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High Risk of New HPV Infection Acquisition Among
Unvaccinated Young Men

Anna R. Giuliano,' Joel M. Palefsky, Stephen E. Goldstone,® Brady Dubin,* Alfred Saah,” Alain Luxembourg,* Christine Velicer, and Joseph E. Tota®

'Center for Immunization and Infection Research in Cancer, Moffitt Cancer Center, Tampa, Florida, USA; ZUniversity of California SanFrancisco, San Francisco, California, USA; *Icahn School of
Medicine at Mount Sinai, NewYork, New York, USA; and “Merck & Co, Inc, Rahway, New Jersey, USA

Background.

Methods. Incidence of incident-persistent (IP) anogenital HPV infections was evaluated among 295 men who have sex with
men (MSM) and 1576 heterosexual men (HM) aged 16-27 years in the placebo arm of a global, multicenter 4-valent (4v) HPV
vaccine trial. We estimated IP incidence (penile/scrotal, perineal/perianal, anal) for 4vHPV and 9-valent (9v) HPV vaccine types
and cumulative IP incidence over 36 months.

Results. 1P infection incidence per 100 person-years (95% CI) among HM for 4vHPV and 9vHPV types was 4.1 (3.5-4.9) and
6.8 (5.9-7.6) at penile/scrotal, and 1.2 (.8-1.6) and 1.9 (1.5-2.4) at perineal/perianal sites, respectively; and among MSM, IP
infection incidence was 2.3 (1.3-3.8) and 3.2 (2.0-4.9) at penile/scrotal, 6.8 (4.9-9.2) and 9.0 (6.9-11.6) at perineal/perianal, and
12.0 (9.4-15.1) and 16.8 (13.7-20.2) at anal sites, respectively. Cumulative IP incidence over 36 months (excluding anal canal;

International data on anogenital HPV infection incidence among men are limited.

any 9vHPV type) was higher among MSM versus HM (24.1% vs 18.4%).

Conclusions.

A substantial proportion of unvaccinated men of catch-up vaccination age developed IP 9vHPV-related infections.

Gender-neutral vaccination could decrease male HPV infection, contribute to herd protection, and reduce disease burden.

Clinical Trials Registration. NCT00090285.
Keywords.

human papillomavirus; HPV vaccines; HPV infection.

Anogenital human papillomavirus (HPV) infection is common
in men and women. HPV infection is the cause of cervical, vul-
var, and vaginal cancers in women, penile cancer in men, and
anal cancer, head and neck cancer, anogenital warts, and recur-
rent respiratory papillomatosis in both sexes [1, 2].

The epidemiology of male HPV infection was studied in the
prospective, multinational (United States, Brazil, and Mexico)
HPV Infection in Men (HIM) study [3], which enrolled more
than 4000 men aged 18-70 years with no previous diagnosis of
genital or anal warts [3]. In the HIM study, a high incidence of
new genital HPV infections was reported (38.4 per 1000 person-
months) [3], along with high rates of incident anal HPV infection
among men who have sex with men (MSM; 25.9 per 1000
person-months) [4]. Male HPV infection incidence data from
other countries are limited. Data on incident-persistent (IP)
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HPYV infection are needed, as it is a strong risk factor for incident
HPV-related disease. Additional research is required to expand
our understanding of male HPV infection across different geo-
graphic regions and in relation to multiple HPV types.

Using data from the placebo arm of a global, randomized,
4-valent HPV (4vHPV) vaccine efficacy trial (V501-020) in
young men [5, 6], this study was conducted to estimate the in-
cidence of IP anogenital HPV infections and associated risk
factors separately, among heterosexual men (HM) and MSM.

METHODS

Data Source

Data in this analysis are from HM and MSM in the placebo arm
of a global randomized controlled trial of the 4vHPV vaccine
(V501-020; NCT00090285) [5, 6]. Details of the trial have
been previously reported [5]. Between 3 September 2004 and
29 August 2008, HM (aged 16-23 years) and MSM (16-26
years) were enrolled from 18 countries in North America,
Latin America, Asia-Pacific, Europe, and Africa [5, 6]. Briefly,
key inclusion criteria were HM who had 1-5 lifetime exclusive-
ly female partners, or MSM with 1-5 lifetime sex partners who
reported engaging in either insertive or receptive anal inter-
course, or oral sex with another male partner within the past
year [5, 6]. In addition, HM and MSM did not have a prior di-
agnosis of human immunodeficiency virus (HIV) infection, no
clinical evidence of anogenital warts or dysplasia, and no
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history of these findings. HM and MSM found to be HIV pos-
itive before the first day of the study were excluded [5, 6].
During follow-up, HM from South Africa and all MSM were
tested annually for HIV, whereas HM from other countries
were only tested if clinically indicated; MSM residing in
South Africa were not included in the study [5, 6].

