selfcollected frontal/vaginal HPV test (specificity = 86.4%; PPV = 28.6%; NPV = 96.9%; all P > .05).
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Table 7. Concordance of the Provider-collected Cervical HPV DNA Specimen to the Provider-collected Vaginal HPV DNA Specimen,
and of the Self-collected Vaginal HPV DNA Hybridization Assay to the Provider-collected Vaginal HPV DNA Specimen
Provider-collected cervical HPV DNA (n = 53)b Sensitivitya

Specificitya

PPVa

NPVa

κ

Positive

Negative

Total

95% CI

95% CI

95% CI

95% CI

Positive

6 (11.3%)

0 (0.0%)

6 (11.3%)

Negative

1 (1.9%)

46 (86.8%)

47 (88.7%) 85.71%

100.00%

100.00%

97.87%

91.20%

Total

7 (13.2%)

46 (86.8%)

53 (100%)

0.42-1.00

0.92-1.00

0.54-1.00

0.89-1.00

0.74=1.00

Provider-collected vaginal DNA (n = 54)c

Sensitivitya

Specificitya

PPVa

NPVa

κ

Positive

Negative

Total

95% CI

95% CI

95% CI

95% CI

95% CI

Positive

6 (11.1%)

1 (1.9%)

7 (13.0%)

85.71%

97.87%

85.71%

97.87%

84.59%

Negative

1 (1.9%)

46 (85.2%)

47 (87.0%) 0.42-1.00

0.89-1.00

0.42-1.00

0.94-1.00

0.61-1.00

Total

7 (13.0%)

47 (87.0%)

54 (100%)

A.
Provider-collected vaginal
HPV DNA

B.
Self-collected vaginal DNA

95% CI

Abbreviations: HPV, human papillomavirus; NPV, negative predictive value; PPV, positive predictive value.
a
McNemar’s test used due to the dependency of the data. 95% CI based on exact distribution due to small sample size.
b
Out of 57 tests, there were 4 missing results in the cross tabs (4 missing cervical DNA results, of which 2 were also missing for the provider vaginal).
c
Out of 57 tests, there were 3 missing results in the cross tabs (2 provider-collected vaginal tests, 1 self-collected vaginal test).
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Clinical Trials Reporting
See Tables 8 to 11 for the 4 tables submitted to ClinicalTrials.gov.
Table 8. ClinicalTrials.gov Table 1 – Participant Flow

Abbreviation: HPV, human papillomavirus.
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Table 9. ClinicalTrials.gov Table 2 – Baseline Characteristics
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Table 9. ClinicalTrials.gov Table 2 – Baseline Characteristics (continued)
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Table 9. ClinicalTrials.gov Table 2 – Baseline Characteristics (continued)

Abbreviation: HPV, human papillomavirus.

46

Table 10. ClinicalTrials.gov Table 3 – Outcome Measures

47

Table 10. ClinicalTrials.gov Table 3 – Outcome Measures (continued)
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Table 10. ClinicalTrials.gov Table 3 – Outcome Measures (continued)
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Table 10. ClinicalTrials.gov Table 3 – Outcome Measures (continued)

Abbreviations: FTM, female-to-male; HPV, human papillomavirus.
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Table 11. ClinicalTrials.gov Table 4 – Adverse Events and Limitations and Caveats
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Table 12. Exit Interview Findings: Acceptability of Self- vs Provider-collected Swabs for HPV
DNA Specimens
Example Quotations From Participants
“The best part of collecting my own samples was. . . getting to have the privacy while I was doing it.”
“Self [swab] influences the way I feel about my health. . . because then I have more. . . part in it. . . .I
didn’t take any regular Pap smears I think if I had the option to self-collect, it would have been more
[likely to screen], because I was always kind of afraid of the gynecologist.”
“[Screening] still wasn’t easy, but, I mean, I feel comfortable with taking care of my own medical
issues. And so the empowerment of being able to—in a most intimate way, and not have to be
objectified or subjected to or be reduced to a subject or, less than that . . . there’s no judgment when
you have to do it yourself. You don’t have to worry about everybody else’s interference in the middle
of your own moment where you need privacy.”
“I was nervous. I was nervous about doing it right. I was also just generally kind of anxious, because
dealing with that part of my body makes me a little anxious.”
“It was a little awkward. But I don’t really have that much body dysphoria. I think I was just a little
nervous that I was going to, like, mess it up in some way.”
“Yeah, this is definitely something that would benefit transmen if you can do it, and it is still better
than nothing, which is what a lot of guys are getting. Harm reduction is totally a thing.”
Abbreviations: HPV, human papillomavirus; Pap, Papanicolaou.

