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Eiztema Sanitario Regions Liguria

AREA CENTRALE REGHONALE D'ACQUISTO

Prot. n. 7612 del 26/05/2017

Verbale della riunione del 25/05/2017. Seduta riservata

Il giorno 25/05/2017, alle ore 14.00, presso la Sala rlunion! della Centrale Regiohale di Acquisto, sita in via
D’Annunzio 64, 2° piano, si & rlunita la commissione giudicatrice per la valutazione della documentazione
ricevuta in data 24-05-2017, acquisita agli atti con nota prot. n. 7497, dalla ditta Qiagen.

Sano presenti i componenti della Commissione giudicatrice:

Dott ssa Damiana De Leonardis Tecnlco sanitarlo di laboratorio presso 8.C. Anatomla
: Patologlca - A.S.L.2 Savonese

' Dott.ssa Flotiana Petrogalll Dirlgente presso 5.C. Anatomia patologica - A.S.L.3
Genovese

Dott. Valeric Vellene Ricercatore presso Anatomia Paiol_ogicé 'l;j‘r;iversitaria -
IRCCS A.O.U. San Marting - 1IST

E’ presente il Dott. Riccardo Zanella della Centrale, RUP della procedura e |a Dott. ssa Isabella Levreri, quale
referente.

La commissione giudicatrice in risposta &i rilievi formulati da Roche Diagnostics, viste le controdeduzioni
fornite dalla Societa Qlagen con nota del 23/5/2017 acquisita agli atii con prot. gen. n.7497 del 24/5/2017
(allegata) da atto che i componenti del sistema offerto da Qlagen (Rapid Capture System + Luminometro)
garantiscono ke caratteristiche cliniche per lidentificazione di lesioni cervicali di alto grado (CIN2+) in
conformitd alle finee guida eurapee, cosi come richiesto dall’art. 5.5 del capitolato tecnico.

Tanto anche in conformitd proprio al documento GISCI del 29/12/2016, tabells 3, citato da Roche
Diagnostics.

Tali caratteristiche risultano ampiaments dimostrate anche attraverso letteratura in riviste scientifiche
internazionali “peer reviewed”.
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Come conseguenza di tale valutazione, & confermata in capo all’'offerta Giagen la presenza di tuiti i requisiti

essenziali previst] nella lex specialis di gara.

Letto, confermato e sottoscritto,
Presidente commissione
Doti.ssa. DE LEONARDIS Damiana
Componenti commiss;ione

Dott. VELLONE Valerio

Dott.ssa PETROGALLI Floriana

RUP
Dott. ZANELLA Riccardo
Referente di gara

Dott. ssa LEVRERI Isabella
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Allegata nota Qiagen del 23/5/2017 ({prot. gen. n.7497 del 24/5/2017)
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Qggetio ; Procedura aperta per [a fornitura dl un sistema diagnosties per la determinazione di
HPV-DNA quale fest primario per lo sereening regionale necessario alla diagnost presoca det
tumori del colle dellutero occorente alla ASL 2 Savanese della Regione Liguria per un periodo
di 36 imesi con epzlong A ianovo per ulteriort 18- mesi,

Letto Unigo

Mumerc Gars 6875341

In medto all'lstanze presentata dabla Diita Roghe
Si approfendisce come segue:

In primis. st intends confermare fabonth & accuratezza nelta valutazivne della documentazlons tecnioa
da parte df Codesta Spett.le Commisslone Teenica, @ sl conferma 14 aderenza daftest proposto “Hybrid
Capture 2 ai requisiti di oul ai'art.5, punte & del capitokto teenico di gara.
lnoltre 51 precisa vhe § oftato sistema definlio “QlAensemble Plus® & puramente convenzinnale, S
precisa altresi ohe Il prodotto offerto corrisponde al sagoie, gid citato nella letteratura mondiate, “Hybitd
Capture 2* riconosciuio dalle linee gulda Nazionall ed (nternazionall come I test. di ferlimenta per lo
sorepring & la diagnosi pracoce dei tumori della cervice tlerina.

Art.5 punto § del Capitolate Teenico. di Gara;
Caratterstiche cliniche per Pidentificazione di lesion? cervicali di alio grado (CIN2+) sonformi alle lnee
guida suropea:
a) sensibilita dlinfoa per lesionl CINZ# nan inferfora al 80% rispetto al test RC2 cppure rispetio
gl test GPB+B+ ElA;
by specificlia clinica per lestoni GIN2+ non inferdore.al 98% rspetty al test HC2 appurs rispetto
gl fost QRE+B+ ElA;
¢ riprodugibity intra-laboratoriy esoncordanza ter-laboraterls ron, Inferfore aif'7% oppure
rispetto al test GP5+6+ ElA.

