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ABSTRACT OF THE DISSERTATION

Identifying Longitudinal Risk Factors for Anal High-risk HPV Infections and Strategies to Better
Detect Anal High-grade Dysplasia for Anal Cancer Screening in Older Men who have Sex with

Men

by

Hilary Kyle Hsu
Doctor of Philosophy in Epidemiology
University of California, Los Angeles 2017
Professor Marjan Javanbakht, Committee Co-Chair

Professor Dorothy J. Wiley, Committee Co-Chair

Human papillomaviruses (HPVs) are common sexually transmitted infections in the epithelium,
some genotypes of which are oncogenic and capable of causing cervical and anal cancers. While
HPV-associated cervical cancer rates have declined among U.S. women as a result of effective
screening and treatment of cervical precancers, anal cancer is increasing in incidence nationwide
and is quickly becoming a new threat to public health. While anal cancer is rare in the general
U.S. population with an annual incidence rate of 1.8 cases per 100,000 men and women, gay,
bisexual, and other men who have sex with men (MSM) have exponentially higher anal cancer
incidence rates: 78-137 cases per 100,000 HIV-infected MSM and 5-35 cases per 100,000 HIV-
uninfected MSM. The highest estimates for anal cancer in MSM exceed the incidence of the most
common cancer in the world (prostate cancer: 120 cases per 100,000), emphasizing the disparate
cancer risk in this population. Older MSM are at the highest risk since they have often gone their



whole lives without screening, allowing disease to progress unchecked. Risk factors and
screening protocols for cervical cancer have long been established and informs anal cancer
practices, though for anal cancer, more information is needed and a standard of care remains a
work in progress. The purpose of this dissertation is to increase the knowledge and data
surrounding anal HPV infections and resulting anal cancer precursors, to inform anal cancer
screening and prevention protocols.

This dissertation uses data from the Multicenter AIDS Cohort Study (MACS), the longest running
longitudinal study tracking the natural history of HIV/AIDS in MSM, and an independent clinical
trial for anal cancer screening in MSM (“Improving Screening Tools for Anal cancer” (ISTA)).
Chapter 2 analyzes longitudinal anal HPV data to characterize HPV infection in older MSM, and
uses multivariable time-to-event proportional hazards models to identify predictors for incidence
and clearance of anal HPV16 and 18, the high-risk HPVs (hrHPVs) accounting for up to 90% of
anal cancers. Chapter 3 examines a sample of men with anal biopsy data, to compare anal
cytology and hrHPV testing strategies to identify the most effective screening tool to predict
histological high-grade squamous intraepithelial lesions (hHSILs): the precursors of anal cancer.
Lastly, Chapter 4 assesses self-reported data on testosterone replacement therapy (TRT) and
associations with anal cytology test performance and risk for hHSIL. Findings from this
dissertation may provide invaluable information to develop standardized anal cancer screening

and prevention protocols.
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Chapter 1. Introduction and Background

1.1 Introduction

Human papillomaviruses (HPVs) are the most common sexually transmitted infections in
the United States [3]. HPVs are small, double-stranded DNA viruses that infect epithelium through
microabrasions resulting from skin-to-skin contact, typically during sexual contact. It is estimated
that all sexually active individuals will contract at least one HPV infection in their lifetime; however,
up to 90% of infected individuals clear their infections in under 2 years [4-9]. Persistent HPV
infections are of greater epidemiological concern than transient infections as long-term
persistence of some HPV types are necessary to develop cancers after a latent period of ten or
more years. There are over 200 genotypes of HPVs, twelve of which are classified by the
International Agency for Research on Cancer as Group 1 high-risk (hr) strong carcinogens: HPV
types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59 [10, 11]. Another thirteen hrHPV types are
classified as Group 2 weak carcinogens: 26, 30, 34, 53, 66, 67, 68, 69, 70, 73, and 82, 85, and
97. Sixteen other types, which rarely cause cancer, are classified as low-risk (Ir) HPV types 6, 11,
40, 42, 54, 55, 61, 62, 64, 71, 72, 81, 83, 84, 1s39, and CP6108; types 6 and 11 are known to
cause genital warts. HrHPV types 16 and 18 alone are estimated to cause 90% of anal cancers
and 70% of cervical cancers [10-14]. While cervical cancer is the seventh most common cancer
worldwide in incidence (4.4 to 42.7 cases per 100,000 women) and accounts for 90% of all HPV
cancers, anal cancer is rare with an annual incidence rate of 1.8 cases per 100,000 men and
women in the United States [15, 16]. However, in gay, bisexual, and other men who have sex with
men (MSM), anal cancer incidence rates are exponentially higher: 5-35 cases per 100,000 in HIV-
uninfected MSM and 78-137 cases per 100,000 in HIV-infected MSM [17-19]. Highest estimates
for anal cancer in MSM exceed the incidence of the most common cancer affecting all U.S. men
(prostate cancer: 120 cases per 100,000), emphasizing the disparate cancer risk in this

population [20]. While HPV-associated cervical cancer rates have declined among U.S. women
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as a result of effective screening and treatment of cervical precancers, anal cancer is increasing
in incidence nationwide and is quickly becoming a new threat to public health [16, 21].
1.2 HPV Pathogenesis

The main target for HPV infection are basal cells on the basement membrane of epithelium
[22]. Most infections and consequent disease occur at the squamocolumnar junction, specifically
in the transformation zone (TZ), of the cervix and the anus where columnar and squamous
epithelia meet [22]. This is likely due to lower immunity in these areas. There are decreased levels
of Langerhans cells in the TZ which are responsible for immunosurveillance and stimulating innate
and adaptive immune responses [9]. After HPV enters the skin through a microabrasion, it takes
approximately 24 hours before it infects the basal cell layer and can become a productive infection
[23](Figure 1 [1]). Mechanisms within HPVs allow them to evade innate immune responses of the
host for weeks to years as evidenced by persistent infections [23-25]. Persistent infections are
generally defined as consecutive visits testing positive for the same HPV type infections. In
cervical infections, the minimum time between tests to define persistence can be as low as 4
months, all the way up to 7 years [7, 26, 27]. Persistent HPV infections can occur in the epithelium
of various anatomical sites: most commonly the cervix, anal canal, and oropharynx, and in the
cervix and anal canal. They can manifest as abnormal cell growths also known as lesions,
dysplasias, or sometimes precancers [23]. These dysplasias can only develop from HPV
infections and progress in severity from low- to high-grade squamous intraepithelial lesions, the
latter of which are capable of further progressing to squamous cell cancers [4, 25, 28](Figure 1
[1]). Several behavioral and biological risk factors may influence persistence of HPV infections

and lead to more severe disease.



1.3 Screening and Prevention

Screening and prevention for cervical cancer has been well-established since the 1960s,
however, a standard for anal cancer remains to be established [18, 29-31]. Cervical cancer
screening began with the Pap cytology test: a procedure implementing a brush or swab to collect
cervical epithelial cells into preservative and tested to detect abnormal changes in cells resulting
from HPV infections. Pap testing has been implemented for anal cancer screening though there
is no current standard. Cell specimens are assessed similarly for both cervical and anal Paps
typically classified using the Bethesda System standard reporting terms: negative for
intraepithelial lesion (NIL), atypical squamous cells of unknown significance (ASC-US), atypical
squamous cells — cannot exclude high-grade squamous intraepithelial lesion (ASC-H), low-grade
squamous intraepithelial lesion (LSIL), and high-grade squamous intraepithelial lesion (HSIL) [32,
33]. A cytology specimen may be deemed unsatisfactory or uninterpretable if there is an
insufficient amount of cells that can be evaluated, or it is obscured by contaminants (blood,
lubricant, other discharge, or inflammation) [32, 34]. Overall, cytology specimens show low
sensitivity and moderate specificity and require repeat testing or co-testing to improve detection.

Since the development of Pap testing, various DNA and RNA HPV tests have been
developed and appended to primary cervical cancer screening protocols and implemented by
some for anal cancer screening [35, 36]. There are genotyping tests that determine specific HPV
type infections, while other HPV tests that group HPV types providing more general infection
characteristics (eg. Group 1 hrHPV-positive vs. negative). HPV tests generally have higher
sensitivity but lower specificity than cervical and anal cytology [37-39]. For cervical cancer
screening, some experts advocate for screening solely using repeat HPV molecular testing to
identify and track persistent hrHPV infections, while others support co-testing with cytology or just
cytology alone [40]. Current cervical cancer screening guidelines recommend primary screening
with cytology every 3 years for women ages 21-65 and testing with both cytology and HPV testing

every 5 years for women ages 30-65, though no consensus is available for anal cancer screening



[37]. For cervical screening, subjects with abnormal cytology results (ASC-US or more severe)
and/or positivity for hrHPVs are referred for a diagnostic examination to confirm disease called a
colposcopy. During colposcopy exams, the cervix is examined, tissue stained with acetic acid,
assessed, and biopsies are collected using forceps into preservative. High-resolution anoscopy
has been recommended as the equivalent diagnostic examination of the anal canal to confirm
disease and procedures are developed from the colposcopy model. However, the only current
standard of care for anal cancer screening is a digital rectal examination where clinicians use their
fingers to feel for any masses in the anal canal. Certified pathologists use a standard classification
to evaluate both anal and cervical biopsy specimens as NIL, LSIL, HSIL, which has additional
sub-classifications, [anal/cervical intraepithelial lesion (AIN/CIN) 2 (moderate dysplasia), AIN/CIN
2/3 (moderate-to-severe dysplasia), AIN/CIN 3 (severe dysplasia)], carcinoma in-situ (CIS), and
invasive anal/cervical cancer (IAC/ICC). When precancers (LSIL or more severe) are observed
during a colposcopy or after biopsy confirmation, they are often treated using cryotherapy, laser
ablation, loop excision, or cold-knife conization [37]. With these effective strategies, cervical
cancer is considered a wholly preventable disease. However, it has yet to be confirmed whether
treatment of anal HSIL will reduce the likelihood of progression to anal cancer, though a large
cohort study is underway to establish this link [18, 41-43] .

Despite expansive knowledge and established protocols for cervical cancer screening and
treatment, there is no standard of care for anal cancer screening and prevention [44-46]. So far,
practices from cervical cancer screening and prevention have been recommended for anal
cancer, including repeat cytology and HPV testing, high-resolution anoscopy examinations with
biopsy for diagnosis (equivalent to colposcopy), the use of identical cytological and histological
classifications, and treatment approaches [33, 41, 42, 47-50]. However, distinctions between the
two anatomical sites and broader susceptibility of anal disease to both men and women requires

further research to independently establish a standard for anal cancer screening and prevention



[51, 52]. Focusing on MSM who are the highest risk for anal HPV infections and anal disease is

key.

1.4 Measures of Anal HPV Infections in MSM

The prevalence of anal HPV infections in MSM have been reported in a number of studies
with estimates of any HPV infection as high as 99% in HIV-infected MSM and 94% of HIV-
uninfected MSM [53, 54]. Prevalent anal HPV16 and 18 infections range from 10-40% and 5-40%,
respectively. A summary of anal HPV prevalence from a literature review of forty studies have
been summarized in Supplementary Tables 1 and 2. Only eleven studies found reported the
incidence rates of anal HPVs in MSM and are summarized in Supplementary Table 3 and 4.
Lastly, only seven studies found report the clearance rates of anal HPVs in MSM and are
summarized in Supplementary Tables 5 and 6. In large, most studies have small sample sizes
and focus on HIV-infected MSM, with half of the HPV tests used testing only a portion of the 37
HPV types commonly reported. Estimating these infection characteristics in a large group of HIV-
infected and -uninfected MSM would potentially add great value to better understand anal HPV

infections and their risk factors over time.

1.5 Risk Factors for Anal HPV Infections

While inherent physiological differences exist between the cervix and anal canal, they
share embryologic origins and similar HPV pathogenesis mechanisms are observed in each site
suggesting shared risk factors for infection. A preliminary cross-sectional analysis performed in a
large group of HIV-infected and -uninfected MSM showed HIV infection was associated with
increased prevalence in all HPV groups (Figure 2 [2]). Multiple studies have verified the
association with HIV infection, and have identified additional risk factors for incident and persistent
HPV infection: the number of sex partners, race, age, smoking tobacco, receipt of a solid organ
transplant; CD4+ count, HIV viral load, and adherence to highly active antiretroviral therapy

(HAART) in HIV-infected individuals [2, 22, 54-64]. Receptive anal intercourse, specifically, is



associated with higher risk for anal HPV incidence, though experts agree non-intercourse anal
behaviors, such as digital anal stimulation, play a role in transmission and infection risk [22].
Recent number of receptive anal intercourse partners was associated with increased prevalence
of all HPV groups, whereas lifetime number of sex partners was only associated with increased
prevalence of IrHPVs [2]. Factors associated with HPV clearance in MSM have not been well-
studied, however one study in HIV-infected MSM found a strong association between young age
(<25 years) and lower HIV RNA viral load with higher clearance of anal HPVs [64]. Other strong

predictors of clearance of anal HPV infections may exist and remain to be identified [64].

1.6 Role of Sex Hormones on Disease

In women, persistent cervical HPV infections and cervical cancer risk are positively
associated with higher parity, early sexual debut, and long-term oral contraceptive use which are
associated with increased lifetime exposure to estrogen [65-72]. Similar HPV pathogenesis
mechanism in the cervix suggest sex hormones may similarly influence anal HPV infection and
cancer risk. Preliminary analyses show each half-log1o increase in serum free testosterone (FT)
was associated with a 1.9-fold higher prevalence of anal HPV16/18 infections in a cohort of MSM
[73]. These findings warrant a closer study of potential risks associated with supraphysiological
testosterone levels in men, particularly in older HIV-infected MSM who comprise the highest risk
group for anal cancer. For HIV-infected MSM, testosterone replacement therapy is often clinically
indicated as their testosterone levels are lower compared to HIV-uninfected men and testosterone
levels naturally decline with age in men [74]. Free steroid hormones are unbound and active,
entering target cells primarily by passive diffusion through the cell membrane. Acting as ligands,
free hormones bind to nuclear receptors and can cause epithelial cell proliferation [75]. Our group
has tested a sample of biopsy specimens drawn from MSM with varying anal dysplasia and

HPV16 infection, and all specimens tested positive for T receptors. This finding may link elevated



FT levels to HPV16/18 prevalence if FT binds to receptors in anal epithelium, allowing proliferation
of infected cells, increasing viral production and persistent infection.

In addition to potentially increasing risk for anal HPV infection, supraphysiological
testosterone levels, often induced by exogenous testosterone use, may affect the efficacy of anal
cancer screening strategies in MSM. One limitation in screening comes from unsatisfactory or
indeterminate Paps which indicate uninterpretable cytology results. This can be due to an
insufficient amount of cells that can be evaluated, or obstruction by contaminants (blood, lubricant,
other discharge, or inflammation) [32, 34]. One study showed women with unsatisfactory cervical
cytology results had a 4-fold higher odds of having a follow-up abnormal Pap test, and a 5-fold
higher odds of having an abnormal cervical biopsy compared to a negative control group with
satisfactory cytology results [76]. Since anal cytology often yields a higher proportion of
unsatisfactory (1-7.4%) results than cervical cytology (0.3-3.4%), unsatisfactory results may have
a greater implication in anal cancer screening and determining the potential influence of
testosterone is important [77-80]. In a study by Peitzmeier et al., researchers performed a large
medical chart review to identify factors contributing to a high rate of unsatisfactory cervical Paps
in a group of female-to-male transgender men (FTMTM) [34]. Many FTMTM retain their cervices
and are still at risk for cervical disease, therefore, are recommended to follow cervical cancer
screening guidelines for cisgender women. Peitzmeier et al. found that, compared to cisgender
women, FTMTM had an 11-fold higher odds of receiving an unsatisfactory cervical Pap using
liquid-based cytology, after adjusting for race, age, and BMI. For each additional year of
testosterone use, odds of receiving an unsatisfactory Pap were 20% higher for FTMTM compared
to cisgender women. Among FTMTM, the proportion of those with unsatisfactory Pap tests
increased with duration of testosterone use. Researchers hypothesize one explanation may be
histological changes in the cervix from testosterone therapy. Exogenous testosterone use may
have a greater impact in FTMTM than in cisgender men due to a more drastic disruption of
homeostatic testosterone levels, therefore, it is reasonable to surmise supraphysiological
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testosterone levels may not similarly affect anal tissue in MSM. However, identifying the
relationship between exogenous testosterone use in MSM and risk for anal disease is a novel
exploration. Determining the causes of unsatisfactory cytology results is particularly important due

to the potential to misclassify more severe dysplasia [34, 81-83].

