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HPYV infection doesn‘t atfect only girls and women
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Papillomaviruses

* Small DNA viruses 55 nm, non-enveloped, stabile, 8 000 pb
» Ubiquitous
* Evolutionary old viruses, evolved with their host

* Species specificity and tissue tropism — they infect
stratified mucous and skin epithelia of the high vertebra

* 198 genotypes, 5 genuses (a, 3, v, W, V),

Mouth Skin 8%

107,12,147 © 10,104,109,110,111,112 NGS
1, 14815517 © 115,116,119,120,122
138 119,20,24,36 © 124,127,129,130,132 68%
26 |449,550,58 133,136,137,139,14,141
32 880998 = 143149,15,151,156,2
145 22,23,37,48,60,65,75,76
92,93,95,96

Gut

144126 103,106,16,39,43
* 51,52,53,56,59,6,61 :
146,153 118,121,128,131,134} 67,72,73,74,83,89 Vagma
142,150,34,4588 19091 41%




Changes in sexual behavior of the population

The most frequent viral STD

Earlier sexual debut

Reduction of the monogamous relationship

Better quality of life, sexual activity extended to older age

Y-percentage of women with the first sexual Y-average age of the first sexual experience
experience before 17 years of age X-current age X-current age

Minichiello et al., 2011
12X more 5.6x more Lyons et al., 2011

Lindau et al., 2007



Transmission

* Sexual - hetero and homo; penetrative and non-penetrative
* Prevalence of HPV DNA in virgins 2%

e Cumulative incidence in 2 years non-penetrative sex YES 10% vs. NO
1% (Winer et al., 2003)

* HPV-specific antibodies in virgins HPV 6/11/16/18 —25/15/4/2%
(Hamsikova et al. 2013)

* Virgins after sexual debut HPV infected in 25%, within 2 years 41%
(Hamsikova et al., 2013)

* More efficient transmission from females to males (4x more frequent)
(Hernandez et al., 2008)

* HPV type specific concordance in couples (partial 66%, complete 41%)
(Abalos et al., 2012, Rob et al., 2016 )

* Sexual behavior is a risk factor for HPV prevalence in oral cavity (0.9%
vs. 7.5%) (Gillison et al., 2012)



Transmission

: From mother to child
Autoinoculation and during the delivery,

heteroinoculation transplacental




Condom

* 2000 — FDA, CDC, NIH, I.S. Agency for International Development
,,Condom reduces the risk of pregnancy, HIV transmission, and among
men, gonorrhea®.

* 2006 — Strong evidence that condom use reduces the risk of
transmission of HIV, gonorrhea and chlamydia, and herpes simplex
virus 1n both women and men®.

e 2006 Winer a spol., NEIM, 354, 25, 2645-54 ,,evidence that condom reduces also the
risk of HPV infection in women*

e Safer vs. safe sex



HPV DNA prevalence in males

ANY HPV TYPE
Incidence rate per Median time to
Prevalence 1,000 person-months clearance (months)
Genital HPV 50.4% 384 1.5
Anal HPV* 12.0% 8.1 --
Oral HPV 4.0% 5.6 6.9
* Heterosexual men. 50 .
g
. w 40 -
Incidence per 100 person-years 2
: : g 30
penile/ | perineal/ g
scrotal | perianal 3
< 0
p
<
MSW 6.8 1.9 ND 0-

Any HPV Oncogenic Nononcogenic HPV1é

MSM 3.2 9.0 16.8

[ Msw [ MSM

Giuliano et al, 2011 and 2024; Sudenga et a., 2016; Pierce Campbell et al., 2015



HPV DNA prevalence in males

* In contrast to females 1s not age dependent
* Incidence 38 /1000 person-month

e Clearance of infection 7.5 months

* Risk factors:
e Race - Asiatic
 Condom

e Circumcision
* Smoking

« STD

1
1

1
T
T

GENITAL HPV PREVALENCE (%)
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Giuliano et al., 2011;



HPYV in healthy tissues of males

TABLE IIL. Prevalence of HPV in Healthy Tissue of Male Urogenital Tract

Mo&avy méchy

fvesica urinarial ___ Semenné vatky

(vesiculoe seminales)

Chamovod [N Koneénik
fvas defens) (rektum)
Mofovi trubice,
furetra) -

: A Ritni otvor

S 4 | Nadvarle .

