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Key findings

Two doses HPV vaccine in younger females versus three doses HPV vaccine in

older females — all vaccines at 7 months

GMTs for HPV 6, 11, 16 and 18, were non-inferior or higher for younger
females (two doses) when compared with older females (three doses) at 7
months (very low-quality evidence). GMTs for HPV 31, 33, 45, 52, and 58 were
higher in younger females (2 doses) compared with older females (3 doses)
(moderate-quality evidence). There was of no significant difference between
younger (two doses) and older (three doses) in seropositivity for all g HPV
subtypes measured at 7 months (moderate-quality evidence).

Two doses of 2-valent HPV vaccine in younger females versus three doses of 2-
valent HPV vaccine in older females — multiple time points

There was low-quality (7 months) and very low-quality evidence (60 months)
of non-inferiority for GMTs for HPV 16 and 18 in younger females (2 doses)
when compared to older females (3 doses) of 2-valent vaccine. There was
moderate-quality evidence of no significant difference in seropositivity for
HPV 16 and 18 in younger versus older females at 7 and 12 months with 2-
valent vaccine.

Two doses of 4-valent HPV vaccine in younger females versus three doses of 4-

valent HPV vaccine in older females — multiple time points

There was low to moderate-quality evidence of non-inferior or higher GMTs
for HPV 6, 11, 16 and 18 in younger females (2 doses) when compared with
older females (3 doses) of 4-valent vaccine at 7 months, and very-low quality
evidence at 36 months. There was no significant difference in seropositivity for
the same HPV subtypes in two-dose vaccinated younger versus three-dose
vaccinated older females at 7 and 12 months (moderate-quality evidence).




Abstract

Background

Human papilloma virus (HPV) is the most common viral infection of the
reproductive tract and causes a range of conditions in females and
males, including precancerous lesions that may progress to cancer. In
this Targeted Update, we review and analyse evidence for the
protection afforded by two doses of prophylactic HPV vaccines in
younger females (g to 15 years) compared with three doses in older

females (16 to 26 years).

Objectives

To evaluate the effect of HPV vaccination in females, comparing
younger versus older females, updating the systematic review by
D’Addario et al.

Search methods

Searches were conducted from July 2013 to June 2016, and all relevant
studies regardless of language or publication status were searched. We
searched the following databases: Cochrane Central Register of
Controlled Trials (CENTRAL), published in The Cochrane Library;
MEDLINE (PubMed); EMBASE (OVID). We searched the WHO
International Clinical Trials Registry Platform and ClinicalTrials.gov, to
identify ongoing trials. We searched the reference lists of relevant
systematic reviews published within the search dates. We contacted
the pharmaceutical industry for any potential relevant study through
the WHO Initiative for Vaccines Research Department (IVR).

Selection criteria
Experimental studies with a non-randomised comparison of two doses
of HPV vaccine in younger females (9 to 15 years) versus three doses in

older females (15 to 26 years) were eligible for inclusion.

Data collection and analysis
Two review authors independently assessed trial eligibility and risk of

bias, and extracted data. Risk ratios (RR) with 95% confidence intervals

(Cly were calculated for binary outcomes reported as ratios. For
continuous data, where GMTs were reported, we presented the data as
mean differences (95% Cl) on the log scale and re-expressed as ratio of
GMTs. The non-inferiority threshold for younger females (two doses)

was 0.5 for the ratio of GMTs.

Main Results

We included six studies (Canada1; Canada/Germanyz; Mexicoz;
Mexico2; Multinational2; Multinational3) comparing 2 doses in girls
with 3 doses in women. This update includes two additional trials to the
previous review (Mexico2; Multinational3). Canada/Germanyza,
Mexico1, and Multinational2 assessed 2-valent vaccine, Canadai and
Mexico2 assessed 4-valent vaccine, and Multinational3 assessed g9-
valent vaccine. Multinational3 provided no long-term follow up data
past 7 months. All outcomes were downgraded for lack of randomised
comparison. For some longer-term time points the quality of the
evidence was downgraded for risk of bias for low sample size and loss

to follow-up.

Two doses HPV vaccine in younger females versus three doses HPV

vaccine in older females — all vaccines at 7 months

As in the D’Addario review, we analysed studies comparing two doses
of HPV vaccine in younger females versus three doses in older females,
reporting immunogenicity outcomes at 7 months, regardless of vaccine
type. We added data from Mexico2 and Multinational3 to this
comparison. For GMTs for HPV 6, 11, 16 and 18, there was very low-
quality evidence of non-inferiority or higher GMTs for younger females
(two doses) when compared with older females (three doses) at 7
months. There was high heterogeneity. One possible source of
heterogeneity was Mexicoz2, which included both seronegative and
seropositive participants at baseline. For GMTs for HPV 16 and HPV 18,
additional possible sources of heterogeneity include the different types
of vaccine used, different dose schedules in three dose arms (0,1,6 or

0,2,6), and different assays used to measure GMTs (luminex or ELISA).

2

For GMTs for HPV 31, 33, 45, 52, and 58, there was moderate-quality
evidence of higher GMTs in younger females (2 doses) compared with
older females (3 doses). For seropositivity to all HPV subtypes
measured, there was moderate-quality evidence of no significant
difference between younger (two doses) and older (three doses) at 7

months.

Two doses of 2-valent HPV vaccine in younger females versus three doses

of 2-valent HPV vaccine in older females — multiple time points

There was low-quality (7 months) and very low-quality evidence (60
months) of non-inferiority for GMTs for HPV 16 and 18 in younger
females (2 doses) when compared to older females (3 doses) of 2-
valent vaccine. There was moderate-quality evidence of no significant
difference in seropositivity for HPV 16 and 18 in younger versus older

females at 7 and 12 months.

Two doses of 4-valent HPV vaccine in younger females versus three doses

of 4-valent HPV vaccine in older females — multiple time points

There was low to moderate-quality evidence of non-inferior or higher
GMTs for HPV 6, 11, 16 and 18 in younger females (2 doses) when
compared to older females (3 doses) at 7 months, and very-low quality
evidence at 36 months, with 4-valent vaccine. There was moderate-
quality evidence of no significant difference in seropositivity for the
same HPV subtypes in two-dose vaccinated younger females versus

three-dose vaccinated older females at 7 and 12 months.

Implications and conclusions

The evidence indicates that younger females (two doses) have non-
inferior or higher GMT responses than older females (3 doses) at 7
months, which appears to be sustained in longer-term follow-up (60
months with 2-valent and 36 months with 4-valent vaccines). No
significant differences were detected in seropositivity between

younger and older females at 7 months or with longer follow-up.
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Summary of Findings: Two doses of HPV vaccine in younger (9 to 15-year old) females versus three doses of HPV vaccine in older (15 to
26-year old) females — immunogenicity outcomes at 7 months

Population: g to 26-year old females (seronegative at baseline, except in Mexico where participants were both seropositive and negative)
Setting: Canada, Chile, Colombia, Czech Republic, Denmark, Germany, Israel, Italy, Korea, Malaysia, Mexico, Norway, South Africa, Spain, Taiwan, Thailand, Turkey, and the US.

Comparison: 2-, 4-, and g-valent HPV vaccines in 2 doses (Day 1, Month 6) in g to 15-year-old females versus 2-, 4-, and 9-valent HPV vaccines in 3 doses (Day 1, Month 1 or 2, Month

6) in 15 to 26-year-old females

Outcome Plain language summary Absolute effect* Relative effect (95% Cl) Certainty of
Older females Younger females Ne of participants & the evidence
studies (GRADE)
GMTs for HPV 6 There is very low-quality evidence of non-inferiority for GMTs for | Mean: 387 to 938 Mean: 306 to 2186 | Ratio 1.63 (0.98 to 2.70); @000
follow up: 7 months HPV 6 in younger females (2 doses) when compared to older mMU/mL mMU/mL 1271 participantsin 3 VERY LOW 2
females (3 doses). studies
GMTs for HPV 11 There is very low-quality evidence of higher GMTs for HPV 11in Mean: 630 to 1277 Mean: 968 to Ratio 1.91 (1.50 t0 2.44); @000
follow up: 7 months younger females (2 doses) compared with older females (3 doses). | mMU/mL 2348 mMU/mL 1293 participants in 3 VERY LOW *2
studies
GMTs for HPV 16 There is very low-quality evidence of higher GMTs for HPV 16 in Mean: 2409 t0 12858 | Mean: 5137 to Ratio 1.54 (1.08 to 2.21); ®000
follow up: 7 months younger females (2 doses) compared with older females (3 doses). | units** 11067 units** 3594 participants in 6 VERY LOW *2
studies
GMTs for HPV 18 There is very low-quality evidence of higher GMTs for HPV 18 in Mean: 344 to 5003 Mean: 605 to Ratio 1.63 (1.29 to 2.05); @000
follow up: 7 months younger females (2 doses) compared with older females (3 doses). | units** 5909 units** 3665 participants in 6 VERY LOW 2
studies
GMTs for HPV 31 There is moderate-quality evidence of higher GMTs for HPV 31in Mean: 572 mMU/mL | Mean: 1436 Ratio 2.51 (2.11t0 2.98); PPPO
follow up: 7 months younger females (2 doses) versus older females (3 doses). mMU/mL 536 participantsin 2 study | MODERATE®
GMTs for HPV 33 There is moderate-quality evidence of higher GMTs for HPV 33/in Mean: 348 mMU/mL | Mean: 1030 Ratio 2.96 (2.53 t0 3.47); PPPO
follow up: 7 months younger females (2 doses) versus older females (3 doses). mMU/mL 552 participantsin 1 study | MODERATE
GMTs for HPV 45 There is moderate-quality evidence of higher GMTs for HPV 45in | Mean: 214 mMU/mL | Mean: 358 Ratio 1.67 (1.39 to 2.01); PPPO
follow up: 7 months younger females (2 doses) versus older females (3 doses). mMU/mL 554 participants in 1 study | MODERATE"
GMTs for HPV 52 There is moderate-quality evidence of higher GMTs for HPV 52 in Mean: 364 mMU/mL | Mean: 581 Ratio 1.60 (1.37 t0 1.86); PPPO
follow up: 7 months younger females (2 doses) versus older females (3 doses). mMU/mL 543 participants in 1 study | MODERATE "
GMTs for HPV 58 There is moderate-quality evidence of higher GMTs for HPV 58in | Mean: 491 mMU/mL | Mean: 1251 Ratio 2.55(2.17 to 2.99); PPPO
follow up: 7 months younger females (2 doses) versus older females (3 doses). mMU/mL 531 participantsin1study | MODERATE®
Seropositivity for There is moderate-quality evidence of no significant differencein | 237/238 (99.6%) 257/258 (99.6%) RR 1.00 (0.99 to 1.01); PPPO
HPV 6 seropositivity for HPV 6 in 2-dose vaccinated younger females 993 participants in1study | MODERATE*
follow up: 7 months versus 3-dose vaccinated older females.
Seropositivity for There is moderate-quality evidence of no significant difference in 237/238 (99.6%) 258/258 (100%) RR 1.00 (0.99 to 1.02); PPPO
HPV 11 seropositivity for HPV 11 in 2-dose vaccinated younger females 1008 participants in 1 MODERATE?
follow up: 7 months versus 3-dose vaccinated older females. study
Seropositivity for There is moderate-quality evidence of no significant difference in | 248/249 (99.6%) 272/272 (200%) RR 1.00 (0.99 to 1.02); PPPO
HPV 16 seropositivity for HPV 16 in 2-dose vaccinated younger females 3183 participants in 1 MODERATE*
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follow up: 7 months versus 3-dose vaccinated older females. study

Seropositivity for There is moderate-quality evidence of no significant differencein | 263/267 (98.5%) 272/272 (100%) RR 1.02 (1.00 t0 1.03); PPPO

HPV 18 seropositivity for HPV 18 in 2-dose vaccinated younger females 3254 participants in 1 MODERATE*
follow up: 7 months versus 3-dose vaccinated older females. study

Seropositivity for There is moderate-quality evidence of no significant difference in | 263/264 (99.6%) 271/272 (99.6%) RR 1.00 (0.99 to 1.01); PPPO

HPV 31 seropositivity for HPV 31 in 2-dose vaccinated younger females 536 participants in 1study | MIODERATE*
follow up: 7 months versus 3-dose vaccinated older females.

Seropositivity for There is moderate-quality evidence of no significant difference in 278/279 (99.6%) 272/273 (99.6%) RR 1.00 (0.99 to 1.01); APPO

HPV 33 seropositivity for HPV 33 in 2-dose vaccinated younger females 552 participantsin 1 study | MODERATE*
follow up: 7 months versus 3-dose vaccinated older females.

Seropositivity for There is moderate-quality evidence of no significant differencein | 274/280 (97.9) 272/274 (99.3%) RR 1.00 (0.99 t0 1.04) APPO

HPV 45 seropositivity for HPV 45 in 2-dose vaccinated younger females 554 participantsin 1 study | MODERATE*
follow up: 7 months versus 3-dose vaccinated older females.

Seropositivity for There is moderate-quality evidence of no significant differencein | 270/271 (99.6%) 271/272 (99.6%) RR 1.00 (0.99 to 1.01) APPO

HPV 52 seropositivity for HPV 52 in 2-dose vaccinated younger females 543 participants in 1study | MODERATE *
follow up: 7 months versus 3-dose vaccinated older females.

Seropositivity for There is moderate-quality evidence of no significant differencein | 260/261 (99.6%) 270/270 (200%) RR 1.00 (0.99 to 1.01) APPO

HPV 58 seropositivity for HPV 58 in 2-dose vaccinated younger females 531 participantsin 1 study | MODERATE*

follow up: 7 months

versus 3-dose vaccinated older females.

Cl= confidence interval; GMT= geometric mean titre; HPV= human papilloma virus

*Where multiple RCTs have been included the range of means is presented **GMTs measured as both mMU/mL (luminex assay) and EU/mL (ELISA) in different studies

"Downgraded one level for risk of bias: non-randomised comparison (younger versus older females).
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* Downgraded two levels for inconsistency: very high heterogeneity (I*>75%)
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Forest plots: Two doses of HPV vaccine in younger (9 to 15-year old) females versus three doses of HPV vaccine in older (15 to 26 -year
old) females — immunogenicity outcomes at 7 months

Population: g to 26-year old females (seronegative at baseline, except in Mexico where participants were both seropositive and negative)

Setting: Canada, Chile, Colombia, Czech Republic, Denmark, Germany, Israel, Italy, Korea, Malaysia, Mexico, Norway, South Africa, Spain, Taiwan, Thailand, Turkey, and the US.
Comparison: 2-, 4-, and g9-valent HPV vaccines in 2 doses (Day 1, Month 6) in g to 15-year-old females versus 2-, 4-, and 9-valent HPV vaccines in 3 doses (Day 1, Month 1 or 2, Month
6) in 15 to 26-year-old females

Outcome Forest plot Certainty of the evidence
(GRADE)
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Outcome Forest plot Certainty of the evidence
(GRADE)
. Young old
Study, vaccine type RR (95% Cl)  Events/N Events/N Age vaccine Schedule
HPV 06
Multinational3, 9-valent 1.00(0.99, 1.01) 257/258 237/238 09-14 vs 1626 0,6vs 0,2, 6
Canadal, 4-valent (Excluded) 241/241  256/256 09-13 vs 16-26 0,6vs 0,2, 6
HPV 11
Multinational3, 9-valent + 1.00(0.99, 1.02) 258/258 237/238 09-14 vs 1626 0,6vs 0,2, 6
Canadal, 4-valent (Excluded) 243/243  269/269 0913 vs 16-26 0,6vs 0,2, 6
HPV 16
Multinational3, 9-valent + 1.00(0.99, 1.02) 272/272 248/249 09-14 vs 1626 0,6vs 0,2, 6
Mexico1, 2-valent {Excluded) 1016/1016 317/317  09-10 vs 1824 0,6vs 0.1, 6
Multinational2, 2-valent (Excluded) 438/488  352/352 (0914 vs 1525 0,Gws 0,1, 6
Canadal, 4-valent (Excluded) 2431243 246/246 09-13 vs 16-26 0,6vs 0,2, 6
HPV 18
e Multinational3, 9-valent * 1.02 (1.00, 1.03) 272/272  263/267 09-14 vs 1626 0,6vs 0,2, 6
1:Se|'0|305|t|V|tY meftqco:: ZJ\EIeEnt ot (Excluded) 1016/1016 317/317 09-10 vs 18-24 0,6ws 0,1, 6
ollow up: 7 months ultinational2, 2-valen (Excluded) 493/493 3821382 09-14vs 1526 0.6w 0,16 | PODDOO MODERATE
P:7 Canadal, 4-valent (Excluded) 243/243  264/264 09-13vs 1626 0.6vs 0,2, 6

HPV 31
Multinational3, 3-valent 1.00(0.99, 1.01) 271/272 263/264 09-14 vs 16-26 0,6vs 0.2, 6
HPV 33
Multinational3, 9-valent 1.00 (0.99, 1.01) 272/273  278/279 09-14 vs 16-26 0,6vs 0,2, 6
HPV 45
Multinational3, 9-valent + 1.01(0.99, 1.04) 272/274 274/280 09-14 vs 1626 0,6vs 0,2, 6
HPV 52
Multinational3, 9-valent 1.00(0.99, 1.01) 271/272 270271 09-14 vs 1626 0,6vs5 0,2, 6
HPV 58
Multinational3, 9-valent - 1.00(0.99, 1.01) 270/270 260/261 09-14 vs 16-26 0,6vs 0.2, 6

More events in older women (3 doses)

T
.99

T
1.01

T
1.03

More events in younger women (2 doses)
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Summary of Findings: Two doses of 2-valent HPV vaccine in younger (9 to 15-year old) females versus three doses of 2-valent HPV
vaccine in older (15 to 25-year old) females —immunogenicity outcomes at multiple time points

Population: g to 25-year old females (seronegative at baseline, except in Mexico where participants were both seropositive and negative)

Setting: Canada, Germany, Italy, Mexico, Taiwan, and Thailand
Comparison: 2-valent HPV vaccine in 2 doses (Day 1, Month 6) in g to 15-year-old females versus 2-valent HPV vaccine in 3 doses (Day 1, Month 1, Month 6) in 16 to 25-year-old

females
Outcome Plain language summary Absolute effect Relative effect (95% CI) Certainty of
Older females Younger females Ne of participants & studies the evidence
(GRADE)
GMTs for 7mths Multinational2 There is low-quality evidence of non-inferiority for GMTs for | Mean: 10234 Mean: 9400 EU/mL | Ratio 0.92 (0.82t0 1.03); 840 ®D00
HPV 16 HPV 16 in younger females (2 doses) when compared to EU/mL participants in 1 study Low 2
Mexico1 older females (3 doses) of 2-valent vaccine at 7 months Mean: 6991 Mean: 10442 Ratio 1.49 (1.33 t0 1.67); 1333
EU/mL EU/mL participants in 1 study
6omths | Canada/Germanyi There is very low-quality evidence of non-inferiority for Mean: 1454 Mean: 1369 EU/mL | Ratio 0.94 (0.70 t0 1.27); 124 @000
GMTs for HPV 16 in younger females (2 doses) when EU/mL participants in 1 study VERY LOW***
compared to older females (3 doses) of 2-valent vaccine at
60 months
GMTs for 7mths Multinational2 There is low-quality evidence of non-inferiority for GMTs for | Mean: 5003 Mean: 5909 EU/mL | Ratio 1.18 (1.05t01.32); 875 ®DO0
HPV 18 HPV 18 in younger females (2 doses) when compared to EU/mL participants in 1 study LOow 2
Mexico1 older females (3 doses) of 2-valent vaccine at 7 months Mean: 3483 Mean: 5837 EU/mL | Ratio 1.68 (1.50 to 1.87); 1333
EU/mL participants in 1 study
6omths | Canada/Germanyi There is very low-quality evidence of non-inferiority for Mean: 635 EU/mL | Mean: 627 EU/mL Ratio 0.99 (0.68 t0 1.43); 119 @000
GMTs for HPV 18 in younger females (2 doses) when participants in 1 study VERY LOW *%*
compared to older females (3 doses) of 2-valent vaccine at
60 months
Seropositivity 7mths Multinational2 There is moderate-quality evidence of no significant 352/352 (200%) 448/448 (100%) Not estimable; 8oo participants BP0
for HPV 16 difference in seropositivity for HPV 16 in 2-dose vaccinated in 1 study MODERATE*
Mexico1 younger females versus 3-dose vaccinated older females at 317/317 (100%) 1016/1016 (200%) Not estimable; 1333 participants
7 and 12 months. in 1 study
12mths | Multinational2 347/347 (200%) 480/480 (100%) Not estimable; 827 participants
in 1 study
Seropositivity 7mths Multinational2 There is moderate-quality evidence of no significant 382/382 (100%) 493/493 (100%) Not estimable; 875 participants D20
for HPV 18 difference in seropositivity for HPV 18 in 2-dose vaccinated in 1 study MODERATE*
Mexico1 younger females versus 3-dose vaccinated older females at 317/317 (100%) 1016/1016 (100%) Not estimable; 1333 participants
7 and 12 months. in 1 study
12mths | Multinational2 376/376 (200%) 485/485 (100%) Not estimable; 861 participants
in 1 study

Cl= confidence interval; GMT= geometric mean titre; HPV= human papilloma virus

*Data available at 12, 24, 36 and 48 months in forest plot below

"Downgraded one level for risk of bias: non-randomised comparison (younger versus older females).
further level for risk of bias: high loss to follow-up

7

*Downgraded one level for inconsistency: heterogeneity between studies
“Downgraded one level for imprecision: low sample size

3Downgraded one
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Forest plot: Two doses of 2-valent HPV vaccine in younger (9 to 15-year old) females versus three doses of 2-valent HPV vaccine in
older (15 to 25-year old) females —immunogenicity outcomes at multiple time points

Population: g to 25-year old females (seronegative at baseline, except in Mexico where participants were both seropositive and negative)

Setting: Canada, Germany, Italy, Mexico, Taiwan, and Thailand

Comparison: 2-valent HPV vaccine in 2 doses (Day 1, Month 6) in g to 15-year-old females versus 2-valent HPV vaccines in 3 doses (Day 1, Month 1, Month 6) in 16 to 26-year-old

females
Outcome Forest plot Certainty of the evidence
(GRADE)
Young women  Old women
Study Ratio of GMTs (95% Cl) Mean N Mean N Age vaccine Timepoint
HPV 16
Multinational2 0.92(0.82, 1.03) 9400 488 10234 352 09-14vs 1525  Month 07 ®POO0 LOW
Mexicol —_— 149(133, 167) 10442 1016 6991 317 09-15vs 18-24  Month 07
Multinational2 S a— 0.80(0.71,091) 2663 480 3317 347 09-14vs 1525  Month 12
Canada/Germany1 0.91(0.69, 1.21) 1702 54 1865 101  09-14 vs 15-25  Month 24
Canada/Germany1 1.00(0.74, 1.35) 1895 &3 1692 85 0914 vs 15-25  Manth 36
Canada/Germany1 0.93(0.69, 1.25) 1320 &3 1420 80  09-14 vs 1525 Month 43
Ratio of GMTs Canada/Germany1 0.94{0.70, 1.27) 1369 45 1454 79  09-14vs 1525 Month60 | D00 VERY LOW
follow up: 7 to 60 months
HPV 18
Multinational2 —_— 118 (1.05, 1.32) 5909 493 5003 382 09-14 vs 1525 Month 07
Mexicol —*—— 16B(150, 1.87) 5837 1016 3483 317 09-15vs 1824  Month 07 DBO0 Low
Multinational2 — 1.01(0.89, 1.16) 1526 485 1505 376 09-14 vs 1525  Month 12
Canada/Germany1 0.96(0.71, 1.31) 702 63 728 103 09-14vs 1525 Month 24
Canada/Germany1 0.97 {0.68, 1.38) 689 &2 712 81  09-14 vs 15-25  Month 36
Canada/Germany1 0.90 (0.64, 1.26) 543 &2 604 79  09-14 vs 15-25  Month 48
Canada/Germany1 0.99(0.68, 1.43) 627 43 635 76 0314vs 1525 Montheo | DOOO VERY LOW
I I I
7 15 19

Favors older women (3 doses)

Favors younger women (2 doses)

* Forest plots for seropositivity are not presented; all participants seroconverted.
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Summary of Findings: Two doses of 4-valent HPV vaccine in younger (9 to 13-year old) females versus three doses of 4-valent HPV
vaccine in older (16 to 26-year old) females —immunogenicity outcomes at multiple timepoints

Population: g to 26-year old females (seronegative at baseline in Canada, mixed at baseline in Mexico)
Setting: Canada, Mexico (only GMTs)
Comparison: 4-valent HPV vaccine in 2 doses (Day 1, Month 6) in g to 13-year-old females versus 4-valent HPV vaccines in 3 doses (Day 1, Month 2, Month 6) in 16 to 26-year-old

females
Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
NPe of participants & studies the evidence
Older females Younger females (CRABRE)
GMTs 7 mths Mexico2 | There is low-quality evidence of non-inferiority for GMTs Mean: 387.3 mMU/mL Mean: 306.2 mMU/mL Ratio 0.79 (0.54 to 1.15); @D00
for for HPV 6 in younger females (2 doses) when compared 278 participants in 1 study Low *?
HPV 6 7 mths Canada with older females (3 doses) of 4-valent vaccine at 7 Mean: 938 mMU/mL Mean: 2186 mMU/mL Ratio 2.33 (2.84 t0 2.95);
1 months 497 participants in 1 study
36 mths Canada | There is very low-quality evidence of higher GMTs for HPV | Mean: 176 mMU/mL Mean: 239 mMU/mL Ratio 1.36 (1.03 to 1.79); @000
1 6 in younger females (2 doses) when compared with older 176 participants in 1 study VERY LOW *3*
females (3 doses) of 4-valent vaccine at 36 months
GMTs 7 mths Mexico2 | There is moderate-quality evidence of higher GMTs for Mean: 629.9 mMU/mL Mean: 968.3 mMU/mL Ratio 1.54 (1.20 to 1.96); 285 DDDO
for HPV 11 in younger females (2 doses) when compared with participants in 1 study MODERATE "
HPV 11 7 mths Canada older females (3 doses) of 4-valent vaccine 7 months Mean: 1277 mMU/mL Mean: 2348 mMU/mL Ratio 1.84 (1.57 to 2.16); 512
1 participants in 1 study
36 mths Canada | Thereis very low-quality evidence of higher GMTs for HPV | Mean: 208 mMU/mL Mean: 298 mMU/mL Ratio 1.43 (1.09 t0 1.89); 183 @000
1 11 in younger females (2 doses) when compared with participants in 1 study VERY LOW 3¢
older females (3 doses) of 4-valent vaccine at 36 months
GMTs 7 mths Mexico2 | There is moderate-quality evidence of higher GMTs for Mean: 2408.8 mMU/mL Mean: 5136.7 mMU/mL | Ratio 2.13 (1.57 to 2.89); SEe)
for HPV 16 in younger females (2 doses) when compared with 286 participants in 1 study MODERATE "
HPV 16 7 mths Canada older females (3 doses) of 4-valent vaccine 7 months Mean: 3574 mMU/mL Mean: 7457 mMU/mL Ratio 2.09 (1.68 to 2.60);
1 489 participants in 1 study
36 mths Canada | There is very low-quality evidence of higher GMTs for HPV | Mean: 678 mMU/mL Mean: 1151 mMU/mL Ratio 1.70 (1.23 t0 2.34); @000
1 16 in younger females (2 doses) when compared with 172 participants in 1 study VERY LOW 3¢
older females (3 doses) of 4-valent vaccine at 36 months
GMTs 7 mths Mexico2 | There is moderate-quality evidence of higher GMTs for Mean: 343.7 mMU/mL Mean: 605 mMU/mL Ratio 1.76 (2.38 to 2.25); APDP0
for HPV 18 in younger females (2 doses) when compared with 286 participants in 1 study MODERATE*
HPV18 7 mths Canada older females (3 doses) of 4-valent vaccine 7 months Mean: 662 mMU/mL Mean: 1207 mMU/mL Ratio 1.83 (1.51t0 2.21);
1 507 participants in 1 study
36 mths Canada | There is very low-quality evidence of non-inferiority for Mean: 72 mMU/mL Mean: 104 mMU/mL Ratio 1.46 (0.96 to 2.23); @000
1 GMTs for HPV 18 in younger females (2 doses) when 182 participants in 1 study VERY LOW 3¢

compared with older females (3 doses) of 4-valent vaccine
at 36 months

The Cochrane Collaboration. Registered in England as a company limited by guarantee No. 03044323 Charity Number 1045921. VAT r@istration number GB 718 2127 49. Registered office: St Albans House, 57-59 Haymarket, London SW1Y 4QX United Kingdom
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Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of the
Older females Younger females Ne of participants & studies evidence
(GRADE)
Seropositivity 7 mths There is moderate-quality evidence of no significant | 256/256 (100%) 241/241 (200%) Not estimable; DDDO
for HPV 6 difference in seropositivity for HPV 6 in 2-dose 497 participants in 1 study MODERATE*
24 mths “ vaccinated younger females versus 3-dose 195/195 (100%) 193/193 (100%) Not estimable;
-'-rg vaccinated older females at 7 and 24 months. 388 participants in 1 study
36 mths 5 There is very low-quality evidence of no significant 92/92 (100%) 84/84 (100%) Not estimable; @000 .
difference in seropositivity for HPV 6 in 2-dose 176 participants in 1 study VERY LOW
vaccinated younger females versus 3-dose
vaccinated older females at 36 months.
Seropositivity 7 mths There is moderate-quality evidence of no significant | 269/269 (100%) 243/243 (200%) Not estimable; ®PPO
for HPV 11 difference in seropositivity for HPV 11 in 2-dose 512 participants in 1 study MODERATE*
24 mths “ vaccinated younger females versus 3-dose 206/206 (100%) 195/195 (200%) Not estimable;
-(.(: vaccinated older females at 7 to 24 months. 401 participants in 1 study
36 mths é There is very low-quality evidence of no significant 97/97 (100%) 86/86 (100%) Not estimable; @000
difference in seropositivity for HPV 11 in 2-dose 183 participants in 1 study VERY LOW***
vaccinated younger females versus 3-dose
vaccinated older females at 36 months.
Seropositivity 7 mths There is moderate-quality evidence of no significant | 246/246 (100%) 243/243 (200%) Not estimable; ADDO
for HPV 16 difference in seropositivity for HPV 16 in 2-dose 489 participants in 1 study MODERATE*
24 mths o vaccinated younger females versus 3-dose 189/189 (100%) 195/195 (100%) Not estimable;
-'.(: vaccinated older females at 7 to 36 months. 384 participants in 1 study
36 mths C)% There is very low-quality evidence of no significant 86/86 (100%) 86/86 (100%) Not estimable; @000
difference in seropositivity for HPV 16 in 2-dose 172 participants in 1 study VERY LOW *3*
vaccinated younger females versus 3-dose
vaccinated older females at 36 months.
Seropositivity 7 mths There is moderate-quality evidence of no significant | 264/264 (100%) 243/243 (200%) Not estimable; DDDO
for HPV 18 difference in seropositivity for HPV 18 in 2-dose 507 participants in 1 study MODERATE*
24 mths o vaccinated younger females versus 3-dose 167/202 (83%) 174/195 (89%) RR 1.08 (12.00 t0 1.17);
-'.(: vaccinated older females at 7 to 36 months. 397 participants in 1 study
36 mths Ex There is very low-quality evidence of no significant 76/96 (79%) 74/86 (86%) RR1.09 (0.95t0 1.24); @000

difference in seropositivity for HPV 18 in 2-dose
vaccinated younger females versus 3-dose
vaccinated older females at 36 months.

182 participants in 1 study

VERY LOW 34

Cl= confidence interval; GMT= geometric mean titre; HPV= human papilloma virus

*Downgraded one level for study design: non-randomised comparison (younger versus older females)
further level for risk of bias: high loss to follow-up

*Downgraded one level for inconsistency: heterogeneity between studies
“Downgraded one level for imprecision: low sample size

3Downgraded one
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Forest plots: Two doses of 4-valent HPV vaccine in younger (9 to 13-year old) females versus three doses of 4-valent HPV vaccine in
older (16 to 26-year old) females —immunogenicity outcomes at multiple timepoints

Population: g to 26-year old females (seronegative at baseline in Canada, mixed at baseline in Mexico)
Setting: Canada, Mexico (only GMTs)
Comparison: 4-valent HPV vaccine in 2 doses (Day 1, Month 6) in g to 13-year-old females versus 4-valent HPV vaccines in 3 doses (Day 1, Month 2, Month 6) in 16 to 26-year-old

females
Outcome Forest plot Certainty of the evidence
(GRADE)
Young women Old women
Study Ratio of GMTs (95% ClI) Mean N Mean N Age vaccine Timepoint
HPV 06
Mexico2 + 0.79(0.54, 1.15) 306 141 387 137 09-10vs 18-24 Month 07 ®DO0 LOW
Canada1 —————————— 233(1.84,295) 2186 241 938 256 09-13vs 16-26 Month 07
Mexico2 T 121(0.96, 152) 9 135 79 140 09-10vs 18-24  Month 21
Canada1 —_— 140(1.17,1.68) 276 193 197 195 09-13vs 16-26 Month 24
Canada —_— 1.36(1.03, 1.79) 239 84 176 92 09-13vs 16-26 Month 36 @000 VERY LOW
HPV 11
Mexico2 _— 1564 (120, 1.96) 968 144 630 141 09-10vs 18-24 Month 07 ®O®0 MODERATE
Canada1 —_— 184 (157, 216) 2348 243 1277 269 09-13vs 16-26 Month 07
Ratio of GMTs Mexico2 S 0.87(0.69, 1.10) 130 137 150 146 08-10vs 18-24 Month 21
. Canada1 —_— 138(1.15, 1.65) 368 195 267 206 09-13vs 16-26 Month 24
follow up: 7 to 36 months Canada1 —_— 143(1.09,1.89) 298 86 208 97 09-13vs 16-26 Month 36 @000 VERY LOW
HPV 16
Mexico2 + 213(1.57, 2.89) 5137 145 2409 141 09-10vs 18-24  Month 07
Canadal —_—— 209 (1.68, 260) 7457 243 3574 246 09-13vs 16-26 Month 07 @®®0 MODERATE
Mexico2 —_— 116 (0.87, 1.55) 413 140 355 145 09-10vs 18-24 Month 21
Canada1 S 174 (143, 211) 1414 195 813 189 0913 vs 16-26 Month 24
Canada1 - 170(1.23,234) 1151 86 678 86 09-13ws 16-26 Month 36 @000 VERY LOW
HPV 18
Mexico2 _— 176(1.38, 225) 605 145 344 141 09-10vs 18-24 Month 07
Canadal S 183(1.51, 2.21) 1207 243 661 264 09-13vs 16-26 Month 07 D@0 MODERATE
Mexico2 —_— 0.74(0.57,098) 94 99 126 126 09-10vs 18-24 Month 21
Canada1 —_— 145(1.11,1.89) 132 195 91 202 0913 vs 16-26 Month 24
Canada + 146(0.96, 223) 104 86 71 96 09-13vs 16-26 Month 36 @000 VERY LOW
T T T T
5 7 1 18 3
Favors older women (3 doses) Favors younger women (2 doses)

*Forest plots for seropositivity are not presented; nearly all participants seroconverted.
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Key findings

Two versus three doses of HPV vaccines at 7 months - all vaccines

Two doses were non-inferior to, or had higher GMTs than, three doses, for all nine HPV subtypes
measured except HPV 45 (high-quality evidence, except for HPV 16 (low-quality evidence) and 18
(moderate-quality evidence)).