1.7 Summary

A standard for anal cancer screening and prevention has not yet been established as
further research is required. There is significant utility in HPV testing and cytology in screening
for anal cancer and it is important to identify the optimal test. Few studies have focused on
identifying risk factors influencing persistence and clearance of anal hrHPV infections necessary
for anal cancer development. Identifying these risk groups is important for targeted screening
approaches. Exogenous testosterone use may be important risk factors for anal dysplasia, and
affect cytology screening efficacy. These associations have not been well-explored in MSM
despite frequent exogenous testosterone use and high risk for anal cancer. Researching these
topics may provide invaluable information to develop anal cancer screening and prevention

strategies.



Figure 1.1 Progression of initial infection to persistent human papillomavirus (HPV) infection in
the cells of the cervix. From left to right, there is a progression from initially normal cells. [1]
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Figure 1.2 Comparison of Prevalence Ratios for Group 1 and 2 High-risk and Lower-risk HPVs
for 1262 Men Enrolled in the Multicenter AIDS Cohort Study Anal Health Sub-study.?[2]
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Chapter 2. Longitudinal Analysis of Risk Factors for Incidence and Clearance of Anal
HPV Types 16 and 18 Infections in the Multicenter AIDS Cohort Study

2.1 Abstract

Introduction: Human papillomaviruses (HPVs) commonly infect anal epithelium. Of 41 HPV
types that can infect the anus and other genitals, twelve are classified as high-risk (hr) Group 1
HPVs which are strongly carcinogenic. HPV types 16 and 18 are two Group 1 viruses that cause
80-90% of anal cancers. Older men who have sex with men (MSM) are disproportionally affected
by anal cancer, for which no standard procedure for screening or treatment exists. The objective
of this study is to characterize incidence and clearance of anal HPV 16 and 18 infections in a

cohort of older MSM.

Methods: 1,259 HIV-infected and —uninfected MSM from the Multicenter AIDS Cohort Study were
followed between 2010 and 2014 in six-month intervals as part of the Anal Health Substudy, a
nested longitudinal study, where a Dacron swab was collected from the anal canal and tested for
37 HPV types using the Linear Array HPV DNA PCR assay. HIV-stratified incidence and
clearance rates and rate ratios (RRs) were calculated. Cox proportional hazards regression
models estimated hazards ratios (HRs) for incidence and clearance of HPV16 and 18 infections
by HIV infection status, controlling for age, race, smoking, CD4 count, receptive anal intercourse

partnerships, and history of other sexually transmitted infections.

Results: Men were on average 55 (+9) years old, most were White, non-Hispanic (74%,
929/1259) and nearly half were HIV-infected (48%, 610/1259). Men contributed an average of 3.4
test visits over a 27-month period. At baseline, most men (79.6%) tested positive (+) for one or
more anal HPVs. HPV16 and 18 infections were common, with 25.2% of men testing positive for

one or both at baseline. Incidence and clearance of both types were common as well.
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In multivariable models, age was inversely associated with incident HPV16 (HR: 0.97 (0.94,
0.99)). Among HIV-uninfected men, having four or more RAI partners in the last 2 years was
associated with higher risk of incident HPV16 (HR: 2.5 (1.1, 5.3)), as were having a prevalent
HPV18 infection, and history of anal warts and syphilis (HRs: 3.7 (1.5, 8.9); 6.1 (2.0, 19.0); 3.7
(1.1, 12.2)). Ever having symptomatic oro-facial herpes was associated with incident HPV18 in
HIV-infected men (HR: 2.3 (1.1, 4.8)), while among HIV-uninfected men, being non-white was
associated with a higher risk of incident HPV18 (HR: 3.6 (1.4, 9.1)). In HIV-infected men, age,
never smoking, and never having anal herpes were associated with clearance of HPV16 (HRs
1.04 (1.00,1.07), 1.9 (1.1, 3.1), 1.8 (1.0, 3.2)). In HIV-uninfected men, not having a prevalent other
Group 1 infection was associated with increased HPV16 clearance (HRs: 1.9 (1.0, 3.5)). Never

smoking was associated with higher clearance of HPV18 in HIV-infected men (HR: 3.7 (1.4, 9.7)).

Discussion: Using PCR testing, anal HPV infections are common in this older group of MSM.
Incidence and clearance of HPV 16 and 18 remains high, especially among HIV-infected men,
suggesting risk for ongoing HPV exposure with age. Several risk factors were found to be
associated with incidence and clearance, that may function by increasing exposure or influencing
susceptibility. Overall, risk of anal HPV persistence was high, confirming the disproportionate risk

MSM confer for HPV-related anal cancer.
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2.2 Introduction

Human papillomaviruses (HPVs) are the most common sexually transmitted infections in
the United States [1]. There are 41 HPV genotypes (types) that infect anogenital epithelium [2, 3].
Twelve types are classified by the International Agency for Research on Cancer as Group 1 high-
risk (hr) strong carcinogens: HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59 [2, 3]. Another
thirteen hrHPV types are classified as Group 2 weak carcinogens: HPV26, 30, 34, 53, 66, 67, 68,
69, 70, 73, and 82, 85, and 97. Sixteen other types, which rarely cause cancer, are classified as
low-risk (Ir) HPVs: HPV6, 11, 40, 42, 54, 55, 61, 62, 64, 71, 72, 81, 83, 84, 1s39, and CP6108;
types 6 and 11 are known to cause genital warts. Persistent infection with hrHPV types 16 and
18 are estimated to cause 78 to 90% of invasive anal cancers (IACs) and 70% of cervical cancers
[2-6]. Although invasive anal cancers (IACs) are rare in most US men with an estimated 1.5 cases
per 100,000 person-years (py), HIV-infected and -uninfected men who have sex with men (MSM)
have rates that are up to 75-fold higher: 5-35 and 78-137 cases/100,000 py, respectively [7-11].
Highest estimates for anal cancer in MSM exceed incidence of even the most common cancer in
the US for men (prostate cancer: 97-120 cases per 100,000), emphasizing the serious cancer
risk in this population [7, 12]. Anal cancer incidence is increasing nationwide and is quickly
becoming a new threat to public health [13].

The prevalence of anal HPV infections in MSM has been reported in numerous studies
with infection estimates as high as 99% in HIV-infected men and 94% in HIV-uninfected men [14,
15]. Prevalent anal HPV16 and 18 infections range from 10-40% and 3-40%, respectively[14, 16-
19]. Most studies characterizing anal HPV incidence and clearance use small samples, mostly
focusing on HIV-infected MSM, with some using HPV test assays that do not test for all anal HPV
types commonly identified. Estimating infection characteristics in a large group of HIV-infected
and -uninfected MSM would add great value in better understanding anal HPV infections and their

risk factors.
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A preliminary cross-sectional analysis performed in a large group of HIV-infected and -
uninfected MSM showed HIV infection was associated with increased prevalence in all HPV
groups (Figure 2.1 [20]). Multiple studies have verified the association between HPV infection
acquisition and persistence, and anal cancer with HIV infection in men and women, and identified
other risk factors including: number of sex partners, race, age, and smoking tobacco; among HIV-
infected individuals, CD4+ count, HIV viral load and adherence to highly active antiretroviral
therapy (HAART) [15, 20-31]. Receptive anal intercourse (RAI), specifically, is associated with
higher risk for anal HPV incidence, though experts agree non-intercourse anal behaviors, such
as digital anal stimulation, play a role in transmission and infection risk [27]. The recent number
of RAI partners was associated with increased prevalence of all HPV groups, whereas lifetime
number of sex partners was only associated with increased prevalence of IrHPVs [20].
Additionally, there is evidence to indicate higher hormone levels may also be associated with HPV
infection. One analysis showed each half-log increase in serum free testosterone (FT) was
associated with a 1.9-fold higher prevalence of anal HPV16/18 infections in a cohort of MSM,
suggesting exogenous testosterone use may increase susceptibility to HPV infection [32]. Factors
affecting anal HPV clearance have not been well studied in any group, however one study in HIV-
infected MSM found a strong association between young age (<25 years) and lower HIV RNA
viral load with higher clearance of anal HPVs [31]. Other strong predictors of clearance of anal
HPV infections may exist and have yet to be identified [31].

Because anal HPV infections are more common in MSM than in the general population
and factors associated with incidence and clearance of anal hrHPVs are not well understood,
more research is needed to determine which MSM are the highest risk for persistent hrHPV
infection. Better characterizing anal HPV16 and 18 infections among the group at highest risk for
anal cancer may help to inform anal cancer screening guidelines and prevention strategies. Our
goal for this study is to describe incidence and clearance of anal HPVs in a large cohort of MSM
and identify risk factors for incidence and clearance of HPV types 16 and 18.

21



2.3 Methods

Participants

MSM enrolled in the Multicenter AIDS Cohort Study (MACS), the longest continuing U.S.
longitudinal study tracking the natural history of HIV/AIDS in MSM) were recruited over three main
enrollment periods (1984-87, 1987-91, and 2001-03) in four major U.S. cities: Baltimore, Chicago,
Los Angeles, and Pittsburgh [33, 34]. In total, 6,972 HIV-infected and -uninfected MSM were
enrolled and provided written consent for participation in the MACS. As of 2011, a remaining
2,216 participants were still active and enrolled. Men attended routine study visits every six
months where laboratory specimens were collected, and sociodemographic, medical, and
behavioral data were collected using self- and interview-guided questionnaires [34].

From 2010 to 2014, 68% (1,512/2,216) of the active MACS MSM provided written
informed consent for periodic anal cytology and HPV testing as part of a nested cohort substudy:
the Anal Health Substudy (AHS). The goal of the AHS was to assess the prevalence and risk
factors for anal precancers. Enrollment was open to all MACS participants with no exclusion
criteria. AHS visits were performed during regularly scheduled MACS visits. Men were followed
from one to eight visits where an anal swab was collected and tested for cytology and HPV
genotyping. To evaluate incidence and clearance of any HPV longitudinally, multiple visits over
time were needed. Therefore, the sample was limited to 1,259 men who had two or more
interpretable HPV samples from visits at least 4 months apart.

Procedures

Anal Pap testing was performed and a single swab was collected at every visit, and tested
for cytology annually for HIV-infected men and every two years for HIV-uninfected men. Testing
frequency differed due to the high risk for anal dysplasia in HIV-infected MSM. A Dacron swab
was inserted ~2.5 inches beyond the anal verge, approximated to the wall, and rotated slowly
(against the anal wall) while being extracted and immediately placed into ThinPrep Preservcyt®

solution (Cytyc Corporation, Boxborough, MA). HPV genotyping was performed at every visit with
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a swab specimen. Specimens were centrifuged (~10,000 rpm) for 15 minutes, pelleted,
resuspended, centrifuged in phosphate-buffered saline, and dried. Cell pellets were resuspended
again in 0.3mL of 20 mM Tris buffer (pH: 8.3). MasterPure Purification Kit (Epicentre, Madison,
WI1) was used to purify the DNA for testing. Anal HPV genotyping was performed from extracted
DNA of residual cytology specimens (~75ug) using PCR and line-blot hybridization (Linear Array®
HPV Genotyping Test, Roche Molecular Diagnostics, Pleasanton, CA) by Tricore Reference
Laboratories (Albuquerque, NM). Linear Array uses the PGMY09-PGMY11 primer set, to amplify
a 450 base-pair fragment of the L1 gene, to detect 37 HPV types: Group 1 hrHPVs: 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, and 59; Group 2 hrHPVs: 26, 53, 66, 67, 68, 69, 70, 73, and 82;
and IrHPVs: 6, 11, 40, 42, 54, 55, 61, 62, 64, 71, 72, 81, 83, 84, 1s39, and CP6108 [2, 3].
Sociodemographic and sexual-behavioral characteristics were collected using a
standardized interviewer-guided questionnaire. Serum was collected and tested to evaluate
Hepatitis B and HIV infection characteristics and are described elsewhere [34-38]. HIV RNA levels
were measured using an ultrasensitive RNA PCR Assay (Hoffman-LaRoche, Nutley, NJ, USA)
with a cutoff limit of 50 copies/mL; standard flow cytometry was used to quantify CD4 counts [39].
The exposures of interest collected from the baseline MACS visit to the last MACS visit
coinciding with the last AHS visit were assessed for an association with anal HPV infection. Data
for this analysis were requested and obtained from the Center for the Analysis of MACS Data
(CAMACS, Johns Hopkins University, Baltimore, MD). Covariate data of interest were collected
at baseline, and captured at every MACS visit (six months) to update changes since the last visit.
These covariates include: age, race, HIV status and HIV characteristics (last seronegative and
first seropositive visit date, CD4 count, RNA set point, AIDS diagnoses, and HAART use), study
center, enrollment cohort, use of exogenous testosterone, number of receptive anal intercourse
partners, body mass index (BMI), tobacco and alcohol use, and sexually transmitted infections

(STls): Hepatitis B and C virus (HBV/HCV), gonorrhea, syphilis, genital warts, anal warts, herpes,
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and genital sores. The 35 other HPV types also tested for on the same swab were included as
covariates grouped as other Group 1 hrHPVs, Group 2 hrHPVs, and IrHPVs.

The outcomes of interest were incidence and clearance of HPV types 16 and 18. Incident
infections were defined as a positive test following a negative test. Cleared infections were defined
by a negative test following a positive test.

Analysis

Descriptive analyses were used to estimate the baseline characteristics of study group
and identify differences across variables by HIV status. Data for HIV-infected and —uninfected
men were compared using Chi-squared (categorical variables) and Wilcoxon Rank Sum test
statistics (continuous variables). HPV type-specific incidence and clearance rates were calculated
for each of the 37 HPV types and for groups by pathogenicity: HPV16/18, Group 1 hrHPVs (with
and without HPV16/18), nine Group 2 hrHPVs, and sixteen IrHPVs [2, 3]. Additionally, Kaplan
Meier cumulative incidence and clearance curves for HPV16 and 18 were plotted and compared
by HIV status.