Qualitative Acceptability Findings
Clinical Visit Exit Interviews
The self-collected frontal/vaginal HPV swab was found to be highly acceptable to TM
clinical visit participants, with more than 90% endorsing a preference for a self- over providercollected swab. See Table 12 for select exemplar quotes. Positive aspects cited about the
experience of self-swabbing included ease, privacy, minimized invasiveness, and a sense of selfempowerment. Several participants noted concerns, such as uncertainty about whether they
had performed the procedure correctly, distrust of the accuracy of the test, genital dysphoria
during self-collection, and difficulty with body positioning or angle of the swab. Participants
expressed hope that their comfort with and trust of the procedure would increase with practice
and with clear, comprehensive instructions. A video and accompanying written self-swab
instructions specifically for TM patients was recommended. Even when citing concerns, many
participants indicated the importance of having options for TM individuals regarding HPV
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screening methods. Having choices about screening, many stated, would benefit the TM
community by empowering individuals about their own health care and by increasing screening
uptake overall, particularly for TM individuals who may never obtain cervical cancer screening
via a Pap test or a provider-collected swab for HPV DNA testing.

Online FGs
See Table 13 for FG participant sociodemographics.

Patient Findings
A total of 26 TM patients from 22 US cities and 12 states participated in 4 online FGs (68 participants per group). Individuals were asked about their personal preference for self- vs
provider swabs for HPV testing. Out of the 24 participants who responded to the question,
62.5% (n = 15) preferred the self-swab as they felt it offered more privacy, which would lower
their anxiety and help them cope with their gender dysphoria and avoid the potential of
interacting with providers or other health care center staff who are not knowledgeable about
transgender care. Those who preferred the self-swab also enjoyed the prospect of having a
choice for HPV testing and the convenience and flexibility of potentially being able to conduct
the exams at home. Among those who indicated a personal preference for provider HPV testing
(n = 9 [37.5%]), some cited concerns about the accuracy of the test and potential difficulties
performing the examination and felt they could be more confident in the results if the test was
conducted by a provider. Other patients who preferred the provider test indicated that due to
gender dysphoria, they do not like interacting with their bodies and prefer for providers to
perform any tests that involves their genitalia. Another participant who indicated a preference
for provider HPV testing noted that he might not follow through with sending in the results if
the test were conducted at home. Most of those who preferred the provider tests still saw the
value in making the self-swab test available to the community and felt the self-swab option
could increase uptake of HPV testing for TM people who avoid provider interactions. Finally,
both those who personally preferred the at-home test and those who preferred the provider
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test noted concerns about cost and felt that the self-swab would be highly acceptable to TM
individuals if it could be accessed at a low price.
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Table 13. Sociodemographics of National Online FG Participants
Patients, n = 26a

Providers, n = 14

Stakeholders, n
= 10

Sociodemographics

Mean

SD

Mean

SD

Mean

SD

Age, continuous, y

31.5

9.5

40.4

10.7

43.1

11.7

20

59

29

57

23

58

No.

%

No.

%

No.

%

American Indian or Alaska Native

1

3.8

0

0.0

0

0.0

Asian

2

7.7

0

0.0

0

0.0

Black or African American

3

11.5

0

0.0

1

10.0

White

15

57.7

14

100.0

8

80.0

More than 1 race

5

19.2

0

0.0

1

10.0

Hispanic or Latino

3

11.5

0

0.0

0

0.0

Not Hispanic or Latino

22

84.6

14

100.0

10

100.0

Prefer not to answer

1

3.8

0

0.0

0

0.0

Man/male

7

26.9

0

0.0

1

10.0

Female/woman

0

0.0

11

78.6

5

50.0

Transgender man/FTM

14

53.8

0

0.0

3

30.0

Genderqueer/nonbinary

3

11.5

3

21.4

1

10.0

Another gender identity

2

7.7

0

0.0

0

0.0

Northeast

8

30.8

0

0.0

4

40.0

South

4

15.4

2

14.3

3

30.0

Midwest

2

7.7

3

21.4

2

20.0

West

12

46.2

7

50.0

1

10.0

Urbanized area (50 000 people or
more

22

84.6

14

100.0

10

100.0

Urban cluster (2500-50 000 people)