For seroconversion at 7 months, there was high-quality evidence from RCTs of no significant
difference between groups for all nine HPV subtypes measured.

Two versus three doses of 2-valent HPV vaccine

GMTs for HPV 16 at 7 months (moderate-quality evidence) and 60 months (low-quality evidence)
were inconclusive with regard to non-inferiority with two doses compared with three doses of 2-
valent vaccine. GMTs for HPV 18 were non-inferior at 7 months (moderate-quality evidence) but
inconclusive at 60 months (low-quality evidence) with two doses compared with three doses of 2-

valent vaccine.

There was no significant difference in seropositivity in HPV 16 or 18 at 7 and 60 months; all

participants seroconverted (moderate-quality evidence).
Two versus three doses of 4-valent HPV vaccine

GMTs for HPV 6, 11, 16 and 18 were non-inferior with two doses of 4-valent vaccine at 7 months
compared with three doses (high-quality evidence). However, with time GMTs tended towards
favouring 3 doses, and at 36 months two doses were inconclusive with regard to non-inferiority
compared with three doses for GMTs for HPV 6 and 18 (low and moderate-quality evidence,
respectively). Two doses were non-inferior for GMTs for HPV 11 and 16 at 36 months (low and

moderate-quality evidence, respectively).

Seropositivity for HPV 6, 11, 16 and 18 was not significantly different between two and three doses of

4-valent vaccine at 7 months (high-quality evidence). Seropositivity for HPV 6, 11, and 16 was not

significantly different between two and three doses at 36 months (moderate or low-quality

13




Abstract

Background

Human papilloma virus (HPV) is the most common viral infection of the
reproductive tract and causes a range of conditions in females and
males, including precancerous lesions that may progress to cancer. In
this Targeted Update, we assess the protection afforded by two doses
of prophylactic HPV vaccines compared with three doses in young

females.

Objectives

To evaluate the effect of HPV vaccination in females, updating the
systematic review by D’Addario et al. This Targeted Update focusses
on the comparison of two doses compared with three doses of HPV

vaccine in females aged <15 years.

Search methods

Searches were conducted from July 2013 to June 2016, and all relevant
studies regardless of language or publication status were searched. We
searched the following databases: Cochrane Central Register of
Controlled Trials (CENTRAL), published in The Cochrane Library;
MEDLINE (PubMed); EMBASE (OVID). We searched the WHO
International Clinical Trials Registry Platform and ClinicalTrials.gov, to
identify ongoing trials. We searched the reference lists of relevant
systematic reviews published within the search dates. We contacted
the pharmaceutical industry for any potential relevant study through
the WHO Initiative for Vaccines Research Department (IVR).

Selection criteria
Randomised controlled trials (RCTs) and non-randomised experimental

studies were eligible for inclusion.

Data collection and analysis

Two review authors independently assessed trial eligibility and risk of
bias, and extracted data. Risk ratios (RR) with 95% confidence intervals
(Cl) were calculated for binary outcomes reported as ratios. For

continuous data, where GMTs were reported, we calculated the data as

mean differences (95% Cl) on the log scale and re-expressed as ratio of
GMTs. The non-inferiority threshold for two doses was o.5 for ratio of
GMTs.

Main Results

We included four RCTs (Canadai; Canada/Germanyz; Multinationals;
Multinationals) and two non-randomized studies (Mexico1; Mexico2).
We also identified one non-randomised study that compared two
versus three doses of 4-valent vaccine; however, the age group for
inclusion (120 to 18 years) was broader than for this Targeted Update,
and was therefore omitted (India1). Multinational4 and Multinational3
were new studies added in this update. The risk of bias was generally
low in the four RCTs; however, loss to follow-up at longer time points
was high in some studies. All participants in analyses of RCTs were

seronegative at baseline.
Two versus three doses of HPV vaccines at 7 months - all vaccines

As in the D'Addario review, we analysed studies comparing two versus
three doses of HPV vaccine, reporting immunogenicity outcomes at 7

months, for all vaccine types.

With respect to GMTs, two doses were non-inferior to, or had higher
GMTs than, three doses, for all nine HPV subtypes measured except
HPV 45 (non-inferiority inconclusive). The quality of the evidence was
high, except for HPV 16 and 18, for which there was heterogeneity in
the results (low and moderate respectively). Possible sources of
heterogeneity were the different types of vaccine used, different dose
schedules in the three dose arm (0,1,6 or 0,2,6), and different assays
used to measure GMTs (luminex or ELISA). We also analysed
separately GMTs for the two non-randomised studies (Mexcioz;
Mexico2) (Appendix 1). GMTs were non-inferior with two doses for HPV
11 and 18, but inconclusive for HPV 6 and HPV 16. For seroconversion
at 7 months, there was high-quality evidence from RCTs of no
significant difference between groups for all nine HPV subtypes
measured. Seroconversion was not reported in the non-randomised

studies.

14

Two versus three doses of 2-valent HPV vaccine

There were lower GMTs for HPV 16 at 7 months (moderate-quality
evidence) and 6o months (low-quality evidence) with two doses
compared with three doses of 2-valent vaccine (inconclusive whether
non-inferior). GMTs for HPV 18 were non-inferior at 7 months
(moderate-quality evidence) but inconclusive at 60 months (low-
quality evidence) with two doses compared with three doses of 2-
valent vaccine. There was no significant difference in seropositivity in
HPV 16 or 18 at 7 and 60 months; all participants seroconverted

(moderate-quality evidence).
Two versus three doses of 4-valent HPV vaccine

There was high-quality evidence of non-inferior GMTs for HPV 6, 11, 16
and 18 with two doses of 4-valent vaccine at 7 months compared with
three doses. However, with time GMTs tended towards favouring 3
doses. At 36 months two doses were inconclusive with regard to non-
inferiority for GMTs for HPV 6 and 18 (low and moderate-quality
evidence, respectively), whereas two doses were non-inferior for GMTs
for HPV 11 and 16 at 36 months (low and moderate-quality evidence,
respectively). There was high-quality evidence of no significant
difference in seropositivity for HPV 6, 11, 16 and 18 between two and
three doses of 4-valent vaccine at 7 months, and moderate or low-
quality evidence of no significant difference in seropositivity for HPV 6,
11, and 16 between two and three doses of 4-valent vaccine at 36
months; however, two doses had lower seropositivity to HPV 18 at 36

months (moderate-quality evidence).

Implications and conclusions

At 7 months, two doses were generally non-inferior to three doses of
HPV vaccine with regard to GMTs, and there was no significant
difference in seropositivity for the HPV subtypes measured. With time,
GMTs tended towards favouring three doses; however, in general there

was no significant difference in seropositivity at longer time points.
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Summary of Findings: Two versus three doses of HPV vaccines in g to 15-year old females - all vaccines —immunogenicity outcomes at

7 months

Patients: g to 15-year old females (seronegative at baseline)
Setting: Canada, Germany, Italy, Taiwan, and Thailand
Comparison: 2/4/9-valent HPV vaccine (2-doses (Month o, 6)) versus 2/4/9-valent HPV vaccine (3-doses (Month o, 2, 6))

Outcome Plain language summary Absolute effect* Relative effect (95% Cl) Certainty of
3 doses 2 doses Ne of participants & the evidence
studies (GRADE)
There is high-quality evidence of no significant _ _ Ratio 1.13 (0.99t0 1.29)
fGol::I(;l'; Eor. Hl:n\i)gths difference (non-inferior) in GMTs for HPV 6 between 2 m:j&;isg-n% meMaS}r;4L96-1856 1001 participants from 2 PODD
p:7 and 3 doses of HPV vaccine RCTs HIGH
There is high-quality evidence of no significant ) ) Ratio 1.09 (0.97 to 1.22)
2::?;; TJor. Hrn\i):hs difference (non-inferior) in GMTs for HPV 11 between meMaS);igg_z%S mtsﬂaa);g,LOG-zogG 1006 participants from 2 DOED
p:7 2 and 3 doses of HPV vaccine RCTs HIGH
There is low-quality evidence that there is no _ _ Ratio 0.89 (0.68 t0 1.18)
GMTs for HPV 26 significant difference (non-inferior) in GMTs for HPV Mgan. 5056-11067 Mgan. 48077640 1816 participantsin 4 @@QO
follow up: 7 months . units** units** LOW
16 between 2 and 3 doses of HPV vaccine RCTs
There is moderate-quality evidence that there are Ratio 0.77 (0.69 t0 0.87)
GMTs for HPV 18 significantly higher GMTs for HPV 18 after 3 doses of Mean: 1207-5510 Mean: 1653-7399 7710-53 100.57 EPPO
: . . 1833 participantsin 4 5
follow up: 7 months HPV vaccine compared to 2 doses, but 2 doses are units** units** RCTs MODERATE
non-inferior
There is high-quality evidence that GMTs for HPV 31 .
fGOI::I(;I'VT/Eor. H:q\;g:-hs are significantly higher with 3 doses compared with 2 | Mean: 1436 mMU/mL Mean: 1748 mMU/mL Ratlo;&fiiczi (thz T::F?g')l' DOOD
P:7 doses, although 2 doses are non-inferior 543P P HIGH
There is high-quality evidence that GMTs for HPV 33 .
GMTs for HPV 33 are significantly higher with 2 doses compared with3 | Mean: 1030 mMU/mL Mean: 796 mMU/mL Ratio 1'2.9.(1'10 t.o 1.52) DOED
follow up: 7 months doses 548 participants in2 RCT | HIGH
There is high-quality evidence that GMTs for HPV 45 .
;l::l(')l’;tot Hl:n\g:fhs are significantly higher with 3 doses compared with 2 | Mean: 357 mMU/mL Mean: 662 mMU/mL Ratloaor.‘tsigi(oa{:tsstiz :gg)_l_ ﬁgH@@
p:7 doses, and it is inconclusive if 2 doses are inferior 549P P
There is high-quality evidence that GMTs for HPV 52 .
g’:?;rvjzot H:q\gg:hs are significantly higher with 3 doses compared with 2 | Mean: 5812 mMU/mL Mean: g10 mMU/mL Ratlo;&?é; (Z.nStSS Tro1 S;Q)T DOOD
P:7 doses, although 2 doses are non-inferior >47P P HIGH
There is high-quality evidence of no significant .
:)l::l(;l’;tot H:"n\;itshs difference (non-inferior) in GMTs for HPV 58 between | Mean: 1251 mMU/mL Mean: 1229 mMU/mL Ratloall;toizi (‘;.r?zstii -—|11RgC)T ®Cg>®®
p:7 2 and 3 doses of HPV vaccine 43P P HIGH
. There is high-quality evidence of no significant RR 1.00 (0.99 t0 1.02)
Seroconversion for HPV 6 . ; . . i : DDDD
0, 0,
follow up: 7 months difference in the ratio of seroconversion for HPV 6 500/502 (99.6%) 498/499 (99.8%) 1001 participants in 2 HIGH

between 2 doses and 3 doses of HPV vaccine

RCTs
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There is high-quality evidence of no significant

RR1.00 (0.99to 1.01)

fsoi{gvf/ounYerzzl:]:ﬁ; HPV 12 difference in the ratio of seroconversion for HPV 11 504/505 (99.8%) 501/501 (200%) 1006 participants in 2 POOD
p:7 between 2 doses and 3 doses of HPV vaccine RCTs HIGH
Seroconversion for HPV 16 There is hlgh-qualltY evidence of no sllgnlflcant . . RR1.00 (rllo.t estlmable) DD
follow up: 7 months difference in the ratio of seroconversion for HPV 16 909/909 (100%) 907/907 (100%) 1816 participants in 4 HiGH
' between 2 doses and 3 doses of HPV vaccine RCTs
Seroconversion for HPV 18 There is hlgh-qualltY evidence of no s.|gn|f|cant RR 1.00 (9.99 to 1:01) DODD
follow up: 7 months difference in the ratio of seroconversion for HPV 18 922/923(99.9%) 910/910 (100%) 1833 participants in 4 HIGH
p:7 between 2 doses and 3 doses of HPV vaccine RCTs
. There is high-quality evidence of no significant
fsoi{gvf/ounYerzzl:]:ﬁ; HPV 31 difference in the ratio of seroconversion for HPV 31 271/271 (100%) 271/272 (99.6%) RR 1'2?;;'9:&2 ilr;olll)?CT COOD
p:7 between 2 doses and 3 doses of g-valent HPV vaccine 543P P HIGH
. There is high-quality evidence of no significant
f;;’:vcvoun\{er:zr;:ﬁ; HPV 33 difference in the ratio of seroconversion for HPV 33 275/275 (200%) 272/273 (99.6%) RRsllc;?'t(igi.gz?nttz :iLr.1011)RCT POOD
p:7 between 2 doses and 3 doses of g-valent HPV vaccine 54°P P HIGH
. There is high-quality evidence of no significant
fSoe”rgvcvoUn\{er;:c:;:ﬁ; HPV 45 difference in the ratio of seroconversion for HPV 45 273/275 (99.3%) 272/274 (99.3%) RR lc;cr)t(igi.gagnttc; ?r.lofi?CT (32?(9
p:7 between 2 doses and 3 doses of g-valent HPV vaccine 549 P P
. There is high-quality evidence of no significant
]CSO(eI;':vc\/oUnYer;:c;::E; HPV 52 difference in the ratio of seroconversion for HPV 52 274/275 (1200%) 271/272 (99.6%) RR 1'2?}(?3'?&2 ilr;olll)QCT DOOD
p:7 between 2 doses and 3 doses of g-valent HPV vaccine 547P P HIGH
. There is high-quality evidence of no significant
Seroconversion for HPV 58 difference in the ratio of seroconversion for HPV 58 273/273 (200%) 270/270 (200%) RR 1.00 Fo..99 to ?'01) COOD
follow up: 7 months 543 participantsin 1 RCT HIGH

between 2 doses and 3 doses of g-valent HPV vaccine

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; RR=risk ratio

* Where multiple RCTs have been included the range of means is presented; **GMTs measured as both mMU/mL (luminex assay) and EU/mL (ELISA) in different studies

*Downgraded two levels for serious inconsistency: considerable heterogeneity (I* > 75%); *Downgraded one level for inconsistency: moderate heterogeneity (I* > 30%)
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5
Forest plots: Two versus three doses of HPV vaccines in g to 15-year old females - all vaccines —immunogenicity outcomes at 7 months

Patients: g to 15-year old females (seronegative at baseline)
Setting: Canada, Germany, Italy, Taiwan, and Thailand
Comparison: 2/4/9-valent HPV vaccine (2-doses (Month o, 6)) versus 2/4/9-valent HPV vaccine (3-doses (Month o, 2, 6))

Outcome Forest plots Certainty of the evidence
(GRADE)
2 doses 3 doses
Study, vaccine type Ratio of GMTs (95% Cl) Mean N Mean N Age Schedule
HPV 06
Canada, 4-valent ——  1.18 (0.93, 1.49 2186 241 1856 248 9-13 0,6vs0,2,6
Multinational3, 9-valent —_—— 1011 §0.94, 1 30§ 1658 258 1496 254 9-14 0,6vs0.2.6 PDDD HIGH
Subtotal (I-squared =0.0%, p = 0.674) ) 1.13(0.99, 1.29
HPV 11
Wnatons, Svalent TS 16 §8'8?' 128 B3 %% & 08veoZs
ultinational3, 9-valen: —— . 91,1. - ,6vs 0,2,
Subtotal (I-squared = 0.0%, p = 0.655) _— 1.09(0.97, 1.22 258 1306 OO HIGH
HPV 16
Canada/Germany1, 2-valent —_—— 0.50 (0.38, 0.66 11067 65 22261 67 9-14 0,6vs0,1,6
Canada1, 4-valent —_——— 0.98 §0.79, 1.21§ 745 243 7640 251 913 0,6vs0,2,6 DAP00 LOW
Multinational4, 4-valent ————e 1.05(0.93, 1.19 5056 327 4807 322 9-14 0,6vs0,2,6
Multinational3, 9-valent s ——— 1.14 50.98, 1.34; 8005 272 6996 269 9-14 0,6vs0,2,6
Subtotal (l-squared = 89.0%, p = 0.000) — 0.89 (0.68, 1.18
HPV 18
Canada/Germany1, 2-valent —— 0.74 (0.57,0.97) 5510 64 7399 68 9-14 0,6vs0,1,6
Canada?, 4-valent —_— 071(059,086) 1207 243 1703 252 9-13 0,6vs0,2,6 ®DDO MODERATE
Multinational4, 4-valent —— 0.73(0.63, 0.85 1207 331 1653 333 9-14 0,6vs0,2,6
Multinational3, 9-valent —— 0.91(0.76, 1.09 1873 272 2049 270 9-14 0,6vs0,2,6
Ratio of GMTs Subtotal (I-squared = 38.0%, p = 0.184) -_ 0.77 (0.69, 0.87
. HPV 31
follow up: 7 months Multinational3, 9-valent —_— 082(069.098 1436 272 1748 271 S14 0.610.2.6 SOD® HIGH
Subtotal (I-squared =.%, p =\.) _— 0.82 (0.69, 0.98
Py 33 OO HIGH
Multinational3, 9-valent —— 1.29(1.10, 1.52; 1030 273 796 275 9-14 0,6vs0,2,6
Subtotal (I-squared =.%, p=".) -_— 1.29(1.10,1.52
HPV 45
Multinational3, 9-valent —— 0.54 (0.45, 0.65 358 274 662 275 9-14 0,6vs0,2,6
Subtotal (I-squared = %, p =) —_— 0.54 §0.45, 0.65; @D HIGH
HPV 52
Multinational3, 9-valent —_— 064 (0.55,074) 581 272 910 275 914 0,6vs0,2,6 HIGH
Subtotal (I-squared =.%, p=.) —_— 0.64 £0.55, 0.74; ®®®® G
HPV 58
Multinational3, 9-valent —— 1.02 &0.87, 1.19; 1251 270 1229 273 9-14 0,6vs0,2,6 (_B@@@ HIGH
Subtotal (I-squared =.%,p=.) — 1.02(0.87,1.19
NOTE: Weights are from random effects analysis
I | I T
37 5 7 1 1.5
Favours 3 doses Favours 2 doses
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2doses Jdoses
Study, vaccine type RR (95% CI) Events/iN Events/N Age Schedule
HPV 06
Multinational3, 9-valent * 1.00 (0.99,1.02) 257/258 2521254 09-14 0,6vs0,2,6 | DODD HIGH
Canada1, 4-valent {Excluded) 241241 248/248 0913 0,6vs0,2,6
HPV 11
Multinational3, 9-valent + 1.00 (0.99,1.01) 258258 253/254 09-14 0,6vs0,2,6 SODD HIGH
Canadat, 4-valent (Excluded) 243/243 251/251 09-13 0,6vs 0,26
HPV 16
Canada/Germany1 (Excluded) 65/65 6767 09-14 0,6vs0,1,6
Canada, 4-valent (Excluded) 243/243 251/251 09-13 0,6vs 0,26
Multinationald, 4-valent (Excluded) 3274327 3221322 0914 0,6vs0,2,6
Multinational3, 9-valent (Excluded) 2720272 269/269 0914 0.6vs02.6 | DDDD HIGH
HPV 18
) Multinational3, 9-valent . 1.00 (0.99,1.01) 272272 269270 09-14 0,6vs0,2,6
Seroconversion Canada/Germany (Excluded) 64/64 68/63 09-14 0,6vs0,1,6 ®®®® HIGH
. Canada, 4-valent (Excluded) 243/243 252/252 09-13 0,6vs0,2,6
follow up: 7 months Multinationald, 4-valent (Excluded) 331/331 333333 0914 0.6vs0.26
HPV 31
Multinational3, 9-valent + 1.00 (0.99,1.01) 271272 2717271 09-14 0,6vs0,2,6 SODD HIGH
HPV 33
Multinational3, 9-valent - 100(0.99,101) 272273 2751275 0914 0,6vs0,2,6 | DODOD HIGH
HPV 45
Multinational3, 9-valent 100 (0.99,1.01) 2720274 2731275 0914 0.6vs0,2,6 | DODD HIGH
HPV 52
Multinational3, 9-valent 1.00(0.99,1.01) 271272 2741275 09-14 0,6vs0,2,6 | DDDD HIGH
HPV 58
Multinational3, 9-valent * 1.00 (0.99,1.01) 270/270 2721273 0914 0.6vs0,2,6 | DODD HIGH
| |
99 1 1.02
More events with 3 doses More events with 2 doses

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; RR=risk ratio
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Summary of Findings: Two versus three doses of 2-valent HPV vaccine in g to 15-year old females —immunogenicity outcomes at
multiple timepoints

Patients: g to 15-year old females (seronegative at baseline)
Setting: Canada, Germany
Comparison: 2-valent HPV vaccine (2-doses (Month o, 6)) versus 2-valent HPV vaccine (3-doses (Month o, 2, 6))

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
3 doses 2 doses NP° of participants & the evidence
studies (GRADE)
There is moderate-quality evidence of lower GMTs for HPV 16 .
7 months with two doses compared with three doses; it is inconclusive if 22261 EU/mL | 12067 EUm/L Sa:oaor;c?:i (Z.r?ti tloRoC._6r6) (I\—?éBIZ()—?EORATE 1
GMTs for HPV 16 the effect of two doses was non-inferior 32p P
There is low-quality evidence of lower GMTs for HPV 16 with .
6o two doses compared with three doses; it is inconclusive if the 2670.8 EU/mL | 1369 EU/mL Ratio 051 (0.36 t0 0.73) @@()1(2)
months* . . 93 participants 1 RCT LOW
effect of two doses was non-inferior
There is moderate-quality evidence of lower but non-inferior Ratio 0.74 (0.57t0 0.97) EPRP0O
7 months . . 7399 EU/mL 5510 EU/mL L 1
GMTs for HPV 18 GMTs for HPV 18 with two doses compared with three doses 132 participants 1 RCT MODERATE
There is low-quality evidence of lower GMTs for HPV 18 with .
iﬁoonths* two doses compared with three doses; it is inconclusive if the 908.9 EU/mL 627.2 EU/mL Ritlzl:t?)c-i69ar(]l416;g_:-03) ?063\/019
effect of two doses was non-inferior 92p P
5 months There is m'o.dt'erate-quallty evidence of no significant difference 65/65 (100%) 67/67 (100%) RR 1.00 .(n.ot estimable) AEP0 )
Seropositivity for in seropositivity for HPV 16 between two doses and three doses 132 participants 1 RCT MODERATE
HPV 16 - L - : -
There is moderate-quality evidence of no significant difference 0 0 RR 1.00 (not estimable) APPO
24 months in seropositivity for HPV 16 between two doses and three doses 61/61 (100%) 64/64 (100%) 125 participants 1 RCT MODERATE®
5 months There is m.o.dgrate-quallty evidence of no significant difference 64/64 (100%) | 68/68 (100%) RR1.00 .(n.ot estimable) APPO )
Seropositivity for in seropositivity for HPV 18 between two doses and three doses 132 participants 1 RCT MODERATE
HPV 18 . . . o . .
There is moderate-quality evidence of no significant difference 0 0 RR 1.00 (not estimable) APP0
24 months in seropositivity for HPV 18 between two doses and three doses 64/64 (100% 63/63 (100%) 127 participants 1 RCT MODERATE®

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; RR= risk ratio

* Data available for additional time points; see forest plot below

*Downgraded one level for imprecision: low number of participants

*Downgraded one level for risk of bias: high loss to follow up
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Forest plot: Two versus three doses of 2-valent HPV vaccine in g to 15-year old females —immunogenicity outcomes at multiple

timepoints

Patients: g to 15-year old females (seronegative at baseline)
Setting: Canada, Germany, and Mexico

Comparison: 2-valent HPV vaccine (2-doses (Month o, 6)) versus 2-valent HPV vaccine (3-doses (Month o, 2, 6))

Outcome Forest plots Certainty of the
evidence
(GRADE)
3 doses 2 doses
Study Ratio of GMTs (95% Cl) Mean N Mean N Age  Schedule Timepoint
HPV 16
Canada/Germany1 + 0.50 (0.38, 0.66) 22261 67 11067 65 9-14 0,6vs0,1,6 Month 07 SEE0 MODERATE
Canada/Germany1 + 0.47 (0.34,0.66) 3606 61 1702 64 9-14 0,6vs0,1,6 Month24
®DO0 LOW
Canada/Germany1 * 0.51 (0.36, 0.73) 2671 48 1369 45 9-14 0,6vs0,2,6 Month 60
Ratio of GMTs
Canada/Germany1 - 0.74 (0.57,097) 7399 68 5510 64 9-14 0,6vs0,1,6 Month07 @O0 MODERATE
Canada/Germany1 -+ 0.64 (0.45, 0.90) 1102 63 702 63 9-14 0,6vs0,1,6 Month24
®DO0 LOW
Canada/Germany1 + 0.69 (0.46, 1.03) 909 49 627 43 9-14 0,6vs0,2,6 Month60
I [ I
.34 .5 7 1
Favours 3 doses Favours 2 doses

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; RR= risk ratio

Forest plot not shown for seropositivity as all participants were seropositive
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Summary of Findings: Two versus three doses of 4-valent HPV vaccine in g to 15-year old females —immunogenicity outcomes at

multiple time points

Patients: g to 15-year old females (seronegative at baseline)
Setting: Canada, Mexico, France, Hong Kong, Singapore, and Sweden
Comparison: 4-valent HPV vaccine (2-doses (Month o, 6)) versus 4-valent HPV vaccine (3 doses (Month o, 2, 6))

Absolute effect Relative effect (95% ClI) Certainty of
Outcome Plain language summary il » doses Ne of participants & the evidence
studies (GRADE)
There is high-quality evidence of no significant .
7 months difference (non-inferior) in GMTs for HPV 6 1856 mMU/mL 2186 mMU/mL Ratio 1.18 (0'93. t.o 1.49) COOD
. 1 RCT 489 participants HIGH
GMTs for HPV 6 between 2 and 3 doses of HPV vaccine
There is low-quality evidence of lower GMTs for
HPV 6 with two doses compared with three 0.64 (0.48 t0 0.86) @P00
*
36 months doses; it is inconclusive if the effect of two was 372 mMU/mL 239 mMU/mL 1 RCT 167 participants LOW 12
non-inferior
There is high-quality evidence of no significant
7 months difference (non-inferior) in GMTs for HPV 11 2096 mMU/mL 2348mMU/mL 112 (0.95t0 1'32.) DOED
. 1 RCT 494 participants HIGH
GMTs for HPV 11 between 2 and 3 doses of HPV vaccine
There is low-quality evidence of lower, but non- 0.73 (0.55 10 0.97) D00
36 months* | inferior, GMTs for HPV 11 with two doses 410 mMU/mL 298 mMU/mL 7310:55 97 12
. 1 RCT 168 participants LOW
compared with three doses
There is high-quality evidence of no significant . . .
7 months difference (non-inferior) in GMTs for HPV 16 Not estimable Not estimable (not Not estimable (nFJ’F pooled) | @OPD
. (not pooled) pooled) 2 RCTs 1143 participants HIGH
GMTs for HPV 16 between 2 and 3 doses of HPV vaccine
There is moderate-quality evidence of no . . .
36 months* | significant difference (non-inferior) in GMTs for a%zes(::)ﬂijt;le N;;zzt)lmable (not lz\lgtc?rsstln;ablsr(t?cci)tE:tzled) I\GA—)CG)—)E)ECI;ATEl
HPV 16 between 2 and 3 doses of HPV vaccine P P 794 P P
There is high-quality evidence of lower, but non- . . .
7 months inferior, GMTs for HPV 18 with two doses z\:]c;’ies;c:)rlr;adt;le N;)(Elzsdt)lmable (ot 2N(I:cc?l'sstl1r:ablea(r:iocti p:;l:d) COOD
compared with three doses P P 9P P HIGH
GMTs for HPV 18 There is moderate-quality evidence of lower
6 months* GMTs for HPV 18 with two doses compared with Not estimable Not estimable (not Not estimable (not pooled) | PP
3 three doses; it is inconclusive if the effect of two is | (not pooled) pooled) 2 RCTs 799 participants MODERATE*
non-inferior
e There is high-quality evidence of no significant .
Seropositivity for HPV 6 . - o 0 0 RR 1.00 (not estimable) PPPP
7 months difference in seropositivity for HPV 6 between 248/248 (100%) 241/241 (100%) 48 participants in 1 RCT HIGH

two doses and three doses
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There is low-quality evidence of no significant

RR 1.00 (not estimable)

©D00

6 months* | difference in seropositivity for HPV 6 between 83/83 (100%) 84/84 (100%) N .
’ two doses and thrF:ae dosez 7 o 167 participants in 1 RCT Low**
There is high-quality evidence of no significant .
7 months difference in seropositivity for HPV 11 between 251/251 (100%) 243/243 (200%) RR l.c;c;t(ir;iotaistgri:albll?egT @Cg@@
Seropositivity for HPV 11 two doses and three doses 434P P HIGH
There is low-quality evidence of no significant .
36 months* | difference in seropositivity for HPV 11 between 82/82 (100%) 86/86 (100%) RR 1.00 (.n_ot estn_nable) @@019
two doses and three doses 168 participants in 1 RCT LOW
There is high-quality evidence of no significant .
7 months difference in seropositivity for HPV 16 between 573/573 (100%) 570/570 (100%6) flR 1'o:ri?§t :i‘::j zleR)CTs DOSD
Seropositivity for HPV 16 two doses and three doses 43P P HIGH
There is moderate-quality evidence of no .
36 months* | significant difference in seropositivity for HPV 16 | 391/392 (99.7%) 390/392 (99.5%) Not est|rln.able (n.ot pooled) | SSSO 1
between two doses and three doses 784 participants in 2RCTs | MODERATE
There is high-quality evidence of no significant .
7 months difference in seropositivity for HPV 18 between 585/585 (100%) 574/574 (1200%) ff l'ogr(t?gt :i‘::: t;lz)CTs G_)Cg@@
Seropositivity for HPV 18 two doses and three doses 59P P HIGH
There is moderate-quality evidence of lower .
I ) Not estimable (not pooled) | DD
* 0, 0,
36 months* | seropositivity for HPV 18 with two doses than 376/403 (93%) 341/396 (86%) 799 participants in 2 RCTs | MODERATE !

three doses

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; RR= risk ratio

*Data also available for other time points, see forest plot below

*Downgraded one level for risk of bias: high loss to follow up in one study

2 . - .
Downgraded one level for imprecision: low sample size
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Forest plot: Two versus three doses of 4-valent HPV vaccine in g to 15-year old females —immunogenicity outcomes at multiple
timepoints

Patients: g to 15-year old females (seronegative at baseline)
Setting: Canada, Mexico, France, Hong Kong, Singapore, and Sweden
Comparison: 4-valent HPV vaccine (2-doses (Month o, 6)) versus 4-valent HPV vaccine (3 doses (Month o, 2, 6))

Outcome Forest plot Certainty of the
evidence
(GRADE)
3doses 2doses
Study Ratio of GMTs (95% Cl) Mean N Mean N Age Schedule Timepoint
HPV 06
Canadal ——————  1.18(0.93.1.49) 1856 248 2186 241 9-13 0.6vs0.2.6 Month 07 ®DDP HIGH
Canadat —_—— 0.77 (0.64,0.92) 359 186 276 193 9-13 0,6vs0,2,6 Month 24
Canada1 . 0.64(0.48,0.86) 372 83 239 84 913 0,6vs0,2,6 Month36 SHOO LOW
HPV 11
Canadat —_ 1.12 (0.95, 1.32) 2096 251 2348 243 9-13 0,6vs0,2,6 Month 07 ODDD HIGH
Canadat —_— 0.87 (0.72,1.05) 422 186 368 195 9-13 0,6vs0,2,6 Month 24 @300 LOW
Canadat - 0.73(0.55,0.97) 410 82 298 86 9-13 0,6vs0,2,6 Month 36
HPV 16
®e®® HIGH
Ratio of GMTs Canada —_—— 0.98 (0.79, 1.21) 7640 251 7457 243 9-13 0,6vs0,2,6 Month 07
f Multinational4 —_——— 1.05(0.93, 1.19) 4807 322 5056 327 9-14 0,6vs0,2,6 Month 07
ollow up: 7-36 Multinational4 —_— 0.81(0.70,0.93) 1591 315 1285 318 9-14 0,6vs0,2,6 Month 12
months Canadal —_— 0.81(0.67,0.99) 1739 186 1414 195 9-13 0,6vs0,2,6 Month 24
Canadat . 0.81(0.59, 1.13) 1413 83 1151 86 9-13 0,6vs0,2,6 Month 36 @®O®0 MODERATE
Multinational4 —_— 0.81(0.68,0.95) 472 309 380 306 9-14 0,6vs0,2,6 Month36
HPV 18
SPDD HIGH
Canada —_— 0.71(0.59,0.86) 1703 252 1207 243 9-13 0,6vs0,2,6 Month07
Multinational4 —_— 0.73 (0.63,0.85) 1653 333 1207 331 9-14 0,6vs0,2,6 Month 07
Multinational4 —_—— 0.55(0.47.0.66) 477 326 264 322 9-14 0.6vs0.2.6 Month 12
Canadal - 0.49 (0.38,0.65) 267 187 132 195 9-13 0,6vs0,2,6 Month 24
Canadat 0.44 (0.28,0.67) 239 83 104 86 9-13 0,6vs0,2,6 Month36 ®P®0 MODERATE
Multinational4 —_— 0.60 (0.49,0.73) 119 320 71 310 9-14 0,6vs0,2,6 Month 36
| 1 T
28 5 1 1.6
Favours 3 doses Favours 2 doses
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2doses 3 doses
Study RR (95% CI) Events/N Events/N Age  Schedule Timepoint
HPV 06
Canada1 (Excluded) 2417241 248248 (913 0,6vs0,2, 6 Month 07 PPPD HIGH
Canadai (Excluded) 1931193 186/186 09-13 0,6vs0,2, 6 Month 24
Canadal (Excluded) 84/84  83/83 0913 0,6vs0,2,6 Month36 @200 LOW
HPV 11
Canada1 (Excluded) 243243 2511251 0943 0,6vs0.2 6 Montho7 | PODDHIGH
Canada1 (Excluded) 195/195 186/186 09-13 0,6wvs0,2, 6 Month 24
Canadatl (Excluded) 86/86  82/82  09-13 0,6vs0,2,6 Month36 ®D00 LOW
HPV 16
e Canadal (Excluded) 243/243 2511251 (0913 0,6vs0,2, 6 Month 07
Seropositivity Multinationald (Excluded) 327327 3221322 0944 0,6vs0,2,6 Monnor | PECPHIGH
follow up: 7-36 months Multinationald (Excluded) 318/318 315315 0914 0, 6vs0, 2 6 Month 12
Canadat (Excluded) 195/195 186/186 0913 0,6ws0,2,6 Month24
Canada1 (Excluded) 86/66  83/83 09-13 0,6wvs0,2,6 Month 36
Multinationald —«— 1.00(0.99,1.01) 304/306 308/309 p914 0,6vs0,2, 6 Month36 ®PD0 MODERATE
HPV 18
Canadat (Excluded) 243/243 2521252 0913 0,6vs0,2,6 Month 07
Multinationald (Excluded) 331/331 333333 0914 0,6vs0.2 6 Montho7 | ODDDHIGH
Multinationald —+—  1.00(0.99,1.01) 321322 326/326 0914 0,6vs0,2, 6 Month12
Canada1 * 0.94 (0.89,1.00) 173/195 176/187 (09-13 0,6vs0,2,6 Month24
Canadat - 0.90 (0.82,1.00) 74/86 7983 913 0 6vs0,2, 6 Month36
Multinationald * 0.93(0.88, 0.98) 267/310 297/320 0914 0,6vs0,2,6 Month 36 PPPO MODERATE
T T
.82 9 1
More events with 3 doses More events with 2 doses

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus
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Appendix 1

Non-random comparison of two versus three doses in females aged 9-15 years, GMTs at 7 months

Study, type of vaccine, age group Ratio of GMCs (95% CI) Schedules
2 doses vs 3 doses

HPV 6
Mexico, quadrivalent, 9-10 years * 0.73 (0.48, 1.09) 0,6vs0,2, 6
HPV 11
Mexico, quadrivalent, 9-10 years —_— 0.69 (0.53, 0.89) 0,6vs0,2,6
HPV 16
Mexico, bivalent, 9-15 years — 0.57 (0.52, 0.63) 0,6vs0,1,6
Mexico, quadrivalent, 9-10 years —_—— T 0.79 (0.56, 1.09) 0,6vs0,2,6
Subtotal (I-squared = 69.1%, p = 0.072) il 0.64 (0.48, 0.87)
HPV 18
Mexico, bivalent, 9-15 years — 0.65 (0.59, 0.72) 0,6vs0,1,6
Mexico, quadrivalent, 9-10 years —_—— 0.56 (0.42, 0.73) 0,6vs0,2,6
Subtotal (I-squared = 17.4%, p =0.271) <> 0.64 (0.56, 0.72)

I I T

0.25 0.5 1 2
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Abstract

Background

Human papilloma virus (HPV) is the most common
viral infection of the reproductive tract and causes a
range of conditions in females and males, including
precancerous lesions that may progress to cancer. In
this Target Update, we review and analyze evidence
for the protection afforded by prophylactic HPV
vaccines in females.