Tall caratteristiche dovranno essere dlmostraia attraverso documentazione di avvenuta pubblicazione
di artieoll su fviste sclentifichs internazionali “peer reviewed" comprovanti Padeguamenta dei sistema
diagnostico al suddetti criteri di non inferionitd indicati dalle linee guide pubblicate da Mejer o
aollaboratori (Int J Cancer 2000;124:518-20), come da ractomandaziona. riportata nel rapports itallano
di Health Technolegy Asspssment (Epldemiol Prev 2012; 36 (3-4)).

La conformithy al sopracitato Art.5 punto 5 del Capitolato Tecnteo di Gara, viene ithadita e cerrcherata
dalla dichiarazione conforme allovgihale accompagnata da traduzione di cirtesia in allegete ala
presente; sl allega inoltre una ulkeriore pubblicazions *HPY Prevalence. In the Tutch canvical caneer
soreening poputalion (QUSC study): HPV tesiing using automated HCZ, cobas and Aptima worlflows”
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nella quale si fa inolire menzione del sisterma propeglo da QIAGEN e corvenzionalmerite definjio
Qlaensemble plus” cosfiluite dal modull (DCU o Module 1 Debapper, QIAuymphany 8P, RCE v Rapld
Capture System, DML 3000,

<< HPY Prevalense In the Duteli esrvical cancer streaning population {DuS e study):

HPV festing using automated $G% eobas and Aptima workfjows

Cornglis Johaines Jacobus Huljismanst, Willsmina Rosdlls Rite Gourts-Gielst 2, Clndy Leefjent,

Hendrikus Lambertus Gorhelius Waria Mazenberyl, Jenneke van Beeks, Carvla dﬂ Wildd3, Johiannes
Cornelis van der Lindent and Adrgnus Johannes Chijstidan van den Brajel® »»

Gir.pag 3/11<= digene® HE2 High Risk HPY DNA Test® (HGZ)’T he HG2 solution uses the digens@
MG2 High Risk HPY DNA Test® (QIAGEN, Galthersburg, MDY}, which is based en signal amplification
using RNA probes o target the enfire tirlPY gencme. Samplas were placed in the M1 decapper
systam where barcode Identification, hempgenizaiion, decappingfrecapping and sample transfer to a
bar-coded tube took place, Subssyustly, autorsied sampla preparation of cervical cells was
performed wsing the QlAsymphany D8R HPV Media Kit in combination with the QlAsymphony:.

Resulting sample extracts were tasted for hrHPY using the digene® HC2 High-Rigk HPY DNA Test®
with the Rapid Capfure System. Automated amplified chemiluminescent signal detection and
results reporting (hrHPV positive: ralative light unit per sut off value (RLU/CO) 21.0; hrHPV negative
RLUICEH < 1,0} was performed using the DML300C Juminometer. All steps were perfarmed according
te the manufasturer's protogols.»»

< Conclusions: A hrHPY pravalence of 8% was found i thily unsatected papu!;atia‘n baser soreaning
cahort Independently of using HCZ2, Aptima or cobas. This prevalence Is higher than the previously
reported 4-5%. (PFOBASCGAM and VUSA-Screen trials). Furthermore, 1he commplete automated bRV
detection workflow solutions from QIAGEN, Roche, and Hologicwers successfully used and will
he valuable for reliably hnplomenting high throughput WHPVY festing in cervical cancer
goreening.»»

Per quanto concerne la rappresentazione del dooumente GISCI denominate Rapporto di
agglarnamarnite: N, 2, 29 digembre 2618, lo stessy test proposto in vfferta nella presenie Gara viene
citato tra quelli di riferinento pertufit gil altd sagyi, oifando testuaimente il decumento:

<} tost HPY a DNA Hybrid Capture 2 (HC2, Qiapen) e GPS+/8+ PCR-EIA (GP54/6+ EIA; Diassay),
valldat!in studi clinicl randomizzati ed uilizzatl come test di comparazione per gl altr {est, sone ripartati
nelle prime due righe delta tabella 1.>>

E ancora a pag.8 dello stesso dosumento 5i recita;

