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ABSTRACT
Post hoc analyses of 9-valent human papillomavirus (9vHPV) vaccine immunogenicity were conducted in 
five Phase 3 studies that enrolled males. Month 7 antibody geometric mean titers (GMTs) after three 
9vHPV vaccine doses were analyzed in 10,024 males/females aged 16–26 years from studies 001 
(NCT00543543), 002 (NCT00943722), 003 (NCT01651949), and 020 (NCT02114385). Covariates considered 
were age, gender, sexual orientation, region of residence, and race. GMTs among 2599 males/females 
aged 9–15 years (studies 002 and 010 [NCT01984697]) were assessed 6 months after one, two, and three 
9vHPV vaccine doses. 9vHPV vaccine immunogenicity was robust across populations. Month 7 GMTs 
were generally higher in participants aged 16–21 versus 22–26 years. Region and race minimally 
impacted immunogenicity. Adjusted integrated analysis showed lower immunogenicity in men who 
have sex with men (MSM) versus heterosexual men (HM) for nine HPV types, and higher immunogenicity 
in HM versus females for seven HPV types. Among 9–15-year-olds, trends toward higher GMTs in males 
versus females post-Dose 3, similar GMTs post-Dose 2, and lower post-Dose 1 were observed. In 
conclusion, 9vHPV vaccine immunogenicity was robust in males aged 16–26 years across a range of 
baseline characteristics. GMT ratios for males versus females aged 9–15 years tended to increase with 
more doses.
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Introduction

In men, approximately 70,000 new cancers are attributable to 
HPV each year globally.1 Two prophylactic HPV vaccines 
are widely licensed for use in males: the quadrivalent 
(qHPV) and the 9-valent (9vHPV) vaccines. The qHPV 
vaccine confers protection against high-risk HPV types 16 
and 18, which cause most cases of HPV-related cancer, and 
HPV types 6 and 11, which cause most cases of genital warts 
and recurrent respiratory papillomatosis.2,3 The 9vHPV vac
cine protects against the four HPV types covered by the 
qHPV vaccine, plus five additional oncogenic HPV types 
(HPV 31, 33, 45, 52, and 58).4,5 The nine HPV types targeted 
by the 9vHPV vaccine cause approximately 96%, 95%, and 
88% of HPV-associated anal, oropharyngeal, and penile can
cers, respectively (with HPV16 and HPV18 causing approxi
mately 87%, 91%, and 77% of these cancers, respectively).6 

HPV6 and HPV11 cause approximately 90% of genital warts 
and recurrent respiratory papillomatosis.2,3 Efficacy of the 

qHPV vaccine against HPV6/11/16/18-related persistent 
anogenital infection (85.6% [95% CI, 73.4–92.9]), external 
genital disease (90.4% [95% CI, 69.2–98.1]), anal persistent 
infection (94.9% [95% CI, 80.4–99.4]), and anal dysplasia 
(77.5% [95% CI, 39.6–93.3]) was demonstrated in males 
aged 16–26 years in an international randomized, placebo- 
controlled trial,7,8 and in a trial conducted in Japan (85.9% 
efficacy [95% CI, 52.7–97.3] against HPV6/11/16/18-related 
persistent anogenital infection; 100% efficacy [95% CI, 49.3– 
100] against HPV6/11/16/18-related anal persistent 
infection).9 Long-term effectiveness was shown in an exten
sion of the international trial, with no new cases of HPV6/ 
11/16/18-related external genital lesions or high-grade anal 
intraepithelial neoplasia observed through up to 11.5 years of 
follow-up.10 The efficacy of the 9vHPV vaccine was estab
lished in females aged 16–26 years in a qHPV vaccine- 
controlled randomized clinical trial.11–13 Efficacy in males 
aged 9–26 years was inferred based on the demonstration 
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of non-inferior antibody responses to vaccine-related HPV 
types following administration of the 9vHPV vaccine in 
males aged 9–15 years and 16–26 years compared with 
females aged 16–26 years,14–16 and non-inferior immuno
genicity of 9vHPV vaccine versus qHPV vaccine in males 
aged 16–26 years.17 Long-term effectiveness was demon
strated in an extension of the immunogenicity clinical trial 
in males aged 9–15 years with no cases of external genital 
lesions related to vaccine-targeted HPV types observed 
through up to 10.6 years of follow-up.18

In prior analyses of trial data, an inverse relationship 
between age and anti-HPV antibody responses was demon
strated for qHPV vaccine in males and females aged 9–26 years 
and 9vHPV vaccine immunogenicity in females aged 9–26  
years and males 9–15 years.19–21 In addition, geometric mean 
titers (GMTs) were lower in men who have sex with men 
(MSM) compared with heterosexual men (HM) after qHPV 
and 9vHPV vaccination.14,19 Also, gender, region of residence, 
and race were not found to substantially impact 
immunogenicity.20,21 However, in a recent meta-analysis of 
qHPV vaccine clinical studies, vaccine immunogenicity was 
observed to be higher in females than males.22 The authors 
suggested that vaccine dosing and scheduling for each sex 
could be explored further.

To further characterize these differences, we conducted an 
analysis of 9vHPV vaccine immunogenicity in HM, MSM, and 

women aged 16–26 years based on participant characteristics 
at study baseline (i.e., age, region of residence, and race), and 
by number of doses in males and females aged 9–15 years.

Methods

Study population

Immunogenicity data from five Phase 3 clinical studies of the 
9vHPV vaccine were used for these post hoc analyses. The 
studies, which enrolled approximately 13,000 participants 
(2578 males; 10,433 females) are summarized in Table 1. 
Primary trial data have been previously published.11,12,14–17,23 

Four studies from the 9vHPV vaccine clinical program (001, 
002, 003, and 020) contributed to the analysis of immunogeni
city by baseline covariates in males (HM and MSM) aged 
16–26 years compared with females aged 16–26 years, and 
two studies from the 9vHPV vaccine clinical program (002 
and 010) contributed to the analysis of immunogenicity fol
lowing 1, 2, and 3 doses in males aged 9–15 years compared 
with females aged 9–15 years. This analysis included male and 
female participants in study 010 who received 2 doses of 
9vHPV vaccine 6 months apart.

Each study was conducted in accordance with the principles of 
Good Clinical Practice and approved by the appropriate institu
tional review boards and regulatory agencies. Written informed 

Table 1. Phase 3 studies of the 9vHPV vaccine included in the current post hoc immunogenicity analyses.