Objectives

To evaluate the effect of HPV vaccination in females,
updating the systematic review by D’Addario et al.
This document focuses on the comparison of longer
schedule (o months, 12 months) versus shorter
schedule (o months, 6 months) in females. The
systematic review by D’Addario et al. included data on
the comparison of o, 6-month schedule versus o, 2-
month schedule; we found no new data on this
comparison and do not present the previous results
here.

Search methods

Searches were conducted from July 2013 to June 2016,
and all relevant studies regardless of language or
publication status were searched. We searched the
following databases: Cochrane Central Register of
Controlled Trials (CENTRAL), published in The

Cochrane Library; MEDLINE (PubMed); EMBASE
(OVID). We searched the WHO International Clinical
Trials Registry Platform and ClinicalTrials.gov, to
identify ongoing trials. We searched the reference lists
of relevant systematic reviews published within the
search dates. We contacted the pharmaceutical
industry for any potential relevant study through the
WHO Initiative for Vaccines Research Department
(IVR).

Selection criteria

Randomised controlled trials (RCTs) were eligible for
inclusion. The studies in this document focus on the
comparison of longer schedule (o, 12 months) versus
shorter schedule (o, 6 months).

Data collection and analysis

Two review authors independently assessed trial
eligibility and risk of bias, and extracted data. Risk
ratios (RR) with 95% confidence intervals (Cl) were
calculated for binary outcomes. For continuous data,
where GMTs were reported, we calculated the data as
mean differences (95% Cl) on the log scale and re-
expressed as ratio of GMTs. The non-inferiority
threshold for the longer schedule was o.5 for ratio of
GMTs.
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Main Results

We found one RCT assessing a longer interval schedule
(administered at o, 12 months) compared with a
shorter schedule (administered at o, 6 months) of 2-
valent HPV vaccine in g to 14-year old females
(Multinational2). The study results were published in
2016 and the study was conducted in 33 sites in
Canada, Germany, Italy, Taiwan, and Thailand. The
quality of evidence for all outcomes was downgraded
by one level for risk of bias; allocation was randomised
but not concealed or blinded. All participants were
seronegative at baseline.

There was moderate-quality evidence of higher GMTs
for HPV 16 and HPV 18 with the longer interval
schedule compared with the standard schedule in g to
14-year old females at 7 months. For seroconversion
for HPV 16 and HPV 18, there was moderate-quality
evidence of no significant difference between groups
at 7 months.

Implications and conclusions

The longer interval schedule increased GMTs
compared with the shorter schedule, but there was no
difference in seroconversion as all participants
seroconverted in both groups (moderate-quality
evidence).

The Cochrane Collaboration. Registered in England as a company limited by guarantee No. 03044323 Charity Number 1045921. VAT registration number GB 718 2127 49. Registered office: St Albans House, 57-59 Haymarket, London SW1Y 4QX United Kingdom



Summary of Findings: longer interval schedule (o, 12 months) 2-valent HPV vaccine versus shorter interval schedule (o, 6 months) 2-
valent HPV vaccine in females (9 to 14 years old)- immunogenicity outcomes at 7 months

Population: g to 14-year old females (seronegative at baseline)
Setting: 33 sites in Canada, Germany, Italy, Taiwan, and Thailand
Comparison: longer interval schedule (0, 12 months) 2-valent HPV vaccine versus shorter interval schedule (o, 6 months) 2-valent HPV vaccine

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
0, 6-month schedule 0, 12-month NP° of participants & the evidence
schedule studies (GRADE)
GMTs for HPV 16 There is moderate-quality evidence of higher Mean: 9396 EU/mL Mean: 11,450 EU/mL | Ratio 1.22 (1.10 t0 1.34); APPO
follow up: 7 months GMTs for HPV 16 for longer interval schedule 835 participants in 1study | MODERATE®
versus standard interval schedule of 2-valent
HPV vaccine in g to 14-year old females
GMTs for HPV 18 There is moderate-quality evidence of higher Mean: 5921 EU/mL Mean: 6656 EU/mL Ratio 1.12 (1.01t0 1.25); APPO
follow up: 7 months GMTs for HPV 18 for longer interval schedule 854 participantsin 1 study | MODERATE®
versus standard interval schedule of 2-valent
HPV vaccine in g to 14-year old females
Seroconversion for HPV 16 There is moderate-quality evidence of no 480/480 (100%) 355/355 (100%) Not estimable*; 835 APPO
follow up: 7 months significant difference in seroconversion for participants in 1 study MODERATE*
HPV 16 between longer and standard interval
schedules of 2-valent HPV vaccine in g to 14-
year old females
Seroconversion for HPV 18 There is moderate-quality evidence of no 485/485 (100%) 469/469 (100%) Not estimable*; 854 APPO
follow up: 7 months significant difference in seroconversion for participants in 1 study MODERATE*

HPV 16 between longer and standard interval
schedules of 2-valent HPV vaccine in g to 14-
year old females

Cl= confidence interval; GMT= geometric mean titre; HPV= human papilloma virus

* Excluded from analysis due to no non-events; all participants seroconverted.

*Downgraded one level for risk of bias: g to 14-year old girls were randomised to different schedules but allocation was not concealed or blinded.
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Forest plots: longer interval schedule (o, 12 months) 2-valent HPV vaccine versus shorter interval schedule (o, 6 months) 2-valent HPV
vaccine in females (g to 14 years old)- immunogenicity outcomes at 7 months

Population: g to 14-year old females (seronegative at baseline)
Setting: 33 sites in Canada, Germany, Italy, Taiwan, and Thailand
Comparison: longer interval schedule (0, 12 months) 2-valent HPV vaccine versus shorter interval schedule (o, 6 months) 2-valent HPV vaccine

Outcome Forest plot Certainty of the evidence
(GRADE)

Schedule 0, 12 Schedule 0, 8
Study, vaccine type

Ratio of GMTs (95% CI) Mean N Mean N
HPV 16
Multinational2, bivalent 1.22(1.10, 1.34) 11450 3585 9396 480
Ratio of GMTs
follow up: 7 months ®DDO MODERATE
HPV 18
Multinational2, bivalent 1.12(1.01, 1.25) 6656 369 5921 485
I I
1 1.15 1.35
Favors schedule (0, 6) Favors schedule (0, 12)

Cl= confidence interval; GMT= geometric mean titre; HPV= human papilloma virus

Forest plot for seroconversion not included as all participants seroconverted at 7 months
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Key findings

In 9 to 15-year old females, 9-valent vaccine was non-inferior to 4-valent
vaccine for GMTs for HPV 6, 11, 16, and 18 at 7 months. The g-valent HPV
vaccine resulted in substantially higher GMTs for HPV 31, 33, 45, 52, and
58 than the 4-valent HPV vaccine (moderate-quality evidence).

In g to 15-year old females, the ratios of seroconversion to HPV 6, 11, 16,
and 18 at 7 months were the same in both the g-valent and 4-valent HPV
vaccine groups (100% seroconversion) (moderate-quality evidence). (Data
were not reported in full for seroconversion for HPV 31, 33, 45, 52, and 58.)

In 16 to 26-year old females, there was low to moderate-quality evidence
of no significant difference in clinical outcomes between g-valent and 4-
valent HPV vaccines related to HPV 6, 11, 16, and 18. However, with
regard to clinical outcomes related to HPV 31, 33, 45, 52, and 58, there was
moderate-quality evidence of decreased rates of persistent infection at 6
and 12 months, CIN1, and CIN 2/3 or worse, and low-quality evidence of
VIN 1 or ValNz, with g-valent vaccine compared with 4-valent vaccine.

In 16 to 26-year old females, 9-valent vaccine was non-inferior to 4-valent
vaccine for GMTs for HPV 6, 11, 16, and 18 at 7 months (high-quality
evidence) and at 24 months (low-quality evidence). The g-valent HPV
vaccine resulted in substantially higher GMTs for HPV 31, 33, 45, 52, and
58 than the 4-valent HPV vaccine at 7 months (high-quality evidence) and
24 months (moderate-quality evidence).

In 16 to 26-year old females, the ratios of seroconversion were not
significantly different between vaccines for HPV 6, 11, 16 and 18 at 7
months (high-quality evidence) and 24 months (moderate-quality
evidence), except HPV 18 at 24 months, which favoured g-valent vaccine.
The g-valent vaccine resulted in higher seropositivity to HPV 31, 33, 45, 52,
and 58 at 7 months (high-quality evidence) and 24 months (moderate-
quality evidence).




Abstract

Background

Human papilloma virus (HPV) is the most common viral
infection of the reproductive tract and causes a range of
conditions in females and males, including precancerous lesions
that may progress to cancer. In this Targeted Update, we
review and analyse evidence for the protection afforded by 9-
valent HPV vaccine compared with 4-valent HPV vaccine in
females.

Objectives
To evaluate the efficacy and immunogenicity of the g-valent
HPV vaccine compared with 4-valent HPV vaccine in females.

Search methods

Searches were conducted from July 2013 to June 2016, and all
relevant studies regardless of language or publication status
were searched. We searched the following databases: Cochrane
Central Register of Controlled Trials (CENTRAL), published in
The Cochrane Library; MEDLINE (PubMed); EMBASE (OVID).
We searched the WHO International Clinical Trials Registry
Platform and ClinicalTrials.gov, to identify ongoing trials. We
searched the reference lists of relevant systematic reviews
published within the search dates. We contacted the
pharmaceutical industry for any potential relevant study
through the WHO Initiative for Vaccines Research Department
(IVR).

Selection criteria
Randomised controlled trials (RCTs) were eligible for inclusion.

Data collection and analysis

Two review authors independently assessed trial eligibility and
risk of bias, and extracted data. Risk ratios (RR) with 95%
confidence intervals (Cl) were calculated for binary outcomes
reported as ratios. For continuous data, where GMTs were
reported, we calculated the data as mean differences (95% Cl)

on the log scale and re-expressed as ratio of GMTs. The non-
inferiority threshold for g9-valent vaccine was o.5 for ratio of
GMTs.

Main Results

We included two RCTs (Europe2; Multinational1). Europe2
compared 3 doses of g-valent vaccine versus 3 doses of 4-valent
vaccine in g to 15-year old females. The risk of bias was
generally low in the RCT, except for the domains of allocation
concealment and blinding which were unclear. Multinationala
compared 3 doses of g-valent vaccine with 3 doses of 4-valent
vaccine in 16 to 26-year old females. The risk of bias was low
across all domains in this RCT; however, the number of people
analysed at 24 months was considerably lower than at 7
months, and therefore we downgraded the quality of the
evidence at this time point.

In g to 15-year old females, there was moderate-quality
evidence of no significant difference and non-inferiority in
GMTs for HPV 6, 11, 16, and 18 at 7 months between the g-
valent HPV vaccine and 4-valent HPV vaccine. The g-valent
HPV vaccine resulted in substantially higher GMTs for HPV 31,
33, 45, 52, and 58 than the 4-valent HPV vaccine. The ratios of
seroconversion to HPV 6, 11, 16, and 18 at 7 months were the
same in both the g-valent and 4-valent HPV vaccine groups
(100% seroconversion). The data were not reported in full for
seroconversion for HPV 31, 33, 45, 52, and 58 (Europe2).

In 16 to 26-year old females, there was low to moderate-
quality evidence of no significant difference in clinical outcomes
between g-valent and 4-valent HPV vaccines related to HPV 6,
11, 16, and 18. However, with regard to clinical outcomes
related to HPV 31, 33, 45, 52, and 58, there was moderate-
quality evidence of decreased rates of persistent infection at 6
and 12 months, CINz1, and CIN 2/3 or worse, and low-quality
evidence of VIN 1 or ValNz1, with g-valent vaccine compared

with 4-valent vaccine.
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In 16 to 26-year old females, there was no significant difference
and non-inferiority in GMTs for HPV 6 and 16 at 7 (high-quality
evidence) and 24 months (moderate-quality evidence) between
the g9-valent HPV vaccine and 4-valent HPV vaccine. The 4-
valent vaccine resulted in higher GMTs for HPV 11 but g-valent
was non-inferior, while the g-valent vaccine resulted in higher
GMTs for HPV 18. The g-valent HPV vaccine also resulted in
substantially higher GMTs for HPV 31, 33, 45, 52, and 58 than
the 4-valent HPV vaccine at 7 (high-quality evidence) and 24
months (moderate-quality evidence).

In 16 to 26-year old females, the ratios of seroconversion were
not significantly different between vaccines for HPV 6, 11, 16
and 18 at 7 months (high-quality evidence) and 24 months
(moderate-quality evidence), except HPV 18 at 24 months,
which favoured g-valent vaccine. The g-valent vaccine resulted
in higher seropositivity to HPV 31, 33, 45, 52, and 58 at 7 months
(high-quality evidence) and 24 months (moderate-quality
evidence).

Implications and conclusions

The evidence shows that 9-valent vaccine is non-inferior to 4-
valent HPV vaccine for GMTs for HPV 6, 11, 16 and 18 at 7
months in g to 26-year olds, and in 16 to 26-year olds at 24
months. GMTs for HPV 31, 33, 45, 52, and 58 were substantially
higher with g-valent vaccine for all time points. For
seropositivity there were no significant differences between g-
valent and 4-valent vaccines for HPV 6, 11, 16 and 18 in both
age cohorts at 7 months, and in 16 to 26-year olds at 24
months. The g-valent vaccine had substantially higher rates for
seropositivity for HPV 31, 33, 45, 52, and 58 at 7 months in g to
26-year olds, and in 16 to 26-year olds at 24 months. There was
no significant difference in clinical outcomes related to HPV 6,
11, 16 and 18 between g-valent and 4-valent HPV vaccines;
however, g-valent vaccine appeared to decrease many of the
clinical outcomes related to HPV types 31, 33, 45, 52, and 58
compared with 4-valent vaccine.
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Summary of Findings: g9-valent HPV vaccine versus 4-valent HPV vaccine in g to 15-year old females —immunogenicity outcomes

Patients: g to 15-year old females (seronegative at baseline)
Setting: Belgium, Denmark, Finland, Italy, Spain and Sweden
Comparison: g-valent HPV vaccine (3-doses (Month o, 2, 6)) versus 4-valent HPV vaccine (3-doses (Month o, 2, 6))

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
4-valent 9-valent Ne of participants & studies the evidence
(GRADE)
GMTs for HPV 6 T_her.e_ s moderate-quglity evidence of no Ratio 1.07 (0.93 to 1.24) @PDP0
follow up: 7 months significant difference in GMTs for HPV 6 between Mean: 1565.9 mMU/mL | Mean: 1679.4 mMU/mL 534 participants in 1 RCT MODERATE®
9-valent and 4-valent HPV vaccines at 7 months.
There is moderate-quality evidence of no :
fGo'::l(;r\:, ET; :i:w\:;:hs significant difference in GMTs for HPV 11 between | Mean: 1417.3 mMMU/mL | Mean: 1315.6 mMU/mL E;:Igaor.t?gi[g::tz Tg -_TS?I' I\GA—DS—DE?DE(;ATEl
' 9-valent and 4-valent HPV vaccines at 7 months.
There is moderate-quality evidence of no :
fGo'::l(;r\:, ET; :i:w\:;fhs significant difference in GMTs for HPV 16 between | Mean: 6887.4 mMU/mL | Mean: 6739.5 mMU/mL Ejélg:r.tgifi[(az.:tss?r: i;ZC)T ﬁ?&gATEl
' 9-valent and 4-valent HPV vaccines at 7 months.
There is moderate-quality evidence of no .
fGo':f(;r;Tj;r l;rn\i)ifhs significant difference in GMTs for HPV 18 between | Mean: 1795.6 mMU/mL | Mean: 1956.6 mMU/mL Ej;lg:r.;?ig;r?tlsﬁz i?élC)T (I\?(O@E(;BE%ATEl
) 9-valent and 4-valent HPV vaccines at 7 months.
There is moderate-quality evidence that g-valent :
g’:f;vit;r l;:q\gi’:clhs HPV vaccine results in a significantly higher GMTs | Mean: 22.2 mMU/mL Mean: 1770.4 mMU/mL Ej:g;'gt.iz(pGaSrfsticr)1917F)2CT I\G/I—Dg—DSDE(I;ATEl
' for HPV 31 than 4-valent HPV vaccine at 7 months.
GMTs for HPV 33 There is moderate-q.ualit;./ ev.i(.ience th.at g-valent Ratio 243.3 (2013 t0 272.7) DOBO
follow up: 7 months HPV vaccine results in a significantly higher GMTs | Mean: 4 mMU/mL Mean: 937.2 mMU/mL 544 participants in 1 RCT MODERATE:
for HPV 33 than 4-valent HPV vaccine at 7 months.
GMTs for HPV 45 There is rqoderate-q'ualit)'/ ev.ic.ience thf':\t 9-valent Ratio 194.5 (162.1t0 233.4) DOBO
follow up: 7 months HPV vaccine results in a significantly higher GMTs | Mean: 3.2 mMU/mL Mean: 622.4 mMU/mL 546 participants in 1 RCT MODERATE
for HPV 45 than 4-valent HPV vaccine at 7 months.
GMTs for HPV 52 There is moderate-q_ualit)_/ eyidence th;t 9-valent Ratio 488 (429.5 to 554.6) OO
follow up: 7 months HPV vaccine results in a significantly higher GMTs Mean: 1.9 mMU/mL Mean: 927.3 mMU/mL 545 participants in 1 RCT MODERATE:
for HPV 52 than 4-valent HPV vaccine at 7 months.
GMTs for HPV 58 There is moderate-q_ualit;_/ e\{iQence thgt 9-valent Ratio 143.5 (119.8 t0 171.8) DODO
follow up: 7 months HPV vaccine results in a significantly higher GMTs | Mean: 9.4 mMU/mL Mean: 1348.8 mMU/mL 528 participants in 1 RCT MODERATE®
for HPV 58 than 4-valent HPV vaccine at 7 months.
There is moderate-quality evidence that there is
Seroconversion for HPV 6 no significant difference in the ratio of RR 1.00 (not estimable) OEP0O
follow up: 7 months serocgonversion for HPV 6 between g-valent and 4- 261/261 (100%) 273/273 (100%) 534 participants in 1 RCT MODERATE!
valent HPV vaccines at 7 months.
Seroconversion for HPV 11 There is moderate-quality evidence that there is 273/273 (100%) RR 1.00 (not estimable) PPPO

261/26}‘(100%)
o
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follow up: 7 months no significant difference in the ratio of 534 participants in 1 RCT MODERATE"
seroconversion for HPV 11 between g-valent and
4-valent HPV vaccines at 7 months.
There is moderate-quality evidence that there is
Seroconversion for HPV 16 no significant difference in the ratio of RR 1.00 (not estimable) EED0
follow up: 7 months seroc?onversion for HPV 16 between g-valent and 270/270 (200%) 276/276 (100%) 546 participants in 1 RCT MODERATE!
4-valent HPV vaccines at 7 months.
There is moderate-quality evidence that there is
Seroconversion for HPV 18 no significant difference in the ratio of RR 1.00 (not estimable) DDPDP0O
follow up: 7 months serocgonversion for HPV 18 between g-valent and 269/269 (100%) 276/276 (100%) 545 participants in 1 RCT MODERATE*
4-valent HPV vaccines at 7 months.
. The paper did not report in full seroconversion data for the 4-valent vaccine: “All participants seroconverted for HPV 31/33/45/52/58 after
Seroconversion for HPV D ) - : " . .
31/33/45/52/58 receiving 3 doses ofthe 9vHPV vaccine, except 1 par‘tlupantlwho did r'10t serocor.wert for HP.V 45" “The qHPV'vaccme also' induced some @@qg)
level of postdose 3 immune responses to the HPV types not included in the vaccine... including a seroconversion rate as high as 73.5% for | LOW

follow up: 7 months

HPV31 and 54.8% for HPV 58.”

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; RR= risk ratio

*Downgraded 1 level for risk of bias: unclear allocation concealment

*Downgraded 1 further level for risk of bias: incomplete reporting
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Forest plot: 9-valent HPV vaccine versus 4-valent HPV vaccine in g to 15-year old females —immunogenicity outcomes

Patients: g to 15-year old females (seronegative at baseline)
Setting: Belgium, Denmark, Finland, Italy, Spain and Sweden
Comparison: g-valent HPV vaccine (3-doses (Month o, 2, 6)) versus 4-valent HPV vaccine (3-doses (Month o, 2, 6))

Outcome Forest plot Certainty of the
evidence
(GRADE)
nonavalent  quadrivalent

Study Ratio of GMTs (95% CI) Mean N Mean N

HPV 06

Europe2 - 1.07 (0.93, 1.24) 1566 261 1679 273

HPV 11

Europe2 =er 0.93(0.80, 1.08) 1417 261 1316 273

HPV 16

Europe2 -¢- 0.98 (0.85, 1.12) 6887 270 6739 276

HPV 18

Europe2 - 1.09(0.91, 1.31) 1796 269 1957 276

HPV 31
Ratio of GMTs for HPV Europe2 —— 79.75 (65.59, 96.96) 22 22 268 1770 276

®DDO

follow up: 7 months HPV 33 MODERATE

Europe2 - 234.28 (201.26,272.71) 4 269 937 275

HPV 45

Europe2 - 194.50 (162.09, 233.38) 3 271 622 275

HPV 52

Europe2 -~ 488.05(429.50, 554.58) 2 269 927 276

HPV 58

Europe2 —— 143.49 (119.86, 171.78) 9 261 1349 267

T T
81 555
Favors quadrivalent (3 doses) Favors nonavalent (3 doses)

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; RR= risk ratio

Forest plot for seroconversion not presented, as all 100% seroconversion for all HPV subtypes with full data available
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Summary of Findings: g9-valent HPV vaccine versus 4-valent HPV vaccine in 16 to 26-year old females — clinical outcomes for HPV

6/11/16/18

Patients: 16 to 26-year old females (seronegative at baseline)
Setting: Austria, Brazil, Canada, Chile, Colombia, Denmark, Germany, Hong Kong, Japan, Korea, Mexico, New Zealand, Norway, Peru, Sweden, Taiwan, Thailand, and United

States (including Puerto Rico)

Comparison: g9-valent HPV vaccine (3-doses (Month o, 2, 6)) versus 4-valent HPV vaccine (3-doses (Month o, 2, 6))

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
4-valent 9-valent Ne of participants & studies the evidence
(GRADE)

There is moderate-quality evidence of no

Persistent HPV infection >6 | significant difference on incidence of persistent RR 0.72 (0.51t0 1.01) S0

months HPV infection (>6 months) between g-valent and 5 PEr1000 person-yrs 3:6 per 1000 person-yrs 11642 participants in 1 RCT MODERATE*
4-valent HPV vaccines
There is moderate-quality evidence of no

Persistent HPV infection significant difference on incidence of persistent RR 0.70 (0.41t0 1.20) DPPO

>12 months HPV infection (>12 months) between g-valent and 2 PEr1000 person-yrs 1-4 PEr1000 person-yrs 11642 participants in 1 RCT MODERATE?
4-valent HPV vaccines
There is moderate-quality evidence of no .

CIN1 significant difference on incidence of CIN1 0.1 per 1000 person-yrs | No events 52;2?:;1?;2:@% 1RCT (I\?é)@[()igATE 1
between g-valent and 4-valent HPV vaccines
There is low-quality evidence of no significant

CIN 2/3 or worse difference on incidence of CIN 2/3 or worse 0.1 per 1000 person-yrs | 0.1 per 1000 Person-yrs f;;;ga(gii?pz%:ssigi)RCT L®O®VV019
between g-valent and 4-valent HPV vaccines
There is low-quality evidence of no significant

Condyloma difference onqincidche of condylomagbetween 9- | 0.1per1000 person-yrs | 0.3 per 1000 person-yrs RR 3.00 (o..3'5 to 25'.68) @@019
valent and 4-valent HPV vaccines 11769 participants in 1 RCT LOW
There is moderate-quality evidence of no
significant difference on incidence of VINa or RR (not estimable) AEP0

VIN2 orVaiN2 VglN1 between g-valent and 4-valent HPV 0.1 per 1000 person-yrs | No events 11769 participants in 1 RCT MODERATE*
vaccines
There is moderate-quality evidence of no

VIN 2/3 or VaIN 2/3 or worse significant difference on incidence of VIN 2/3 or 0.1 per 1000 person-yrs | No events RR (not es’Fir.nable)' @PPO )
ValN 2/3 or worse between g-valent and 4-valent 11769 participants in 1 RCT MODERATE

HPV vaccines

Cl= confidence interval; HPV=human papilloma virus; CIN=cervical intraepithelial neoplasia; RR= rate ratio; VIN= vulvar intraepithelial neoplasia; ValN= vaginal intraepithelial neoplasia

"Downgraded one level for imprecision: low event rate

*Downgraded one further level for imprecision: very wide confidence intervals
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Forest plot: 9-valent HPV vaccine versus 4-valent HPV vaccine in 16 to 26-year old females - clinical outcomes for HPV 6/11/16/18

Patients: 16 to 26-year old females (seronegative at baseline)

Setting: Austria, Brazil, Canada, Chile, Colombia, Denmark, Germany, Hong Kong, Japan, Korea, Mexico, New Zealand, Norway, Peru, Sweden, Taiwan, Thailand, and United
States (including Puerto Rico)

Comparison: g-valent HPV vaccine (3-doses (Month o, 2, 6)) versus 4-valent HPV vaccine (3-doses (Month o, 2, 6))

Outcome Forest plot Certainty of the evidence
(GRADE)
nonavalent quadrivalent
Events/ Events/
Study Rate ratio (95% Cl) *persons-yrs Sample *persons-yrs Sample
DPDO MODERATE
Persistent HPV infection >6 mo
Multinational1 —_— 0.72 (0.51, 1.01) 59/3.6 5812 80715 5830
Persistent HPV infection >12 mo ®DDO MODERATE
. Multinational1 _— 0.70 (0.41, 1.20) 22114 5812 3212 5830
Clinical outcomes
for HPV 6, 11, 16, 18 CIN 2/3 or worse
Ui ®@D00 Low
Multinational1 > 1.00 (0.06, 15.99) 1/01 5823 1/0.1 5832
Condyloma
Multinational1 + > 3.00 (0.35, 25.68) 5/0.3 5876 1/0.1 5893
"subjects per 1000 person-years at risk ®®OO LOW
I I I I
A 3 1 3 9
More events in quadrivalent (3 doses) More events in nonavalent (3 doses)

Cl= confidence interval; HPV=human papilloma virus; CIN=cervical intraepithelial neoplasia; RR= rate ratio
Only outcomes with an event in both arms are presented in this forest plot
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Summary of Findings: g9-valent HPV vaccine versus 4-valent HPV vaccine in 16 to 26-year old females — clinical outcomes for HPV

31/33/45/52/58

Patients: 16 to 26-year old females (seronegative at baseline)
Setting: Austria, Brazil, Canada, Chile, Colombia, Denmark, Germany, Hong Kong, Japan, Korea, Mexico, New Zealand, Norway, Peru, Sweden, Taiwan, Thailand, and United

States (including Puerto Rico)

Comparison: g9-valent HPV vaccine (3-doses (Month o, 2, 6)) versus 4-valent HPV vaccine (3-doses (Month o, 2, 6))

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
4-valent 9-valent Ne of participants & studies the evidence
(GRADE)
. . . There is moderate-quality evidence of increased
;ec:';ltsl::nt HPV infection >6 persistent HPV infection (>6 months) with 4-valent 5?:* per 1000 person- 2.1 per 1000 person-yrs 5560.6048(:1}2]3 taonfc)sl(?ga RCT EABSBS?E%ATE 1
vaccine compared with g-valent vaccine Y >0 P P
. . . There is moderate-quality evidence of increased
::;s::;rl::PV infection persistent HPV infection (>12 months) with 4- 3?5'5 per 1000 person- 1.3 per 1000 person-yrs :'1%4 éO'thJicg oa.cr:fi in1RCT ﬁ?&gATE 1
valent vaccine compared with g-valent vaccine Y P P
There is moderate-qual!ty evidence of mcreased RR 0.02 (0.00 0 0.18) OO
CINa CIN1 with 4-valent vaccine compared with g- 4 per 1000 person-yrs 0.1 per 1000 person-yrs 11801 participants in 1 RCT o .
valent vaccine 9P P MODERATE
There is moderate.-quallty ewdencg of increased RR 0.07 (0.01 0 0.49) DOB0
CIN 2/3 or worse CIN2/3 or worse with 4-valent vaccine compared 1.5 per 1000 person-yrs | 0.1 per 1000 person-yrs 116 articipants in 1 RCT 1
with 9-valent vaccine 55P P MODERATE
T'helje' is moc.lerate-quallt.y eyldence of no RR (not estimable) DOD0
Condyloma significant difference on incidence of condyloma 0.2 per 1000 Person-yrs | 0.2 per 1000 Person-yrs 15094 barticipants in 1 RCT MODERATE®
between g-valent and 4-valent HPV vaccines 4P P
There is low-quality evidence of no significant
VIN1 or ValN1 difference on incidence of VIN1 or VaIN1 between | 0.6 per 1000 person-yrs | 0.1 per 1000 person-yrs flR 2'17;:;;2 t;nisziil RCT @@019
9-valent and 4-valent HPV vaccines 759 P P LOW
There is moderate-quality evidence of no
significant difference on incidence of VIN 2/3 or RR (not estimable) AEP0O
VIN 2/3 or VaiN 2/3 or worse ValN 2/3 or worse between g-valent and 4-valent 0-2 PEr1000 PErson-yrs | 0.2 per1o00 person-yrs 12024 participants in 1 RCT MODERATE*

HPV vaccines

Cl= confidence interval; HPV=human papilloma virus; CIN=cervical intraepithelial neoplasia; RR= rate ratio; VIN= vulvar intraepithelial neoplasia; ValN= vaginal intraepithelial neoplasia

*Downgraded one level for imprecision: low event rate

*Downgraded one further level for imprecision: crosses line of no effect
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Forest plot: 9-valent HPV vaccine versus 4-valent HPV vaccine in 16 to 26-year old females - clinical outcomes for HPV 31/33/45/52/58

Patients: 16 to 26-year old females (seronegative at baseline)