Per tuitl sono rispetiall i criterf definit dal gruppn Imernaziongte di esperti,

Soro state valutale solo le caratteristiche dit validazione del dato cllmico, mentra nor Hentrang in questn
coritesto gil aspattl legatl all autarnazicme & alla produthivits,

Nella Tabella 3 song riportate, ssclusivarmente a Quzmmgm JDL ngivgt in_guanto non rientrang neu

orjter dl val dgg:,lana m'ﬁ ne _tpformazioni ge 8 amental di preanalitica sd
analitica ed | mezzl-dl prellevp Indieatl In scheda tesnlea dalla ditta mduttrice gl tagte

8l icerda Inoltee che s data di pubblicaziens det documente sepra-gitato (QISCL denominaty ‘Rapporto
di agglornamentp N. 2, 28 dicembre 2016} avveniva proprio & ridosso della scadenza della gara in
oggetio,
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To whom it may coneetn:

Pleage note thet the digene Hight-Risk HPY DNA tost (Catalog Number 5197-1330) is CB
marked with the donfoumity assessment route IV 88/79/EC, Amex I, meeting the
epplicable requirements: of the In Vitro Diagnostic Directive (IVRD) 98/7%EC. The CE
marked worldflow includes; Module 1 Deocapper plus (lAsvrphony SP (in combination
with the kit QlAsynaphony DER Media Kit) plus the Rapid Capture System plus the DML

3000,

Sincersly,

Jeo

ina Patel

Director, Regnlatory Affairs
QIAGEN

19300 Germaritowi Road
Germamown, MD 20874

QIAGEN
19300 Grrrnantown Rel
Gierrmantown MD, 20074
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Traduzione di Coriesia

Maggio 05, 2017
A chidi competenza

8 rende noto chie Il kit digsne High-Risk MRV DNA Test (Cataloge Numero 5197-1330) &
marcato OF secondo | percorsa di valutazione VDD 98/79/EC, Annex |Il, e che soddisfa |
requisiti applicablli dalla Direttiva Disgnostica In Vitro (VD) 98/79/EC, |Hlusse divlavoro CE
include | Module 1 Degeapper pitl QiAzymphany SP (n combinazions cen il kit QlAsymphony
D8P Media Kit pit il Repld Capture System piu il DML 3000,
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HPV Prevalence in the Dutch cervical
cancer screening population (DuSC study):
HPV testing using automated HC2, cobas
and Aptima workflows

Cornelis Johannes Jacobus Huljsmans', Willernina Rosalia Rita Geurts-Glele™, Cindy Leejjen’,
Mendrikus Lambertus Cornelius Marla Hazenberg', Jenneke van Beel?, Carola de Wild®,
Johannes Comelis van der Linden' andl Adranus Iohannes Christiaan van den Brule'

Abstract

Background: Primary high risk (hHPV screening will be introduced in The Netherlands in January 2017, Our aim
was to determine the hrHPY prevalence in the Dutch cervical cancer screening population (DusC study),

| Methods: A total of 12,113 residual PreservCyt cervical samples from the Dutch population based cytology
screening prograr were rendered anonyrnous, randomized and tested for hHPY using 3 HPV assays on thelr
respective automated platforms: QIAGEN's digene® HC2 HPY DNA Test® (HC2, slgnal amplification), Roche Cobias®
HPY test (DNA amplification) and Hologic Aptima® HPV Test (RNA arplification). To determine the agreement
between results generated using the different assays, pair wise comparison of the systems was performed by
determining kappa coefficients. .

Results: The selected samples were representative for the population based screening program with respect
to age distribution and cytology classification.

HrHPY prevalences found were: 85% for HC2-(n=2959), 8.1% for cobas (n="919) and 7.5% for Aptima {n = 848),
resulting in a mean hrHPV prevalence of 80 +05%. Although the hfHPV prevalences of the different assays are in
the range of 8%, there was a significant difference in prevalence for the HC2 vs, Aptima assay {p+velue = 007,

A dear age dependency was found, with an hrHPV prevalence ranging from 18.7 £1.2% in women 29-33 yeats of
age to 4.2 0.2% in women 59-63 years of age, Furthermore, a correfation between hrHPY prevalence and severty
of cytology was observed, ranging from 55 + 04% in normal cytology to 95.2:+1.7% in severe dysplasia.