The V501-020 trial was sponsored by Merck Sharp & Dohme
LLC, a subsidiary of Merck & Co, Inc, Rahway, NJ, and was
conducted in accordance with Good Clinical Practice
Guidelines, Declaration of Helsinki, and all applicable country
or local statutes and regulations regarding ethical committee
review, informed consent, and the protection of the rights
and welfare of human participants in biomedical research.
Participants (or their legally authorized representatives) pro-
vided written informed consent at the start of the study.

HPV DNA Sampling and Assessment

On day 1, month 7, and at 6-month intervals thereafter through
follow-up, scrotal, perineal/perianal, and penile specimens for all
study participants (HM and MSM), and intra-anal specimens for
MSM subjects only were obtained. All specimens were HPV geno-
typed using multiplex polymerase chain reaction (PCR)-based as-
says [7, 8] to detect 9 HPV types targeted by the 9-valent HPV
(9vHPV) vaccine (6/11/16/18/31/33/45/52/58) and 5 additional on-
cogenic HPV types that are not vaccine targeted (35/39/51/56/59).

Statistical Analyses

This analysis comprised men from the placebo arm who were
HPYV naive to the relevant type (HNRT), defined as being naive
at day 1 to the HPV type under consideration. For HPV types 6,
11, 16, and 18, HPV naive was defined as having a negative
swab (ie, PCR negative across all anatomic sites) and serology
negative to the relevant HPV type, whereas for HPV types 31,
33, 45, 52, and 58, serology information was not available for
all participants and therefore HNRT was defined as having a
negative swab to the relevant HPV type. Participants with miss-
ing PCR results at >1 anatomic site or missing serology results
at day 1 were excluded from HNRT analyses.

An IP infection was defined as the detection of a new HPV type
at 2 or more consecutive visits at the same anatomic site spaced ap-
proximately 6 months apart (+ 1 month). A new HPV infection
detected at the last available follow-up visit was not considered
an IP infection because persistence could not be confirmed.
Follow-up time in men with a non-IP HPV infection was defined
as the time from day 1 to the last known visit at which a new infec-
tion was detected. Kaplan-Meier methods were used to estimate
cumulative incidence of IP infections with HPV 16, HPV 16/18,
4vHPV types, or 93VHPV types over 36 months. While the visit fol-
lowing initial acquisition was used to confirm outcome, the visit at
which IP infection was first detected was used as the event censor-
ing time.

The association between baseline characteristics and IP infec-
tion was assessed by logistic regression analysis. A backward
stepwise method was used to guide selection of relevant covar-
iates in multivariable (adjusted) models [9]. Odds ratios (ORs)
and corresponding 95% confidence intervals (Cls) were estimat-
ed, with adjustment for age, geographic region, and number of
lifetime female (for HM subjects) or male (for MSM subjects)
sex partners. All analyses were conducted using SAS version 9.4.

RESULTS

Demographic and Behavioral Characteristics of Men in the HRNT
Population for >1 HPV Type

A total of 4065 men participated in the V501-020 trial (3463
HM and 602 MSM) [5]. The current analysis was based on
data from the 1871 men comprising the HNRT placebo arm
population (1576 HM and 295 MSM).

Median follow-up was 35.7 months (range, 0-52.1) among
HM and 28.7 months (range, 0-51.7) among MSM. A larger
proportion of HM in the HNRT analysis population were in
the younger age group of 16-20 years than MSM (56.6% vs
30.5%; Table 1). More HM than MSM were from Latin
America (41.3% vs 22.7%), whereas more MSM were from
North America (42.7% vs 22.3%). A substantial proportion of
MSM had 4-5 lifetime male sex partners (46.8%).

Incidence of Incident-Persistent Anogenital HPV Infection

Among HM, the rate of penile/scrotal HPV IP infection was
higher than perineal/perianal IP HPV infection for 4vHPV
(4.1 vs 1.2 per 100 person-years, respectively) and 9vHPV
(6.8 vs 1.9 per 100 person-years, respectively) vaccine types
(Table 2). Furthermore, incidences of penile/scrotal and peri-
neal/perianal IP HPV infections were highest for HPV type
16 (2.1 and 0.6 per 100 person-years, respectively), type 6 (1.4
and 0.5 per 100 person-years, respectively), and type 52 (1.3
and 0.4 per 100 person-years, respectively) (Table 2).