Setting: Austria, Brazil, Canada, Chile, Colombia, Denmark, Germany, Hong Kong, Japan, Korea, Mexico, New Zealand, Norway, Peru, Sweden, Taiwan, Thailand, and United

States (including Puerto Rico)

Comparison: g-valent HPV vaccine (3-doses (Month o, 2, 6)) versus 4-valent HPV vaccine (3-doses (Month o, 2, 6))

Outcome Forest plot Certainty of the evidence
(GRADE)
nonavalent quadrivalent
Events/ Events/
Study Rate ratio (95% CI) *persons-yrs Sample *persons-yrs Sample

Persistent HPV infection

Multinational1 ——

Persistent HPV infection >12 mo

Multinational1 —_—

Clinical outcomes CIN1

for HPV 31, 33, 45,

Multinational1 *

52,58

CIN 2/3 or worse

Multinational1

VIN 1 or ValN 1

Multinational1

0.04 (0.03, 0.06)

0.04 (0.02, 0.06)

0.02 (0.00, 0.18)

0.07 (0.01, 0.49)

0.17 (0.02, 1.28)

*subjects per 1000 person-years at risk

35/21

2113

1/0.1

1/0.1

1/0.1

5939

5939

5948

5948

6009

810/52.4

544/34.5

69/4

27/1.5

12/0.6

5953

5953

5943

5943

6012

I l l
.003 .013 .05

2

More events in quadrivalent (3 doses)

More events in nonavalent (3 doses)

®DDO MODERATE

®DDO MODERATE

DDDO MODERATE

@DDO MODERATE

®D0O0 LOW

Cl= confidence interval; HPV= human papilloma virus; CIN=cervical intraepithelial neoplasia; RR= rate ratio; VIN= vulvar intraepithelial neoplasia; ValN= vaginal intraepithelial neoplasia

Only outcomes with an event in both arms are presented in this forest plot
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Summary of Findings: g-valent HPV vaccine versus 4-valent HPV vaccine in 16 to 26-year old females —immunogenicity outcomes at 7

months

Patients: 16 to 26-year old females (seronegative at baseline)
Setting: Austria, Brazil, Canada, Chile, Colombia, Denmark, Germany, Hong Kong, Japan, Korea, Mexico, New Zealand, Norway, Peru, Sweden, Taiwan, Thailand, and United

States (including Puerto Rico)

Comparison: g-valent HPV vaccine (3-doses (Month o, 2, 6)) versus 4-valent HPV vaccine (3-doses (Month o, 2, 6))

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
4-valent 9-valent Ne of participants & studies the evidence
(GRADE)
There is-high-quality evidence of no significant .
fGo':?(;r:,Eor. Hl:n\i):ths difference in GMTs for HPV 6 between g-valent Mean: 875 mMU/mL Mean: 893 mMU/mL Ra:; I::tZic(io.e?r?tzoi:flg)CT (H?((?IE?@
P:7 and 4-valent HPV vaccines at 7 months. 795SP P
There is high-quality evidence that 4-valent HPV
vaccine results in a significantly higher GMTs for .
fGo':f(;r; TJor. Hl:n\g:hs HPV 11 than g-valent HPV vaccine at 7 months, Mean: 830 mMU/mL Mean: 666 mMU/mL Ratio ZIr?t?ci(Oanczci)nofs)CT G_)Cg@@
p:7 although results are non-inferior for g9-valent 7977P P HIGH
vaccine.
There is high-quality evidence of no significant .
fGOI::I(;I'viEot H:q\g;fhs difference in GMTs for HPV 16 between g-valent Mean: 3157 mMU/mL Mean: 3131 mMU/mL gztlo o;la'sicfio.a?:tzoi:f;)CT 3(239@
P:7 and 4-valent HPV vaccines at 7 months. 94 P P
There is high-quality evidence that 9-valent HPV .
;l::l(‘)l’;tot an\i)ifhs vaccine results in a significantly higher GMTs for Mean: 679 mMU/mL Mean: 8o5 mMU/mL ngc()) lélr'st)iiil.la[:l’: it{ﬁ;CT DOSD
p:7 HPV 18 than 4-valent HPV vaccine at 7 months. 3 P P HIGH
There is high-quality evidence that 9-valent HPV .
;’:?J;Eor H:q\;g:hs vaccine results in a significantly higher GMTs for Mean: 9.7 mMU/mL Mean: 658.4 mMU/mL ggtlo 6:&?;6:':,[:?”71';2_'_ DOOD
p:7 HPV 31 than 4-valent HPV vaccine at 7 months. 43P P HIGH
There is high-quality evidence that g-valent HPV : .
gl:fgv?/zor-H::)ifhs vaccine results in a significantly higher GMTs for Mean: < 4 mMU/mL Mean: 415.9 mMU/mL Ratio (Ziticeisznmtzti)r:ei RCT ﬁgH@®
P:7 HPV 33 than 4-valent HPV vaccine at 7 months. 9393P P
There is high-quality evidence that 9-valent HPV . .
g)w;rvjzot H:i):tshs vaccine results in a significantly higher GMTs for Mean: <3 mMU/mL Mean: 252.8 mMU/mL Ratf (gcsttiSSt;:last;:]ei RCT EHDIED'?@
p:7 HPV 45 than 4-valent HPV vaccine at 7 months. 9542 P P G
There is high-quality evidence that 9-valent HPV . .
S)':?J;Eot H:q\gg:hs vaccine results in a significantly higher GMTs for Mean: < 3 mMU/mL Mean: 379.7 mMU/mL gatf (Ziticezisz:lasti)rl\ei RCT DOOD
p:7 HPV 52 than 4-valent HPV vaccine at 7 months. 790P P HIGH
There is high-quality evidence that g-valent HPV : .
:)w;rvitor_ H:q\gitshs vaccine results in a significantly higher GMTs for Mean: < 4 mMU/mL Mean: 4£82.5 mMU/mL gatf (thﬁcisz:lztiiei RCT ®Cg®®
p:7 HPV 58 than 4-valent HPV vaccine at 7 months. 932p P HIGH
Seroconversion for HPV 6 There is high-quality evidence of no significant 3985/3993 (99.8%) RR 1.00 (0.99 to 1.00) EPPD

3967/39]'5 (99-8%)
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follow up: 7 months difference in seroconversion for HPV 6 between g- 7968 participants in 1 RCT HIGH
valent and 4-valent HPV vaccines at 7 months.
There is high-quality evidence of no significant
Seroconversion for HPV 11 difference in the ratio of seroconversion for HPV RR 1.00 (1.00 t0 1.00) PPPD
0, 0,
follow up: 7 months 11 between g-valent and 4-valent HPV vaccines at 397813982 (99.9%) 3995/3995 (100%) 7977 participants in 1 RCT HIGH
7 months.
. There is high-quality evidence of no significant .
?oilrgvfloun\{er:;%':]:ﬁ! HPV 16 difference in seroconversion for HPV 16 between 4062/4062 (200%) 4032/4032 (100%) :5 1.oc;|(:icc>it ZS:'IcrsniibleR) cT (H—BI(:?I:—B(—B
p:7 g9-valent and 4-valent HPV vaccines at 7 months. 94 P P
. There is high-quality evidence of no significant
f;;’:vcvoun\{er:(:)::ﬁ; HPV 18 difference in seroconversion for HPV 18 between 4527/4541 (99.7%) 4530/4539 (99.8%) RSStozg.cgig;r?t:ﬁoi RCT G—)Cg@@
p:7 9-valent and 4-valent HPV vaccines at 7 months. 9 P P HIGH
There is high-quality evidence that 9-valent HPV
Seroconversion for HPV 31 vaccine results in a significantly higher ratio of 0 0 RR 1.99 (1.93 t0 2.05) OPDD
follow up: 7 months seroconversion for HPV 31 than 4-valent HPV 2193/4377 (50.2%) 445714466 (99-8%) 8843 participantsin 1 RCT HIGH
vaccine.
There is high-quality evidence that 9-valent HPV
Seroconversion for HPV 33 vaccine results in a significantly higher ratio of 0 0 RR 7.85 (7.28 to 8.46) PPDPD
follow up: 7 months seroconversion for HPV 33 than 4-valent HPV 596/4691 (12.7%) 4688/4702 (99.7%) 9393 participants in 1 RCT HIGH
vaccine.
There is high-quality evidence that 9-valent HPV
Seroconversion for HPV 45 vaccine results in a significantly higher ratio of 0 0 RR 10.83(9.90 t0 11.84) OPDD
follow up: 7 months seroconversion for HPV 45 than 4-valent HPV 43714750 (9-2%) 477314792 (99.6%) 9542 participants in 1 RCT HIGH
vaccine.
There is high-quality evidence that 9-valent HPV
Seroconversion for HPV 52 vaccine results in a significantly higher ratio of 0 0 RR 38.26 (31.86 t0 45.9) OPPD
follow up: 7 months seroconversion for HPV 52 than 4-valent HPV 113/4335 (2.6%) 444614455 (99-8%) 8790 participantsin 1 RCT HIGH
vaccine.
There is high-quality evidence that 9-valent HPV
Seroconversion for HPV 58 vaccine results in a significantly higher ratio of 0 0 RR 4.89 (4.6 to 5.18) OPDD
follow up: 7 months seroconversion for HPV 58 than 4-valent HPV 90714446 (20.4%) 447714486 (99.8%) 8932 participants in 1 RCT HIGH

vaccine.

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; RR=risk ratio
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Forest plots: g-valent HPV vaccine versus 4-valent HPV vaccine in 16 to 26-year old females —immunogenicity outcomes

Patients: 16 to 26-year old females (seronegative at baseline)
Setting: Austria, Brazil, Canada, Chile, Colombia, Denmark, Germany, Hong Kong, Japan, Korea, Mexico, New Zealand, Norway, Peru, Sweden, Taiwan, Thailand, and United

States (including Puerto Rico)

Comparison: g-valent HPV vaccine (3-doses (Month o, 2, 6)) versus 4-valent HPV vaccine (3-doses (Month o, 2, 6))

Outcome Forest plots Certainty of the evidence
(GRADE)
d-valent 9-valent
Study Ratio of GMTs (95% CI) Mean N Mean N
HPV 06
Multinational1 1.02 (0.99, 1.06) 875 3975 893 3993
DDDD HIGH
HPV 11
Multinationall =~ ——%—— 0.80(077,083) 830 3982 666 3995
DEDD HIGH
GMTs for HPV 6, 11, 16, 18
HPV 16
follow up: 7 months
Multinational1 0.99 (0.96, 1.03) 3157 4062 3131 4032
DEDD HIGH
HPV 18
Multinational1 —*+——  1.19(1.14,123) 679 4541 805 4538
| | | SOO® HIGH
15 .85 1.15 1.25

Favours 4-valent

Favours 9-valent
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Nonavalent  @uadrivalent
Study RR(35%CI)  Events/N Events/N
HPV 06 ODO® HIGH
Multinational1 1.00(1.00,1.00)  3985/3993 3967/3975
HPV 11 DDDD HIGH
Multinational1 1.00 (1.00,1.00)  3995/3995 3978/3982
HPV 16
Multinationald (Excluded) 4032/4032 4062/4062 SODD HIGH
HPV 18
Multinational1 1.00 (1.00,1.00)  4530/4539 4527/4541 BDDD HIGH
: HPV 31
s
eroconversion Multinationald 1.99 (1.93,2.05)  4457/4466 2193/4377 POO® HIGH
follow up: 7 months
HPV 33
Multinational . 7.85(7.28,8.46)  4688/4702 596/4691 APD® HIGH
HPV 45
Multinational . 10.83 (9.90, 11.84) 4773/4792 437/4750 SODD HIGH
HPV 52
Multinational1 - 3829 (3192, 45.93) 4446/4455 113/4335 SODD HIGH
HPV 58
Multinational1 489 (4.62,518)  4477/4486 907/4446 SODO HIGH
|
. : 459
More events in quadrivalent (3 doses) More events in nonavalent (3 doses)

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; RR= risk ratio

GMTs for HPV 31/33/45/52/58 not shown in forest plot; no exact numbers reported GMTs for HPV 33/45/52/58 with 4-valent vaccine
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Summary of Findings: g9-valent HPV vaccine versus 4-valent HPV vaccine in 16 to 26-year old females —immunogenicity outcomes at

24 months

Patients: 16 to 26-year old females (seronegative at baseline)
Setting: Austria, Brazil, Canada, Chile, Colombia, Denmark, Germany, Hong Kong, Japan, Korea, Mexico, New Zealand, Norway, Peru, Sweden, Taiwan, Thailand, and United

States (including Puerto Rico)

Comparison: g9-valent HPV vaccine (3-doses (Month o, 2, 6)) versus 4-valent HPV vaccine (3-doses (Month o, 2, 6))

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
4-valent 9-valent Ne of participants & studies the evidence
(GRADE)
GMTs for HPV 6 There is moderate-quality evidence of no significant Ratio 1.02 (0.93 t0 1.12) DOE0
follow ub: 22 months difference in GMTs for HPV 6 between g-valent and 4- | Mean: 205 mMU/mL Mean: 209 mMU/mL 100 értici .aggts in.1 RCT MODERATE -
P24 valent HPV vaccines at 24 months. 404 P P
There is moderate-quality evidence that 4-valent HPV
GMTs for HPV 11 vaccine results in 5|gn|leant|y higher GMTs for HPV 11 Mean: 148 mMU/mL Mean: 123 mMUJ/mL Ratio 0.83 ('0.76 tq 0.91) ®APDDO )
follow up: 24 months than g-valent HPV vaccine at 24 months, although 1497 participants in 1 RCT MODERATE
results are non-inferior for g-valent vaccine.
GMTs for HPV 16 There is moderate-quality evidence of no significant Ratio 1.03 (0.93 t0 1.14) DOD0
follow UD: 24 months difference in GMTs for HPV 16 between g-valent and Mean: 507 mMU/mL Mean: 522 mMU/mL 1626 a.urt3ici .agr?ts i .:LII;CT MODERATE -
P24 4-valent HPV vaccines at 24 months. 530P P
There is moderate-quality evidence that g-valent HPV :
g’:fgvsv?r ';'P\r:;iths vaccine results in significantly higher GMTs for HPV 18 | Mean: 68 mMU/mL Mean: 86 mMU/mL fat'zo z;?cflalrft?’l:l‘*;)a OO0
P24 than 4-valent HPV vaccine at 24 months. 732P P MODERATE
GMTs for HPV 31 Ther'e 'S moderz.ate-q.ual'lt}/ eV|den'ce that 9-valent HPV Mean: 101.9 Ratio (not estimable) AEP0
follow up: 24 months vaccine results in a significantly higher GMTs for HPV Mean: < 4 mMU/mL mMU/mL 1667 participants in 1 RCT MODERATE *
) 31 than 4-valent HPV vaccine at 24 months.
There is moderate-quality evidence that g9-valent HPV : .
S::I()Tvitor- gp\rlnf)?r’]ths vaccine results in a significantly higher GMTs for HPV Mean: < 4 mMU/mL Mean: 65.3 mMU/mL Satéo (:r?c;[cies?:'::?r:? RCT I\G/I—DCG)—DS—DE(I;ATEl
P: 24 33 than 4-valent HPV vaccine at 24 months. 775P P
There is moderate-quality evidence that g-valent HPV : .
g)w;;tot jp\r/nlc;iths vaccine results in a significantly higher GMTs for HPV | Mean: <3 mMU/mL Mean: 33 mMU/mL 5;:0 (gfttigsz:la::]ei RCT A 1
P24 45 than 4-valent HPV vaccine at 24 months. 9P P MODERATE
There is moderate-quality evidence that 9-valent HPV . .
g)w;rvjzot ZIP\rlnf;ths vaccine results in a significantly higher GMTs for HPV | Mean: <3 mMU/mL Mean: 57.9 mMU/mL Sgtlo (gft?ceizszlr?::?r:el) RCT SO0 1
P: 24 52 than 4-valent HPV vaccine at 24 months. 75P P MODERATE
There is moderate-quality evidence that g-valent HPV : .
:)w;rvitor_ gp\r:"ni?\ths vaccine results in a significantly higher GMTs for HPV | Mean: < 4 mMU/mL Mean: 80.3 mMU/mL Sg;lg (ZS;ZSt;:lit;:]ei RCT 6—)(6)—)@0 1
P: 24 58 than 4-valent HPV vaccine at 24 months. P P MODERATE
45
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There is moderate-quality evidence of no significant

foilrc?v?/tSIFIZIthi)or:t::V 6 difference in the ratio seropositive for HPV 6 between | 671/689 (97.4%) 701/715 (98%) fRol.ozig;:?g;:t;.ionzl) RCT E/Igcc)@[i(l:){ATE 1
P: 24 9-valent and 4-valent HPV vaccines at 24 months. 404 P P
e There is moderate-quality evidence of no significant

?OTSVF\)/?JSIFIZIth?;t::V 1 difference in the ratio seropositive for HPV 11 between | 724/734 (98.6%) 753/763 (98.7%) ER 1'0253(':?9;(151;211) RCT (I\—?éB[()—BEORATE 1
P: 24 g9-valent and 4-valent HPV vaccines at 24 months. 497P P

There is moderate-quality evidence of no significant
Seropositivity for HPV 16 difference in the ratio seropositive for HPV 16 0 0 RR 1.01 (1.00 t0 1.01) ®APD0O
follow up: 24 months between g-valent and 4-valent HPV vaccines at 24 7521758 (99-2%) 7771778 (99.9%) 1536 participants in 1 RCT MODERATE*
months.

e There is moderate-quality evidence that 9-valent HPV

fj{:ﬁ?'?tltzﬁ?;t::v 18 vaccine results in a significantly higher ratio of 685/846 (81.0%) 766/886 (86.5%) ER ;.Ogr(tli.c?zat:t:.i?i RCT I\G/I—DCG)—DDG—I)E(;ATE 1
P:24 seropositivity for HPV 18 than 4-valent HPV vaccine. 732P P
e There is moderate-quality evidence that 9-valent HPV

?;[gﬁ?'?':'tz,‘?;t::v 31 vaccine results in a significantly higher ratio of 116/804 (14.4%) 839/863 (97.2%) Sg 66.72r(‘cSi.cEi;9atr(1)ts7-i?181) RCT OGO 1
P: 24 seropositivity for HPV 31 than 4-valent HPV vaccine. 7P P MODERATE
e There is moderate-quality evidence that 9-valent HPV

foe”rgvszs'f';"tzqf):t::\’ 33 vaccine results in a significantly higher ratio of 65/867 (7.5%) 896/909 (98.6%) TR ?:ft (Izlc’;*gtzol:i:lc)T ﬁgﬁzﬁME )
P: 24 seropositivity for HPV 33 than 4-valent HPV vaccine. 775P P
e There is moderate-quality evidence that 9-valent HPV

fj{:ﬁ?'?':'t%?;t;':v 5 vaccine results in a significantly higher ratio of 17/881 (1.9%) 811/928 (87.4%) 550452?;;8.;1:521-5R6C)T I\G/I—DCG)—)[?E(%ATE 1
P24 seropositivity for HPV 45 than 4-valent HPV vaccine. 9P P
e There is moderate-quality evidence that 9-valent HPV

foﬁ{gvszs'f';"tzq‘;°;t::v 52| vaccine results in a significantly higher ratio of 31/808 (3.8%) 852/867 (98.3%) SeR 25‘2%‘2?'2%2"&?‘%% OO0
P: 24 seropositivity for HPV 52 than 4-valent HPV vaccine. 5P P MODERATE
s There is moderate-quality evidence that 9-valent HPV

Seropositivity for HPV 58 . . L . . o 0 RR 11.53 (9.22 t0 14.40) EPP0

follow up: 24 months vaccine results in a significantly higher ratio of 71/834 (8.5%) 836/852 (98.1%) 1686 participants in 1 RCT MODERATE *

seropositivity for HPV 58 than 4-valent HPV vaccine.

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; RR=risk ratio

*Downgraded one level for risk of bias: high loss to follow-up
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Forest plots: g-valent HPV vaccine versus 4-valent HPV vaccine in 16 to 26-year old females —immunogenicity outcomes

Patients: 16 to 26-year old females (seronegative at baseline)

Setting: Austria, Brazil, Canada, Chile, Colombia, Denmark, Germany, Hong Kong, Japan, Korea, Mexico, New Zealand, Norway, Peru, Sweden, Taiwan, Thailand, and United

States (including Puerto Rico)

Comparison: g-valent HPV vaccine (3-doses (Month o, 2, 6)) versus 4-valent HPV vaccine (3-doses (Month o, 2, 6))

Outcome Forest plots Certainty of the evidence
(GRADE)
4-valent 9-valent
Study Ratio of GMTs (95% CI) Mean N  Mean N Timepoint
HPV 06
Multinational1 - 1.02(0.99,1.06) 875 3975 893 3993 Month 07 DDDD HIGH
Multinational1 S 1.02(093,112) 205 689 209 715  Month 24 ®DDO MODERATE
HPV 11
Multinationall =~ —— 0.80(0.77,0.83) 830 3982 666 3995 Month 07 PPPP HIGH
Multinationall ~———————— 0.83(0.76,0.91) 148 734 123 763  Month 24
GMTs for HPV 6, 11, 16,28 | ' atona { ) ®DDO MODERATE
follow up: 7-24 months HPV 16
inati 0.99(0.96,1.03) 3157 4062 3131 4032 Month 07
Multinational1 [( ) POPD HIGH
inati 103(093,114) 507 758 521 778 Month 24
Multinational1 (0.93, ) @DDO MODERATE
HPV 18
Multinational1 —_— 119 (1.14,123) 679 4541 3805 4539 Month 07 SOOD
HIGH
Multinational1 1.26(112,1.43) 68 846 86 886 Month 24
@DDO MODERATE
I 1 1 I
5 0.85 120 145

Favours 4-valent

Favours 9-valent
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Study
HPV 06

Multinationall ¢
Multinational1 >

HPV 11
Multinationall ¢
Multinationall ¢

HPV 16
Multinational1 9
Multinational1

HPV 18
Multinational1l ¢
Multinational1 0

HPV 31
Multinational1 .
Multinational1 ——

Seropositivity

follow up: 7-24 months
P7-24 HPV 33
Multinational1 -

Multinational1 —_——

HPV 45
Multinational1 -
Multinational1

HPV 52
Multinational1
Multinational1

HPV 58
Multinational1 >
Multinational1 ——

RR (95% CI)

0 (1.00, 1.00)
1

1.0
1.01 (0.99, 1.02)

1.01 (1.00, 1.01)
(Excluded)

1.99 (1.93, 2.05)
6.74 (5.69, 7.98)

7.85 (7.28, 8.46)
13.15 (10.41, 16.61)

10.83 (9.90, 11.84)

—— 45.29 (28.27, 72.56)

38.29 (31.92, 45.93)
25.61(18.13, 36.18)

4.89(4.62, 5.18)
11.53 (9.23, 14.40)

Nonavalent
Events/N

3985/3993
701/715

3995/3995
753/763

T77I778
4032/4032

4530/4539
766/886

4457/4466
839/863

4688/4702
896/909

477314792
811/928

4446/4455
852/867

4477/4486
836/852

Quadrivalent
Events/N Timepoints

3967/3975 Month 07
671/689 Month 24

3978/3982 Month 07
724/734 Month 24

752/758 Month 24
4062/4062 Month 07

4527/4541  Month 07
685/846 Month 24

2193/4377 Month 07
116/804 Month 24

596/4691  Month 07
65/867 Month 24

437/4750  Month 07
17/881 Month 24
113/4335  Month 07

31/808 Month 24

907/4446  Month 07
71/834 Month 24

More events in quadrivalent (3 doses) 1 More events in nonavalent (3 doses)

72.6

©DDD HIGH
@©Dd0 MODERATE

©DDD HIGH
@©Dd0 MODERATE

©DDD HIGH
@©®d0O MODERATE

©DDD HIGH
@®20 MODERATE
©DDD HIGH
@®20 MODERATE

©DDD HIGH
@®20 MODERATE

©DDD HIGH
@®D0 MODERATE

©DDD HIGH
@©®20 MODERATE

©DDD HIGH
@©®20 MODERATE

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; RR= risk ratio

GMTs for HPV 31/33/45/52/58 not shown in forest plot; no exact numbers reported GMTs for HPV 31/33/45/52/58 with 4-valent vaccine
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Key findings

In males aged 10-14 years, comparative data between 2-valent vaccine
and control vaccine were not available; however, at 7 months, GMTs
for HPV 16 and 18 were 27891.6 EU/mL and 10593.7 EU/mL,
respectively, and seroconversion for HPV 16 and 18 were both 100%
(very low-quality evidence).

In males aged 16 to 26 years, at a median follow-up of 2.9 years, 4-
valent HPV vaccine reduced the proportion of males with external
genital lesions (any type), external genital lesions (HPV6, 11, 16, 18),
and condyloma acuminatum, compared with placebo, in both
intention-to-treat and per-protocol analyses (ITT-analyses not shown;
moderate-quality evidence). There was no significant difference
between 4-valent HPV vaccine and placebo in the proportion of men
with all PIN lesions, PIN grade 1, or PIN grade 2 or 3, in both intention-
to-treat and per-protocol analyses (ITT analyses not shown); however,
the vaccine was more effective in the per-protocol analyses (low-
quality evidence).

In males aged 16 to 26 years, at a mean follow-up of 2.9 years, 4-
valent HPV vaccine reduced persistent infection caused by HPV 6, 11,
16 or 18 combined, or by each HPV subtype individually, compared
with placebo (moderate-quality evidence).

In males aged 16 to 26 years, 4-valent vaccine increased GMTs for HPV
6, 11, 16 and 18 when compared with placebo at 7, 24 and 36 months
(moderate-quality evidence). There was a trend towards GMTs
levelling off after reaching a peak at month 7. Comparative data
between 4-valent vaccine and placebo were not available for
seropositivity outcomes; however, seropositivity for HPV 6, 11, 16 and
18 at 7 months was >97%, and at 36 months was >88% for HPV 6, 11
and 16, but 57% for HPV 18 (low-quality evidence).




Abstract

Background

Human papilloma virus (HPV) is the most common viral infection of
the reproductive tract and causes a range of conditions in females
and males, including precancerous lesions that may progress to
cancer. In this Target Update, we review and analyze evidence for
the protection afforded by prophylactic HPV vaccines in men.

Objectives

To evaluate the efficacy and immunogenicity of HPV vaccines in
males. This document focuses on the comparison of vaccine versus
placebo (or control vaccine) in males, for those results that were

reported regardless of sexual orientation.

Search methods

Searches were conducted from January 2006 to June 2016, and all
relevant studies regardless of language or publication status were
searched. We searched the following databases: Cochrane Central
Register of Controlled Trials (CENTRAL), published in The
Cochrane Library; MEDLINE (PubMed); EMBASE (OVID). We
searched the WHO International Clinical Trials Registry Platform
and ClinicalTrials.gov, to identify ongoing trials. We searched the
reference lists of relevant systematic reviews published within the
search dates. We contacted the pharmaceutical industry for any
potential relevant study through the WHO Initiative for Vaccines
Research Department (IVR).

Selection criteria

Randomised controlled trials (RCTs) were eligible for inclusion. The
studies in this document focus on the comparison of vaccine versus
placebo (or control vaccine) in males. Data for men who have sex

with men are reported in a separate Target Update.

Data collection and analysis
Two review authors independently assessed trial eligibility and risk

of bias, and extracted data. Rate ratios (RR) with 95% confidence

intervals (Cl) were calculated for binary outcomes reported as
rates. For continuous data, where GMTs were reported, we
calculated the data as mean differences (95% Cl) on the log scale

and re-expressed as ratio of GMTs.

Main Results

We included two RCTs (Finland1; Multinational8). Finland1
compared 2-valent vaccine with hepatitis B vaccine (control
vaccine) in 270 males aged 10 to 18 years; we present here the
subset of males aged 10 to 14 years (the target vaccination
population). Multinational8 compared 4-valent HPV vaccine versus
placebo in 4,065 males aged 16 to 26 years. The risk of bias was low
for all categories for both studies, except for selective reporting
which was judged as high: full data for the control group were not

reported for some immunogenicity outcomes.

2-valent HPV vaccine versus control vaccine in 10 to 14-year old

males

The Finland1 study reported immunogenicity outcomes at 7
months (1 month after last dose). Comparative data between 2-
valent vaccine and control vaccine were not available (control
group data not reported); however, GMTs for HPV 16 and 18 were
27891.6 EU/mL and 10593.7 EU/mL, respectively, and
seroconversion for HPV 16 and 18 were both 100%. The evidence

was judged of very low quality.
4-valent HPV vaccine versus placebo in 16 to 26-year old males

The Multinational8 study reported clinical outcomes at a median of
2.9 years. For the outcomes of external genital lesions (any type),
external genital lesions (HPV, 11, 16, 18), and condyloma
acuminatum, there was moderate-quality evidence that 4-valent
HPV vaccine reduced the proportion of males with these outcomes
compared with placebo, in both intention-to-treat and per-
protocol analyses (ITT analyses not shown). For the outcomes of all

penile, perianal, or perineal intraepithelial neoplasia (PIN) lesions,

51

PIN grade 1, or PIN grade 2 or 3, there was low-quality evidence of
no significant difference between 4-valent HPV vaccine and
placebo in both intention-to-treat and per-protocol analyses;
however, in the per-protocol analyses the effect estimate for each
outcome favoured vaccine, whereas in the intention-to-treat
analyses the effect estimate for all PIN lesions and PIN grade 2 or 3

favoured placebo (ITT analyses not shown).

For the outcome of persistent infection, there was moderate-
quality evidence that 4-valent HPV vaccine reduced persistent
infection caused by HPV 6, 11, 16 or 18 combined, or by each HPV
subtype individually, in 16 to 26-year old males compared with

placebo.

The multinational8 study also reported immunogenicity outcomes.
There was moderate quality evidence that 4-valent vaccine
increased GMTs for HPV 6, 11, 16 and 18 when compared with
placebo at 7, 24 and 36 months. There was a trend towards GMTs
levelling off after reaching a peak at month 7. Comparative data
between 4-valent vaccine and placebo were not available for the
seropositivity outcomes (placebo group data not reported);
however, seropositivity for HPV 6, 11, 16 and 18 at 7 months was
>97%. At 36 months seropositivity was >88% for HPV 6, 11 and 16,
but 57% for HPV 18.

Implications and conclusions

Evidence for the effect of the 2-valent vaccine is of very low quality,
but shows beneficial effects on immunogenicity outcomes at 7
months. The 4-valent vaccine appears to be effective at preventing
external genital lesions and condyloma acuminatum at 3 years, but
there is no significant difference compared with placebo for PIN
lesions at 3 years. The 4-valent vaccine is also effective at
preventing persistent infections. Beneficial effects up to 3 years on

immunogenicity outcomes were shown with 4-valent vaccine.
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Summary of Findings: 2-valent HPV vaccine versus control vaccine in 10 to 14-year old males —immunogenicity outcomes

Patients: 10 to 14-year old males (seronegative at baseline)

Setting: Finland

Comparison: 2-valent HPV vaccine (3-doses (Month o, 1, 6)) versus hepatitis B vaccine control vaccine (3-doses)

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Control vaccine 4-valent HPV Ne of participants & the evidence
vaccine studies (GRADE)
We do not have data about the effect of 2-
valent vaccine on GMTs for HPV 16 in males .
GMTs for HPV 16 when compared with placebo, as no placebo Not estimable [GIaaTe)
R Not reported Mean: 27891.6 EU/mL | Based on data from 79 12
follow up: 7 months data were reported for this outcome. However, . . VERY LOW
. . participants in one RCT
the mean GMT in the vaccine group was
27891.6 EU/mL
We do not have data about the effect of 2-
valent vaccine on GMTs for HPV 18 in males Not estimable
GMTs for HPV 18 when compared with pIac.ebo, as no placebo Not reported Mean: 10593.7 EU/mL | Based on data from 72 EPRP0O .
follow up: 7 months data were reported for this outcome. However, . . VERY LOW
. . participants in one RCT
the mean GMT in the vaccine group was
10593.7 EU/mL
We do not have data about the effect of 2-
valent vaccine on seroconversion for HPV 16 in .
Seroconversion for HPV 16 males when compared with placebo, as no Not estimable APP0
P P ! Not reported 79/79 (100%) Based on data from 79 12
follow up: 7 months placebo data were reported for this outcome. L ) VERY LOW
. . participants in one RCT
However, the seroconversion rate in the
vaccine group was 100%.
We do not have data about the effect of 2-
valent vaccine on seroconversion for HPV 18 in .
Seroconversion for HPV 18 males when compared with placebo, as no Not estimable EEP0O
! Not reported 72/72 (100%) Based on data from 72 12
follow up: 7 months placebo data were reported for this outcome. VERY LOW

However, the seroconversion rate in the
vaccine group was 100%.

participants in one RCT

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus;

* Downgraded two levels for risk of bias: no placebo data reported in the paper forimmunogenicity outcomes.