Cox Proportional regression models were used to calculate hazards ratios (HRs) as an
estimate of the relative risk of experiencing the outcome at any fixed time. Bivariate Cox
regression models were performed to assess individual relationships between covariates and
HPV16 and 18 incidence and clearance. Covariates were a combination of variables summarized
from historical visits, and data collected at the baseline visit for HPV testing. Incidence models
estimated time to incident HPV16 and 18 infections, separately, versus not getting each type.
Time to incident infection was defined as the time from baseline or first negative visit to an incident
positive visit. For men with prevalent or incident HPV16 and 18 infections, models estimated time
to clearance of HPV16 and 18 infections, separately, versus not clearing each type. Time to
clearance was defined as the time from baseline (for prevalent infection) or incident infection to

the first negative visit.
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Final models were stratified by HIV status to address violations of the proportional hazards
assumption, resulting in a total of eight Cox regression models for incidence and clearance of
HPV 16 and 18, individually. Since individuals vary in risk for incidence and clearance by HPV
type, i.e., the participant needed to be negative to be at risk for incidence, and positive to be at
risk for clearance, samples differed across models. The sample sizes were: 1,076 for HPV16
incidence (506 HIV-infected and 570 HIV-uninfected), 1,192 for HPV18 incidence (567 HIV-
infected and 625 HIV-uninfected), 324 for HPV16 clearance (194 HIV-infected and 130 HIV-
uninfected), and 161 for HPV18 clearance (106 HIV-infected and 55 HIV-uninfected). All models
controlled for age, race, ever smoking tobacco, and, among the four HIV-infected only models,
also recent CD4 count (>500 cells/mm? vs. <500 cells/mm?3). The incidence models additionally
controlled for the number of receptive anal intercourse (RAI) partners in the last two years, while
the clearance models controlled for the number of lifetime RAI partners. Individual models
included some additional covariates including: ever using testosterone, ever having anal warts,
anal herpes, syphilis, oro-facial herpes, or prevalent infections with other anal HPVs. Analyses

were performed with SAS V9.4 (Cary, NC).

2.4 Results
At baseline, men were 55 (+9) years old, on average, and 74% (929/1259) were White,

non-Hispanic, 18% (227/1259) were Black, non-Hispanic, and 8.2% (103/1259) reported another
race/ethnicity. Nearly half of all participants were HIV-infected (610/1259). The participants
contributed a total of 4,253 HPV test visits. On average, each man had 3.4 visits (range: 2-7);
HIV-infected men had 3.8 visits and HIV-uninfected had 3 visits (p<0.05). The total follow-up time
was 33,815 person-months, with each participant averaging 26.9 months on study (range: 4.1-
45.5 months); 29.5 months for HIV-infected and 24.4 months for HIV-uninfected men (p<0.05).
Compared to HIV-uninfected men, HIV-infected men were younger, more likely to be non-

White, and less likely to be overweight (p-values<0.001) (Table 2.1). HIV-infected men were more
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likely to be current smokers than HIV-uninfected men, but drinking frequency did not differ (Table
2.1). Lastly, HIV-infected men more often reported five or more RAI partners than HIV-uninfected
men in the two years prior to the baseline AHS visit (33.7% vs. 19.8%) (Table 2.1).
HPV Prevalence

The prevalence of both hrHPVs and IrHPVs was high in this group. Most men showed
positivity for at least one HPV type at baseline, (79.6% (1002/1259)) (Table 2.2a). HPV16/18
infections were common with 25.2% (317/1259) having one or both types. While 55.1%
(694/1259) of participants tested positive for any Group 1 HPV, 46.5% (586/1259) of men had
positivity for a Group 1 type other than HPV16/18, 34.9% (439/1259) were positive for a Group 2
virus, and 60.2% (758/1259) were positive for low-risk viruses. Prevalence characteristics for the
other 35 types are listed in Supplementary Table 2.1a.
HPV Incidence

During follow-up, there were 872 men with at least one new incident infection by any of
the 37 HPV types detected at a rate of 35 men per 1,000 person-months (pm). There were 108
men who had incident HPV16 infections at a rate of 4/1,000 pm, with HIV-infected men having a
higher incidence rate than HIV-uninfected men with an unadjusted rate ratio (RR) of 1.8 (95%Cl:
1.1, 2.5) (Table 2.2a). Among those who had incident HPV16, the median time to infection was
12.2 months for HIV-infected men and 24.5 months for HIV-uninfected men. Sixty-eight men had
incident HPV18 infections at a rate of 2.2/1,000 pm, with HIV-infected men similarly yielding a
2.1-fold higher incident rate than HIV-uninfected men (1.2, 3.4) (Table 2.2a). The median time to
incident HPV18 infection was 22.9 for HIV-infected men and 12.6 months for HIV-uninfected men.
Out of the 37 types, 27 yielded statistically significantly different crude RRs where rates of incident
infection in HIV-infected men ranged from 1.7 to 5.6 higher than rates in HIV-uninfected men

(Supplementary Table 2.1a).
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HPV Clearance

Clearance of infections were frequent with 897 men clearing at least one of any HPV type
at a rate of 53.4 men per 1,000 pm. A total of 129 men cleared HPV16 at a rate of 19.6 per 1,000
pm (Table 2.2b). The median time for clearing HPV16 infection was 12.2 for HIV-infected men
and 19.0 months for HIV-uninfected men. There were 81 men who cleared HPV18 at a rate of
31.5 per 1,000 pm. The median survival time for clearing HPV18 infection was 12.2 for HIV-
infected men and 6.5 months for HIV-uninfected men. Overall, HIV-infected men had a 27%
higher rate of clearing any HPV type infections compared to HIV-uninfected men (RR: 1.3 (1.1,
1.5). When assessed by type, only clearance of HPV61 was statistically significantly different by
HIV status with 88% higher rate of clearance in HIV-infected versus —uninfected men (RR: 1.9
(1.2, 2.9)). HPV16 and HPV18 showed higher clearance in HIV-uninfected than -infected men,
though this did not reach statistical significance (Table 2.2b). The number of cleared infections
and rates for each type and virus groupings are listed by HIV-infection status in Supplementary
Table 2.1b.
Multivariable Analyses
Incident HPV16

In the multivariable survival Cox model for incident HPV16 in HIV-infected men, in

addition to controlling for the effects of age, race, recent CD4 count, ever smoking, and the
number of RAI partners in the last two years, we controlled for ever having anal warts and
prevalent infection with other Group 1 viruses (Table 2.3). Only age was associated with incident
HPV16 showing a 3.5% decrease in risk with each year of age (HR: 0.97; 95% CI (0.94, 0.99),
p=0.03). Several risk factors for incident HPV16 were identified only among HIV-uninfected men.
In addition to age, race, recent CD4 count, ever smoking, and the number of RAI partners in the
last two years, we controlled for ever having anal warts or syphilis, and prevalent HPV18 infection
(Table 2.4). Having a history of anal warts yielded a 6.1-fold higher risk of incident HPV16
compared to never having anal warts (p=0.002). Ever having syphilis infection conferred higher
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3.7-fold higher risk (p=0.03), as did prevalent anal HPV18 at baseline (HR: 3.6; 95% CI (1.49,
8.94), p=0.005). Lastly, reporting four or more RAI partners in the last two years yielded a 2.5-
fold higher risk of incident HPV16 infection (p=0.02).
Incident HPV18

The multivariable models for incident HPV18 also varied by HIV infection status. In the
model for HIV-infected men, ever using testosterone and ever having symptomatic oro-facial
herpes were additional covariates (Table 2.3). Prior symptomatic oro-facial herpes was
associated with increased risk for incident HPV18 (HR: 2.3 p=0.03). Although not statistically
significant, there was a 62% increase in risk for infection among men with CD4 count lower than
500 cells/mm? compared to those with more (p=0.1), and a 77% increase in incident HPV18 risk
among ever testosterone users versus never users (p=0.07). In the multivariable model for
incident HPV18 infection among HIV-uninfected men, prevalent HPV16 infection was uniquely
included in the model (Table 2.4). Results showed being Black, non-Hispanic yielded a 3.6-fold
higher risk compared to White, non-Hispanic men (p=0.01). Ever smoking had a 2.5-fold higher
risk compared to non-smokers, and those reporting one to three RAI partners in the past two
years had a 2.3-fold higher risk for incident HPV18 than those with none, but neither association
reached statistical significance (p-values=0.1).
HPV16 Clearance

In the multivariable model for HPV16 clearance in HIV-infected men, the model
additionally controlled for ever having anal herpes (Table 2.3). Each year of age was associated
with a 4% increase in clearance for HPV16 infection (p=0.02), and never having smoked was
associated with a 1.9-fold increase in clearance (p=0.02). However, ever having anal herpes
showed a 45% decrease in clearance (p=0.04). When assessing HPV16 clearance in HIV-
uninfected men, the model uniquely controlled for prevalent infection with another Group 1 virus

which was associated with a 47% decrease in HPV16 clearance (p=0.04) (Table 2.4).
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HPV18 Clearance

The results in multivariable models for HPV18 clearance differed slightly by HIV status. Among
HIV-infected men, a recent CD4 count less than 500 cells/mm?® was associated with a 38%
decrease in clearance, but did not reach statistical significance (p=0.09) (Table 2.3). In the model
for HIV-uninfected men, participants who never smoked had a 3.7-fold increase in HPV18

clearance compared to ever smokers (p<0.01) (Table 2.4).

2.5 Discussion

Anal HPV infections are very common in this cohort of mostly middle-aged MSM.
Prevalent HPV infections were detected in 80% of all men at baseline. Every two out of three
participants experienced at least one incident anal HPV infection, the slight majority being Group
1 hrHPVs, suggesting risk for new exposures was still high in older MSM. However, clearance
was just as common, signifying transient infections were common. HIV-infected men
demonstrated higher rates of incidence and clearance when compared to HIV-uninfected men,
suggesting a difference in anal HPV infection risk profiles by HIV status.

Infection with HPV16 and 18 were common in this group affecting a quarter of all men.
Incidence of HPV16 and HPV18 each occurred at a higher rate in HIV-infected men than in HIV-
uninfected men. Stratified rates were within or below levels that others have reported [31, 40-42]
[26]. The risk for incident new anal HPV16/18 infections was positively associated with the number
of RAI partners as expected, however this was only observed in HIV-uninfected men, possibly
due to more prevalent HPV16/18 infections in HIV-infected men. A history of anal warts and
syphilis were associated with incident HPV16 infection in HIV-uninfected men, and ever having
symptomatic oro-facial herpes was associated with incident HPV18 infection in HIV-infected men
after controlling for sexual behaviors, suggesting coinfection with other STIs may increase risk for
hrHPV infection. Other studies have found infection with syphilis and other STls like chlamydia
are associated with increased risk for incident hrHPV infection [28, 43]. Similarly, infection with

HPVs can increase risk of acquisition of other HPV types, and as most anal warts are caused by
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IrHPVs, it likely explains the association observed in this study [44]. In this cohort, exogenous
testosterone use was not associated with risk for HPV16/18 incidence; however, this may be due
to an inaccurate measure of lifetime use due to later editing of questions capturing this data in the
MACS behavioral questionnaire. Though hypothesized, CD4 count did not affect incidence or
clearance among HIV-infected men.

There were no differences in clearance of HPV16 or HPV18 by HIV-infection status.
HAART adherence was not associated with anal HPV infection among HIV-infected men, as
found by other investigators [20]. Smoking had an inverse association with clearance of infection
suggesting higher clearance of anal hrHPVs among never smokers. However, smoking was not
statistically significantly associated with incident infection suggesting it may only affect
persistence and not acquisition of infection [42]. More research is needed to study the factors that
predict clearance of anal hrHPVs.

These analyses are limited. Participants were followed in unequal intervals and have
varying numbers of visits. This may lead to hidden bias if loss to follow-up was differential with
respect to the exposures and outcome. However, this was unlikely as participants were not
provided with HPV results until after the study was completed. With respect to defining infections,
when an infection clears and reappears at a later visit, it is unclear whether this is a true incident
infection or if the clinical specimen collection or testing assay missed a persistent infection. For
any infections demonstrating clearance, it is possible they are not completely cleared but their
viral loads remain at low undetectable levels that the Linear Array assay is not sensitive enough
to detect. Censoring of data may also be an issue. Left censoring occurs from infections prevalent
at baseline and may not be comparable to incident infections for assessing clearance, and the
sample size did not provide adequate power to assess them separately. Additionally, right
censoring occurs from loss to follow-up as we do not know infection characteristics beyond the
end of study. As with many studies, self-reported data, such as for reporting sexual behaviors and
some STIs, are inherent to biases related to recall or sensitivity. Lastly, these may not be
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generalizable to other populations of MSM or other demographic groups in the general population.
However, this study is one of the largest longitudinal analyses of anal HPV infection in HIV-
infected and -uninfected MSM and these findings may inform other studies.

This study shows anal hrHPV infections are very common in older MSM suggesting risk
for ongoing exposure with age. In the absence of a standard of care for screening for anal cancer,
we hope these results will guide clinicians to identify the highest risk individuals among older MSM

who would benefit most from regular monitoring for hrHPV infection.
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Figure 2.1 Comparison of Prevalence Ratios for Group 1 and 2 High-risk and Lower-risk HPVs

for 1262 Men Enrolled in the Multicenter AIDS Cohort Study Anal Health Sub-study.?[20]
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® Prevalence ratios are simultaneously adjusted for the effect of age, race, recruitment period (2001 vs <2001), study site; HIV infection
(yesino) and CD4 cell count (<350, 351-500, >500 cells/mm?) among the infected, lifetime number of male sex partners at MACS visit 1
(<30, 30-99, 100-289, =300), number of sex partners reported between MACS visit 1 and 24 months before HPV testing (<30, 30-99, 100-
189, >200), number of RAI partners during 24 months prior to HPV testing (0, 1-3, >4), tobacco smking (yes/no) during two study periods:
MACS visit 1 tothe study visit 24 months before HPV testing, and the last 24 months of the study period.