3

11.5

0

0.0

0

0.0

Prefer not to answer

1

3.8

0

0.0

0

0.0

Range
Race/ethnicity

Hispanic/Latino

Gender identity

Region of residence
(patients/stakeholder) or
practice (providers)

City/town of residence
(patients/stakeholder) or practice
(providers)
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Patients, n = 26a

Providers, n = 14

Stakeholders, n
= 10

Sociodemographics

Mean

SD

Mean

Mean

Patient-specific questions

No.

%

High school or equivalent

1

3.8

Some college (1-3 y)

3

11.5

College graduate (4-y college degree)

8

30.8

Graduate school

5

19.2

Employed full time

15

7.7

Employed part time

4

15.4

Unemployed student

3

11.5

Unemployed nonstudent

4

15.4

Prefer not to answer

0

0.0

Yes

6

23.1

No

20

76.9

Prefer not to answer

0

0.0

SD

SD

Education - highest level

Employment - current

Student - current

Household income
$19 999 or less

4

15.4

$20 000 -$39 999

11

42.3

$40 000 -$59 999

3

11.5

$60 000 -$79 999

0

0.0

$80 000 or more

8

30.8

Don't know

0

0

Prefer not to answer

0

0

Yes

5

19.2

No

21

80.8

Yes

23

88.5

No

3

11.5

Unstably housed

Hormone use - lifetime
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Sociodemographics

Patients, n = 26a

Providers, n = 14

Stakeholders, n
= 10

Mean

Mean

Mean

SD

SD

SD

Time consistently on hormones lifetime (n = 23)
<6 mo

2

8.7

6 mo-<12 mo

4

17.4

12 mo-<3 y

5

21.7

3 y-<5 y

5

21.7

≥5 y

7

30.4

Yes

24

92.3

No

1

3.8

Prefer not to answer

1

3.8

1 y ago or less

6

25.0

More than 1 y ago but not more than
2y

8

33.3

More than 2 y ago but not more than
3y

1

4.2

More than 3 y ago but not more than
5y

3

12.5

More than 5 y ago

6

25.0

Pap test history - lifetime

Time since last Pap test (n = 24)

Inadequate Pap - lifetime (n = 24)

No.

%

Yes

5

20.8

No

17

70.8

Don't know

2

8.3

Yes

5

20.8

No

18

75.0

Don't know

1

4.2

Abnormal Pap - lifetime (n = 24)

Colposcopy due to abnormal Pap - lifetime (n = 24)
Yes

2

8.3

No

20

83.3

Don't know

2

8.3
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Patients, n = 26a

Providers, n = 14

Stakeholders, n
= 10

Mean

Mean

SD

Mean

Provider-specific questions

Mean

SD

Years as a medical provider

9.5

9.9

1

30

275.6

520.6

20

2000

29.0

34.6

1

100

No.

%

Medical doctor

5

35.7

Naturopathic doctor

4

28.6

Nurse practitioner

4

28.6

Sociodemographics

SD

SD

Biopsy due to abnormal Pap - lifetime
Yes

2

8.3

No

22

91.7

Yes

6

23.1

No

20

76.9

Yes

15

57.7

No

5

19.2

Don't know

6

23.1

Yes

3

20.0

No

12

80.0

Yes

14

53.8

No

11

42.3

Don't know

1

3.8

1

2

14.3

2

0

0.0

3

12

85.7

Total hysterectomy (n = 24)

Heard of HPV

Diagnosed with HPV - lifetime (n = 15)

Received HPV vaccine

No. of doses of HPV vaccine (n = 14)

Range, y
No. of trans patients cared for
Range
No. of Pap tests performed on TM patients
Range
Credentials/training
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Patients, n = 26a