Among MSM, the rates of IP HPV infection for 4vHPV and
9vHPYV vaccine types were highest at the anal site (12.0 and 16.8
per 100 person-years, respectively), followed by the perineal/
perianal site (6.8 and 9.0 per 100 person-years, respectively),
and the penile/scrotal site (2.3 and 3.2 per 100 person-years, re-
spectively) (Table 2). HPV 6 was the most commonly detected
type, with an IP infection incidence of 6.3 per 100 person-years
at the anal canal, 4.3 at the perineal/perianal site, and 1.8 at the
penile/scrotal site (Table 2).

Three-year cumulative incidence of IP HPV infection at the
combined external genital sites (excluding infection within the
anal canal) for 4vHPV and 9vHPV vaccine types was 17.7% and
24.1% among MSM, compared with 11.7% and 18.4% among
HM, respectively (Figure 1A and Supplementary Table 1).
High cumulative incidences of IP HPV 16 were observed
among both MSM and HM (6.5% and 5.6%, respectively).
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Table 1. Baseline Demographic and Behavioral Characteristics of HM
and MSM From the Study (HRNT) Population® for >1 HPV Type

HM MSM
(n=1576) (n=295)

Characteristic No. (%) No. (%)
Age, yb,c

16-20 892 (56.6) 90 (30.5)

21-27%¢ 683 (43.4) 205 (69.5)
Geographic region

North America’ 352 (22.3) 126 (42.7

Latin America¥ 651 (41.3) 22.7

(42.7)
7(22.7)
(20.7)
(13.9)
(

Europe” 178 (11.3) 61

Asia-Pacific’ 132 (8.4) 41 (13.9

Africal 263 (16.7) 0(0.0)
Tobacco use on day 1

Never used 903 (57.3) 147 (49.8)

Former 98 (6.2) 29 (9.8)

Current user 575 (36.5) 119 (40.3)
Age at first intercourse, y*<

<15 198 (12.6) 36(12.6)

15-19 1248 (79.3) 195 (68.2)

>20 128 (8.1) 55 (19.2)
Number of lifetime male sex partners®

1-3 NA 150 (53.2)

4-5 NA 132 (46.8)
Number of lifetime female sex partners®<

1-3 1069 (68.0) 76 (98.7)

4-5 503 (32.0) 1(1.3)
Number of lifetime partners with insertive anal

intercourse®

0 NA 3(11.7)

1 NA 3(26.0)

2 NA 4 (19.2)

3-5 NA 121 (43.1)
Number of lifetime partners with receptive anal

intercourse®

0 NA 1(11.0

1 NA 3 (22.4)

2 NA 0(24.9)

3-5 NA 117 (41.6)
Number of new male partners in last 6 mo®

0 NA 105 (37.2)

1 NA 109 (38.7)

>2 NA 68 (24.1)
Number of new female partners in last 6 mo®<

0 931 (69.2) 72 (93.5)

1 519 (33.0) 4(5.2)

>2 123 (7.8) 1(1.3)

Frequency of lifetime condom use®
Always 594 (37.7) 107 (3
More than half the time 516 (32.7) 133 (4
Less than half the time 290 (18.4) 25 (
Never 173 (11.0) 18 (
Frequency of condom use in the last 6 mo

Always 567 (36.0) 114 (38.6)
More than half of the time 323 (20.5) 68 (23.1)
Less than half of the time 213 (13.5) 24 (28.1)
Never 436 (27.7) 74 (25.1)

Table 1. Continued
HM MSM
(n=1576) (n=295)
Characteristic No. (%) No. (%)
Circumcision
No 1017 (64.5) 166 (56.3)
Yes 559 (36.5) 129 (43.7)

Abbreviations: HPV, human papillomavirus; HM, heterosexual men; HNRT, HPV naive to
relevant type; MSM, men who have sex with men; NA, not applicable; PCR, polymerase
chain reaction.

#HRNT population defined as HPV naive at day 1 to the HPV type under consideration. For
HPV 6, 11, 16, and 18, HPV naive was defined as having a negative swab (ie, PCR negative)
and serology negative to the relevant HPV type. For HPV 31, 33, 45, 52, and 58, HPV naive
was defined as having a negative swab to the relevant HPV type.