Figure 2.2a-d Kaplan-Meier Survival Curves by HIV-Infection Status for:

A) HPV16 Incidence, B) HPV18 Incidence, C) HPV16 Clearance, D) HPV18 Clearance

Sunvival Probahbility

Sunvval Probability

L i
B [
08 Ui 084 \
. ] !
] wE
| =
064 | _E 06
| 2
* o
i "
0.4 i € 04
| w
|
|
0.2+ i 024
|
|
|
0.0+ 0.0
: T T T : T ! T T r T
250 500 750 1000 1250 0 250 500 750 1000 1250
HIV.infected
Length of Follow-Up (Days) o Length of Follow-Up (Days)
M HIV uninfected
| i
D
084 08+
Fd
0.6 B 064
8
o
o
=
04 E 04
@
024 0.2 4
0.0+ 00+
250 500 750 1000 1250 0 250 500 750 1000 1250

Length of Follow-Up (Days)

32

Length of Follow-Up (Days)




Table 2.1 Characteristics of AHS Study Group at Baseline by HIV Infection Status

Total HIV Seropositive HIV Seronegative  p-value
(n=1,259) (n=610) (n=649)
n (%) n (%) n (%)
Characteristics
Study Center
Baltimore 328 (26.1) 148 (24.1) 181 (27.9)
Chicago 266 (21.1) 183 (30.0) 83 (12.8) <0.0001
Pittsburgh 311 (24.7) 132 (21.6) 179 (27.6) p=v.
Los Angeles 354 (28.1) 148 (24.3) 206 (31.7)
Race
White, non-Hispanic 929 (73.8) 395 (64.8) 534 (82.3)
Black, non-Hispanic 227 (18.0) 154 (25.3) 73 (11.3) p<0.0001
Other 103 (8.2) 61 (10.0) 42 (6.5)
Age
<35 years old 43 (3.4) 26 (4.1) 18 (2.8)
36-45 years old 126 (10.0) 78 (12.8) 48 (7.4)
46-55 years old 488 (38.8) 272 (44.6) 216 (33.3) <0.0001
56-65 years old 467 (37.1) 205 (33.6) 262 (40.4) ‘
66-75 years old 124 (9.9) 30 (4.9) 94 (14.5)
76+ years old 11 (0.9) 0 (0.0) 11 (1.7)
Highest Level of Education Completed
High school or Less 138 (12.0) 87 (15.5) 51 (8.6)
Some college 246 (21.3) 149 (26.6) 97 (16.4)
4-year college 280 (24.3) 133 (23.8) 147 (24.8) p<0.0001
Some graduate school 129 (11.2) 59 (10.4) 71 (12.0)
Post-graduate school 360 (31.2) 133 (23.8) 227 (38.3)
BMI
Normal Weight (BMI <25) 526 (42.7) 283 (47.9) 243 (38.0) =0.0004
Overweight (BMI >25) 705 (57.3) 308 (52.1) 397 (62.0) p=v.
CD4 Count
<250 CD4 cells/mm3 50 (4.1) 50 (8.5) 0 (0)
251-500 CD4 cells/mm3 218 (17.8) 180 (30.6) 38 (6.0) p<0.0001
501+ CD4 cells/mm3 957 (78.1) 359 (61.0) 598 (94.0)
Drinking Frequency Since Last Visit
No drinks 217 (18.2) 120 (20.9) 97 (15.6)
1-3 drinks/ week 728 (60.8) 339 (59.1) 387 (62.3) ~0.1058
4-13 drinks/ week 174 (14.6) 77 (13.4) 97 (15.6) p=g.
13+ drinks/ week 78 (6.5) 38 (6.6) 40 (6.4)
Smoking Status
Never smoked 345 (28.6) 157 (27.0) 188 (30.0)
Former smoker 629 (52.1) 274 (47.2) 355 (56.6) p<0.0001
Current smoker 234 (19.4) 150 (25.8) 84 (13.4)
Ever Used Testosterone
Yes 188 (15.1) 186 (31.0) 2(0.3)
No 1061 (85.0) 414 (69.0) 647 (99.7) p<0.0001
Number of Receptive Anal Intercourse Partnerships in Last 2 Years
No partners 633 (51.2) 268 (45.0) 367 (56.9)
1-4 partners 277 (22.3) 127 (21.3) 150 (23.3) p<0.0001
More than 4 partners 329 (26.5) 201 (33.7) 128 (19.8)
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Table 2.2a-b Anal HPV Prevalence at Beginning and at End of Follow-up in 1,259 MSM in the MACS Anal Health Substudy, Incidence and
Clearance Rates for Anal HPV Groups and HPV16/18 Infections for All Men and Stratified by HIV Infection Status with Rate Ratios

Table 2.2a: Prevalence at Baseline and End of Follow-up and Incidence Rates with Incidence Rate Ratios (IRRs)

All Men HIV-Infected Men HIV-Uninfected Men Ratio
HPV Baseline End Incidence | Person | Incidence | Incidence | Person Incidence | Incidence | Person | Incidence IRR
TYPE | Prevalence | Positivity months Rate months Rate months Rate (95%Cl)
(%) (%)
An 1.51
Tyge 1002 (79.6) 991 (78.7) 872 24919.4 34.99 511 12047 1 42.42 361 12872.2 28.04 (1.32,
1.73)
Group 2.14
1 694 (55.1) 680 (54.0) 573 27627.3 20.74 381 13306.6 28.63 192 14320.7 13.41 (1.80,
2.54)
HPV 1.80
16 240 (19.1) 220 (17.5) 108 27204.0 3.97 70 13771.3 5.08 38 13432.7 2.83 (1.13,
2.49)
HPV 2.09
18 107 (8.5) 93 (7.4) 68 31132.1 2.18 47 16102.6 2.92 21 15029.5 1.40 (1.20,
3.36)
Other 2.26
Group 586 (46.5) 572 (45.4) 514 28093.5 18.30 349 13597.0 25.67 165 14496.4 11.38 (1.87,
1 2.71)
Group 1.93
2 439 (34.9) 412 (32.7) 402 29200.0 13.77 263 14439.7 18.21 139 14760.3 9.42 (1.57,
2.38)
Low 1.81
Risk 758 (60.2) 745 (59.2) 628 26998.6 23.26 399 13242.8 30.13 229 13755.8 16.65 (1.54,
2.13)
Table 2.2b: Clearance Rates with Clearance Rate Ratios (CRRs)
All Men HIV-Infected Men HIV-Uninfected Men Ratio
HPV Clearance Person Clearance Clearance Person Clearance Clearance Person Clearance CRR
TYPE months Rate months Rate months Rate (95%Cl)
Any Type 897 16801.5 53.39 523 8793.3 59.48 374 8008.2 46.70 1.27 (1.12, 1.45)
Group 1 603 13221.4 45.61 381 7449.9 51.14 222 5771.5 38.46 1.33 (1.13, 1.57)
HPV 16 129 6594.9 19.56 76 4136.1 18.38 53 2458.9 21.55 0.85 (0.60, 1.21)
HPV 18 81 2570.1 31.52 51 1807.0 28.22 30 763.1 39.31 0.72 (0.46, 1.13)
8:23;’ 1 516 7906.3 65.26 340 5080.9 66.92 176 2825.4 62.29 1.07 (0.90, 1.29)
Group 2 404 8941.2 45.18 265 5634.0 47.04 139 3307.2 42.03 1.12 (0.91, 1.37)

34




Low Risk

636

14112.0

45.07

405

7963.5

50.86

231

6148.5

37.57

1.35 (1.15, 1.59)

Table 2.3 Hazards Ratios for Multivariable Models for HIV-infected MSM for Incidence and Clearance of Anal HPV 16 and 18 Infections
Model Age (peryear) | Race CD4 Count | Smoking RAl Partners | RAIl Partners | Lifetime RAI Lifetime RAIl | Anal Warts | Prevalent Use of | Oro- Anal
(White vs. (=500 vs <500 (Ever Vs in the Last 2 in the Last 2 Partners Partners (Ever Vs Other Group Testosterone Facial Herpes
Non-white) cells/mm3) Never) years years (11+vs 0 (1-10vs 0) Never) 1 (Ever Vs Herpes (Ever vs
(4+vs 0) (1-3vs 0) (Yes vs No) Never) (Ever vs | Never)
Never)
Incident 16 0.97 (0.94,0.99) | 1.02(0.60, 1.71) 112(0.67,1.87) | 0.94(0.551.59) | 1.27(0.71,2.28) | 1.28(0.68, 2.43) 1.55 (g-ggi 159 (g-ggi B B
Inci 1.77 (0.95, 2.26 (1.07,
ncident 18 0.98 (0.94, 1.02) 1.67 (0.80, 3.50) 0.62 (0.34, 1.12) 1.28 (0.65, 2.52) 1.61(0.83, 3.12) 0.98 (0.41, 2.34) 3.27) 4.77) -
Clearance 16 1.04(1.00,1.07) | 0.79 (0.45, 1.39) 1.02 (0.65, 1.62) 0.54 (0.32, 0.90) 0.69 (0.31, 1.57) 0.86 (0.35, 2.13) 0.55 (g'g;)'
Clearance 18 0.99 (0.95, 1.03) 1.17 (0.54, 2.56) 1.08 (0.57, 2.02) 1.04 (0.53, 2.01) 0.56 (0.18, 1.74) 0.77 (0.24, 2.46)
Table 2.4: Hazards Ratios for Multivariable Models for HIVV-uninfected MSM for Incidence and Clearance of Anal HPV 16 and 18 Infections
Model Age (per year) Race Smoking RAIl Partners | RAI Partners | Lifetime RAI Lifetime RAIl | Anal Warts | Prevalent Prevalent Prevalent Syphilis
(White vs. (Ever vs | in the Last 2 | in the Last 2 | Partners Partners (Ever vs Never) HPV16 HPV18 Other Group 1 (Ever vs Never)
Non-white) Never) years years (11+vs 0) (1-10, vs 0) (Yes vs No) (Yes vs No) (Yes vs No)
(4+vs 0) (1-3vs 0)
Incident 16 1.02 (0.98, 1.06) 1.10 (0.41, 2.97) 0.67 (0.34, 1.33) 2.45(1.13, 5.32) 1.08 (0.39, 3.00) 6.14 (1.99, 19.01) 3.65(1.49, 8.94) 3.70 (1.12, 12.19)
Incident 18 1.02 (0.97, 1.08) 0.28 (0.11, 0.74) 2.48 (0.73, 8.50) 1.63 (0.47, 5.65) 2.28 (0.83, 6.29) 1.79 (0.64, 4.97)
Clearance 16 1.01(0.97, 1.05) 0.65 (0.28, 1.52) 1.16 (0.62, 2.17) 1.91(0.42, 8.64) 0.96 (0.20, 4.58) 0.53 (0.29, 0.98)
Clearance 18 1.01(0.96, 1.05) 0.68 (0.25, 1.82) 0.27 (0.10, 0.70) 0.75 (0.23, 2.39) 0.39 (0.11, 1.35)

Supplemental Tables 2.1a-b Anal HPV Positivity at Beginning and at End of Follow-up in 1,259 MSM in the MACS Anal Health Substudy and
Incidence and Clearance Rates for 35 Other Anal HPV Type Infections for All Men and Stratified by HIV Infection Status with Rate Ratios

Supplemental Table 2.1a Prevalence at Baseline and End of Follow-up and Incidence Rates with Incidence Rate Ratios (IRRs)

All Men HIV-Infected Men HIV-Uninfected Men Ratio

HPV Baseline End Incidence | Person | Incidence | Incidence | Person Incidence | Incidence | Person | Incidence IRR
TYPE | Prevalence | Positivity months Rate months Rate months Rate (95%Cl)

(%) (%)
Other Group

2.48 (153,

HPV31 | 101(80) | 101(8.0) 88 30677.1 2.87 64 15903.0 4.02 24 14774.1 1,62 o)
HPV33 |  72(58) 76 (6.0) 75 31770.6 2.36 60 16467.8 3.64 15 15302.9 0.98 3'7624%)08'
HPV35 | 80 (64) 75 (6.0) 74 31300.8 2.36 63 15851.1 3.97 11 15449.7 0.71 5'5;% (02639'
HPV39 | 89(7.1) 85 (6.8) 77 314816 2.45 54 16478.0 3.28 23 15003.6 153 2 g.)so,
HPV45 | 128(10.2) | 98(7.8) 71 30400.2 2.34 58 15389.6 3.77 13 15010.5 0.87 4'35"%')24'
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1.68 (1.09,

HPV51 | 112(89) | 118(9.4) 102 30747.6 3.32 66 16050.5 4.11 36 14697.2 2.45 AT

HPV 52 | 204(232) | 276(21.9) 211 26078.3 8.09 144 12409.7 11.60 67 13668.6 4.90 2'327;13')53'
HPV56 | 66 (52) 64 (5.1) 80 31649.8 253 58 16471.6 3.52 22 15178.3 145 2'43?&')48'
HPV58 | 114(9.1) | 100(7.9) 80 30806.7 2.60 61 15716.4 3.88 19 15090.3 1.26 3'05_&')76'
HPV 59 | 100 (7.9) 96 (7.6) 74 30834.5 2.40 61 15677.9 3.89 13 15156.6 0.86 4'5;‘_é§')38'

Group 2
HPV26 | 11(0.9) 7(0.6) 13 335313 0.39 10 17744.8 0.56 3 15786.5 0.19 2'%_(702'?1'
HPV53 | 163 (13.0) | 152 (12.1) 131 20257.8 4.48 94 14984.9 6.27 37 14272.9 2.59 2'43?_21')61'
HPV 66 | 87 (6.9) 76 (6.0) 76 31443.8 2.42 53 16159.7 3.28 23 15284.1 1,50 2'1;51')28'
HPV 67 |  25(2.0) 26 (2.1) 36 33005.8 1.0 29 17344.3 1,67 7 15661.5 0.45 3'7;517')62'
HPVE8 | 82 (6.5) 74 (5.9) 67 31341.4 2.14 48 16227.0 2.96 19 15114.5 1.26 2'35_&')35'
HPVG69 | 22 (1.8) 20 (1.6) 25 33155.5 0.75 18 17503.9 1.03 7 15651.5 0.45 2'33_2%96'
HPV70 | 113(9.0) | 113(2.0) 95 30715.0 3.0 65 15656.7 415 30 15058.2 1.99 2'03?(()23')29'
HPV73 | 59 (4.7) 67 (5.3) 69 32226.9 214 39 16958.8 2.30 30 15268.1 1.96 w1 .ég')”'
HPV82 | 28(22) 24 (1.9) 37 33114.6 112 24 17508.9 1.37 13 15605.7 0.83 1'6§_§g')84'
Low Risk

HPV6 | 192(153) | 166 (13.1) 82 29178.8 2.81 51 14630.1 3.49 31 14548.7 2.13 1'6;'.;)2')95'
HPV11 | 61(4.9) 48 (3.8) 30 32204.5 0.93 20 16989.7 118 10 15304.8 0.65 1'83?_%83'
HPV40 | 18 (1.4) 14.(1.1) 23 33337.7 0.69 18 17596.1 1.02 5 15741.6 0.32 3'25_&')19'
HPV42 |  95(7.6) 98 (7.8) 91 31187.1 2.92 67 16074.7 417 24 15112.4 1,59 2'65.(()1')59'
HPVS54 | 107(85) | 117(9.3) 110 30588.8 3.60 81 15596.4 5.19 29 14992.4 1.93 2'6;512')68'
HPV 55 | 148(11.8) | 144 (11.4) 97 29703.4 3.27 70 15065.8 465 27 14637.6 184 2'532_é23')51'
HPVG61 | 163(13.0) | 149 (11.8) 98 20646.7 3.31 66 15336.3 430 32 14310.4 224 1'922_%')22'
HPV62 | 167 (13.3) | 165 (13.1) 118 29330.5 4.02 85 14929.3 5.69 33 14401.2 2.29 2'43%1')58'
HPV64 |  5(0.4) 4(0.3) 4 33751.0 0.12 3 17938.1 0.17 1 15812.9 0.06 2'2‘;(21'?7'
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HPV 71 9(0.7) 9(0.7) 9 33524.7 0.27 7 17767.3 0.39 2 15757.3 0.13 310 (z?é?4’
HPV72 |  85(6.8) 87 (6.9) 69 31204.1 2.21 41 16133.9 2.54 28 15070.2 1.86 3 1((2")81'
HPV81 | 73(58) 72 (5.7) 49 32005.8 153 38 16494.7 230 11 15511.1 0.71 3'265 (();')59'
HPV83 | 60 (4.8) 63 (5.0) 52 32206.9 161 37 16837.4 2.20 15 15459.4 0.97 228 (()1')22'
HPV 84 | 129(10.3) | 141 (11.2) 136 29805.2 4.56 94 15210.2 6.18 42 14595.0 2.88 212 é17')44'

1S39 16 (1.3) 16 (1.3) 17 33434.9 0.51 13 17645.0 0.74 4 15789.9 0.25 29 ég')%
CP6108 | 134 (10.6) | 141(11.2) 128 32409.4 3.95 86 15301.3 5.62 42 14638.2 2.87 1'95 %)29'
';"pha' 343(27.2) | 302 (24.0) 245 30971.8 7.91 181 15658.5 11.56 64 15313.2 418 2'737 éﬁ')o&
o P | 503(400) | 479(38.1) 393 29304.4 13.41 267 14448 4 18.48 126 14856.0 8.48 218 é;')m'
Supplemental Table 2.1b Clearance Rates with Clearance Rate Ratios (CRRs)

All Men HIV-Infected Men HIV-Uninfected Men Ratio

HPV Clearance | Person | Clearance | Clearance | Person | Clearance | Clearance | Person | Clearance CRR