* Downgraded one level for imprecision: low number of participants.
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Graph: 2-valent HPV vaccine versus control vaccine in 10 to 14-year old males —immunogenicity outcomes

Patients: 10 to 14-year old males (seronegative at baseline)

Setting: Finland
Comparison: 2-valent HPV vaccine (3-doses (Month o, 1, 6)) versus hepatitis B vaccine control vaccine (3-doses)

Outcome Graph Certainty of the evidence
(GRADE)
Finland 1
100000 HPV-16 HPV-18
T
L
10000 +
GMTs and seroconversion for 1000
HPV 16 and 18 £ ®DDO
o VERY LOW
follow up: 7 months —
=
® 100
10
1 n=79 n=r2
Seroconversion: 100% 100%
Rate
Analyses not performed as no placebo group data available for these outcomes.
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5
Summary of Findings: 4-valent HPV vaccine versus placebo in 16 to 26-year old males - clinical outcomes, lesions — per-protocol

analyses

Patients: 16 to 26-year old males (seronegative at baseline)
Setting: 71 sites in 18 countries from Africa, Australia, Europe, Latin America and North America.
Comparison: 4-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) versus placebo (3-doses (Day 1, Month 2, Month 6))

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Placebo 4-valent HPV Ne of participants & the evidence
vaccine studies (GRADE)
Clinical: External genital lesions There is moderajce-quallty evidence that 4- RR 0.16 (0.07 t0 0.38)
valent HPV vaccine reduces the number of Based on data from 2545 EPRDP0O
(Any type) . . . 36/3081 person-years 6/3173 person-years . 1
. males with external genital lesions of any type participants (6254 person- | MODERATE
follow up: median 2.9 years : .
compared with placebo years) in 1 RCT
Clinical: External genital lesions There is moderajce quality evidence that 4- RR 0.10 (0.03 t0 0.31)
valent HPV vaccine reduces the number of Based on data from 2805 DDPDPO
(HPVS6, 11, 16, 18) . . . 31/2812 person-years 3/2831 person-years . 1
follow un: median 2.0 vears males with external genital lesions of HPV6, 11, participants (5643 person- | MODERATE
P: 9Y 16, or 18 type compared with placebo years) in 1 RCT
There is moderate-quality evidence that 4- RR 0.11(0.03t0 0.35)
Clinical: condyloma acuminatum | valent HPV vaccine reduces the number of Based on data from 2805 EPRP0O
. . . 28/2814 person-years 3/2831 person-years . 1
follow up: median 2.9 years males with condyloma acuminatum compared participants (5645 person- | MODERATE
with placebo years) in 1 RCT
There is low-quality evidence of no significant RR 0.14 (0.01 t0 2.76)
Clinical: All PIN lesions difference between 4-valent HPV vaccine and 12824 person-years 0/28 erson-vears Based on data from 2805 @DP0O0
follow up: median 2.9 years placebo on the number of males with PIN 3 4P y 3P y participants (5657 person- | LOW?
lesions (all grades). years) in 1 RCT
Clinical: PIN grade 1 There is low-quality evidence of no 5|g|.'1|f|cant RR 0.20 (0.01 t0 4.16)
follow up: median 2.9 years difference between 4-valent HPV vaccine and 212826 person-years 0/2833 person-years Based on data from 2805 @AP00
' ' placebo on the number of males with grade 1 participants (5659 person- | LOW 2
PIN lesions. years) in 1 RCT
Clinical: PIN grade 2 or 3 There is low-quality evidence of no 5|g|.1|f|cant RR 0.33 (0.01t0 8.16)
follow up: median 2.9 years difference between 4-valent HPV vaccine and 1/2825 person-years 0/2833 person-years Based on data from 2805 ®P00
' ' placebo on the number of males with grade 2 participants (5658 person- | LOW ?

or 3 PIN lesions

years)in 1 RCT

Cl= confidence interval; GL= genital lesion; HPV=human papilloma virus; PIN= penile, perianal, or perineal intraepithelial neoplasia; RR= rate ratio

* Downgraded one level for imprecision: Very low event rate.

* Downgraded two levels for imprecision: 95% Cl around the pooled estimate of effect includes appreciable benefit for both the intervention and control groups, as well as no effect.
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6

Forest plot: 4-valent HPV vaccine versus placebo in 16 to 26-year old males - clinical outcomes, lesions — per-protocol analyses

Patients: 16 to 26-year old males (seronegative at baseline)

Setting: 71 sites in 18 countries from Africa, Australia, Europe, Latin America and North America.

Comparison: 4-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) versus placebo (3-doses (Day 1, Month 2, Month 6))

Outcome Forest plot Certainty of the evidence
(GRADE)
4-valent vaccine Placebo
Events/ Events/
Study Rate Ratio (95% Cl) person-yrs Sample person-yrs Sample

Clinical outcomes,
lesions - per-protocol
analyses

follow up: median 2.9
years

External GLs (Any type)

Multinational8

External GLs (HPVS6, 11, 16, 18)

Multinational8

Condyloma acuminatum

Multinational8

All PIN lesions

Multinational8

PIN grade 1

0.16 (0.07, 0.38)

0.10 (0.03, 0.31)

0.11 (0.03, 0.35)

0.14 (0.01, 2.76)

Multinational8

PIN grade 2 or 3

0.20 (0.01, 4.16)

Multinational8

0.33 (0.01, 8.16)

6/3173

3/2831

3/2831

0/2833

0/2833

0/2833

1275

1397

1397

1397

1397

1397

36/3081

31/2812

28/2814

3/2824

212826

1/2825

1270

1408

1408

1408

1408

1408

More events with placebo

I I
4 8.2

More events with vaccine

A continuity correction of 0.5 was added in both arms where number of events was zero

®DDO MODERATE

®DDO MODERATE

®DDO MODERATE

D00 Low

D00 Low

®D0O0 LOW

GL= genital lesion; HPV=human papilloma virus; PIN= penile, perianal, or perineal intraepithelial neoplasia
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Summary of Findings: 4-valent HPV vaccine versus placebo in 16 to 26-year old males - clinical outcomes, infection — per-protocol

analyses

Patients: 16 to 26-year old males (seronegative at baseline)
Setting: 71 sites in 18 countries from Africa, Australia, Europe, Latin America and North America.
Comparison: 4-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) versus placebo (3-doses (Day 1, Month 2, Month 6))

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Placebo 4-valent HPV Ne of participants & the evidence
vaccine studies (GRADE)
Persistent infection HPV 6, 11, 16 There s moderajce-quallty ewdence that 4- Rate ratio 0.14 (0.08 to
or18 valent HPV vaccine reduces persistent HPV 6, 101/2469 person years 15/2549 person years 0.25); 2790 participants in @DP0
11, 16 or 18 infection in 16 to 26-year old males | at risk at risk ! MODERATE®
Follow-up: mean 2.9 years . 1 study
compared with placebo
There is moderate-quality evidence that 4- Rate ratio 0.12 (0.04 to
Persistent infection HPV 6 valent HPV vaccine reduces persistent HPV 6 33/2297 person yearsat | 4/2230 person years 0.30); 2477 .artici. tein DDDO
Follow-up: mean 2.9 years infection in 16 to 26-year old males compared risk at risk 1.stu<,jy P P MODERATE?
with placebo
There is moderate-quality evidence that 4- Rate ratio 0.07 (0.01 to
Persistent infection HPV 11 valent HPV vaccine reduces persistent HPV 11 15/2315 personyears at | 1/2323 person years 0.50); 2477 .artic'; ants i DDD0
Follow-up: mean 2.9 years infection in 16 to 26-year old males compared risk at risk 1.stucl:| P P MODERATE !
with placebo y
There is moderate-quality evidence that 4- 42/2313 person years at Rate ratio 0.21 (0.10 to
Persistent infection HPV 16 valent HPV vaccine reduces persistent HPV 16 rick 9/2382 person years 0.44); 2554 . artic.i i PPPO
Follow-up: mean 2.9 years infection in 16 to 26-year old males compared at risk 1.stuély P P MODERATE*
with placebo
There is moderate-quality evidence that 4- Rate ratio 0.04 (0.01 to
Persistent infection HPV 18 valent HPV vaccine reduces persistent HPV 18 | 25/2453 person years at | 1/2462 person years ); 26 ) i : toi ®PP0
Follow-up: mean 2.9 years infection in 16 to 26-year old males compared risk at risk 0-29); 2574 participants in MODERATE?

with placebo

1 study

Cl= confidence interval; HPV=human papilloma virus; RR= rate ratio

*Downgraded one level forimprecision: Very low event rate.
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8
Forest plot: 4-valent HPV vaccine versus placebo in 16 to 26-year old males - clinical outcomes, infection — per-protocol analyses

Patients: 16 to 26-year old males (seronegative at baseline)
Setting: 71 sites in 18 countries from Africa, Australia, Europe, Latin America and North America.
Comparison: 4-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) versus placebo (3-doses (Day 1, Month 2, Month 6))

Outcome Forest plot Certainty of the evidence
(GRADE)
4-valent vaccine Placebo
Events/ Events/
Study Rate Ratio (95% Cl) person-yrs Sample person-yrs Sample

Persistent infection HPV 6, 11, 16, or 18

Multinational& —_— 0.14(0.08,0.25)  15/2549 1390  101/2469 1400

Persistent infection HPV 6

Clinical outcomes, Multinational8 012(0.04,0.34) 4/2320 1239  33/2207 1238

infection — per- DDD0
pl’OtOCOl analyses Persistent infection HPV 11 MODERATE
follow up: mean 2.9 Multinational8 0.07(0.01,0.50) 1/2323 1239 1502315 1238

years

Persistent infection HPV 16

Multinational8 _— 0.21(0.10,0.44)  9/2382 1290  41/2313 1264

Persistent infection HPV 18

Multinationald 0.04 (0.01,0.29)  1/2462 1327 25/2453 1347

More events with placebo More events with vaccine

Cl= confidence interval; HPV=human papilloma virus
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Summary of Findings: 4-valent HPV vaccine versus placebo in 16 to 26-year old males —immunogenicity outcomes

Patients: 16 to 26-year old males (seronegative at baseline)
Setting: 71 sites in 18 countries from Africa, Australia, Europe, Latin America and North America.
Comparison: 4-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) versus placebo (3-doses (Day 1, Month 2, Month 6))

Outcome Plain language summary Absolute effect Relative effect Certainty of
Placebo 4-valent HPV Ne of the evidence
vaccine participants & (GRADE)
studies
GMTs for HPV 6 7 months There is moderate quality evidence that 4-valent vaccine increases GMTs for HPV 6 | 7.0 mMU/mL 447.6 mMU/mL Relative effect not DPD0
when compared with placebo at 7 and 36 months. There was a trend towards GMTs estimable MODERATE*
36 months levelling off after reaching a peak at month 7. 7.0 mMU/mL 71.5 mMU/mL Data from 1 RCT DDDO
enrolling 4,065 men | MODERATE !
GMTs for HPV 11 7 months There is moderate quality evidence that 4-valent vaccine increases GMTs for HPV 8.4 mMU/mL 624 mMU/mL DDDO
11 when compared with placebo at 7 and 36 months. There was a trend towards MODERATE*
36 months GMTs levelling off after reaching a peak at month 7. 8.3 mMU/mL 82.6 mMU/mL @DP0
MODERATE*
GMTs for HPV 16 7 months There is moderate quality evidence that 4-valent vaccine increases GMTs for HPV 11.0 mMMU/mL 2404.3 mMU/mL DDDO
16 when compared with placebo at 7 and 36 months. There was a trend towards MODERATE*
36 months GMTs levelling off after reaching a peak at month 7. 10.8 mMU/mL 293.3 mMU/mL @DDO
MODERATE*
GMTs for HPV 18 7 months There is moderate quality evidence that 4-valent vaccine increases GMTs for HPV 9.7 mMU/mL 402.3 mMU/mL @DP0
18 when compared with placebo at 7 and 36 months. There was a trend towards MODERATE*
36 months GMTs levelling off after reaching a peak at month 7. 9.6 mMU/mL 33.2mMU/mL DDDO
MODERATE*
Seropositiity for 7 months We do not have data about the effect of 4-valent vaccine on Not reported 98.9% Relative effect not @eD0
HPV 6 seroconversion/seropositivity for HPV 6 in males when compared with placebo, as estimable LOW?
36 months no placebo data were reported for this outcome. However, the seropositivity in the | Not reported 88.9% Data from 1 RCT @DDO
vaccine group was 98.9% and 88.9% at 7 and 36 months, respectively enrolling 4,065 men LOW ?
Seropositivity for 7 months We do not have data about the effect of 4-valent vaccine on Not reported 99.2% D0
HPV 11 seroconversion/seropositivity for HPV 11 in males when compared with placebo, as LOW?
36 months no placebo data were reported for this outcome. However, the seropositivity in the | Not reported 94.0% D0
vaccine group was 99.2% and 94.0% at 7 and 36 months, respectively LOW ?
Seropositivity for 7 months We do not have data about the effect of 4-valent vaccine on Not reported 98.8% SDDO
HPV 16 seroconversion/seropositivity for HPV 16 in males when compared with placebo, as LOW ?
36 months no placebo data were reported for this outcome. However, the seropositivity in the | Not reported 97.9% SDDO
vaccine group was 98.8% and 97.9% at 7 and 36 months, respectively LOW 2
Serocopositivity for | 7 months We do not have data about the effect of 4-valent vaccine on Not reported 97.4% @ODO
HPV 18 seroconversion/seropositivity for HPV 18 in males when compared with placebo, as LOw ?
36 months no placebo data were reported for this outcome. However, the seropositivity in the | Not reported 57.0% @ODO
vaccine group was 97.4% and 57.0% at 7 and 36 months, respectively LOW?

GMT= Geometric mean titre; HPV=human papilloma virus

* Downgraded one level for risk of bias: no 95% Cls reported in the paper for the placebo group * Downgraded two levels for risk of bias: no placebo group data reported in the paper for seropositivity

Forest plot: 4-valent HPV vaccine versus placebo in 16 to 26-year old males —immunogenicity outcomes
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Patients: 16 to 26-year old males (seronegative at baseline)

Setting: 71 sites in 18 countries from Africa, Australia, Europe, Latin America and North America.
Comparison: 4-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) versus placebo (3-doses (Day 1, Month 2, Month 6))

10

Outcome Graph Certainty of the evidence
(GRADE)
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Analyses not performed as no 95% Cls were reported for the placebo group for these GMTs, and no placebo group data reported for seropositivity.
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Key findings

2-valent HPV vaccine in males versus in females (12 to 15)

e Inmalesand females aged 12 to 15 years receiving the 2-valent vaccine, there were higher GMTs for HPV 16 in males than in
females at 7 months, although at 42 months the effect was not significant but non-inferior. GMTs for HPV 18 were non-inferior in
males at 7 and 42 months. For the outcome of seropositivity for HPV 16 and 18, there was no significant difference between groups
at 7 and 42 months (low-quality evidence).

4-valent HPV vaccine in males versus in females (9 to 15)

e Inmalesand females aged g to 15 years receiving the 4-valent vaccine, there was no significant difference in persistent infection
and disease, related to HPV 6, 11, 16 or 18 at 96 months between males and females (very low-quality evidence).

e  There was no significant difference in GMTs for HPV 6 and HPV 11 between males and females at 7 months (non-inferior), and with
time, this effect gradually moved towards slightly higher GMTs in females at g6 months. For HPV 16 and 18 the GMTs were higher
in males in one study but again the effect gradually moved towards females at 96 months (moderate and low quality evidence).

e There was no significant difference between males and females for seropositivity HPV 6, 11, 16 and 18 (moderate quality evidence).

9-valent HPV vaccine in males versus in females (9 to 15)

Three doses

e Inmalesand females aged g to 15 years receiving three doses of the g-valent vaccine, at 7 months, GMTs for all 9 HPV subtypes
covered by the g-valent vaccine were higher in males than in females (moderate-quality evidence), and at 36 months males also had
higher GMTs than females, (not all significant results but all non-inferior) except for HPV 52 (low-quality evidence).

e There was no significant difference between males and females for seropositivity to all 9 HPV subtypes covered by the g9-valent
vaccine at 7 months (moderate-quality evidence) and 36 months (low-quality evidence).

Two doses

e Inmales and females aged g to 15 years receiving two doses of the g-valent vaccine, there was no significant difference between
males and females for seropositivity for all 9 HPV subtypes covered by the g-valent vaccine at 7 months (moderate-quality
evidence).

9-valent HPV vaccine in males versus in females (16 to 26)

e Inmalesand females aged g to 15 years receiving the three doses of the g-valent vaccine, there was no significant difference
between males and females for GMTs (non-inferior) and seropositivity for all 9 HPV subtypes covered by the 9-valent vaccine at 7

months (moderate-quality evidence).
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Abstract

Background

Human papilloma virus (HPV) is the most common viral infection of the
reproductive tract and causes a range of conditions in females and males,
including precancerous lesions that may progress to cancer. In this Target
Update, we review and analyze evidence for the protection afforded by

prophylactic HPV vaccines in males compared with females.

Objectives
To evaluate the efficacy and immunogenicity of HPV vaccines in males

compared with females.

Search methods

Searches were conducted from January 2006 to June 2016, and all relevant
studies regardless of language or publication status were searched. We
searched the following databases: Cochrane Central Register of Controlled
Trials (CENTRAL), published in The Cochrane Library; MEDLINE (PubMed);
EMBASE (OVID). We searched the WHO International Clinical Trials
Registry Platform and ClinicalTrials.gov, to identify ongoing trials. We
searched the reference lists of relevant systematic reviews published within
the search dates. We contacted the pharmaceutical industry for any
potential relevant study through the WHO Initiative for Vaccines Research

Department (IVR).

Selection criteria

Randomised controlled trials (RCTs) with a non-random comparison of HPV
vaccine in males versus HPV vaccine in females, or non-randomised studies
for the same comparison, were eligible for inclusion. Data for men who

have sex with men are reported in a separate Target Update.

Data collection and analysis

Two review authors independently assessed trial eligibility and risk of bias,
and extracted data. Rate ratios (RR) with 95% confidence intervals (Cl) were
calculated for binary outcomes reported as rates, and risk ratios were
calculated for other binary outcomes. For continuous data, where GMTs

were reported, we calculated the data as mean differences (95% Cl) on the

log scale and re-expressed as ratio of GMTs. The non-inferiority threshold

for males was o.5 for the ratio of GMTs.

Main Results

We found one cluster randomised RCT (non-randomised comparison for
males versus females) assessing 2-valent HPV vaccine in 12 to 15-year old
males versus in females (Finland2); two RCTs (non-randomised
comparisons for males versus females) assessing 4-valent vaccine in g to 15-
year old males versus in females (Multinational7; Chinaz1); two non-
randomised studies assessing 9-valent HPV vaccine in g to 15-year old
males versus in females, one assessing three doses (Multinationals) and one
assessing two doses (Multinational3); and one non-randomised study
assessing 9-valent vaccine in 16 to 26-year old males versus in females
(Multinational6). The quality of evidence for all outcomes was downgraded
by one level for non-random comparisons between males and females. The
loss to follow-up at longer time points was high in some studies. Some
studies did not blind outcome assessment or blinding was unclear;
however, we did not downgrade the quality of evidence as most outcomes
are objectively assessed (immunogenicity). Most outcomes were reported
in per protocol analyses, where all participants were seronegative at
baseline.

2-valent HPV vaccine in males versus in females (12 to 15)

There was low-quality evidence of higher GMTs for HPV 16 in vaccinated
males than in females at 7 months; at 42 months the effect was not
significant but non-inferior. GMTs for HPV 18 were non-inferior in males at
7 and 42 months. For the outcome of seropositivity for HPV 16 and 18, there
was low-quality evidence of no significant difference between groups at 7
and 42 months (Finlandz2).

4-valent HPV vaccine in males versus in females (9 to 15)

There was very low-quality evidence of no significant difference in
persistent infection and disease, related to HPV 6, 11, 16 or 18, with 4-
valent HPV vaccine, between males and females at 96 months. However,
the number of events were low and confidence intervals are wide, and
results are uncertain (Multinational7). There was low-quality evidence of no
significant difference in GMTs for HPV 6 and HPV 11 between vaccinated

males and females at 7 months (non-inferior in all but one study at 7
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months), and with time, this effect gradually moved towards slightly higher
GMTs in females at 96 months (Multinational7; China1). For HPV 16 and 18
there was low and moderate-quality evidence of higher GMTs in males in
one study (Multinationaly), but again the effect gradually moved towards
females at 96 months.

With regard to seropositivity, there was moderate-quality evidence of no
significant difference between males and females for HPV 6, 11, 16 and 18.
9-valent HPV vaccine in males versus in females (g to 15)

Three doses

For the outcome of GMTs for all 9 HPV subtypes covered by the g-valent
vaccine, the evidence was moderate quality at 7 months and low quality at
36 months. At 7 months GMTs were higher in the males than females, and
at 36 months males also had higher GMTs (not all significant results but all
non-inferior) except for HPV 52 (also non-inferior). There was moderate-
quality evidence at 7 months and low-quality evidence at 36 months of no
significant difference between males and females for seropositivity to all g
HPV subtypes covered by the g-valent vaccine.

Two doses

There was moderate-quality evidence at 7 months of no significant
difference between males and females for seropositivity for all 9 HPV
subtypes covered by the g-valent vaccine.

9-valent HPV vaccine in males versus in females (16 to 26)

There was moderate-quality evidence at 7 months of higher GMTs in males
than in females, and of no significant difference between males and
females for seropositivity for all g HPV subtypes covered by the g-valent
vaccine.

Implications and conclusions

There were limited clinical data reported for this comparison, which is as
expected for these immune-bridging studies. For all vaccine types males
tended to have higher GMTs at 7 months (all non-inferior), and there was a
trend towards favouring females with time; however, this trend may
plateau. For all vaccines there appeared to be no significant difference in
seropositivity between males and females at 7 months, which persisted
with time. For the g-valent vaccine, these results were consistent when

assessed in different age groups, and whether 2 or 3 doses were given.
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Summary of Findings: 2-valent HPV vaccine in 12 to 15-year old males versus 2-valent HPV vaccine in 12 to 15-year old females —

immunogenicity outcomes

Population: 12 to 15-year old males and females (seronegative at baseline)

Setting: Finland

Comparison: 2-valent HPV vaccine 3-doses (Day 1, Month 1, Month 6) in males versus 2-valent HPV vaccine 3-doses (Day 1, Month 1, Month 6) in females

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Females Males Ne of participants & the evidence
studies (GRADE)
GMTs for HPV follow up: There is low-quality evidence of higher GMTs Mean: 21327.2 EL.U/mL | Mean: 23959.1 Ratio 1.12 (1.03t0 1.22) AP0O0
16 7 months for HPV 16 in vaccinated males than in females EL.U/mL 957 participants in 1 RCT LOW!?
follow up: at 7 months. At 42 months, this effect was not | Mean: 2609.6 EL.U/mL | Mean: 2759.5 Ratio 1.06 (0.92 to 1.22
42 months significant but non-inferior. EL.U/mL 436 participants in 1 RCT
GMTs for HPV follow up: There is low-quality evidence of no significant Mean: 8227.3 EL.U/mL Mean: 8583.9 Ratio 1.04 (0.96 to 1.14) AP0O0
18 7 months difference (non-inferiority) in GMTs for HPV 18 EL.U/mL 961 participants in 1 RCT LOW!?
follow up: between vaccinated males and females. Mean: 890 EL.U/mL Mean: 837.7 EL.U/mL | Ratio 0.94 (0.80 to 1.10)
42 months 440 participants in 1 RCT
Seropositivity follow up: There is low-quality evidence of no significant 0 0 Not estimable* ®P00
for HPV 16 7 months difference in seropositivity for HPV 16 with 2- 1163/2163 (100%) 536/536 (100%) 1699 participantsin 1RCT | Low*
follow up: valent HPV vaccine between males and 0 0 Not estimable*
42 months females. 688/688 (100%) 217/217 (100%) 9os participants in 1 RCT
Seropositivity follow up: There is low-quality evidence of no significant 0 0 Not estimable* AP0O0
for HPV 18 7 months difference in seropositivity for HPV 18 with 2- 1160/1260 (100%) 535/535 (100%) 1695 participants in1 RCT | | ow*!
follow up: valent HPV vaccine between males and 0 0 RR 1.00 (0.99 to 1.01)
42 months females. 685/686 (99.9%) 217/217 (100%) go3 participants in 1 RCT

Cl= confidence interval; GMT= geometric mean titre; HPV=human papilloma virus

*Excluded from analysis due to no non-events; all seropositive participants.

*Downgraded two levels for risk of bias: non-randomised comparison (males versus females), high loss to follow up.
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4
Forest plot: 2-valent HPV vaccine in 12 to 15-year old males versus 2-valent HPV vaccine in 12 to 15-year old females —immunogenicity
outcomes

Population: 12 to 15-year old males and females (seronegative at baseline)

Setting: Finland
Comparison: 2-valent HPV vaccine (3-doses (Day 1, Month 1, Month 6)) in males versus 2-valent HPV vaccine (3-doses (Day 1, Month 1, Month 6)) in females

Outcome Forest plot Certainty of the evidence
(GRADE)
Study, vaccine type Ratio of GMTs (95% CI)  Timepoint
HPV 16
Finland2, bivalent . 1.12 (1.03, 1.22) Month 7
Finland2, bivalent - 1.06 (0.92, 1.22) Month 42
Ratio of GMTs
follow up: 7-42 months ®P00
Low*!
HPV 18
Finland2, bivalent . 1.04 (0.96, 1.14) Month 7
Finland2, bivalent - 0.94 (0.80, 1.10) Month 42
T T T T
8 9 1 11 122
Favors vaccinated females Favors vaccinated males

No forest plot for seropositivity outcomes: 100% seropositivity in all but one group, as indicated in the Summary of Findings table above
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Summary of Findings: 4-valent HPV vaccine in g to 15-year old males versus 4-valent HPV vaccine in g to 15-year old females - clinical
outcomes

Population: g to 15-year old males and females* (seronegative at baseline)
Setting: 10 countries in North America, Latin America, Europe and Asia.
Comparison: 4-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) in males versus 4-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) in females

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of

Females Males Ne of participants & the evidence
studies (GRADE)

Persistent infection (HPV 6, 11, There is very low-quality evidence of no 3 per 1000 4 per 1000 Rate ratio 1.33 (0.19 to PPP0

16 or 18 related) significant difference in persistent infection person/years person/years 9.47) VERY LOW ?

follow up: 96 months with 4-valent HPV vaccine between males and 1167 participants in 1 RCT

Setting: Multinational females.

Persistent infection (HPV 6, 11, There is very low-quality evidence of no 3 per 1000 4 per 1000 Rate ratio 1.33 (0.19 to PPPO

16 or 18 related) or disease significant difference in persistent infection or | person/years person/years 9.47) VERY LOW 2

follow up: 96 months disease with 4-valent HPV vaccine between 1167 participants in 1 RCT

Setting: Multinational males and females.

Cl= confidence interval; HPV=human papilloma virus
*Sometimes reported as g to 16-year olds in references.
"Downgraded two levels for risk of bias: non-random comparison and high loss to follow up.

*Downgraded two levels for imprecision: Very low event rate.
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Forest plot: 4-valent HPV vaccine in g to 15-year old males versus 4-valent HPV vaccine in g to 15-year old females — clinical outcomes

Population: g to 15-year old males and females* (mixed at baseline; intention-to-treat population)

Setting: 10 countries in North America, Latin America, Europe and Asia.
Comparison: 4-valent HPV vaccine 3-doses (Day 1, Month 2, Month 6) in males versus 4-valent HPV vaccine 3-doses (Day 1, Month 2, Month 6) in females

Certainty of the evidence

Outcome Forest plot
(GRADE)
Males Females
Events/ Events/
Study, vaccine type Rate Ratio (95% Cl) person-yrs person-yrs
Persistent infection™
DDD0
Multinational?, quadrivalent - 1.33(0.19,9.47)  2/500 20867 VERY LOW
Persistent infection and disease
follow up: 96 months
Persistentinfection or disease™
o A ®OP0
Multinational7, quadrivalent - 1.33(0.19, 9.47)  2/500 2/667 VERY LOW

*HPV6/11/16 or 18 related

I T
18 0.4

More events in vaccinated females

I T
2 533

More events in vaccinated males

*Sometimes reported as g to 16-year olds in references.
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Summary of Findings: 4-valent HPV vaccine in g to 15-year old males versus 4-valent HPV vaccine in g to 15-year old females -
immunogenicity outcomes

Population: g to 15-year old males and females*
Setting: China, and 10 countries in North America, Latin America, Europe and Asia.

Comparison: 4-valent HPV vaccine 3-doses (Day 1, Month 1 or 2, Month 6) in males versus 4-valent HPV vaccine 3-doses (Day 1, Month 1 or 2, Month 6) in females

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Females Males Ne of participants & the evidence
studies (GRADE)
. . There is low-quality evidence of no Ratio 0.78 (0.46 t0 1.33)
Setting: China significant di?ferenz/:e in GMTs for HPV 6 744 MMUmL 580 mMU/mL 94 participants in 1 RCT ®P00
7 months Setting: between vaccinated males and females at | 893.9 mMU/mL 962.7 mMU/mL Ratio 1.08 (0.95 t0 1.23) Low *?
GMTs for Multinational | 7 months (non-inferior in one study; 957 participants in 1 RCT
HPV 6 . inconclusive in the other). With time, this | 77.7 mMU/mL 63.2 mMU/mL Ratio 0.81 (0.66 t0 1.00) ®D00
96 Settllng: _ effect gradually moved towards slightly 439 participants in1RCT | L ow 3
months** | Multinational higher GMTs in females at 96 months.
GMTsfor | 7 months Setting: China There is low-quality evidence of no 1225 mMU/mL 1040 mMU/mL Ratio 0.85 (0.58 to 1.25)
HPV 11 ’ significant difference (non-inferior) in 94 participants in 1 RCT @P00
Setting: GMTs for HPV 11 between vaccinated 1356.8 mMU/mL 1370.8 mMU/mL Ratio 1.01 (0.89 t0 1.15) LOW 2
Multinational | males and females at 7 months. With 958 participantsin 1 RCT
96 Setting: time, this effect gradually moved towards | 72.7 mMU/mL 61.7 mMU/mL Ratio 0.85 (0.67 t0 1.08) DPO0
months** | Multinational | slightly higher GMTs in females at 96 439 participants in 1 RCT LOW 3
months.
GMTsfor | 7 months Setting: China There is low-quality evidence of slightly 4410 mMU/mL 4032 mMU/mL Ratio 0.91 (0.55 to 1.52) AP0O0
HPV 16 ' higher GMTs for HPV 16 in vaccinated 96 participants in 1 RCT LOW 1?2
Setting: males than in females at 7 months, and 4992.2 mMU/mL 6091 mMU/mL Ratio 1.22 (1.05t0 1.42)
Multinational | with time this effect gradually started 957 participants in 1 RCT
96 Setting: moving towards slightly higher GMTs in 353 mMU/mL 293.6 mMU/mL Ratio 0.83 (0.65 t0 1.07) AP0O0
months** | Multinational | females until 96 months. 436 participants in 1 RCT Low 3
GMTsfor | 7 months Setting: China There is moderate-quality evidence of 1263 mMU/mL 1365 mMU/mL Ratio 1.08 (0.71t0 1.64) PPP0
HPV 18 ' slightly higher GMTs for HPV 18 in 96 participants in 1 RCT MODERATE*
Setting: vaccinated males than females at 7 1130.8 mMU/mL 1470.7 mMU/mL Ratio 1.30 (1.11t0 1.52)
Multinational | months, and with time this effect 961 participants in 1 RCT
96 Setting: gradually diminished until g6 months 41.8 mMU/mL 42.8 mMU/mL Ratio 1.02 (0.77 t0 1.35) APO0O
months** | Multinational | (low-quality evidence). 440 participants in 1 RCT Low 13
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Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Females Males Ne of participants & the evidence
studies (GRADE)
s There is moderate-quality evidence of no
foilrc?v?/tﬂflrétr{wizrt:spv 6 significant difference in seropositivity for HPV 1/481(97.9%) 1449 (97.8%) RR 1.00 (0.98 t0 1.02) EAPD0
Settin -pMuItinationaI 6 with 4-valent HPV vaccine between males 4744918979 4391449 197- 930 participants in 1 RCT MODERATE*
g and females.
Seropositivity for HPV 11 There is moderate-quality evidence of no DPD0
follow up: 18 months significant difference in seropositivity for HPV 0 0 RR1.00 (0.99 to 1.01) MODERATE?
Setting: Multinational 11 with 4-valent HPV vaccine between males 4771481 (99.2%) 4471450 (99.3%) 931 participants in 1 RCT
and females.
Seropositivity for HPV 16 There is moderate-quality evidence of no PPP0
follow up: 18 months significant difference in seropositivity for HPV 0 0 RR 1.00 (0.99 t0 1.00) MODERATE*
Setting: Multinational 16 with 4-valent HPV vaccine between males 4771478 (93.5%) 4451448 (99.3%) 926 participants in 1 RCT
and females.
Seropositivity for HPV 18 There is moderate-quality evidence of no
follow up: 18 months significant difference in seropositivity for HPV 0 0 RR 1.00 (0.91t0 1.09) ®PP0O
Setting: Multinational 18 with 4-valent HPV vaccine between males 4421483 (91.5%) 4171451 (92.5%) 934 participants in 1 RCT MODERATE*

and females.

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus
*Sometimes reported as g to 16-year olds in references.

**Data also available for 18, 42 and 60 months, see forest plot below.

* Downgraded one level for risk of bias: non-random comparison.

