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HPV Causes Multiple Cancers in
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CANCERS ATTRIBUABLE TO HPV

Estimated numbers of infection-attributable cancer cases in 2018, worldwide

Cervical - 570 000 570 000
Oropharyngeal 110 000 34 000 26 000 8 100
Oral cavity 190 000 3900 91 000 2 000
Larynx 150 000 3 600 22 000 <1 000
Anus, squamous cell 9900 9900 19 000 19 000
Penis 34 000 18 000 - -
Vagina - - 18 000 14 000
Vulva - - 44 000 11 000

de Martel C, Georges D, Bray F, Ferlay J, Clifford GM. Global burden of cancer attributable to infections in 2018: a worldwide
incidence analysis. The Lancet Global Health. 2020 Feb 1,8(2):e180-90.



Global Variation in Cervical Cancer Incidence and

Mortality, 2018
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Trends in Cervical Cancer in Select Countries before HPV vaccination
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Overall, declines or plateaus in rates during recent years.

Data from IARC



Rising Anal SCC Rates in the United States before HPV vaccination

* Increases anal cancer observed among
men and women aged 50 and older

= Largest increases observed in 60-69
year-old women

= Anal cancer remains rare — age-
standardized rate in 2011-15: 1.6 per
100,000

Incidence (per 100,000 Peron-Years)
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Trends in Oropharynx Cancer in US, 1995-2015 before hpv vaccination

Rate per 100,000 Man-Years (incidence)
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= Rates are far higher in men than women.

= Rates increased significantly among

White men and women, Hispanic men
and men of othel

= Rates declined significantly among Black

men and women.

Y

= (ervical carcinoma; AAPC =16 Cervical K
== (ropharyngeal SCC (male); AAPC=2.7 -1,6 % /year

-
-

I’ OPK Men:+ 2,71 % /year
5-

Tendances de I'incidence ajustée sur I'age du cancer du col de I'utérus et
. du cancer de I'oropharynx chez I’hnomme, USA, 1999-2015"

Rate (no. of cases per 100,000)
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Prévalence of HPV infection (cervix) in over all population

__ S

25-29 ans 6647 17.8

Overall 40901 10.3

J.Monsonego et al Gynecol Oncology 2015

-25 121 23.5
+25 634 14.1
Overall 755 15.1

J.Monsonego et al Vaccine 2012



CERVIX:PREVALENCE OF HPV BY AGE
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De Sanjose et al. 2007, The Lancet



Genital HPV Incidence Lowest in Older Women but
Does NOT Vary with Age in
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Giuliano AR et al., Lancet 2011; Mufioz N et al., JID 2004.



Anal prevalence HPV infection in men

= High prevalence in MSM
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Nyitray et al. Age-specific prevalence of and risk factors for anal human papillomavirus (HPV) among men who have sex with women and men who have sex with men:

the HPV in men (HIM) study. Journal of Infectious Diseases. 2011 Jan 1;,203(1):49-57.



Oral HPV Prevalence is Significantly Higher in

Men vs. Women
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CARCINOGENESIS MODEL

NO PRECANCERS AND CANCER OF THE CERVIX WITHOUT HPV

VACCINATION
2V/4V/9V HPV SCREENING /CYTO?

Infection Progression Invasion

—> —>
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; Precancer Cancer
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ZT SUSCEPTIBILITY OF THE CERVIX
PENETRATION TRANSMISSION




New HPV
detections are very
common in young
sexually-active
women

Data from the HITCH
cohort study

A: Any Alpha HPVs
B: Alpha subgenus 1

C: Alpha subgenus 2

D: Alpha subgenus 3

INumber at Risk
1215 181

B
Number at Risk
1403 343

INumber at Risk
1261 218

INumber at Risk
‘PES 307




Clearance of
prevalent and
incident HPV
infections in
young sexually-
active women

Data from the HITCH
cohort study

Proportion positive

A: Any Alpha HPVs
B: Alpha subgenus 1
C: Alpha subgenus 2
D: Alpha subgenus 3
Blue: prevalent

Red: incident

For illustration only; unpublished data from HITCH study. Andrew Arthur et al., to be submitted
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Predicted average

cumulative risk of
CIN and cancer in - HPV PERSISTENCY OVER TIME: RISK OF CIN+

women who are
HR-HPV positive but
cytology/histology
normal at baseline

Systematic review of
162 eligible papers
from 87 different
populations (after
screening 4035
published papers).
Estimates by multi-
level random-effects
meta-regression
models
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Years of follow-up

Malagdn T, Volesky KD, Bouten S, Laprise C, El-Zein M, Franco EL. Cumulative risk of cervical intraepithelial neoplasia for women with normal cytology but
positive for human papillomavirus: Systematic review and meta-analysis. Int J Cancer. 2020;147(10):2695-2707.




Progression from HPV infection to precancer and then cancer

CIN3 Approximately 10

——

Persistence Invasion

Clearance CIN3 persistence
: or regression

Percentage of CIN3

/)]
cC
O
et
@)
2
£
>
Qo
3 B
1)
cC
0]
)]
0
£
@)
| -
)
&)
Y
0
)
@)
@
H—
C
0]
&)
| -,
0]
o

0+ . ~ - . .
0 1 2 3 5 10 20 30
Years since infection with carcinogenic HPV Years since diagnosis with CIN3

Schiffman et al. J Natl Cancer Inst 2011;103:368-383




HPV-induced carcinogenesis

hrHPV
Transient infection | Productive infection - Transforming infection
Normal Productive CIN1/2 |  Transformi
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Adapted from Woodman et al., Nature Reviews Cancer 2007; Steenbergen et al. Nature Reviews Cancer 2014



HPV doesn’t allow to recognize the stage (low specificity)
HPV is not missing HG CIN(high sensitivity)
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— —, Infection Progression —
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© Schiffman M, et al. Nat Rev Dis Primers 2016.