TYPE months Rate months Rate months Rate (95%Cl)
Other Group 1
HPV 31 89 2853.6 31.19 66 1834.1 35.98 23 1019.4 22.56 1,59 (0.99, 2.56)
HPV 33 73 1971.4 37.03 58 1424.7 40.71 15 546.6 27.44 1.48 (0.84, 2.62)
HPV 35 79 2160.0 36.57 66 1791.4 36.84 13 368.7 35.26 1.04 (0.58, 1.89)
HPV 39 80 2148.2 37.24 53 1323.6 40.04 27 824.6 32.74 1.22 (0.7, 1.94)
HPV 45 98 3206.6 30.56 73 2412.4 30.26 25 794.2 31.48 0.96 (0.61, 1.51)
HPV 51 95 2072.3 31.96 68 1912.5 35.56 27 1059.8 25.48 1.40 (0.89, 2.18)
HPV 52 229 7579.3 30.21 167 5376.0 31.06 62 2203.3 28.14 110 (0.82, 1.48)
HPV 56 78 1909.6 40.85 55 1236.9 44.47 23 672.7 34.19 1.30 (0.80, 2.12)
HPV 58 97 2863.6 33.87 77 2073.4 37.14 20 790.1 25.31 1.47 (0.90, 2.40)
HPV 59 86 2790.2 30.82 66 2111.6 31.26 20 678.6 29.47 1.06 (0.64, 1.75)
Group 2

HPV 26 17 289.1 58.81 12 238.0 50.41 5 51.1 97.93 0.51 (0.18, 1.46)
HPV 53 143 42875 33.35 98 2743.6 35.72 45 1543.9 29.15 1.23 (0.86, 1.74)
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HPV 66 88 2151.9 40.89 62 1622.5 38.21 26 529.4 49.11 0.78 (0.49, 1.23)
HPV 67 35 751.9 46.55 30 575.9 52.09 5 176.0 28.41 1.83 (0.71, 4.73)
HPV 68 79 2215.9 35.65 55 1547.3 35.54 24 668.5 35.90 0.99 (0.61, 1.60)
HPV 69 26 600.7 43.29 17 443.1 38.37 9 157.5 57.13 0.67 (0.30, 1.51)
HPV 70 97 2791.8 34.75 73 1980.2 36.87 24 811.6 29.57 1.25 (0.79, 1.98)
HPV 73 59 1417.0 41.64 42 875.0 48.00 17 541.9 31.37 1.563 (0.87, 2.69)
HPV 82 38 566.2 67.12 26 356.8 72.86 12 209.3 57.33 1.27 (0.64, 2.52)
Low Risk

HPV 6 106 4595.1 23.07 70 3233.9 21.65 36 1361.2 26.45 0.82 (0.55, 1.22)
HPV 11 42 1463.8 28.69 31 938.4 33.03 11 525.4 20.94 1.58 (0.79, 3.14)
HPV 40 26 414.5 62.72 18 312.4 57.61 8 102.1 78.34 0.74 (0.32, 1.69)
HPV 42 92 2384.1 38.59 62 1696.4 36.55 30 687.7 43.62 0.84 (0.54, 1.30)
HPV 54 104 31211 33.32 78 2261.4 34.49 26 859.8 30.24 1.14 (0.73, 1.78)
HPV 55 106 3894.2 27.22 76 2779.7 27.34 30 1114.5 26.92 1.02 (0.67, 1.55)
HPV 61 110 3909.9 28.13 83 2425.0 34.23 27 1484.9 18.18 1.88 (1.22, 2.91)
HPV 62 116 4394.8 26.39 83 2953.4 28.10 33 1441.3 22.90 1.23 (0.82, 1.84)
HPV 64 5 63.8 78.35 4 39.2 102.07 1 24.6 40.61 2.51(0.28, 22.49)
HPV 71 9 254.9 35.31 6 174.7 34.34 3 80.2 37.41 0.92 (0.23, 3.67)
HPV 72 71 2530.1 28.06 47 1767.7 26.59 24 762.4 31.48 0.84 (0.52, 1.38)
HPV 81 51 1754.1 29.07 39 1427.7 27.32 12 326.5 36.76 0.74 (0.39, 1.42)
HPV 83 51 1398.8 36.46 36 1052.2 34.21 15 346.6 43.28 0.79 (0.43, 1.44)
HPV 84 121 3703.2 32.67 82 2479.0 33.08 39 1224.2 31.86 1.04 (0.71, 1.52)

1S39 16 328.3 48.73 13 286.7 45.35 3 41.6 72.08 0.63 (0.18, 2.21)
CP6108 124 3662.3 33.86 84 2476.0 33.93 40 1186.3 33.72 1.01 (0.69, 1.47)
;\Ipha- 291 233827 7687.5 192 150943 4962.5 99 82884 2725.0 1.06 (0.84, 1.36)
;\Ipha- 292 280524 9222.7 199 170297 5598.8 93 110227 3623.9 1.39 (1.08, 1.77)
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Chapter 3. Comparison of Anal Cytology and PCR Anal HPV Testing Strategies to Predict
High-grade Anal Precancers among Older MSM with Persistent Anal HPV Infections

3.1 Abstract

Background: Men who have sex with men (MSM) compose the group at highest risk for anal
cancer. High-grade squamous intraepithelial lesions, identified by anal biopsy and histology
(hHSILs), are precursors for anal cancer caused by persistent infection with high-risk human
papillomaviruses (hrHPVs). There are 12 strongly carcinogenic hrHPVs (Group 1); these include
HPV16 and 18, which account for up to 90% of anal cancers. There is no current standard protocol
for anal cancer screening, although experts recommend repeated screening using anal cytology.
Cytology shows poor sensitivity to detect hHSIL, and HPV testing may be a viable screening
alternative. The objective of this study is to compare the efficacy of anal cytology with hrHPV

testing to predict hHSIL in older MSM.

Methods: Participants are 183 U.S. MSM from the Anal Health Substudy (AHS), a nested cohort
substudy of the Multicenter AIDS Cohort Study, who were followed for multiple visits. A single
Dacron swab was collected from the anal canal, and tested for cytology and 37 HPV types (Linear
Array HPV DNA PCR assay). Following the AHS, men were assessed using the gold-standard:
high-resolution anoscopy (HRA) with anal biopsy. Biopsies were classified as hHSIL or <hHSIL.
Multivariable logistic regression models estimated odds ratios (ORs) and areas under the
receiver-operating curve (AUCs) were calculated for five screening test strategies to predict
hHSIL. Strategies compared were: having any abnormal cytology (abCyt) versus normal,
persistent positivity (positive at two or more consecutive visits) for HPV types 16/18
(pHPV16/18+), and persistent positivity for Group 1 hrHPVs (pGroup 1+); two combined serial
strategies were further assessed: abCyt & pHPV16/18+, and abCyt & pGroup 1+. Each model
controlled for age, center, race, HIV, number of male receptive anal intercourse partners in the

last two years, and smoking.
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Results: Men were, on average, 59 (+8) years old; 58% (107/183) were HIV-infected, and 87%
(159/183) were White, non-Hispanic. 73% (134/193) had abCyt and 54% (98/183) had hHSIL.
Persistently detectable HPVs were common, with 44% (80/183) testing pHPV16/18+ and 87%
(159/183) testing pGroup 1+. On average, HIV-infected men were younger, more likely to have a
lower CD4 count (<500 CD4 cells/mm3), have abCyt, and test pHPV16/18+ (p-values<0.05). In
multivariable models, abCyt alone had 2.2-fold higher odds of hHSIL (95% CI 1.1, 4.6),
pHPV16/18+ alone had 3.6-fold higher odds of hHSIL (1.8, 7.2), and pGroup 1+ alone was not
associated with hHSIL (OR: 1.5 (0.6, 3.7)). When abCyt and pHPV16/18+ were combined in a
model, positivity on both tests was associated with 3.6-fold higher odds of hHSIL (1.7, 7.3). When
abCyt and pGroup 1+ were combined, positivity on both tests was associated with 2.3-fold higher
odds of hHSIL (1.2, 4.6). Diagnostic accuracy of individual test strategies: abCyt (AUC: 0.65),
pHPV16/18+ (0.70), and pGroup 1+ (0.63), and combined strategies (AUCs: 0.68 & 0.66) were

compared; no single strategy was significantly more accurate than another (p-values>0.05).

Discussion: Findings suggest testing for persistent HPV16/18-positivity, even using a low-
threshold PCR assay, may be an effective strategy for detecting hHSIL in older HIV-infected and
-uninfected MSM. The high hHSIL prevalence in this sample (54%) emphasizes an urgent need

for developing a standard approach to screening.
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3.2 Introduction

Human papillomaviruses (HPVs) are very common sexually transmitted infections that
infect epithelium through microabrasions [1]. Most sexually active individuals will contract at least
one HPV infection in their lifetime; however, as many as 90% of infections can clear within two
years [2-7]. Forty-one HPV genotypes can infect male and female genitalia: twelve types are
classified as Group 1 high-risk (hr) strong carcinogens (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
and 59), thirteen hrHPV types as Group 2 weak carcinogens (26, 30, 34, 53, 66, 67, 68, 69, 70,
73, and 82, 85, and 97), and sixteen as low-risk (Ir) HPV types, which are not carcinogenic (6, 11,
40, 42, 54, 55, 61, 62, 64, 71, 72, 81, 83, 84, 1s39, and CP6108) [8, 9]. Persistent, long-term
infections with the Group 1 hrHPVs are estimated to cause 31,500 new HPV-related cancers
annually in the United States [10]. HPV types 16 and 18 alone are estimated to cause 78 to 90%
of anal cancer cases [10-12]. Anal cancer incidence rates in the general population are low at 1.8
cases per 100,000 persons, however, among gay, bisexual, and other men who have sex with
men (MSM), rates are significantly higher, especially among those with HIV infection where
estimates may reach as high as 137 cases/100,000 [13-17]. Despite these disproportionately high
rates, there is no standard of care for anal cancer screening [18].

Screening as a secondary prevention for cervical cancer has been well-established since
the 1960s, beginning with the Pap cytology test where a brush or swab is used to collect cervical
epithelial cells into preservative and tested to detect abnormal cellular changes or lesions
resulting from persistent HPV infections [16, 19-21]. Lesions vary in severity, the most severe
being high-grade squamous intraepithelial lesions (HSILs) which are considered precancers that
can further progress into cancer [22]. Pap testing is often recommended for primary anal cancer
screening for at-risk populations where clinical facilities and experts are available to provide
services and follow-up [23]. However, for either organ, cytology can have low sensitivity and

moderate specificity requiring repeat testing or co-testing for HPVs to detect disease [24, 25].
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HPYV tests were developed more recently and some are clinically approved for use in some
primary cervical cancer screening protocols [26, 27]. As an alternative screening tool to cytology,
some experts advocate for screening using HPV molecular testing alone to identify persistent
hrHPV infections, while current guidelines offer HPV co-testing with cytology at wider time
intervals [28, 29]. HPV tests have higher sensitivity but lower specificity than cytology due to high
HPV prevalence implying applications for anal cancer screening need development [29-32].
Generally, abnormal anal cytology results and/or positivity for hrHPVs are recommended to be
followed up with a diagnostic examination called high-resolution anoscopy (HRA) to confirm
disease. Anal tissue is examined and biopsies of possible lesions are collected to confirm disease
suggested by screening. Certified pathologists evaluate anal biopsy specimens similar to
cytology, but with increased granularity for HSIL results. Some recommend utilizing HRA as the
primary form of screening since cytology often misses disease and HPV testing over diagnoses
disease, however, the cost of HRA and lack of trained clinicians limits feasibility [33]. Anal
histological-confirmed HSILs (hHSILs) are treatable with ablative and topical methods and
treatment is thought to prevent progression to anal cancer as has been confirmed for cervical
hHSIL and cervical cancer [29]. The goal of this study is to compare anal cytology versus anal

HPV testing to predict anal hHSILs to inform screening strategies for high-risk individuals.

3.3 Methods

Participants

Participants were recruited from the Multicenter AIDS Cohort Study (MACS), the longest
running U.S. longitudinal study tracking the natural history of HIV/AIDS in MSM [34, 35]. Since
1984, enroliment has continued over three periods (1984-87, 1987-91, and 2001-03) in four major
U.S. cities disproportionately affected by the HIV epidemic: Baltimore, Chicago, Los Angeles, and

Pittsburgh, with renewed enroliment ongoing since 2010. Over the duration of the MACS, 7,352
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HIV-infected and -uninfected MSM have been enrolled and provided written consent for
participation, with 2,216 participants active in 2010-2011.

From 2010-2014, 1,512 MACS men were seen in a substudy called the Anal Health
Substudy (AHS), where an anal swab was collected at regular 6-month MACS visits and tested
for cytology and HPVs. The study is described in more detail elsewhere and additional details are
provided below [36]. These analyses are limited to 183 men followed in the AHS for at least two
visits (>4 months apart) in whom persistent hrHPV infection was detected and at least one
interpretable cytology result was available. These men also had an HRA examination with biopsy
subsequent to AHS visits.

Procedures

AHS subjects contributed up to eight study visits at which an anal Pap test was performed.
Briefly, the protocol planned for cytology and HPV specimen collection annually for HIV-infected
subjects, and every two years for HIV-uninfected subjects. For cytology specimens, a single
Dacron swab was inserted ~2.5 inches beyond the anal verge, approximated to the wall, and
rotated slowly against the anal wall while being extracted and immediately placed into ThinPrep
Preservcyt® solution (Cytyc Corporation, Boxborough, MA). Specimens were centrifuged
(~10,000 rpm) for 15 minutes, pelleted, resuspended, centrifuged in phosphate-buffered saline,
dried and evaluated by trained cytopathologists at a single laboratory (Tricore Reference
Laboratories, Albuquerque, NM). Anal specimens were classified as negative for intraepithelial
lesion (NIL), atypical squamous cells of unknown significance (ASC-US), atypical squamous cells
— cannot exclude high-grade squamous intraepithelial lesion (ASC-H), low-grade squamous
intraepithelial lesion (LSIL), and high-grade squamous intraepithelial lesion (HSIL) [37, 38]. For
these analyses, specimens were categorized as abnormal (ASC-US or worse) versus normal
(NIL). Residual cytology specimens (~75ug) were used to extract DNA for anal HPV genotyping.
Cell pellets were resuspended in 0.3mL of 20 mM Tris buffer (pH: 8.3) and a MasterPure
Purification Kit (Epicentre, Madison, WI) was used to purify the DNA to perform anal HPV
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genotyping with PCR and line-blot hybridization (Linear Array® HPV Genotyping Test, Roche
Molecular Diagnostics, Pleasanton, CA). Linear Array uses the PGMY09-PGMY11 primer set, to
amplify a 450 base-pair fragment of the L1 gene, to detect 37 HPV types: Group 1 hrHPVs -16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59; Group 2 hrHPVs - 26, 53, 66, 67, 68, 69, 70, 73,
and 82; and IrHPVs - 6, 11, 40, 42, 54, 55, 61, 62, 64, 71, 72, 81, 83, 84, Is39, and CP6108 [8,
9]. Persistent HPV infections were defined as two or more consecutive positive visits. These
specimens form three main exposures of interest: 1) abnormal cytology (abCyt), 2) persistent
HPV16 and/or 18 infection (pHPV16/18+), and 3) Group 1 hrHPV infection (pGroup 1+).

Sociodemographic, sexual-behavioral covariate data were collected using a standardized
interviewer-guided questionnaire from the subject’s baseline MACS visit, and in six-month
intervals thereafter at scheduled MACS visits [35]. Covariates collected and assessed in this
analysis include age, race, HIV infection status, number of male receptive anal intercourse
partners in the last two years, and ever smoked tobacco. Covariates were each summarized
longitudinally from baseline data up until the visit where outcome was measured.

