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500.000 véa KpoUOHATA KAPKiIVOU TOU TPAXIAOU d10yIYVWOKOVTAI ETNCIWG

250.000 OdvaTtol a1rd KAPKivo TPaxAAou TG MATPAG ETNCIWG

Age-specific incidence rates of cervical cancer in
120 Brazil and the UK
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YwnAr KoIVWVIKN Kal YuxoAoyIKr ETTITITWON o€
yuvaikeg ue TadoAoyiké test Pap

Npokapkivikég aAAOIDTEIG

1. Cancar Reseatch UK. UK Carvical Cancer mortaly stabstcs.

Fornaciari 6 et al.

Aragon (1503-68)
infection with HPV-18 confirmed in a lange pedunculate branching skin tumour

JOURNAL OF PATHOLOGY
J. Pathol. 189: 12-19 (1999)

HUMAN PAPILLOMAVIRUS IS A NECESSARY CAUSE
OF INVASIVE CERVICAL CANCER WORLDWIDE

JAN M. M. WALBOOMERS'*, MARCEL V. JACOBS!, M. MK s MANCE?, £, XAVIER BOSCH, 1. ALAIN KUMMER',
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Detection of HPV Types in Cervix Cancers
from Different Regions of the World

adapted from Clifford Br J Cancer 2003;88:63
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AcOgveIC BE CUOTNUATIKO
epUONUATWON AUKO

v Aunuévo Kivduvo Aoipwéncg amrd HPV, kupiwg amré
upnAou KivOUvVouU TUTTOUG (Klumb, Lyrio, Nath)

v Augnpévn emiTrTwon evOoeTIONAIGKWY AAACIWOEWYV,
KUPiwg HGSIL (Dugué, Klumb, Nath, Zard),

v AJQIAEYOUEVA EiVal TO OXETIKA ME TO KOPKIVWHO
0eOOMEVA (Dugué)

v EmImTTwoeig evioxuovtal AOyw TnG
OVOOOKATAOTAOATIKAG AYWYNAS (Klumb)

vTIpoo@arteg ava@opéc auinuévng emimmrwong ZEA
META a1TO EMPBOAIaC MO Yia HPV gyegipouv mTI0avoTnTeg
OTAUPOEIOOUG ATOTTNG AVTIOPAONG TOU VOO IAKOU
ouoTr’maTog (Geier, Segal)



AUgnMEVN ETTITTTWON
EVOOETTIONAIOKWY OAAOIWOEWYV
»PegupaTtocidn apOpitida (Waldstrom)
»2KANPOOEPMIA (Colaci)

» EAKWON KOAITIOO

»Nooo¢ Crohn (Allegretti, Rungoe)



PeupaTogidng apBpitioa

vV Ap@IAeyopeva atroteAéoparta yia auénuévo Kivduvo
eCEAIENG SIL (Cordtz [2015]) | AVATITUSN KOPKIVWHUATOG
TPOAXNAOU (Cordtz [2016]) O€ YUVAIKES, TTOU AauBdavouyv

BepaTtreia pe BIOAOYIKA TPOTTOTTOINTIKA TNG VOO OU
pappaka (biological disease-modifying anti-rheumatic
drugs [bDMARD])

v'Tuvaikeg TTou Aaufdvouyv Jn oTePOoEIdN
AVTIPAEYHOVWON OKEUACHATO ENPAVICOUV MEIWMEVN
ETTITITWON KAPKIVWHATOG TPpaXNAou, TTIBavov Adyw
KOTOOTOANG TNG ETTITOTTIOG PAEYHOVNG (Mercer).



v Aunuévog Kivduvog eppévouoag Aoipwéng aré HPV
EXEl ava@epOei o€ Yuvaikeg, TTou Aapfavouv
YAUKOKOPTIKOEIDN (Stensen)

v AOXETWG UTTOKEIPEVOU AITIOU, Ol VOO OKOTECTOAMEVEG
YUVAIKEG EPPAVICOUV OUXVOTEPO KEPATIVOTTOINMEVN
ouotmrAacia oto Pap test (Boogs)



HPV gvag O1apopETIKOG 10G

A Sophisticated Immune Evasion Mechanism?!*

PTwYN £€KOEON OTA AVTIYOVOTTAPOUCIAOTIKA
KUTTapa (APC). Agv €1TayeEl IKAVOTTOINTIKNA
& OVOOIOKK aTTavTnon

XpNoIJoTToIEi TO YOVISiWHA TOU KUTTAPOU EEVIOTH MECW TOU KUTTAPIKOU KUKA
el oL PASK PRV cKAMIa EAEN TWV KUTTAPWYV
MﬂWWﬂ@WMé;
eizola® AW ..

ElcspxsTou oTO £MIONAIOKO KUTTAPO TNG ﬂdO‘lKl‘]i oToIfadag

ka1 evoDITII AMOTOKATAOOTOAN

NMoAAatrAaciadeTal OTO KUTTAPO KAl TTaOPAMEVEI £§ OAOKARpOU
gvooeTTIONAIOKA.

o XS

TormixiDeipdénifia (Trx HraTiTida)
N, Aqipw§r| EmIONAIOKWYV KUTTAPWYV AGYWw ekdopwvi4

1.Stanley M. Vaccine 2006; 24: S106-13, 2.Tindle, Nat Rev Cancer 2002; 2, 59, 3.Stanley M. Vaccine 2006; 24: S16-22, 4. Stanley M. HPV Today 2007; 11: 1-16



2XHMATIKH ANANAPAXTAZH TQN KYPIQN XTAAIQN TOY KYKAOY ZQHX TOY
HUMAN PAPILLOMA VIRUS (HPV) 2T0 NTAAKQAEZ ENIOHAIO

ILké

HPV

MpooBeBAnpévo emBAALO
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Key elomere
4 Stimulation by shortening Normal cel
# Inhibition by (Il “termiosis/” gy - senescence &)
X Disruption by p53 proteassomal uu d Uu g (1)
Cell stress (viral infection, degradation TTeI Siare StaBikzaon |
\ anti-growth signals, DNA !
damage, carcinogens, etc.) v’ 4 KSHV LANA-1 (via Sp1) ;
7’ : I
0 00 o _._.__ s 4 HPV E6, 4EBV (via c-myc) Cell
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and accumulation Pro-apoptotic proteins v
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Transcriptional control of 4 EBV LMP-1
pS3-regulated genes &5 , , ,
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O POAOC TWV AVTIYOVOTTOPOUCIACTIKWY
Kuttapwv (APCSs)

To APC mrpooAaupBavel To VP Kal To Ta APCs €xouv eTriong utrodoxeig
aTToOOMEI OE MIKPG OpavopaTa, TA oTNnV £mMIQAVEIA TOUG, TouG toll-like
oTroia TTapoucialovral TNV receptors (TLR), o1 otroiol givai ol
) KKEPAIEG» TOU AVOCIOKOU
OUCTAMATOG: OEXOVTAI KAl
S1aBifdalouv onNUAVTIKEG
TTANPOPOPIEG OXETIKA UE TO
TTaboyovo

Kaisho T, Akira S. Biochimica et Biophysica Acta 1589 (2002) 1-13. De Becker G, Moulin V, Pajak B, Bruck C, Francotte M, Thiriart C et al. Int Immun 2000;12:807-15. Baldridge J,
McGowan P, Evans J et al. Expert Opin Biol Ther (2004) 4(7):1129-1138.



Toll-like Receptors: O1 aviXxveuTég Tou «Bar
Code»
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Toll-like Receptors (TLRS)

B kUTTOpPO

...ka1 avaykéder To APC va B gy B
METAVOOTEUOEI OTO XOPIO 1) OTOV o MAaouarokUTTapo TTou

: : 2 TTaPAyEl QVTITWHATA
Aep@adéva, 61TOU Ba EEKIVioOUV TA — pay H

Baoika BApara yia TRV 2 .2 BB 2
EVEPYOTTOINON TWV P R e -
AEPPOKUTTAPWY, TNV TTAPAYWYN @ °

AVTICWMATWYV KOl TNV AVOOIOKN
amavrnon

\
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B kUTTOPO YOpioU Mvr]povn(o B kUTTOPO



HPV strategies to avoid immune recognition: suppression

Repression of TLR9 (S|gnal pathways) by E6/E7
Ti TN B

E6-E7

Normal x4

Normal x40

Patient a
HPV16 x20

Patient b
. HPV16 x20 Tl
pan keratin  TLR9 Reductlon of migration of
Langerhans cells (reduction of E-
cadherin by E6)

IRF-1
>  — IFN$ IFN-c IFN=

ISRE

y

IFNAR2 IFNAR1
Cell membrane

L
HPV18 E6

Influence on IFN expression by E6/E7 Influence on IFN-dependent signal pathways by E6/E7

IFNAR1 IFNAR

HPV E‘ IFNAR2

HDAC

J:J,—X—»IFNB

ISRE




MODEL OF CERVICAL CARCINOGENESIS

CLOMAL SELECTION
PROMOTION OF TRANSFORMED CELLS

PAP SMEAR

1-.} {

o

MILD I
DYSPLASIA MODERATE

DYSFLASIA SEVERE

I I DYSFLASIA

CINII

!




