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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
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Clinical symptoms - skin

 BENIGN

* verruca plana

* verruca vulgaris

* verruca plantaris

* generalized verrucose

* MALIGNANT
* epidermodysplasia

verruciformis
*  (mutations in genes e.g.
EVERI1/EVER2 (17q25))

e nonmelanoma skin cancer
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Generalized verrucose

I Always Involved

%% Less Frequently Involved
[] Rarely Involved

cyclic neutropenia,

IgA deficiency, and WHIM syndrome
autonpmune hemolytic (warts, hypogammaglobulinemia,
anemia infection, myelokathesis)

EV

(epidermodysplasia verruciformis)

Sri et al., J Am Acad Dermatol, 2012



Clinical symptoms - mucosal

« BENIGN
* condyloma acuminata (anogenital
warts)
* recurrent respiratory papillomatosis
« HPV 6, 11,42, 74, ...
* focal epithelial hyperplasia
« HPV 13,32

HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 66, 68

e MALIGNANT
* 1ntraepithelial lesions
e Invasive carcinomas




Malignant diseases associated with HPV

i HPV 3 O % Of 2 . 2 miliOnS Numberof Number of Attributable
new cases  new cases fraction
* HPV one of 5 human carcinogens associated ttributable
with tumours in more than 5 anatomical agents
locations Carcinoma

Non-cardia gastric 820000 730000 89.0%

Cancer cases (all infectious agents) among both sexes in 2020 attributable to infections, in the world, cardia gaStfiC 13(} GD{] 23 GDG 1?LB%

o shown by infectious agents Liver 780000 570000 73-4%
Cervix uteri 530000 530000 100-0%

Vulva 34000 8500 24-9%

Anus 40000 35000 88.0%

Penis 26000 13000 51.0%

Vagina 15000 12000 78-0%

Oropharynx 96000 29000 30-8%

Oral cavity 200 000 8700 43%

Larynx 160 000 7200 4-6%

Nasopharynx 87000 83000 95.5%

Bladder 430000 7000 1-6%

elcobactst yor Repatt 8 v Hepatt C s Other sgents
T U A Plummer et al., Lancet Glob. Health, 2016; de
Sptpesieli ol ey o el 11 TP T T P Martel et al., Lancet Glob. Health, 2020

: : , canceratlas.cancer.org
https://gco.iarc.fr/causes/infections/home



Sexual hetero

Transmission and homosexual

Autoinoculation 5*'5 i From mother to child
and - e L during the delivery,
heteroinoculation transplacental



Changes in sexual behaviour of the population

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

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



Epidemiology

* at the age of 45 years — 80% infected at
least once

* asymptomatic infections

* maximum prevalence - females at the
age of 25 years

* in males the prevalence 1s high
regardless of age

* most infections clear within 2 years
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Fast spread of HPV infection after sexual debut

B EN-1. FU (#25) 1. FU-2. FU {#48) 2.FU-3.FU (#36)

. O neg/neg

pos/neg
W neg/pos
B neg/HPV16

g
v / B persistent
5 3 —
R

B oo -
Group I st Follow-up 2nd Follow-up ird Follow-up
(age range (mean 9-13 rm‘mtlm}] (mean 36-39 m a‘mtha}] (mean 61-63 nn‘mths;}]
|years]) No AnyHPV HPV16/18 No AnyHPV HPV16/18 No AnyHPV HPV 16/18
DNA+ DNA+ DNA+ DNA+ DNA+ DNA+
No (%) No (%) No (%) No (%) No (%) No (%)

Lad
P

Non-sexually 24 7(29.2) 0 (0.0) 48 17 (35.4) 0 (0.0)
active gir]g

11(344) 1(3.1)

Hamsikova et al., APMIS, 2017



HPYV type-specific variability in cervical samples

Screening population Intraepithelial lesions
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Natural history of HPV infection at cervix uteri

Exposure Related Susceptibility Microenvironment
» Multiple sex Related
}m * High risk HPV = Multiple HPV = HPVi
S
-