The primary outcome of interest was hHSIL identified from anal biopsies collected during
HRA. HRA was performed using bright light and magnification to examine anal tissue around the
transformation zone for dysplasia. Tissue was stained with acetic acid and Lugol’s iodine to
contrast possibly affected areas suspicious for lesion. Biopsies were collected using endoscopic
forceps from acetowhite lesions or Lugol’s negative lesions which showed punctation, friability, or
high vascularity. Biopsy specimens were collected individually into 20mL screw-top cups
containing 10% neutral buffered formalin solution. Board certified pathologists (Tricore Reference
Laboratories, Albuquerque, NM) processed and evaluated biopsy specimens using LAST
terminology: NIL, LSIL, and HSIL which was further specified as anal intraepithelial neoplasia
(AIN) 2 (moderate dysplasia), AIN 2/3 (moderate-to-severe dysplasia), AIN 3 (severe dysplasia)],

CIS, and invasive anal cancer (IAC). For these analyses, any HSIL grade is classified as hHSIL.
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Analysis

Men were censored at the outcome visit (HRA visit) to exclude subsequent cytology and
HPV test visits. In the event a subject had multiple HRAs while enrolled in the AHS, data from a
later HRA proximal to the AHS visit was used where sufficient time accrued to define hrHPV
persistence. Subjects with at least one abCyt (>ASCUS) were classified as abCyt. Persistent
hrHPVs were grouped as pHPV16/18+ versus not and pGroup 1+ versus not. Indeterminate HPV
results and uninterpretable (unsatisfactory) cytology were excluded.

Descriptive analyses were performed to characterize the study sample. For each
characteristic, differences between HIV-infected and —uninfected men were evaluated. Fisher’s
exact test, chi-square, and Wilcoxon Rank Sum tests were used to evaluate differences for
categorical and continuous variables, respectively. Each of the three testing strategies were
plotted on Receiver Operating Curves (ROCs), and Areas under the curve (AUCs) were
estimated. The AUCs were assessed to determine the overall diagnostic ability of each test and
were compared to one another using a non-parametric approach; pHPV16/18+ vs. ab (PROC
LOGISTIC; ROCCONTRAST). Additionally, test performance characteristics (sensitivity,
specificity, negative predictive value (NPV), and positive predictive value (PPV)) of each test
strategy were calculated to provide more detail.

Three final multivariable logistic regression models assessed each screening strategy
individually for their predictive ability for the outcome, hHSIL: pHPV16/18+, pGroup 1+, and
abCyt. To assess whether using two tests together had a significant improvement over any single
test, a second analysis was performed. Two multivariable logistic regression models assessed
serial positivity (positive on both) of pHPV16/18+ and abCyt combined, and pGroup 1+ and abCyt
combined, with hHSIL as the outcome. To build the models, unadjusted logistic regression models
were used to assess independent associations between main exposures, covariates, and the
outcome. Potential confounding relationships and effect measure modification within covariates
were assessed and inferred from published literature. Pearson correlation coefficients were
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calculated to quantify correlations between continuous variables and pseudo R?for categorical
variables to exclude highly correlated variables in the model. Final multivariable models included
age, center, race, HIV infection status, number of male receptive anal intercourse partners in the
last two years, and ever tobacco smoking. Analyses were all performed using SAS V9.4 (Cary,

NC).

3.4 Results
At the time of the HRA visit, men were 59 years old on average; 87% (159/183) were

White, non-Hispanic and 58% (107/183) were HIV-infected. Ninety-eight men had hHSIL (54%)
demonstrating a high burden of anal disease in this group. Men on average had 2.4 (+0.9)
cytology results, 3.2 (+1) HPV test results and 1.9 (+1.4) HRAs. The swabs showed 73% had
abCyt (134/183), 44% were pHPV16/18+ (80/183), and 87% were pGroup 1+ (159/183). HIV-
infected men were younger on average, more likely to have a lower CD4 count (<500 CD4
cells/mm?3), have abCyt, and to test pHPV16/18+ (p-values<0.05, Table 3.1).
Diagnostic Ability and Test Performance Characteristics

Of the five single and combined test strategies, only pHPV16/18+ yielded moderate
estimates for all four test characteristics, in both unadjusted and adjusted models (Table 3.2a&b).
In unadjusted models, comparing AUCs suggested pHPV16/18+ had greater diagnostic ability
(AUC=0.66) than pGroup 1+ (0.53, p<0.05), but not when compared to having abCyt (0.59, p=0.1)
(Table 3.2a). In fully adjusted models, the AUC for pHPV16/18+ (0.70) remained statistically
significantly higher than pGroup 1+ (0.63, p<0.05) (Figure 3.1). The AUC was still not higher than
abCyt (0.65, p=0.2) alone (Fig. 3.1), or either of the two combined strategies (0.68, p=0.3 & 0.66,
p=0.3, Table 3.2b). Overall, these results did not definitively suggest that any screening strategy

was the most effective strategy for diagnosing hHSIL in this small group of older MSM.
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Multivariable Regression Results

In the multivariable models, four of the five testing strategies yielded an association with
hHSIL. abCyt was associated with 2.2-fold higher odds of hHSIL (95% CI: 1.1, 4.6) when
compared to men with no abCyt findings (Table 3.2b). pHPV16/18+ was associated with 3.6-fold
higher odds of hHSIL (1.8, 7.2), compared to men who did not have pHPV16/18+. pGroup 1+ was
not associated with odds of hHSIL (1.5 (0.6, 3.7)) compared to men who did not have pGroup 1+.
When abCyt and pHPV16/18+ were combined in the same model, positivity for both was
associated with 3.6-fold higher odds of hHSIL (1.7, 7.3) when compared to men who were positive
on only one or neither test. When abCyt and pGroup 1+ were combined in the same model,
positivity for both was associated with 2.3-fold higher odds of hHSIL (1.2, 4.6) when compared to

men positive on one or neither test.

3.5 Discussion

Anal hHSIL was common, affecting 54% of this sample of middle-aged MSM. The
proportion affected was high regardless of HIV-infection status, highlighting the high proportion of
anal disease in older MSM especially when compared to a 2% estimate observed in HIV-
uninfected women [39]. Currently, there is no standard procedure for screening for anal hHSIL,
and screening is not widely available. As a result, many older MSM are never screened for anal
cancer, despite being at much higher risk for developing it compared to the general population
[13-17]. Therefore, identifying an effective screening strategy for detecting anal hHSIL, by testing
for abCyt, pHPV16/18+, and pGroup 1+, is critical.

Testing for abCyt, the recommended screening strategy for anal cancer, was predictive
for hHSIL as expected. However, testing for pHPV16/18+ yielded even higher odds of hHSIL.
These results are not surprising considering pHPV16/18+ is found in up to 87% of anal cancer
cases and has been well-established as a strong risk factor for hHSIL [10, 12]. pHPV16/18+ also

yielded the largest AUC estimate, suggesting better diagnostic ability than pGroup1 1+, but was
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inconclusive for other strategies. Interestingly, pGroup 1+ was not predictive for hHSIL which
could be explained by the high prevalence of these infections. Lastly, serial testing for combined
positivity for pHPV16/18+ and abCyt showed no difference from testing for pHPV16/18+ alone.
This suggests screening for pHPV16/18+ alone could maintain standard clinical performance,
while minimizing resources over paired testing. Overall, this study provides evidence to suggest
testing for pHPV16/18+ alone may be an effective screening strategy for hHSIL in older MSM.

Utilizing hrHPV testing for anal precancer screening is not a novel concept. Current
guidelines for cervical cancer screening employ hrHPV and cytology co-testing which allows for
less frequent testing [29, 42]. Researchers have shown hrHPV testing alone to be effective for
primary cervical screening, and performed better than cytology in multiple comparison trials [28,
41, 43]. Furthermore, testing for only HPV16/18 has been assessed, and it performed well in
several study samples [44-47]. Another advantage hrHPV testing has over cytology is the lower
probability of producing an uninterpretable specimen, which increases reliability and efficiency by
avoiding unnecessary clinical visits [40, 41]. Clinically, the value of high sensitivity that HPV
testing provides for hHSIL over cytology is important for older MSM to accurately detect hHSIL
and potentially avoid cancer progression by treating for hHSIL. Persistent anal HPV16/18 testing
could provide optimal clinical performance while reducing burden on medical institutions and
patients alike.

These analyses may be limited. The sample size may not be sufficiently powered to
assess these screening strategies. Self-report data are subject to misclassification bias, however
if present, it is likely biased towards the null as it would be non-differential with respect to the
exposure and outcome. At the time of covariate data collection, participants were unaware of the
test strategies used for the exposure and HRA results for the outcome were not yet available.
Though necessary, limiting the sample to hrHPV-persistent individuals may have underpowered
the analysis, in addition to attenuate the effects of HPV testing when excluding all non-hrHPV
persistent infections from the control groups. The research PCR-based HPV assay used is very
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sensitive and detects viruses at low levels, while also yielding high agreement with clinically-
approved high-threshold HPV tests [48]. However, this would suggest estimates are biased
towards the null as high-threshold HPV tests would use a higher cut-off and yield a stronger
association between pHPV16/18+ and hHSIL. The results from this study may not be
generalizable to other MSM. This group was followed for anal disease for a few years as part of
the Multicenter AIDS Cohort Study, most of the men had a clinical indication for HRA with biopsy
from abCyt or positive hrHPV results. However, though this group was better screened than most,
the proportion of hHSIL is not likely a dramatic overrepresentation of disease in other older MSM
as other studies have reported similar prevalence.

In the absence of a standard of care for screening, older MSM are at significant risk for
developing anal cancer [13-17]. Several options for screening exist that are informed by cervical
cancer screening [16, 19-21]. The findings from this study suggest repeat testing for persistent
HPV16/18+, even with a low-threshold research assay, may be more effective to screen for anal
hHSIL than cytology, the most commonly recommended test for screening. Screening for the
highest risk HPVs may be considered as the primary screening strategy for older MSM where

anal hHSIL is common, though more research is needed to confirm these findings.
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Figure 3.1 Comparisons of AUCs for High Grade Anal Dysplasia Screening Strategies: Persistent
HPV16/18+ vs. Abnormal Cytology and Persistent HPV16/18+ vs Persistent Group 1+ for 183 Men
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Table 3.1 Characteristics of 183 MSM Screened with Anal Swab and HRA by HIV-Infection Status

Total HIV-Infected HIV-Uninfected p
(n=183) (n=107) (n=76)

Characteristic n (col %) n (col %) n (col %)

Age 59.1 (+-8.4) 57 (+-8.3) 62.2 (+-7.6) <0.01

Race
White, non-Hispanic 159 (86.9) 89 (83.2) 70 (92.1) 0.11
Other 24 (13.1) 18 (16.8) 6(7.9)

BMI
Normal Weight (<25) 93 (50.8) 60 (56.1) 33 (43.4) 0.1
Overweight (>25) 90 (49.2) 47 (43.9) 43 (56.6)

CD4 Count
<500 CD4 cells/mm?3 38 (20.8) 33 (30.8) 5(6.6) <0.01
501+ CD4 cells/mm?3 145 (79.2) 74 (69.2) 71(93.4)

Smoking Status
Ever Smoker 131 (71.6) 74 (69.2) 57 (75.0) 0.41
Never Smoker 52 (28.4) 33 (30.8) 19 (25.0)

Number of Receptive Anal Intercourse Partnerships in the Last 2 Years
No partners 96 (52.5) 51 (47.7) 45 (59.2) 0.06
1-3 partners 36 (19.7) 19 (17.8) 17 (22.4)
4+ partners 51 (27.9) 37 (34.6) 14 (18.4)

Anal Cytology Result
Abnormal 1347 (73.2) 88 (82.2) 46 (60.5) <0.01
Normal 49 (26.8) 19 (17.8) 30 (39.5)

Anal HPV16/18 Persistent Infection
Positive 80 (43.7) 55 (51.4) 25 (32.9) 0.02
Negative 103 (56.3) 52 (48.6) 51 (67.1)

Anal Group 1 HPV Persistent Infection
Positive 159 (86.9) 97 (90.7) 62 (81.6) 0.08
Negative 24 (13.1) 10 (9.4) 14 (18.4)

HRA Anal Biopsy Result
HSIL 98 (53.6) 58 (54.2) 40 (52.6) 0.88
<HSIL 85 (46.5) 49 (45.8) 36 (47.4)
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Table 3.2a Test Characteristics of Cytology and HPV Testing to Predict Histological High-Grade Anal
Dysplasia in in 183 MSM Screened with HRA — Unadjusted Model

Positive Negative
Test Strategy Model Sensitivity | Specificity | Predictive | Predictive OR (95% ClI) AUC 95% ClI
Value Value
Abnormal Cytology 81.0 36.1 60.4 61.2 2.41(1.23,4.72) | 0.59 (0.52, 0.65)
Persistent HPV16/18+ 578.0 73.5 725 59.2 3.83(2.04,7.18) | 0.66 (0.59, 0.73)
Persistent Group 1+ 90.0 16.9 56.6 58.3 1.83(0.77,4.36) | 0.53 (0.48, 0.58)
Abnormal Cytology and
Persistent HPV16/18+ 50.0 79.5 74.6 56.9 3.88(2.00,7.52) | 0.65 (0.58, 0.71)
Abnormal Cytology and
Persistent Group 1+ 74.0 48.2 63.2 60.6 2.65(1.42,4.92) | 0.61 (0.54, 0.68)
Table 3.2b Test Characteristics of Cytology and HPV Testing to Predict Histological High-Grade Anal
Dysplasia in 183 MSM Screened with HRA — Adjusted’ Model
Positive Negative .
Test Strategy Model Sensitivity | Specificity | Predictive | Predictive Ad]usoted OR AUC 95% CI
(95% ClI)
Value Value
Abnormal Cytology 61.0 37.3 54.0 443 2.24 (1.08,4.61) | 0.65 (0.57, 0.73)
Persistent HPV16/18+ 59.0 60.2 64.1 54.9 3.62(1.84,7.16) | 0.70 (0.62, 0.77)
Persistent Group 1+ 62.0 33.7 53.0 42.4 1.48 (0.59, 3.67) | 0.63 (0.55, 0.71)
Abnormal Cytology and
Persistent HPV16/18+ 51.0 56.6 58.6 49.0 3.55(1.72,7.33) | 0.68 (0.60, 0.76)
Abnormal Cytology and 68.0 41.0 58.1 515 2.34(120,4.59) | 0.66 | (0.58, 0.74)

Persistent Group 1+

"Models adjusted for age, center, race, HIV-infection,

number of receptive anal intercourse partners in the last two years, and ever tobacco smoking
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Chapter 4. Role of Testosterone Replacement Therapy with Unsatisfactory Anal Cytology
and Histological High-grade Anal Lesions in Older Men Who Have Sex with Men

4.1 Abstract

Background: Testosterone replacement therapy (TRT) is prescribed often for men symptomatic
for hypogonadism, who tend to be older or have a strong risk factor such as HIV infection. Older
men who have sex with men (MSM) disproportionately form this risk group, and also are at highest
risk for anal cancer. Risks of TRT are currently debated with recent studies reporting risk for
prostate cancer and cardiovascular disease among TRT users. One study identified a link
between increased serum free testosterone levels and anal Human papillomavirus (HPV) 16/18
infection, the leading cause for 90% of anal cancers. Persistent HPV16/18 infections can cause
high-grade squamous intraepithelial lesions (HSILs) which then can progress to anal cancer.
Screening with a swab for anal cytology can detect HSIL for follow-up diagnoses and care. A
study in female-to-male transgender men suggested TRT may cause unsatisfactory swab results
for cervical cancer screening, which informs anal screening practices. The goals of this study

were to identify whether TRT affected anal cytology performance and risk for anal HSIL.