Providers, n = 14

Stakeholders, n
= 10

Mean

Mean

SD

Mean

SD

1

7.1

Primary care

7

50.0

Family medicine

4

28.6

OBGYN/reproductive health

3

21.4

Mental health

1

7.1

Adolescent health

1

7.1
No.

%

6

60.0

4

40.0

Community educator, advocate, etc

7

70.0

Friend of someone who is FTM/TM

6

60.0

Ally of someone who is FTM/TM

6

60.0

Family member of someone who is FTM/TM

4

40.0

Partner of someone who is FTM/TM

3

30.0

Healthcare administrator

2

20.0

Social worker or mental health provider

2

20.0

Researcher

2

20.0

Grassroots activist working on behalf of the FTM/TM
community

2

20.0

Information systems/health records/EMR professional

1

10.0

Surgeon/endocrinologist or other medical provider

1

10.0

Substance abuse counselor

1

10.0

Health policy professional

1

10.0

Sociodemographics

SD

Nurse midwife
Specialtyb

Stakeholder-specific questions
Type
Professional
Personal
b

Stakeholder type

Abbreviations: EMR, electronic medical record; FG, focus group; FTM, female-to-male; HPV, human papillomavirus;
OBGYN, obstetrics/gynecology; Pap, Papanicolaou; TM, transmasculine.
a
27 patients participated in FGs and 1 patient did not complete quantitative survey.
b
Not mutually exclusive.

59

Provider Findings
A total of 14 providers from 9 US cities and 8 states participated in 2 online FGs (7 in
each group). Providers were asked about their attitudes toward making self-swab testing for
HPV available to TM patients. Out of the 11 providers who responded to the question, 81.8% (n
= 9) felt that the self-swab would be an acceptable alternative to Pap testing as it empowered
patients to take charge of their health and might motivate TM patients who might otherwise
avoid a Pap to be screened for HPV. Two providers indicated that a Pap would still be their
preferred method of screening for HPV as it would allow them to examine the cervix and to
discuss sexual health with the patient; however, they indicated that if no other examination
were possible, the self-swab HPV testing would be a better alternative to no testing at all. Two
providers who preferred the self-swab option cited concerns about accuracy and the need for
clear instructions, and another provider noted the importance of demonstrating evidence for
the efficacy of self-swabs to detect HPV before making it available to patients. Similar to the TM
patients in this study, providers recognized that many individual barriers to Pap testing exist for
TM individuals (eg, gender dysphoria, trauma history, exam-related anxiety), along with
structural barriers (eg, lack of access to trained providers) and believed that self-swabs, if
effective, would provide a necessary and clinically important alternative to HPV testing for TM
patients.

Stakeholder Findings
A total of 10 stakeholders from 9 US cities and 9 states participated in 2 online FGs (6 in
professional group, 4 in personal stakeholder group). The stakeholders were asked about their
attitudes toward self-swabs for HPV testing. Out of the 7 participants who responded to the
question (4 personal, 3 professional), 100% indicated that they felt the self-swab should be
offered to TM patients because self-collection methods confer greater privacy and empower
TM patients by providing them with an alternative means to test for HPV. While the
stakeholders were overwhelmingly positive about the self-swab option, 6 out of 7 cited
potential concerns, such as making sure that the test came with clear instructions to avoid any
errors in sample collection. Several stakeholders suggested that patients conducting self-swabs
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at home should have access to a helpline to discuss the collection process and ask questions
related to potential symptoms that they may be experiencing. Additionally, 1 personal
stakeholder cited concerns that patients may not self-administer the test within the
recommended time frame if the test were not conducted by a provider. Finally, 1 health
professional stakeholder noted the importance of having documented proof of the efficacy of
self-swabs for HPV testing before offering it to patients. Overall, stakeholders found the selfswab to be a highly acceptable option for TM patients and felt that it should be made available
the community.
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DISCUSSION
Methodological Gaps
Given that hr-HPV is the primary cause of cervical cancer and also causes other cancers
(vulvar, vaginal, anal, rectal, oropharyngeal),5,46 screening for hr-HPV infection represents an
important preventive health care strategy. Prevalence of hr-HPV in TM individuals in this study
is comparable to percentages shown in other populations, such as cisgender women.3 Our
findings demonstrate that TM individuals are indeed at risk for developing cervical cancer and
support American Congress of Obstetricians and Gynecologists (ACOG) recommendations for
preventive screening in this patient population. To our knowledge, this is the first study of the
acceptability of self- vs provider-collected swabs for HPV DNA testing in TM patients in which
patients experienced both tests as part of the study and provided immediate feedback.