The inclusion criteria for age was 16-26 years; however, some men aged 26 years at
screening subsequently turned 27 years of age by the enrollment visit. One subject in the
HM group was aged 15 years.

“Differences in age eligibility criteria were evident between HM (aged 16-23 years) and
MSM (16-26 years).

90wing to age eligibility criteria, the upper age category was 21-23 years for HM and 21-27
years for MSM.

°Among MSM, some participants aged 26 years at enrollment had turned 27 years before
the start of the study (ie, prior to the day 1 visit); these participants were included in the
analysis.

North America included the United States and Canada.

9Latin America included Brazil, Mexico, Costa Rica, and Peru.

NAsia-Pacific included Australia, Philippines, and Taiwan.

'Europe included Croatia, Finland, Germany, Netherlands, Norway, Portugal, Spain, and
Sweden.

'Africa included South Africa.

“Categories have missing values for HM and/or MSM.

Among MSM, cumulative IP HPV incidence at the anal canal
was 26.4% for any 4vHPV vaccine type and 35.4% for any
9vHPV vaccine type, with a large proportion acquiring IP
HPV 16 (10.7%) (Figure 1B and Supplementary Table 1). At
the perineal/perianal site, cuamulative IP HPV incidence rates
were higher among MSM versus HM for any 4vHPV (16.5%
vs 3.4%) and any 9vHPV (22.2% vs 5.5%) vaccine type
(Figure 1C and Supplementary Table 1). Cumulative incidence
of IP HPV at the penile/scrotal sites (excluding perineal/peria-
nal and anal canal sites) were substantially lower among MSM
compared with HM for any 9vHPV (8.2% vs 18.0%) and any
4vHPV (5.6% vs 11.4%) vaccine types (Figure 1D and
Supplementary Table 1).

Among HM, overall 9vHPV vaccine type IP (excluding in-
fection at the anal canal) incidence rates were highest in
Africa (9.2 per 100 person-years) and lowest in Asia-Pacific
(2.1 per 100 person-years) (Figure 2A). In contrast, among
MSM, overall IP HPV incidence rates (excluding anal canal in-
fections) were highest in Latin America and the Asia-Pacific
(27.6 and 20.2 per 100 person-years, respectively) and lowest
in North America and Europe (7.4 and 12.8 per 100 person-
years, respectively) (Figure 2B). Similarly, overall incidence
rates of IP anal HPV among MSM were highest in Latin
America (30.4 per 100 person-years) and lowest in North
America (7.4 per 100 person-years) (Figure 2C).

HPV Infection in Young Men « JID 2024:229 (15 March) « 709


http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiad485#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiad485#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiad485#supplementary-data

Table 2. Incidence (per 100 Person-Years) of Incident-Persistent Anogenital HPV Infections Among Men by Anatomic Site, HPV Type, and Sexual
Orientation (HNRT Population®) (N = 1871, Including 1576 HM and 295 MSM)

