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Summary

Our soudy was carried ot on T0 patients with invasive squamous carcinoma of the uterine cervix (OC) or imvasive adenocarci-
noma of the werine cervix ot all stages, sdmitied 1o the University Depantment of Gynecobogy andfor 10 the Institute of Oncology
in Ljubljana. The patients were not selected by age. A questionnaire on known risk factors in CC was filled in for each of the 70
patients, and two tamor smears were taken for the determination of human papilloma virases (HP'V) 16 and 15 by means of in sine
hybridization and polymerase chain reaction (PCR). Each patient also had the senum level of vitamin A determined. The results of
our study reveabed a correlation between HPV 16 or 18 infection (60:40) and OC. When analysing some already known risk faciors,
no statistically significant difference could be established for any of the factors studied, except for the age at first birth.

Key words: Invasive carcinoma of the isterine cervix; Human papilloma vimses 16 and 18, in situ hybridization; Polymerase chain
reaction: Risk factors for cervical camcer.

Koutsky LA, Ault KA, Wheeler CM, Brown DR, Barr E, Alvarez FB,
Chiacchierini LM, Jansen KU; Proof of Principle Study Investigators.

A controlled trial of a human papillomavirus type 16 vaccine.

N Engl J Med 2002; 347:1645-51
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Cepljenje proti raku na materni¢nem vratu

Obinski svet obéine Komen-
da je sprejel prediog fupana To-
mata Drolca, da 1,5 milijona
tolarjev namenijo ceplienju de-
klet v osmem in devetem razre-
du esnovne fole proti virusy, ki
povzroda raka na matemnifnem
vrat. V oblini Komenda je de-
kiet v tej starosti okrog 50, Njim
in njihovim starfem boda jutri
naokrogh mizi pojasnili vse o vi-
rusy, holezni in novem cephvu,
Ker je cepivo precej drago, so

GLASILO ZDRAVNISKE

se v obdini odiofili, da boda na-
prej zagotovili moinost ceplje-
nja dekletom, ki bodo prihodnje
leto Sla v srednjo 3olo in tako za-
pustila obling. Kasneje obstaja
mainost, da bi cepljenje omogo-
&ili tudi drugim, V roko petih ali
sudmih let naj to ceplienje ne bl
bilo vet latniitko in naj bi

. i i

naj bi fenske vsaj za nekaj Casa
varovalo pred izbruhom boleznd
Namenjeno je zlasti dekletom do
26. leta, Pri tem velja, da je naj-
‘bolji tas za cepljenje pred prvim
spelnim ednosom. Cepljenje
proti omenjenem virusu naj bi
sleer Se v tem mesecy v Sloveni-

Jo d

g krila zd

jip P p
latnikom, odiotitev ih

roma il
Cepivo deluje na dva virusa,
Kl ju povezujejo s tern rakom, in

ZBORNIC

- da za cepljenje name-
nijo obéinskd denar, pa je prva v
Slovenii. (sta)
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Stirivalentno cepivo proti okuzbi s HPV —
kaj se je zgodilo v zadnjih Sestih mesecih?

Mario Poljak, Marjetka Urdic Vritaj
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ERADICATION

No single case of particular disease in the

whole world in the last 5 years

Human diseases with greatest potential for eradication

Guinea worm
Lymphatic filariasis

River blindness

Polio

Measles
Mumps
Rubella

cervical cancer is at present the best (and only)

human cancer candidate for eradication

because it is a result of infectious disease

but, elimination is more realistic goal

ERADICATION

a permanent reduction to zero of the worldwide incidence of infection

intervention measures are no longer needed

ELIMINATION

achieving the measurable global targets set by WHO

control measures must be continued after elimination has been achieved

Cervical cancer as best human cancer
candidate for elimination

important public health issue (569'847 cases per year; 311'365 deaths)
GLOBOCAN 2018

infectious origin, no reservoirs outside humans
long clinical latency
acceptable and valid screening tools available

precursors lesions can be treated in a safe, effective and acceptable way

safe and effective vaccines against main etiological factor - HPV




WHO statement on cervical cancer elimination
Director-General call to action

@

World Health
Organization

“Today I am calling for coordinated action globally to eliminate
cervical cancer, one of the greatest threats to women's health. We

have the tools and, crucially, the political commitment to achieve it"

Dr Tedros Adhanom Ghebreyesus
WHO Director General - 19 May 2018

Elimination definition and 2030 targets

Vision: A world without cervical cancer

Goal: cervical cancer incidence below 4 cases per 100,000 woman-years

90% 70% 90%

of girls fully of women'sereencdiwith of women with cervical
vaccinated against @l (et disease receive
HPV by age 15 fest at ages 35 and 45 treatment and care.

2030
TARGETS

2030 target: 30% reduction in mortality from cervical cancer

Cervical Cancer Incidence: Europe

Carvical cancer: Ag

Faile per 100,

Proportion of Women Between 30-49 Screened
for Cervical Cancer At Least Once

Seurce: WHO STEPS
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Cervical Cancer Incidence: World regions
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Cervical cancer: Age-standardised incidence rate per 100,000 women

Source: Globocan 2018

secondary prevention (screening)
+
primary prevention (vaccination)




secondary and primary prevention act additively
by intervening at different points in the natural
history of cervical cancer and imply actions in

women of different ages

Cervical Cancer Elimination: Conceptual Framework

Current vaccination and screening

Very intensive HPV screening

and vaccination Intensive vaccination

Cervical cancer cases/100,000

Elimination at ASIR 4 / 100,000

2020 2030 2060 2120

secondary & primary prevention

current status

pre-COVID-19 problems

COVID-19-related problems

secondary & primary prevention

current status
pre-COVID-19 problems

COVID-19-related problems

secondary prevention (screening)