HPV VACCINATION

2. Production d'anticorps
sériques anti-L1

3. Transsudation 4. Neutralisation virale

La vaccination entraine une production d’anticorps neutralisants sériques

Ces anticorps sériques transsudent a travers la muqueuse cervicale

Lors d’une contamination, ces anticorps se fixent sur la capside du virus et l’empéchent de pénétrer dans les cellules de la
muqueuse cervicale

Modifié d’'apres Schiller JT Davis P Nature Reviews 2004 Q




Almost all (2 95%) cases of cervical cancer are caused by an infection
from human papillomavirus (HPV)

95% of all cervical cancer cases are A large proportion of cervical cancer
caused by HPV? cases is caused by HPV types 16 and 18

HPV 16 55%
HPV 18 16%
HPV33 4y
HPV 45 I 4%
HPV 31 4y
HPV 58 | 394
HPV 52 | 39
HPV 35 | 2%
HPV 59 | 19
HPV56 | 1%
HPV 51 | 194
HPV39 | 1%

= Caused by HPV = Other causes HPV 73 | 1%

ST N HPV 68 | 19

~




HPV VACCINATION

Rational for HPV ninevalent vaccine
16.18.6.11/31.33.45.52.58

Cancer du Col CIN 2/3,AlS

\

m|6/18

m|6/18 \‘

B 5 new .f new
es
types YP
"1 other
"1 other

De Sanjose 2010, Hariri 2011, Serrano 2012, Joura 2014



Prevention of HPV related cancers

BHPV9 Types " HPV 6/11/16/18
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POO01 efficacy study: Primary Objectives

qHPV Vaccine
. 2P £D)
0006

Demonstrate non-
Inferior immunogenicity

. |
0000<

9vHPV Vaccine

Demonstrate clinical
efficacy
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HPV 6/11/16/18 Disease Endpoints
Protocol 001 and Gardasil Historical Cohorts

Supportive Analysis — Per Protocol Efficacy

Protocol 001 Historic (_:ohorts from
Gardasil program*

Endpoint

HPV 16/18-related
CIN 2/3 or AlS
VIN 2/3
ValN 2/3

9vHPV

1 /5715
0/5762
0/5762

qHPV

gHPV
Cases/n

0/5732
0/5789
2 /5789

2 /8493

0/7772
0/7772

Placebo
Cases/n

112/ 8464
10/ 7744
9 /7744

HPV 6/11/16/18-related
CIN (any grade)
Condyloma

1 /5823
5/ 5876

3 /5832
1 /5893

9 /7864
2 /7900

225 / 7865
193 /7902

* Based on the Gardasil US label



HPV 31/33/45/52/58 Vaccine Efficacy
Per-Protocol Efficacy Population- end of study

98.2%

All CIN 2 /5949 110 /5943 (93.7,99.7)
97.1%

> CIN2 | / 5949 35 /5943 (83.5,99.9)

> CIN3 0/ 5949 715,943 100% (39.4, 100)
94.4%

AllVIN,ValN | / 6009 18 /6012 (67.7,99.7)

>VIN2/3, — 100.0%
ValN2/3 076009 _ 316012 (-71.5, 100)



Per-protocol efficacy population
A Cervical disease (any grade)
10 SvHPV vaccine
g |l== qHPV vaccine
8-
7
6

Cumulative incidence (%)
v
1

Modified intention-to-treat population

B Cervical disease (any grade)

o 5 12 18 24 30 36
Number at risk

9gvHPV 5949

qHPV 5943
Cumulative cases

9vHPV o o] 2 2 2 2 2

qHPV o [0} o 4 15 30 51

5949
5943

5825
5810

5673
5665

5543
5520

5381
5363

5197
5177

C High-grade cervical disease
4-0—
3-6
2
2.8
2-4-
2.0+
il
T
0-8—
0-4-

Cumulative incidence (%)

42

4623
4582

48

2661
2653

54

608
587

104

60

146
141

108

o =
T T T

) 3 12 18

6883
6871

6708
6690

6446
6446

6266
6249

o] 82
o 84

131
135

149
175

D High-grade cervical disease

24

6104
6070

164
206

30

5916
5892

176
237

36

5709
5685

183
271

42

5092
5024

189
303

48

2906
2871

195
329

54

621
626

200
348

60

152
153

202
352

0 3 12 18 24 30 36
Number at risk

9vHPV 5949

qHPV 5943
Cumulative cases

gvHPV o o 1 1 1 1 1

qHPV o o o 3 7 11 20

5949
5943

5825
5810

5673
5666

5543
5527

5381
5378

5197
5201 4

E Persistent infection of =6 months’ duration
40—
36
32
28
24
20
16
12

Cumulative incidence (%)

42

4623

618

48

2661
2685

608
596

60

146
143

o 3 12 18

6486
6497

6735
6722

6303
6316

o 48 76 91
(8] 46 69 88

24

6145
6144

102
102

30

5957
5980

110
115

F Persistent infection of =6 months’ duration

36

5749
5784

114
130

42

5124
5125

123
145

48

2925
2942

128
153

54

625
647

134
162

60

154
161

135
162

0 3 12 18 24 30 36
Time since day 1 (months)