AvOOI10KN aTTAVTNON KOl KOPKIVOC

v Kotad v EEMEN Tov 6yKov smiffudvovy
KOPKIVIK( KUTTOPO UE YO AN
OVTLYOVIKOTI| T

v KotaoTolM] TOV 0VTLyOVOV
otocvpufatotTnTog:

» avrvyove Tadng I rapoveralovy peraypapuciy
VROEKQPPUOT)

»  avriyovae taéne Il cuvijbeg aroveralovv
v ATOVGI0 LOPIMV GUV-EVEPYOTOUTOV

ban . lrey 7 ; Y
Adan Tou kuttapou Tou Gykou Auan tou kuttdpou Tou dykou CIN ”I

> oxépa xau av exepalovrar ra MHC-1
aroVG1GLoVY popLa TOV HPOVV GUVEPYIGTIKG
T TV evepyoroinen Tov T-KuTTapov
v AVOGOKUTOGTOA

»  fxxpion noepaydvrov rov xpokeiovv avosokatactoir (TGF-B, IL-10)
» gvepyomoinon T-uvocoKeTaGTUATIKAOV KVTTAP®V
v Kotaotpoon tTov T-kutTapoToEIKOV KUTTAPOY

» éxxpion Tov FasL and aroiygsia Tov dyxov o onoiog TPpocoeveTur ctov Fas Tov
CTL xon mpoxaiel andTTOON TOV TEASVTUIOV



HPV Molecular Biology

HPV viral Viral DNA EG/E7 mRNbA EG/E7 'O/;coproteins
particles genome . g e
active virus carcinogenesis

DNA indicates presence of HPV Expression of EGFETmRNA indicates
activity of HPV

Doorbar. Clinical Science 2006. 110(5):525-41



KukAog Aoipwéng Tou HUMAN PAPILLOMAVIRUS (HPV)

(QTTAOTTOINUEVO POVTEAD)

MpoaBoAr Tou o '
TTUPAVA TWV : : Evspy'og )\omw'ﬁr] Evowgmwon Tou DNA
KUTTGPWV aTd HPV Mn KAIviknG onpaaiag KAIVIKRAG onpaaiag TOU 10U OTO0 gvepwmvo
{-\ yovidiwua
@ ‘E&odog Tou , ,
{D @é} g @% o Kakon6n kutrapa
KutTapikog Bavarog dlaaTTOpd o0,
16G
Kawidiakr Tpwreivn ,
/ AvadITAAGI0oPAS I'el_)apaywvn me
T rou DNATou 1oy T KOWIOlakng TTPWTEIVNG T
KOl TOU EAUTPOU
Kuttapikr Slagopotroinan © oo >
DNA 100 "y
T Evapén

TTOAAQTTAQGI0TOU

_>
4————

0-6

ekpiqw —
4.____

Mupn Mupn ]
UIODUUODNA i DA, amousla saiba T — Pap test
Pap test WNL™"™ P J HgSIL R Ca



(as a function of a single HPV test result at enrolment)

Cumulative incidence of CIN 3+
13,000 women over a 10 year period

~ 25

o HPV 16+
& HPV 18+/HPV 16-

B HPV+/HPY 16-/HPV 18
o HPV-

Consensus-PCR Hybrid.. apture Il
GP5+/GP6+ Type Specific PCR for HPV 51 and 53 -
= 16,18,1, 33,36, 39, 45,51, 52, 56,88, 0
= |
GRES MYOALYIL
z o InnoLipa
HPV Mixpocvatoyiss Texviki umromoinang HPV
4 . ¥ Baoiopévn o Texviki PCR
- é ' + Avixveuon pe Texvikn

,16 - hybridization on linear strips
g B vy e “Avixveuon 24 HPV type HR
. . 53 (Black arrows). &LR

s ® =)
. =

R

s e

P DR .
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Raak-time dataction by NASSA  Pharsscence s

-
A et f

NASBA RNA

Flow cytometric determination of E6/E7

[')lum Eeuial WPVAR + 31 (PSS 3]
i

L‘——»-_:_mif.

10ml imitial ThinPrep
Nucleic acid extraction (DNA+RNA)

Amplification of E6/E mRNA of
HEV 16, 15, 31, 33 and 4% with NASBA

Fluorescence detection
(Nuclisens EasyQ)

mRNA of high risk HPV types

1ml of ThinPrep (max 10° cells)

l

Fixation, permeabilization
(90 min)

|

Hybridization with probe coctail
(30 min)

|

Strigent wash (15 min)

Gating of ecto-cervical cells based on
FSC/SSC parameters. Determination of
fluorescent cells (Cut-off 1.5%)

Count on flow cytometre (5 minutes)

Aptima HPV

+Solution based mRNA
technique
< Detection with fluorometry
after DNA:RNA
hybridization
+ Detects mRNA from 14
high-risk types (16, 18, 31,
33,35, 39, 45, 51, 52, 56, 58,
59, 66, 68)

v Uses target capture,
Transcription-Mediated
Amplification, and
Hybridisation Protection
Assay technologies
+ Semi- of fully automated
¥No typing

Relatively fast technique
Can detect ES/E7 mRNA of
high risk HPV types

AWNL sample displaying under 2% positive cells (cut-off set at $%).

Rl region defines ecto-cervical cells.

Cumulative incidence rate of CIN 3 (%

o o

00 a3

Khan et al. INCI, 2005

150

27.0

390 510 630 750

Follow-up time (months)

87.0

9.0

System Workflow Design

T Difcet Possble Workiows

The only user intervention after the start of the run is the MWP

transfer from cobas x to cobas 2 analyzer

Topoisom:

e lla/MCM2

L0 1195

L1-H!

Cervista High Risk-Cervista 16/18

v Invader Signal Amplification
method Enzymatic cleavage of HPV
targeted probes

v Cleaved sequence is a substrate
for a 2" reaction that produces
fluorescence

v Solution based

v No-typing
But:
Oligo 1: (A5,A6) 51, 56, 66
Oligo 2: (A7) 18, 39, 45, 59, 68
Oligo 3: (A9) 16, 31, 33, 35, 52, 58

Abbott Real Time HPV test

¥ Texviki) Baciopévn o€
Real-Time PCR : = =

¥ Avixvevon 14 HR HPVs

Kai
HPV16 HPV18

< Amairei Aiyotepo xpovo

amé nig rexvikég PCR-
hybridization
/-Test
.
-

(G

HSILPAP

cer/iva

pl6inkda/kis7

Schmidt et al., Am J Clin Pathol July 2010 vol. 134
112-21



CLART (N=454)
15%

Imos|:

Disagreement between Human Papillomavirus Assays:
An Unexpected Challenge for the Choice of an Assay i
Primary Cervical Screening

Figure 1. Primary samples, 30-65 years: Disagreement between Hybrid Capture 2, cobas, CLART, and APTIMA HPV assays.

Proportions were cakulated from all samples that tested positive on at least one assay.

S

JCM

Joumais ASM arg

Comparative Evaluation of Three Commercial Systems for Detection
of High-Risk Human Papillomavirus in Cervical and Vaginal
ThinPrep PreservCyt Samples and Correlation with Biopsy Results

M. J. Binnicker,® B. S. Pritt,” B. J. Duresko,” M. J. Espy,® T. E. Grys,® M. A. Zarka,” S. E. Kerr,” M. R. Henry®
Division of Clirical Micrabiology® and Division of Anatomic Pathology,® Department of Laboratory Medicine and Pathology, Mayo Clinic and Mayo Clinic College of
Medicine, Rochester, Minnesota, USA

SasmT B Cancer

HPY Prevalence in the Dutch cenvical
cancer screening population (DUSC study):

HPV testing using automated HC2, cobas

and Aptima workflows

Fig. 4 Inter-assay agreement between HC2, cobas and Aptima. Each
proportion was calculated based on the total number samples
found hrHPV positive (n=1,288) in at least one of the assays

== s ‘ L il
DNfrtel Itctine o Mo Pagiessasiens Gt nd
oo Aotk

FIG 1 Di i baseline in HPV-positive women with 3010 65 years. (A) women (n = 651). (B) Women

with normal cytology (n = 558). (C) Women with abnormal cytology (n = 93)

FIG 2 Di: i CIN lesions in HPV-positive women with screening samples at age 30 to 65 years, with follow-up from the
baseline in June-. Angust 2011 to December 2013, Linkage was performed through the national Patobank. (A) Women with <CIN1 (n = 100). (B) Women with
=CIN2 (n = 50). (C) Women with =CIN3 (n = 38).