Study Key Objectives Study Population

Included in Analysesa

Males and 
Females (aged 
16–26 years)

Males and Females 
(aged 9–15 years)

001 Immunogenicity and efficacy of 
9vHPV vaccine vs qHPV vaccine in 
females

Females aged 16–26 years randomized to qHPV or 9vHPV vaccine 
(each N = 6799)b

N = 6792 females 
(9vHPV) 
N = 6795 
females (qHPV)

N/A

002 Immunogenicity of 9vHPV vaccine in 
adolescents vs females

Females (N = 1935) and males (N = 669) aged 9–15 years and females 
aged 16–26 years (N = 470) enrolled to receive 3 doses of 9vHPV 
vaccine

N = 468 females 
(9vHPV)

N = 1933 females 
(9vHPV) 
N = 666 males 
(9vHPV)

003 Immunogenicity of 9vHPV vaccine in 
males vs females

HM aged 16–26 years (N = 1106), MSM aged 16–26 years (N = 313), 
and females aged 16–26 years (N = 1101) enrolled to receive 3 
doses of 9vHPV vaccine

N = 1103 HM 
(9vHPV) 
N = 313 MSM 
(9vHPV) 
N = 1099 
females 
(9vHPV)

N/A

020 Immunogenicity of 9vHPV vaccine vs 
qHPV vaccine in males

HM aged 16–26 years randomized to qHPV (N = 251) or 9vHPV 
vaccine (N = 249)

N = 249 HM 
(9vHPV) 
N = 251 HM 
(qHPV)

N/A

010 Immunogenicity of 2-dose vs 3-dose 
9vHPV vaccine regimens in 
adolescents vs females

Females aged 9–14 years randomized to 2 doses of 9vHPV vaccine at 
Months 0 and 6 (N = 301) or Months 0 and 12 (N = 151) or 3 doses 
of 9vHPV vaccine (N = 301) 
Males aged 9–14 randomized to 9vHPV vaccine at Months 0 and 6 
(N = 301) or Months 0 and 12 (N = 150) 
Females aged 16–26 received 3 doses of 9vHPV vaccine (N = 314)

N/A N = 301 females 
(2-dose 9vHPV at 
Months 0 and 6) 
N = 301 males 
(2-dose 9vHPV at 
Months 0 and 6)

Study 001: NCT00543543.11,12 

Study 002: NCT00943722.15 

Study 003: NCT01651949.14 

Study 020: NCT02114385.17 

Study 010: NCT01984697.16,23 

aParticipants who received at least one dose of 9vHPV vaccine. In each study, most (>95%) participants completed the assigned dosing regimen. 
bParticipants who received the low-dose, mid-dose, or high-dose formulation of 9vHPV vaccine during the dose selection portion of the study11,24 are not included; 

immunogenicity results in these participants are reported elsewhere.25 

Abbreviations: 9vHPV, 9-valent human papillomavirus; HM, heterosexual men; MSM, men who have sex with men; N/A, not applicable; PPI, per-protocol 
immunogenicity; qHPV, quadrivalent human papillomavirus.
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consent was provided by all adult participants, or by a legally 
acceptable representative for participants who were minors.

Vaccine administration

Participants in studies 001 and 020 received 0.5-mL doses of 
9vHPV or qHPV vaccine; participants in studies 002, 003, and 
010 received 0.5-mL doses of 9vHPV vaccine (Merck & Co., 
Inc., Rahway, New Jersey, USA). Vaccines were administered 
as an intramuscular injection on Day 1, Month 2, and Month 6 
(studies 001, 002, 003, and 020); or Day 1 and Month 6 (study 
010).11–12,14–17,23

Immunogenicity evaluation

Analyses in males and females aged 16–26 years were based on 
serum samples collected on Day 1 and Month 7 (1 month post- 
Dose 3).11,12,14,15,17 Analyses in males and females aged 9–15  
years were based on serum samples collected at Day 1 and 6  
months post-last dose.15,16,23 Serum samples were assessed for 
antibodies against HPV 6/11/16/18/31/33/45/52/58 using the 
9-valent competitive Luminex immunoassay (cLIA).26

Statistical analysis

Immunogenicity was assessed in the relevant per-protocol immu
nogenicity (PPI) population, comprising those who had no pro
tocol violations that could interfere with immunogenicity 
evaluation, received the number of doses of qHPV or 9vHPV 
vaccine required by the protocol, had a Month 7 sample collected 
within acceptable day ranges, and were seronegative at Day 1 and 
(for participants 16–26 years of age in study 001 and study 002) 
PCR-negative Day 1 through Month 7 for the HPV type(s) being 
analyzed. To be included in the PPI analysis for HPV 6 and 11, 
participants were required to be negative for both HPV 6 and 11.

For each HPV type, GMTs, GMT ratios, and associated 95% 
CIs were estimated using an analysis of variance model with log 
anti-HPV as the response and vaccination group as the fixed 

effect. In addition, analysis of covariance (ANCOVA) model of 
log anti-HPV titers via a mixed effects model methodology was 
used to estimate GMTs, GMT ratios, and associated 95% CIs after 
controlling for age and geographic region. Study number was 
included as a random effect to account for variability among 
studies. Baseline covariates included in the analysis were age, 
gender, sexual orientation, region of residence, and race, whereby 
sexual orientation and race were based on self-reporting. Region 
of residence was considered to be a surrogate for race in adjusted 
analyses. All analyses were exploratory in nature, with no statis
tical hypothesis testing performed.

Results

Immunogenicity in men and women by baseline 
characteristics

Four trials conducted in young adults (studies 001, 002, 003, 
and 020 from the 9vHPV vaccine clinical program; Table 1) 
are included in these analyses. Table 2 presents a summary of 
the baseline characteristics by age, world region of residence, 
and race among young adult HM, MSM, and females across 
these four trials.

Most HM and all MSM were enrolled in study 003. As 
previously reported, study 003 enrolled 2520 participants 
16–26 years of age (1106 HM, 313 MSM, and 1001 females) 
from five regions (Africa, Asia-Pacific, Europe, Latin America, 
North America).14 The 9vHPV vaccine was highly immuno
genic in all three groups of participants, with anti-HPV GMTs 
at Month 7 generally highest in HM, followed by females, and 
lowest in MSM.14 Baseline characteristics of the males and 
females aged 9–15 years who received 9vHPV vaccine in studies 
002 and 010 are reported elsewhere.15,16

Overall, higher GMTs were observed in younger (16–21  
years of age) versus older (22–26 years of age) males (HM, 
MSM) and females, with statistically significant differences 
(non-overlapping 95% CIs) between age strata observed only 
among HM (Supplementary Table S1). GMT differences across 
the three populations were more pronounced among young 

Table 2. Baseline characteristics of 9vHPV vaccine recipients aged 16–26 years in four studies by gender and sexual 
orientationa.

Study 001, Study 002, Study 003, and Study 020 (N = 10,038)b

HM (N = 1355) MSM (N = 313) Women (N = 8370)

Age, years
Mean (SD) 20.8 (2.9) 22.2 (2.4) 21.8 (2.5)
Median 21 22 22
Range 16–26 16–26 16–26

Region, n (%)
Africa 20 (1.5) 10 (3.2) 60 (0.7)
Asia-Pacific 131 (9.7) 40 (12.8) 1128 (13.5)
Europe 641 (47.3) 105 (33.5) 2923 (34.9)
Latin America 236 (17.4) 74 (23.6) 2553 (30.5)
North America 327 (24.1) 84 (26.8) 1706 (20.4)

Racea, n (%)
Asian 107 (7.9) 34 (10.9) 1223 (14.6)
Black 51 (3.8) 27 (8.6) 346 (4.1)
White 944 (69.7) 178 (56.9) 4670 (55.8)
Otherc 253 (18.7) 74 (23.6) 2131 (25.5)

aSexual orientation and race were based on self-reporting. 
aPopulation includes all randomized participants. 
bThis category is mostly comprised of multi-racial participants. 
Abbreviations: 9vHPV, 9-valent human papillomavirus; HM, heterosexual men; MSM, men who have sex with men; SD, 

standard deviation.
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adults aged 16–21 years compared with aged 22–26 years for 
each of the 9 hPV types that the vaccine is directed against. 
Among 16–21-year-olds, GMTs were significantly higher for 
each of the 9vHPV vaccine types among HM compared with 
females or MSM and tended to be higher in females versus 
MSM. Among 22–26-year-olds, HM and females had similar 

GMT responses to the vaccine, with lower GMTs observed 
among MSM. Small differences in GMTs (mostly non- 
statistically significant) were observed among males (HM, 
MSM) and females across groups defined by region of residence 
(Table 3) or race (Supplementary Table S2). MSM from Asia- 
Pacific and North America tended to have higher GMTs than 

Table 3. Anti-HPV GMTs by region of residence at Month 7 in HM, MSM, and women aged 16–26 years who received 9vHPV vaccine in study 003 (PPI populationa).