Penile/Scrotal Perineal/Perianal Anal
Incidence Incidence
HPV Type No. Person-Years (95% ClI) No. Person-Years (95% CI) No. Person-Years Incidence (95% Cl)
Heterosexual men
(n=341)° (n=98)° NA
6 50 3508.2 1.4 18 3550.1 0.5 NA NA NA
(1.06-1.87) (.30-.80)
1 13 3556.0 0.4 5 3609.1 0.1 NA NA NA
(.19-.62) (.04-.32)
16 72 3491.4 2.1 20 3533.5 0.6 NA NA NA
(1.62-2.59) (.35-.87)
18 32 3661.4 0.9 7 3715.5 0.2 NA NA NA
(.60-1.23) (.08-.39)
31 37 3661.2 1.0 13 3706.3 0.4 NA NA NA
(.71-1.39) (.19-.60)
33 23 3726.2 0.6 4 3782.1 0.1 NA NA NA
(.39-.92) (.03-.27)
45 17 3718.2 0.5 6 3758.7 0.2 NA NA NA
(.27-.73) (.06-.35)
52 48 3587.9 1.3 13 3638.3 0.4 NA NA NA
(.99-1.77) (.19-.61)
58 29 3659.4 0.8 5 3710.0 0.1 NA NA NA
(.53-1.14) (.04-.31)
6/11/16/18 149 3591.7 41 44 3791.6 1.2 NA NA NA
(3.52-4.85) (.84-1.55)
6/11/16/18/31/33/45/52/58 235 3480.0 6.8 72 3752.5 1.9 NA NA NA
(5.94-7.64) (1.560-2.41)
Men who have sex with men
(n=31)° (h=71)° (n=112)>°
6 8 455.7 1.8 19 441.4 4.3 27 427.3 6.3
(.76-3.43) (2.61-6.64) (4.21-9.06)
11 1 468.1 0.2 6 466.2 1.3 14 449.9 3.1
(.01-1.18) (.47-2.78) (1.71-6.17)
16 5 520.0 1.0 12 498.5 2.4 24 490.1 4.9
(.31-2.23) (1.256-4.17) (3.16-7.20)
18 5 577.8 0.9 10 561.4 1.8 18 544.0 3.3
(.28-2.01) (.86-3.25) (1.97-5.18)
31 3 603.3 0.5 6 592.9 1.0 13 576.8 2.3
(.10-1.45) (.37-2.19) (1.21-3.82)
33 0 4 617.6 0.6 8 602.5 1.3
(.18-1.65) (.67-2.60)
45 2 605.2 0.3 6 587.6 1.0 12 566.1 2.1
(.04-1.19) (.38-2.21) (1.10-3.67)
52 2 604.5 0.3 5 581.3 0.9 14 568.0 25
(.04-1.19) (.28-2.00) (1.35-4.10)
58 0 3 619.9 0.5 8 599.8 1.3
(.10-1.41) (.68-2.61)
6/11/16/18 14 608.2 2.3 40 584.4 6.8 65 540.9 12.0
(1.26-3.83) (4.93-9.20) (9.40-15.1)
6/11/16/18/31/33/45/52/58 20 626.4 3.2 54 597.8 9.0 89 530.9 16.8
(1.96-4.89) (6.86-11.6) (13.7-20.2)

Abbreviations: HM, heterosexual men; HNRT, HPV naive to relevant type; MSM, men who have sex with men; PCR, polymerase chain reaction.

HNRT population defined as HPV naive at day 1 to the HPV type under consideration. For HPV 6, 11, 16, and 18, HPV naive was defined as having a negative swab (ie, PCR negative) and
serology negative to the relevant HPV type. For HPV 31, 33, 45, 52 and 58, HPV naive was defined as having a negative swab to the relevant HPV type.

Total number of men with incident-persistent HPV infection with any 9vHPV type (6/11/16/18/31/33/45/52/58).
°Anal specimens were only collected from MSM.

Baseline Characteristics Associated With IP Anogenital HPV Infection years: OR, 1.72; 95% CI, 1.03-2.86), geographic region (Africa

(SvHPV Types) by Anatomic Site Among HM and MSM vs North America: OR, 2.19; 95% CI, 1.02-4.71), frequency of

Factors independently associated with risk of perineal/perianal lifetime condom use (less than half the time vs always: OR

IP HPV infections among HM included age (16-20 vs 21-23 1.88; 95% CI, 1.08-3.28), and frequency of condom use in the
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MSM HPV 16 and/or 18 295 271 249 231 212 163 47
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0 6 12 18 24 30 36
Number of subjects at risk Months
HM HPV 16 1576 1410 1347 1283 1231 1176 726
MSM HPV 16 295 271 255 243 226 172 51
HM HPV 16 and/or 18 1576 1410 1345 1280 1227 170 724
MSM HPV 16 and/or 18 295 271 250 235 218 168 49
HM any 4vHPV type 1576 1410 1341 1272 1213 1154 715
MSM any 4vHPV type 295 270 242 225 203 154 42
HM any 9vHPV type 1576 1410 1328 1252 1186 127 697
MSM any 9vHPV type 295 270 239 216 190 139 40

Figure 1.

Cumulative incident-persistent
infection rate (%)

Months
Number of subjects at risk
MSM HPV 16 295 270 253 237 217 165 48
MSM HPV 16 and/or 18 295 270 246 223 204 157 46
MSM any 4vHPV type 295 269 234 206 184 140 40
MSM any 9vHPV type 295 268 215 184 160 122 37

45

404

35—

30—

254

204

Cumulative incident-persistent
infection rate (%)

0 6 24 30 36
Number of subjects at risk Months
HM HPV 16 1576 1409 1327 1254 1198 1135 702
MSM HPV 16 295 2711 256 244 228 176 53
HM HPV 16 and/or 18 1576 1409 1318 1241 1178 1110 685
MSM HPV 16 and/or 18 295 271 255 240 224 171 51
HM any 4vHPV type 1576 1409 1307 1220 1144 1069 665
MSM any 4vHPV type 295 271 254 239 221 167 49
HM any 9vHPV type 1576 1408 1271 1172 1083 998 617
MSM any 9vHPV type 295 270 252 235 216 163 48