Pyj ) | av ] fanus)
{penis) (epididyrmis)

Varle (testis)

Prostata

Il Zourek (skrotum)

No. of patients No. of samples No. of HPV positive samples (%)

Foreskin 27 27 4 [14.8{“

Prostate 51 80 2(2.5)

Urinary bladder 15 29 0

Seminal vesicles 54 77 2(26)°

Ductus deferens 27 40 2 (5.0)¢

Ureter 3 3 0

Total 74 256 10(3.9)

“HPV 16 in three samples, one sample positive for unknown type.
0 samples positive for unknown type.

‘HFV 52, one sample positive for unknown type.

*HPV 16, one sample positive for unknown type.

Tachezy a kol., J] Med Virol,2012



Type of epithelium and immune response

Squamous non-keratinizing epithelium Squamous keratinizing epithelium
(cornea, oral cavity, oesophagus, vagina, anus, cervix) (perianal area, penis)

* Squamous non-keratinizing epithelium (mucosal) — easier access
to lymphatic system, faster and stronger immune response


http://www.baileybio.com/plogger/images/anatomy___physiology/02._powerpoint_-_basic_histology/stratified_squamous_epithelium_-keratinized.jpg
http://www.baileybio.com/plogger/images/anatomy___physiology/02._powerpoint_-_basic_histology/stratified_squamous_epithelium_-_non_keratinized.jpg

Prevalence of HPV-specific antibodies in males vs. females

* The level of HPV-specific antibodies 1s lover in males vs. females (Lu et al., 2011; Newall et al.,
2008; Markowitz et al., 2009; Michael et al., 2008)

* Czechia - females 45%, males 33% (any HPV), 37% females, 29% males (any vaccine
HPV type) (Hamsikova et al., 2012)

* Non-existing protection for reinfection (Pamnani et al., 2016)

50

45

40

35

30

25

20

15

10

5

0

P<0.001

P<0.001

P<0.001

P<0.001

|

P<0.001
I I P<0.001 I P<0.001

B Women (N=1632)
B Men (N=1518)

Hp -

4’{;, Q[l) 4'{), (@ 4’9, 0])»

P values standardized to WHO european age standard HamsSikova et al., STI, 2012



Prevalence of HPV-specific antibodies in males

* Prevalence of HPV-specific antibodies in males is driven by the number of sexual

partners and by a mode of sexual intercourse

Number of female sex partners in MSW

D

80

70 -+

1]
o
1

Seroprevalence (%)
=] (2] B
o o (=]

-
o

o

o
o
i

H None O1-3 @4-7 0O8-16 a=z=17

1 Test for trend:

P=0.47 P =0.06 P=0.06 P=0.39

| 10l 1 A .

HPV 6 HPV 11 HPV 16 HPV 18
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Age-specific incidence of HPV infection in males

* Lower 1n younger age but not statistically different

High-risk HPV Low-risk HPV
109 — 18-24 10 4
— 25-34 ' — 18-24
— 35-44 — 25-34
< | — 45-54 -
'% 0.8 55-70 g 08 | —
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=
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Months Months
p=0.0939 p=0.1894

Number at Risk Number at Risk Ingles a spol., 2015



Age-specific clearance of HPV infection in males

* No difference by age group

Cumulative Probability of Infection

High-risk HPV

10

0.8 -

06 -

0.4 -

02 -

0.0 -

— 18-24

— 25-34

— 35-44

— 45-54
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e

I | I I | I | ]

12 24 36 48 60 72 84 96
Months
p=0.0483

Cumulative Probability of Infection

1.0

0.8 1

06 7

0.4

0.2 7

00~

Low-risk HPV

§ — 18-24
1 — 25-34
— 35-44
— 45-54
55-70
| | | I | | I 1
12 24 36 48 60 72 84 96
Months
p<0.0001

Ingles a spol., 2015



Diseases caused by LR HPVs in males
* Genital warts

* Czechia 17-55 years of age, questionnaire, 32,974 individuals,
prevalence 5.8% (Petras et al., 2015)

 Incubation time 5-12 months

* Progression in 6-22% HPYV infected (Sudenga et al., 2016)
* Spontaneous clearancel0-20%

* 65% of sexual partners develop GW

e Risk factor

» External genital lesions of partner (65% of sexual partners develop GW)
* Number of sexual partners

* Recurrent respiratory papillomatosis

e Juvenile and adult form

* Prevalence of 4.3 and 1.8 cases per 100,000 persons

* Men are affected more than women



Diseases caused by HR HPVs in males

* Anal precancerous lesions and carcinoma

* 91.5% 1n AIN1 and 93.9% 1n AIN2/3 (De Vuyst H et al. Int J Cancer 2009)
* 88% squamose HPV-associated

e Czechia 82% HPV-associated (Tachezy et al. 2011)

e Risk factor:
e Sexual behaviour

* MSW 12%, MSM 64%, HIV+ MSM 93%
* Penile precancerous lesions and carcinoma
* 51% HPV-associated
* Oropharyngeal carcinoma
* 31% HPV-associated, more in developed countries

e Czechia 62% HPV-associated (Tachezy et al., 2009)



HPV-associated diseases annually in Europe

Penlle cancer?