Indead, kappa coefficients of 077, 0.71 and 0.72 (HC2 vs cobas, cobas vs Aptima and Aptima vs HC2, respectively)
indicated substantial agreement between the results generated by the different systems. However, looking at the
hrHRPY positive samples, only 48% of the samples tested positive with all 3 assays.

! Conclusions: A hrkPY prevalence of 8% was found in this unselected population based screening cohort independantly
! of using HC2, Aptima or cobas. This prevalence is higher than the previously reported 4-5% {POBASCAM and
VUSA-Screen trials). Furthermore, the complete automated hitlPV detection workflow solutions from QIAGEN,
Roche, and Hologic were successfully used and will be valuable for rellably implementing high throughput
hrHIPV testing in cervical cancer screening.

Keywords: Cefvical cancer, Population screening, High risk human papillomavirus, hriiPY prevalence

* Comespondence: avdhbrule@bz.nt

Tpathologie-DNA, Location Jereen Bosch Hospital, Henr-Dunantstraat 1, 5223
GZ DenvBosch, The Netherlands

Full fisk of author information s avallable at the end of the article
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Backgrourd

Since the 19805, a well monitored cervical cancer screen-
ing program has been employed in The Netherlands,
which was further iraproved by inplementing high risk
human pepillomavivus (hrHPV) triage in 2006, Women
aged 30-60 years are invited to underge screening onece
every five years, The screening consists of a Pap smear
{liquid based cytology} which is examined by microscopy
for the presence of abnormal cells. Depending on the out-
come: 1) referral takes place to the next screening round
(nc abnormalities), 2) motecular triage testing takes place
for the presence of hrMPV (equivocal ar mild abnornal-
jtles) and 3) immediate referral to the gynaecologist takes
place {moderate or severe abnormalities), When hrHPV is
present, in cases of equivocal or mild abnormalitles, gynae-
cologist referral takes place; when hrHPV is absent the
patient is invitetl for follow up cytology testing in 6 months.

Although the cwrent screening program has been
shown to be effective in reducing the incidence of
cervical cancer and fhe number of cervical cancer
related deaths, cervical cancer is still substantially missed
and there is potential for Improvement [1]. Therefore,
based on a recommiendation by the Dnich health
council, primary cytology screening will be replaced by
primary hrHPV screening

Primary hrHPV screening with molecular testing has
been shown to be more sensitive in detecting high-grade
cervical intraepithelial neoplasia (CIN2-3)} [2]. This
higher sensitivity makes it possible to reduce the number
of screening rounds. In case of the Dutch situation, the
number of screening rounds will decrease from 7 to 5
{30, 35, 40, 50 and 60 vyears} [1-3], However due to
lower clinlcal specificiey, heHPV testing might lead to
the detection of clinically frrelevant hHPV Infections
leading tv increased referval to the gynagcologist and
unmnecessary colposcopy [4]. Nowadays matry heHPV tests
are comnmercially availible. These assays differ signifi-
cantly with regard to analytical arid clinical sensitivities
and specificities and are therefore not all suitable for use
in population based screening. Therefore, in 2009 inter-
nationel guidelines were established for human papilloma-
virus DNA test requirements for primary cervical cancer
streening in worsen 30 years and older {5, 6].

Modeling has indicated that the new Dutch cervical
cancer screening program design, based on primary
hrHPY testing, will prevent around 11% (n=75 out of
700) more of annual Dutch cervical cancer cases and 7-9%
(n=18 out of 200-250) more of annual cervical cancer
related deaths in the Nethetlands, whilst maintaining the
costs of the cuzrent screening prograne [1], With regmd to
the cost-effectiveness of such a program, hrHPV prevalence
within the screening cohort, amongst other costs of
the hrHPV test, is of pivotal importance. Based on
the POBASCAM and VUSA screen studies, the Dutch
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health council stated an overall heHPV prevalence of
4-5% within the populstion of the cervical cancer
screening program [2, 71,

Several large studies have been performed to date
regarding the efficacy of primary hrHPV screening,
hrHPV prevalence and comparison of hrHPV detection
techinologles {8-121, The number of samples in these
studies ranged from 6,000 to over 44000 and were
derived from {a selection of) women from different
cervical cancer screening cohorts. The employed hrHPV
detection assays were GP5+/6+PCR-EIA, Hybrid
Capture 2, Aptima and cobas which yielded hrHPV
prevalences ranging from 3.6% to 16.2%.