5518 5338 5106
5123 4817 4484

Number at risk
9vHPV 5941
qHPV 5955
Cumulative cases
9vHPV o 0 9 14 23 29 33
qHPV o] [+] 107 276 438 599 742

5817
5725

5941
5955

5661
5420

T
42

4454
3826

38
855

48

2537
2118

41
930

T
54
570
459

41
940

60

135
113

41
945

o 6 12 18

6818
6823

6552
6510

5839
5559

5638
5217

o 183
(o] 233

702
1007

752
1212

24

Time since day 1 {(months)

5483
4916

770
1389

30

5301
4622

785
1547

36

5068
4296

794
1704

42

4448
3646

798
1803

48

2509
2003

802
1876

526
440

802
1883

60

128
112

802
1888



Real-life populations

Reduced incidence Reduced Incidence of CIN Incidence of
of anogenital incidence of due to HPV cervical cancer &
warts HPV infections infections other cancers

| ] ] ] ] ] ] ] ] ] ] ] ] ] J
007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Start of
HPV-vaccination

Gross MS J Pediatr Adolesc Gynecol 2010; Brotherton J Abstract 408. IPC 2010; Fairley CK Sex Trans
Dis 2009; Donovan B et al. Lancet Infect Dis 2010; Crowe BMJ 2014



% of Australian born women & heterosexual men with first diagnosis of genital warts 2004-2011

Anogenital warts

Females Males
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Australia

v
Reduction 93% in <21y & 73% in 21-30y

Reduction 82% in <21y & 51% in 21-30y

Ali BMJ 2013

Denmark

Reduction 90% in 16-17y (2008-2011)

Baandrup STD 2013



Actual trends
USA-10 years follow up , major reduction of vaccine HPV related types

Jeunes Femmes de 13 a 26 ans

Couverture Couverture
Vaccinale Vaccinales
~0%* ~84%*
40 35
35
> =~ 30
% 5 25
o a 20
e " 6.7
e 5
s . ]
S
a o 2006-2007 2016-2017

*Couverture vaccinale avec un vaccin HPV, au moins 1
dose

Spinner et al. Pediatrics 2019



3% 5%

(95% ClI; 33%-90%) (95% ClI; 65%-82%)

Denmark

1 Sweden

*Réduction de risque de CIN2/3, cohorte de jeunes filles nées entre 1993 et 1994
**Réduction du risque CIN2+, initiation de la vaccination avant 17 ans

1. Baldur-Felskov B et al. J Natl Cancer Inst. 2014;106:djt460. 2. Herweijer E et al. Int J Cancer. 2016;138:2867—2874.



#4+—— Female HPV vaccinatlon programme commenced

S o

1> —

Incidence rate per Lo00 women screened

2004-06 2007 2008 2009 zouo Zoay 2012 2013 2014

Year

— (20 YEArSs — 3024 YE3TS ——— FC—-20YEars — 30— 34 YEars

Incidence des lésions pré-cancéreuses du col de l'utérus avant et
apres introduction du programme de vaccination anti-HPV

1 Patel et al. The impact of 10 years of human papillomavirus (HPV) vaccination in Australia: what additional disease burden
wiil @ nonavalent vaccine prevent?. . Euro Surveill. 2018;23(41):pii=1700737. https://doi.org/10.2807/1560-7917.ES.2018.23.41.1700737

Réductions
importantes a
I'échelle de la

population dans
les classes d'age
les plus jeunes,
concernées par le
programme de
vaccination HPV



2\ Cochrane
slg# Library

Cochrane Database of Systematic Reviews

26 essais RCT, > 73 000 women

Reduction of pre K cervical lesions related to HPV vaccine types :

164 /10 000 vs 2 /10 000

= Similar side events in vaccinated vs non vaccinated women

*CIN2+

Arbyn et al. Cochrane Database of Systematic Reviews 2018



IMPACT OF HPV VACCINE ON CERVICAL CANCER
GARDASIL4

1004 HPV Vaccination Status
, E —i ';/'.jr.‘.‘wl'-\'A-l': .i" 17-30 yr of ape
Méthode g g === Vaccinated <17 yr of age '
* Etude d’efficacité en vie réelle (effectiveness), sur la base des =3 2]
registres suédois $8
3 ol i
 Comparaison de lincidence des cancers du col invasifs (CCU) £3 : -
entre des jeunes filles/femmes vaccinées et non-vaccinées pour le £3 She
HPV 25 P
S =
* Etude réalisée sur 'ensemble de |a population des jeunes P e
filles/jeunes femmes suédoises, agees entre 10 et 30 ans, entre ot P—— - T
2006 et 2017 - = N ’ N - '
Age at Follow-up (yr)
, . . Figure 2. Cumulative Incidence of Invasive Cervical Cancer According to HPV
Résultats : Sur |la base de > 1,6 M de jeunes filles/femmes Vacclatice St " : '
Age at follow-up is truncated in the graph because no cases of cervical can-
, . . .. . . N . . cer were ObS(’TV(‘d n g”!" )‘l’)ll'ig(‘[ “‘:.in IS )’(’if‘u of .!gl”.
Réduction significative du risque de CCU apreés vaccination HPV:

v 88% [95% Cl : 66-100%] vs non-vaccinées, lorsque la vaccination était initiée avant I’age de 17 ans
v 53% [95% Cl: 25-73%] vs non-vaccinées, lorsque la vaccination était initiée entre 17 et 30 ans

La vaccination HPV était associée a un risque significativement plus bas de CCU.
La réduction observée était d‘autant plus importante que la vaccination HPV était initiée jeune.