‘ ‘ Vulvar & vaginal cancer
F] N e
s,

Head & neck cancers’
VIN 2/3, ValN 2/3, AIN 2/3
Cervical cancer

CIN2+

338,347-384,348 341,397-459,443 Genital warts

B Male [ Female U pory el Do Gusreekoall ©

» Worldwide 1/3 carcinomas of infectious actiology, HPV ~ 690,000/ year
»9,500 / year in Europe males; 900 in Czechia

»43,000 /year in Europe females;1600 in Czechia Hartwig a spol., 2017



Incidence and mortality of HPV-associated diseases in Czechia
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Incidence and mortality of HPV-associated diseases in Czechia
C60-penis
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HPYV and assisted reproduction
* In Czechia 20% of couples need AR

* men are infected lifelong at a high percentage, usually asymptomatic, and
HPYV is also present in the male reproductive tract

* HPV prevalence 1n semen and sperm 1s higher in infertile compared to
healthy men

* HPV-infected sperm show poorer motility and morphology

* HPV binds to sperm via syndecan 1 in the equatorial part of the head and
enters the cell

* infected sperm can transfer HPV to the oocyte, where the viral genes are
transcribed

* HPV infection affects the development and implantation of the embryo

 HPV vaccination in men with HPV 1n their semen speeds up the clearance
of the virus and increases the likelithood of successful ART



HPYV and assisted reproduction

* Evidence suggests that HPV infection affects sperm characteristics and thus
male fertility

 Also likely to negatively affect the success of assisted reproduction

* Data suggest a possible benefit of including HPV detection in sperm donors
and couples undergoing AR

 HPV vaccination could increase the success rate of AR in HPV-positive
couples

[ Meplodné Zeny v centrech asistované reprodukce:
[ Zeny u Kerjch lekah nezjistli picinu neplodnosti

T;]EEEE

200 2008 2009 2010 2011 2012 2013 2014 2015 2016

UZIS CR, 2019




HPYV genotypes by the disease

Cervical 0 0 HPV31, HPV4S5,
carcinoma HPV16 (50%) HPV18 (12%) HPV33
Cervical HPV16 (50%) HPV1S (12%) HPVSS8, HPV33,

carcinoma-Asie HPV52

Other cancers HPV16

Genital warts  HPV6/11 (90%)

HPV6/11

Laryngeal (100%)

papillomatosis



Primary prevention
* Prophylactic vaccines, block viral entry into the cell

HPV 6/11 — 90% of GW

HPV 16/18 —70% of cervical cancers

e Vaccination of children before coitarche

* Gender neutral vaccination
* Coverage
* No therapeutic effect ?7?

L1 Protein L1 Capsomere VLP
(55-57 kD) (~280 kD) (~20,000 kD)

72

Capsomeres

Ian Frazer, Jian Zhou



Effect of routine vaccination

* Meta-analyses FU after vaccination

* 60 mil subjects
* Up to 8 years follow-up 1-4 years ‘

5-8 years ‘

e 23 studies on HPV infection

* 29 studies on genital warts
* 13 studies on CIN2+

Drolet et al., Lancet, 2019



—— <21 years
=== 21-30 years
----- »30 years

Effect of routine vaccination -GW

e Lower number of invasive treatment procedures
« females<21 years of age by 92.6%
e 21-30 years by 72.6%
e MSW<21 years by 81.8%
e 21-30 years by 51.5%