Results in Context
In this study, approximately 16% of this TM sample tested positive for hr-HPV via
provider-collected cervical swab and 13% tested positive for hr-HPV via self-collected
frontal/vaginal swab. To our knowledge, these are the first laboratory-confirmed prevalence
estimates of high-risk HPV infection in TM individuals; this prevalence is comparable to what
has been found in cisgender women (eg, prevalence in other studies was 10.6%,47 17.8%,48
23.7%3). There was substantial (75%) concordance between provider-collected cervical and selfcollected frontal/vaginal samples and no significant difference in concordance by length of
testosterone use, suggesting self-swabs have strong clinical performance regardless of
testosterone use. This is a particularly compelling finding in this population, as Pap testing, the
current standard for cervical cancer screening, exhibits a roughly 10 times higher inadequacy
rate in patients who have been on testosterone therapy for more than 6 months.23
Compared with the HPV DNA hybridization assay conducted on a provider-collected
cervical specimen (gold standard), the assay conducted on a self-collected frontal/vaginal
specimen had a sensitivity of 71% and a specificity of 98%. This is comparable to study findings
of cisgender women, which demonstrate a sensitivity of 74% and a specificity of 88% for self-
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collected frontal/vaginal swabs vs provider-collected specimens.28 Clinicians and researchers
measuring the performance of self-collected hr-HPV testing in cisgender women have
consistently supported its use in patients who are otherwise unable or reluctant to undergo Pap
testing. Given similar results in this study, self-collected frontal/vaginal hr-HPV testing may
represent an important alternative screening option for TM populations, subject to additional
research needed to clarify cancer risk among different TM subpopulations and to support the
development of a risk-based patient decision aid for screening. Until such data are forthcoming,
for TM patients who avoid health care or who are unwilling or unable to undergo pelvic
examination, performance of a vaginal self-swab for hr-HPV DNA testing may represent a
reasonable, patient-centered, and empowerment-based approach to screening in a
comprehensive harm-reduction model of care. Self-collection methods for hr-HPV DNA
detection may increase TM patient engagement in preventive screening and reduce disparities
in cervical cancer screening rates. Additional guidance is needed to reach a consensus about
the safety of this practice given its reduced sensitivity and potential to miss cases of HPV
infection.
Current data do not provide clear answers about why the frontal/vaginal self-swabs
detect only 7 out of 10 cases of HPV as compared with the provider-administered cervical
swabs. We hypothesize that this finding is driven by 2 factors. One factor is that the providercollected swabs gathered samples from the cervical transformation zone, while self-swabs
tested DNA collected from the walls of the frontal/vaginal canal. Previous studies have shown
that oncogenic HPV has particular tropism for the columnar/metaplastic cells of the cervical
squamocolumnar junction compared with the mature squamous epithelium that is present in
both the ectocervix and vagina;49 thus, a swab of the frontal canal does not reach the optimal
site to detect hr-HPV. This hypothesis is supported by the fact that provider-collected frontal
swabs also had a sensitivity of only 86% to detect HPV when the provider-collected cervical
swab was used as the gold standard. This indicates that a frontal/vaginal swab is simply not as
sensitive as a cervical swab, even when collected by a technically skilled provider.
Unfortunately, it is not easy to self-collect cells from the cervix, so a swab of the frontal/vaginal
canal is the most practical option for self-collection.
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The second factor may be the technique of the person collecting the swab or the extent
to which people are technically accurate in their swabbing technique and collect an adequate
sample. There was likely some participant error in collecting the frontal self-swabs, as providercollected frontal swabs were more sensitive than self-collected frontal swabs (86% vs 71%
sensitivity, among n = 54 participants who received both), despite the fact that both swabs
were collected from the same site (the frontal/vaginal canal). Encouragingly, user error could
be reduced by refining the instructions on how to conduct the self-swab or otherwise
addressing participants’ difficulties during collection, which may improve the sensitivity of the
self-swab test to that exhibited by the provider-collected frontal/vaginal swab. However, it is
important to note that the provider frontal/vaginal HPV test was added to our study protocol at
a late stage, and thus the sample size is too small to draw firm conclusions. Additionally, several
self-collection devices and methods have been under evaluation, such as tampon,50 cytobrush,
and cervicovaginal lavage.51 It is possible that a self-swab may perform inferiorly to these other
approaches; however, there would likely be discomfort with some of these (eg, tampons) in the
TM patient population.