Kaplan-Meier estimates for the cumulative incidence of incident-persistent anogenital HPV infections for 4vHPV types (6/11/16/18) and 9vHPV types (6/11/16/

18/31/33/45/52/58). A, Incident-persistent infections at all anatomic sites combined (excluding the anal canal) among HM and MSM. B, Incident-persistent infections at anal
sites among MSM only. C, Incident-persistent infections at perianal/perineal sites among HM and MSM. D, Incident-persistent infections at penile/scrotal sites among HM
and MSM. Abbreviations: 4vHPV, 4-valent HPV; 9vHPV, 9-valent HPV; HM, heterosexual men; HPV, human papillomavirus; MSM, men who have sex with men.

last 6 months (less than half the time vs always: OR, 2.12; 95%
CI, 1.18-3.79) (Table 3). Among MSM, 2 or more new male
partners in the last 6 months (>2 vs 0: OR, 2.08; 95% CI,
1.01-4.28) was the only factor independently associated with
an increased risk of perineal/perianal IP HPV infection, whereas
1 new male partner in the last 6 months was associated with a
lower risk of IP infection (1 vs 0: OR, 0.40; 95% CI, .20-.82);
however, no association was observed for age, geographic re-
gion, or frequency of condom use (Table 3). Factors indepen-
dently associated with risk of penile/scrotal IP HPV infection
among HM included younger age (16-20 vs 21-23 years: OR,
1.43; 95% CI, 1.07-1.92), geographic region (Latin America vs
North America: OR, 1.67; 95% CI, 1.13-2.47; Africa vs North
America: OR, 1.91; 95% CI, 1.20-3.02), and larger number of

lifetime female sex partners (4-5 vs 1-3: OR, 1.65 95% CI,
1.23-2.20). Among MSM, no factors were significantly associat-
ed with risk of penile/scrotal IP infection, whereas the number of
new male partners in the last 6 months was associated with a
lower risk of penile/scrotal IP infection (1 vs 0: OR, 0.14; 95%
CI, .03-.65) (Table 3). Among MSM, factors significantly inde-
pendently associated with an increased risk of anal IP HPV
infection included geographic region (Latin America vs North
America: OR, 4.30; 95% CI, 2.15-8.61; Asia-Pacific vs
North America: OR, 3.44; 95% CI, 1.52-7.78; Europe vs North
America: OR, 2.26; 95% CI, 1.07-4.75), larger number of lifetime
male sex partners (4-5 vs 1-3: OR, 1.81;95% CI, 1.06-3.11), and
larger number of lifetime partners with receptive anal inter-
course (2 vs 3-6: OR, 2.13; 95% CI, 1.12-4.05) (Table 3).
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Figure 2. Incidence (per 100 person-years) of incident-persistent anogenital HPV infection with grouped 9vHPV types (6/11/16/18/31/33/45/52/58) in the study population
by geographic region. A, Incident-persistent anogenital HPV infection (excluding the anal canal) among MSM HM. B, Incident-persistent anogenital HPV infection (excluding
the anal canal) among HM MSM. C, Incident-persistent HPV infection at the anal canal among MSM. Abbreviations: 9vHPV, 9-valent HPV; Cl, confidence interval; HM,

heterosexual men; HPV, human papillomavirus; MSM, men who have sex with men.

DISCUSSION

This analysis of men enrolled in the placebo arm of a global
4vHPYV vaccine clinical trial describes the high burden of IP in-
fection with 9vHPV vaccine types among MSM and HM. The
HPV infection burden is higher among MSM compared to
HM and differs by sexual orientation, whereby IP incidence rates
were higher at penile/scrotal sites compared to the perineal/
perianal sites among HM, and highest at anal and perineal/
perianal versus penile/scrotal sites among MSM. Furthermore,
higher IP incidence rates were observed for MSM versus HM
at the perineal/perianal site, whereas higher rates were observed
for HM at the penile/scrotal sites. Among MSM, IP HPV 6 infec-
tion was the most commonly acquired HPV type at all anatomic
sites examined, consistent with the high incidence of anal

condyloma [10]. In contrast, HPV 16 was the most commonly
acquired HPV type among HM. The high rate of new IP HPV
infection among men highlights the high risk of HPV-related
disease young unvaccinated men face potentially throughout
their lifetime.