Percentage (%)
s
[=)%

2004 2005 2006 2007 2008 2009 2010 2011

stodi Ali H a spol., BMJ 2013; 346:2032 Year
tudies e 70 e g P
Girls 15-19 years 15 —— 0-60 (0-46-0.76) P=99%, p<0-00001
8 _ 0-33 (0-:24-0-46) *=99%, p<0-00001
Women 20-24 years 15 — 0-76 (0-67-0-86) I’=99%, p<0-00001
8 —— 0-46 (0-36-0-60) =99%, p<0-00001
Women 25-29 years 15 e 0-89(0-80-0.98) P=96%, p<0-00001
8 —_— 0-69 (0-53-0-89) P=989%, p<0-00001
Women 30-39 years 14 —_—— 102 (0-92-1.13) F=96%, p<0-00001
7 0-88 (0-67-1-16) =989, p<0-00001
Boys 15-19 years 14 0-80(0-62-1.04) 7=98%, p<0-00001
8 — 052 (0-37-0-75) [*=97%, p<0-00001
Men 20-24 years 14 i 0-93(0-82-1-06) P=98%, p<0-00001
8 * 0-68 (0-47-0-98) =99%, p<0-00001
Men 25-29 years 14 — - 1.05 (0-93-1.17) I*=97%, p<0-00001
8 0-94 (0-66-133) =99%, p<0-00001
Men 30-39 years 13 # 1-4 years after vaccination —— 1.08 (0-98-119) I’=97%, p<0-00001
7 # 5-8years after vaccination . 1.04 (0-76-1-43) [*=99%, p<0-00001
(I] 0!5 1.0 1f5 2-|D
‘_

Favours vaccination

Drolet a spol., Lancet, 2019



A Girlsand women

~#- Countries with single-cohort vaccination and/or low vaccination coverage (<50%)

° —4— Countries with multi-cohort vaccination and high vaccination coverage (=50%)
The effect of the routine : ; ;

Girls 15-19 years : Women 20-24 years : Women 25-29 years : Women 30-39 years

vaccination: genital warts,
herd immunity

B
ui
]

* In populations with >50% coverage
of girls — herd effect

Relative risk of anogenital wart diagnosis
compared with pre-vaccination
=
)

@
u
1

* The efficiency of vaccination in e

females on GW prevalence depends e+ et tntsaoyes © s
on the age group ~ coverage ' ' |

1.5

1.0 -7 -- oo

. states with coverage <50%, single cohort, females
only

compared with pre-vaccination

Relative risk of anogenital wart diagnosis

05

states with coverage >50%, multicohort, females
only

Years post-vaccination




The effect of HPV vaccination against AIN in MSM

B HPV-6, 11, 16, or 18—Related AIN in the ITT Population

a 100+
=
£ oo
B 80|
£
70+
k: 60
= i
LE
e c 504
o=
E 2 404 Placebo
% 30_ --;{-...
2 i D 1 1 1
E 10 . qHPV vaccine
[¥] 0 T T T T T T
0 6 12 18 24 30 36
Months since Randomization
No. at Risk
qHPV vaccine 275 264 225 208 191 148 45
Placebo 276 263 236 218 192 146 38
C AIN from Any HPV Type in the ITT Population
a 100+
=
g 90
‘g
= 80
g 70
$ i
- 604
LE
2 & 509 Placebo
Q=2
g3 404 .
% 30+ J—— -
£ 20 _
= qHPV vaccine
E 104 :
=
[¥] 0 T T T T T T
0 6 12 18 24 30 36
Months since Randomization
No. at Risk
qHPV vaccine 275 259 213 196 170 131 42
Placebo 276 257 228 210 183 136 34

» Efectivity of HPV vacination against AIN in ITT males
» Associated with HPV vaccine types 50%

» Associated with any HPV type 26%

» Efectivity of HPV vaccination against AIN in PPT males
» Associated with HPV vaccine types 78%

» Associated with any HPV type 55%

A HPV-6, 11, 16, or 18—Related AIN in the PPE Population
= 100
=
g 90
]
e 20
a 704
“6 = 60
@ i
B —
@ =
s - 504
o=
£ = 40
&
304 .
:Ej 2o gqHPV vaccine Placebo [
- J__.r
=}
10 S
: R
o 0 T t ! - + T
0 6 12 13 24 30 i6
Months since Randomization
No. at Risk
qHPV vaccine 194 194 189 178 165 128 34
Placebo 208 208 206 199 178 130 29

AIN1 91-93%; AIN2/3 90; anal cancer 92% efficacy of vaccines

Palevsky a spol., NEJM, 2011
Rosado et al., Vaccines, 2023



The efect of routine Invasive cervical cancer  Cymulative incidence by age group

1500 —— Cohort 4
vaccination: oot
cervical cancer I
« UK, routine vaccination in 2 100-
2008, girls 12-13 years and :
14-18 years of age; till 2010 %
« till 2010 bivalent, from 2012 g
tetravalent vaccine §
* Women born from 1995 (26
years in 2021) on A 5 " %6 28 30
ELIMINATION of CC Age (years)

r 1., 2021
Age of vaccination Coverage Reduction Falcaro et al., 20
incidence

non-vaccinated

C5 16-18 yrs 44.8% 34%
Cé6 14-16 yrs 73.2% 62%
c7 12-13 yrs 84.9% 87%



The effect of the routine vaccination: HPV-associated
and non-associated carcinomas
 Finland