HM MSM Women

Assay (cLIA) n GMT, mMU/mL (95% CI) n GMT, mMU/mL (95% CI) n GMT, mMU/mL (95% CI)

Africa (N = 20) (N = 10) (N = 20)
Anti-HPV 6 15 929.8 (587.4, 1471.6) 5 305.2 (137.8, 676.1) 11 675.7 (395.3, 1155.2)
Anti-HPV 11 15 746.3 (478.4, 1164.0) 5 207.2 (95.9, 447.4) 11 573.0 (341.0, 963.0)
Anti-HPV 16 18 3919.6 (2615.5, 5874.1) 8 1434.8 (782.1, 2632.2) 15 3744.5 (2404.0, 5832.6)
Anti-HPV 18 18 1132.7 (742.4, 1728.2) 8 193.5 (102.7, 364.7) 17 1109.3 (718.2, 1713.4)
Anti-HPV 31 19 823.9 (559.7, 1212.8) 9 248.5 (141.7, 435.8) 16 673.4 (441.9, 1026.3)
Anti-HPV 33 18 403.7 (264.0, 617.4) 9 141.9 (77.8, 258.8) 17 289.6 (187.1, 448.4)
Anti-HPV 45 19 324.1 (202.9, 517.7) 9 84.0 (42.5, 165.9) 18 265.2 (163.9, 429.2)
Anti-HPV 52 18 504.4 (320.9, 793.1) 8 137.3 (69.6, 270.6) 17 341.0 (214.1, 543.2)
Anti-HPV 58 19 611.4 (409.5, 913.0) 8 148.2 (79.9, 275.0) 15 360.1 (229.3, 565.4)
Asia-Pacific (N = 129) (N = 40) (N = 130)
Anti-HPV 6 95 620.5 (516.5, 745.5) 26 688.3 (484.7, 977.4) 96 623.3 (519.3, 748.1)
Anti-HPV 11 96 496.1 (417.9, 588.8) 26 474.8 (341.6, 660.1) 96 512.6 (431.9, 608.5)
Anti-HPV 16 105 2916.3 (2466.2, 3448.5) 32 2914.1 (2151.0, 3948.0) 112 2647.6 (2251.0, 3114.2)
Anti-HPV 18 107 689.1 (563.6, 842.6) 33 693.9 (483.1, 996.5) 108 644.3 (527.5, 787.0)
Anti-HPV 31 106 673.0 (554.6, 816.7) 35 509.8 (364.0, 713.8) 112 624.7 (517.5, 754.1)
Anti-HPV 33 105 341.2 (286.4, 406.4) 34 263.2 (193.5, 357.9) 111 315.9 (266.5, 374.5)
Anti-HPV 45 107 228.3 (184.2, 283.1) 33 206.4 (140.2, 304.0) 112 209.5 (169.8, 258.5)
Anti-HPV 52 106 305.4 (256.3, 363.9) 35 242.9 (179.0, 329.5) 112 327.8 (276.4, 388.8)
Anti-HPV 58 106 475.0 (397.2, 568.1) 34 389.2 (283.8, 533.8) 112 443.2 (372.4, 527.5)
Europe (N = 392) (N = 105) (N = 389)
Anti-HPV 6 303 770.9 (702.4, 846.0) 49 502.6 (398.9, 633.4) 278 658.5 (597.6, 725.7)
Anti-HPV 11 304 614.0 (558.8, 674.6) 50 414.9 (328.9, 523.3) 281 537.0 (486.9, 592.2)
Anti-HPV 16 314 3241.2 (2960.5, 3548.6) 63 2046.1 (1671.4, 2504.8) 296 2592.1 (2361.1, 2845.6)
Anti-HPV 18 313 784.4 (698.9, 880.3) 64 496.7 (384.8, 641.1) 308 625.9 (557.1, 703.1)
Anti-HPV 31 312 683.8 (611.9, 764.1) 66 383.5 (301.2, 488.3) 306 508.2 (454.3, 568.6)
Anti-HPV 33 311 382.5 (347.1, 421.5) 68 242.3 (196.9, 298.1) 309 309.3 (280.6, 340.9)
Anti-HPV 45 314 215.3 (190.6, 243.2) 67 127.4 (97.8, 165.9) 318 172.9 (153.2, 195.2)
Anti-HPV 52 312 396.2 (358.1, 438.4) 68 223.7 (180.1, 277.7) 312 320.7 (289.9, 354.8)
Anti-HPV 58 308 513.6 (465.2, 567.0) 64 300.0 (241.5, 372.8) 306 399.3 (361.6, 441.0)
Latin America (N = 236) (N = 74) (N = 234)
Anti-HPV 6 181 770.8 (675.5, 879.5) 37 482.9 (360.7, 646.6) 158 667.5 (579.6, 768.8)
Anti-HPV 11 182 576.9 (511.0, 651.4) 37 386.4 (295.1, 505.7) 159 508.7 (446.8, 579.3)
Anti-HPV 16 200 3432.7 (3032.3, 3885.9) 53 1,992.2 (1565.7, 2535.0) 184 2662.3 (2339.4, 3029.8)
Anti-HPV 18 202 807.3 (700.0, 931.0) 58 615.3 (471.5, 802.9) 198 631.6 (546.9, 729.4)
Anti-HPV 31 205 716.6 (621.0, 827.0) 58 370.5 (283.0, 485.0) 191 548.3 (472.6, 636.0)
Anti-HPV 33 201 378.2 (332.5, 430.3) 58 228.4 (179.6, 290.4) 204 301.5 (265.2, 342.6)
Anti-HPV 45 201 228.7 (195.9, 267.1) 63 145.2 (110.1, 191.5) 203 176.4 (151.2, 205.8)
Anti-HPV 52 203 356.8 (311.2, 409.0) 61 202.9 (158.1, 260.3) 196 290.6 (252.9, 334.0)
Anti-HPV 58 199 472.6 (413.9, 539.6) 58 289.0 (226.1, 369.5) 194 362.2 (316.7, 414.3)
North America (N = 326) (N = 84) (N = 326)
Anti-HPV 6 253 868.0 (783.8, 961.3) 47 708.1 (558.8, 897.3) 165 891.6 (785.7, 1011.7)
Anti-HPV 11 254 698.3 (627.9, 776.5) 47 529.3 (413.6, 677.5) 165 720.0 (631.2, 821.4)
Anti-HPV 16 262 3562.9 (3178.6, 3993.6) 56 2781.0 (2172.7, 3559.7) 174 3,341.1 (2904.5, 3843.4)
Anti-HPV 18 266 873.3 (769.0, 991.8) 57 820.4 (623.3, 1079.9) 200 820.1 (708.2, 949.7)
Anti-HPV 31 266 739.5 (650.4, 840.7) 59 511.0 (389.2, 671.1) 201 660.7 (570.1, 765.8)
Anti-HPV 33 266 410.3 (366.2, 459.6) 61 308.4 (243.3, 390.8) 212 370.7 (326.4, 421.0)
Anti-HPV 45 268 265.2 (230.6, 305.1) 60 206.0 (153.2, 277.0) 220 197.2 (168.9, 230.1)
Anti-HPV 52 268 431.1 (383.0, 485.3) 60 294.7 (229.4, 378.4) 212 412.6 (361.2, 471.4)
Anti-HPV 58 265 543.4 (485.2, 608.6) 59 375.1 (295.0, 476.8) 212 458.9 (404.3, 520.8)