Persistent infection of high risk HPW

CERVIX HPV INFECTED CERVIX
>1 year LOW GRADE SQUAMOUS LESIONS
(Represanting CIN1)
>4-5 mm\, HIGH GRADE 5QUAMOUS LESIONS

(Representing CIN2/3)
it comaces \
Regression* (90%) CERVICAL CANCER

Bharti et al., Frontiers In Bioscience, Elite, 10, 2018



HPYV infection many years before diagnosis of cancer

) HPV—SpCCiﬁC antibodies to viral T R il i
antigens (E6/7), oropharyngeal and ;
anal cancer

* Detected up to 28 years before

diagnosis I
* These antibodies are very rarely ® 10000 y 2
detected 1n the healthy population T N W 4
E = /! 7. _'% /
) 10
1 40 30 20 10 0

Years between blood draw and diagnosis of OPSCC

~

Kreimer et al., 2013; Hildesheim et al., 2015; Kreimer et al., 2017; Kreimer at al., 2019



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%

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
. o - - 123v4567v.8910 1 2 3 4 5 6 7 8 9 10
=l-ieny =—@=muzi =l-7eny =@=muii
5 51-60 195 392
10 >60 51 68

Hamsikova et al., STI, 2012



Summary L.

HPVs are widespread, the infection occurs mainly through sexual intercourse
After the sexual debut most people get infected by multiple HPV types and repeatedly
Most infections can be asymptomatic and/or transient

However, HPVs cause many diseases, including malignancies, with high morbidity and
mortality

The true risk in terms of disease development and progression is persistent infections

For some HPV-associated malignancies we don’t know the precursors and therefore, the
secondary prevention (screening of the healthy population, selection of individuals at
higher risk) is not possible



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



Characteristics of HPV vaccines
| |Bivalent(2VHPV)  |Qvadrivalent(4VHPV)  [Nonavalent(9VHPV) |

Company

CERVARIX

GlaxoSmithKline
SA

HPV VLP 16, 18

o

Rekombinant DNA baculoviruses/Hi-5 Rix4446
technology Trichoplusia ni

AS04
50 pug monophosphoryl lipid A

Adjuvans

500 pg aluminium hydroxid

2007 EMA, 2009 FDA
Vaccination scheme [RAEIEGRYH

d1, m5-13

>15 yrs

d1l, m1-2,5, m5-12
Indication 9 yrs —

— premalignant anogenital
lesions (cervical, vulvar,
vaginal, anal) and cervical and
anal cancers

Biologicals

GARDASIL/SILGARD
Merck & Co., Inc.

6,11, 16, 18
20/40/40/20 pg

Saccharomyces cerevisiae
CANADE 3C-5

AAHS

225 pg aluminium hydroxyphosphate
sulphate

2006 FDA, EMA
9-13 yrs
dl, m6

>14 yrs
dl, m1-2, m3-6

9 yrs —

— premalignant and
malignantgenitallesions (cervical,
vulvar, vaginal, anal)

— genital warts

GARDASIL 9
Merck & Co., Inc.

6,11, 16,18, 31, 33, 45, 52, 58
30/40/60/40/20/20/20/20 pg

Saccharomyces cerevisiae
CANADE 3C-5

AAHS

500 pg aluminium hydroxyphosphate
sulphate

2014 FDA, 2015 EMA
9-14 yrs
dl, m5-13

>15 yrs
dl, m2, m3-6

girls 9-26 yrs

boys 9—15 ys

all 27-45 yrs

— premalignant and
malignantgenitallesions (cervical, vulvar,
vaginal, anal)

— genital warts

-head and neck cancer



Prophylactic vaccines: characteristics

 Immunogenic (almost 100% of vaccinated persons develop
antibodies; antibody titers of vaccinated persons 50-100 times higher
than after natural infection)

 Safe (Global Advisory Committee on Vaccine Safety, WHO, EMA,
EudraVigilance, FDA, CDC, post-marketing)

* Efficient (protects against infection with vaccine types, protects
against HPV-associated diseases caused by vaccine types, partial
protection against related HPV types)

* Not therapeutic, but may reduce the risk of recurrence

e Effective (post-marketing follow-up, routine vaccination)



Immunogenicity of HPV vaccines and age

e In children:

* high titres of IgG HPV-specific antibodies (better primary response,
slower decay of circulating antibodies)