Lei et al. NEJM.
2020



C E RVA R | X Findings We used data from a rotal of 13 . 7 million-years of follow-up of women aged 20 years w younger than 30 years

The estimated relative reduction in cervical cancer rates by age at vaccine offer were =

16718 years (school year 12-13) ears (school year 10-11), and 872¢ (F2_04) for acs
Vear §), compared Wl‘ﬂ‘l‘th‘ETEfe‘IE‘rltE‘mmi{tEﬂ cohort. The corresponding risk reductions fo
were 3995 (95% CI 36—41) for those offered at age 16-18 years, 75% (72—77) for age 14—16 years, and 979 (96—98

for age 12—13 years. These results remained similar across models. We estimated that by June 30, 2019 there had beer
448 (339-556) fewer than expected cervical cancers and 17 235 (15 91918 552) fewer than expected cases of CIN3 i
vaccinated cohorts in England.

Corvlcal cancer UN3 Irvasive cervical cancer
150 — Cohart 4
— Cohort §
Model 1 Model2 Madel3 Model 1 Model2 Model3 _  oborE
Unvaccinated cohorts % —Conerd
Cohort 1 invited flom age 200years 0.9 (090-110)  100(090-111)  099(089-140) 07 (093-100) 09B(094-101) 097 (094-101) g
andnovacng &
Cohort 2 imited flomage 200years 108 (095-122)  109(097-123)  108(096-172) 142(098-106) 103(098-107) 103(09-L06) Tg
01 25 years and novacting £
(ohort 3 mvitedfomage 250yeas 103(003115)  104(094-116)  104(093-145)  101(097-104) 102(D0B-105) 101(098-105) LE
andnovaceine E
(ofort 4:imvited from age 24.5years 100 100 100 100 100 100
andnovaccing (reference categary) -
Vacclnated cohorts a3
Cofort 5 invited fromage 24 Syears 067 (053-075)  066(058-074) 066(059-075) 061(050-064) 061(058-064) 061(053-064) 40009
andoffered vaccine inschool g
years 12-13 é 30004
Conort6:invited fromage 24 Syears 039(031-050) 07 (029-047) 03B(023-048) 026(024028) 024[022-077) 025(023-028) 5
andoffered vaccing inschoal &
yers 111 2 2000
-l
(ohort7:notimiedbeforeage.  043(006-077) 042(006-026) 043(D06-028) 003(002-004) 003(002-004) 003 (002-004) 2
145years and offered vaccing in 2
schoolyear B 2 10004
Data are AR (957% (1) Model 1 adjusts for all main effects for age and cohort, age-by-cohort interactions lineartrend (drif), and dummy variables for the ade Goody and - /
seasonal effects. Model 2 contains al effects in modal 1 plus adjustment for under-registration. Model 3 includes all ffectsin model 1 plus adjustment far the sereening 0 ——————— . . .
awareness campaign. The estimates ara adusted forthe covariates included inthe models detisin the methods. IRRs=incidanca ate ratis. CIN=canvical intraepithelal 20 22 24 26 28 30
: Age (years)
neoplasia
Figure 2: Cumulative Incidence rates of cervical cancer and CIN3 by birth
Table 3: Estimated IRRs and 95% Cls of efther cervical cancer or CIN3 among the vaccinated and unvaccinated birth cohorts. cohort

www.thelancet.com Published online November 3, 2021 httpsy//dol.org/10.1016/50140-6736(21)02178-4
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REVIEW ARTICLE

Safety of Human Papillomavirus Vaccines: An Updated Review

Anastasia Phillips’ + Cyra Patel® + Alexis Pillsbury + Julia Brotherton™ -
Kristine Macartney™

= 109 études, dont 15 en population entre 2012 et 2016

= > 2,5 Millions de vaccinés

Phillips et al. Drug Safety. 2017 .




HPV vaccination in Post-conisation

Rationale

Women that have conisation for HSIL
e at high risk of HSIL recurrence — 8%
e at high risk of cervical cancer — 2-5xfold

* these women constitute a subgroup of infected women particularly
sensitive to the infection & rapidly acquire re-infections

* need to risk-reducing adjuvant treatment for high-risk population
*  repeat conisations multiply adverse reproductive outcomes

The vaccine

* Is expected to benefit against new infections (not present at Tx)

* s expected to benefit re-occurrence of the same infection

* Remains an open question whether will boost the effect of treatment



Indirect Evidence

Retrospective Evidence

Joura BMJ 2008 - FUTURE trial - GARDASIL

65% reduction in future CIN2+ in women
receiving treatment & previously vaccinated

Garland 1JV 2016 — PATRICIA trial -
CERVARIX

Vaccinated women who undergo conisation
reduced risk of subsequent CIN2+ (efficacy:
all HPV 88.2% (14.8, 99.7), HPV-16/18 100%
(63.1, 100) NS)

Hidelsheim AJOG 2016

Vaccinated cohorts that went on to have
conisation against new incident infections
from 16/18 and 31/33/45 types with
vaccine efficacy of 58% and 37%,
respectively

Kang Gyn Oncol 2013 - non-randomised
study

vaccine 1 week post-conisation - 65%
reduction in the risk of recurrent CIN2+

Swedish Clin Infect Dis 2012

non-RCT in men that has sex with men:
56% reduction in recurrent HG AIN

Ghelardi Gyn Oncol 2018

80% clinical effectiveness in disease
relapse prevention up to 4y - No
therapeutic effect - Beneficial as adjuvant
to surgical treatment - Limitations: non-
RCT, choice, small




e 18 studies: 12 observational, 2 RCTs and 4
post-hoc analyses of RCTs

e All HPV-related disease

e HPV vaccination was associated with
reduced risk of recurrence for CIN2+
lesions (RR 0.41, 95% Cl 0.28-0.59, 12=51%)