(cytology-based, HPV = based, cytology + HPV-based)

population-based

organised
&
high coverage
&

high quality cytology



Status of implementation and organization of cancer screening
in The European Union Member States—Summary results from
the second European screening report

Vale
n Diliner”, Klara strm”

Int J Cancer 2018; 142: 44-56

Implementation status and the estimated target population for cervical cancer
screening in the European Union - comparison between the second screening
report (2016) and the first screening report (2007)

Cervical cancer screening (target age 30-59 years)
Population-based p N i
— based
Rollout Rollout programme or
completed ongoing Piloting Planning no programme

Number of 9 10 1 2 &

Member
States in
2016

Number of 7

Member
States
in 2007
Estimated 347 M 251M 002M 182 M
target (32.5%) (22.7%) (0.0%) [ &)

populations
in 2016

Estimated 241 M 219M 53 M 3I2M 51.7 M
target (22.7%) (20.6%) (5.0%) (3.0%) (48.7%)

populations
in 2007

Basu P et al. Int J Cancer 2018; 142: 44-56,

The type and implementation status of the cervical cancer screening
programmes in the Member States of European Union (2016)

Basu P et al. Int J Cancer 2018; 142: 44-56,

Incidence of cervical cancer in Slovenia 2003-2018

annual number of
new cases

crude incidence rate/
100.000

ASR (W)

2003 211 20.7 153
2004 198 194 137
2005 182 178 127
2006 162 15.8 1.3
2007 154 15.0 105
2008 130 12.6 8.8
2009 131 126 8.8
2010 142 137 9.4
2011 142 137 9.0
2012 18 14 77
2013 124 19 8.0
2014 114 1.0 6.8
2015 119 114 74
2016 123 118 78
2017 85 8.2 49
2018 106 102 LX)

opportunistic screening
- coverage app. 40%
- 170,000 smears/year

organised screening
- coverage above 70%
- 170,000 smears/year

ASR (W): age-standardized rate by world population

Geographical distribution of the world age-standardised incidence rate
of cervical cancer by country in Europe estimated for 2018 (sLosocan 2018)

Preventable fractions of cervical cancer via effective
screening in six Baltic, central, and eastern European
countries 2017-40: a population-based study

Lancet Oncol 2016; 17: 1445-1452




Observed and projected incidence of cervical cancer in six Baltic, central, and eastern European countries (2017-2040) Globa
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Italy -0
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Lancet Oncol 2016; 17: 14451452
Cuzick J et al. Int J Cancer 2006; 119: 1095-1101

European Union, 2015 k= Women with a negative test at entry* Lancet 2014; 383: 524-32
100- 9 ' 176,464 women aged 20-64 years
90- " >
HPV-based screening provides 60-70%
80- 1 greater protection against invasive cervical
—_ carcinomas compared with cytology
70+
60- cytology
50-
40-
30-
20+
10+ -
European guidelines for quality assurance 0- - - T :
in cervical cancer screening 0 2 4 6 8
Time since negative test at entry (years)

Cumulative risk of CIN+2, CIN3+ and cervical cancer among 1,011,092 women
aged 30 to 64 years at Kaiser Permanente Northern California by enrollment

Pap and HPV test result; 2003 fo 2012
tology-based screeni .

HPV-based screening | . -

Gage JC et al. J Natl Cancer Inst 2014;106: djul53.




N Engl J Med 2009; 360: 1385-94

HPV Screening for Cervical Cancer in Rural India

C Cumulative Mortality

£:971 P

Ratef1000 Women

HPV-based primary cervical cancer screening

PRO:

- more sensitive than cytology to detect CIN2+, CIN3+ and cervical cancer
- more accurate and less variable than cytology
- risk of CIN2+ in women who are HPV negative is substantially lower than in women

who are cytologically negative = extension of screening intervals possible and safe

- possibility of self-sampling testing

CON:

- reduced specificity of HPV DNA testing requires appropriate triage

secondary & primary prevention

current status

pre-COVID-19 proble
COVID-19-related problems

HPV test ?

Papillomavirus Research 2015; doi:10.1016/.pvr.2015.06.006.
European guidelines for quality assurance in cervical cancer screening.
Summary of the supplements on HPV screening and vaccination

Lawrence von Karsa**, Marc Arbyn ®, Hugo De Vuyst ©, Joakim Dillner °, Lena Dillner ©, Silvia Franceschi’,
Julictta Patnick ®, Guglielmo Ronco ", Nereo Segnan ', Eero Suonio”, Sven Tornberg ', Ahti Ant

HPV test choice

cervical cancer screening program should adopt a HPV primary test for use
only if it has been validated by demonstrating reproducible, consistently
high sensitivity for CIN2+ and CIN3+ lesions, and only minimal detection of

clinically irrelevant, transient HPV infection

HPV tests (neither commercial nor in-house tests) that have not been

clinically validated should not be used in clinical practice

Commercially available alpha-HPV molecular tests
- periodical inventories -

2010
Poljak M, Kocjan BJ. Commercially available assays for multiplex detection of alpha human
papillomaviruses. Exp Rev Anti Infect Ther 2010; 8: 1139-62

2012
Poljak M, Cuzick J, Kocjan BJ, Iftner T, Dillner J, Arbyn M. Nucleic acid tests for the detection of
alpha human papillomaviruses. Vaccine 2012; Suppl 30: F100-6.

2015
Poljak M, Kocjan BJ, O5trbenk A, Seme K. Commercially available molecular tests for human
papillomaviruses (HPV): 2015 update. J Clin Virol 2016; 76: (Suppl 1): $3-513.

2020
Poljak M, O3trbenk Valencak A, Gimpelj Domjanic 6, Xu, L, Arbyn M. Commercially available molecular
tests for human papillomaviruses: a global overview. Clin Microbiol Infect 2020; 26: 1144-50.