FULL PAPER

Table 3. Summary of discordant results between different tests
Comparing the performance of six human

soillomavirus tosts i 2 seaening copiilation Qiagen Hybrid | Abbott RealTime Gen-Probe  |NorChip PreTect
Pap g pop BD HPV Roche Cobas | Capture 2 High Risk HPV APTIMA HPV-Proofer
JOul, ECuluna, & Uk, i Adlon iy !, 30 LA C Vil BD HPV — 083 078 081 0.65 033 of different tests for the detection of highgrade disease based on 19 CIN3 + cases and 40
yons* i cases
o Prevertive Mockcie, Ousen My Unbarsty cf L . Roche Cobas (145, 1349 — 075 085 0.64 035
sbormony, 60 Whiketd don WIT 460, (. e o
o2 Wa 1P, UK scd ‘Deparmer secobogy, St May's Homea, Praed Sret 1.1(08,1.49) Sensitivity Spediicity | PPV (%.al |PW (%.only for those referred for|
Qiagen Hybrid Capture 2 (204, 141) 225, 178) 078 068 035 Test 195% Co (95% Q) (95% Ch cdposcopyl P5% CO
Background Sovel o amaps Ao b dovelopd o High A HPY g o carvia sl we cormpur s HPY s na
sreaning popaion 1401218 E01,18 BD HPV
robsstlpibial vt et vy ot Abbott RealTime High @27, 57) (194, 35) (216, 108) = 070 039 CIN 4 | 1000 maiom | [ zonzan ] 165 (10.3-244)
e o e Aot Risk HPV CINZ + | 975 (85.8-999) | 843(83.3-852) | 02955 | 37 (253433
n s v ek o £ S8, 20 o i, o which 19 e CBN3» 40(30,5.4) 55(3.9,82) 20(16,25) Roche Cobas
Gen-Probe APTIMA (421,70) @14,77) (353, 68) 279, 97) - 045
CING + [ TeonEatwom | | 147 (10.3-248)
60(47.7.9 544269 52(40,68 29@23,3.7) Tz + [ Famawem | ssmiema | aiEsss | BRI B4
NorChip PreTect (684, 67) 1670, 54) (625, 63) (532, &5) (375, 62) —
o ining PV g e —— HPV-Procfer Clngen Hybrid Capurs 2
Masy i b v Aoecning caing
Loy 11.2 (86, 148) | 124 (9.4, 16.7) 9.9 (7.6, 13.1) 8.2 (6.3, 10.8) 46 (36,59 ECh | 1000 maion | zip3a3 | 1609923 8)
I e raremais wo wemoos | CINZ 4 | 975 (B 8-999) | 85.4 (84 5.85.3) | 43p 158 | 328 (34.4-420)
o] - Nurrber in top half of Table represent kappa values. Numbers in bottom half of Table give discordant pars (column positive/row negative vs calumn negative/row positive) and OR (95% CI)
= #145 Tested positive for BD HPV and negative for Roche Cobas, and 134 tested negative for BD HPV and positive for Roche Cobas. Abbott RealTime High Risk HPY
CING + | | | zaiaas 14.1 19.8-242)
CINZ + | ssomiena | wrmesmn | a7pass | 37 (253415
- = TABLE 3 Sensitivity, specificity, and PPV of different tests for detection of high-grade disease Gen-Probe APTIMA
e 21 Dncomber 012 s Jomary 2 ‘Women with referral less than or equal to single mild
Allwomen dyskaryosis CING 4 | 1000 (82.4-100.0) | FGERE] | 17.4 10.8-255)
—— — - CINZ & I 975 (86 8-999) | 902 (89 5-91.0) I EEEE] I 358 (36 8-455)
Testand grade assessed. Sensitivity (%) Specificity (%) PPV (%) Sensitivity (%) Specificity (%) PPV (%)
;. - " ” o p— Qiagen Hybrid Capture 2 MorChip PreTect HPV-Proofer™
Comparison nIvaen T.esls for High-Grade Cervical In_\mepnhelul CIN3+ 98.7 (96.1-99.7)° 240(213-269)  100.0 (92.7-100.0) 9.2(6.9-11.9)
Neoplasia in Women with Abnormal Smears: the Predictors 2 Study N2+ 963 (BEIBD)  195(167-226) 7.4(342406) 930 (865.969) 199 (165235 200 (167-23.6) CIND + || [ arms<s 0.0 {10.4-310)
CIN2 924 (865-96.3) 87.9 (77.5-94.6) CINZ 4 | 71eamrssa | eszmeremam | seEsizn | 455 (22.0-59.4)
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CIN2+ 952(925.973)  240(208-273) 376(345409) O049(892981)  251(216-290) 211 (17.7-249)
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.  ramport Abbott RealTime PCR
‘;_‘:_._‘ hvtin 1PV (Gon- P and e m‘u,.m,h‘":“;,‘;“:“;:‘,:':‘,:'“{‘:::h» CIN3+ 97.3 (94.2-99.0) 247(219-27.8) 1000 (92.7-100.0) 9.8 (7.3-12.7)
. ity amd poi . CIN2+ 933(90.1-956)  273(24.1-307) 382(350415) 923(859-964)  289(252329)  216(180-254)
oinc wonen (32.7%) hd CIN CIN2 867 (79.7-91.9) 86.8 (76.4-93.8)
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*NA. not available.

Combined — CIN2+ Combined— CIN3+ :
1.00. ﬁ.
= e -w= BDHBY
= e 095 | T oo pores <
oss] | = SEmnmmcmn: T e - QH3gen HyOrid Caplure 2
T e o 7 o et v ro<an
s | B fo-l= = -~ Mim i3boratorizs pis
5 - ADDON R2aTime FCR
wp Gan-Probe Agtma
+  Norchip PraTect HPV-Prootr
0.75- 0.75- - - (CW}
1.00 0.78 0.50 028 0.00 1.00 075 0.50 025 0.00
Speciicity SpecHicity




Normal

Clearance

HPV-infected
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CINT CIN2 CIN3.

Regression
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Progression

Precancer

HPV DNA

“HPV oncogene MEHA

“HPV oncogene protein

HPV integration

ghromosom;tability (e.g.3q, 5p)

Gene methylation

Proliferation (Ki-67, TOP2A, MCM2)

HPV L1 protein




Cervical Disease Progression

Months Years Decades
>
Normal HPV CIN1 or LSIL CIN2 or HSIL CIN3+ or HSIL
ol infected (low grade (high grade (high grade Cervical Carcinoma
epithelium cervical intraepithelial intraepithelial intraepithelial

cells lesions) lesions) lesions)

EG6/E7 mRNA levels

~ HPVDNALevels

Doorbar. Clinical Science 2006. 110(5):525-41



EG/E7 is a better HPV detection region

 EG/E7 regions are retained and the L1/E2 regions tend to be
deleted as disease progresses

Integration is an important step in progression to malignancy

o leads to increased steady state mRNA encoding the viral oncogenes
E6 and E7 as a consequence of increased stability

o Deletions and Mutations in the L1 region raise concerns on PCR
tests targeting this region

o ‘This is much less likely to happen for the E6 or E7 region, since any
mutation could have functional implications, most likely deleterious
to viral oncogenic activity, so that the ramifications of failure to detect
are likely to be inconsequential.’

o Conservation of E6/E7 DNA sequence

There is a risk of 15% of integrated HPV cancers
being missed with a L1 HPV test

Morris Clin Chem Lab Med 2005;43(11):1171-1177; Tjalma, Depuydt. European Journal Gyneac Oncol. 2014 (2)



HPV Testing Alone Misses Cervical
Cancer
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TABLE 1
Sensitivity and Specificity of the Screening Tests
Sensitivity for  Specificity for  Sensitivity for  Sensitivity for  Positive predictive ~ Negative predictive
No. positive =CINTI =CINII =CIN III cancer value value

HPV self-test 17% 86% 81% 75% 99.1%

(=1.0 pg/ml) 340/1997° 71/86 35/43 912 71340 1642/1657
Fluorescence 91% 94% 9% 93% 100% 5% 97%

Spectroscopy 1759/1934* 81/86 40/43 12/12 81/1759 170175
ThinPrep Pap 25% [Cos% | 78% 98% 100% 16%) 99.7%

(=ASCUS) 506/1997° 81/86 4243 1712 8T750% 1486/1491
ThinPrep Pap 10% 87% 94% 93% 100% 99.4%

(=LGSIL) 198/1997 75/86 40/43 1212 198 1788/1799
ThinPrep Pap 5% 1% 98% 91% 100% | 61%) 9%

(=HGSIL) 108/1997 66/86 39/43 1212 SITOR 1869/1889
HPV direct test 18% 85% 98% 100% [23%] 99.8%

(=1.0 pgml) 364/1997 82/86 4243 1212 $27362 1629/1633
Visual inspection 28% 1% 74% 79% 67% 1% 98%

(any abnormal)  552/1997 61/86 34/43 8/12 61/552 1420/1445
Colposcopy 26% 81% 7% 91% 100% 9%

(any abnormal)  519/1997 70/86 39/43 1212 07519 1462/1478

* Seven insufficient material, 2 not reported.