HPV vaccine after Local Treatment
for CIN: a meta-analysis
Kechagias et al 2021

CIN2+ recurrence rates HPV vaccine vs non-vaccine
a. irrespective of HPV type b. HPV16/18-related disease

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI Experimental Control Weight Weight
1.9.1 Randomized controlled trials Study Events Total Events Total Risk Ratio RR 95%-Cl  (MH) (random)
Fieralli 2018 a a9 4 89 15% 0.11 [0.01, 2.03] -
G T m T muR e - %
o 3% -4110.26, 0. Kang 2013 5 360 18 377 — 0.29 [0.11;0.78] 33.2%  39.3%

Tatal events B 3 8 Ortega-Quinonero 2018 3 103 15 139 — 0.27 [0.08;0.91] 24.1%  25.7%
Heterogeneity. Tau®= 000, Chi"=0.82, =1 (F = 0.37); F= 0% Ghelardi 2018 0 172 9 172 ‘ 0.05 [0.00;0.90] 17.9%  4.7%
Testforoverall effect 2= 3.99 (P = 0.0001) Vinnytska 2019 2 76 3 37 — 0.32 [0.06,1.86] T7.6%  12.4%
1.9.2 Observational studies Del Pino 2020 2 153 4 112 _<;__ 0.37 [0.07,1.96] 87%  13.4%
Grzes 2011 a 25 1 a0 1.3% 065 [0.03,156.50]
Ghelardi 2018 2 174 11 176 4.8% 0.18[0.04, 0.82] —_— b
Bogani 2021 100 11300 48% 0.36 [0.08, 1.61] _— ——
Vinnytska 2019 T 76 B Krs 8.4% 0.57 [0.21,1.587] — 1 1
Del Pino 2020 5 153 12 112 9.4% 0.31 1011, 0.84] - k
Ortega-Quinonero 2018 8 103 22 138 9.3% 0.31 012,079 [
Petillo 2020 6 182 14 103 95% 0.24 (010, 0.61] —_— Pieralli 2018 0 89 4 89 — = 1 0.1 [0.01;2.03] 85%  45%
Kang 2013 9 362 v T 121% 0.38[0.17,0.73] — ¢—
Sand 2019 92 2074 TTT 15054 221% 0.77 [0.61, 0.96] - —_—
Subtotal (95% CI) 3249 16248 B0.7% 0.40 [0.26, 0.62] ’ :
Total events 118 881 k
Heterogeneity. Tau®=019; Ch*=16.89, df=8 (P=0.03); F=53% !
Testfor ovarall effect 2= 4.06 (P < 0.0001) MH method 953 926 < 0.24 [0.13; 0.44] 100.0% -

, " Random effects model < 0.26 [0.14; 0.49] = 100.0%
I‘o’::l‘ gsz" » 3478 125 16441 1000%  0411026,0.59] > Prediction interval B} —_— [0.11: 0.63]

i =_ RiE— _ _ =_ F ' ' , Heterogeneity: I“ = 0%, v =0, p = 0.86

Heterageneity: Tau®=0.14; Chi®= 2041, df=10 (F=0.03), F=51% o1 o 0 100 001 041 1 10 100

Testfar overall effect 7= 483 (F < 0.00001) » » . .
Testfor subaroun differences: Chi*= 0,00, df= 1 (F = 0.95), F= 0% Favours [experimental] Favours [cotrol] Favours vaccine group Favours non-vaccine group



Should women be vaccinated after local excision?

e At present it remains an individual choice
 There is no harm...but not funded
* Promising data but at risk of bias

* Well designed RCT is required to assess effectiveness... and cost-
effectiveness

e Before this can be introduced in national vaccination programmmes

 Extended to multi-focal disease, immunosuppressed individuals etc



HPV SCREENING

Figure 2: Age-specific incidence rate of invasive cervical cancer in Sweden 2004-2011 by screening status within 10 years prior to each calendar year
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HPV in primary screening
20-25% improvement sensitivity for HG CIN

Outcome #Studies Sensitivity (%) Specificity (%)
- =)
Cytology(ASC-US+) CIN2+ 25 70.0 (62.5-77.6) 91.9 (90.3-93.6)
HPV CIN2+ 31 90.4 (88.0-92.8) 88.5 (87.0-90.0)
Cytology(ASC-US+)or hc2 positive CIN2+ 13 64.2 (90.8-97.6)) 87.7 (85.0-90.3)

1: Updated from Arbyn Vaccine 2012 and Arbyn KCE report 2015=
http://kce.fgov.be/sites/default/files/page documents/KCE 238 HPV_DNA Testing Report2 .pdf



http://kce.fgov.be/sites/default/files/page_documents/KCE__238_HPV_DNA_Testing_Report2_.pdf

HPV TEST NEGATIVE: OPTIMAL PROTECTION FOR 5 YEARS PERIOD

Lhe b | BM7 201635534924 | doi: 101136/bm;j 14524

Safety of extending screening intervals beyvond five yvears

in cervical screaning programimes with testing for hish risik
human papillomawvirus: 1459 year followvww-up of population based
randomised cohort in the MNMetherlands

Maaike G Dijkstra,.”™ Marjoleim wamn Zumimeraen,! Lawrence Rozendaal,” Folkert ) van Kemenade,?
Theo | WM Helmerhorst.® Peter | F Snijders," Chiris | L & Aeijer,! Johamnnes Barkhof™
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CERVICAL K:1 HPV TEST IS MORE PROTECTIVE THAN CYTOLOGY

All randomised women

100 — Experimental arm
— Control arm

90

Cumulative detection rate (per 107)
Lr
="
1

Women with a negative test at entry*

e

Time since recruitment (years)

Time since negative test at entry (years)

40 .
- -
20— _ J
104 — '_,7_|
0 | | | I | | | I
0 2 4 6 8 0 2 4 6 8

igure 2: Cumulative detection of invasive cervical carcinoma

Observations are censored 2.5 years after CIN2 or CIN3 detection, if any.