* The decrease in the incidence of HPV-associated cancers

* The effect for all HPV-associated cancers was statistically significant

HPV vaccinated women Non-HPV vaccinated women

Malignancy Person years n Rate (95% Cl) Person years n Rate (95% Cl)
Cervix cancer 65,656 0 - 124,245 8 6.4 (3.2, 13)
Vulva cancer 65,656 0 - 124,245 1 0.8 (0.1, 5.7)
Oropharyngeal cancer 65,656 0 - 124,245 1 0.8 (0.1, 5.7)
Other HPV cancers! 65,656 0 - 124,245 0 -

All HPV associated invasive cancers 65,656 0 - 124,245 10 8.0 (4.3, 15)
Breast cancer 65,656 2 3.0 (0.8, 12) 124,245 10 8.0 (4.3, 15)
Thyroid cancer 65,656 1 1.5 (0.2, 11) 124,245 9 7.2 (3.8, 14)
Melanoma 65,656 3 4.6 (1.5, 14) 124,245 13 10.5 (6.1, 18)
Non-melanoma skin cancer 65,656 2 3.0 (0.8, 12) 124,245 3 2.4 (0.8, 7.5)

Luostarinen at al., 2017



Reduction of HPV-associated disease by vaccination

5000 -

4 500 -

-39%

4000 -
33500 -

3000 - ® Anal cancers

2500 - W Vaginal cancers

2000 - B Vulvar cancer

® Cervical can
1500 - Cervical cancers

1000 -
500

3 1 7

Female only vaccination Universal vaccination

Audisio et al., 2016



Eradication of HPV

Table 3. Model-Based Reproduction Numbers, Immunity Thresholds for Eradication of Vaccine-Covered Oncogenic Human Papillomaviruses (HPVs),
and Corresponding Critical Coverage of Vaccination by Vaccine Efficacy for Gender-Neutral Girls and Boys) and Girls-Only (Girls) Vaccination Strategies

Critical Coverage of Vaccination

Reproduction Number' — Immunity Threshold VE 95% VE 80% VE50%
HPVType  GidsandBoys ~ Grls | GrisandBoys  Girls | GrisandBoys  Girls | Gidsand Boys ~ Girls | Girlsand Boys — Girls
4PV16 33 10 10% 90% % 95Y% B8Y% NE' NE° NE°
HPV18 22 45 h5% 18% 58% 82% 69% %% NE° NE*
HPV31/33 11 29 40% 65% 42% 68% 50% 81% 80% NE°
HPV45 17 29 40% 65% 42% 66% 50% 81% 80% NE°
HPV35 13 15 20% 35% 21% 37% 25% 4% 40% 10%

Vianska et al., 2020



Vaccination in Europe: gender and reimbursement

Vaccination policy

B universal
" girls only
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Prevalence of HPV-specific antibodies in the Czechia
* Serum of the healthy individuals (N=3 150)

Age category 6-10 years LR HPV antibodies prevalence 10 %

Age category 11 -14 years HR HPYV antibodies prevalencel0 %
Age category 15 -20 years HR HPV antibodies prevalence 30 %

Age category 6-9 years LR HPV6 11.3%; LR HPV11 10.6%

Age group (years)

1 6-10 99 111

2 11-14 126 138

3 15-20 289 233

4 21-25 289 183

5 26-30 136 346

6 31-35 97 250

7 36-40 101 137

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

8 41-50 188 299 ~El-Jeny =@=muzi ~W-Zeny =—@=muii
5 51-60 195 392

10 >60 51 68 Hamsikova et al., STI, 2012



Coverage of 13 years old girls and boys in Czechia

5%
71%
67%
| 63% 64% 64% 64% 65%
[v)
B k7%
32%
16% N

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

data UZIS CR,



Summary

* The prevalence of HPVs in males 1s very high and age-independent

* The incidence of HPVs decreases with age but sustains high to higher age
* The clearance of HPVs 1s not influenced by age

* The incidences of HPV-associated cancers of males are increasing

* The HPV vaccines are registered from 9 years of age also for males

* Gender-neutral vaccination 1s important to cover all groups e.g. MSM

* Gender-neutral vaccination 1s necessary to lower the incidence of HPV-associated
carcinomas in males

* Elimination/eradication of certain HPV types will not be possible without gender-
neutral vaccination
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