* Sixty-three excluded due to no probes.

¢ Three unsatisfactory, 1 results not reported.

* Forty insufficient material, 17 not received/lost (using results obtained instead of tests administered, sensitivity of =CIN II = 98% and =CIN Ill = 100%).

TPPT=ThinPrep® Pap Test
Ferreccio et al. Cancer Epidemiol Biomarkers Prev. 2003;12:815-823.

Sensitivity

0.04—— T T T T T T T T T
00.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

1- Specificity (False Positive Rate)



mit J Symecol Cancer. 3013 Mar 233051 3-5. dal 101087 =C 0001 3251 BEZE0E0C.
Primary cervical cancer screening and triage using an mRNA human papillomavirus assay and visual

inspection.

Migwes L Enerson CL Belineon S, Brainand J, Chkesa-voTero A Nagore N, Soom ©, Perez A, Cndvez-Avies MY, Selinzon L

Nieves et al Intemational Journal of Gynewlogical Cancer * Volume 23, Number 3, March 2013

TABLE 1. Sensitivity and specificity of cervical cancer screening test for =CIN3

Sensitivity for CIN3 Specificity for CIN3 Positive Predictive
Screening Test or Cancer, % or Cancer, % Value, %
Physician-collected endocervical 100 (79.4, 100) 922 (909, 93.4) 9.2(5.3,14.5
HR-HPV (HC2)
Physician-collected endocervical 100 (78.4, 100) 935 (923, 94.5) 10.7 (6.2, 16.9)
HR-HPV (APTIMA)
Self-collected vaginal HR-HPV (HC2) 62.5(35.4, 84.8) 90.5 (89.1, 91.7) 49(24,89)
Self-collected vaginal 62.5(35.4, 8B4.8) 93.0 (91.8, 94.0) 6.5(3.2,11.7)
HR-HPV (APTIMA)
Cervical cytology =ASCUS 87.5(61.7, 98.4) 94.1 (93.0, 95.1) 10.5(5.9,17.0)

CONCLUSION3: The specificity of the APTIMA sssay along with high sznsitivity i an advantage for primary screening. Follow-up

evaluation wil b2 important to determing the true impact of potential undertreatment in the screening akgorithm. Self-sampling applications
afe explored,




In the largest US retrospective analysis of
cervical cancer screening strategies
involving 8.6M women:

(published by Quest Diagnostics)

CI: -TEI—J- I-II-:

Pap-only testing had
more than 2X as many

Pap Alone missed cancers than
co-testing
HPYV-only testing had
1in 5 patients are missed more than 3X as many
HPV Alone missed cancers than
co-testing
| 14.01 18

Co-Testing identified 70% of the cancers missed by HPV

testing alone




PAP+HPV TOGETHER MISSED THE FEWEST
CASES OF CERVICAL PRE-CANCERS
AND CANCERS"

WHY PAP+HPV TOGETHER IS THE PREFERRED
SCREENING METHOD FOR WOMEN AGES 30 TO 65°*

- 18.6® cancers missed by HPV-Alone*

1 ,2% . 12.2% cancers missed by Pap-alone
CIN3+ missed CIN3+ missed CIN3+ missed by %
by HPV-Alone* by Pap-alone Pap+HPV Together 5.5” cancers missed by Pap+HPV Together

The facts are clear: Screening with Pap+HPV Together provides the best possible protection against cervical
cancer for women ages 30 to 65, and guidelines as well as data support this." 3>

We can't afford to introduce more risk into women's lives with HPV-Alone* screening.

We’'ve made a lot of progress in the fight against cervical cancer - we can’t afford to let risk back into women’s
lives with HPV-Alone screening.

“..HPV-only testing would tragically miss
many cervical cancers...”

- Dr. Marshall Austin



ATHENA study design Australian Registry Data
Acta Cytologica 2011; 55: 307-312

Women aged 221 yrs (n~47,000)
Baseline study visit 1 Cervical specimen collected in PreservCyt® solution
Pap test, AMPLICOR HPV test (AMP),
LINEAR ARRAY HPV test (LA), cobas 4800 HPV Test
I - - ativ T ~ 1 1
Subjoct scloction and ramdomization process 1 Table 2. Percentage of negative HPV and cytology tests within 30
Cytology “normal” (NILM) Cytology “not normal” months preceding the histology
aged 221 yrs aged 221 yrs,
regardless of HPV test result

o

13% 22%

8% 14%
13% 9%
37% 28%
80% 40%

F— Subtype of HPV HPV Cytology
' high-grade histology n negative  negative
AMP HPV(+) and/or N HSIL 1,9

Exit AMP HPV(-) and
[ ]' LA HPV(-) LA HPV(+)

SCC
| Randomly selected for N HSIL + AIS

colposcopy (n~1000)
AIS

Endocervical adenocarcinoma

W bo ba

L3 Y= S5 e

sentto central

™ [Zftepyy it Study visit 2:
Eligible for m colposcopy, biopsy,
follow-up phase pathology andlor ECC
review panel
2CIN2
Exit

Cytology “not normal”includes ASC-US and >ASC-US
NILM: Negative for Intraepithelial Lesions or Malignancy

Australian Registry Data
HNoHATERG Acta Cytologica 2011; 55: 307-312

----------

S-YE‘SRR;‘AEACLALL J Table 1. Percentage of negative HPV tests and the interval by
2 which the HPV tests precede high-grade histology
BOrce
p <. HPV tests, n HPV negative
HPV TESTING & ( )

= Et’ngg'm COLPOSCOPY , Concurrent 709 11%
Cytology-negative = Sl }”’ <6 months 745 9%
AP TS Mid 6-12 months 203 14%
o~ HPV-positive & Cylology <Mild ~_ g 12-24 months 265 22%
NORMAL HPV-neg oloqy 24-3 29%
| 5-YEAR RECALL Borderine L COLPOSCOPY ; b i - -
(HPV & CYTOLOGY) All ' 13%

a' 6~ 12months |




Annals of Internal Medicine

REVIEW

Genotyping for Human Papillomavirus Types 16 and 18 in Women

With Minor Cervical Lesions
A Systematic Review and Meta-analysis
Mare Aryn, MD, Me, DITM Lan X,

P
Jerome L Belinson, MD; Nicolas Wentzensen, MD, PhD; Julia C.

hD; Jack Cuzick, MD, PHDT:
Gage, PhD, MPH; and Michelle J. Khan, MD, MPH

Background: High-
tfiage women with minor cervical lesions generates many
referrals.

Purpose: To evaluate the accuracy of genotyping for HFV types
16 and 18 and i utlity as a second trioge step afier hrHFV
testing in wormen with minor cencal lesions.

Data Sources: Searches of 4 bibliographic databases, without
languaga restrictions, rom 1 January 1999 ta 1 February 2016,

Study Selection: Studies involving women wih atypical sque-
mous call of undetemmine signficanca (ASC-US) or low-grarle:
sauemous inroepitheial lesions (L51) who were tiaged with
tost for PP amd HI 1671815 find canvical intraapithelal nee.
plasia (grade 22 [CINZ+] or grade 23 [CIN3])

Data Extraction: Independent study selection, axtraction of
data, and quality assessment by 2 reviewers.

Data Synthasis: Twenty-four modsrate. 1o good qualiy studies
involving 8557 women with ASC-US and 5282 with LSIL were
found. The pooled sensitvity of HPV 14/18 genctyping far
CIN3+ was about 70% for women with aither ASC-US or LSIL
The pooled specilicity (with  threshold of grade <2 CIN) was.

3% (75% C1 80%to with ASC-US and 76%(CL
745% 10 79%) for those with LSIL The average ris for CING.+ was
17% and 19% in HPV 14/18-positve women with ASC-US and
LSIL, respactively, and was 5% in hrHPV-positie but HPV 16/18.-
negative women with either ASC-US or LSIL

Limitation: Methodological and tachrical haterogenaty among
studies; insuficient data o assess accuracy of saparate assays.