R Sankarayanan N Engl J Med 2009; 360:1385-1394




HPV in primary screening has inconveniences
benefits exceed the limitations

HPV + (+30 ans prevalence 10 -12%) needs triage or
risk stratification in order to reduce:

- Unnecessary colpo(+30-100%!)

- Over-assessment of cyto histology

- Over-diagnosis and over-treatment

- Over-expenses

-Harm for patients



HPV primary screening 30 - 65 years

Résultat positif

Examen cytologique réflexe

Colposcopie

C | TestHPv-HRaTan |

[Ftésultat négatifj Résultat positif

Colposcopie

Test HPV-HR 4 5 ans Test HPV-HR 4 5 ans

HAS, juillet 2019




Cervical Cancer ,HPV neg are at bad prognosis

] —— hrHPV+
E —— hrHPY-
3 HPV NEGATIVE CIN3
A
E 0.8 -
=
®©
=
-
5
06 -
a
=
=i
©
s NPV 98%
a
2 04-
©
=
=
3
Q

0.2 -

o 1 2 3 4 &5 6 7 88 9 10 11 12 13 14 15
Time Since Diagnosis (years) FALSE NEGATIVE OF THE HPV TEST 1 - 3%

FIG 1. Cumulative relative survival of invasive cervical cancer by tumor hrHPV status. Cumulative
relative survival corresponds to the relative survival ratio in relation to the general female pop-
ulation with comparable age and during the same calendar period over the indicated years since

diagnosis. hrHPV, high-risk human papillomavirus.
lileilCO 2071

J Monsonego et al Int. J. Cancer: 129, 691-701 (2011)



Reflex cytology (ASCUS+), outcome CIN3+

study

Kulasingam, 2002
Ronco, 2006
Naucler, 2009
Castle, 2011
Rijkaart, 2012
Bian, 2013
Ferreccio, 2013
Leinonen, 2013
Muwonge, 2014
Pan, 2014

Tian, 2014
Asthana, 2015
Rebolj, 2015
Terrazas, 2015
Wentzensen, 2015
Gustinucci, 2016
Zhao, 2016
Agorastos, 2017
Cook, 2017
Isidean, 2017
Kocsis, 2017
Passamonti, 2017
Sangrajrang, 2017
Tshomo, 2017
Wu, 2017
Rezhake, 2018
Luo, 2019
Torres-lbarra, 2019
Overall

Sensitivity (95% Cl)

Sensttivity (95% CI)

0.753(0.642, 0.844)
0.827 (0.697, 0.918)
0.729(0.582, 0.847)
0.528 (0.464, 0.591)
0.832(0.761, 0.889)
0.900 (0.555, 0.997)
0.404 (0.270, 0.549)
0.952 (0.867, 0.990)
0.878(0.819, 0.923)
0.955(0.931, 0.972)
0.698 (0.632, 0.758)
0.636 (0.308, 0.891)
0.571(0.410, 0.723)
0.404 (0.270, 0.549)
0.838 (0.751, 0.905)
0.741(0.537, 0.889)
0.955(0.933, 0.972)
0.667 (0.349, 0.901)
0.778(0.524, 0.936)
0.600 (0.433, 0.751)
0.421 (0.309, 0.540)
1.000 (0.872, 1.000)
0.714 (0.419, 0.916)
0.722(0.465, 0.903)
0.797 (0.692, 0.880)
1.000 (0.692, 1.000)
0.891 (0.827, 0.938)
0.440(0.332, 0.553)
0.775(0.694, 0.839)

0 25 5 .75
Specificity (95% Cl)

Specificity (95% Cl)

0.477 (0.431,0.524)
0.678 (0.654, 0.700)
0.857 (0.805, 0.900)
0.752 (0.736, 0.766)
0.758 (0.724, 0.790)
0.755 (0.660, 0.835)
0.915 (0.894, 0.934)
0.629 (0.610, 0.648)
0.655 (0.635,0.674)
0.501 (0.486, 0.517)
0.700 (0.667,0.731)
0.857 (0.784, 0.913)
0.699 (0.627,0.765)
0.915 (0.894, 0.934)
0.487 (0.461, 0.514)
0.934 (0.904, 0.957)
0.498 (0.483, 0.512)
0.833 (0.779,0.879)
0.587 (0.526, 0.647)
0.837 (0.802, 0.868)
0.778 (0.753, 0.801)
0.641 (0.585, 0.695)
0.580 (0.498, 0.658)
0.848 (0.764, 0.910)
0.741 (0.712, 0.769)
0.510 (0.446, 0.574)
0.572 (0.541, 0.602)
0.734 (0.706, 0.760)
0.727 (0.667,0.779)




Triage algorithms for hrHPV+

NL IT, FR
: Routine
Routine .
HPV screening Seeaing HPV screening — screening
Repeat Cyto o Repeat hrHPV
Reflex Cyto ——> after 6 months Reflex Cyto == | after 12 months

+ + +

ROUTIE Routine

i ¥
screening® screening

Many more other triage tests & combinations: not shown



USA Triage algorithms for hrHPV+

HPV
screening

—> Refex cytology

Routine

screening

Repeat 12M

~risk-based
guidelines




FR .Bénéfits - Vigilance

Prév:10-12%
Risk CIN2+:5.5%
! 15t Step
- )

Expected over

assessments:- B

=

!