* not a simple addition of newly developed tests to the old list of HPV tests Main groups of available commercial HPV molecular tests

+ the existence of all HPV tests double-checked with manufacturers at every update on the glObGl market in 2019 (TESTS vs. VGf’iGnTS)
round

X Tests  Variants
+ data retrieved from:

- Medline/Pubmed, Web of Science, Scopus, Bing, Google Scholar, Google without
language or period restrictions - September 2019 and January 2020 hr-HPV DNA screening tests 40
- abstracts from main HPV-related conferences (2015-2020) hr-HPV DNA screening tests with concurrent or reflex

partial genotyping for the main hr-HPV types 4

- internal files
- the Chinese National Medical Products Administration (formerly the China Food HPV DNA full genotyping tests 90

and Drug Administration) was consulted fo obtain a list of HPV fests approved by HPV DNA type- or group-specific genotyping tests 38

agency
hr-HPV E6/E7 mRNA tests 9

+ conservative estimate - very likely haven't identified all HPV tests currently available in situ hybridization DNA in mRNA based HPV tests

HPV DNA fests targeting miscellaneous HPV types

« omission of any particular commercially available HPV test was unintentional Total
otal

Test (distinct, unique) vs. test variant

particular HPV test was considered a variant if technologically identical or very similar to the

original test but targeting different HPV type(s) 27 pages document...

Human papillomavirus 16, 18 (5NA-Technology LLC, Moscow, Russia) DISTINCT TEST

Human papillomavirus 18, 45, 39, 59 VARIANT
Human papillomavirus 16, 31, 33, 35, 58, 52, 67 VARIANT
Human papillomavirus 6, 11 VARIANT

2020

254 distinct commercial HPV assays
(and 425 variants)
on the global market

SpUELRIAN




Commercially available HPV molecular tests on the global market identified
in periodical inventories in 2010, 2012, 2015 and 2020

The number of
identified distinct HPV
tests is shown in blue
bars and the number of
HPV test variants in
yellow bars.

In boxes are the
number of HPV tests
withdrawn from the
market (left arrows) and
number of newly
identified HPV tests
(right arrows) between
2015 and 2020,

2012 2015

102/253 (40.3%) of HPV tests with at least one publication

BUT

46/253 (18.2%) of HPV tests with published pe
(analytical and/or clinical)
56/253 (22.1%) of HPV tests cross-sectional descriptive studies only -

mance evaluation

no data for key test performance characteristics (sensitivity,

specificity, reproducibility)

“test A versus test B" approach with no reference standard
ad hoc collections of heterogeneous clinical samples without follow-up

various target population (including several non-genital)

DNA chip Bioneer
assay result
1 16 16
3 others 53
2 54 54
4 Others 33
Negative Negative Negative
sample
The clinical ion of the HPV ping Kit was on 5 clinical samples. AccuPower” HPV
Genotyping Kit is more sensitive than DNA chip assay

http://eng bioneer.com/diagnostic/HumanMDxkits/HPV-Genotyping-technical.aspx

HPV tests
in 2020

Proportion of HPWY tests
on tha global market
without a single poer-
revigwed publication

Proportion of HPY tasts
for which peformance
evaluations ae not in

. line with standards

- agroead in the HPV

community

Proportion of HPY tests on
the global market withcut
published analytical andior
clinical evaluation in peer-
reviawed journals

Poljak M at al. Clin Microbiol Infect 2020; 26: 1144-50

* psaen o5 |

FAST TRACK
Guidelines for human papillomavirus DNA test requirements for primary cervical
cancer screening in women 30 vears and older

hillp E. Castle’, = g o L ¥ wen’, Gugliclmo Rence”,
! o' il Peter 1F. Saijder'

relative clinical accuracy compared to either of two HPV tests which

demonstrated lower cumulative incidence of cervical cancer 5 years after a

negative HPV test than 3 years after a normal cytology in four large
European randomized trials

10



FAST TRACK

Guidelines for human papillomavirus DINA test regu pents for primary cervical

Requirements for HPV tests in primary cervical screening

1A for CIN2+ not less than 90% of the clinical sensitivity

of the hc2 in women of at least 30 years.

2.A for CIN2+ not less than 98% of the clinical specificity
of the hc2 in women of at least 30 years of age
3. Intra-laboratory and inter-laboratory agreement with a lower

confidence bound not less than 87%.

VALGENT 1

5 HPV assays - samples derived from a Belgian biobank

VALGENT 2

6 HPV assays - samples derived from Scottish HPV archive

VALGENT 3

14 HPV assays - samples derived from Slovenian national cohort

VALGENT 4

11 HPV assays - samples fi Copenhagen, Denmark

Which high-risk HPY assays fulfil criteria for use in primary cervical cancer

screening? Clin Microbiol Infect 2015;21:817-26

M. Artyn', P | F. Sniders’, €. | L M. Meijer’. | Barkhof', K. Cusehisri’, B | Kocjan' and M. Poljak

1} Ui of Cancer Epidemiclagy and Beigien Ganoer Centre, Scersfic insitute of Publhc Hesith, Brutonk, Seigium, T) Department of Pashology, 3} Deporiment of
(el Epidsmmisiogy and Siowsttes, VU Lineruty Medienl Cernre, Armteretam, slardy, 4) Seotysh HPY Reference Loberatory, Aoyl Infirmery of
st of Micrabiolagy and lmusclegy, Fousky of Medine. University of Lstens, Lsbona, Sievmia

Ecintungh, Edirburgh, Scstind, UK and 5)