Results of our study add important data to the growing evi-
dence of a high burden of HPV infection among men. For ex-
ample, high incidence rates of anogenital HPV were reported in
a Dutch study of HM (50.5 per 100 person-years for any HPV
type) [11] and in a US cohort of HM (50.8 and 25.0 per 100
person-years for any and oncogenic HPV types, respectively)
[12]. A US study of HM university students reported 24-month
cumulative incidence rates of 62.4% for any HPV type and
47.9% for high-risk HPV vaccine types [13]. Anal canal HPV
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Table 3. Continued

Anal Site

Penile/Scrotal Site

Perineal/Perianal Site

MSM

MSM

HM

MSM

HM

Adjusted

Adjusted OR®

Rate of Infection,

OR°
(95% Cl)

Adjusted OR® Rate of Infection, Adjusted ORP Rate of Infection,

Rate of Infection,

Adjusted ORP

Rate of Infection,

(95% Cl)

%*

(95% Cl) %* (95% Cl) %* (95% Cl) %*

%*

Risk Factor

0.52

2.23
(.76-6.53)

0.73

0.73

(.26-1.04)

(.52-1.03)

(.41-1.29)

Circumcision

1.0
0.

36.1 (60/166)
22.5(29/129)

1.0
0.67
(.21-2.17)

16.1 (164/1017) 1.0 8.43 (14/166)
4.65 (6/129)

12.7 (71/558)

1.0
0.91 (.43-1.92)

21.1 (35/166)
14.7 (19/129)

1.0
0.59

5.11 (52/1017)
3.58 (20/558)

No
Yes

97

0.85

(.50-1.86)

(.67-1.26)

(.31-1.13)

Bolded numbers refer to factors independently associated with the risk of perineal/perianal or penile/scrotal incident-persistent HPV infection (9vHPV types).

Abbreviations: 9vHPV, 9-valent HPV; HM, heterosexual men; MSM, men who have sex with men; NA, not applicable; NE, not estimable; OR, odds ratio.

®Numerator: total count of individuals who have persistent incidence of infection among those being HPV naive to relevant type, per each risk factor. Denominator: count of individuals who are HPV naive to relevant type, per each risk factor.

PQdds ratio of each risk factor is adjusted with age group, geographic regions, and number of lifetime female sex partners.

°0dds ratio of each risk factor is adjusted with age group, geographic regions, and number of lifetime male sex partners.

90wing to age eligibility criteria, the upper age category was 21-23 years for HM and 21-27 years for MSM.

°Among MSM, some participants aged 26 years at enrolment had turned 27 years before the start of the study (ie, prior to the day 1 visit); these participants were included in the analysis.

incidence reports among MSM range from 16% for any onco-
genic HPV type in the HIM study [4], to 29.8% for 4vHPV
types in the US-based DASH study [14]. Additionally, inci-
dence of anal HPV infection in a study of HIV-infected MSM
in Montreal, Canada, was approximately 13 per 100 person-
years for both HPV types 16 and 52, with 3-year cumulative in-
cidence rates of 33% and 30%, respectively [15]. Collectively,
these data highlight that substantial proportions of both HM
and MSM develop anogenital HPV infection.

In the current analysis, cumulative IP incidence at all ana-
tomic sites combined was higher among MSM versus HM.
Cumulative incidence rates of IP HPV infection at the perine-
al/perianal site were significantly higher among MSM com-
pared to HM. Consistent with our observation are reports of
higher incidence of anal HPV infection and persistence among
MSM than in HM [4], with receptive anal sex identified as a fac-
tor associated with anal HPV infection among MSM [16-18].
Similarly, a randomized, placebo-controlled trial of the
4vHPV vaccine that collected intra-anal swabs from young
Japanese men reported a higher incidence of persistent
intra-anal 4vHPV infections among MSM versus HM in the
placebo arm [19]. In contrast, cumulative incidence of
4vHPV vaccine type IP HPV infection at the penile/scrotal
site was higher among HM compared with MSM. In the
HIM study, 12-month cumulative incidence of genital HPV
was high among both MSM and HM [20], highlighting that
the development of IP anogenital vaccine type HPV infection
is common among unvaccinated MSM and HM.