aIncludes all participants who were not general protocol violators, received all three vaccinations within acceptable day ranges, were seronegative at Day 1 for the 
relevant HPV type(s), and had a Month 7 serum sample collected within an acceptable day range. 

N = Number of participants randomized to the respective vaccination group who received at least 1 injection. 
n = Number of participants contributing to the analysis. 
Abbreviations: 9vHPV, 9-valent human papillomavirus; CI, confidence interval; cLIA, competitive Luminex immunoassay; GMT, geometric mean titer; HM, heterosexual 

men; HPV, human papillomavirus; mMU, milli Merck units; MSM, men who have sex with men; PPI, per-protocol immunogenicity.
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MSM from Europe and Latin America. MSM from Africa had the 
lowest observed GMTs, although the sample size for this popula
tion was small (n = 10). Conversely, HM from Africa 
(n = 20) had the highest observed GMTs compared with HM 
from other regions. The differences in GMTs between HM and 
MSM for each of the 9vHPV vaccine types were most pronounced 
in participants from Africa and Latin America. Females from 
North America tended to have higher GMTs than women from 
Europe. Analysis by race showed that Asian MSM tended to have 
higher GMTs than White MSM or MSM of other races.

Further analyses were conducted by integrating the immu
nogenicity results of studies 001, 002, 003, and 020. After 
adjustment for age and region of residence, GMTs at Month 
7 (1 month post-Dose 3 of 9vHPV vaccine) were significantly 
lower (i.e., all 95% CIs for GMT ratios excluded 1.0) among 
MSM compared with HM for all nine HPV types (Table 4). 
GMT ratios (MSM/HM) ranged from 0.64 to 0.79 (depending 
on the HPV type). GMTs were also lower in MSM compared 
with females with GMT ratios (MSM/females) ranging from 
0.72 to 0.92. The 95% CIs of the GMT ratios did not cross 1 for 
seven HPV types but included 1 for HPV18 and HPV45 (the 
upper bound of the 95% CI was 1.05 for HPV18 and 1.01 for 
HPV45).

Analyses by region of residence integrating the immuno
genicity results of studies 003 and 020 were conducted in HM 
and MSM. After adjustment for age, GMTs at Month 7 were 
significantly lower (i.e., all 95% CIs for GMT ratios excluded 
1.0) among MSM compared with HM for all nine HPV types 
in participants from Africa, Europe, and Latin America (except 

for HPV18 in Latin America: upper bound of 95% CI of GMT 
ratio = 1.01). They were similar (i.e., all 95% CIs for GMT 
ratios included 1.0) among MSM compared with HM for all 
nine HPV types in participants from Asia-Pacific. And they 
were lower or similar among MSM compared with HM 
depending on the HPV type in participants from North 
America (Table 5).

GMTs across the nine vaccine-targeted HPV types were 
generally higher in HM compared with women, with estimated 
GMT ratios (HM/women) ranging from 1.06 to 1.22. The 95% 
CIs of the GMT ratios excluded 1.0 for all HPV types except for 
HPV6 and HPV11, where the lower bound of the 95% CI was 
0.99 for HPV6 and 0.98 for HPV11.

Analogous analyses conducted in HM, MSM, and 
women who received qHPV vaccine in the qHPV vaccine 
clinical program (including HM and MSM participants in 
studies 020 and 122 from the qHPV vaccine clinical pro
gram, and women participants in studies 007, 013, 015, 
and 016 from the qHPV vaccine clinical program) showed 
lower anti-HPV6, 11, 16, and 18 GMTs in MSM than in 
HM or women, with estimated GMT ratios ranging from 
0.60 to 0.74 (MSM/HM) and 0.52 to 0.66 (MSM/women). 
In these analyses, anti-HPV6, 11, and 18 GMT ratios (HM/ 
women) ranged from 0.84 to 0.89 (with the 95% CIs of the 
GMT ratio including 1.0 for HPV 18) and anti-HPV16 
GMT ratio (HM/women) was 1.07 (95% CI of the GMT 
ratio included 1.0) (Supplementary Table S3). Analogous 
analyses conducted in HM and women who received 
qHPV vaccine in studies 020 and 001 from the 9vHPV 

Table 4. Integrated analysis of anti-HPV adjusteda GMTs at Month 7 in HM, MSM, and females aged 16–26 years who received 9vHPV vaccine in studies 001, 002, 003, 
and 020 (PPI populationb).

Study 003, Study 020 Study 003 Study 001, Study 002, Study 003

HM (N = 1352)
MSM 

(N = 313)
Females 

(N = 8359) Estimated GMT Ratio (95% CI)

Assay (cLIA) n
GMT, mMU/mL 

(95% CI) n
GMT, mMU/mL 

(95% CI) n
GMT, mMU/mL 

(95% CI) HM/Females MSM/Females MSM/HM

Anti-HPV 6 1075 862.6 
(739.1, 1006.7)

164 665.8 
(549.4, 806.8)

5029 803.2 
(691.6, 932.9)

1.07 
(0.99, 1.16)

0.83 
(0.72, 0.95)

0.77 
(0.68, 0.88)

Anti-HPV 11 1079 672.3 
(591.3, 764.3)

165 510.6 
(429.7, 606.6)

5039 636.8 
(563.7, 719.4)

1.06 
(0.98, 1.14)

0.80 
(0.70, 0.92)

0.76 
(0.66, 0.87)

Anti-HPV 16 1133 3889.5 
(3406.6, 4440.8)

212 2804.8 
(2377.9, 3308.4)

5142 3313.4 
(2918.3, 3761.9)

1.17 
(1.09, 1.26)

0.85 
(0.75, 0.95)

0.72 
(0.64, 0.81)

Anti-HPV 18 1140 957.7 
(831.8, 1102.6)

220 761.2 
(634.1, 913.8)

5715 831.4 
(728.0, 949.6)

1.15 
(1.06, 1.26)

0.92 
(0.79, 1.05)

0.79 
(0.69, 0.92)