Reflex cytology

l
[ Négatif J

e

30-65 years

HPV primary screening

Colposcopy keferral?
HPV+ Risque de CIN3 4%

|

Prév:85-90%/
VPN 98%

Risk CIN2+:0.18
Risk K:0.02%

Extending
screening
interval

Cyto:ASCUS+ ASCUS +
-Histo:CIN1 Prey:8.5%
S
- Nb Colpo J~ o
_ POJ—+
Colposcoy
Normal: 30%
o o,
ond s Prev CIN3+:25%

}

/| 1 year later

——— > Négatif

HPV

Positif

HPV
at5
years

GPV HPV+ CIN3 4%:+colpos (30-100%)\
2.!Lost of follow up

3.!persistency non accurate

Interest of Génotyping and other markers
-to assess the risk

\
[

Colposcopy

-to evaluate a true persistency
-to improve specificity

\ Yy

False neg HPV :1.5-2%
Consider high risk population

History HPV / CIN HG
No previous screening+ 10 years

Immunosupression
symptomatic

\

5 years HPV

screening
*




Génotyping
Risk of CIN3+ associated to the most frequents 8 HR HPV types
(HPV 16, 18, 31, 33, 35, 45,52 and 58) FRANCE

J Monsonego et al Vaccine 2012

High-risk HPV Adjusted
type OR* 95% C | p-value

Other HR types Other HR vs No HR types 1.768 (0.29,10.65) 0.534

Type specific HR (specified) vs Other HR types 10.871 (2.53,46.80) 0.001

Typel6 16 vs Not 16 10 414 (4.74,22.87) <001

Typel8 18 vs Not 18 1614 (0.21,12.44) 0.646

Type31 31vs Not 31 5 498 (0.84,7.43) 0.100
Type33 33 vs Not 33 6.656 (1.42,31.18) 0.016

Type35 35** vs Not 35 2 370 (0.00,14.91) 1.000

Type45 45 vs Not 45 2093 (0.27,16.29) 0.481

Typeb2 52 vs Not 52 1.416 (0.18,11.02) 0.740

Typeb8 58 vs Not 58 2175 (0.28,16.98) 0.459



Risk of CIN 3+ by HPVGenotype

ATHENA — women >30 years(US)

Absolut Risk
Genotype CIN 3+
HPV 16 15.1 (12.3-18.4)
HPV 18 9.0 (5.9-13.4)
HPV 31 7.9 (5.3-11.7)
HPV 33 5.4 (2.3-12.0)
HPV 52 4.4 (2.6- 7.3)
HPV 45 4.3 ( 2.1-8.7)
HPV 58 1.7 (0.6- 4.8)

Monsonego, J et al. Gyn Oncol (2015) (All women >30 yrs — single infections)



HR HPV Genotypes: risk over time

Risque par type (n = 14 158)

25

L

HPV16 > HPV33 > autres HPV-HR

Risk of CIN3+ (%)

/—_—=='_———"__-
—
______—g———

Time [years)

—]f e—Z3 18 58 35 e=i] ssseih o oss——ni 30 =em5E sssGl sG] 59

Demarco M, EClinicalMedicine, 2020




CIN2/3 : how does methylation relate to clinical behaviour?

o Normal |Productive CIN - Transforming CIN Cancer

CIN1/2

Clinical behaviour

.
E -
§° .
Methylation negative CIN2/3 z H Advanced CIN2/3 display
show more regression 3 high methylation levels
Regression rate (QlAsure) F T | (cancer-like)
CINT  >90% i i
CIN2 ~30% | . .
CIN3 ~35% Early CIN2/3  Advanced CIN2/3
Dick et al. J. Clin Oncology, in press De Strooper et al. Cancer Prev Res 2014;

Louvanto et al., Clin Inf Dis 2019 Verlaat et al., Clin Cancer Res 2017



Relative accuracy for CIN2+ (self- vs clinician samples
Clinically validated PCRs

stucly devgroupself testd RR (85% CI) stucly devgroupself testh RR(85% CI)
screening screening

Zhang, 2020 Brush AmpFire 1.0 (0.98, 1.07) Zhang, 2020 EBrush AmpFire (.99 (098, 1.00)
Du, 2020 Brush COBAS 1.00({0.95, 1.05) Du, 2020 Brush COBAS 0.97(0.96, 0.98)
Zhang, 2020 Brush COBAS 1.03{0.98, 1.11) Zhang, 2020 Brush COBAS 0.97(0.96, 0.98)
Stanczuk, 2016 Swab COBAS 0.97(0.92, 1.02) Stanczulk, 2016 Swab COBAS 0.98(0.96, 0.99)
Guan, 2013 Brush LA 0.79(0.54, 1.16) Guan, 2013 Brush LA 1.00{0.89, 112}
Zhang, 2014 Undefined LA 1.04{0.97, 112} Zhang, 2014 Undefined LA — 1.20({1.05,138)
Belinson, 2012 Brush M-TOF 1.00{0.95, 1.05} Belinson, 2012 Brush W-TOF 0.98(0.97, 0.89)
Polman, 2019 Brush PCR GP5+/6+ 0.96(0.90, 1.03) Polman, 2019 Brush PCR GP5+/6+ 1.00({0.99,1.01)
Saidu, 2020 (HIV-) Swab Hpert o 0.99(0.90, 1.09) Saidu, 2020 (HIv-) Swab Hpert - 0.89(0.83, 0.96)
Suptotal {l-squared =0.0%, p=0.580) -1 1.00({0.98, 1.02} Subtotal (l-squared =82.0%, p = 0.000) I 0.98(0.97, 0.89)
follow-up follow-up