Methods: Two hundred and ninety-six HIV-infected and -uninfected MSM were screened with
anal cytology and histology in a randomized clinical trial. One Dacron and one nylon-flocked swab
were collected from the anal canal and tested for cytology; results were combined to form the
cytology result, unsatisfactory vs. satisfactory. Men were assessed using the gold-standard: high-
resolution anoscopy (HRA) with anal biopsy to determine histological HSIL (hHSIL). Men were
interviewed with two surveys, one for sociodemographic and behavioral data, with another
specifically for self-report of lifetime TRT use. Two multivariable logistic regression models
estimated odds ratios (ORs) and 95% confidence intervals between TRT and unsat, and TRT and

hHSIL. Each model controlled for age, race, HIV infection, and number of male receptive anal
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intercourse (RAI) partners in the last two years, with the unsat model additionally controlling for

swab collection order.

Results: On average, participants were 55 (+11) years old, White, non-Hispanic (75%, 221/296),
and HIV-infected (56%, 167/296). Nearly half of all men (46%, 135/296) reported ever using TRT,
most were HIV-infected (107/135); 85 men were using testosterone at their HRA visit. hHSIL was
found 43% of men with histology (121/281). In the multivariable model for unsatisfactory cytology,
there was no statistically significant association between current use of TRT and risk for
unsatisfactory cytology (OR: 0.8 (95% CI: 0.4, 1.5)). However, swab order was associated with
unsatisfactory cytology with 2.9-fold higher odds when the nylon-flocked swab was drawn first
(OR: 2.9 (1.7, 4.6)). Multivariable results for hHSIL also suggested no association between self-
reported current use of TRT and risk for hHSIL (OR: 1.1 (0.6, 2.1)). Men who reported two or
more RAI partners within the previous 2 years had 89% higher odds of hHSIL than men who

reported none (OR: 1.9, (1.0, 3.5)).

Discussion: TRT use is high in this group of older MSM, with four times higher use in HIV-infected
men than -uninfected men. This analysis found no association between TRT and unsatisfactory
cytology, however, findings may inform swab collection practices that implement multiple swabs
or nylon-flocked swabs. No relationship was found between TRT and hHSIL, however hHSIL
prevalence was common, stressing the need for effective screening practices. Due to limitations
of self-report, this study should be repeated using biological measurements for serum

testosterone since physiological uptake of TRT varies by individual and therapy.
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4.2 Introduction

Exogenous testosterone use has significantly increased in the US with an estimated ten-
fold increase in prescriptions between 2000-2011 [1]. Testosterone replacement therapy (TRT)
may be recommended for men with hypogonadism, low serum testosterone levels, which can
occur naturally with increasing age or from health conditions such as HIV [2-5]. However,
decreased testosterone level alone is often not sufficient to warrant TRT as it is possible to have
lower levels without any measurable impact on daily living. Measuring free testosterone (FT) in
serum, the biologically active form of testosterone, is the minimally recommended practice for a
clinical indication to prescribe TRT [6]. For precision, expert endocrinologists recommend that
multiple measurements should be performed over time using the same assay, due to assay-to-
assay variations, and only using blood specimens drawn in the morning, due diurnal changes in
hormones [6]. Since individuals vary biologically, low readings should also be paired with clinical
symptoms like decreased muscle mass, sexual function, and bone mass, and the absence of
contraindications [6]. Data from a large cohort of men has shown that 95% of TRT prescriptions
were against recommended guidelines, suggesting a large contributor to the recent growth of TRT
may be due to inappropriate prescription practices [7, 8]. In the wake of ubiquitous TRT, there is
also insufficient data to prove the proposed benefits of TRT outweigh its potential risks, which is
particularly important forimmunodeficient individuals where additional disease can have a serious
impact [5, 9, 10].

Some data suggest exogenous sex hormones increase cancer risk, and additional data
show higher risk for HPV-infections and —associated neoplasm related to exogenous female sex
hormones. Historically, hormone replacement therapy (HRT) using estrogen, with and without
progestins, was commonly prescribed for symptomatic menopausal women [11, 12]. However, in
1999, Weiderpass et al., identified a strong association between five-year estrogen HRT use and
a 6-fold increase in risk for endometrial cancer [13]. Shortly after in 2002, data from a cohort of

16,608 women in the Women’s Health Initiative (WHI) study demonstrated a strong association
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between randomized combined estrogen and progestin HRT and increased incidence of invasive
breast cancer, stroke, and pulmonary embolism [14]. These findings have since informed
prescribing practices and fewer menopausal women use HRT in the absence of a strong clinical
indication. Further highlighting the risk of exogenous estrogen, independent of HRT, increased
lifetime exposure from higher parity, early sexual debut, and long-term oral contraceptive use has
been found to increase risk for persistent high-risk (hr) human papillomavirus (HPV) cervical
infections and subsequent cervical disease [15-22]. Long-term cervical infection with hrHPVs can
cause severe dysplasia, high-grade squamous intraepithelial lesions (HSILs), which can progress
into cervical cancer.

A recent study has identified a positive association between serum free testosterone and
risk for hrHPV types 16 or 18 infections in a cohort of older men who have sex with men (MSM),
the two most carcinogenic hrHPVs that account for 78-90% of anal cancer cases [23-27]. While
not directly studied, testosterone therapy may play role in anal hrHPV risk since successful
testosterone therapy should increase FT levels. For HIV-infected MSM where anal cancer rates
are at least 40-fold higher than the general population, better understanding the relationship
between testosterone therapy and anal HPV-related disease is critical since HIV infection is also
associated with lower FT [28-31]. Unlike the WHI study, no large cohort has assessed randomized
testosterone therapy. However, smaller studies have reported mixed results between
testosterone therapy and risk for prostate cancer, and stroke and pulmonary embolism: forms of
cardiovascular disease (CVD) [32-36]. In 2015, the FDA released an update for TRT
manufacturers to add warning labels of potential increased CVD risk and recommended clinicians
to follow stricter guidelines for prescribing TRT, supporting the concerns regarding a lack of
knowledge surrounding TRT risks [37, 38]. As the strong associations between exogenous
estrogen and several diseases have been established in women, identifying risks of exogenous
testosterone is critical, especially in the context of HPV-associated anal disease in MSM where
prevalence of the exposure and outcome are high [39, 40].
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There is no standardized practice for anal cancer screening, though the current
recommendation for screening MSM is a repeated anal cytology test, modeled after the cervical
Pap test, where a swab is used to collect squamous epithelial cells from the anal canal and tested
for cellular abnormalities that may indicate anal lesions or precancers [41]. However, cytology
often has low sensitivity and moderate specificity [42], often relying on repeat testing to detect
disease [43]. Abnormal cytology results are followed by a diagnostic exam called a high-resolution
anoscopy (HRA) where anal tissue is stained, examined, and biopsied to diagnose disease.
Screening relies on a sufficient number of squamous cells collected by the swab to provide a
readable or satisfactory specimen. Insufficiently cellular specimens, defined as having fewer than
2000 nucleated squamous cells (1-6 cells per high-powered field), or specimens obscured by
blood, lubricant, mucous or inflammatory discharge contaminants are evaluated as unsatisfactory
for cytology [44-46]. Anal cytology often yields a higher proportion of unsatisfactory (1-7.4%)
results than cervical cytology (0.3-3.4%), therefore reducing unsatisfactory results in anal
specimens is critical for improving screening to detect precancers and cancers early for treatment
[47-50].

TRT may potentially be associated with unsatisfactory cytology. For example, a medical
chart review conducted by Peitzmeier et al., identified factors contributing to a high rate of
unsatisfactory cervical Paps in a large sample of cisgender women and female-to-male
transgender men (FTMTM) with intact cervices [45]. Nearly 91% of the FTMTM reported ever
being prescribed TRT [45]. After adjusting for race, age, and BMI, FTMTM showed an 11-fold
higher odds of having an unsatisfactory cytology specimen compared to cisgender women [45].
For each additional year of testosterone use, the odds of an unsatisfactory Pap were 20% higher
for FTMTM than cisgender women, and the proportion of unsatisfactory Pap tests increased with
the duration of TRT [45]. The researchers hypothesize exogenous testosterone may be directly
affecting cervical tissue and epithelial cell shedding, although provider or patient discomfort in the
specimen collection may be a contributing factor. The relationship between TRT and
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unsatisfactory anal cytology in MSM has not been studied and may be important to anal cancer
screening practices [45, 51-53]. Thus, we studied 296 older MSM to explore the associations
between TRT and the risk for anal histological-confirmed HSIL (hHSIL) and unsatisfactory anal

cytology.

4.3 Methods

Participants

The 296 MSM who compose this study sample were from a randomized clinical trial
evaluating cytology for anal cancer screening called the ISTA study (Improving Screening Tools
for Anal cancer). Participants were screened at a single visit using anal swab specimens and
high-resolution anoscopy (HRA) with biopsy specimens. The men were from Los Angeles, Palm
Springs, and San Francisco, California, with approximately half (53%, 157/296) of whom were
also participants of the Multicenter AIDS Cohort Study (MACS). The MACS is characterized as
the longest running longitudinal study tracking the natural history of HIV/AIDS in MSM and is
described in detail elsewhere [54, 55]. The remaining men who were non-MACS were recruited
through community clinics. Enrollment was open to all HIV-infected and-uninfected adult MSM
who were not experiencing anal bleeding or fissures at the time of the visit.

Procedures

MACS participants are seen every six months and sociodemographic and behavioral data
are collected through interviewer- and self-guided questionnaires. For non-MACS men, similar
data were collected in an interviewer-guided questionnaire at the ISTA study visit. All participants
completed an additional interviewer-guided survey focused on exogenous testosterone use. The
survey included questions on the form of testosterone used (gel, injectable, oral/buccal, patch, or
implant), brand name if known, dosage (high/low), frequency, and duration (start/stop dates).
Given the temporal effects of testosterone, current use of any form of exogenous testosterone at
the time of their HRA visit was assessed as the exposure of interest, compared to past but not

current use, and never use.
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Anal cytology was collected by a trained examiner using two swabs, a nylon-flocked swab
(Copan ltalia International, Brescia, Italy) collected into SurePath™ (BD Diagnostics TriPath,
Burlington, NC) preservative and the standard swab, a Dacron swab collected into Preservcyt®
(Hologic, Inc., Marlborough, MA) preservative. Each swab was inserted approximately 5
centimeters, and rotated against the anal wall with pressure for 10 to 20 seconds before being
withdrawn. Swab collection order was randomized by swab type and preservative. Due to the
larger swab size, the nylon-flocked swab was collected through a lubricated clear plastic
anoscope to facilitate swab insertion. Where Dacron swab was randomized for collection after the
nylon-flocked swab, the Dacron swab was collected through the anoscope to reduce lubricant
contamination. Both swabs were processed identically and blinded specimens were interpreted
by cytopathologists at Tricore Reference Laboratories (Albuquerque, New Mexico) using standard
cytologic classification for interpretable specimens. The ISTA protocol collected additional swabs,
however only data from these two swabs are used in this analysis. Ultimately, cytology results
from both swabs were combined and dichotomized as satisfactory when both swabs were
interpretable, and unsatisfactory when one or both were uninterpretable.

Following swab collection, HRA was performed using standard recommended protocols
[56]. Briefly, anal epithelium was stained with acetic acid and Lugol’s iodine to differentiate tissue
potentially containing abnormal cellular changes. A high-resolution scope with bright light and
magnification was used by the anoscopist to examine anal tissue and biopsies were collected
where lesions were suspected. Biopsies were collected into formalin and sent to pathologists at
Tricore Laboratories for processing and assessment to diagnose anal disease. Lesions were
classified using standard terminology, negative for lesion (NIL), low-grade squamous
intraepithelial lesion (LSIL), and high-grade squamous intraepithelial lesion (HSIL) with additional
granular classifications. For this analysis, a participant with HSIL on any biopsy was classified as

having histologically-confirmed HSIL (hHSIL).
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Analysis

Descriptive analyses were performed to characterize the study sample. The differences
for each characteristic were evaluated by HIV-infection status using Chi-square and Wilcoxon
Rank for categorical and continuous variables, respectively. Unadjusted bivariate and adjusted
multivariable logistic regression models were used to assess the association between self-
reported testosterone use with unsatisfactory cytology and hHSIL, individually. Potential
confounders and effect modifiers were assessed and inferred from published literature. For MACS
men, covariates were a combination of summary variables from historical cohort data and data
collected at the MACS visit most proximal to the ISTA examination visit. For non-MACS men,
covariate data reported on ISTA questionnaires were used. Pearson correlation coefficients
assessed associations between continuous variables and pseudo R?for categorical variables to
determine multicollinearity. Covariates included in the multivariable models were selected from
bivariate models and from published literature. The final model for unsatisfactory cytology
included current testosterone use, age, race, swab order, the number of anal receptive
intercourse partners in the last two years, and HIV-infection (HIV+, >500 CD4 cells/mm?3, HIV+,
<500 CD4 cells/mm?3, vs. HIV-uninfected). The final model for hHSIL included the same covariates

except for swab order.

4.4 Results

Descriptive Statistics

On average, participants were 55 years old, with the majority being White, non-Hispanic,
and 56% (167/296) were HIV-infected (Table 4.1). 57% (170/296) of men reported no receptive
anal intercourse (RAI) partners in the past two years, 18% (55/296) reported one, and 24%
(71/296) reported two or more. HIV-infected men were more likely to have one RAI partner than
HIV-uninfected men who were more likely to have none (p=0.02).

Nearly half of all men (46%, 135/296) reported ever using any form of TRT in their lifetime.

Most TRT users were HIV-infected with 64% (107/167) lifetime TRT use compared to 22%
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(28/129) of HIV-uninfected men (Supplementary Table 4.1). Sixty-one percent (82/135) of TRT
users reported one form, while 39% (53/135) reported having used two to six different
formulations. The most common brand-name testosterone used was AndroGel™ (AbbVie Inc.,
North Chicago, IL) (82/135). Nearly a third of all men (29%; 85/296) were using testosterone at
their ISTA visit, most of whom were HIV-infected (n=75). Current and historical TRT users showed
similar use patterns (Figure 4.1). Compared to never users, current users were more likely to be
White, non-Hispanic, and HIV-infected (Supplementary Table 4.2).

Cytology Model

Of 296 men sampled, three were excluded from analyses due to missing cytology data
from both anal swabs (n=293). Five additional participants showed missing data for one swab but
were included. Overall, 93% (272/293) of men showed one or more interpretable cytology results
from the two swabs, with 7% (21/293) showing unsatisfactory results for both. However, 41%
(119/293) of men showed at least one unsatisfactory cytology.

Bivariate analyses showed no association between current or ever testosterone use and
unsatisfactory cytology using the combined data (Table 4.2). When swabs were assessed
individually, current testosterone use showed no association with cytology for the nylon-flocked
swab, however, current testosterone use appeared to be protective for unsatisfactory cytology on
the Dacron swab, i.e., OR: 0.49 (0.26, 0.92). HIV infection was not associated with unsatisfactory
cytology, though drawing the nylon-flocked swab first appeared to be significant (OR: 2.86 (1.75,
4.55)).