UPDATE OF THE LIST OF HPV ASSAYS THAT FULFILL
REQUIREMENTS FOR PRIMARY CERVICAL CANCER SCREENING

M. Arbyn', M. Poljak®, C.JL.M. Meijer’, P.LF. Snijders’, J. Berkhof*, K. Cuschien®, L.
Heard®, J. Bogers™ , C. Depuydt’, D. Vanden Broeck™, 1. Benoy™, 1. Bonde®, T. Gheit'?,
M. Tommasino'®, M. Pawlita'!, L. Iftner'*, P. Sasieni", D. Geraets", W. Quint"

submitted

Validation for clinical accuracy (September 2020)

Evaluated/comparator
Evaluated assay Comparator assay assay Non-inferiority | Validation
Study Absolute [Comparator Absaluie Relative test levelt
assay sensiivity _specificity | sensitivity_specificity| pes o
GPS+/6+ EIA__|Meijer, 2009 94 100 102 | 0.0037 <0001 0066
PapilloCheck  [Hesselink, 2010° 0.99 099 [ <0.0001 00072] ©8&
102 099 | 00002 00970
Abbott RT 099 100 | 0.0040  0.0087
heHPY test 103 102 | 0012 0000 @
097 100 | o0 0.0003
‘cobas 4800 098 00 [0 0.0009
Lloveras, 201 100 o1 | 00093 00012| eE®
1.00 102 | 0.0006 <0.0001
cabas 6800 098 098 | 00157 042 | 968
lcobas 4500 098 099 | 00157 00056
RIATOL [Depuydt, 2012 HC2 L 101 | 00001 <0.0001 @&
4PCR [Benoy, 2019 GPS+i6+ EIA 100 100 | 0.0006 0.0069
APTIMA [Heideman, 20137 GPS+6+ BIA 096 TO1 | 00394 00002 -
Cervisia [Boers, 20147 095 103 | 00043 <0.0001 @
Alameda, 2015 098 099 | 00122 031707
BD Onclarity _[Ejegod, 20147 099 099 | 00009 00
(Cuschieri, 2015 098 100 | 0025 00155 @E®
102 099 | 00002 00970
100 104 | <0.0001 <0.0001
HPV-Risk assay (GPS+6+ EIA 100 100 | 0.0056 0.0003
He2 0.98 102 | <0001 <0001 @®e
[Heideman, 2019 GPS+i6+ EIA Lol 099 | 00006 <0.0001
Anyplex 1T Hesselink, 2016 (GPS 6+ PCR 100 099 | 0002 0.0232
HPV HR HC2 1.06 100 | 00067 00354 @@
He2 Lot 101 | 0001 <00001

D. ;_introHP IKW introduction HPV screening ver9.docx

Issues to be resolved...
we need complete HPV diagnostic assays including sample extraction procedure !
manufacturers should put more effort into evaluating their HPV products

manufacturers should seek advice from established HPV researchers in the very early
phase of development ol

how to properly design a novel test

define intended use of future test (clinical, epidemiological, research...)

how to evaluate test performance that the HPV community will accept

evaluation/validation results

manufacturer-independent evaluations and publication of results in peer-reviewed journals

are crucial

evaluation on alternative clinical specimens needed (self-collected cervicovaginal lavage

specimens, vaginal swabs, other self-collected samples, tissues, urine...)

ore competitively priced HPV tests needed !

Participation rate in Dutch hrHPV-based screening (2017) and
in cytology-based screening (2015) by age

| | | | | ‘ ‘ |
w 15 40 ] 0 58 0

Overal

Intended age of scroening (vears)

en et al. BMC Medicine (2019) 17:228
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secondary & primary prevention

current status

pre-COVID-19 problems

COVID-19-related problems

COVID-19-related problems arising

unprecedented health and economic impact of the COVID-19 pandemic

due to the COVID-19 pandemic, cervical cancer prevention activities have been disrupted in
many countries; in May 2020, 46% of the 122 countries included in a WHO survey report
closure of population-level screening activities; ICSN found that cancer screening services

were suspended in 88% of the settings

extraordinary demand on a global scale for sampling devices, reagents, consumables, and
diagnostic instruments needed for timely diagnosis of SARS-CoV-2 infection

manufacturer's shift toward new niche market with unprecedented market growth opportunity
serious COVID-19-related supply chain problems (reagents and consumables)
preexisting microbiology lab employee shortage, then COVID-19 pandemic hit
shifted interest of public, agencies and medical journals (“nothing is important but COVID-19")

“new normal®; unclear future; potential of second, third, fourth... waves of pandemic

Number of cancer diagnoses by week in the Netherlands in the period between
Jan 6, 2020 (calendar week 2) and April 12, 2020 (calendar week 15)

—@- All sites (excluding skin cancer) [ First confirmed case of COVID-19 in the Netherdands
distancing policies
ng programmes

@~ Skin cancers (exduding basal [ Nationwide implementation of strict social
cell carcinoma) and temporary halt of nat | can
Public awareness campaign about lesser cancer diagnoses

o SCres

Calendar week in 2020

Dinmohamed AG et al. Lancet Ocology 2020

200 Million Monthly COVID-19 Tests Needed in US,
Report Say

1] Save for later

NEW YORK — To ope

UK Government Unveils Plan to Run
500,000 COVID-19 Tests Per Day

Sep 10, 2020 | ataff orter

[] Save for later

by the end of October in a bid to reo|
cing to control the vi

Panther (Hologic)
about 1,100 instruments across U.S.

at full tilt, the machines could process about 33 million tests per month, but the company
makes roughly 4.8 million

Tune 2020 Volume 58 Tssue 6 £00599-20

Clinical Evaluation of the cobas SARS-CoV-2 Test and a
Diagnostic Platform Switch during 48 Hours in the Midst of
the COVID-19 Pandemic

e Rt P Kbl Martin Sagacin Tina Lirkie



GeneXpert.

only clinically validated HPV

25,000 machines worldwide

tests should be used in cervical
company is making about 2 million tests per

month - enough to run two or three tests i cancer Scr‘eening

globally per machine each day

Cepheid is working on millions of new
cartridges but does not expect !cemmx
a dramatic supply boost until June 2021

PQDx 0268-070-00 WHO PQ Public Report December 2017/ version 3.0

WHO Prequalification of In Vitro Diagnostics
PUBLIC REPORT

Product: Xpert® HPV
WHO reference number: PQDx 0268-070-00

Xpert® HPV with product code GXHPV-CE-10 manufactured by Cepheid AB, CE marked
regulatory version, was accepted for the WHO list of prequalified in vitro diagnostics and
was listed on 21 December 2017.