* Downgraded one level for inconsistency: heterogeneity between the two studies at 7 months.
3 Downgraded one level for risk of bias: high loss to follow-up.
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Forest plots: 4-valent HPV vaccine in g to 15-year old males versus 4-valent HPV vaccine in g to 15-year old females — immunogenicity
outcomes

Population: g to 15-year old males and females*
Setting: China, Multinational.
Comparison: 4-valent HPV vaccine 3-doses (Day 1, Month 1 or 2, Month 6) in males versus 4-valent HPV vaccine 3-doses (Day 1, Month 1 or 2, Month 6) in females

Outcome Forest plot Certainty of the evidence
(GRADE)

Study, vaccine type Ratio of GMTs (95% Cl) Timepoint Schedule
HPV &
China1, quadrivalent - 0.78 (0.46, 1.33) Maonth 7 0.1.6
Multinational¥, quadrivalent ——— 1.08 (0.95, 1.23) Month 7 0.2.6 G—)@OO LOW
Multinational?, quadrivalent ——— 1.05(0.92, 1.20) Month 18 0.2.6
Multinational?, quadrivalent - 0.87 (0.72, 1.05) Month 42 0.2, 6
Multinational?, quadrivalent ———— 0.93(0.75, 1.13) Maonth 60 0.2.6
Muttinational?, quadrivalent —_— 0.81 (0,66, 1.00) Month 96 0,26 @®00 Low
HPV 11
China1, quadrivalent + 0.85 (0.58, 1.25) Month 7 0.1.6
Multinational?, quadrivalent —— 1.01(0.89, 1.15) Manth 7 0.2.6 (_B@OO LOW
Multinational?, quadrivalent ——t— 0.95 (0.83, 1.10) Month 18 0,26

GMTs Multinational?, quadrivalent ——— 0.91(0.75, 1.10) Maonth 42 0.2.6

follow up: 7-96 months Multinational¥, quadrivalent ——— 0.94 (0.75, 1.17) Maonth 60 0.2.6

P:7°9 Muttinational?, quadrivalent o 0.85 (0.67. 1.08) Month 96 0.2.6 @DO0 Low
HPV 16
China1, quadrivalent > 0.91(0.55, 1.52) Month 7 0.1.6
Multinational?, quadrivalent —— 1.22(1.05, 1.42) Manth 7 0.2.6 ®®OO LOW
Multinational?, quadrivalent ——— 1.10 (0.95, 1.28) Month 18 0.2, 6
Multinational?, quadrivalent —— 0.97 (0.77, 1.21) Maonth 42 0.2.6
Multinational?, quadrivalent 0.99 (0.78, 1.26) Maonth 60 0.2.6
Multinational7, quadrivalent . 0.83 (0.65, 1.07) Month 96 0.2, 6 @DO0 LOowW
HPV 18
China1, quadrivalent > 1.08 (0.71, 1.64) Month 7 0.1.6
Multinational?, quadrivalent —— 1.30 (1.11, 1.52) Month 7 0,26 ®®®O MODERATE
Multinational?, quadrivalent ——— 1.28 (1.05, 1.55) Maonth 18 0.2.6
Multinational?, quadrivalent > 1.22(0.94, 1.60) Month 42 0.2.6
Multinational?, quadrivalent - 1.28(0.96, 1.73) Maonth 60 0.2.6
Multinational?, quadrivalent - 1.02 (0.77, 1.35) Month 86 0,26 @@OO LOW
I I I I
4 6 1 14 1.75
Favors vaccinated females Favors vaccinated males
Plots continued overleaf
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Outcome Forest plot Certainty of the evidence
(GRADE)
Males Females
(1]
Study, vaccine type RR (95% Cl) Events/IN Events/N
HPV 06
Seropositivity Multinational?, quadrivalent —— 100(096, 102) 439449  471/481 DODO MODERATE
follow up: 18 months
HPV 11
Multinational7, quadrivalent 1.00(0.99, 1.01) 447/450 477/481 PP MODERATE
HPV 16
Multinational?, quadrivalent — 100(099, 100) 445/448  477/478 DDDO MODERATE
HPV 18
DDDO MODERATE
Multinational7, quadrivalent 1.01(097,1.05) 417/451 442/483

T
95

More events in vaccinated females

I
1.05

More events in vaccinated males

*Sometimes reported as g to 16-year olds in references

70

The Cochrane Collaboration. Registered in England as a company limited by guarantee No. 03044323 Charity Number 1045921. VAT registration number GB 718 2127 49. Registered office: St Albans House, 57-59 Haymarket, London SW1Y 4QX United Kingdom




immunogenicity outcomes (3 doses)

Population: g to 15-year old males and females (seronegative at baseline)
Setting: Austria, Belgium, Brazil, Canada, Chile, Colombia, Costa Rica, Czech Republic, Denmark, Finland, India, Israel, Malaysia, Norway, Peru, Poland, South Africa, South
Korea, Spain, Sweden, Taiwan, Thailand, Turkey and the United States
Comparison: 9-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) in males versus g-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) in females

11
Summary of Findings: g9-valent HPV vaccine in g to 15-year old males versus g9-valent HPV vaccine in g to 15-year old females -

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Females Males No of participants & studies the evidence
(GRADE)

GMTs for HPV | 7 mths There is moderate-quality evidence of higher GMTs for HPV 6 | 1712.0 mMU/mL | 2084.7 mMU/mL | Ratio 1.22 (1.12 t0 1.32); 2156 participants in1study | @®@0
6 36 mths* | in males compared with females at 7 months. At 36 months 252.8 mMU/mL 262.7 mMU/mL Ratio 1.04 (0.92 to 1.17); 864 participants in 1 study MODERATE*

the effect was not significant but non-inferior (low-quality) ®D00

LOwW"?

GMTs for HPV 7 mths There is moderate-quality evidence of higher GMTs for HPV 1278.7 mMU/mL 1487.2 mMU/mL Ratio 1.16 (1.07 to 1.26); 2156 participants in 1 study @DDO
11 36 mths* | 11in males compared with females at 7 months. At 36 months | 145.8 mMU/mL 156.6 mMU/mL Ratio 1.07 (0.94 to 1.23); 874 participants in 1 study MODERATE*

the effect was not significant but non-inferior (low-quality) ®D00

Low*?

GMTs forHPV | 7 mths There is moderate-quality evidence of higher GMTs for HPV 7071.6 mMU/mL 8628.9 mMU/mL | Ratio 1.22 (1.13to 1.32); 2196 participantsin1study | @®®0
16 36 mths* | 16 in males compared with females at 7 months. At 36 months | 857.4 mMU/mL 944.12 mMU/mL Ratio 1.10 (0.96 to 1.26); 888 participants in 1 study MODERATE*

the effect was not significant but non-inferior (low-quality) @00

LOW"?

GMTs forHPV | 7 mths There is moderate-quality (7 months) and low-quality (36 2081.2 mMU/mL | 2822.8 mMU/mL Ratio 1.36 (1.24 t0 1.49); 2208 participants in 1 study | @®®0
18 36 mths* | months) evidence of higher GMTs for HPV 18 in males 167.8 mMU/mL 244.2 mMU/mL Ratio 1.46 (1.24 to 1.71); 888 participants in 1 study MODERATE*

compared with females @®00

LOW"?

GMTs forHPV | 7 mths There is moderate-quality evidence of higher GMTs for HPV 1879.3 mMU/mL 2221.2 mMU/mL Ratio 1.18 (1.08 to 1.29); 2181 participants in 1 study | @®®0
31 36 mths* | 31in males compared with females at 7 months. At 36 months | 216.6 mMU/mL 246.3 mMU/mL Ratio 1.14 (0.98 to 1.33); 881 participants in 1 study MODERATE*

the effect was not significant but non-inferior (low-quality) @00

LOW"?

GMTs for HPV 7 mths There is moderate-quality (7 months) and low-quality (36 944.1 mMMU/mL 1198.7 mMU/mL Ratio 1.27 (1.17 to 1.38); 2204 participants in 1 study @DDO
33 36 mths* months) evidence of higher GMTs for HPV 33 in males 94.1 mMU/mL 120.8 mMU/mL Ratio 1.28 (1.11 to 1.48); 883 participants in 1 study MODERATE*

compared with females @00

LOW*"?

GMTs for HPV 7 mths There is moderate-quality (7 months) and low-quality (36 737-1 mMU/mL 907.0 mMU/mL Ratio 1.23 (1.11 t0 1.37); 2217 participants in 1 study @DDO
45 36 mths* | months) evidence of higher GMTs for HPV 45 in males 64.7 MMU/mL 76.7 mMU/mL Ratio 1.19 (0.99 to 1.42); 892 participants in 1 study MODERATE*

compared with females @00

LOW*"?

GMTs for HPV | 7 mths There is moderate-quality evidence of higher GMTs for HPV 970.5 mMU/mL 1037.8 mMU/mL Ratio 1.07 (0.98 to 1.17); 2210 participants in 1 study | ®®®0
52 36 mths* | 52 in males compared with females at 7 months. At 36 months | 109.6 mMU/mL 104.9 mMU/mL Ratio 0.96 (0.83 to 1.10); 891 participants in 1 study MODERATE*

the difference was not significant but non-inferior (low- ®D00

quality) Low™?

GMTs for HPV | 7 mths There is moderate-quality (7 months) and low-quality (36 1277.7 mMU/mL 1567.7 mMU/mL Ratio 1.23 (1.13 to 1.33); 2196 participantsin 1 study | ®®®0
58 36 mths* months) evidence of higher GMTs for HPV 58 in males 147.4 mMU/mL 170.9 mMU/mL Ratio 1.16 (1.00 to 1.34); 887 participants in 1 study MODERATE*

compared with females @00

LOW"?
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Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of the

Females Males Ne of participants & studies evidence
(GRADE)

Seropositivity 7mths There is moderate-quality (7mths) and low- 1591/1597 (99.6%) 558/559 (99.8%) RR 1.00 (0.99 to 1.01); 2156 participantsin 1 study | ®®D0
forHPV 6 quality (36mths) evidence of no significant MODERATE*!

36 mths* difference in seropositivity for HPV 6 in males £401/407 (98.5%) 451/457 (98.7%) RR 1.00 (1.00 to 1.01); 864 participants in 1 study ®D00

compared with females LOwW"?

Seropositivity 7 mths There is moderate-quality (7mths) and low- 1595/1597 (99.9%) 559/559 (100%) RR 1.00 (12.00 to 1.00); 2156 participants in 1 study SSCle)
for HPV 11 quality (36mths) evidence of no significant MODERATE '

36 mths* difference in seropositivity for HPV 11 in males 408/411 (99.3%) 455/463 (98.3%) RR 0.99 (0.98 t0 1.00); 874 participants in 1 study ®D00

compared with females Low!?

Seropositivity 7 mths There is moderate-quality (7mths) and low- 1625/1627 (99.9%) 569/569 (100%) RR 1.00 (1.00 to 1.00); 2196 participants in 1 study | ®@®®0
for HPV 16 quality (36mths) evidence of no significant MODERATE*!

36 mths* | difference in seropositivity for HPV 16 in males 415/416 (99.8%) 470/472 (99.6%) RR 1.00 (0.99 to 1.01); 888 participants in 1 study @®00

compared with females Low!?

Seropositivity 7 mths There is moderate-quality (7mths) and low- 1638/1641 (99.8%) 567/567 (100%) RR 1.00 (1.00 to 1.00); 2208 participants in 1 study ®DP0
for HPV 18 quality (36mths) evidence of no significant MODERATE*!

36 mths* | difference in seropositivity for HPV 18 in males 395/418 (94.5%) 454/470 (96.6%) RR 1.02 (0.99 to 1.05); 888 participants in 1 study @D00

compared with females LOW??

Seropositivity 7 mths There is moderate-quality (7mths) and low- 1615/1617 (99.9%) 564/564 (100%) RR 1.00 (1.00, 1.00); 2181 participants in 1 study ®DP0
for HPV 31 quality (36mths) evidence of no significant MODERATE "

36 mths* difference in seropositivity for HPV 31 in males 411/414 (99.3%) 460/467 (98.5%) RR 0.99 (0.98, 1.01); 881 participants in 1 study S0]0)

compared with females Low!?

Seropositivity 7 mths There is moderate-quality (7mths) and low- 1635/1637 (99.9%) 567/567 (100%) RR 1.00 (1.00, 1.00); 2204 participants in 1 study ®DDPO
for HPV 33 quality (36mths) evidence of no significant MODERATE*

36 mths* | difference in seropositivity for HPV 33 in males 406/412 (98.5%) 465/471 (98.7%) RR 1.00 (0.99, 1.02); 883 participants in 1 study ®@P00

compared with females LOW™*?

Seropositivity 7 mths There is moderate-quality (7mths) and low- 1644/1647 (99.8%) 570/570 (200%) RR 1.00 (1.00, 1.00); 2217 participants in 1 study 0]
for HPV 45 quality (36mths) evidence of no significant MODERATE"

36 mths* difference in seropositivity for HPV 45 in males 393/419 (93.8%) 440/473 (93.0%) RR 0.99 (0.96, 1.03); 892 participants in 1 study S0]0)

compared with females Low!?

Seropositivity 7 mths There is moderate-quality (7mths) and low- 1640/1642 (99.9%) 568/568 (100%) RR 1.00 (1.00, 1.00); 2210 participants in 1 study 0]
for HPV 52 quality (36mths) evidence of no significant MODERATE '

36 mths* | difference in seropositivity for HPV 52 in males £415/419 (99.0%) 462/472 (97.9%) RR 0.99 (0.97, 1.00); 891 participants in 1 study @D00

compared with females Low!?

Seropositivity 7 mths There is moderate-quality (7mths) and low- 1628/1630 (99.9%) 566/566 (100%) RR 1.00 (1.00, 1.00); 2196 participants in 1 study SEECle)
for HPV 58 quality (36mths) evidence of no significant MODERATE*

36 mths* difference in seropositivity for HPV 58 in males 413/417 (99.0%) 466/470 (99.1%) RR 1.00 (0.99, 1.01); 887 participants in 1 study ®D00

compared with females Low?*?

Cl= confidence interval; GMT= geometric mean titre; HPV= human papilloma virus; *Data for 12 and 24 months also available, see forest plot below.

*Downgraded one level for risk of bias: non-random comparison *Downgraded one level for risk of bias: high loss to follow-up.

Forest plots: g9-valent HPV vaccine in g to 15-year old males versus g9-valent HPV vaccine in g to 15-year old females —immunogenicity

outcomes (3 doses)
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Population: g to 15-year old males and females (seronegative at baseline)

13

Setting: Austria, Belgium, Brazil, Canada, Chile, Colombia, Costa Rica, Czech Republic, Denmark, Finland, India, Israel, Malaysia, Norway, Peru, Poland, South Africa, South

Korea, Spain, Sweden, Taiwan, Thailand, Turkey and the United States

Comparison: 9-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) in males versus g-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) in females

Outcome Forest plot Certainty of the evidence
(GRADE)
Study, vaccine type Ratio of GMTs (95% CI)
HPV 6
ultinational5, nonava — 22(1.12,1.32 h7 ®DD0 MODERATE
ultinational5, nonava —— 12(1.01,1.25 h12
ultinational5, nonava e .08(0.96, 1.20 h 24
ultinationald, nonava - .04(0.92,1.17 h 36 ®PO0 LOW
HPV 11
ultinational5, nonava — 16(1.07,1.26 h7 SSS0 MODERATE
ulinationaly, nonava | — 164193138 hi2
ultinational5, nonava . . . h
ultinational5, nonava 07 (094, 1.23 h 36 @00 LOW
HPV 16
ultinational5, nonava —— 22(1.13,1.32 h7 ®P®0 MODERATE
ultinational5, nonava — 17(1.05,1.30 h12
ultinational5, nonava e e—— 14 {1.01,1.29 h 24
ultinationald, nonava .10(0.96, 1.26 h 36 @®00 LOW
HPV 18
ultinational5, nonava —— .36 (1.24, 1.49 h7 ©O®0 MODERATE
u na{ionalg, nonava 2{13 }gg ;g 1%%
ultinational5, nonava . . . h
ultinational5. nonava 460124171 h 36 @®D00 LOW
GMTs o 31t' 15 —— 18(1.08, 1.29 7
ultinational, nonava . .08, 1. h
follow up: 7-36 months ultinationalb, nonava 20 §1_05, .371 h 12 SOPO MODERATE
ultinational5, nonava 19(1.02,1.38 h 24
ultinational5, nonava .14 (098, 1.33 h 36 ®P00 LOW
HPV 33
ultinational5, nonava —_— 27 (1.17,1.38 h7 ©SS0 MODERATE
u na%ionalg, nonava —— g? H% gﬁ) h %%
ultinational5, nonava > . 14, 1. h
ultinational5, nonava 28(1.11,1.48 h 36 ®D00 LOW
HPV 45 D0 MODERATE
ultinational5, nonava —_— 23(1.11,1.37 h7
ultinationald, nonava .30 (1.11, 1.52 h12
ultinationald, nonava .29 (1.08, 1.53 h 24 ®D00 LOW
ultinational5, nonava .19(0.99, 142 h 36
HPV 52
ultinationald, nonava e 1.07 (0.98, 1.17 h7 ©S®0 MODERATE
ultinationalb, nonava [ 1.06 §0.93, .211 h12
ultinational5, nonava 1.01(0.89, 1.16 h 24
ultinational5, nonava 0.96 (0.83, 1.10 h 36 ®D00 LOW
i 58t' 15 —_— 1.23(1.13,1.33 7
ultinational, nonava . 13, 1. h
u na%ionalg, nonava — ‘11%2 §16g ﬁgg h %‘% S0 MODERATE
ultinational, nonava . .08, 1. h
ultinational5, nonava 1.16 (1.00, 1.34 h 36 ©S00 LOW
T T T
8 1 1.4 1.8

Favors vaccinated females

Favors vaccinated males
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Outcome Forest plot Certainty of the evidence
(GRADE)
Males, Females. i
Study, vaccine type RR (95% Cl)  Events/N Events/N TimepointSchedule
HPV 06
ultinational5, nonavalen ——— 1.00(1.00, 1.01) 558/559 1591/1597 Month 07 0, 2, 6 ®DDO MODERATE
ultinational5, nonavalen —— 1.00 (0.99, 1.01) 490/491 436/437 onth 12 0, 2, 6
ultinational5, nonavalen 1.00 (0.99, 1.01) 468/470 413/416 onth 24 0, 2, 6
ultinational5, nonavalen 1.00 (0.99, 1.02) 451/457 401/407 onth 36 0, 2, 6 ®DO0 LOW
HPV 11
ultinational5, nonavalen —— 1.00{1.00, 1.00§ 550/559 1595/1597 Month 07 0, 2, 6 ©SS0 MODERATE
ultinationald, nonavalen & 1.00 (0.99, 1.01) 467/471 416/418 onth 24 0, 2,6
ultinationald, nonavalen % g 0.99 (0.98, 1.00) 455/463 408/411 onth 36 0, 2,6
ultinational5, nonavalen (Excluded] 495/495 439/439 onth 12 0,2, 6 ®D00 LOW
HPV 16 ®DDd0O MODERATE
ultinational5, nonavalen — 1.00 (1.00, 1.00) 569/569 1625/1627 Month 07 0, 2, 6
ultinational5, nonavalen ——— 1.00 (1.00, 1.01) 481/481 422/423 onth 24 0, 2,6
ultinational5, nonavalen —— e 1.00 (0.99, 1.01) 470/472 415/416 onth 36 0, 2, 6 ®D00 LOW
ultinational5, nonavalen (Excludedj 505/505 444/444 onth 12 0, 2,6
PV 18
ultinational5, nonavalen —t—— 1.00 (1.00, 1.00) 567/567 1638/1641 Month 07 0, 2, 6 ®DDO MODERATE
ultinational5, nonavalen g 1.01(1.00, 1.02) 503/503 443/446 onth 12 0,2, 6
Seropositivit sl eneraer 11000 108 f0A% S MR 83
i p Y A ultinational5, nonavalen . .99, 1. on V2 ®®00 LOW
1 7- HPV 31
ollow up: 7-36 months Ulfinationals, nonavalen —— 1.00(1.00, 1.00) 564/584 1645/1617 Month 07 0, 2, & ©®®0 MODERATE
ultinational’, nonavalen +- 1.00 (0.99, 1.01) 473/476 418/421 onth 24 0, 2, 6
ultinational’, nonavalen - < 0.99 (0.98, 1.01) 460/467 411/414 onth 36 0, 2, 6
ultinational5, nonavalen (Excluded] 500/500 443/443 onth 12 0, 2, 6 ®D00 LOW
PV 33 ®DDO MODERATE
ultinational5, nonavalen —— 1.00 (1.00, 1.00) 567/567 1635/1637 Month 07 0, 2, 6
ultinational5, nonavalen 1.01 {0_99, 1.D2§ A77/479 415/419 onth 24 0,2, 6
ultinational?, nonavalen 1.00 (0.99, 1.02) 465/471 406/412 onth 36 0,2, 6 ®D00 LOW
ultinational5, nonavalen (Excluded] 503/503 441/441 onth 12 0, 2,6
HPV 45
ultinational5, nonavalen ——— 1.00 (1.00, 1.00) 570/570 1644/1647 Month 07 0, 2, 6 OPP0 MODERATE
ultinational5, nonavalen 1.00 (0.99, 1.01) 504/506 445/448 onth 12 0, 2,6
i S9910% 15 50 0D NSNS 03
ultinational5, nonavalen i .96, 1. on \ 2, ®P00 LOW
Ultinationals, nonavalen —_— 1.00 (1.00, 1.00) 568/568 1640/1642 Month 07 0, 2, 6 ©OD0 MODERATE
ultinational’, nonavalen + 1.00 (0.99, 1.01) 478/481 424/426 onth 24 0, 2,6
ultinational?, nonavalen < g 0.99 (0.97, 1.00) 462/472 415/419 onth 36 0, 2, 6
ultinational5, nonavalen (Excluded] 505/505 448/448 onth 12 0,2, 6 ®D00 LOW
HPV 58 ®DDO MODERATE
ultinational5, nonavalent —p— 1.00 (1.00, 1.00) 566/566 1628/1630 Month Q7 0, 2,6
ultinational5, nonavalent ———— 1.00 {1_00, 1.D1§ A78/478 423/424 onth 24 0,2, 6
ultinational®, nonavalent <> 1.00 (0.99, 1.01) 466/470 413/417 onth 36 0, 2,6 ®DP00 LOW
ultinational5, nonavalent (Excluded] 502/502 446/446 onth 12 0, 2,6

I
.98 1
More events in vaccinated females More events in vaccinated males
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Summary of findings: 9-valent HPV vaccine in g to 15-year old males versus g-valent HPV vaccine in g to 15-year old females -

immunogenicity outcomes (2 doses)

Population: g to 15-year old males and females (seronegative at baseline)
Setting: Multinational (countries not reported)
Comparison: g-valent HPV vaccine (2-doses (Day o, Month 6)) in males versus g9-valent HPV vaccine (2-doses (Day o, Month 6)) in females

15

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Females Males Ne of participants & studies the evidence
(GRADE)
Seropositivity for HPV 6 There was moderate-quality evidence of no significant 257/258 (99.6%) 263/263 (100%) RR 1.00 (0.99 to 1.01); 521 participants in 1 study DDDO
7 months difference in seropositivity for HPV 6 between males and MODERATE"
females
Seropositivity for HPV 11 There was moderate-quality evidence of no significant 258/258 (100%) 264/264 (100% Not estimable*; 522 participants in 1 study @DP0
7 months difference in seropositivity for HPV 11 between males and MODERATE"
females
Seropositivity for HPV 16 There was moderate-quality evidence of no significant 272/272 (100% 273/273 (100%) Not estimable*; 545 participants in 1 study SCE0)
7 months difference in seropositivity for HPV 16 between males and MODERATE"
females
Seropositivity for HPV 18 There was moderate-quality evidence of no significant 272/272 (100%) 272/272 (100%) Not estimable*; 544 participants in 1 study SE0)
7 months difference in seropositivity for HPV 18 between males and MODERATE"
females
Seropositivity for HPV 31 There was moderate-quality evidence of no significant 271/272 (99.6%) 271/271 (100%) RR 1.00 (0.99 to 1.01); 543 participants in 1 study @DDO
7 months difference in seropositivity for HPV 31 between males and MODERATE"
females
Seropositivity for HPV 33 There was moderate-quality evidence of no significant 272/273 (99.6%) 271/271 (100%) RR 1.00 (0.99 t0 1.01); 544 participants in 1 study @DDO
7 months difference in seropositivity for HPV 33 between males and MODERATE"
females
Seropositivity for HPV 45 There was moderate-quality evidence of no significant 272/274 (99.3%) 271/273 (99.3%) RR 1.00 (0.99 t0 1.01); 547 participants in 1 study SE0)
7 months difference in seropositivity for HPV 45 between males and MODERATE"
females
Seropositivity for HPV 52 There was moderate-quality evidence of no significant 271/272 (99.6%) 273/273 (100%) RR 1.00 (0.99 to 1.01); 545 participants in 1 study DDD0
7 months difference in seropositivity for HPV 52 between males and MODERATE"
females
Seropositivity for HPV 58 There was moderate-quality evidence of no significant 270/270 (100%) 270/270 (100%) RR 1.00 (0.99 to 1.01); 540 participants in 1 study SE0)
7 months difference in seropositivity for HPV 58 between males and MODERATE"

females

Cl= confidence interval; HPV= human papilloma virus

*Excluded from analysis due to no non-events; all participants seropositive.

*Downgraded one level for risk of bias: non-random comparison.
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Forest plot: 9-valent HPV vaccine in g to 15-year old males versus g-valent HPV vaccine in g to 15-year old females — immunogenicity

outcomes (2 doses)

Population: g to 15-year old males and females (seronegative at baseline)
Setting: Multinational (countries not reported)

Comparison: g-valent HPV vaccine (2-doses (Day o, Month 6)) in males versus g9-valent HPV vaccine (2-doses (Day o, Month 6)) in females

Outcome

Forest plot

Certainty of the evidence
(GRADE)

Seroconversion
follow up: 7 months

Study, vaccive type
HPV 06

RR (95% CI)

Multinational3

HPV 11
Multinational3

HPV 16
Multinational3

HPV 18
Multinational3

HPV 31

1.00 (0.99, 1.01)

(Excluded)

(Excluded)

(Excluded)

Multinational3

HPV 33

1.00 (0.99, 1.01)

Multinational3

HPV 45

1.00 (0.99, 1.01)

Multinational3

HPV 52

1.00 (0.99, 1.01)

Multinational3

HPV 58
Multinational3

1.00 (0.99, 1.01)

(Excluded)

Males
Events/N

263/263

264/264

2731273

272/272

271/271

271/271

2717273

273/273

270/270

Females
Events/N

2571258

258/258

2721272

2721272

271/272

2721273

2721274

271/272

270/270

T
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Summary of Findings: g-valent HPV vaccine in 16 to 26-year old males versus 9-valent HPV vaccine in 16 to 26-year old females -
Immunogenicity outcomes

Patients: 16 to 26-year old heterosexual males and females (seronegative at baseline)
Setting: Canada, Colombia, Denmark, Germany, Israel, Malaysia, Mexico, Norway, Peru, the Philippines, Poland, South Africa, Spain, Sweden, Thailand, Turkey and the United

States

Comparison: g-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) in males versus g-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) in females

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Females Males Ne of participants & studies the evidence

(GRADE)

GMTs for HPV 6 There is moderate-quality evidence of higher GMTs for 703.9 mMU/mL 782 mMU/mL Ratio 1.11 (1.02 to 1.21); 1555 participants in 1 study @DDO

7 mths HPV 6 in males compared with females MODERATE"

GMTs for HPV 11 There is moderate-quality evidence of higher GMTs for 564.9 mMU/mL 616.7 mMU/mL Ratio 1.09 (1.00 to 1.19); 1563 participants in 1 study DDDO

7 mths HPV 11 in males compared with females MODERATE"

GMTs for HPV 16 There is moderate-quality evidence of higher GMTs for 2788.3 mMU/mL 3346 mMU/mL Ratio 1.20 (1.10 to 1.31); 1680 participants in 1 study SE0)

7 mths HPV 16 in males compared with females MODERATE"

GMTs for HPV 18 There is moderate-quality evidence of higher GMTs for 679.8 mMU/mL 808.2 mMU/mL Ratio 1.19 (1.08 to 1.31); 1737 participants in 1 study DDDO

7 mths HPV 18 in males compared with females MODERATE"

GMTs for HPV 31 There is moderate-quality evidence of higher GMTs for 570.1 mMU/mL 708.5 mMU/mL Ratio 1.24 (1.13 to 1.37); 1734 participants in 1 study ®PP0

7 mths HPV 31 in males compared with females MODERATE"

GMTs for HPV 33 There is moderate-quality evidence of higher GMTs for 322 mMU/mL 384.8 mMU/mL Ratio 1.20 (1.10 to 1.30); 1754 participants in 1 study SEEle)

7 mths HPV 33 in males compared with females MODERATE"

GMTs for HPV 45 There is moderate-quality evidence of higher GMTs for 185.7 mMU/mL 235.6 mMU/mL Ratio 1.27 (1.14 to 1.41); 1780 participants in 1 study ®PP0

7 mths HPV 45 in males compared with females MODERATE"

GMTs for HPV 52 There is moderate-quality evidence of higher GMTs for 335.2 mMU/mL 386.8 mMU/mL Ratio 1.15 (1.05 to 1.26); 1756 participants in 1 study SE0)

7 mths HPV 52 in males compared with females MODERATE"

GMTs for HPV 58 There is moderate-quality evidence of higher GMTs for 409.3 mMU/mL 509.8 mMU/mL Ratio 1.25 (1.14 to 1.36); 1736 participants in 1 study SE0)

7 mths HPV 58 in males compared with females MODERATE"
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Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Females Males No of participants & studies the evidence
(GRADE)
Seropositivity for HPV 6 There was moderate-quality evidence of no significant 705/708 (99.6%) 844/847 (99.6%) RR 1.00 (0.99 to 1.01); 1555 participants in 1 study DDDO
7 months difference in seropositivity for HPV 6 between males and MODERATE"
females
Seropositivity for HPV 11 There was moderate-quality evidence of no significant 711/712 (99.9%) 851/851 (100%) RR 1.00 (1.00 to 1.01); 1563 participants in 1 study DDDO
7 months difference in seropositivity for HPV 11 between males and MODERATE"
females
Seropositivity for HPV 16 There was moderate-quality evidence of no significant 780/781 (99.9%) 899/899 (100%) RR 1.00 (1.00 to 1.00); 1680 participants in 1 study @PP0
7 months difference in seropositivity for HPV 16 between males and MODERATE"
females
Seropositivity for HPV 18 There was moderate-quality evidence of no significant 829/831 (99.8%) 905/906 (99.9%) RR 1.00 (1.00 to 1.01); 1737 participants in 1 study DDDO
7 months difference in seropositivity for HPV 18 between males and MODERATE"
females
Seropositivity for HPV 31 There was moderate-quality evidence of no significant 826/826 (100%) 908/908 (100%) *Not estimable; 1734 participants in 1 study @DP0
7 months difference in seropositivity for HPV 31 between males and MODERATE"
females
Seropositivity for HPV 33 There was moderate-quality evidence of no significant 852/853 (99.9%) 901/901 (100%) RR 1.00 (1.00 t0 1.00); 1754 participants in 1 study ®PP0
7 months difference in seropositivity for HPV 33 between males and MODERATE"
females
Seropositivity for HPV 45 There was moderate-quality evidence of no significant 867/871 (99.5%) 907/909 (99.8%) RR 1.00 (2.00 to 1.01); 1780 participants in 1 study SE0)
7 months difference in seropositivity for HPV 45 between males and MODERATE"
females
Seropositivity for HPV 52 There was moderate-quality evidence of no significant 847/849 (99.8%) 907/907 (100%) RR 1.00 (12.00 to 1.01); 1756 participants in 1 study SECle)
7 months difference in seropositivity for HPV 52 between males and MODERATE"
females
Seropositivity for HPV 58 There was moderate-quality evidence of no significant 837/839 (99.8%) 897/897 (100%) RR 1.00 (1.00 to 1.01); 1736 participants in 1 study DDD0
7 months difference in seropositivity for HPV 58 between males and MODERATE"

females

Cl= confidence interval; HPV=human papilloma virus

*Excluded from analysis due to no non-events; all participants seropositive.

*Downgraded one level for risk of bias: non-random comparison.
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Forest plots: g9-valent HPV vaccine in 16 to 26-year old males versus 9-valent HPV vaccine in 16 to 26-year old females -

immunogenicity outcomes

Patients: 16 to 26-year old heterosexual males and females (seronegative at baseline)
Setting: Canada, Colombia, Denmark, Germany, Israel, Malaysia, Mexico, Norway, Peru, the Philippines, Poland, South Africa, Spain, Sweden, Thailand, Turkey and the United

States)

Comparison: g-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) in males versus g-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) in females

Outcome Forest plot Certainty of the evidence
(GRADE)
Study, vaccine type Ratio of GMTs (95% Cl)
HPV &
Multinational6, nonavalent > 1.11 (1.02, 1.21)
HPV 11
Multinational6, nonavalent ¢ 1.09 (1.00, 1.19)
HPV 16
Multinational6, nonavalent * 1.20 (1.10, 1.31)
HPV 18
Multinational6, nonavalent * 1.19 (1.08, 1.31)
HPV 31
GMTs Multinational6, nonavalent * 1.24 (1.13, 1.37)
follow up: 7 months
HPV 33
Multinational6, nonavalent * 1.20 (1.10, 1.30)
HPV 45
Multinational6, nonavalent 1.27 (1.14, 1.41)
HPV 52
Multinational6, nonavalent * 1.15 (1.05, 1.26)
HPV 58
Multinational8, nonavalent . 1.25 (1.14, 1.36)

Favors vaccinated females

1.2

Favors vaccinated males

1.41
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Outcome Forest plot Certainty of the evidence
(GRADE)
Males Females,

Study, vaccine type RR (95% Cl)  Events/N Events/N
HPV 06
Multinational6, nonavalent 1.00 (0.99, 1.01) 844/847 705/708
HPV 11
Multinational6, nonavalent > 1.00 (1.00, 1.01) 851/851 711/712
HPV 16
Multinational6, nonavalent + 1.00 (1.00, 1.00) 899/899 780/781
HPV 18
Multinational6, nonavalent + 1.00 (1.00, 1.01) 905/906 829/831
HPV 31

Seropositivity Multinational6, nonavalent (Excluded)

follow up: 7 months
HPV 33
Multinational6, nonavalent - 1.00 (1.00, 1.00) 901/901 852/853
HPV 45
Multinational6, nonavalent v 1.00 (1.00, 1.01) 907/909 867/871
HPV 52
Multinational6, nonavalent * 1.00 (1.00, 1.01) 907/907 847/849
HPV 58
Multinational8, nonavalent - 1.00 (1.00, 1.01) 897/897 837/839

T
.98

More events in vaccinated females

1.01

More events in vaccinated males

The Cochrane Collaboration. Registered in England as a company limited by guarantee No. 03044323 Charity Number 1045921. VAT @@istration number GB 718 2127 49. Registered office: St Albans House, 57-59 Haymarket, London SW1Y 4QX United Kingdom




21

References

Finland2

Lehtinen M, Apter D, Baussano |, Eriksson T, Natunen K, Paavonen J, et al. Characteristics of a cluster-randomized phase IV human papillomavirus vaccination effectiveness trial. Vaccine.
2015 Mar 3;33(10):1284-90. doi: 10.1016/j.vaccine.2014.12.019. Epub 2015 Jan 12.

NCTo0534638. www.ClinicalTrials.gov. 2016. https://clinicaltrials.gov/ct2/show/results/NCT00534638.

China1

LiR, Li Y, Radley D, Liu Y, Huang T, Sings HL, et al. Safety and immunogenicity of a vaccine targeting human papillomavirus types 6, 11, 16 and 18: a randomized, double-blind, placebo-
controlled trial in Chinese males and females. Vaccine. 2012 Jun 13;30(28):4284-91. doi: 10.1016/j.vaccine.2012.02.079. Epub 2012 Mar 18.

Multinationaly

Reisinger KS, Block SL, Lazcano-Ponce E, Samakoses R, Esser MT, Erick J, et al. Safety and persistent immunogenicity of a quadrivalent human papillomavirus types 6, 11, 16, 18 L1 virus-
like particle vaccine in preadolescents and adolescents: a randomized controlled trial. Pediatr Infect Dis J. 2007 Mar;26(3):201-9.