Conclusion: Tesiing for HPV 16/18 to triage women with minor
abnormal cytoiogy s poorly sensifve but may be useful as a
secand triage test after hrHPY testing, with direct referral f the
woman is positive for HPV 16/18. Whether colposcopy or re-
pested tesiing is recommended for hrHPV-pasitve but HPV 16/
18-negative women depends on local decsion thresholds that
an be derived from pretest-postiest probabiity plots.

Primary Funding Source: Tth Framawork Frogramme of the
European Commission.

[om———

veral countries have switched to human papillo-
mavirus (HPV)-based screening for cervical cancer,
but cytologic examination of 2 Papanicolzou (Pap)
smoar remains the primary form of convical cancer
screening in many other countries. Direct referral for
diagnostic work-up with colposcopy and biopsy is usu-
ally recommended for women with high-grade lesions.
Hawever, women with minor cytologic abnarmalities,
including atypical squamous calls of undatermined sig-
nificance (ASC-US) or low-grade squamous intraspithe-
lial Iesions (LSIL), have only 2 modestly increased risk
Convcal cancer (1), In the past repeatng the Pap
test (repested cytology) was the recommended
follow-up for women with ASC-US or LSIL. Given the
strong etiologic link between high-risk HPV (hrHPV) in-
foction and Cenvical cancer, hrHPV tasting has been
proposed as an altemativa triage mathod for women
with aquivocal or mildly abnormal cytology.
Randomized trials and systematic reviews show
that, comparad with repested oytalagy, NPV 95ing
has.higher sensitvity and similar specificity in identify-
ing underlying or incipient corvcal procancer in
women with ASCUS (2-4). Accordingly, triage by
hrHPY testing has become standard practice (5-8)
Low-grade squamous intrzepithelial lesions are assaci-
atod with a risk for procancer similar 1o that amang
heHPV.positive women with ASC-US (9). Because most

e mnsleorg

women wiith LSIL test positive for hrHPV {10), triage by
hrHPV testing is inefficient (11, 12). The widespraad
practice of referring all women with hrHPV infaction
and ASCUS or with LSIL to colposcopy carries 2 con
siderable burden and cost. Bacause HPV types 16 and
18 cause about 70% of carvical cancer cases (8), ganc.
typing for thasa typas has been proposed as an add
tionai tool to allow mora fine-tuned management.

T s arcle we. present the resulls o » systamatic
review on the accuracy of genotyping for HPY types 16
and 18 10 triage women with ASC-US or LSIL, including
those who are hrHP-positive. W also presnt a frame.
work to assess the dinical utlity of triage tests, based
on the risk for cenical pracancer before and after
triage.

MetHODS

‘We developad a protocol (Supplement 1, available
at www.annals.org), followed standard procédures for

See also:

Web-Only
Supplement.

Al of nternal Mecicne '

Figure 1. Meta-analysis of the sensitivity and specificity of genotyping for HPV 16/18 to detect CIN3+ in women with atypical
squamous cells of undetermined significance.

Study, Year (Reference)

Test (Manufacturer)

Sensitivity (95% CI)

Specificity (95% CI)

|
Szarewskl et al, 2008 (44) RealTime PCR (Abbott Molecular) —I—:— 0.54 (0.25-0.81) -:—I— 0.85 (0.76-0.92)
Huang et al, 2009 (35) RealTime PCR (Abbott Molecular) —il— 0.78 (0.56-0.93) —— 0.64 (0.56-0.71)
Halfon et al, 2010 (34) RealTime PCR (Abbott Molecular) —I—: 0.43 (0.18-0.71) —i— : 0.65 (0.55-0.75)
Szarewski etal, 2012 (45)  RealTime PCR (Abbott Molecular) —:—l— 0.86 (0.57-0.98) —.JI- 0.74 (0 66-0.80)
Monsonego et al, 2008 (38) Linear Array (Roche Molecular Systems) ——t 0.50 (0.21-0.79) —il- 0.82 (0.75-0 87)
Szarewski et al, 2008 (44) Linear Array (Roche Molecular Systems) —1—.— 0.77 (0.46-0.95) —{-I— 0.82 (0.73-0.89)
Huang et al, 2009 (35) Linear Array (Roche Molecular Systems) —:—.— 0.84 (0.60-0.97) —— : 062 (0.54-0 69)
Halfon et al, 2010 (34) Linear Array (Roche Molecular Systems) —— 0.66 (0.51-0.79) —— | 0.61 (0.53-0.69)
Wentzensen et al, 2012 (46) Linear Array (Roche Molecular Systems) I H  1.00 (0.40-1.00) —.-:— 0.74 (0.65-0.82)
Gage et al, 2013 (32) Linear Array (Roche Molecular Systems) —F— 0.72 (0.63-0.80) F 0.81 (0.79-0.82)
-0ne) - 0.66.(0.51-079) = 2
Szarewski et al, 2008 (44) Clinical Arrays (Genomica) —.—l_— 0.60 (2.26—0.88} —— ! 0.53 (0.41-0.64)
Einstein et al, 2010 (20) Cervista (Hologic) —i-.— 0.77 (0.55-0.92) h 0.81(0.79-0.83)
Stoler et al, 2011 (43) cobas 4800 (Roche Molecular Systems) —a+ 0.61 (0.45-0.75) | | 0.90 (0.89-0.92)
Szarewski et al, 2012 (45) cobas 4800 (Roche Molecular Systems) —&  1.00 (0.77-1.00) —I—I— 0.73 (0.65-0 79)
Guo et al, 2008 (33) EasyChip (Yuan-Shan Research Institute) —m— 0.64 (0.31-0.89) I —m- 0.94(0.86-0.98)
Belinson et al, 2011 (28) MALDI-TOF —!— 0.52 (0.43-0.61) | | | 0.92 (0.90-0.93)
Spathis et al, 2012 (42) CLART (Genomica) — ] 0.50 (0.07-0.93) i — 0.89 (0.82-0 94)
Oliveira et al, 2013 (39) CLART (Genomica) —l— 0.79 (0.59-0.92) —l— ! 0.61 (0.51-0.70)
Depuydt et al, 2011 (40) E6/E7 qPCR ——ma  1.00 (TJ.03—1 .00) I — 0.92 (0.85-0.96)
Szarewski et al, 2012 (45) BD Viper (BD Diagnostic Systems) —®  0.93 (0.66-1.00) —.—Ir 0.73 (0.65-0.79)
Szarewskl et al, 2012 (45)  PapType (Genera Biosystems) —:—I— 0.86 (0.57-0.98) —.JI 0.72 (0.64-0.79)
Szarewski et al, 2008 (44) PreTect HPV-Proofer (NORCHIP) —— 0.69 (0.39-0.91) - 0.87 (0.78-0.93)
Szarewski et al, 2012 (45) PreTect HPV-Proofer (NORCHIP) —{-— 0.77 (0.46-0.95) —ﬁ— 0.79 (0.72-0.85)
Szarewski et al, 2012 (45) Aptima (Hologic)* —)— 0.83 (0.52-0.98) —q— 0.76 (0.68-0.82)
|
Total Total P 0.71 (0.65-0.76) <J4> 0.78 (0.73-0.82)
I
L L ——
1.0
Sensitivity Specificity

CIN3+ = cervical intraepithelial neoplasia, grade =3; HPV = human papillomavirus; MALDI-TOF = matrix-assisted laser desorption/ionization time of

flight; gPCR = quantitative polymerase chain reaction.
* Also included HPV 45 genotyping.



ThinPrep - Making an Impact
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Co-Testing Decreases Cervical Cancer
Rates
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«  From 2009 to 2011 co-testing increased approximately 30% to nearly 40% in one laboratory that
followed testing among 50,000 women?23

+  Cervical cancer rates among women 250 decreased approximately 3% per year from 2006-20104

* Mortality from cervical cancer decreased approximately 1.2% per year from 2006-2010 in women 2504

As screening adoption Increases in the
USA

Number of New Cases and Deaths per 100,000 people (all races, females). age-adjusted. hitp://seer.cancer. html accessed 2014
Tatsas et al. Am J Ciin Path. 2012; 138: 223-229.

Bekker et al. Am J Clin Path. 2013; 130: 250-262.

Cancer Facts and Figures, 2014. American Cancer Society. http//www.cancer. 04215
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Value of Combining Cytology with HPV -
Patient perspective

o Decrease Patient Stress:
> UK researchers found that “HPV testing does not add significant psychological distress when combined with
cytology in routine primary cervical screening”.
o This fits well into our own observation from a pilot project of HPV screening (Co-Testing) in Wolfsburg, Germany, with

more than 20,000 participants. When we started in 2006 we offered a hotline for women with positive screening
results. We shut down the line in 2008 because it was used just once.

7 ) 8 OA) » Preferred HPV only test.

» Reported they would experience moderate to
severe anxiety if screened by HPV test alone.