None of these studies, however, were performed in a
setting exactly simulating the current (Dutch) population
based screening program but often in a well defined study
population. Additionally, no studies have yet been con-
ducted using the currently avaflable, fully automated — in-
cluding de- and recapping and processing of primary
sample contdiners - hrHPV testing systems capable of
processing the large sample numbers involved in a pri-
mary screening setting. Our aim was therefore fo deter-
mine hrHPV prevalence in the DuSC (Duich screening
comparison) hfHPV study, investigating a cohort repre-
sentative for the Duich population based screening cohort
using fully eutomated hrHPV solutions that are currently
commerclally available and wse WwHPV detection assays
that were approved by the Dutch Soclety of Pathology and
Internationsl guidelines for HPV testing [5, 6, 13].

Methods

Stucly population anid design

Residual ThinPrep® PreservCyt* Collection Medium
(Hologic, Mariborough, MA) with cervical samples from
the Dutch population based cytology screening program
from the Eastern part of the Netherlands were used. In
total, 12,113 congecutive samples from Angust 2013 to
July 2014 were included from ‘women with a “primary
invitation” for the following screening round, thereby
excluding follow-up samples. Age distribution was
patched with that of the Dutch screening population
based on the number of Dutch women in each age
gronp in combination with the attendance rates per age
geoup {14}, Age groups were based on the invitation
schedule for the screening program and defined as
follows: 29--33, 34-38, 39-43, 4448, 49--53, 54--58 and
59-63 years of age. Because all included samples were
derived from the primary screening population, matched
age distribution based on the actual intake of the Dutch
screening program, was expected to also result in a.
representative  distribution of cytology classification.
Following inclusion, the samples were randomized, and
rendered anonymons using barcodes randomly gener-
ated by the employed Access database. The bar-coded
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containers were suifable for further automated sample
handling, Dutch regulation does not allow use of residual
samples from ‘the screening program aged <4 months.
Therefore, minimal sample age at time of testing was
4 months and ranged up to 12 months. Conseguently, all
included samples exceeded the manufacturers’ storage
recommendation of 3 months, Further sforage conditions
were as recominended by the manufacturer.

All included samples were tested for hrHPV using 3
fully automated testing solutions — from primary sample
processing to interpretation of results - that are
currently available and use hrHPV tests approved by the
Dutch Society of Pathology (NVVP {15]) and inter-
national guidelines for heHPV testing [5, 6, 13]. These
were: the digene HC2 High-Risk HPV DNA Test® (HC2;
Qiagen, Gaithersburg, MD), the cobas” HPV Test (cobas;
Roche Diagnostics, Pleasanton, CA) and the Aptima®
HPV Test (Aptima; Hologic, San Diego, CA), Specifica-
tions of each test are depicted in Table 1.

Dedicated laboratory staff was trained by all 3 manu-
facturers end certified to perform the standardized
protacol for each system. A rotation scheme was
employed resulting in different testing orders (HC2-
cobas - Aptima, cobas-Aptima-HCZ, Aptima-HC2-cobas
etc.) to prevent an influence on test performance caused
by the order in which the samples were analyzed by the
different hrHPV workflows,

digene® HC2 High Risk HPV DNA Test® {HC2)

The HC2 solution uses the digerie® HC2 High Risk HPV
DNA Test® (QIAGEN, Gafthershurg, MD}, which is
based on signal amplification using RNA probes fo
target the entire hrHPV genome. Samples were placed in
the M1 decapper system where barcode identification,
homogendzation, decapping/recapping and sample irans-
fer to a bar-coded tube took place, Subsequently,
automated sample preparation of cervical cells was
performed using the QlAsymphony DSP HPV Media Kit
in combination with the QlAsymphony Resulting
sample extracts were tested for hrHPV using the digene®
HC2 High-Riskk HPY DINA Test® with the Rapid Capture
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System. Antomated amplified chemiluminescent signal
detection and results reporting (heHPV positive: relative
light unit per cut off value (RLU/CO) 21.0; hrHPV nega-
tive RLU/CO « 1.0) was performed using the DML3000
luminometer. Al} steps were performed according to the
marnufactarer’s protocols.

cobas® HPV Test (cobas)