Intended use: CANCER
The Xpert® HPV assay is a qualitative in vitro test for the detection of the E6/E7 region of §

the viral DNA genome from high risk Human Papillomavirus (HPV) in patient specimens -
The test carries out multiplexed amplification of target DNA by real-time Polymerase Chain
Reaction (PCR) of 14 high risk HPV types in a single analysis. Xpert® HPV specifically
Identifies types HPV 16 and HPV 18/45 in two distinct detection channels, and reports 11
other high risk types (31, 33, 35, 39, 51, 52, 56, 58, 59, 66 and 68) in a pooled result.
Specimens are limited to cervical cells collected in PreservCyt® Solution (Hologic Corp.)
Cervical specimens collected in PreservCyt Solution that have been pretreated with Glacial
Acetic Acid (GAA) to lyse excess red blood cells for cytology review have also been
validated for use with the Xpert® HPV assay.

Elimination definition 2030 targets

254+ commercial HPV assays (and 425+ variants) on the global market

60% of HPV tests on the global market without a single peer-reviewed publication

Goal: cervical cancer incidence below 4 cases per 100,000 woman-years
81% of HPV tests on the market without published performance evaluation (analytical

and/or clinical) in peer-reviewed journals

great majority of performance evaluations not in line with standards agreed in the HPV community Py
90%

A of women screened with a 4
oot i
HPV by age 15 fest at ages 35 and 45 treatment and care

several clinically unvalidated HPV assays are used worldwide in daily practice - only a small
subset of HPV tests on the market has validated clinical performance

2030
TARGETS

2 + 11 HPV assays fulfil cross-sectional criteria for primary screening
2 + 3 HPV assays have at least 36+ months longitudinal data

serious COVID-19-related supply chain problems arising

2030 target: 30% reduction in mortality from cervical cancer

COVID-19 pandemic's negative impact on cancer control creates the opportunity to make

self-sampling a standard to empower women everywhere
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100 Countries Included HPV Vaccine in the

National Immunization Program (Nov 2019)

l introdaction) to date (100 coursies or 52%) .

cad/Mo Plans (4 courlries or 48%)

e

secondary & primary prevention

current status
pre-COVID-19 problems

COVID-19-related problems

Prophylactic HPV vaccines

2vHPV: 16 and 18 with Aso4
4vHPV: 6, 11, 16 and 18 with aluminium

9vHPV: 6, 11, 16, 18, 31, 33, 45, 52 and 58 with aluminium

98-100% efficacy against anogenital lesions (cervical

vulvar, vaginal, and anal) caused by targeted HPV types in
several large international randomized, double-blind trials

Recommended Childhood
and Adolescent Immunization
Schedule—United States, 2017

Annals of Internal Medicine Crinicar. GUIDELING

Recommended Immunization Schedule for Adults Aged 19 Years or
Older, United States, 2017*

Two doses are recommended for persons starting the series
before their 15th birthday.

Three doses are recommended for those who start the series on or
after their 15th birthday and for persons with certain

immunocompromising conditions.

Randomized controlled efficacy trial in Costa Rica to test
efficacy of 1 dose vs. 2 doses (NCI & Gates Foundation)

4-arm non-inferiority trial in 12-16 year old girls:
- 1 dose and 2 doses of bivalent vaccine and 9-valent vaccine
- unethical to have a placebo arm

Main hypothesis:
- protection induced by 1 dose is hot inferior to 2 doses

Second hypothesis:

- protection will be similar for 1 dose of either vaccine
- potential difference due to adjuvant: alum vs. ASO4

clinicaltrials.gov: identifier NCT03180034
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r de vaccination contre

in (VPH)

Dépdt légal - 2e trimestre 2018

COMITE SUR L'IMMUNISATION DU QUEBEC

a two-vaccine mixed schedule:
- one dose of 9v vaccine followed by one dose of 2v vaccine

rationale: to maximize the immune response against HPV-16 and
HPV-18 while ensuring good immunity against the other seven HPV
types included in 9v-vaccine

only for girls and boys aged 9 to 17 years in good health
for individuals aged 18 and over as well as for other groups

(e.g. immunocompromised), the vaccination schedule remains
unchanged (2 doses of 9v vaccine)

Real life efficacy data

Population-level impact and herd effects following the
introduction of human papillomavirus vaccination
programmes: updated systematic review and meta-analysis

Lancet 2019;394:497-509

studies published between Feb 1, 2014, and Oct 11, 2018

updated systematic review and meta-analysis includes data from
60 million individuals and up to 8 years of post-vaccination follow-up

HPV infections (vaccine types)

Changes in the prevalence of HPV infections between pre-vaccination
and post-vaccination periods

WPV 16 and 1R

Drolet M et al. Lancet 2019;394:497-509.