Medtech views.com, Prof. Ulrich Petry, 28 January 2015

Silver, M, et al. Patient Concemns About Human Papillomavirus Testing and 5-Year Intervals in Routine Cervical Cancer
Screening. Obstet Gynecol 2015;125:317-29.



56 J. Hoedicke, T Ifmer { Journal of Clinical Virelogy 76 (2016) 540-548

Screening Population Referral Population

=

BB Aptima
E HCZ

Bl CIN23+
pravalence

Sensitivity (%)
s 8 B

]
T

100+

B0+

Specificity (%)
g

@hiﬂ?r‘fﬁf -#ﬂ“ﬂ.“-a’.'f #1"‘&‘]?
A N O N A rﬁbr&@@@@m@“

ey ym PSS
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) . Sensitivity | Specificity PPV NPV Odds ratio Recalls Missed CIN2+

Histology endpoint CIN2+
ASCUS+ cytology with clinical negative 674 99.1 65.7

- — . 97.0 37.5 509 (43.3%) 6(3.0%)
ASCUS+ cytology 20.5 932 8.2
ASCH-+ cytology with clinical negative -1 96.4 202 94.5 69.4 177 (15.0%) 55 (27.9%)
ASCH+ cytology 913 86.9 26.9
LSIL+ colposcopy 97.5 64.5 35.7 99.2 69.9 538 (45.8%) 5(2.5%)
HSIL+ colposcopy 71.6 96.1 78.8 94 4 62.1 179 (15.2%) 56 (28.4%)
CLART2 924 519 27.9 97.1 13.1 651(55.5%) 15(7.6%)
CLART2 HR 89.8 574 298 96.6 11.9 593 (50.5%) 20(10.2%)

— —

CLART2 HPV16or 18 9 O>8 87.1 46.6 90.7 8.5 36(20.1%) 87 (44 .2%)
IncellDx 85.8 81.6 48.6 96.6 26.8 348(29.6%) 28(14.2%)
NudliSens 71.1 88.0 56.8 3.2 17.9 227(22.1%) 54 (28.8%)
pl6INEdA 584 94 .8 68.9 92.0 25.5 161(14.0%) 79 (41.6%)
ASCUS+CLART+ 898 793 46.7 97.5 339 379(32.3%) 20(10.2%)
ASCUS+ IncellDx+ 838 90.8 64.7 96.5 50.7 255(21.7%) 32(16.2%)
ASCUS+ NudliSens HPV 68.4 32 68.4 932 29.6 190 (18.5%) 57(30.4%)
ASCUS+ pl6INE44 574 95.5 71.7 91.9 28.7 152(13.2%) 81(57.4%)
ASCH+ or ASCH- CLART+ 97.5 50.7 285 99.0 395 673(57.4%) 5(2.5%)
ASCH+ or ASCH- IncellDx+ 95.9 79.8 49.0 99.0 934 386(32.9%) 8 (4.0%)
ASCH+ or ASCH- NucliSens+ 86.6 89.5 648 96.8 553 250(24.3%) 25(13.3%)
ASCH+ or ASCH- p16'NE44 82.1 92.5 68.4 96.3 56.5 228(19.8%) 34 (17.9%)
ASCH+ or ASCUS/LSIL/CLART+ 94 .9 L9 6. 987 1L 6358 403 (34.3%) 10 (5.0%)
ASCH+ or ASCUS/LSIL/IncellDx + Q& 88.9 63.1 98.6 ﬂ_D 293 (24.9%) 12(6.1%)
ASCH+ or ASCUS/LSIL/ NucliSens+ 85.0 90,3 663 96.4 531 240(23.4%) 28 (14.9%)
ASCH+ or ASCUS/LSIL/ p16™Nk42 @ T 93.2 70.3 96.1 LSD 219(19.0) 36 (18.9%)

A. Spathis et.al. Plos one. 2012 Volume 7,Issue 11, e49205
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CLARTe HPV: 45

* NASBA: 45
* HPV OncoTect™: Positive

pl6: Negative

AlIS 45 45 Positive Negative

SCORING SYSTEM

1.1% 5.9% 8% 85%

Performance Comparison

Hindawi
Research Article Cytology CART
Anloelligens lncel Deciion Seppor sywemtor [ Sensitivity=] 78.23% Sensitivity=85.12%
Neoplasia Detection Specificity= 94.04% Specificity=|  92.58%
PPV= 80.99% [ PPV= 66.88%
o A Sy, Ak ey om o NPV= 93.01% [ NPV=| 97.25%
FPR=_5.96% FPR=  7.42%
FNR= 21.77% FNR=| 14.88%
OA=| 90.17% oA=| 91.46%
== wvQ PNN
Sensitivity=,  85.16% Sensitivity=| 92.52%
Specificity= 98.01% Specificity=| 96.25%
prv= 85.71% PPV=| 88.89%
Nevs 97.92% NPV=| 97.54%
FPR=  1.99% FPR= 3.75%
FNR=_ 14.84% FNR= 7.48%
oA 96.42% OA=| 95.33%




A feasibility study of our lab
Selection of 343 (107 negative, 187 CIN1, 35 CIN2, 12 CIN3, 1 SCC, 1 AlS)

samples with histology including 73 clinical negative samples (colposcopy and
cytology negatives)

Co-testing with multiple methods:

DNA typing (CLART?2)

MRNA typing (NucliSens)
MRNA detection of 14 HR types (Aptima)
pl6 CINTec+

Method (CIN2)
CLART2
CLARTZ2 14HR
NucliSens
Aptima

P16 CINTec+

Sensitivity
81.8%
77.8%
60.0%
83.7%

52.4%

Specificity
49.1%
60.1%
91.4%
87.4%

97.4%

PPV

19.6%

23.3%

60.0%

54.7%

68.8%

NPV

94.7%

94.6%

91.4%

96.7%

94.9%

Odds Ratio

4.3

5.2

16.0

35.4

41.3



CLINICAL-ECONOMIC MODELING ANALY SIS OF HUMAN PAPILLOMAVIRUS (HPV)
CO-TESTING WITH GENOTYPING VERSUS PRIMARY HPV TESTING FOR CERVICAL CANCER
SCREENING

Felix JC', Lacey MJ?, Miller JD?, Lenhart GM?, Kulkarni R?

'Keck School of Medicine, University of Southern California, Los Angeles, CA, USA, “Truven Health
Analytics, Cambridge, MA, USA

“This study demonstrates that eliminating the Pap test as part of frontline
screening would not reduce health care costs, despite what some in the medical
community have argued,” said lead author Juan Felix, MD, Chief of Cytopathology,
Los Angeles County + University of Southern California Medical Center. “In fact, it's
just the opposite. Co-testing, specifically with an mRNA-based HPV assay, would
be more clinically effective and cost less money overall to the health care system
than screening with a DNA-based HPV test alone.”

The model predicted that compared to screening with HPV alone with a DNA-
based test, screening with Pap+HPV Together using the ThinPrep Pap test and
Aptima HPV assays could, over the next 40 years:

O Prevent nearly 150,000 cases of invasive cervical cancer.

O Save approximately $4 billion in health care costs, based on a $39

difference for each 30-year-old woman modeled in the study.



A new treatment algorithm based on a co-testing
model using cytologic diagnosis and HPV APTIMA ®
HPV mRNA test results.

CYTOLOGY

Yy
INADEQUATE @MAL

16,18,45
POSITIVE

Y
ASC-H/HGSIL
POSITIVE NEGATIVE

APTIMA®
NEGATIVE POSITIVE NEGATIVE

NEGATIVE

POSITIVE

REPEAT
CYTOLOGY
AFTER 2-3 YRs

16,18,45
POSITIVE

POSITIVE
REPEAT
CYTOLOGY
AFTER 2-3 YRs

REPEAT
CYTOLOGY
AFTER 1 YR




Oikovouikn AgloAoynon TexvoAoyiwv
Yyeiag (HTA)

v KAadog 1Tou aoXoA&iTal 4e TNV «OCUCTNMATIKA agloAdynon Tou
OPEAOUG KOI TOU KOOTOUG TTOU TTPOKUTTITEI ATTO TNV OUYKPIOH
OIO@OPETIKWY TEXVOAOYIWV UYEIAG»

v" H &KTiPNON TOU 0OQPEAOUG WG «ATTOTEAECHO» TNG OIKOVOUIKAG
agloAdynong Tnv KAvel va atreuduveral 6x1 povo o€

OIKOVOHMOAOYOUG aAAG Kal 0€ KAIVIKOUG ETTICTAMOVEG OAAA Kal
o€ OIOHOPPWTEG TTOAITIKWY OXETIKWYV ME TNV UYEIA

v H avdAuon KOO TOUG-ATTOTEAETUATIKOTNTAG, Eival
M1 TUTTIKI TTPOCEYYIon TOU TTpofSANuaTOg
agloAOYNOoNG EVOAAAKTIKWY TTAPEURATEWY HETW
TOU KOOTOUG EUKAIPIOG