Anti-HPV 31 1142 822.4 
(708.2, 954.9)

227 525.5 
(435.4, 634.1)

5632 683.2 
(592.7, 787.7)

1.20 
(1.10, 1.31)

0.77 
(0.67, 0.88)

0.64 
(0.56, 0.73)

Anti-HPV 33 1137 449.9 
(377.0, 536.7)

230 316.0 
(257.8, 387.4)

5909 388.2 
(326.9, 460.9)

1.16 
(1.07, 1.25)

0.81 
(0.72, 0.92)

0.70 
(0.62, 0.80)

Anti-HPV 45 1141 309.8 
(255.5, 375.7)

232 220.6 
(175.3, 277.5)

6031 253.7 
(210.6, 305.7)

1.22 
(1.11, 1.34)

0.87 
(0.75, 1.01)

0.71 
(0.61, 0.83)

Anti-HPV 52 1142 425.1 
(375.0, 481.8)

232 275.5 
(233.8, 324.5)

5641 381.9 
(339.7, 429.4)

1.11 
(1.03, 1.21)

0.72 
(0.63, 0.82)

0.65 
(0.57, 0.74)

Anti-HPV 58 1129 608.4 
(506.0, 731.7)

223 410.5 
(332.0, 507.5)

5657 501.3 
(418.7, 600.1)

1.21 
(1.12, 1.32)

0.82 
(0.72, 0.93)

0.67 
(0.59, 0.77)

aThe adjusted GMTs, GMT ratios, and associated 95% CIs were estimated using an ANCOVA model of the natural logarithm of anti-HPV titers via a mixed model 
methodology. Age and region of residence were included in the model as covariates, and study (or protocol) as a random effect. 

aIncludes all participants who were not general protocol violators, received all three vaccinations within acceptable day ranges, were seronegative at Day 1 for the 
relevant HPV type(s), and had a Month 7 serum sample collected within an acceptable day range. 

N = Number of participants randomized to the respective vaccination group who received at least 1 injection. 
n = Number of participants contributing to the analysis. 
Abbreviations: 9vHPV, 9-valent human papillomavirus; ANCOVA, analysis of covariance; CI, confidence interval; cLIA, competitive Luminex immunoassay; GMT, 

geometric mean titer; HM, heterosexual men; HPV, human papillomavirus; mMU, milli Merck units; MSM, men who have sex with men; PPI, per-protocol 
immunogenicity.
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Table 5. Integrated analysis by region of residence of anti-HPV adjusteda GMTs at Month 7 in HM and MSM aged 16–26 years who received 9vHPV vaccine in 
studies 003 and 020 (PPI populationb).

HM MSM

GMT ratio (MSM/HM) (95% CI)Assay (cLIA) n GMT, mMU/mL (95% CI) n GMT, mMU/mL (95% CI)

Africa
Anti-HPV 6 15 1041.6 (599.3, 1810.4) 5 388.3 (159.6, 944.8) 0.37 (0.15, 0.91)
Anti-HPV 11 15 752.9 (489.1, 1159.0) 5 236.0 (100.6, 553.5) 0.31 (0.12, 0.80)
Anti-HPV 16 18 4188.8 (2588.9, 6777.4) 8 1770.5 (896.7, 3496.0) 0.42 (0.20, 0.88)
Anti-HPV 18 18 1121.5 (749.5, 1678.1) 8 233.6 (126.2, 432.2) 0.21 (0.10, 0.43)
Anti-HPV 31 19 978.1 (550.1, 1739.1) 9 403.0 (200.3, 811.1) 0.41 (0.22, 0.77)
Anti-HPV 33 18 461.9 (258.6, 825.0) 9 191.2 (91.9, 397.9) 0.41 (0.20, 0.85)
Anti-HPV 45 19 436.3 (185.0, 1029.0) 9 136.6 (50.6, 368.8) 0.31 (0.14, 0.69)
Anti-HPV 52 18 591.6 (320.9, 1090.5) 8 209.6 (93.3, 470.7) 0.35 (0.16, 0.79)
Anti-HPV 58 19 777.0 (369.2, 1635.4) 8 206.4 (84.0, 507.0) 0.27 (0.12, 0.57)
Asia-Pacific
Anti-HPV 6 95 708.1 (524.1, 956.9) 26 794.1 (529.2, 1191.8) 1.12 (0.78, 1.61)
Anti-HPV 11 96 511.9 (404.1, 648.5) 26 494.8 (345.0, 709.6) 0.97 (0.67, 1.39)
Anti-HPV 16 105 3184.1 (2445.0, 4146.7) 32 3204.0 (2262.0, 4538.1) 1.01 (0.74, 1.37)
Anti-HPV 18 107 796.5 (564.5, 1123.8) 33 808.4 (520.2, 1256.3) 1.01 (0.69, 1.48)
Anti-HPV 31 106 682.6 (528.0, 882.4) 35 526.3 (365.5, 757.7) 0.77 (0.54, 1.11)
Anti-HPV 33 105 398.3 (289.2, 548.6) 34 310.6 (207.7, 464.5) 0.78 (0.55, 1.10)
Anti-HPV 45 107 262.1 (183.2, 374.8) 33 238.1 (149.3, 379.7) 0.91 (0.60, 1.37)
Anti-HPV 52 106 285.5 (238.6, 341.5) 35 230.4 (169.6, 313.0) 0.81 (0.57, 1.15)
Anti-HPV 58 106 498.7 (390.4, 637.1) 34 413.1 (293.7, 581.2) 0.83 (0.59, 1.15)
Europe
Anti-HPV 6 531 824.9 (704.3, 966.3) 49 593.1 (455.0, 773.1) 0.72 (0.57, 0.91)
Anti-HPV 11 532 663.0 (581.0, 756.7) 50 497.2 (387.5, 637.9) 0.75 (0.59, 0.95)
Anti-HPV 16 548 3535.6 (3134.1, 3988.5) 63 2414.5 (1940.9, 3003.6) 0.68 (0.55, 0.84)
Anti-HPV 18 547 821.2 (727.3, 927.2) 64 567.8 (438.3, 735.5) 0.69 (0.53, 0.90)
Anti-HPV 31 546 720.7 (633.1, 820.4) 66 462.8 (359.1, 596.3) 0.64 (0.50, 0.82)
Anti-HPV 33 547 436.8 (371.6, 513.4) 68 307.7 (240.2, 394.2) 0.70 (0.57, 0.88)
Anti-HPV 45 546 234.0 (200.7, 272.7) 67 154.7 (116.4, 205.6) 0.66 (0.50, 0.87)
Anti-HPV 52 547 409.6 (366.4, 457.8) 68 256.5 (203.9, 322.7) 0.63 (0.50, 0.79)
Anti-HPV 58 540 586.6 (496.4, 693.2) 64 384.7 (297.1, 498.3) 0.66 (0.52, 0.82)
Latin America
Anti-HPV 6 181 969.9 (724.2, 1298.9) 37 617.5 (429.5, 887.7) 0.64 (0.49, 0.83)
Anti-HPV 11 182 718.5 (534.9, 965.2) 37 489.8 (337.5, 710.9) 0.68 (0.52, 0.90)
Anti-HPV 16 200 3859.7 (3136.5, 4749.7) 53 2297.8 (1749.5, 3017.9) 0.60 (0.47, 0.75)
Anti-HPV 18 202 972.4 (740.6, 1276.7) 58 758.6 (544.0, 1057.8) 0.78 (0.60, 1.01)
Anti-HPV 31 205 851.0 (646.4, 1120.5) 58 455.0 (323.6, 639.8) 0.53 (0.41, 0.70)
Anti-HPV 33 201 469.0 (349.6, 629.1) 58 291.1 (205.6, 412.0) 0.62 (0.48, 0.80)
Anti-HPV 45 201 307.4 (210.0, 450.0) 63 201.8 (130.9, 311.1) 0.66 (0.49, 0.87)
Anti-HPV 52 203 447.1 (326.4, 612.5) 61 261.3 (181.3, 376.5) 0.58 (0.45, 0.75)
Anti-HPV 58 199 630.0 (417.1, 951.7) 58 399.2 (253.8, 628.0) 0.63 (0.49, 0.82)
North America
Anti-HPV 6 253 860.2 (776.5, 952.9) 47 749.6 (590.3, 951.8) 0.87 (0.67, 1.13)
Anti-HPV 11 254 691.0 (623.8, 765.5) 47 565.2 (445.0, 718.0) 0.82 (0.63, 1.06)
Anti-HPV 16 262 3513.2 (3165.1, 3899.6) 56 2997.5 (2388.0, 3762.5) 0.85 (0.66, 1.10)
Anti-HPV 18 266 944.4 (701.7, 1271.0) 57 996.1 (683.3, 1452.3) 1.05 (0.79, 1.41)
Anti-HPV 31 266 726.1 (642.8, 820.1) 59 558.4 (430.5, 724.2) 0.77 (0.58, 1.03)
Anti-HPV 33 266 489.0 (363.1, 658.5) 61 401.8 (281.7, 573.2) 0.82 (0.64, 1.05)
Anti-HPV 45 268 335.2 (232.1, 484.2) 60 295.8 (189.6, 461.6) 0.88 (0.64, 1.21)
Anti-HPV 52 268 422.5 (378.4, 471.7) 60 318.8 (252.4, 402.8) 0.75 (0.58, 0.98)
Anti-HPV 58 265 576.7 (482.5, 689.3) 59 437.5 (333.0, 574.6) 0.76 (0.59, 0.98)