Quadrivalent vaccine-targeted human papillomavirus
genotypes in heterosexual men after the Australian female
human papillomavirus vaccination programme:

a retrospective observational study Lancet tnfect bis 2017:17:68-77

Retrospective, observational study of urine and urethral swab
specimens from heterosexual men aged 25 years or younger
(2004-2015), who tested positive for Chlamydia trachomatis

Australian-borh men:
4vHPV-targeted genotype prevalence decreased from 20% to 3%

Australian-born men aged 21 years or younger:
4vHPV-targeted genotype prevalence decreased from 31% to 0%

herd protection of mainly unvaccinated men from the vaccinated females

15



HPV infections (vaccine types) HPV infections (vaccine types)

genital warts genital warts

CIN 2/3

ges in anogenital wart diagnoses during the 8 years after the introduction of Changes in CIN2+ among screened girls and women during the first 7 years after
girls-only HPV vaccination in countries using the quadrivalent vaccine the introduction of girls-only HPV vaccination, in countries with multi-cohort
vaccination and high vaccination coverage

2 Girls ars yea W ars W 39 years

Drolet M et al. Lancet 2019;394:497-509. Drolet M et al. Lancet 2019;394:497-509.

Changes in anogenital wart diaghoses during the 8 years after the introduction of Changes in CIN2+ among screened girls and women between the pre-vaccination
girls-only HPV vaccination in countries using the quadrivalent vaccine and post-vaccination periods

Boys 20-2 . Men 25-2 3 -39 year Studies Riskratio(35% 0] Hetesogeneity®

Drolet M et al. Lancet 2019:394:497-509. Drolet M et al. Lancet 2019:394:497-509.
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Estimated number of diagnosed CIN2+ cases, by age group
United States, 2008 and 2016

Prevalence of cervical disease at age 20 after immunisation
with bivalent HPV vaccine at age 12-13 in Scotland: retrospective
population Study BMJ 2019:365:11161

36,7

Tim Palmer," Lynn Wallace,” Kevin G Pollock,* Kate Cuschieri,” Chris Robertson,
Kim Kavanagh,” Margaret Cruickshank®

retrospective population study, 1988-96

national vaccination and cervical screening programmes in Scotland

138,692 women

McClung NM, et al. MMWR Morb Mortal Wkly Rep 2019;68:337-43.

Histological abnormality (% of women screened) by year of birth and
immunisation status; 1988-90=pre-immunisation programme cohort;
1991-94=catch-up cohort; 1995-96=routinely immunised cohort

Changes in HPV genotypes associated with CIN2+ lesions
in a cohort of young women, New Zealand, 2013-2016

CIN2
1.2

—4— Noimmunisation
3 doses

Percentage

grade 2 lesions

Proportion of cervical intraepithelial neoplasia

2013 2014 2005 2016

Year of cervical intraepithelial necplasia grade 2 diagnosis

0
1088 1980 1900 1991 1992 1993 1904 1995 1996 R

sother  DOther HRHPY B HRHEV Mot Deticted

Year of birth

Palmer T et al. BMJ 2019;365:11161 Innes CR et al. Papillomavirus Res 2018; 77-82.

Histological abnormality (% of women screened) by year of birth and
immunisation status; 1988-90=pre-immunisation programme cohort;

1991-94=catch-up cohort; 1995-96=routinely immunised cohort . . .
HPV infections (vaccine types)

CIN 3+
2

—4— Noimmunisation
3 doses

genital warts

Percentage

CIN 2/3

01088 1089 1990 1991 1992 1993 1994 1895 1996
cervical cancer

other HPV-related cancers
e EEEEEEEEEEEEEEEEEEE———S,

Year of birth

Palmer T et al. BMJ 2019:365:11161




Vaccination protects against invasive HPV-associated cancers

Int J Cancer 2018; 142: 2186-2187

Numbers and incidence rates (per 100,000 woman-years) of HPV-associated invasive
cancers in cluster randomized cohorts of 9,529 14- to 17-year-old female vaccine (bHPV
and qHPV) recipients and 17,838 non-HPV vaccinated, originally 14- to 19-year-old women.

Passive follow-up using population-based Finnish Cancer Registry.

HPY vaccinated women lioerHiPY vaccinated women

Maligrancy Person years n Rate (95% (1) Person years Rate (95% (1)

0 E 124,245 64032, 13

08 (0.1, 5.7)

Scotland - Carcinoma in situ of the cervix uteri: ICD-10 D06

2010 2011 2012

hittps://www.isdscotland.org/Health-Topics/Cancer/Cancer-Statistics/Female-Genital-Organ/

Adenocarcinoma in situ average annual 2-year incidence rates per
100,000 women, by age group, United States, 2008-2015

Incidence rate per 100,000 women

25-20 yoars 30-39 yoars 4064 yoars
2008-2009 #2010-2011 S2012-2013 W2014-2015

Cleveland AA et al. Int J Cancer 2020; 146: 810-8.

HPV infections (vaccine types)

genital warts

laryngeal papillomas

A Prospective Study of the Incidence of Juvenile-
Onset Recurrent Respiratory Papillomatosis After
Implementation of a National HPV Vaccination Program

Bantel Navakovic.' Alun T, L Cheag ' Yroane Zurmski" Roben Boay,' Pasl 1 Walive! Reberi Berkowies! enley Marrison,’ Robert Black '
1! Sy * David Wabaitz™ Burns." Sapabe M. Tabeiri " Suranse M. Garland irabeth Elliett." and
J Infect Dis 2018; 217: 208-212

Julia ML L Broth

national incidence of juvenile onset recurrent respiratory papillomatosis

15 incident cases
- all mothers not vaccinated
- 20% history of genital warts

- 13/15 born by vaginal delivery

Has Human Papillomavirus (HPV) Vaccination Prevented
Adverse Pregnancy Outcomes? Population-Level Analysis
After 8 Years of a National HPV Vaccination Program in

ALlSlI’E_ll iﬂ Yuill S et al. J Infect Dis 2020:222:499-508

Susss Yuill'"" Sam Eggee’ Megan Smish," " Loulzs Velestrin "' C. David Wrede," Debeenh Batessn,"” sad Karen Cantell'"