In the multivariable model for unsatisfactory cytology, there was no statistically significant
association between current use of exogenous testosterone and risk for unsatisfactory cytology,
i.e., OR: 0.75 (0.39, 1.45) (Table 4.2). However, swab order was associated with unsatisfactory
cytology. When the nylon-flocked swab was first drawn, there was 2.9-fold higher odds of either
swab being unsatisfactory (95% CI: 1.72, 4.55). These findings suggest first-drawn nylon-flocked
swab penalizes the Dacron swab. When this adjusted model was limited to HIV-infected MSM
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alone, high recent CD4 count (>500 cells/mm?) was protective for unsatisfactory cytology: for men
with >500 cells/mm? vs. <500 cells/mm?3, i.e., OR=0.44, (0.22, 0.89).
Histology Model

Forty-three percent (121/281) of men showed hHSIL. HIV infection and CD4 count were
not associated with hHSIL (p>0.05). While unsatisfactory cytology and hHSIL were not associated
with one another (p>0.05), abnormal cytology was strongly associated with hHSIL on either swab
(nylon-flocked, OR: 4.96 (2.56, 9.62); Dacron, OR: 2.88 (1.61, 5.15)). Assessed alone, current
testosterone use was not statistically significantly associated with hHSIL, i.e., OR: 1.24, (0.72,
2.12) (Table 4.3).

The multivariable model for hHSIL, controlling for the effects of other covariates,
suggested no association between self-reported current use of exogenous testosterone and risk
for hHSIL, i.e., OR: 1.09 (0.58, 2.06) (Table 4.3). However, men that reported two or more
receptive anal intercourse partners in the 2 years prior to the examination had 89% higher odds

of hHSIL than men who reported none (OR=1.89, 95% CI: 1.04, 3.45).

4.5 Discussion

Exogenous testosterone use was commonly reported in this group of HIV-infected and —
uninfected MSM supporting previous studies suggesting high usage due to HIV infection and age.
The proportion of having one of two anal swabs collected being unsatisfactory for anal cytology
was very high (41%), however being unsatisfactory on both swabs drawn was much lower at 7%,
falling within the range of published studies on anal cytology [47-49]. Prevalence of hHSIL was
also high in this group, highlighting the disproportionate burden of anal disease affecting MSM.
No relationship was identified between current TRT and unsatisfactory anal cytology or hHSIL in
this group of older MSM. These results showed the Dacron swab, commonly recommended for
anal cytology, was penalized when drawn after other swabs, while the nylon-flocked swab was

not. This may be informative for clinicians who utilize protocols where multiple swabs or nylon-
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flocked swabs are collected. Because the effects of current TRT in the context of anal cancer are
inconclusive, future study is warranted.

These analyses do not assess differences in anal and cervical tissues, nor in sex hormone
effects across organs or gender groups. To better understand the role testosterone plays in anal
epithelium, anal tissue studies assessing local responses to exogenous testosterone may be
helpful. Interestingly, one genotyping study of cervical-cancer affected women with a history of
negative cytology findings suggested e-cadherin polymorphisms were associated with false
negative screening tests [57]. E-cadherin is a cytoskeletal glycoprotein that binds epithelial cells
together, and factors that influence adhesion would likely affect exfoliation of HPV-affected cells
(leading to false-negative cervical cytology). These findings suggest more research is needed to
better understand the role exogenous testosterone might be playing in anal epithelium that may
affect screening, or directly affect risk for anal dysplasia.

This study is limited by sample size and we may not have the power to detect small effects.
Self-report of the exposure and the covariates are subject to imperfect recall and social desirability
that could yield misclassification bias. Longitudinal biological measures of serum FT may be a
more informative metric for the exposure over self-report alone, since systemic absorption (of
testosterone) may vary across men. Covariate data gathered from community participants may
be less reliable than contemporaneously collected self-report data gathered by the MACS cohort.
Lastly, high TRT use patterns suggest study results may not be generalizable to all MSM.

Though the link between TRT and anal dysplasia is not confirmed, clinicians are best
advised to adhere to expert guidelines, and to cautiously approach TRT therapy to balance risks
and benefits for individual patients for other diseases. To further explore the role of TRT in anal
screening and disease, other methods may be appropriate including serum measurements and
longitudinal study of a larger study sample. The high prevalence of testosterone use and anal

hHSIL in this group of older MSM should give pause to men and providers. Further efforts are
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needed to research long-term effects of TRT, particularly among HIV-infected men where therapy

is frequently prescribed and risk for other disease is high.

Figure 4.1 Frequency of Ever and Current Use of Exogenous Testosterone by Form
Among 296 Older MSM Screened for Anal Dysplasia
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Table 4.1 Characteristics of 296 Older HIV-Infected and -Uninfected MSM Screened for Anal

Dysplasia

Characteristic

Mean Age (SD) 55.5 (11.2)
Frequency (Col %)

Race

White, non-Hispanic 221 (74.7)

Other 75 (25.3)
HIV Status, CD4 Count

HIV-infected, <500 CD4 cells/mm?3 58 (19.6)

HIV-infected, 500+ CD4 cells/mm?3 113 (38.2)

HIV-uninfected 125 (42.2)
Smoking Status

Ever Smoker 220 (74.3)

Never Smoker 76 (25.7)
Number of Receptive Anal Intercourse Partnerships in the Last 2 Years

No partners 170 (57.4)

1 partners 55 (18.6)

2+ partners 71 (24.0)
Use of Testosterone

Current Use 85 (28.7)

Ever Use (Not Current) 50 (16.9)

Never Use 161 (54.4)
Number of Testosterone Forms Used Among Current Users

0 211 (71.3)

1 77 (26.0)

2 6 (2.0)

3 2(0.7)
Anal Cytology Quality

Unsatisfactory (at least one swab) 119 (40.6)

Satisfactory 173 (59.4)
Anal Biopsy Result

HSIL 121 (42.9)

<HSIL 161 (57.1)
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Table 4.2 Prevalence and Factors Associated with Unsatisfactory Anal Cytology in 296 MSM

Screened for Anal Dysplasia

Characteristic Unsatisfactory Unadjusted OR Adjusted OR (95% Cl)
Cytology (95% ClI)
(% of row)
Age (years)
64-78 32 (44.4) 1.60 (0.82, 3.12) 1.51 (0.68, 3.37)
58-63 32 (44.4) 1.60 (0.82, 3.12) 1.69 (0.78, 3.71)
51-57 30 (40.5) 1.36 (0.70, 2.66) 1.40 (0.68, 2.91)
21-50 25 (33.3) Reference Reference
Race
White, non-Hispanic 89 (40.5) 0.97 (0.57, 1.67) 0.81 (0.43, 1.54)
Other 30 (41.1) Reference Reference
HIV Status, CD4 Count
HIV-infected, <500 CD4 | 28 (48.3) 1.13 (0.61, 2.12) 1.36 (0.67, 2.77)
HIV-infected, 500+ CD4 | 35 (31.5) 0.56 (0.33, 0.95) 0.64 (0.35, 1.18)
HIV-uninfected 56 (45.2) Reference Reference
Number of Receptive Anal Intercourse Partnerships in the Last 2 Years
2+ partners 29 (40.9) 0.94 (0.53, 1.66) 1.00 (0.54, 1.85)
1 partner 19 (35.2) 0.74 (0.39, 1.40) 0.70 (0.35, 1.43)
0 partners 71 (42.3) Reference Reference
Swab Randomization
Nylon-Flocked First 78 (52.7) 2.86 (1.75, 4.55) 2.86 (1.72, 4.55)
Dacron First 41 (28.3) Reference Reference
Use of Testosterone
Current Use 28 (34.2) 0.67 (0.38, 1.16) 0.75 (0.39, 1.45)
Ever Use (Not Current) | 21 (41.2) 0.90 (0.48, 1.71) 0.84 (0.42, 1.68)
Never Use 70 (43.8) Reference Reference
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Table 4.3 Prevalence and Factors Associated with Histological Anal High-Grade Lesions in
281 MSM Screened for Anal Dysplasia

Characteristic

hHSIL (row %)

Bivariate OR
(95% CI)

Multivariable OR (95% ClI)

Age (years)

64-78 27 (38.6) 0.67 (0.34, 1.30) 0.74 (0.34, 1.62)
58-63 29 (40.3) 0.71(0.37, 1.39) 0.73 (0.34, 1.55)
51-57 31 (44.3) 0.84 (0.43, 1.64) 0.84 (0.41,1.70
21-50 34 (28.1) Reference Reference

Race
White, non-Hispanic 92 (43.4) 1.08 (0.63, 1.87) 1.20 (0.64, 2.27)
Other 29 (41.4) Reference Reference

HIV Status, CD4 Count
HIV-infected, <500 CD4 | 28 (50.0) 1.51 (0.80, 2.87) 1.32 (0.65, 2.70)
HIV-infected, 500+ CD4 | 46 (42.6) 1.12 (0.66, 1.91) 1.00 (0.54, 1.87)
HIV-uninfected 47 (39.8) Reference Reference

Number of Receptive Anal Intercourse Partn

erships in the Last 2 Years

2+ partners 36 (53.7) 2.05 (1.15, 3.64) 1.89 (1.04, 3.45)
1 partner 26 (50.0) 1.76 (0.94, 3.31) 1.51(0.77, 2.95)
0 partners 59 (36.2) Reference Reference

Use of Testosterone
Current Use 39 (48.8) 1.24 (0.72, 2.12) 1.09 (0.58, 2.06)
Ever Use (Not Current) 15 (31.3) 0.59 (0.30, 1.18) 0.58 (0.28, 1.18)
Never Use 67 (43.5) Reference Reference
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Supplementary Table 4.1 Characteristics of 296 Older HIV-Infected and -Uninfected MSM
Screened for Anal Dysplasia by Ever Testosterone Use

Characteristic Ever Testosterone User | Never User p-values
Mean Age (SD) 56.1 (10.3) 55.0 (11.8) 0.39
Frequency (Row %) Frequency (Row %)
Race
White, non-Hispanic 105 (47.5) 116 (52.5) 0.26
Other 30 (40.0) 45 (60.0)
HIV Status, CD4 Count
HIV-infected, <500 CD4 | 35 (60.3) 23 (39.7)
HIV-infected, 500+ CD# | 72 (63.7) 41 (36.3) <0.0001
HIV-uninfected 28 (22.4) 97 (77.6)
Smoking Status
Ever Smoker 97 (44.1) 123 (55.9) 0.37
Never Smoker 38 (50.0) 38 (50.0)
Number of Receptive Anal Intercourse Partnerships
No partners 74 (43.5) 96 (56.5)
1 partners 27 (49.1) 28 (50.9) 0.70
2+ partners 34 (47.9) 37 (52.1)
Anal Cytology Quality
Unsatisfactory (at least | 49 (41.2) 70 (58.8) 0.23
Satisfactory 84 (48.3) 90 (51.7)
Anal Biopsy Result
HSIL 54 (42.2) 74 (57.8) 0.82
<HSIL 67 (43.5) 87 (56.5)
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Supplementary Table 4.2 Characteristics of 296 Older HIV-Infected and -Uninfected MSM
Screened for Anal Dysplasia by Current Testosterone Use

Characteristic Current Testosterone | Not Current User p-values
User
Mean Age (SD) 57.0 (9.3) 54.8 (11.8) 0.13
Frequency (Row %) Frequency (Row %)

Race
White, non-Hispanic 72 (32.6) 149 (67.4) 0.01
Other 13 (17.3) 62 (82.7)

HIV Status, CD4 Count
HIV-infected, <500 CD4 | 23 (39.7) 35 (60.3)
HIV-infected, 500+ CD4 | 52 (46.0) 61 (54.0) <0.001
HIV-uninfected 10 (8.0) 115 (92.0)

Smoking Status
Ever Smoker 59 (26.8) 161 (73.2) 0.22
Never Smoker 26 (34.2) 50 (65.8)

Number of Receptive Anal Intercourse Partnerships
No partners 41 (24.1) 129 (75.9)
1 partners 22 (40.0) 33 (60.0) 0.07
2+ partners 22 (31.0) 49 (69.0)

Anal Cytology Quality
Unsatisfactory (at least | 29 (24.4) 90 (75.6) 0.21
Satisfactory 54 (31.0) 120 (69.0)

Anal Biopsy Result
HSIL 40 (33.1) 81 (66.9) 0.16
<HSIL 41 (25.5) 120 (74.5)
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Chapter 5. Concluding Remarks

Anal cancer incidence is increasing in the U.S. for all men and women, remains disparately
higher in older HIV-infected and -uninfected MSM [1-3]. Currently, there is no standard procedure
for screening for anal high-grade squamous intraepithelial lesions (hHSILs) due to insufficient
data, leaving screening underdeveloped and not widely available. As a result, many older MSM
are never screened for anal cancer, despite being at higher risk than the general population [1-
5]. Successful practices for cervical cancer screening may inform anal screening, though are
inadequate as there remain unique differences between the two organs. The main goal of this
dissertation is to provide more data on anal HPV infection and hHSIL in older MSM, in hopes of
guiding the development of effective screening practices to ultimately reduce and prevent anal
cancer.

Chapter 2 sought to characterize anal HPV infections in older MSM, and identify risk
factors for incidence and clearance of infections. The results showed that, using PCR testing, anal
HPV infections are common in this older group of MSM. Incidence and clearance of HPV 16 and
18 remains high, especially among HIV-infected men, suggesting ongoing HPV exposure with
age. Infection with HPV16 and 18 was found in a quarter of the sample at baseline, and several
risk factors were found to be associated with incidence and clearance, that may function by
increasing exposure or influence susceptibility. Overall, risk of anal HPV persistence was high,
confirming the disproportionate risk MSM confer for HPV-related anal cancer.

Chapter 3 aimed to determine whether anal high-risk HPV testing could be used as a
primary screening tool when compared to anal cytology to detect hHSIL in older HIV-infected and-
uninfected MSM. The findings suggest testing for persistent HPV16/18-positivity, even using a
low-threshold PCR assay, may be an effective alternative to cytology. Estimates were higher than
anal cytology, and even when testing was paired with cytology, there was no improvement from
testing for persistent HPV16/18 alone. This suggests screening for persistent HPV16/18 alone

could maintain standard clinical performance, while minimizing resources over paired testing. The
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high hHSIL prevalence in this sample (54%), especially when compared to a 2% estimate
observed in HIV-uninfected women [6], emphasizes the urgent need for developing a standard
approach to screening.

Chapter 4 aimed to perform a novel exploration of the potential risk of testosterone
replacement therapy (TRT) on anal cytology screening and hHSIL in older MSM. Results showed
history of TRT was commonly reported in this group of older HIV-infected and —uninfected MSM,
found in almost half of all men. No association was found between TRT and unsatisfactory
cytology, however, the swab type and order was significant which may inform swab collection
practices that implement multiple swabs or nylon-flocked swabs. No relationship was found
between TRT and hHSIL, however hHSIL prevalence was common, stressing the need for
effective screening practices. Due to limitations of self-report, this study should be repeated using
biological measurements for serum testosterone since physiological uptake of TRT varies by the
individual and therapy used.

The findings from this dissertation further expand the limited knowledge of anal HPV
infection and hHSIL in older MSM. While limitations remain, sound research methodology was
employed to conduct these analyses. This dissertation uniquely contributes longitudinal data from
a large cohort of older MSM where similar longitudinal studies are very sparse. It also supports
the use of hrHPV testing as a primary screening tool, which has greater potential to be more
reliable and efficient than recommended anal cytology. Lastly, this dissertation employed a novel
exploration on TRT and anal disease, which warrants more research on its long-term effects as
TRT is frequently prescribed in HIV-infected MSM for whom risk for other disease is high. This
dissertation contributes data to the study of anal cancer and may help to guide the development

of anal cancer screening and the direction of future related research.
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