As expected, factors related to sexual behavior were signifi-
cantly associated with IP 9vHPV vaccine type anogenital infec-
tion. Previous studies have reported strong associations
between sexual behaviors and anogenital HPV infection among
men, including a higher number of lifetime sex partners or new/
recent sex partners associated with anogenital HPV infection
among both HM [13, 21, 22] and MSM [16, 21, 23].
Interestingly, the risk of IP HPV infection at the perineal/peria-
nal or penile/scrotal sites was lower among MSM who had 1 ver-
sus 0 new male partners in the last 6 months, but higher for those
with >2 new male partners. In the current analysis, approxi-
mately half the MSM with 0 new male partners in the last
6 months reported never using condoms in the last 6 months,
compared with less than 20% of MSM with 1 new male sex part-
ner in the last 6 months (data not shown). Frequency of condom
use has also been identified as a risk factor for anogenital HPV
infection [22, 24], but results have been inconsistent, particular-
ly among MSM [16, 21]. Similarly, associations between incon-
sistent lifetime or recent condom use and HPV infection at the
perineal/perianal site among HM were identified, but no associ-
ations were observed among MSM. The lack of consistent asso-
ciations between condom use and anogenital HPV infection
among men in the literature may be due to transmission

during digital insertion or genital-to-genital contact without
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penetration, inaccuracies in the reporting of condom use, the
presence of HPV in areas of genitalia not covered by a condom
(ie, perineal/perianal sites or anal canal), and the inability to de-
termine condom use in the male sex partners of MSM having sex
with multiple partners.

Key strengths of this study include the HPV testing method-
ology used in the V501-020 trial, frequent testing (every
6 months), diverse enrollment (18 countries), a large sample
size, and high clinical trial retention rate. A limitation of this
study is related to the restrictive eligibility criteria of the
V501-020 trial, in which participants were of a limited age
range (16-23 years for HM and 16-26 years for MSM), had
no current or past history of HPV-related anogenital disease,
and had no more than 5 lifetime sex partners. This may have
selected for men with a lower likelihood of HPV exposure
and thus may not be representative of the general population
of sexually active men and may have also contributed to the
low cumulative incidence of IP infection. In addition, focusing
on IP infections to avoid the inclusion of cases due to HPV dep-
osition may have resulted in a conservative incidence estimate,
as HPV infections that were acquired and cleared more rapidly
may not be detected using this approach. Serologic status at
baseline, an indicator of prior exposure to HPV infection across
anatomic sites, was not available for all 9VHPV vaccine types in
all participants from this 4vHPV vaccine trial. Furthermore,
HPV vaccination was introduced in some of the vaccine trial
countries during trial follow-up, almost exclusively to adoles-
cent girls after 2006 (United States, parts of Europe, and
Australia). As such, this may have led to a lower estimate of
anogenital HPV infection among men. Finally, the V501-020
trial did not include oral HPV infection outcomes, which will
be of importance in future analyses, given that the incidence
of HPV-associated oropharyngeal cancers in men has sur-
passed that of cervical cancer in women in many settings [25].

In this global study focusing on young men from the placebo
arm of a global 4vHPV vaccine trial, a substantial proportion of
both HM and MSM developed IP anogenital HPV infections to
at least one 9vHPV vaccine type over 3 years. Given that IP
HPV infections are strong risk factors and precede the develop-
ment of HPV-related diseases, vaccination of men targeted for
catch-up vaccination would be expected to prevent a substan-
tial HPV-related disease burden attributable to these infections.
The benefit of catch-up vaccination in men is evidenced by re-
cent findings from an open-label extension study of the
V501-020 trial, which reported no new cases of external genital
warts or genital lesions after a median follow-up of 4.7 years in
the catch-up vaccination group [26]. Due to the limited avail-
ability of screening procedures for HPV-related disease in
men, primary prevention of anogenital HPV infection through
vaccination is currently the only practical approach for preven-
tion of HPV-related disease. Vaccination of men may also con-
tribute to herd protection, which may be of value in settings of

suboptimal vaccination coverage among women [27].
Furthermore, these data demonstrate the higher risk of IP
HPV infection among MSM. While HM experience herd pro-
tection in settings of high female vaccination rates, MSM do not
show a similar benefit. Therefore, gender-neutral vaccination is
critical to reduce disease burden in men, especially among
MSM. Lastly, we observed high rates of IP HPV infection in
Africa (HM) and Latin America (MSM and HM), both of which
are regions where the general population may have limited ac-
cess to screening for and treatment of HPV-related disease.
This highlights the importance of switching to gender-neutral
vaccination in these regions.
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