H avaAuon KOOTOUC-
atroTeAecpaTIKOTNTAG (CEA)

«H avaAUTIKN TEXVIKN TTOU ATTOCKOTIEI OTNV
OUCTNUATIKI CUYKPITIKN agioAOynon Tou GuvoAIKoU
KOOTOUG KOl OPEAOUG TTOU TTPOKUTTTEI ATTO
EVOAAOQKTIKEG OEPATTEUTIKEG/OIAYVWOTIKEG
TTapeUPACEIC KATA TNV dlaxEipion MIAG VOOOU»

Baoikoi oToYOI

« O mPpoodIopICHOG TNG TIMNG HIOG TEXVOAOYIOG,

* O OPICHOG TOU ETTITTEOOVU aTTOlNMIWONG ATTO T
A0 @AAIOTIKA TAMEIO

* N €KOOON KATEUBUVTAPIWY 00NYIWV



To peTpo eKkTipnong tng CEA

» ICER= AC/ AE \ ICER= (CT - CS)/
(ET - ES)

» TO audnTiko (incremental) 6¢peAog
TTOU TTPOKUTITEI OTTO Hia

TTapépaon Kai To AVTioTOIXO
KOOTOG EVaVTI TNG TTApEMRAONGS

- Mo el 1
e Myl 2
= == Modal3
— = Modal 4

Prabability of m|scden
o
-

TTOoU Bewpeital wg pEBodo¢
ekAoyng¢ (gold standard) kai o
TTPOCdIoOPICHOG TOU AOYOU TNG
dl1a@opag Toug

> ZTnV mpaypaTikotnTa Ta AE, AC
6gev gival dUo arrAa onpeia (Tlpag)
AdAAQ KATOVOHEG HE EKTIHWHEVO
MECO KaI TUTTIKIN ATTOKAION (OTTWG
gtiong Kai 1o ICER).




AgdOUEVA KOOTOUG

17,22 € 40 57,00 €
17,22 € 40 51,21 €
79,82 € 40 117,53 €
58,30 € 40 93,07 €
58,30 € 40 95,17 €
74,29 € 40 117,33 €
97,04 € 40 136,32 €
97,04 € 40 133,19 €
91,51€ 40 133,66 €
97,04 € 40 135,87 €
91,51 € 40 136,53 €
23,86 € 40 64,28 €
270,10 € 40 315,70 €
74,90 € 40 110,47 €

> TO KOOTOG TWV EEETACEWYV (OCUMTTEPIAAUPBAVEI TO KOOTOG AYOPAS TWV
avTIdOPACTNPIWV KAl TO KOOTOG TNG EPYATOWPAS aVA EEETAON) KAl Eival
oT100EPS CUHPWVA HE TIG TINEG ATTOCNHIWONG TWV KEVTPWYV TNG MEAETNG
(TIMEG TTAPOATPNTHPIOV)

» TO KOOTOG METARAONG TNG YUVAIKAG ATTO KAl TTPOG TO KEVTPO EAEYXOU KABE
@OpPA TTOU ATTAITEITAI SEIYMATOANWIA TTPOCEYYIOTNKE TTIBAVOOEWPNTIKA HECW
MiOG KAVOVIKFG KATAVOUNG ME MEOO Ta 40 eupw Kal TUTTIKE atTOKAION 4 eupw



AgOONEVA ATTOTEAECOUATIKOTNTOG

AgiKTEC ATTOTEAECNATIKOTNTAC

v'n OeTIKA TTPOYVWOTIKA adia Twv 10T (Positive
Predictive Value-PPV- «1i0avoéTnTa éva ATOMO ME
BeTIKN £CETAON VA VOO EI»-O1AYVWOTIKO EPYAAEIO
TaglfETnoNng/triage) aAAd Kai

v'o Youden’s Index (éxel EVOWMATWOEI TNV gEuaiodnoia
Kal TNV €1I0IKOTNTA EVOG TECT-MEIWON TNG
UTTOKEIMEVIKOTNTOG)



Histology endpoint CIN2+

97.0 (191)

72.1 (142)

97.5 (192)
71.6 (141)
92.4 (182)

89.8 (177)

55.8 (110)

85.8 (169)
89.8 (177)

83.8 (165)

97.5 (192)

95.9 (189)
94.9 (187)

93.9 (185)

67.4 (658)

20.5 (82)

96.4 (941)
91.3 (365)

64.5 (630)
96.1 (938)
51.9 (507)

57.4 (560)

87.1 (850)

81.6 (797)
79.3 (774)

90.8 (886)

50.7 (495)

79.8 (779)
77.9 (760)

88.9 (868)

37.5

80.2

35.7
78.8
27.9

29.8

46.6

48.6
46.7

64.7

28.5

49.0
46.4

63.1

99.1

93.2

94.5
86.9

99.2
94.4
97.1

96.6

90.7

96.6
97.5

96.5

99.0

99.0
98.7

98.6

65.7

8.2

69.4
26.9

69.9
62.1
13.1

11.9

8.5

26.8
33.9

50.7

39.5

93.4
65.8

123.9

43.3 % (509)

85.2% (509)

15.0% (177)
29.6% (177)

45.8% (538)
15.2% (179)
55.5% (651)

50.5% (593)

20.1% (236)

29.6% (348)
32.2% (379)

21.7% (255)

57.4% (673)

32.9% (386)
34.3% (403)

24.9% (293)

3.0 % (6)

27.9% (55)

2.5% (5)
28.4% (56)
7.6% (15)
10.2% (20)
44.2% (87)

14.2% (28)
10.2% (20)

16.2% (32)

2.5% (5)

4.0% (8)
5.0% (10)

6.1% (12)



AvaAuon pE BAon TNV BETIKN TTPOYVWOTIKNA
agia

1199€ 1276€ 112,0€ 0,280 0,316 0,245 X
137,1€ 1448€ 129/4€ 0,285 0,320 0,253 X
98,2€ 105,8€ 90,5 € 0,299 0,337 0,263 X
57,2 € 65,1 € 49,4 € 0,375 0,417 0,333
57,2€ 64,8 € 49,7 € 0,375 0,418 0,335
137,1€ 1450€ 1294¢€ 0,464 0,512 0,416 X
98,4€ 106,0€ 90,6 € 0,466 0,530 0,402 X
137,0€ 1445€ 129,0€ 0,468 0,518 0,418 X
114,3€ 122,0€ 1064 € 0,485 0,538 0,432 X
131,5€ 139,7€ 1238€ 0,490 0,540 0,439 X
131,6 € 1394€ 123,7€ 0,632 0,686 0,576 X
115,0€ 122,7€ 106,9€ 0,685 0,725 0,644 X
63,9 € 71,6 € 56,1 € 0,696 0,735 0,656

310,2€ 3184€ 302,2€ 0,894 0,917 0,870



KOUTTUAN ATTOOO0XNG TWV
2UYKPIVONEVWYV ETTIAOYWYV

100%
90%

2096
70%
60%
500
4056
30%
200%
1086

0%

1€ 2€ 3€ 4€ 5€ B6€ 7€ 8€ 9€ 10€11€12€13€14€15€16€17€18€19€20€ 21 €

——ASCUS+ cytology ——pl6 scoring system combo

v' ‘000 n opiakn d1a0son TANPWHAGS gival Atydtepn Tou 1,5 (avd povada
PPV) eupw n €miAoyn TeEOT pap armroteAei Tov o cost effective
ETTIAOYN.

v OTav n oplakn 81d0gon yia TTANPWHNA HE OKOTTO TN BeATiwWoN KaTd
1% ToUu PPV Bpiokeral atrd 1 £wg 11 eupw, TOTE 0 CUVOUACHOG P16
gival cost-effective ye mBavoTnTa oxedov 100% evw o6Tav 1o 6pio
TOU A eKTiveTal TTEPAV TWV 14 gupw TOTE 0 OCUVOUOOHOG CDSS givai

cost-effective €mIAoyr o0& oX£0T HE TOUG CUYKPITES TOU



AvAAuON ME HETPO ATTOTEAECUATIKOTNTOC TO Youden’s

57,2€ 64,8 € 49,7 € 0,175 0,203 0,148 X
98,4€ 106,0€ 90,6 € 0,429 0,464 0,394 X
1199€ 1276 € 112,0 € 0,443 0,476 0,410 X
98,2€ 105,8€ 90,5 € 0,472 0,504 0,439 X
137,1€ 1448¢€ 129,4 € 0,482 0,512 0,453 X
131,5€ 139,7€ 123,8 € 0,482 0,508 0,457 X
63,9 € 71,6 € 56,1€ 0,513 0,549 0,476 X
57,2€ 65,1 € 49,4 € 0,640 0,669 0,611
115,0€ 122,7€ 106,9 € 0,672 0,705 0,638
114,3€ 122,0€ 106,4 € 0,674 0,705 0,646
137,0€ 1445¢€ 129,0 € 0,691 0,720 0,662 X
137,1€ 1450€ 129,4 € 0,757 0,783 0,730 X
131,6€ 1394 € 123,7 € 0,828 0,851 0,806