Implementation and Uptake of Study Results
Self-swabbing had high acceptability (>90%) in TM individuals compared with a Pap or
provider-collected cervical swab, and therefore has the potential to reduce screening disparities
in this population. Many participants stated that having a choice about how to screen was very
important to them, as well as to TM patients in general. Some stated that they felt empowered
by the option to self-swab, and others asserted that the option to self-swab would increase
their engagement in sexual health care, which they would otherwise avoid. For TM patients
willing to undergo a cervical Pap test with HPV testing, provider-collected cervical hr-HPV
testing still represents the most sensitive test for hr-HPV detection. However, for TM patients
who are unwilling or unable to undergo a cervical Pap test or provider-performed hr-HPV test, a
frontal/vaginal self-swab for HPV DNA testing may represent a reasonable alternative and
patient-centered approach to screening. Additional guidance is needed to establish the safety
of this practice given its lower sensitivity relative to collection from the cervix. Research is also
needed to identify and validate an optimal follow-up algorithm for primary hr-HPV screening.
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Given that this is a patient population that may disengage or detach during an explanation of
the risks and benefits of these types of screening procedures on natal sex organs,14 great care
should be taken in very clearly conveying screening options and procedures, interpretation of
test results, and facilitated linkages to culturally competent follow-up care for TM patients.

Generalizability
It is important to note that self-reported findings may be affected by a self-selection
bias. TM individuals who volunteered to participate in this study are, by virtue of their choice to
volunteer, those who are willing to undergo a Pap test and likely to be less averse to health care
than some other TM individuals or communities. Individuals with higher levels of Pap testing
avoidance, who would benefit most from the option to self-swab, are likely underrepresented
in this study. We therefore hypothesize that the benefits of introducing self-collected hr-HPV
testing as a screening alternative would be even greater at a population level than indicated in
this study, unless such individuals are so averse to health care that they are unwilling to engage
even in self-collected testing. Additional research is needed to replicate these findings and to
reach TM individuals who might not otherwise access cervical cancer screening via Pap testing,
but who may opt to self-swab.
Outreach is especially needed to reach TM individuals who are racial/ethnic minorities
and older ages. Most enrolled TM patients in this study were White and younger ages. Thus,
findings on acceptability of the self- vs provider-collected method may not generalize to TM
individuals who are of a racial/ethnic minority or older age. In addition, the study was
conducted at a single clinic within a 1 geographic area, and enrolled a TM sample at a LGBTfriendly community health clinic. It is important to consider whether and how the TM
individuals who obtain preventive sexual health care at LGBT-specialized health centers differ
from TM individuals who seek care in other clinic settings and venues. In future research, it will
be important to enroll samples with greater heterogeneity and diversity in participant
characteristics, geographic locations, and types of clinical care settings to further evaluate the
generalizability of study findings.
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Subpopulation Considerations
Not surprisingly, abnormal cervical cytology was found in approximately 7% of TM
patients in our sample, in line with previous work.23 HPV vaccination can prevent HPV infection
with high-risk genotypes and represents a critical public health strategy to curb US incidence
rates of HPV-associated cancers.52 Administration of the HPV vaccine is therefore appropriate
for TM individuals up to the age of 26 years, and preferably before sexual activity begins.53
Consistent with existing screening guidelines,8,9,38 even when TM individuals receive the HPV
vaccine, cervical cancer screening should still be performed regularly for those with a cervix,
since the vaccine does not provide 100% protection. Likewise, no method of screening is
perfect. The optimal method of cervical cancer screening has not yet been determined and
depends on a number of factors, including test accuracy and patient preference. Current
screening options include cervical Pap test alone, cervical Pap/hr-HPV cotesting, or hr-HPV
testing alone.8,9,38 Practice is moving toward a primary hr-HPV screening strategy.9 Based on
findings from randomized control trials,54-56 primary hr-HPV screening is at least as effective at
the same screening intervals as cervical cytology, the currently accepted standard for screening
in the United States. For example, a large prospective trial of primary hr-HPV screening
demonstrated improved sensitivity of CIN2 and CIN3 over cytology alone.56 Research suggests
that primary hr-HPV testing with a negative result with a 3-year screening interval is at least as
effective as a 5-year cotesting strategy.57 Although cytology alone and hr-HPV cotesting remain
the screening options recommended in major guidelines in the United States, primary high-risk
HPV screening can be considered as an alternative to current US cytology-based cervical cancer
screening methods.9 Primary hr-HPV testing has better sensitivity than cytology; however,
false-negative hr-HPV test results do occur.9 How to clinically manage hr-HPV–positive tests in
younger age groups is an important subpopulation consideration for screening algorithms.
Despite the patient-centered and community-engaged targeted outreach efforts to
racial/ethnic and older age TM subpopulations, the enrolled sample was predominately White
and younger age. In part, this reflects the sociodemographic distribution of individuals in the
area of Boston where the study sample was enrolled; however, it may also indicate the need to
further consider and overcome those specific barriers that these subpopulations experience in
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accessing care, such as multiple forms of actual and perceived stigma in clinical settings (eg,
transphobia, racism, and ageism). Adding clinical sites in other geographic areas, including
urban (eg, New York City or Atlanta, GA) and rural (eg, Mississippi or Louisiana) settings, may
offer the opportunity to increase the diversity of TM individuals sampled and perspectives
concerning self-swabbing. Finally, some TM subgroups may be more highly burdened by hrHPV, such as TM individuals who have sex with cisgender males. The current study did not
stratify hr-HPV prevalence by sexual orientation or sexual behavior. This is an important
consideration in interpreting study findings. Further, this study did not examine anal screening
for hr-HPV in TM individuals; future research is recommended to address this gap.