Ferris D, Samakoses R, Block SL3, Lazcano-Ponce E, Restrepo JA, Reisinger KS, et al. Long-term study of a quadrivalent human papillomavirus vaccine. Pediatrics. 2014 Sep;134(3):e657-65.
doi: 10.1542/peds.2013-4144. Epub 2014 Aug 18.

Multinational3

Merck Sharp and Dohme. A Phase Il Study of a 2-dose Regimen of a Multivalent Human Papillomavirus (HPV) Vaccine (V503), Administered to g to 14 Year-olds and Compared to Young
Women, 16 to 26 Years Old (V503-010). www.ClinicalTrials.gov. 2016. https://clinicaltrials.gov/ct2/show/NCT01984697.

Multinationals

Van Damme P, Olsson SE, Block S, Castellsague X, Gray GE, Herrera T, et al. Immunogenicity and Safety of a 9-Valent HPV Vaccine. Pediatrics. 2015 Jul;136(1):€28-39. doi:
10.1542/peds.2014-3745.

Multinational6

Castellsagué X, Giuliano AR, Goldstone S, et al. Immunogenicity and safety of the g-valent HPV vaccine in men. Vaccine. 2015 Nov 27;33(48):6892-901. doi: 10.1016/j.vaccine.2015.06.088.
Epub 2015 Jul 2.

The Cochrane Collaboration. Registered in England as a company limited by guarantee No. 03044323 Charity Number 1045921. VAT g;ﬁistration number GB 718 2127 49. Registered office: St Albans House, 57-59 Haymarket, London SW1Y 4QX United Kingdom


https://clinicaltrials.gov/ct2/show/results/NCT00534638

G) Cochrane =

Key findings

In males aged 16-26 years, the g9-valent vaccine resulted in higher
GMTs than the 4-valent vaccine for HPV 6 and similar (non-inferior)

9-va |ent HPV VaCCi ne versus 4- GMTs for HPV 11, 16 and 18, 7 months after first vaccination (high-
. . quality evidence). The GMTs for HPV 31, 33, 45, 52 and 58 are
valent HPV vaccine in males substantially higher following immunisation with the g-valent

vaccine 7 months after first vaccination versus the 4-valent vaccine,

Contents Page which does not include these HPV types (high-quality evidence).
Abstract 2 In males aged 16-26, there was no significant difference between
Immunogenicity of g-valent vs 4-valent HPV vaccines in 16 to 26-year the 9-valent and 4-valent vaccines in the rate of seroconversion for
old males HPV 6, 11, 16 and 18. Seroconversion was considerably higher for
Immunogenicity outcomes HPV 31, 33, 45, 52 and 58 following vaccination with the g-valent
Summary of Findings table 3&4 vaccine versus the 4-valent vaccine (high-quality evidence).
Forest plots 5&6
References 7

Trusted evidence.
Informed decisions.
Better health.

82



Abstract

Background

Human papilloma virus (HPV) is the most common
viral infection of the reproductive tract and causes
a range of conditions in females and males,
including precancerous lesions that may progress
to cancer. In this Targeted Update, we assess the
protection afforded by g-valent HPV vaccine
compared with 4-valent HPV vaccine in males.

Objectives
To compare the effectiveness of 9-valent and 4-
valent HPV vaccination in males.

Search methods

Searches were conducted from January 2006 to
June 2016, and all relevant studies regardless of
language or publication status were searched. We
searched the following databases: Cochrane
Central Register of Controlled Trials (CENTRAL),
published in The Cochrane Library; MEDLINE
(PubMed); EMBASE (OVID). We searched the WHO
International Clinical Trials Registry Platform and
ClinicalTrials.gov, to identify ongoing trials. We
searched the reference lists of relevant systematic
reviews published within the search dates. We
contacted the pharmaceutical industry for any

potential relevant study through the WHO
Initiative for Vaccines Research Department (IVR).

Selection criteria

Randomised controlled trials (RCTs) and non-
randomised experimental studies were eligible for
inclusion.

Data collection and analysis

Two review authors independently assessed trial
eligibility and risk of bias, and extracted data. Risk
ratios (RR) with 95% confidence intervals (Cl) were
calculated for binary outcomes. For continuous
data, where GMTs were reported, we calculated
the data as mean differences (95% Cl) on the log
scale and re-expressed as ratio of GMTs. The non-
inferiority threshold for g-valent vaccine was o.5 for
the ratio of GMTs.

Main Results

We included one RCT (Belgiumz1), comparing 9-
valent vaccine with 4-valent vaccine in males aged
16 to 26 years (3 doses in each arm). The risk of bias
was low for all domains.

The study reported immunogenicity outcomes at 7
months. With regard to GMTs, there was high-
quality evidence of higher GMTs with g-valent than

83

2

with 4-valent vaccine for HPV 6, 31, 33, 45, 52 and
58 (substantially higher for HPV 31, 33, 45, 52 and
58, HPV types not included in the 4-valent vaccine).
There was high-quality evidence of no significant
difference between g-valent vaccine and 4-valent
vaccine for HPV 11, 16 and 18. The g-valent vaccine
was non inferior to 4-valent vaccine for GMTs for all
HPV subtypes measured.

There was high-quality evidence of no significant
difference in seroconversion between g-valent
vaccine and 4-valent vaccine for HPV 6, 11, 16 and
18. There was high-quality evidence of
substantially higher rates of seroconversion for
HPV 31, 33, 45, 52 and 58 with g-valent vaccine
compared with 4-valent vaccine.

Implications and conclusions

The g-valent vaccine was non-inferior to 4-valent
vaccine in males aged 16-26 years at follow-up of 7
months for GMTS for HPV 6, 11, 16 and 18, and had
substantially higher GMTs for HPV types not
included in the 4-valent vaccine: 31, 33, 24, 52 and
58. Similar results were reported for
seroconversion.
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Summary of Findings: g-valent HPV vaccine versus 4-valent HPV vaccine in 16 to 26-year old males —immunogenicity outcomes

Patients: 16 to 26-year old males (seronegative at baseline)

Setting: Belgium

Comparison: g-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) versus 4-valent vaccine (3-doses (Day 1, Month 2, Month 6))

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty
4-valent vaccine | g9-valentvaccine Ne of participants & of the
studies evidence
(GRADE)
GMTs for HPV 6 There is high-quality evidence of higher GMTs for HPV 6 with g-valent Ratio 1.23 (1.03 to 1.45) PPPP
follow up: 7 months vs 4-valent HPV vaccines in 16 to 26-year old males 7 months after first Mean: 618.4 Mean: 758.3 454 participants in 1 study HIGH
’ o mMU/mL mMU/mL
vaccination
GMTs for HPV 11 There is high-quality evidence of no significant difference in the ratios Ratio 0.89 (0.75 to 1.04) PPPPD
. . . Mean: 769.1 Mean: 681.7 e .
follow up: 7 months of GMTs for HPV 11 with g-valent vs 4-valent HPV vaccines in 16 to 26- 454 participants in 1 study HIGH
. o mMU/mL mMU/mL
year old males 7 months after first vaccination
GMTs for HPV 16 There is high-quality evidence of no significant difference in the ratios Ratio 1.04 (0.88 to 1.21) PPPPD
. . . Mean: 3787.9 Mean: 3924.1 L .
follow up: 7 months of GMTSs for HPV 16 with g-valent vs 4-valent HPV vaccines in 16 to 26- 471 participants in 1 study HIGH
) . mMU/mL mMU/mL
year old males 7 months after first vaccination
GMTs for HPVa8 There is high-quality evidence of no significant difference in the ratios Ratio 1.12 (0.91t01.37) PPPPD
. . . Mean: 790.9 Mean: 884.3 - .
follow up: 7 months of GMTSs for HPV 18 with g-valent vs 4-valent HPV vaccines in 16 to 26- 470 participants in 1 study HIGH
) . mMU/mL mMU/mL
year old males 7 months after first vaccination
GMTs for HPV 31 There is high-quality evidence of higher GMTs for HPV 31 with g-valent Ratio 52.96 (42.69t0 65.71) | PAPD
follow up: 7 months vs 4-valent HPV vaccines in 16 to 26-year old males 7 months after first Mean: 14.8 Mean: 794.4 471 participants in 1 stud
P: vare Y mMU/mL mMU/mL particip Y | HIGH
vaccination
GMTs for HPV 33 There is high-quality evidence of higher GMTs for HPV 33 with g-valent Ratio 135.44 (1127.18 to PPPPD
follow up: 7 months vs 4-valent HPV vaccines in 16 to 26-year old males 7 months after first Mean: 3.4 Mean: 460.5 156.54) HIGH
’ o mMU/mL mMU/mL o .
vaccination 472 participants in 1 study
GMTs for HPV 45 There is high-quality evidence of higher GMTs for HPV 45 with g-valent Ratio 105.16 (87.87 to PPPPD
. . i Mean: 2.5 Mean: 262.9
follow up: 7 months vs 4-valent HPV vaccines in 16 to 26-year old males 7 months after first 125.85) HIGH
. mMU/mL mMU/mL - .
vaccination 468 participants in 1 study
GMTs for HPV 52 There is high-quality evidence of higher GMTs for HPV 52 with g-valent Ratio 226.68 (194.71 to PPPPD
. . ) Mean: 1.9 Mean: 430.7
follow up: 7 months vs 4-valent HPV vaccines in 16 to 26-year old males 7 months after first 263.90) HIGH
o mMU/mL mMU/mL . .
vaccination 471 participants in 1 study
GMTs for HPV 58 There is high-quality evidence of higher GMTs for HPV 58 with g-valent Ratio 121.23 (201.72t0 PPPD
follow up: 7 months vs 4-valent HPV vaccines in 16 to 26-year old males 7 months after first Mean: 5.7 Mean: 691 144.49) HIGH
mMU/mL mMU/mL

vaccination

465 participants in 1 study

Continued overleaf
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Summary of Findings continued

Seroconversion for | There is high quality evidence of no difference in seroconversion for RR1.00 (0.97to 1.02) PPRD
HPV 6 HPV 6 with g-valent vs 4-valent HPV vaccines in 16 to 26-year old males | 223/226 (98.7%) 224/228(98.2%) 454 participants in 1 study HIGH
follow up: 7 months 7 months after first vaccination.

Seroconversion for | There is high quality evidence of no difference in seroconversion for Not estimable* PPPPD
HPV 11 HPV 11 with g-valent vs 4-valent HPV vaccines in 16 to 26-year old 226/226 (100%) 228/228 (100%) 454 participants in 1 study HIGH
follow up: 7 months males 7 months after first vaccination.

Seroconversion for | There is high quality evidence of no difference in seroconversion for Not estimable* PPPPD
HPV 16 HPV 16 with g-valent vs 4-valent HPV vaccines in 16 to 26-year old 237/237 (100%) 234/234 (100%) 471 participants in 1 study HIGH
follow up: 7 months males 7 months after first vaccination.

Seroconversion for | There is high quality evidence of no difference in seroconversion for RR1.00 (0.99 to 1.01) PPRP
HPV 18 HPV 18 with g-valent vs 4-valent HPV vaccines in 16 to 26-year old 235/236 (99.6%) 233/234 (99.6%) 470 participants in 1 study HIGH
follow up: 7 months males 7 months after first vaccination.

Seroconversion for | There is high quality evidence of higher rates of seroconversion for HPV RR1.62 (1.47 t0 1.79) PPPPD
HPV 31 31 with g-valent vs 4-valent HPV vaccines in 16 to 26-year old males 7 146/237 (61.6%) 234/234 (100%) 471 participants in 1 study HIGH
follow up: 7 months months after first vaccination.

Seroconversion for | There is high quality evidence of higher rates of seroconversion for HPV RR 5.84 (4.41107.73) PPPPD
HPV 33 33 with g-valent vs 4-valent HPV vaccines in 16 to 26-year old males 7 40/236 (16.9%) 236/236 (100%) 472 participants in 1 study HIGH
follow up: 7 months months after first vaccination.

Seroconversion for | There is high quality evidence of higher rates of seroconversion for HPV RR 10.51(7.09 to 15.57) PPPP
HPV 45 45 with g-valent vs 4-valent HPV vaccines in 16 to 26-year old males 7 22/236 (9.3%) 232/232 (100%) 468 participants in 1 study HIGH
follow up: 7 months months after first vaccination.

Seroconversion for | There is high quality evidence of higher rates of seroconversion for HPV RR 36.38 (17.05t0 77.66)

HPV 52 52 with 9-\?aleqnt Vs 2-va|ent HPV vagccines in 16 to 26-year old males 7 61236 (2.5%) 235/235 (100%) 471 participants in 1 study ﬁgﬁ_)@
follow up: 7 months months after first vaccination.

Seroconversion for | There is high quality evidence of higher rates of seroconversion for HPV RR 2.76 (2.33t0 3.28) PPPD
HPV 58 58 with g-valent vs 4-valent HPV vaccines in 16 to 26-year old males 7 84/233 (36.1%) 232/232 (100%) 465 participants in 1 study HIGH

follow up: 7 months

months after first vaccination.

Cl= confidence interval; GMT= geometrical mean titre; HPV=human papilloma virus

* Excluded from analysis due to no non-events; all participants seropositive.
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Forest plots: 9-valent HPV vaccine versus 4-valent HPV vaccine in 16 to 26-year old males —immunogenicity outcomes

Patients: 16 to 26-year old males (seronegative at baseline)
Setting: Belgium

Comparison: g-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) versus 4-valent vaccine (3-doses (Day 1, Month 2, Month 6))

Outcome Forest plot Certainty of the evidence
(GRADE)
Study Ratio of GMTs (95% ClI)
HPV 6
Belgium1 1.23 (1.03, 1.45)
HPV 11
Belgium1 — 0.89(0.75, 1.04)
HPV 16
Belgium1 - 1.04 (0.88, 1.21)
HPV 18
Belgium1 - 1.12(0.91, 1.37)
GMT HPV 31
s .
Belgium1 — 52.96 (42.69, 65.71)
follow up: 7 months ﬁg?@
HPV 33
Belgium1 - 135.44 (117.18, 156.54)
HPV 45
Belgium1 — 105.16 (87.87, 125.85)
HPV 52
Belgium1 —— 226.68(194.71, 263.90)
HPV 58
Belgium1 — 121.23(101.71, 144 .49)
T T
g1 264
Favors quadrivalent vaccine Favors nonavalent vaccine
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6

Outcome Forest plot Certainty of the evidence
(GRADE)
9-valent 4-valent
Study RR (95% CI) Events/N Events/N
HPV 06
Belgium1 4 1.00 (0.97, 1.02) 224228 223/226
HPV 11
Belgium1 (Excluded)
HPV 16
Belgium1 (Excluded)
HPV 18
Belgium1 p 1.00(0.99, 1.01) 233/234 235/236
Seroconversion HPV 31
follow up: 7 months Belgium1 - 1.62(1.47,1.79) 234/234 146/237 (H_Bl((_;)I:_B®
HPV 33
Belgium1 —_—— 584 (441,7.73) 236/236 40/236
HPV 45
Belgium1 —_— 10.51 (7.09, 15.57) 232/232 22/236
HPV 52
Belgium1 36.38 (17.05, 77.66) 235/235 6/236
HPV 58
Belgium1 — 2.76 (2.33, 3.28) 232/232  84/233

!
More events in 4

quadrivalent vaccine

More events in nonavalent vaccine
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Key findings

4-valent HPV vaccine versus placebo in MSM (16 to 26)

e InMSM aged 16 to 26 years, 4-valent HPV vaccine reduced anal intraepithelial
neoplasia (AIN; any HPV type), AIN (HPV 6, 11, 16 18), AIN grade 1, and AIN grade 2 or
3, in 16 to 26-year old MSM at mean follow up of 2.9 years compared with placebo
(moderate-quality evidence).

e There was no significant difference in condyloma acuminatum (low-quality evidence).

e There were no events for anal cancer in either the 4-valent vaccine or placebo group.

e InMSM aged 16 to 26 years, 4-valent vaccine reduced persistent infection by HPV 6,
11, 16 or 18 (combined outcome), and persistent infection by HPV 6, 16 and 18
individually (moderate-quality evidence).

e There was no significant difference between 4-valent vaccine and placebo on
persistent infection by HPV 11 (low-quality evidence).

9-valent HPV vaccine in MSM versus in females (16 to 26)

e  GMTs were lower but non-inferior for the g HPV subtypes covered by the g-valent
vaccine in vaccinated MSM than in vaccinated females at 7 months (moderate-quality
evidence).

e There was no significant difference in seropositivity for all HPV subtypes covered by
the 9-valent vaccine between vaccinated MSM and vaccinated females at 7 months
(moderate-quality evidence).

9-valent HPV vaccine in MSM versus in heterosexual males (16 to 26)

e  GMTs were lower but non-inferior for all g HPV subtypes covered by the g-valent
vaccine in vaccinated MSM compared with heterosexual at 7 months (moderate-
quality evidence).

e There was no significant difference in seropositivity for all HPV subtypes covered by
the g9-valent vaccine between vaccinated MSM and vaccinated heterosexual men at 7
months (moderate-quality evidence).
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Abstract

Background

Human papilloma virus (HPV) is the most common viral infection of the
reproductive tract and causes a range of conditions in females and
males, including precancerous lesions that may progress to cancer. In
this Target Update, we review and analyze evidence for the protection
afforded by prophylactic HPV vaccines in men who have sex with men
(MSM).

Objectives

To evaluate the efficacy and immunogenicity of HPV vaccines in MSM.

Search methods

Searches were conducted from January 2006 to June 2016, and all
relevant studies regardless of language or publication status were
searched. We searched the following databases: Cochrane Central
Register of Controlled Trials (CENTRAL), published in The Cochrane
Library; MEDLINE (PubMed); EMBASE (OVID). We searched the WHO
International Clinical Trials Registry Platform and ClinicalTrials.gov, to
identify ongoing trials. We searched the reference lists of relevant
systematic reviews published within the search dates. We contacted
the pharmaceutical industry for any potential relevant study through
the WHO Initiative for Vaccines Research Department (IVR).

Selection criteria

Randomised controlled trials (RCTs) of HPV vaccine versus placebo in
MSM, and RCTs with a non-random comparison of HPV vaccine in
MSM versus HPV vaccine in females and heterosexual males, or non-
randomised studies for the same comparisons, were eligible for

inclusion.

Data collection and analysis
Two review authors independently assessed trial eligibility and risk of

bias, and extracted data. Rate ratios (RR) with 95% confidence

intervals (Cl) were calculated for binary outcomes reported as rates,
and risk ratios were calculated for other binary outcomes. For
continuous data, where GMTs were reported, we calculated the data as
mean differences (95% Cl) on the log scale and re-expressed as ratio of
GMTs. For the comparisons of MSM versus females, and MSM versus
heterosexual men, the non-inferiority threshold for MSM was o.5 for
the ratio of GMTs.

Main Results

We found one RCT assessing clinical outcomes of 4-valent HPV vaccine
in 16 to 26-year old MSM (Multinationalg); and one non-randomised
comparative study assessing 9-valent HPV vaccines in MSM versus
females, and MSM versus heterosexual males (Multinational6). The risk
of bias for all domains for the RCT was low. For the non-random study,
the quality of evidence for immunogenicity outcomes was downgraded
by one level. We did not downgrade the quality of evidence for lack of
blinding in the non-randomised study because outcomes were
objectively assessed (immunogenicity). Some outcomes were
downgraded for imprecision. All outcomes were reported in per
protocol analyses, where all participants were seronegative at baseline.
4-valent HPV vaccine versus placebo in MSM (16 to 26)

There was moderate-quality evidence that 4-valent HPV vaccine
reduces anal intraepithelial neoplasia (AIN; any HPV type), AIN (HPV 6,
11, 16 18), AIN grade 1, and AIN grade 2 or 3, in 16 to 26-year old MSM
compared with placebo. There was low-quality evidence of no
significant difference in condyloma acuminatum. There were no events
for anal cancer in either group. Mean follow-up for all was 2.9 years
(Multinationalg).

With regard to persistent infection, there was moderate-quality
evidence that 4-valent vaccine reduced persistent infection by HPV 6,
11, 16 or 18 (combined outcome), and reduced persistent infection by

HPV 6, 16 and 18 individually. There was low-quality evidence of no
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significant difference between 4-valent vaccine and placebo on
persistent infection by HPV 11 (Multinationalg).

9-valent HPV vaccine in MSM versus in females (16 to 26)

There was moderate-quality evidence of lower GMTs for all g HPV
subtypes covered by the g-valent vaccine in vaccinated MSM than in
females at 7 months, although for HPV 18 the effect was not
significant; however, results were non-inferior for GMTs for all HPV
subtypes in MSM compared with females. For the outcome of
seropositivity, there was moderate-quality evidence of no significant
difference for all HPV subtypes covered by the g-valent vaccine
between vaccinated MSM and vaccinated females at 7 months
(Multinational6).

9-valent HPV vaccine in MSM versus in heterosexual males (16 to 26)
There was moderate-quality evidence of lower but non-inferior GMTs
for all 9 HPV subtypes covered by the g-valent vaccine in MSM
compared with heterosexual males at 7 months. For the outcome of
seropositivity, there was moderate-quality evidence of no significant
difference for all 9 HPV genotypes between vaccinated MSM and
vaccinated heterosexual males at 7 months (Multinational6).
Implications and conclusions

The 4-valent HPV vaccine was effective in reducing clinical outcomes of
AIN and persistent infection compared with placebo at a mean follow
up for 2.9 years, with the exception of condyloma acuminatum (no
significant difference) and persistent infection caused by HPV 11 (no
significant difference). For g-valent HPV vaccine, MSM tended to have
lower but non-inferior GMTs at 7 months compared with females and
heterosexual males. There was no significant difference in
seropositivity for 9-valent HPV vaccine between MSM and females and

between MSM and heterosexual males at 7 months.
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Summary of findings: 4-valent HPV vaccine versus placebo in 16 to 26 year old MSM - clinical outcomes, AIN and anal cancer — per

protocol analyses

Patients: 16 to 26 year-old MSM (seronegative at baseline)

Setting: Australia, Brazil, Canada, Croatia, Germany, Spain, and the United States

Intervention: 4-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) versus placebo (3-doses (Day 1, Month 2, Month 6))

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Placebo 4-valent HPV Ne of participants & the evidence
vaccine studies (GRADE)
There is moderate-quality evidence that 4- Rate ratio 0.45 (0.23 to
AIN (Any HPV type) valent HPV vaccine reduces AIN (Any HPV 28/315 person years at 12/299 person years 45 10- 3 . EDD0
. . ) . 0.89); 255 participants in 1 1
follow up: mean 2.9 years type) in 16 to 26-year old MSM compared with | risk at risk <tud MODERATE
placebo. y
There is moderate-quality evidence that 4- Rate ratio 0.23 (0.09 to PPPO
AIN (HPV 6, 11, 16 18) valent HPV vaccine reduces AIN (HPV 6, 11, 16 24/412 person years at 5/381 person years at ) 3. - 9 . MODERATE*
. ; . : 0.59); 402 participants in 1
follow up: mean 2.9 years 18) in 16 to 26-year old MSM compared with risk risk stud
placebo. y
AIN grade 1 There is moderajce-quallty evidence that.4- 16/414 person years at 4383 person years at Rate ratio 0'27.(9'09 to. PPP0 )
follow up: mean 2.9 years valent HPV vaccine reduces AIN grade 1in 16 sk ik 0.81); 402 participantsin1 | MODERATE
' ' to 26-year old MSM compared with placebo. study
_ There is low-quality evidence of no significant Rate ratio 0.09 (0.01 to AP0O0
Condyloma acuminatum difference on condyloma acuminatum 6/418 person years at 0/387 person years at - . LOW 2
. . . . 1.61); 402 participants in 1
follow up: mean 2.9 years between 4-valent HPV vaccine compared with | risk risk <tud
placebo in 16 to 26-year old MSM. y
AIN grade 2 or 3 There is moderajce-quallty evidence that 4- . 13/417 person years at 31384 person years at Rate ratio 0.25.((.).07 to. PPP0 )
follow up: mean 2.9 years valent HPV vaccine reduces AIN grade 2 or 3in sk ok 0.88); 402 participantsin1 | MODERATE
' ' 16 to 26-year old MSM compared with placebo. study
We cannot estimate the effect of 4-valent HPV PPP0
Anal cancer vaccine in MSM on anal cancer; no events were 0/421 person years at 0/386 person years at Not estimable* MODERATE*

follow up: mean 2.9 years

reported.

risk

risk

AIN=anal intraepithelial neoplasia; Cl= confidence interval; HPV=human papilloma virus; MSM= men who have sex with men; RR=rate ratio

* Downgraded one level forimprecision: Very low event rate.

groups, as well as no effect.
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* No events were reported.

* Downgraded one further level for imprecision: 95% Cl around the pooled estimate of effect includes appreciable benefit for both the intervention and control
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Forest plots: 4-valent HPV vaccine versus placebo in 16 to 26 year old MSM - clinical outcomes, AIN and anal cancer — per protocol

analyses

Patients: 16 to 26 year-old MSM (seronegative at baseline)
Setting: Australia, Brazil, Canada, Croatia, Germany, Spain, and the United States
Intervention: 4-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) versus placebo (3-doses (Day 1, Month 2, Month 6))

Outcome

Forest plot

Certainty of the evidence
(GRADE)

Anal Intraepithelial Neoplasia
(AIN), Condyloma acuminatum
and Anal Cancer*

Follow up: mean 2.9 years

Study

AIN (Any HPV type)

Multinational9

AIN (HPVS, 11, 16, 18)

Multinational9

AIN grade 1

Multinational9

Condyloma acuminatum

4-valent vaccine

Events/

Placebo

Events/

Rate Ratio (95% CI) person-yrs Sample person-yrs Sample

0.45 (0.23, 0.89)

0.23 (0.09, 0.59)

0.27 (0.09, 0.81)

Multinational9

AIN grade 2 or 3

Multinational9

<

0.09 (0.01, 1.61)

0.25 (0.07, 0.88)

12/299

5/381

4/383

0/387

3/384

129

194

194

194

194

28/315

24/412

16/414

6/418

13/417

126

208

208

208

208

More events with placebo

I
1 1.61

More events with vaccine

A continuity correction of 0.5 was added in both arms where number of events was zero

®DDO MODERATE

®DDO MODERATE

@DDO MODERATE

D00 Low

DDDO MODERATE

AIN=anal intraepithelial neoplasia

*No events for anal cancer in both groups, therefore excluded from forest plot

Summary of findings: 4-valent HPV vaccine versus placebo in 16 to 26 year old MSM - clinical outcomes, persistent infection — per

protocol analyses
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Patients: 16 to 26 year-old MSM (seronegative at baseline)

Setting: Australia, Brazil, Canada, Croatia, Germany, Spain, and the United States

Intervention: 4-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) versus placebo (3-doses (Day 1, Month 2, Month 6))

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Placebo 4-valent HPV Ne of participants & the evidence
vaccine studies (GRADE)
. . . There is moderate-quality evidence that 4- ,
Persistent infection HPV 6, 11, 16 valent HPV vaccine reduces persistent HPV 6, 39/381 person years at 2/386 person years at Rate ratio 005 (.0'01 to. O®PDO
ori8 . L : . 0.21); 401 participants in 1 1
11, 16 or 18 infection in 16 to 26-year old MSM | risk risk MODERATE
Follow-up: mean 2.9 years . study
compared with placebo.
There is moderate-quality evidence that 4- Rate ratio 0.08 (0.01.to
Persistent infection HPV 6 valent HPV vaccine reduces persistent HPV 6 13/287 person years at 1/278 person years at R . ®PP0O
. . ; . 0.61); 284 participants in 1 1
Follow-up: mean 2.9 years infection in 16 to 26-year old MSM compared risk risk stud MODERATE
with placebo. y
There is low-quality evidence of no significant Rate ratio 0.10 (0.01 to
Persistent infection HPV 11 difference on persistent HPV 11 infection 5/296 person years at 0/279 person years at S . ®P0O0
. . ; . 1.74); 284 participants in 1 12
Follow-up: mean 2.9 years between 4-valent HPV vaccine compared with | risk risk <tud LOW
placebo in 16 to 26-year old MSM. y
There is moderate-quality evidence that 4- 16/330 person years at Rate ratio 0.06 (0.01t0
Persistent infection HPV 16 valent HPV vaccine reduces persistent HPV 16 ) P y 1/331 person years at AR . ®DP0
) . risk X 0.47); 336 participants in 1 1
Follow-up: mean 2.9 years infection in 16 to 26-year old MSM compared risk stud MODERATE
with placebo. y
There is moderate-quality evidence that 4- Rate ratio 0.0% (0.00 to
Persistent infection HPV 18 valent HPV vaccine reduces persistent HPV 18 | 10/376 person years at 0/346 person years at 03 19: . ®PPO
. L ) . 0.88); 365 participantsin 1 1
Follow-up: mean 2.9 years infection in 16 to 26-year old MSM compared risk risk MODERATE

with placebo.

study

Cl= confidence interval; HPV=human papilloma virus; MSM= men who have sex with men; RR=rate ratio

*Downgraded one level forimprecision: Very low event rate.

groups, as well as no effect.
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* Downgraded one further level for imprecision: 95% Cl around the pooled estimate of effect includes appreciable benefit for both the intervention and control
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Forest plots: 4-valent HPV vaccine versus placebo in 16 to 26 year old MSM - clinical outcomes, persistent infection — per protocol

analyses

Patients: 16 to 26 year-old MSM (seronegative at baseline)

Setting: Australia, Brazil, Canada, Croatia, Germany, Spain, and the United States

Intervention: 4-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6)) versus placebo (3-doses (Day 1, Month 2, Month 6))

Outcome

Forest plot

Certainty of the evidence
(GRADE)

Persistent infection

Follow-up: mean 2.9 years

Study

Persistent infection HPV 6, 11, 16, or 18

Multinational9

Persistent infection HPV 6

Multinational9

Persistent infection HPV 11

Multinational9

0.05(0.01, 0.21)

0.08 (0.01, 0.61)

Persistent infection HPV 16

Multinational9

Persistent infection HPV 18

Multinational9

0.10 (0.01, 1.74)

0.06 (0.01, 0.47)

0.05 (0.00, 0.88)

2/386

1/278

07279

1/331

0/346

4-valent vaccine

Events/
Rate Ratio (95% CI) person-yrs Sample person-yrs Sample

193

140

140

166

172

Placebo
Events/

39/381

13/287

5/296

16/330

101376

208

144

144

170

193

3

More events with placebo

T
1.75
More events with vaccine

®DDO MODERATE

®DDO MODERATE

®P00 LowW

@DDO MODERATE

@DDO MODERATE
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Summary of Findings: 9-valent HPV vaccine in 16-26 year old MSM versus g-valent HPV vaccine in 16-26 year old females —

immunogenicity outcomes

Patients: 16 to 26-year old MSM and females (seronegative at baseline)
Setting: Canada, Colombia, Denmark, Germany, Israel, Malaysia, Mexico, Norway, Peru, the Philippines, Poland, South Africa, Spain, Sweden, Thailand, Turkey and the United

States

Intervention: 9-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6))

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Females MSM N° of participants & the evidence
studies (GRADE)

GMTs for HPV 6 There is moderate-quality evidence of lower 703.9 mMU/mL 568.9 mMU/mL Ratio 0.81 (0.70 t0 0.94); APP0

follow up: 7 months but non-inferior GMTs for HPV 6 in MSM 872 participants in 1 study MODERATE"
compared with females

GMTs for HPV 11 There is moderate-quality evidence of lower 564.9 mMU/mL 437.7 mMU/mL Ratio 0.77 (0.67 to 0.90); ®PP0

follow up: 7 months but non-inferior GMTs for HPV 11in MSM 877 participants in 1 study | MODERATE"
compared with females

GMTs for HPV 16 There is moderate-quality evidence of lower 2788.3 mMU/mL 2294 mMU/mL Ratio 0.82 (0.72 t0 0.94); ®PP0

follow up: 7 months but non-inferior GMTs for HPV 16 in MSM 993 participants in 1 study MODERATE"
compared with females

GMTs for HPV 18 There is moderate-quality evidence of no 679.8 mMU/mL 608.2 mMU/mL Ratio 0.89 (0.77 to 1.05); APP0

follow up: 7 months significant difference in GMTs for HPV 18 1051 participants in 1 MODERATE"
between MSM and females; MSM were non- study
inferior

GMTs for HPV 31 There is moderate-quality evidence of lower 570.2 mMU/mL 420.7 mMU/mL Ratio 0.74 (0.63 to 0.86); @DDO

follow up: 7 months but non-inferior GMTs for HPV 31in MSM 1053 participants in 1 MODERATE"
compared with females study

GMTs for HPV 33 There is moderate-quality evidence of lower 322 mMU/mL 252.3 mMU/mL Ratio 0.78 (0.69 to 0.89); ®DDO

follow up: 7 months but non-inferior GMTs for HPV 33 in MSM 1083 participants in 1 MODERATE"
compared with females study

GMTs for HPV 45 There is moderate-quality evidence of lower 185.7 mMU/mL 157.5 mMU/mL Ratio 0.85 (0.72 to 1.00); ®DDO

follow up: 7 months but non-inferior GMTs for HPV 45 in MSM 1103 participants in 1 MODERATE"
compared with females study

GMTs for HPV 52 There is moderate-quality evidence of lower 335.2 mMU/mL 233.12 mMU/mL Ratio 0.70 (0.60 to 0.80); D®DDO

follow up: 7 months but non-inferior GMTs for HPV 52 in MSM 1081 participants in 1 MODERATE"
compared with females study

GMTs for HPV 58 There is moderate-quality evidence of lower 409.3 mMU/mL 319.8 mMU/mL Ratio 0.78 (0.68 to 0.90); ®DD0

follow up: 7 months but non-inferior GMTs for HPV 58 in MSM 1062 participants in 1 MODERATE"

compared with females

study
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Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Ne° of participants & the evidence
Females MSM studies (GRADE)

Seropositivity for HPV 6 There is moderate-quality evidence of no 705/708 (99.6%) 163/164 (99.4%) RR 1.00 (0.99 to 1.01) DDDO

follow up: 7 months significant difference in seropositivity for HPV 872 participants in 1 study | MODERATE"
6 between MSM and females

Seropositivity for HPV 11 There is moderate-quality evidence of no 711/712 (99.9%) 165/165 (100%) RR 1.00 (0.99 to 1.01) DDD0

follow up: 7 months significant difference in seropositivity for HPV 877 participants in 1 study | MODERATE"
11 between MSM and females

Seropositivity for HPV 16 There is moderate-quality evidence of no 780/781(99.9% 212/212 (100%) RR 1.00 (0.99 to 1.01) APP0

follow up: 7 months significant difference in seropositivity for HPV 993 participants in 1 study MODERATE"
16 between MSM and females

Seropositivity for HPV 18 There is moderate-quality evidence of no 829/831 (99.8%) 219/220 (99.5%) RR 1.00 (0.99 to 1.01) CCe)

follow up: 7 months significant difference in seropositivity for HPV 1051 participants in 1 MODERATE"
18 between MSM and females study

Seropositivity for HPV 31 There is moderate-quality evidence of no 826/826 (100%) 227/227 (100%) Not estimable*; 1053 @PP0

follow up: 7 months significant difference in seropositivity for HPV participants in 1 study MODERATE"
31 between MSM and females

Seropositivity for HPV 33 There is moderate-quality evidence of no 852/853 (99.9%) 230/230 (100%) RR 1.00 (0.99 to 1.01) APP0

follow up: 7 months significant difference in seropositivity for HPV 1083 participantsin 1 MODERATE"
33 between MSM and females study

Seropositivity for HPV 45 There is moderate-quality evidence of no 867/871 (99.5%) 232/232 (100%) RR 1.00 (1.00 to 1.01) SCEle)

follow up: 7 months significant difference in seropositivity for HPV 1103 participants in 1 MODERATE"
45 between MSM and females study

Seropositivity for HPV 52 There is moderate-quality evidence of no 847/849 (99.8%) 232/232 (100%) RR 1.00 (0.99 to 1.01) @PP0

follow up: 7 months significant difference in seropositivity for HPV 1081 participants in 1 MODERATE"
52 between MSM and females study

Seropositivity for HPV 58 There is moderate-quality evidence of no 837/839 (99.8%) 223/223 (100%) RR 1.00 (0.99 to 1.01) APP0

follow up: 7 months significant difference in seropositivity for HPV 1062 participants in 1 MODERATE"

58 between MSM and females

study

Cl= confidence interval; GMT= geometric mean titre; HPV= human papilloma virus; MSM= men who have sex with men; RR=risk ratio

*Excluded from analysis due to no non-events; all participants seropositive.