B : v
Results. I vith 60% vac . ed i / a, . ive rate reduc
tion of 3.2% (9 E iomal-age infants,
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Oropharyngeal HPV prevalence in unvaccinated females, vaccinated females, and
unvaccinated males aged 12-14 years, by vaccination status and HPV type

[ urvaccinated girls n = 84
[ vaccinated gids n = 189
B Boysneea

HPV prevelance %

HPVABME  Any oncogenic HPY  All HPV

Mehanna H et al. Clin Infect Dis 2019;69:1296-302

Post-licencing real life safety data

% World Health  Weekly epidemiological record
# Organization Relevé épidémiologique hebdomadaire

on mondiale de la Sante " 1
Mo 20 03, 02 Fibdd
Wt b it

Global Advisory Committee on Vaccine Safety (6ACVS):

- an independent expert clinical and scientific advisory body

- provides WHO with scientifically rigorous advice on vaccine safety issues
over 270 million doses of HPV vaccines have been distributed

first safety review in 2007, and subsequent in 2008, 2009, 2013, 2014 and 2015

the risk of anaphylaxis characterized as app. 1.7 cases per million doses
syncope established as a common anxiety or stress related reaction to injection

no other adverse reactions identified - HPV vaccines are extremely safe

Human papillomavirus vaccines in 2020

Highly efficacious

Extremely safe

Underutilized

(especially in males)
(exceptionally used in HIV+ individuals)

secondary & primary prevention

current status

pre-COVID-19 problems
COVID-19-related problems

Influence of vaccine safety rumors

on vaccination coverage

Japan 70% (2013) 0.6% (2015)
Denmark 90% (2012) 44% (2015)
Ireland 87 % (2013) 49% (2016)

Columbia 88% (2012) 5% (2016)
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Impact of HPV vaccine hesitancy on cervical cancer in Japan: 'k (8)
amodelling study

Summary

Background Funding for human papillsmavirus (HPV) vaccination in Japan began in 2010 for gitls aged 12-16 years,
with three-dose coverage imitially reaching more than 70%. On June 14, 2003, 2 mosths afier formal inchedon in &
Japan's national immunisation programime, proactive recommendations for the HPV vaccine were suspended
Tollowing reports of adverse events since found to be unrelated 1o saccination, but which were estensively covered in
the media, Vaccine coverage subsequently dropped 1o less than 19 and has remuined this low to date, We sinsed 1o,
quantify the impsct of this vaccine hesitancy crisis. and the potential bealth gains if coverage can be restored

LIGA
COLOMBIANA
CONTRA

NCER

We evaluated the expocted number of cervical cancer cases and desths over the [ifeti of cohoets bam from
1994 1o 2007 in the context of the vaccine hesitancy erisis. We assessed 3 range of recovery scenarios from
2020 oriwards, inchiding a scenaria in which routine coverage is restored to 70%, with 50% catch-up coverage for the
missed coborts (aged 13-20 years in 2000), To estimate the imgact of the vaccine crisis to date, we also modelled 2
counterfactial scenario in which 70% coverage had been maintained in 12-year-olds from 2013 onwards.

Findings The vaccine crisis from 2013 to 2019 is predicted 1o result in an additional 24 600-27 300 cases and
S000-5700 deaths over the [ifetime of cohoets born between 1994 and 2007, compared with if coverage had remained
a1 around 70% since 2013, However, restoration of coverage in 2020, including cichup vaceination for missed  «
coborts, could prevent 14500-16 200 of these cases and 300=3400 of these deaths. If coverage is mot restoeed in 2020,
an sdditional 3400-3500 cases and 700-300 deaths will o over the lifetine of individuals who are 12 years old in
2020 alone. I the crisis continues, 1300-10800 preventable deaths due o cervical cancer will occur in the next 50
years (2020-69).

interpretation The HPY vaccine crisis to date i estimated to result in around 5000 deaths from cervical cances in
Japan. Many of these deaths could still be prevented if vaceination coverage with extended catehip can be rapidly
restoerd.

Association between quadrivalent human papillomavirus l i i
vaccination and selected syndromes with autonomic Wealth nequ Ty
dysfunction in Danish females: population based,

self-controlled, case series analysis BMJ 2020;370:m2930

869 patients with autonomic dysfunction syndromes from a cohort of 1,375,737 Danish
born female participants aged 10 to 44 years during 2007-2016:

- 136 with chronic fatigue syndrome

- 535 with complex regional pain syndrome

- 198 with postural orthostatic tachycardia syndrome

Quadrivalent HPV vaccination did not statistically significantly increase the rate of a
composite outcome of all syndromes with autonomic dysfunction in a 365 day risk period
following vaccination (rate ratio 0.99, 95% CI 0.74 to 1.32) or the rate of any individual
syndrome in the risk period:

- chronic fatigue syndrome (0.38, 95% CI 0.13 to 1.09)

- complex regional pain syndrome (1.31, 95% CT 0.91 to 1.90)

- postural orthostatic tachycardia syndrome (0.86, 95% CI 0.48 to 1.54)

Simon Harris T.D : Wealth inequity
Minister of Health

Ireland

I am here to demonstrate my trust in HPV immunisation and how it
protects women from developing cancer later in their lives.

We all know that the vaccine works and that it works very well.

No serious side effects in any country can be scientifically attributed to
this vaccine.

Thanks to the HPV vaccine, Ireland's daughters, mothers, wives, sisters
and loved ones can live long and fulfilling lives without living in fear of
cervical cancer.

I, as Minister of Health continue to pledge my full support to the HPV
vaccination program and the tremendous work carried out by many
people sitting here in this room today.