* the number of memory HPV-specific B cells comparable

* higher numbers of immune cell precursors (naive B and CD4+ T
lymphocytes)

* 1n the adolescent age occurrence of changes in the response of the
Immune system

Nicoli et al., npj Vaccines, 2022



Effect of routine vaccination

* Meta-analyses FU after vaccination

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

5-8 years ‘

e 23 studies on HPV infection

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

Drolet et al., Lancet, 2019



Effect of routine vaccination on the prevalence of HPV types

Heterogeneity*

Studies Risk ratio (95% Cl)
HPV 16 and 18
Girls 13-19 years 10 —— 0-30(0-21-0-43)
6 0-17 (0-11-0-25)
Women 20-24 years 11 —— 0-63 (0-53-0-76)
8 —r— 0-34(0-23-0-49)
Women 25-29 years 6 _— 0-86 (0-69-1-07)
& 0-63 (0-41-0-97)
HPV 31,33, and 45
Girls 13-19 years 8 —— 0-89 (0-78-1.01)
6 —_—— 0-46 (033-0-66)
Women 20-24years 11 —— 0-99 (0-84-1-16)
8 ¢ 0-72 (0-47-1-10)
Women 25-29 years 6 i 1-02 (0-79-1-32)
5 0-93 (0-71-1-22)
High-risk non-vaccine HPV types
Girls 13-19 years 10 — 1.13 (0-99-1.29)
6 ¢ 1-12 (0-82-1-53)
Women 20-24years 11 A — 111 (1-00-1-24)
8 0 116 (0-93-1.46)
Women 25-29years 6 # 1-4years after vaccination —— 1-00 (0-92-1-10)
5 # 5-8 years after vaccination r's 117 (0-80-1-72)
I | 1 1
0 05 1.0 1.5 2-0
‘_

Favours vaccination

[=81%, p<0-00001
P=44%, p=0-11
P=84%, p<0-00001
P=91%, p<0-00001
P=53%, p=0-06
P=43%, p=0-14

P=0%, p=0-47
P=20%, p=0-28
P=64%, p=0-002
P=88%, p<0-00001
P=53%, p=0-06
F=0%, p=0-90

P=71%, p=0-0003
P=88%, p<0-0001
P=82%, p<0-0001
P=94%, p<0-0001
P=12%, p=0-34

[=81%, p=0-0003



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 T I
females On GW prevalence depends 2‘3_30){58:::::9%”5 : Men 20-24 years ; Men 25-29 years i Men 30-39 years
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



Effect of routine vaccination - precancerous lesions cervix

Risk ratio (95% ClI)

Heterogeneity*

0-73 (0-67-079)
0-49 (0-42-0-58)
0-94 (0-82-1-08)
0-69 (0-57-0-84)
1-12 (1-05-1-20)
1-19 (1-06-1-32)
1-07 (1-00-1-14)
1-23 (1:13-1-34)

Studies
Girls 15-19 years 7 —_—
5 ——
Women 20-24 years 8 ——
7 ——
Women 25-29 years 7 ——
6 _
Women 30-39 years 6 # 1-4 years after vaccination T
g # 5-9years after vaccination
| |
0 05 1-0
4+
Favours vaccination
A <1Byears
1.50- i ® Observed HGA (%) <INy
. . i —— Predicted HGA (%) 7
. s
F 100+ 1
% 2 -~ _ 4 s ® - L] - - -
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2.0

B30 years

e

Brotherton et al., Lancet, 2011

=69%, p=0-004
[*=88%, p<0-0001
1’=98%, p<0-00001
=99%, p<0-00001
P=93%, p<0-00001
1=97%, p<0-00001
P=95%, p<0-00001
1’=97%, p<0-00001

L] - _l'_l_ L}
- e I’"‘. 'r--..l.-........