21N 2 € 219 N € 209 2 £ N QAR N QAN N QAN



KaputruAn ATodoxng Twv ETTIKpATOUVTWY
EtmiIAoywyv pe Baon 1o 0gikTn Youden

100,0%

|

90,0%
80,0%
70,0%
60,0%
50,0%
40,0%
30,0%
20,0%

10,0%

0,0%

1€ 6 e 11€ 16 € 21¢ 26 € 1€ 36 € 41€ 46 € 51€

— ASCUS+ cytology = ASCH+ or ASCUS/LSILSIntelDx+ scoring system combo

v' To teoT MatravikoAdou (6Tav wg deikTng atmoTeAeoUaATIKOTNTAS AauBaveTAl
utréyn o Youden) atroTteAei pe mBavoTnTa oxedov 100% pia cost effective
€mIAoyn yia oplakn 01000 TTANPWHNAG £wg Kal 16eupw

v TMépa amrd 10 6pI0 TWV 27eUupw 0 oUVOUAONOG CDSS atroteAei pia cost
effective emAoyn



Efficiency= Efficacy=

Optimal Selection of
resources appropriate goals and
allocation in achievement of goals
order to achieve
goals Humap,
Capita|
Economic
resources

. Technology
’. Tests

Doing things right Doing the right things
—————— e e |



Cytology and Histology

Negative HPV CIN | CIN Il CIN 1l SCC AdenoCa] Total
Inadequate 10 7 15 7 2 1 47
Negative 60 31 34 2 0 0 131
ASCUS 37 46 58 6 0) 0 162
LGSIL 34 114 136 14 0 1 344
ASCH 5 4 2 3 1 0 17
HSIL 10 9 29 96 9 3 228
SCC 0 0 0 1 11 2 14
AdenoCa 0 0 0 0 1 7 8
Total 156 211 274 129 24 14 951
ASCUS+ / LSIL+ / HSIL+ / ASCUS+ / LSIL+ / HSIL+ /
95.00% CIN2+ CIN2+ CIN2+ CIN3+ CIN3+ CIN3+
PV 0.326 0.326 0.326 0.176 0.176 0.176
Sensitivity 93.2% 86.5% 65.2% 92.8% 89.2% 80.2%
< ; Spedcificity 24.5% 46.5% 92.5% 21.2% 41.1% 84.7%
< . P PV 37.4% 43.9% 80.8% 20.1% 24.4% 52.0%
EKEBYA i N PV 88.2% 87.6% 84.6% 93.3% 94.7% 94.7%
OA 46.9% 59.5% 83.6% 33.8% 49.5% 83.5%
PLR 1.235 1.616 8.702 1.177 1.514 5.242
NLR 0.277 0.291 0.377 0.339 0.262 0.233
Pretest prob 33% 33% 33% 18% 18% 18%
Posttest prob+ 37% 44% 81% 20% 24% 52%
- : ~ Pretest odds 0.484 0.484 0.484 0.213 0.213 0.213
—= |Posttest odds+ 0.597 0.781 4.208 0.251 0.323 1.117
Posttest odds- 0.134 0.141 0.182 0.072 0.056 0.050
Odds Ratio 4.464 5.544 23.107 3.470 5.769 22.469
Relative Risk 3.17 3.55 5.24 2.97 4.61 9.85




Colposcopy and Histology
Negative HPV CIN 1| CINI CIN I SCC AdenoCa| Total
NSF 10 3 2 0 0 1 2 18
Negative 61 27 23 5 5 0 2 123
LGSIL 69 153 218 59 14 0 2 515
HSIL 16 27 31 79 108 4 1 266
SCC 0 0 0 0 1 18 1 20
AdenoCa 0 1 0 0 1 1 7 10
Total 156 274 143 129 24 15 952
_§ LSIL+ / LSIL+ / HSIL+ / LSIL+ / HSIL+ /
2 95.00% CIN1+ CIN2+ CIN2+ CIN3+ CIN3+
[+
% PV 0.614 0.327 0.327 0.176 0.176
S E Sensitivity 93.16% 95.18% 71.06% 94.05% 84.52%
] ecificit . o . () . () . () . o
;"_"g Specificity 45.51% 19.66% 88.30% 16.71% 80.36%
§ E P PV 67.20% 36.50% 74.66% 19.48% 47 .97%
_E E N PV 50.35% 89.36% 86.28% 92.91% 96.04%
E ﬁ OA 64.71% 44.33% 82.67% 30.36% 81.09%
S PLR 1.710 1.185 6.073 1.129 4.303
- NLR 0.150 0.245 0.328 0.356 0.193
Q— Pretest prob 61% 33% 33% 18% 18%
8 Posttest prob 67% 36% 75% 19% 48%
w Pretest odds 1.594 0.485 0.485 0.214 0.214
_Q Posttest odds+ 2.725 0.575 2.947 0.242 0.922
Posttest odds- 0.239 0.119 0.159 0.076 0.041
Odds Ratio 11.381 4.828 18.531 3.170 22.343
Relative Risk 1.35 3.43 5.44 2.75 12.10




Country

Germany

Italy
France

UK

Spain

Netherlands

Sweden
Norway
Denmark

Finland

USA

European & US CxCa
Screening Guidelines

Screening algorithms

Cytology (CC)
Cytology (2016)

HPV (2016)

Cytology (CC & LBC)
HPV (regional)
Cytology (CC & LBC)

Cytology (LBC)

Cytology (CC & LBC)
Cytology (interim)
Co-Screen (interim)
HPV

Cytology (LBC)

HPV (2016)

Cytology (LBC)
Cytology (LBC)
Cytology (LBC)
Cytology (CC)

Cytology (CC & LBC)
Co-Screening
HPV (Roche cobas)

Age Range

20-open end
20-60
30-60
25-64
30-64
25-65
25-49
50-64
25-30
30-65
30-65
30-65
30-60
30, 35, 40, 50, 60
23-49
50-60
25-69
23-49
50-60
30-60

21-65
30-65
25-65

(63}
mwmmmmwwmwwmwml—\l—\

g o1 W

w o1 W

Interval

Organized

N
Y
Y
Y (regional)
Y
N

Y

< < =< <

Comments

,Option“ model with 6 years
evaluation phase after April 2016,
but not in guidelines yet

Regional differences

Sentinel Screening Pilots

New guidelines (Sept 2014)
recommend introduction of
organized HPV primary screening

Tender process for assays and labs
not yet finalized

New Guidelines will allow HPV
primary Screening (2016)

Regional Screening pilot

HPV DNA Test of Exit 55+

All algorithms exist in parallel, Co-
screening is preferred, only
guidance no guidelines for HPV
primary screening yet



New recommendations for the use of HPV-tests in Denmark

The original report in Danish can be found on the homepage of the Danish National Board of
Health:

hitp:Aesnes. sst dik/ipubliPubl200 7 PLAN/Kraeffanbef screen livmoderhals . pdf

Page 53:

Table 11.1 Indications for HPV test 2006

Cell changes Age DNA ENA

Atypical (imknown) cell changes (ASCUS) Below 30 vears of age No "o
Above 30 years of age Yes ‘es

Low-grade cell changes (LSIL) Below 30 vears of age No ‘es
Above 30 vears of age No {3

GUIDELINES FOR HPV E6/E7 mRNA TESTING IN NORWAY

HPFY mRMA neg. N Return to
MNormal cytology - screening
A
HPY mBNA neg. MNarmal I
I——
ASC-LUS/LSIL Mew cytology
Abrarmal
HPY mBMNA test HFWY mRNA pos,
ASCAUS/LEIL > Mew cytology T ASCUS/LSIL

—»| CIMN2+=>treatment

Colposcapy
and biopsy
ASC-HHSIL > ienlgr'k;: [ [ d:-;
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AHCPR / Duke

Base Gase Results: Summary of Outcomes for TP vs. CP

Q3 Year Q2 Year Q1 Year
% Reduction in Cancer 51% 57% 70%
% Reduction in Death 57% 61% 72%
% Reduction in Hysterectomies 44% 50% 06%
% Reduction in Radiation/Chemo 64% 74% 80%
Reduction in Cost/Patient $ 132 §178 $ 298
AHCPR model predicts significantly improved \

outcomes for ThinPrep relative to CP in Thzn Pre
each of the 3 screening intervals lested PAP T E\S/P