aThe adjusted GMTs, GMT ratios, and associated 95% CIs were estimated using an ANCOVA model of the natural logarithm of anti-HPV titers via a mixed model 
methodology. Age was included in the model as a covariate, and study (or protocol) as a random effect. 

aIncludes all participants who were not general protocol violators, received all three vaccinations within acceptable day ranges, were seronegative at Day 1 for the 
relevant HPV type(s), and had a Month 7 serum sample collected within an acceptable day range. 

N = Number of participants randomized to the respective vaccination group who received at least 1 injection. 
n = Number of participants contributing to the analysis. 
Abbreviations: 9vHPV, 9-valent human papillomavirus; ANCOVA, analysis of covariance; CI, confidence interval; cLIA, competitive Luminex immunoassay; GMT, 

geometric mean titer; HM, heterosexual men; HPV, human papillomavirus; mMU, milli Merck units; MSM, men who have sex with men; PPI, per-protocol 
immunogenicity.
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vaccine clinical program revealed generally higher HPV6 
and 11 GMTs in women, and generally higher HPV16 and 
18 GMTs in men (Supplementary Table S4).

Immunogenicity in young adolescents by gender and 
number of 9vHPV vaccine doses

GMTs at 6 months post-last dose were analyzed in males and 
females aged 9–15 years who received three doses of 9vHPV 
vaccine in study 002 and in males and females aged 9–14 years 
who received one or two doses in study 010. Similar to the 

observation among young adults, GMTs after three doses were 
generally higher in males compared with females (GMT ratios 
[male/female]: 1.07 to 1.58; lower bound of 95% CI for male/ 
female ratio below 1 for HPV52 and ranging from 1.00 to 1.36 
for the other HPV types; Table 6). However, GMTs were 
similar between males and females after two doses (GMT 
ratios [male/female]: 0.93 to 1.06; all 95% CIs for male/female 
GMT ratios crossing 1) and GMTs tended to be lower in males 
versus females after one dose (GMT ratios [male/female]: 0.71 
to 0.89; upper bound of the 95% CI for male/female GMT ratio 
slightly above 1 [1.01 to 1.04] for HPV6, 11, and 16, and 

Table 6. HPV GMTs at 6 months post-last dose in males and females aged 9–15 years who received 9vHPV vaccine (PPI populationa).

Study 002 (9–15 years) Study 010 (9–14 years)

Assay  
(cLIA)

n

GMT, mMU/mL 
(95% CI) 

Males 3 doses 
(N = 612)

n

GMT, mMU/mL 
(95% CI) 

Females 3 
doses 

(N = 1773)

GMT Ratio,  
(95% CI) 

Male 3 doses/ 
Females 3 

doses

n

GMT, mMU/mL 
(95% CI) 

Males 2 doses 
(N = 301)

n

GMT, mMU/mL 
(95% CI) 

Females 2 
doses 

(N = 301)

GMT ratio (95% CI) 
Male 2 doses/ 

Females 2 doses

Anti-HPV 6 456 700.5 
(648.0, 757.3)

404 625.7 
(576.0, 679.8)

1.12 
(1.00, 1.25)

261 474.5 
(422.9, 532.5)

256 498.8 
(444.0, 560.3)

0.95 
(0.81, 1.12)

Anti-HPV 11 459 455.2 
(417.2, 496.6)

406 396.4 
(361.4, 434.9)

1.15 
(1.01, 1.30)

265 367.5 
(326.1, 414.1)

257 383.2 
(339.4, 432.6)

0.96 
(0.81, 1.14)

Anti-HPV 16 467 2873.8 
(2665.9, 
3097.9)

411 2450.2 
(2261.7, 
2654.4)

1.17 
(1.05, 1.31)

274 2198.4 
(1956.5, 
2470.2)

270 2204.9 
(1960.6, 
2479.6)

1.00 
(0.84, 1.18)

Anti-HPV 18 465 784.1 
(710.1, 865.7)

413 497.7 
(448.1, 552.9)

1.58 
(1.36, 1.82)

273 393.0 
(344.6, 448.1)

270 416.5 
(364.9, 475.3)

0.94 
(0.78, 1.14)

Anti-HPV 31 462 702.8 
(639.1, 773.0)

411 579.6 
(524.0, 641.1)

1.21 
(1.06, 1.39)

272 343.0 
(300.8, 391.1)

270 345.2 
(302.6, 393.8)

0.99 
(0.82, 1.20)

Anti-HPV 33 465 375.0 
(344.1, 408.6)

408 281.5 
(256.8, 308.5)

1.33 
(1.18, 1.51)

272 284.7 
(250.8, 323.3)

271 285.5 
(251.4, 324.3)

1.00 
(0.83, 1.19)

Anti-HPV 45 468 259.3 
(232.0, 289.7)

415 197.7 
(175.7, 222.4)

1.31 
(1.12, 1.54)