Population pyramids and the number of people vaccinated through national HPV

[ Fopulation

Age n 2018

vaccination programmes by income (by the end of 2016)

0 have recetved at beast one dose of HPY
rough HAV HIP

[ Popslation who have received th

course of HPV vactng th HPV NP

HIGH INCOME UPPER MID INCOME

LOWER MID INCOME LOW INCOME

" i, Vaen [—

14% 30% 40% 16%

Fopelaton i milions

Courtesy of Laia Bruni, ICO, Barcelona

Wealth inequity

Gender inequity

l i I

Number of people vaccinated through HPV national
vaccination programmes globally (2018)

86 million girls/women have received at least one-dose of
HPV vaccine through national HPV vaccination programmes

14 million boys/men have received at least one-dose of
HPV vaccine through national HPV vaccination programmes

Bruni L. et al. IPV Meeting 2018, unpublished data

Why to vaccinate males against HPV ?

inability of natural anti-HPV antibodies to prevent HPV reinfection in males

HPV vaccination is the only reliable method to ensure immune protection

against new HPV infections and subsequent HPV-induced cancers in males

vaccination of males further increases protection of women against

HPV-induced cancers by transmission interruption (herd protection)

Male HPV vaccination protects also against cervical cancer!

Trend in HPV vaccine coverage at age 15 in Australia, 2013-2016

Vaccination With Moderate Coverage Eradicates
Oncogenic Human Papillomaviruses If a Gender-Neutral
Strategy Is Applied 7 Infect Dis 2020,222:948-56

Simapeidn Vinskia,'" Tagio Lusstarines,” Incops Bassssss,’ Dun Apter” Tina Erilcsson.’ Kari Matunen,” Pekion Mismisen." Jon
Villa N Pimenoll** Eero Pekksda. Anns Soduriend-Strand.” Gary Dubis,™ Geolf Garnet.'” Joskim Dillnee.” ned Matti Lobsiss

(See the Editorial Commentary by Sanjose and Brini, on pages 888-9.)
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Merck quadruples Gardasil supply in China contract but
still might not meet full demand

by | Maw 12, 2018 10:38am

I inant
s 9-valent Vaccing. Recomb

i 0006411903

A . ngle o

Human Papillomanit

—— GARDASIL?

Scenario 1. routine 2-dose vaccination (current recommendation)

MAC = multi-age cohort Source: MI4A market study, December 2019

Dose requirement across four different scenarios

—=154M

131M

MAC = multi-age cohort Source: MI4A market study, December 2019

Supply to slowly grow in the short term, followed by
steep ramp up from year 4-5

Source: MI4A market study, December 2019

Dynamic supply-demand balance

Base Supply

Demand Scenarios | Short-Term (1-3) | Mid-Term (4-6) | Long-Term (6-9)

#1 2-dose + MACs —

#2 2-dose No MACs |

#3 1-dose + MACs*

MAC = multi-age cohort
Source: MI4A market study, December 2019

SAGE recommendations on HPV vaccination
(October 2019)

In the context of a limited supply of HPV vaccine, SAGE recommended the following
additional strategies:

1. All countries should temporarily pause implementation of boy, older age group (>15
years) and multi-age cohort (MAC) HPV vaccination strategies until vaccine supply allows

equitable access to HPV vaccine by all countries.

2. To try to reach girls before they age out of the recommended primary target
population, countries could target girls who are 13 or 14 years old or in the equivalent
school grade for 2-dose vaccination

3. Countries could adopt an extended interval of 3-5 years between the 2 doses, with the
first dose being given to younger girls
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secondary & primary prevention

current status

pre-COVID-19 problems

COVID-19-related problems

Dynamic supply-demand balance

Base Supply ‘ ‘ Low Supply

Demand Stenaros | ShortTerm (13]| MidTem {44 | ong-Term 9] | Short-Term (-] MidTerm (4] Long Term 6]

il Rose +VAGS

2 2-ose No MACs

] Ldose + MAG*

o
===t »
Covid-19 |

Vaccine

MAC = multi-age cohort Source: MI4A market study, December 2019

Conclusions (primary prevention)

in the 13 years since its introduction, HPV vaccination has seen many
positive developments: a reduced number of doses and more flexible

schedules have reduced cost and facilitated program implementation

2vHPV, 4vHPV and 9vHPV vaccines are extremely safe, highly
effective but underused (especially in males and only exceptionally
used in HIV+ individuals)

as both genders are responsible for HPV transmission, both genders
should get vaccinated to share the burden in reducing the risk of HPV-

related disease, as well as have equal access to direct vaccine benefits
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Conclusions GENERAL

the magnitude of prevention potential of HPV-related cancers is currently not

rivalled for any other neoplastic disease in humans
only integration of primary and secondary prevention brings efficieny benefits
HPV-based screening is beneficial over cytology-based screening

only gender-neutral vaccination will lead o control of HPV-related diseases in

both genders and maximize prevention of cervical cancer

failure to implement HPV-based screening and gender-neutral, age-extended

and global HPV vaccination looks like a missed public health opportunity

several pre-COVID-19 and COVID-19-related problems arrising

Although we are in a COVID-19 pandemic,

we are also in an HPV pandemic!

Arbyn M, Bruni L, Kelly D, Basu P, Poljak M,
Gultekin M, Bergeron C, Rifchie D, Weiderpass E
Tackling cervical cancer in Europe amidst the
COVID-19 pandemic

Lancet Public Health 2020; 5: e425.

the COVID-19 pandemic might
also generate opportunities for
more efficient prevention, by
promoting more cost-effective,
evidence-based protocols, by
focusing on women who are at
high-risk, extending HPV testing
on self-collected samples, and
discouraging inefficient policies,
such as screening with two tests.

We know HPV is causing cervical cancer
We have excellent HPV screening tests and HPV vaccines

We can envisage cervical cancer elimination
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