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

150 —— Cohort 4
vaccination: — Cohort
cervical cancer I
UK, routine vaccination in 2 100-
2008, girls 12-13 years and :
14-18 years of age; till 2010 2
* till 2010 bivalent, from 2012 g
tetravalent vaccine §
* Women born from 1995 on
ELIMINATION of CC s AN 24 26 28 30

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



Effectivity of 9V vaccine in prevention of HPV-associated
malignancies in Czechia

HPV type in Cervical cancer Vulvar cancer | Anal cancer Anogenital Oropharyngeal
tumour cancers total cancer

HPV16/18 24.5 60.5 61.5
HPV31/45 8.1 2.0 0 5.1 0
HPV33/52/58 8.1 8.2 0 7.0 2.7
Total 91.8 34.7 81.8 72.6 64.2

* Decrease of incidence in absolute numbers:
943 7z 1300 cervical, vulvar, anal cancers

911 z 990 cervical cancers

300 z 467 oropharyngeal cancers

1252/1767 total 70 %

Tachezy et al., 2011; HamsSikova 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

0 universal
B guls only
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Recommended | =

] .
vaccination HPV _—
o |
T v
e
: HPVS [F/M)
HPVS (FfM)2
HPY [F/M]
https:/ Jvaccine-
schedule.ecdc.europa.eu/Scheduler/ByDisease?
SelectedDiseaseld=38&SelectedCountryldByDis
ease=-122/3/2024

HPV (F/M)*


https://vaccine-schedule.ecdc.europa.eu/Scheduler/ByDisease?SelectedDiseaseId=38&SelectedCountryIdByDisease=-1

Arguments for very early vaccination against HPVs

* the best efficiency and effectivity 1s when vaccinated in childhood, before the
sexual debut

* safe (continuous follow-up)

¢ immunogenic (primary and long-term immune response better when vaccinated in
childhood)

* long time protection (9-14 years of follow-up)
* no increase in sexual activity in vaccinated cohort were observed

* onl PtC“SO doses (the complete compliance 1s more likely-2 doses as recommended
in

* vaccination completed before the age of 13 years (better compliance)

* earlier age of vaccination resulted 1n superior effectivity in the real population in
protection against HPV-associated diseases

* logistics (regular examinations at the age of 11, 13, 15 years)



WHO strategy for elimination of cervical cancer

* Incidence of cervical carcinoma 4/100 000 females/years

* 90 % of females vaccinated till 15 years of age

* 70 % of females screening at the age of 35 and 45 with a high quality test
* 90 % of females identified with the disease treated

* Deadline in 2030

{7y, World Health
{‘i\%&}’ Organization
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Age-standardized incidence of cervical cancer

C Central and eastern Europe

— Bulgaria Belarus
-1 — Lithvania  —— Czechia
| — Latvia —— (Croatia

—— Ukraine Slovenia

—— Slovakia —— Poland*

HPYV vaccination coverage

0%

i

lu

0%
2006

Singh et al., Lancet, 2023

n | - Portugal

HPV Vaccination coverage today, by the year of organized vaccination programe introeduction
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Borowska et al., Nowotwory Journal of Oncology, 2024
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Failure of the vaccine campaign

A

* Japan 18-

* Vaccine program from 2010
* Girls 12-16 yrs

* Side effects reported in media, 2013 MH ended
the program

10 = ", =
B No vaccination %——
= Crisis, no recovery

6+ [ Crisis, gradual restoration

[ Crisis, rapid restoration

% @ crisis, rapid plus catch-up

O Mo crisis

B Crisis, rapid restoration plus catch-up with nonavalent vaccine

e from 70% to 0% coverage

Age-standardised incidence per 100000 women
=]
1

e 2013-2020 3 mil. girls no vaccine

0 T ! T I T T T T T T T T T T 1

B
 Romania g
* CC incidence is the highest in Europe 2
* 2008 vaccine program —g
* Girls 10-11 years 3;
* 2,5 % coverage ;
* Craciun a kol 2012 : 020 2025 2030 2095 2040 2045 2050 2055 2060 2055 2070 2075 2080 2085 2090 2095

Year

Simms et al., Lancet Public Health, 2020



Summary II

* Tool for primary prevention available
* Vaccines safe, immunogenic

* The earlier vaccination the higher efficiency and effectivity (immunity, compliance,
number of doses)

* Long protection 9-14 years

* Vaccination coverage

* Gender-neutral vaccination

* Combination with cervical screening

* It is also important to explain the limitation of protection with primary and
secondary prevention

* Even the slightest questioning of vaccines can lead to dramatic changes in a
population's willingness to be vaccinated
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