274 67.5 
(59.1, 77.1)

272 72.7 
(63.6, 83.2)

0.93 
(0.77, 1.12)

Anti-HPV 52 467 316.6 
(288.8, 347.0)

415 297.2 
(269.6, 327.6)

1.07 
(0.93, 1.22)

274 157.9 
(140.6, 177.4)

270 148.6 
(132.2, 167.0)

1.06 
(0.90, 1.25)

Anti-HPV 58 464 539.8 
(495.4, 588.0)

413 431.6 
(394.2, 472.7)

1.25 
(1.10, 1.42)

271 392.9 
(351.3, 439.4)

268 370.3 
(330.9, 414.4)

1.06 
(0.91, 1.24)

Study 010 (9–14 years) Study 001 (16–26 years)

Assay (cLIA) n GMT, mMU/mL 
(95% CI) 

Males 1 dose 
(N = 301)

n GMT, mMU/mL 
(95% CI) 

Females 1 
dose 

(N = 301)

GMT Ratio, 
(95% CI) 

Males 1 dose/ 
Females 1 

dose

GMT Ratio, (95% CI) 
Males 2 dose/ 
Males 1 dose

GMT Ratio, (95% CI) 
Females 2 dose/ 
Females 1 dose

n GMT, mMU/mL 
(95% CI) 

Females Day 1 Seropositive and 
PCR-Negativeb

Anti-HPV 6 261 67.1 
(60.6, 74.3)

251 75.2 
(67.8, 83.4)

0.89 
(0.77, 1.03)

7.07 
(6.11, 8.18)

6.63 
(5.63, 7.81)

917 108.1 
(102.2, 114.3)

Anti-HPV 11 263 43.0 
(38.3, 48.3)

256 50.1 
(44.5, 56.4)

0.86 
(0.73, 1.01)

8.54 
(7.23, 10.10)

7.64 
(6.45, 9.06)

208 44.6 
(39.2, 50.8)

Anti-HPV 16 272 140.3 
(124.1, 158.5)

269 160.2 
(141.7, 181.1)

0.88 
(0.74, 1.04)

15.67 
(13.18, 18.63)

13.76 
(11.66, 16.25)

564 126.6 
(115.1, 139.3)

Anti-HPV 18 271 29.5 
(25.8, 33.6)

269 36.5 
(32.0, 41.7)

0.81 
(0.67, 0.97)

13.34 
(11.11, 16.02)

11.41 
(9.42, 13.82)

296 83.0 
(74.3, 92.8)

Anti-HPV 31 270 21.7 
(19.0, 24.8)

269 30.0 
(26.3, 34.2)

0.72 
(0.60, 0.87)

15.79 
(13.04, 19.12)

11.50 
(9.60, 13.78)

373 38.7 
(35.0, 42.6)

Anti-HPV 33 270 18.5 
(16.3, 20.9)

270 22.8 
(20.1, 25.9)

0.81 
(0.68, 0.97)

15.41 
(12.93, 18.37)

12.51 
(10.44, 15.01)

248 24.9 
(22.1, 28.0)

Anti-HPV 45 272 4.6 
(4.0, 5.2)

271 5.9 
(5.2, 6.8)

0.77 
(0.64, 0.93)

14.82 
(12.32, 17.83)

12.25 
(10.11, 14.84)

97 23.7 
(20.2, 27.9)

Anti-HPV 52 272 19.2 
(16.7, 22.1)

269 27.2 
(23.6, 31.3)

0.71 
(0.58, 0.86)

8.21 
(6.89, 9.80)

5.47 
(4.52, 6.61)

244 22.3 
(20.3, 24.6)

Anti-HPV 58 269 37.6 
(33.4, 42.3)

267 46.1 
(41.0, 52.0)

0.81 
(0.69, 0.96)

10.46 
(8.87, 12.33)

8.03 
(6.83, 9.44)

419 21.7 
(19.9, 23.8)

aIncludes all participants who received the number of vaccination doses required by the protocol within acceptable day ranges, had a 4-week post-last dose serum 
sample collected within an acceptable day range, were seronegative at baseline to the relevant HPV type, and had no other protocol violations that could interfere 
with immunogenicity evaluation. 

aIncludes participants from Study 001 who were seropositive and PCR-negative at Day 1 to the relevant HPV type(s), completed the three-dose regimen, and had 
a post-Dose 3 serology result within acceptable day range as described.20 

N = Number of participants randomized to the respective vaccination group who received at least one injection of 9vHPV vaccine. 
n = Number of participants contributing to the analysis. 
Abbreviations: 9vHPV, 9-valent human papillomavirus; ANCOVA, analysis of covariance; CI, confidence interval; cLIA, competitive Luminex immunoassay; GMT, 

geometric mean titer; HM, heterosexual men; HPV, human papillomavirus; mMU, milli Merck units; MSM, men who have sex with men; PPI, per-protocol 
immunogenicity.
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ranging from 0.86 to 0.97 for the other HPV types). GMTs 
after two doses were generally higher than GMTs after one 
dose, with GMT ratios (males two doses/males one dose) 
ranging from 7.07 to 15.79 and GMT ratios (females two 
doses/females one dose) ranging from 5.47 to 13.76 (all 95% 
CIs for GMT ratios crossing 1).

Antibody levels after HPV infection were assessed by measur
ing Day 1 (pre-9vHPV vaccination) GMTs in females aged 16–26  
years enrolled in study 001 with serologic evidence of prior HPV 
infection at any time before Day 1 (seropositive at Day 1), but 
without active infection (PCR negative at Day 1) at baseline for 
a given HPV type.20 After two or three doses of 9vHPV vaccine, 
GMTs in both males and females aged 9−–15 years were higher 
than those observed among women after HPV infection. In 
contrast, after a single 9vHPV vaccine dose GMTs in males and 
females 9–15 years of age were similar to (i.e., HPV11, 16, 52, and 
58), or lower than (i.e., HPV6, 18, 31, 33, and 45) those observed 
among women subsequent to HPV infection (Table 6).

Discussion

We previously reported that the 9vHPV vaccine elicited strong 
HPV antibody responses in females aged 9–26 years and males 
aged 9–15 years in study participants from various regions and 
races.20 The present analyses show that the 9vHPV vaccine 
also induces robust HPV antibody responses in males aged 16– 
26 years with only small differences in GMTs observed across 
world regions and races. Previous analyses in females aged 9– 
26 years showed a decrease in GMT responses to qHPV and 
9vHPV vaccines with increasing age at time of vaccination. 
The present analyses confirm this trend in males, with higher 
GMTs observed in younger (aged 16–21 years) versus older 
(aged 22–26 years) males.