Study Limitations
The 95% CIs for the 0.71 sensitivity estimate of self-collected vaginal vs providercollected cervical samples for hr-HPV detection are wide, ranging from 0.48 to 0.89. While
missing 3 of 10 cases with hr-HPV is the best estimate, lower values are possible with the
probability of a particular value decreasing as the value gets farther from 0.71. The wide CI is
due to the small number of participants who were hr-HPV positive. Future research enrolling
larger samples of the TM population is needed to replicate findings and improve the precision
of the estimates.
It is important to consider specimen adequacy and impact of potential interfering
substances (eg, lubricants) when applying hr-HPV testing to a screening population. TM
individuals in our sample experienced a 20% rate of unsatisfactory cervical Pap results,
requiring repeat testing. A prior study by our team found that Pap test results were
unsatisfactory for cytological evaluation 10.8% of the time for TM patients, compared with only
1.3% of the time for cisgender women.23 The reason for these high unsatisfactory rates is not
yet proven, but might be related to cervical atrophy from testosterone treatment. The current
study found a higher rate of cervical samples that were inadequate for cytological examination
than our prior research found. This is likely due to the mistaken use of a water-soluble
carbomer-containing lubricant in this study, which was not used on patients in the prior study.
Although carbomer-containing lubricant affects specimen inadequacy in Pap testing, it does not
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affect the accuracy of HPV DNA testing among samples that are adequate (communication with
Quest Diagnostics). The potential difficulty and discomfort of obtaining a provider-collected
cervical specimen with TM patients makes testing first for the presence of hr-HPV before
referring to Pap or colposcopy a patient-centered and logical sequence of testing for TM
individuals.
Most sexually active individuals will acquire genital HPV infection at some point in their
lives; however, most HPV infections (90%) will clear on their own without leading to cervical
abnormalities, particularly for individuals of younger ages.4 Overscreening and overdiagnosis
are therefore concerns when conducting hr-HPV testing as a primary screening approach
instead of Pap testing; the potential for excess colposcopy is another concern.58 Detecting HPV
infection that was destined to clear up spontaneously was also a concern and potential
limitation of the current study. There are multiple suggestions for how to manage patients with
hr-HPV–positive test results, with no clearly validated optimal practice.9 Research has shown
that triage of hr-HPV–positive cisgender female patients with cytology, followed by repeat
cytology testing at 12 months, can yield a high negative predictive value and modest
colposcopy referral rate, suggesting that this may be the most feasible management strategy.59
In this study, the triage algorithm for TM individuals testing hr-HPV positive was based on age
and cytology results (see Methods section). Additional research is needed to identify and
validate an optimal follow-up algorithm for primary hr-HPV screening.
In considering participant qualitative feedback, it is important to note that a potential
study limitation is self-selection bias. TM individuals who volunteered to participate in this
study were, by virtue of their choice to volunteer, those willing to undergo a Pap test and are
likely to be less averse to health care than some other TM individuals or communities.
Individuals with higher levels of Pap testing avoidance, who would benefit most from the
option to self-swab, are likely underrepresented in this study. Additional research is needed to
replicate these findings and to reach TM individuals who might not otherwise access cervical
cancer screening via provider–patient interactions, but who may opt to self-swab. Outreach is
especially needed to reach TM individuals who are racial/ethnic minorities and older ages. The
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composition of TM population enrolled in this study was skewed toward White individuals and
those of younger ages. Thus, findings on acceptability of self- vs provider collection may not
generalize to TM populations of racial/ethnic minorities and older ages. In future research, it
will be important to enroll samples with greater heterogeneity and diversity in participant
characteristics, geographic locations, and types of clinical care settings to overcome the
limitations of the current study.