*Downgraded one level for risk of bias: non-random comparison.
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Forest plots: g-valent HPV vaccine in 16-26 year old MSM versus g-valent HPV vaccine in 16-26 year old females —immunogenicity

outcomes

Patients: 16 to 26-year old MSM and females (seronegative at baseline)

Setting: Canada, Colombia, Denmark, Germany, Israel, Malaysia, Mexico, Norway, Peru, the Philippines, Poland, South Africa, Spain, Sweden, Thailand, Turkey and the United

States

Intervention: 9-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6))

Outcome Forest plot Certainty of the evidence
(GRADE)
Study, vaccine type Ratio of GMTs (95% CI)
HPV 6
Multinational6, 9-valent - 0.81(0.70, 0.94)
HPV 11
Multinational6, 9-valent * 0.77 (0.67, 0.90)
HPV 16
Multinational6, 9-valent - 082 (072, 0.94)
HPV 18
Multinational6, 9-valent + 0.89(0.77, 1.05)
Ratio of GMTs HPV 31 PPD0O
follow up: 7 months Multinational6, 9-valent . 0.74 (0.63, 0.86) MODERATE
HPV 33
Multinational6, 9-valent - 0.78 (0.69, 0.89)
HPV 45
Multinational6, 9-valent - 0.85(0.72, 1.00)
HPV 52
Multinational6, 9-valent ' 0.70 (0.60, 0.80)
HPV 58
MultinationalB, 9-valent - 0.78 (0.68, 0.90)

T
75
Favors vaccinated females

Favors vaccinated MSMs
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Outcome Forest plot Certainty of the evidence
(GRADE)
MSMs Females
Study, vaccine type RR (95% CI) Events/N Events/N
HPV 06
Multinational6, 9-valent - 1.00 (0.99, 1.01) 163/164 705/708
HPV 11
Multinational6, 9-valent * 1.00 (0.99, 1.01) 165/165 T711/712
HPV 16
Multinational6, 9-valent - 1.00 (0.99, 1.01) 212/212 780/781
HPV 18
Seropositivity Multinational6, 9-valent - 1.00 (0.99, 1.01) 219/220 829/831
fO”OW Up: 7 months HPV 31 @@@O
Muttinationals, 9-valent (Excluded) MODERATE
HPV 33
Multinational6, 9-valent 1.00 (0.99, 1.01) 230/230 852/853
HPV 45
Multinational6, 9-valent * 1.00 (1.00, 1.01) 232/232 867/871
HPV 52
Multinational6, 9-valent * 1.00 (0.99, 1.01) 232/232 847/849
HPV 58
Multinational6, 9-valent 1.00 (0.99, 1.01) 223/223 837/839

|
99

More events in vaccinated females

|
1.01

More events in vaccinated MSMs
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Summary of Findings: g-valent HPV vaccine in 16-26 year old MSM versus g-valent HPV vaccine in 16-26 year old heterosexual males -
immunogenicity outcomes

Patients: 16 to 26-year old MSM and heterosexual males (seronegative at baseline)

Setting: Canada, Colombia, Denmark, Germany, Israel, Malaysia, Mexico, Norway, Peru, the Philippines, Poland, South Africa, Spain, Sweden, Thailand, Turkey and the United
States

Comparison: g-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6))

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Heterosexual males MSM N° of participants & the evidence
studies (GRADE)

GMTs for HPV 6 There is moderate-quality evidence of lower 782 mMU/mL 568.9 mMU/mL Ratio 0.73 (0.63t0 0.84) ®PP0

follow up: 7 months but non-inferior GMTs for HPV 6 in MSM 1011 participants in 1 MODERATE"
compared with heterosexual males study

GMTs for HPV 11 There is moderate-quality evidence of lower 616.7 mMU/mL 437.7 mMU/mL Ratio 0.71 (0.62t0 0.82) ®PP0

follow up: 7 months but non-inferior GMTs for HPV 11 in MSM 1016 participants in 1 MODERATE"
compared with heterosexual males study

GMTs for HPV 16 There is moderate-quality evidence of lower 3346 mMU/mL 2294 mMU/mL Ratio 0.69 (0.60 t0 0.78) ®PP0

follow up: 7 months but non-inferior GMTs for HPV 16 in MSM 1111 participants in 1 MODERATE"
compared with heterosexual males study

GMTs for HPV18 There is moderate-quality evidence of lower 808.2 mMU/mL 608.2 mMU/mL Ratio 0.75 (0.64 t0 0.88) APP0

follow up: 7 months but non-inferior GMTs for HPV 18 in MSM 1126 participants in 1 MODERATE"
compared with heterosexual males study

GMTs for HPV 31 There is moderate-quality evidence of lower 708.5 mMU/mL 420.7 mMU/mL Ratio 0.59 (0.51t0 0.69) ®DP0

follow up: 7 months but non-inferior GMTs for HPV 31in MSM 1135 participants in 1 MODERATE"
compared with heterosexual males study

GMTs for HPV 33 There is moderate-quality evidence of lower 384.8 mMU/mL 252.3 mMU/mL Ratio 0.66 (0.57t0 0.75) ®DP0

follow up: 7 months but non-inferior GMTs for HPV 33 in MSM 1131 participantsin 1 MODERATE"
compared with heterosexual males study

GMTs for HPV 45 There is moderate-quality evidence of lower 235.6 mMU/mL 157.5 mMU/mL Ratio 0.67 (0.57t0 0.79) DDDO

follow up: 7 months but non-inferior GMTs for HPV 45 in MSM 1141 participants in 1 MODERATE"
compared with heterosexual males study

GMTs for HPV 52 There is moderate-quality evidence of lower 386.8 mMU/mL 233.12 mMU/mL Ratio 0.60 (0.52 t0 0.69) D®DDO

follow up: 7 months but non-inferior GMTs for HPV 52 in MSM 1139 participantsin 1 MODERATE"
compared with heterosexual males study

GMTs for HPV 58 There is moderate-quality evidence of lower 509.8 mMU/mL 319.8 mMU/mL Ratio 0.63 (0.55t0 0.72) D®DDO

follow up: 7 months but non-inferior GMTs for HPV 58 in MSM 1120 participantsin 1 MODERATE"
compared with heterosexual males study
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Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Heterosexual males MSM NP° of participants & the evidence
studies (GRADE)

Seropositivity for HPV 6 There is moderate-quality evidence of no 8441847 (99.6%) 163/164 (99.4%) RR 1.00 (0.98 to 1.01) ®PP0

follow up: 7 months significant difference in seropositivity for HPV 1011 participants in 1 MODERATE"
6 between MSM and heterosexual males study

Seropositivity for HPV 11 There is moderate-quality evidence of no 851/851 (100%) 165/165 (100%) Not estimable*; 1016 ®PP0

follow up: 7 months significant difference in seropositivity for HPV participants in 1 study MODERATE"
11 between MSM and heterosexual males

Seropositivity for HPV 16 There is moderate-quality evidence of no 899/899 (100%) 212/212 (100%) Not estimable*; 1112 ®PP0

follow up: 7 months significant difference in seropositivity for HPV participants in 1 study MODERATE"
16 between MSM and heterosexual males

Seropositivity for HPV 18 There is moderate-quality evidence of no 905/906 (99.9%) 219/220 (99.5%) RR 1.00 (0.99 to 1.01) CCe)

follow up: 7 months significant difference in seropositivity for HPV 1126 participantsin 1 MODERATE"
18 between MSM and heterosexual males study

Seropositivity for HPV 31 There is moderate-quality evidence of no 908/908 (100%) 227/227 (100%) Not estimable*; 1135 @PP0

follow up: 7 months significant difference in seropositivity for HPV participants in 1 study MODERATE"
31 between MSM and heterosexual males

Seropositivity for HPV 33 There is moderate-quality evidence of no 901/901 (100%) 230/230 (100%) Not estimable*; 1131 APP0

follow up: 7 months significant difference in seropositivity for HPV participants in 1 study MODERATE"
33 between MSM and heterosexual males

Seropositivity for HPV 45 There is moderate-quality evidence of no 907/909 (99.8%) 232/232 (100%) RR 1.00 (0.99 to 1.01) SCEle)

follow up: 7 months significant difference in seropositivity for HPV 1141 participants in 1 MODERATE"
45 between MSM and heterosexual males study

Seropositivity for HPV 52 There is moderate-quality evidence of no 907/907 (100%) 232/232 (100%) Not estimable*; 1139 @PP0

follow up: 7 months significant difference in seropositivity for HPV participants in 1 study MODERATE"
52 between MSM and heterosexual males

Seropositivity for HPV 58 There is moderate-quality evidence of no 897/897 (100%) 223/223 (100%) Not estimable*; 1120 APP0

follow up: 7 months significant difference in seropositivity for HPV participants in 1 study MODERATE"

58 between MSM and heterosexual males

Cl= confidence interval; GMT= geometric mean titre; HPV= human papilloma virus; HS= heterosexual; MSM= men who have sex with men; RR=risk ratio

*Excluded from analysis due to no non-events; all participants seropositive.

*Downgraded one level for risk of bias: non-random comparison.
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Forest plots: 9-valent HPV vaccine in 16-26 year old MSM versus g9-valent HPV vaccine in 16-26 year old heterosexual males —

immunogenicity outcomes

Patients: 16 to 26-year old MSM and heterosexual males (seronegative at baseline)
Setting: Canada, Colombia, Denmark, Germany, Israel, Malaysia, Mexico, Norway, Peru, the Philippines, Poland, South Africa, Spain, Sweden, Thailand, Turkey and the United

States

Comparison: g-valent HPV vaccine (3-doses (Day 1, Month 2, Month 6))

Outcome Forest plot Certainty of the evidence
(GRADE)
Study, vaccine type Ratio of GMTs (95% Cl)
HPV 6
Multinational6, 9-valent - 0.73(0.63, 0.64)
HPV 11
Multinational6, 9-valent - 0.71(062, 0.82)
HPV 16
Multinational6, 9-valent -> 0.69(0.60, 0.78)
HPV 18
Multinational6, 9-valent -> 0.75(0.64, 0.88)
: HPV 31

Ratio of GMTs Multinational6, 9-valent 0.59(0.51, 0.69) SDO0

follow up: 7 months MODERATE
HPV 33
Multinationalf, 9-valent * 0.66(0.57, 0.75)
HPV 45
Multinational6, 9-valent - 0.67 (0.57, 0.79)
HPV 52
Multinationalf, 9-valent - r 0.60(0.52, 0.69)
HPV 58
Multinational6, 9-valent - 0.63(0.55, 0.72)

T ]
65 78
Favors vaccinated heterosexual males

Favors vaccinated MSMs

Plots continued overleaf
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Outcome Forest plot Certainty of the evidence
(GRADE)
MSMs Heteros.
Study, vaccine type RR (95% CI) Events/N Events/N
HPV 06
Multinational6, 9-valent 1.00 (0.98, 1.01) 163/164 844/847
HPV 11
Multinational8, 9-valent (Excluded)
HPV 16
Multinational6, 9-valent (Excluded)
HPV 18
Multinational6, 9-valent 1.00 (0.99, 1.01) 219/220 905/906
Seropositivity HPV 31 DDDO
follow up: 7 months Multinational®, 9-valent (Excluded) MODERATE
HPV 33
Multinational8, 9-valent (Excluded)
HPV 45
Multinational6, 9-valent 1.00 (0.99, 1.01) 232/232 907/909

HPV 52
Multinational6, 9-valent (Excluded)
HPV 58
Multinational8, 9-valent (Excluded)
I I
98 1.01

More events in vaccinated heterosexual males

More events in vaccinated MSMs
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Key findings

In 7 to 12-year old HIV-infected children, GMTs for HPV 6, 11, 16 and 18
were higher after 4-valent HPV vaccine than placebo at 7 to 24
months, and seroconversion for the four HPV types was >97% at 7
months. The evidence was judged to be of moderate quality.

In 18 to 25-year old females given the 2-valent HPV vaccine, there was
low-quality evidence that GMTs for HPV 16 and 18 were significantly
lower in women with HIV than women without HIV, although non-
inferiority was inconclusive. With regard to seropositivity, 100% of
HIV-infected and HIV-uninfected women were seropositive at 12
months.

In adults over 18 years, there was low-quality evidence of no
significant difference, and inconclusive non-inferiority, in GMTs for
HPV 16 between the 2-valent and 4-valent HPV vaccines at 7 and 12
months. There was low-quality evidence that the 4-valent vaccine is
inferior to 2-valent vaccine for GMTs for HPV 18 at 7 months; at 12
months non-inferiority was inconclusive. There was low-quality
evidence of no significant difference in ratios seropositive to HPV 16
between the 2-valent and 4-valent vaccines at 12 months, however the
2-valent vaccine had a significantly higher ratio of seropositivity to
HPV 18 at 12 months.




Abstract

Background

Human papilloma virus (HPV) is the most common viral infection of
the reproductive tract and causes a range of conditions in females
and males, including precancerous lesions that may progress to
cancer. Patients living with human immunodeficiency virus (HIV)
have a higher risk of developing HPV-related cancer. In this
Targeted Update, we review and analyse evidence for the
protection afforded by prophylactic HPV vaccines in people living
with HIV.

Objectives
To evaluate the efficacy and immunogenicity of HPV vaccines in

people living with HIV.

Search methods

Searches were conducted from January 2006 to June 2016, and all
relevant studies regardless of language or publication status were
searched. We searched the following databases: Cochrane Central
Register of Controlled Trials (CENTRAL), published in The
Cochrane Library; MEDLINE (PubMed); EMBASE (OVID). We
searched the WHO International Clinical Trials Registry Platform
and ClinicalTrials.gov, to identify ongoing trials. We searched the
reference lists of relevant systematic reviews published within the
search dates. We contacted the pharmaceutical industries for any
potential relevant study through the WHO Initiative for Vaccines
Research Department (IVR).

Selection criteria

Randomised controlled trials (RCTs) and non-randomised
experimental studies were eligible for inclusion. We included
studies with comparisons against placebo, comparisons among
different types of HPV vaccine, and comparisons to people living
without HIV.

Data collection and analysis

Two review authors independently assessed trial eligibility and risk
of bias, and extracted data. Risk ratios (RR) with 95% confidence
intervals (Cl) were calculated for binary outcomes reported as
ratios. For continuous data, where GMTs were reported, we
calculated the data as mean differences (95% Cl) on the log scale
and re-expressed as ratio of GMTs. For the comparisons of HIV-
infected females versus non-HIV-infected females, and 4-valent
versus 2-valent HPV vaccine in HIV-infected adults, the non-
inferiority threshold for HIV-infected females and 4-valent vaccine,

respectively, was o.5 for the ratio of GMTs.

Main Results

We identified four RCTs (USA/Puerto Rico1; South Africai;
Denmarka; Italy1). USA/Puerto Rico1 compared 4-valent vaccine
versus placebo vaccine in 126 HIV-infected children aged 7to 12
years. South Africai compared 2-valent HPV vaccine in 150 women
aged 18 to 25 living with and without HIV. Denmark1 compared 2-
valent with 4-valent vaccine in 92 adults living with HIV. Italy1
compared 4-valent vaccine in 92 adolescents living with and
without HIV; however, it did not report immunogenicity data for
the separate HPV subtypes and was therefore omitted from this
Targeted Update.

The risk of bias was unclear for some domains in USA/Puerto Rico
and South Africai, but were all low for Denmarki. We downgraded
the quality of the evidence for the non-randomised comparison of
females with and without HIV, but we did not downgrade for lack
of clarity around blinding as outcomes were assessed objectively

(immunological outcomes).

4-valent HPV vaccine versus placebo vaccine in 7 to 12-year old HIV-
infected children

The USA/Puerto Ricoz1 study reported immunogenicity outcomes
at 7 and 24 months. GMTs for HPV 6, 11, 16 and 18 were 123.8 to
935.8-fold higher at 7 months, and 29.6 to 189.4-fold higher at 24

105

months, than in the placebo group. Seroconversion for the four
HPV types was >97% at 7 months. The evidence was judged to be
of moderate quality.

2-valent HPV vaccine in 18 to 25-year old females with and without
HIV

The South Africa1 study reported immunogenicity outcomes at 7
months. There was low-quality evidence that the GMTs for HPV 16
and 18 were significantly lower in women with HIV than women
without HIV, although non-inferiority was inconclusive. With
regard to seropositivity, 100% of HIV-infected and HIV-uninfected

women were seropositive at 12 months.

4-valent HPV vaccine versus 2-valent HPV vaccine in HIV-infected
adults

The Denmarka study reported immunogenicity outcomes at 7 and
12 months. There was low-quality evidence of no significant
difference, and inconclusive non-inferiority, in GMTs for HPV 16
between the 2-valent and 4-valent HPV vaccines at 7 and 12
months. There was low-quality evidence that the 4-valent vaccine
is inferior to 2-valent vaccine for GMTs for HPV 18 at 7 months; at
12 months non-inferiority was inconclusive. There was no
significant difference in ratios seropositive to HPV 16 between the
2-valent and 4-valent vaccines at 12 months, however the 2-valent
vaccine had a significantly higher ratio of seroconversion to HPV 18

at 12 months.

Implications and conclusions

Evidence for the immunogenicity of HPV vaccines in children living
with HIV shows beneficial effects compared with placebo at 7
months. In HIV-infected women the 2-valent vaccine produced
lower GMTs than in HIV-uninfected women; however, the rate of
seroconversion is the same between groups (low-quality evidence).
The 2-valent vaccine has similar immunogenicity to HPV 16 as the
4-valent vaccine, but results in higher GMTs and greater rate of

seroconversion to HPV 18 in adults living with HIV.
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Summary of Findings: 4-valent HPV vaccine versus placebo in 7 to 12-year old HIV-infected children —immunogenicity outcomes

Patients: 7 to 12-year old males and females (seronegative at baseline)
Setting: United States and Puerto Rico
Comparison: 4-valent HPV vaccine (3-doses (Month o, 2, 6)) versus placebo vaccine (3-doses)

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Placebo vaccine 4-valent HPV NP° of participants & studies the evidence
vaccine (GRADE)
7months | There is moderate-quality evidence that 4-valent Ratio 123.8 (89.0 t0 172.1)
Mean: 4.46 mMMU/mL | Mean: MU/mL > :
GMTs for HPV 6 HPV vaccine results in significantly higher GMTs ean: 4.46 mMU/m ean: 552 mMU/m 126 participants in 1 RCT APPO
hs | for HPV 6 than placebo in HIV-infected child 10 50.4 (34 . !
24 months | for| an placebo in infected children Mean: 4.54 mMU/mL | Mean: 229 mMUJmL Ratio 50-4 (34.2 FO 74-4) MODERATE
until 24 months. 116 participants in 1 RCT
7months | There is moderate-quality evidence that 4-valent Ratio 330.4 (261.6 t0 417.2)
Mean: 4. MU/mL | Mean: MU/mL - .
GMTs for HPV 11 HPV vaccine results in significantly higher GMTs ean: 4.15 mMU/m ean: 1371 mMU/m 126 participants in 1 RCT PPP0O
for HPV 11 than placebo in HIV-infected child i0 68.8 (49. : !
24 months orl 11 than placeboin infected children Mean: 4 mMUJmL Mean: 275 mMUJmL Ratio 68. 8 (49.3 'Fo 95.8) MODERATE
until 24 months. 116 participants in 1 RCT
7 months There is moderate-quality evidence that 4-valent Ratio 935.8 (724.5t0 1208.7)
Mean: 5. MU/mL | Mean: MU/mL o ;
GMTs for HPV 16 HPV vaccine results in significantly higher GMTs ean: 5.59 MMU/m ean: 5231 mMU/m 126 participants in 1 RCT PAPPRO
24 months | for HPV 16 than placebo in HIV-infected children Mean: £.2 mMUJmL Mean: 1023 Ratio 189.4 (129.3 t0 277.6) MODERATE *
until 24 months. P54 mMU/mL 116 participants in 1 RCT
7months | There is moderate-quality evidence that 4-valent Ratio 189.2 (132.8 t0 269.7)
Mean: 4. MU/mL | Mean: MU/mL - .
GMTs for HPV 18 HPV vaccine results in significantly higher GMTs ean: 4.92 mMU/m ean: 931 mMU/m 126 participants in 1 RCT APPR0
hs | for HPV 18 than placebo in HIV-infected child i029.6 (18. : !
24 months or. 18 than placebo in infected children Mean: 4.87 mMUJmL | Mean: 144 mMUJmL Ratio 29. 6 (28 1t.o 48.4) MODERATE
until 24 months. 116 participants in 1 RCT
. There is moderate-quality evidence that 4-valent
fSOe”r:vcvoUn\{erz:c;z:s;' HPV 6 HPV vaccine results in a significantly higher ratio 0/27 (0%) 87/87 (100%) iR Ssza.Zt(izi.Gz:r?tz?r?ngCT I\G/I_D(G)_)[?E(;ATE 1
P:7 of seroconversion for HPV 6 than placebo. 4P P
. There is moderate-quality evidence that 4-valent
foi;’:vcvounv-er:z:‘q:r?! HPV11 HPV vaccine results in a significantly higher ratio 0/27 (0%) 90/90 (100%) 51R 55a.Zti(Si-6at:tsgi6n8:-L6|;CT I\G/I_Dg_)DG_)E(I?QATE 1
P:7 of seroconversion for HPV 11 than placebo. /P P
. There is moderate-quality evidence that 4-valent
fSoe”r(c))vcvoUn\{er:]:c:)r:]tfﬁ; HPV 16 HPV vaccine results in a significantly higher ratio 1/27 (4%) 90/90 (100%) flR 1ifti(cgi.9atr12:3i8n.::LL)RCT E/I—B(—DIS—BE%ATE 1
P:7 of seroconversion for HPV 16 than placebo. 7P P O
. There is moderate-quality evidence that 4-valent
Seroconversion for HPV 18 . . — . . RR 53.9 (3.5 t0 840.0) EPP0
0, 0,
follow up: 7 months HPV vaccine results in a significantly higher ratio 0/27 (0%) 87/90 (97%) 117 participants in 1 RCT MODERATE !

of seroconversion for HPV 18 than placebo.

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; HIV=human immunodeficiency virus; RR= risk ratio

* Downgraded one level for imprecision: low number of participants.
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Graph: 4-valent HPV vaccine versus placebo vaccine in 7 to 12-year old HIV-infected children —immunogenicity outcomes

Patients: 7 to 12-year old males and females (seronegative at baseline)

Setting: United States and Puerto Rico

Comparison: 4-valent HPV vaccine (3-doses (Month o, 2, 6)) versus placebo vaccine (3-doses)

Outcome Graph Certainty of the evidence
(GRADE)
4-valent Placebo
Study Ratio of GMTs {95% CI) Mean N Mean N Timepoint
HPV 06
USA/Puerto Rico1 - 12377 (89.03, 172.05) 552 87 446 27 Month 07 PDPO MODERATE
USA/Puerto Rico1 - 60.00 (43.76, 82.27) 252 87 42 30 Month 18 EAPPO MODERATE
USA/Puerto Rico1 - 50.44 (34.21, 74.38) 229 86 454 30 Month 24 ADDO MODERATE
HPV 11
USA/Puerto Ricol 330.36 (261.57,417.24) 1371 90 4.15 27 Month 07 D@DDO MODERATE
USA/Puerto Rico1 + 71.53 (61.32, 83.44) 299 87 418 30 Month 18 ®DDO MODERATE
USA/Puerto Rico1 -+ 68.75 (49.33, 95.81 275 86 4 30 Month 24
GMTs for HPV 6, 11, 16 and 18 ( ) SHOO MODERATE
follow up: 7-24 months HPV 16
USA/Puerto Rico1 + 93578 (72451, 1208.66) 5231 90 559 27 Month 07 DODO MODERATE
USA/Puerto Rico1 - 208.18 (146.42,29598) 1120 87 5.38 30 Month 18 @DDO MODERATE
USA/Puerto Rico1 - 189.44 (129.29, 277.59) 1023 86 54 30 Month 24 @DDO MODERATE
HPV 18
USA/Puerto Rico - 189.23 (132.76,269.72) 931 90 4.92 27 Month 07 D©DDSO MODERATE
USA/Puerto Rico1 —— 30.27 (18.79, 48.74) 148 87 4.89 30 Month18 DSDDO MODERATE
USA/Puerto Rico1 —— 29.57 (18.08, 48.37) 144 86 4.87 30 Month 24 SO0 MODERATE

Favours placebo

Favours vaccine

1209

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; HIV="human immunodeficiency virus; RR= risk ratio
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Summary of Findings: 2-valent HPV vaccine in 18 to 25-year old HIV-infected females versus non-HIV-infected females -
immunogenicity outcomes

Patients: 18 to 25-year old females (mixed sero-status at baseline)

Setting: South Africa

Comparison: 2-valent HPV vaccine (3-doses (Day 1, Month 1, Month 6)) in HIV-infected females versus 2-valent HPV vaccine (3-doses (Day 1, Month 1, Month 6)) in non-HIV-

infected females

Outcome Plain language summary Absolute effect Relative effect (95% Cl) Certainty of
Non-HIV-infected HIV-infected females Ne of participants & the evidence
females studies (GRADE)

GMTs for HPV 16 There is low-quality evidence that 2-valent Mean: 8168.8 EU/mL Mean: 3558.2 EU/mL Ratio 0.44 (0.30t0 0.63) AP0O0

follow up: 7 months HPV vaccine results in significantly lower GMTs 150 participants in 1 RCT LOW?!?

for HPV 16 at 7 months in HIV-infected females
than non-HIV-infected females; non-inferiority
is inconclusive.

GMTs for HPV 18 There is low-quality evidence that the 2-valent | Mean: 3703 EU/mL Mean: 1945.8 EU/mL Ratio 0.53 (0.32t0 0.86) ®P0O0

follow up: 7 months HPV vaccine results in significantly lower GMTs 150 participants in 1 RCT LOW??

for HPV 18 at 7 months in HIV-infected females

than in non-HIV-infected females; non-

inferiority is inconclusive.

There is low-quality evidence of no significant 22/22 (200%) 42/42 (200%) RR 1.00 (not estimable) AP0O0

Seropositivity for HPV 16 difference in ratios of seropositivity for HPV 16 64 participantsin 1 RCT LOW?!?

follow up: 212 months with 2-valent HPV vaccine between HIV-

infected and non-HIV-infected females.
There is low-quality evidence of no significant | 22/22 (100%) 42/42 (100%) RR 1.00 (not estimable) ®P00

Seropositivity for HPV 18 difference in ratios of seropositivity for HPV 18 64 participantsin 1 RCT LOW?!?

follow up: 12 months

with 2-valent HPV vaccine between HIV-
infected and non-HIV-infected females.

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; HIV= human immunodeficiency virus; RR= risk ratio

*Downgraded one level for design: non-randomized comparison

*Downgraded one level for imprecision: low number of participants.
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6
Forest plot: 2-valent HPV vaccine in 18 to 25-year old HIV-infected females versus non-HIV-infected females —immunogenicity
outcomes

Patients: 18 to 25-year old females (mixed sero-status at baseline)

Setting: South Africa
Comparison: 2-valent HPV vaccine (3-doses (Day 1, Month 1, Month 6)) in HIV-infected females versus 2-valent HPV vaccine (3-doses (Day 1, Month 1, Month 6)) in non-HIV-

infected females

Outcome Forest plot Certainty of the
evidence
(GRADE)
Ratio of GMTs Female HIV+ Female HIV-
Study, vaccine type (95% CI) Mean N Mean N
HPV 16
South Africal, bivalent 0.44 (0.30, 0.63) 35582 42 81683 22 @DO0 LOW
Ratio of GMTs
follow-up: 7 months HPV 18
South Africa?, bivalent . 0.53 10,32, 0.66) jass 4 303 2 ®DO0 LOW
T T
3 5 1
Favours female HIV- Favours female HIV+

Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; HIV= human immunodeficiency virus

Forest plot for seroconversion not shown, as all participants in both groups seroconverted.
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7
Summary of Findings: 4-valent HPV vaccine versus 2-valent HPV vaccine in HIV-infected adult males and females —immunogenicity
outcomes

Patients: 18+ year old HIV-infected males and females (seronegative at baseline)
Setting: Denmark
Comparison: 4-valent HPV vaccine (3-doses (Day 1, Month 1.5, Month 6)) versus 2-valent HPV vaccine (3-doses (Day 1, Month 1.5, Month 6))

Outcome Plain language summary Absolute effect* Relative effect (95% Cl) Certainty of the
2-valent HPV | 4-valent HPV NP° of participants & studies evidence
vaccine vaccine (GRADE)

There is low-quality evidence of no significant _ ) Ratio 0.79 (0.25 to0 2.52)
GMTs for HPV 16 Month7 difference, and inconclusive non-inferiority, in GMTs Mean: 59112 Mean: 46906 92 participants in 1 RCT ®D00
Month for HPV 16 between 2-valent and 4-valent HPV M M 6 Ratio 0.67 (0.21t0 2.08) LOW?
12 vaccines up to 12 months ean: 14027 ean: 9303 92 participants in 1 RCT
There is low-quality evidence that 4-valent vaccine is Rati ( ¢ )
Month 7 | inferior to 2-valent vaccine for GMTs for HPV 18 at 7 Mean: 24368 Mean: 3208 2 Ic;iizi?’ aor;fc)s[rinololélgl'
GMTs for HPV 18 months; at 12 months non-inferiority is inconclusive 2P P ®P00
1
Month Mean: 61 Mean: 2208 Ratio 0.52 (0.16 t0 1.76) LOW
12 $0135 3 92 participantsin 1 RCT
e There is low-quality evidence of no significant

foi;’:\zos'?':;t:qz:::spv 16 difference in ratios of seropositivity for HPV 16 45/45 (200%) | 44/46 (96%) Rf Oa;?tGic(io ﬁii?:fég @@OlO

up: between 2-valent and 4-valent HPV vaccines 9tp P LOW
There is low-quality evidence that 4-valent HPV

Seropositivity for HPV 18 vaccine results in a significantly lower ratio of 0 0 RR 0.76 (0.63 t0 0.90) @P00

follow up: 12 months seropositivity for HPV 18 compared with 2-valent HPV 44145 (98%) 34146 (74%0) 91 participants in 1 RCT Low?

vaccine

*GMTs were computed using the log1o transformation of titres
Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; HIV="human immunodeficiency virus; RR= risk ratio

* Downgraded two levels for imprecision: very low number of participants.
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8

Forest plot: 4-valent HPV vaccine versus 2-valent HPV vaccine in HIV-infected adult males and females —immunogenicity outcomes

Patients: 18+ year old HIV-infected males and females (seronegative at baseline)

Setting: Denmark

Comparison: 4-valent HPV vaccine (3-doses (Day 1, Month 1.5, Month 6)) versus 2-valent HPV vaccine (3-doses (Day 1, Month 1.5, Month 6))

Outcome Forest plot Certainty of the evidence
(GRADE)
Ratio of GMTs  4-valent 2-valent
Study (95% CI) Mean N Mean N Timepoint
HPV 16
Denmark1 0.79(0.25,2.52) 46906 19 59112 21 Month 07
Denmark1 067(0.21,208) 9363 19 14027 21 Month 12 ALY
Ratio of GMTs* LOW
follow up: 7-12 months HPV 18
Denmark1 - 013(004,041) 3208 18 24368 21 Month 07
Denmark1 + 052(0.16,176) 3208 18 6135 21 Month12
T T T
03 5 1 253
Favours 2-valent Favours 4-valent
4-valent 2-valent
Study RR(95% Cl) Events/iN Events/N
HPV16
Denmark — +—1— 096(0.89,1.03) 44/46  45/45 @@OO
e LOW
Seropositivity
Follow up: 12 months
HPV18
Denmarkl @—m0 m—— 44/45

0.76 (0.63,0.90)  34/46

63 0.76

Favors 2-valent

Favors 4-valent

*GMTs were computed using the log1o transformation of titres. Cl= confidence interval; GMT= Geometric mean titre; HPV=human papilloma virus; HIV=human immunodeficiency virus; RR=risk ratio
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