Previous analyses of qHPV and 9vHPV clinical trials in 
males 16−26 years of age revealed a lower GMT response in 
MSM compared with HM.14,19 This analysis assessed whether 
these differences may have been caused by imbalances between 
groups in terms of age and/or region of residence. The inte
grated analysis of immunogenicity in HM, MSM, and females 
aged 16−26 years showed that the lower immune response to 
9vHPV vaccine among MSM compared with HM is unlikely to 
be explained by differences in participant age, world region of 
residence, or variability across studies. Differences are also 
unlikely to be explained by variability in laboratory testing 
since all samples were tested using the same validated immu
noassay in the clinical trials that supported licensure of the 
9vHPV vaccine. Lower antibody responses to hepatitis A and 
hepatitis B vaccinations have been reported among MSM pre
viously infected with HIV.27–29 However, MSM included in the 
present immunogenicity analyses were HIV negative at enroll
ment. Therefore, it remains unclear why lower anti-HPV 
GMTs were observed in MSM compared with HM following 
HPV vaccination. MSM is a population with generally wider 
exposure to HPV compared with HM (see for instance higher 
baseline HPV seropositivity in MSM vs HM in study 00314). 
Thus, immune imprinting (a phenomenon also known as 
“original antigenic sin”), whereby prior antigenic encounters 
may influence subsequent responses to related antigens, has 

been proposed as a potential explanation for the lower 
observed anti-HPV GMTs in this population.14 This may 
reinforce the importance of adolescent vaccination prior to 
sexual debut and potential exposure to HPV. Differences by 
region of residence were observed. GMTs were lower in MSM 
compared with HM in Africa, Europe, and Latin America for 
all nine HPV types, and were similar or lower in MSM com
pared with HM in North America. An exception to the general 
trend of lower immunogenicity was observed in MSM from 
Asia, who had similar GMTs for the nine vaccine-targeted 
HPV types compared with HM. In a qHPV vaccine study 
among Japanese males 16–26 years of age, GMT point esti
mates at Month 7 were lower among Japanese MSM compared 
with HM, although 95% CIs were overlapping.9 Since the 
prevalence of anogenital HPV infection is generally lower in 
Asian countries relative to non-Asian countries,30 one could 
speculate that there may be less immune imprinting in Asian 
MSM. The most dramatic differences in GMTs between MSM 
and HM were observed in participants from Africa. However, 
these results should be interpreted with caution due to the 
limited numbers of participants from this region.

The integrated analysis also showed a higher immuno
genicity of 9vHPV vaccine in HM compared with women 
with respect to the seven high-risk HPV types (HPV16/18/31/ 
33/45/52/58), and similar immunogenicity in HM and 
women for the two low-risk HPV types (HPV6/11). This 
contrasts with previous observations of lower humoral 
responses in males versus females with other vaccines.31 For 
the qHPV vaccine, immunogenicity was higher in HM versus 
females for the two high-risk HPV types (HPV16/18) and 
lower in HM versus women for the two low-risk HPV types 
(HPV6/11). Trends of lower immunogenicity in men versus 
women for HPV6, 11, and 18 have also been noted in a meta- 
analysis of 18 clinical trials of the qHPV vaccine.22 Any 
differences in HPV vaccine immunogenicity after three 
doses between MSM, HM, and females described in this 
report are unlikely to have clinical significance, as similar 
differences have been reported after administration of three 
doses of the qHPV vaccine, which is highly effective and 
provides durable protection against HPV-related disease in 
these three populations.7,8,10,19,32,33

Comparative analysis of immunogenicity in adolescents 
indicated potential differences in HPV antibody responses 
due to gender and the number of 9vHPV vaccine doses 
received. As seen in older adolescents and young adults, 
immunogenicity was generally higher in males aged 9–15  
years than in females aged 9–15 years following three doses 
of 9vHPV vaccine. In contrast, we observed that immunogeni
city was similar for males and females aged 9–14 years who 
received two doses of 9vHPV vaccine 6 months apart and 
tended to be lower in males compared with females aged 
9–14 years following one dose of 9vHPV vaccine for most 
HPV types; the clinical significance of this lower immunogeni
city is unknown. These results suggest that the immunogeni
city profiles after one, two, or three doses established in one 
demographic group are not necessarily applicable to another 
demographic group.
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GMTs after a single dose in males and females aged 9–14  
years in this study were similar to, or lower than, those 
observed previously in young women with evidence of prior 
HPV infection. While antibody response to HPV infection 
provides only partial protection,34–36 one cannot infer based 
on these findings that one dose of 9vHPV vaccine may also 
only provide partial protection. Active research is being con
ducted on HPV vaccine doses and timing of doses. This 
includes studies to assess extended interval two-dose 
regimens37 as well as a single-dose schedule.38,39 The present 
results show that GMTs after one dose of 9vHPV vaccine are 
similar or lower than GMTs after HPV infection. Results of 
a previously reported trial in 9–14-year-olds23 showed lower 
immunogenicity and incomplete seroconversion observed 
after a single dose of 9vHPV vaccine compared with two- 
and three-dose regimens (56–98% after one dose depending 
on the HPV type and 99–100% after two or three doses). Since 
the minimum level of antibody needed for protection is 
unknown, it will be important to assess the long-term effec
tiveness of single-dose HPV vaccination against HPV-related 
disease in randomized, controlled efficacy trials that include 
years of follow-up. Notably, while several randomized clinical 
trials are ongoing to assess efficacy of single-dose HPV vacci
nation to prevent persistent infection,38,39 they do not include 
assessment of efficacy of single-dose HPV vaccination in 
males, nor efficacy against HPV-related diseases. One ongoing 
cluster-randomized study is assessing the population-level 
impact of adding male single-dose HPV vaccination to 
a female vaccination program (NCT04953130).

The post hoc nature of this study should be considered when 
interpreting these findings. Another potential limitation was the 
low number of MSM participants, which precluded analysis of 
smaller groups within this population. A strength of this analysis 
is that it utilized data generated by a validated immunoassay and 
standard procedures spanning multiple clinical studies, allowing 
for comparison across data sets. Furthermore, the included 
studies were international, multi-country clinical trials, support
ing the generalizability of the data.

Further studies of 9vHPV vaccine efficacy and immunogeni
city in males are underway, including two randomized clinical 
trials assessing 9vHPV vaccination efficacy toward prevention of 
oral HPV infection in males 20–45 years of age (NCT04199689)40 

and males 20–50 years of age living with HIV (NCT04255849); 
two randomized clinical trials (NCT04635423 and 
NCT05285826) assessing 9vHPV vaccine efficacy against anogen
ital HPV persistent infection and disease in males 16−26 years of 
age and 20−45 years of age, respectively; and one clinical trial 
(NCT04708041) assessing 9vHPV vaccine immunogenicity of 
extended interval dosing regimens (two doses administered 1−5  
years apart) in adolescents 9−15 years of age.37

In conclusion, this post hoc analysis of 9vHPV vaccine immu
nogenicity confirmed that robust antibody responses are induced 
for all nine HPV types across a range of baseline characteristics. 
Although there were differences in immune responses to a three- 
dose regimen between HM, MSM, and females, this has not 
translated to decreased protection in any of these demographic 
groups in efficacy studies. Moreover, the 9vHPV vaccine has been 
demonstrated to be well tolerated in both males and females.41–43 

These findings reinforce the benefits of HPV vaccination for 

males and support the adoption of gender-neutral and catch-up 
vaccination programs. Gender-neutral HPV vaccination pro
grams, which have become more common in recent years, are 
advantageous as they provide gender equity, greater individual 
and herd protection against HPV infection and disease, and 
increased program resilience should vaccination coverage change, 
such as occurred recently during the COVID-19 pandemic.44–47
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