Future Research
One barrier to developing and implementing alternative algorithms for cervical cancer
screening is the absence of validated point-of-care clinical tools that measure specific sexual
behaviors associated with hr-HPV infection. Predicting risk for hr-HPV, taking into consideration
the full diversity of human sexual behaviors, can inform patient-centered and tailored
interventions to increase cervical cancer screening uptake for health disparities groups,
including TM individuals. Research that seeks to improve rates of cervical cancer screening in
TM individuals by offering self-collection for hr-HPV testing, within the context of a patient–
provider shared decision-making tool that harnesses information on personalized hr-HPV risk
(based on sexual behaviors), represents a next step for future research. In addition, research is
needed to identify and validate an optimal follow-up algorithm for primary hr-HPV screening.
Future research should be patient-centered and responsive to specific needs and vulnerabilities
of the TM patient population. Ensuring representation of communities of color, as well as older
and socioeconomically diverse individuals, will be important to the generalizability of these
studies, including understanding acceptability and potential uptake of HPV self-swab collection.
Extra care and attention is needed to ensure diversity of participation and engagement of the
most disenfranchised individuals within the TM patient population.
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CONCLUSIONS
This study assessed the test performance characteristics and acceptability of selfcollected frontal/vaginal sampling in comparison with provider-collected cervical specimen
collection for HPV DNA detection among sexually active TM adults who have a cervix. We found
that self-collected swabs detected fewer cases of hr-HPV than traditional cervical HPV DNA
testing conducted by a medical provider; self-testing may miss about 3 out of 10 HPV cases. The
performance characteristics of this self-collection method for HPV detection in TM populations
are consistent with previous studies in other natal female populations.28
Self-swabbing had high acceptability (>90%) in TM individuals who participated in the
clinical visit as compared with a Pap or provider-collected cervical swab, and therefore has the
potential to reduce screening disparities in this population. Many participants stated that
having a choice about how to screen was very important to them. Some stated that they felt
empowered by the option to self-swab, and others asserted that the self-swab method would
increase their engagement in sexual health care, which they would otherwise avoid. For TM
patients willing to undergo pelvic examination, provider-collected cervical hr-HPV testing still
represents the most sensitive test for hr-HPV detection. However, for TM patients unwilling or
unable to undergo pelvic examination, a frontal/vaginal self-swab for HPV DNA testing may
represent a reasonable, patient-centered alternative. Additional guidance is needed to
establish the safety of this practice given the reduced sensitivity of self-swabbing and the
potential to miss cases of HPV infection.
Data from this study and others15,60 show that TM individuals may avoid preventive
sexual health care for a variety of reasons, including fear of discrimination, gender dysphoria, or
trauma history. Self-swabbing may be a reasonable alternative in a comprehensive harmreduction model of care, particularly for TM patients who avoid health care or who might
otherwise decline or lack access to provider-conducted cervical cancer screening
methodologies. For those who refuse pelvic examination, offering self-collected swabs for hrHPV testing as a screening option may engage individuals in sexual health care who would
otherwise not obtain screening of any kind. Our findings demonstrate that TM individuals are
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indeed at risk for developing cervical cancer and support ACOG recommendations for
preventive screening in this patient population.
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