Jentschke, 2016 Brush AB -+ 1.00{0.88, 1.14} Jentschke, 2016 Brush AB - 1.0410.83, 1.28)
Sargent, 2018 Brush AB —_ 1.00(0.78, 1.26) Sargent, 2019 Brush AB —_— 1101068, 1.76)
Jentschke, 2013b Lavage AB —_— 1.00(0.75, 1.34) Jentschke, 2013b Lavage AB —_ 1.07 (065, 1.78)
Chen, 2016a Brush COBAS 0.98(0.90, 1.05) Chen, 2016a Brush COBAS - 1.21{0.70, 210}
Asciutto, 2017 Brush COBAS 1.00({0.93, 1.08) Asciutto, 2017 Brush COBAS —_— 1.00({0.67, 150}
El-Zein, 2018 Brush COBAS 0.93(0.85, 1.02) El-Zein, 2018 Brush COBAS = 0.93(0.86,1.01)
Sargent, 2018 Brush COBAS 1.00({0.78,1.28) Sargent, 2019 Brush COBAS — 0.88(0.48,1.59)
Onuma, 2020 Brush COBAS 1.00{0.87, 1.15} Onuma, 2020 Brush COBAS —_ 1.02{0.79,1.32)
Omskaov, 2021 Brush COBAS 1.00{0.93,1.07) Ornskav, 2021 Brush COBAS — 0.96(0.79,1.18)
El-Zein, 2018 Swab COBAS 0.93(0.84, 1.02) El-Zein, 2018 Swab COBAS -+ 0.98(0.91, 1.06)
Lesman, 2017 Brush GP56-LMN 1.00{0.88, 1.16} Leeman, 2017 Brush GPSB-LIMMNY —_—r 1.11(0.75, 1.64)
Hesselink, 2014 Brush HPVY Risk 1.0510.88, 1.21) Hesselink, 2014 Brush HPV Risk —_—f— 1.05(0.77, 1.44)
Hesselink, 2014 Lavage HPV Risk 0.95(0.82,1.11} Hesselink, 2014 Lavage HPY Risk —— 1.04 (0.68, 1.61)
Fiyathilake, 2018 Container LA 0.94(0.81, 1.09} Piyathilake, 2018 Container LA —— 1.00(0.85, 1.18)
Rohner, 2020 Brush Onclarity 1.00(0.93, 1.08) Rohner, 2020 Brush Onclarity — 0.78(060,1.01)
Dijkstra, 2012 Brush PCR GP5+/6+ = 1.03(0.90,1.16) Dijkstra, 2012 Brush PCR GP5+/6+ —_—— 1.00({0.75, 1.33)
van Baars, 2012 Brush PCR GP5+/6+ —_— 0.91(0.68, 1.21) van Baars, 2012 Brush PCR GP5+/6+ — 1.0010.83, 1.21)
MNobbenhuis, 2002 Lavage PCR GP5+/6+ —— 0.89(0.72, 1.10) MNobbenhuis, 2002 Lavage PCR GP5+/6+ i 1.61(1.03,253)
Brink, 2006 Lavage PCR GP5+/6+ - 0.97(0.86, 1.10) Brink, 2008 Lavage PCR GP5+/6+ — 0.96(0.63,1.45)
Catarino, 2017 Swab Hpert ——— 1.15(0.85, 1.56) Catarino, 2017 Swiah Hpert —_—t 0.80(0.73,110)
Suptotal {l-squared =0.0%, p=0.989) [ 0.98(0.96, 1.01) Subtotal {l-squared =0.0%, p =0.879) [ 0.97(0.93,1.01)
Overall {l-squarsed = 0.0%, p =0.972) 1 0.99(0.97,1.01) Overall {I-squared = 50 9%, p = 0.001} I 0.98(0.97,0.99)

1 1 1 1 1 1
3 5 1 2 2

Relative sensitivity for CIN2+

Arbyn, BMJ 2018 (Update 2021)

Rel sensitivity:

0.99 (95% CI 0.97-1.01)

3 5 1
Relative specificity for CIN2+

Rel specificity:

0.99 (95% CI 0.97-0.99)




Impact of screening and vaccination on natural history of C.Cancer

. Screening every 2 years HPV screening every 5 years
Screening A 16-69 Y 25-69 Y
. F
Nombre tests-vie / 15 9
Cumulative Risk
Not vaccinated
-Conisation 12 % 14% (44 %)
-Cervical.K. 0,52 % 0,44% (- 33 %)
-Mortality 0,16 % 0,12 % (- 38 %)
Residual cumulative Risk
Vaccinated (12-13Y)
(4 val- cov. 80 %)
. 7% 6% (-13%)
¢ CEAEEEE 0,18 % 0,14 % (- 33 %)
* Cervical.K 0,06 % 0,04 % (- 28 %)

*  Mortality

K. Canfel et all Int. J. Cancer, 2017



Elimination of UCC
World Health
WHO STRATEGY FOR 2030 @ Organization

SCREENING

90%

90%

2 hpv test during life

Dr Tedros Adhanom Ghebreyesus,
WHO Director-General
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