The eobas® HPY Test from Roche (Roche Diagnostics,
Pleasanton, CA) is a real time PCR based assay targeting
the hrHPV L1 gene and the human f-globin gene as an
internal control, Uracil N-glycosylase (UNG} and dUTP
arg utilized to eliminate possible amplicon carryover.
After barcode identification, homogenization and decap-
ping of the PreservCyt vials using the p480 instrument,
the samples were transferred to the x480 system for
DNA extraction and real time PCR setup using the Sam-
ple Preparation Kit (c4800 SMPL PREP) and Liguid
Cytology Preparation Kit (c4800 LIQ CYT). Samples
were homogenized again hy automatic pipetting prior to
extraction, Processed sample vials were transferred back
to the p480 system for recapping. Amplification, detac-
tion and brHPV typing (iypes 16, 18 and 12 “other”
hrHPV types) by real time PCR and restlts veporting
(heHPV positive: Cp value <40.0 for hrHPV 18 and 12
pther genotypes and Cp-value <40.5 for heHPV 16;
hrHPY negative Cp value »40 and »40.5, respectively)
was performed using the 2480 in combingtion with the
HPV Amplification/Detection Kit (c4800 HYV AMP/
DET). All steps were performed according to the manu-
facturer’s protocols.

Aptima® HPV Test (Aptima)

The Aptime® HPV Test {Hologic/Gen-Probe, San Diego,
CA) relies on nRNA amplification targeting the E6/E7
genes. Sample identification, hotnogenization, decap-
ping/recapping and transfer to a bar-coded¢ Aptima tube
with pierceable cap was done using the Tomcat systen.
The Aptima tube was transferred to the Panther system
for specific capture of hrHPV E6/E7 mRNA transcripts
by oligomer coated magnetic particles, franscription

Table 1 Qvenview of the HC2, cobas and Aptima test specifications and accompanying automated testing solutions

Assay  Nr.of devices HIHPV types detected  Target gene Deteciion technology Input-volurie  Dead voluma  Control
HC2 4 Ya/18/31/33/35/30/45/  Entlre rHPY Nucleic acig hybridlzstion 30mL 50 mL Process control for
51/52/56/58/59/68 genome (DNA) - assay with signal each sampie barch
amplification
cobas 3 16A18/31/33/35/39/45/ 11 (DNA) Real ime Polymerase 025 ml 05 mL f-globin for process
51/52/56/58/59/66/68 Chatn Reaction valigity of individual
sample and input
sufficiency
Aptima 2 16/¥8/31/33/35/39/45  E6/E7 {RNA) Transcription Medlated 04 mb 50 mi. Sniked internal control
51/52/56/58/52/66/68 Amplification for pracess.validity of
individuat sample
HCZ Hybrld Capture 2

s
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mediated amplification, detection and results reporting
(heHPY positive: RLU/CO 2 0.5; heHPV negative RLU/
CO < 0.5) using the Aptima HPV assay. The assay incor-
porates a spiked internal control monitoring mRNA
capture, amplification and detection, as well as operator
and instrument error. When sufficient remnant sample
was available (volume used 0.4 mL, dead volume § ml),
genotyping {types 16 and 18/45) of heHPV positives was
subsequently performed using the Aptima” HPV 16
18/45 Genotype Assay. All steps were performed ac-
¢cording to the manufacturer’s protocols.

Checkerboard

To exclude a significant impact of sample contamination
on the hrHPV prevalence found in our study, we per-
formed a checkerboard experiment with all three systems,

Ninety-four residual PreservCyt samples from our rou-
tine heHPV diagnostics (hrHPV triage testing) with a
high hrHPV viral load were pooled to a volume of 1.4 L.
This pool was mixed thoroughly and aliquoted in 3 sets
of 44 empty PreservCyt contaitrers in portions of 8 mL
per container. Each set was designated to 1 hrHI'V test-
ing system and alternately tested with 44 containers with
clean PreservCyt solution. Testing of these checkerboard
samples was performed as with diagnostic samples, start-
ing from the processing of the cervical scrape to. (signa-
Damplification and interpretation of results.

To engure that this pool contained a sufficient amount
of hrHPY, the Cp value was determined with cobas and
conipared to the Cp values of all hrHPV positives
included in the study.

Statistical analysls

"The overall agreement for each combination of 2 hHPY
tests was determined by calculatfon of Cohen’s
Unweighted Kappa coefficient (x-coefficlent). An agree-
ment was considered to be substantial with a k-coeffi-
cient of 20.6 [16], Inter-assay and pair wise agreements
were calculated as the total number of samples in a
group that were hrHPV positive on at least one of the
systems compared, divided by the number of samples
that were hrHPV positive on all compared systems,

Results

Studly population

A total of 12,113 residual PreservCyt cervical samples
were randomized, rendered anonymous and included
from the Dutch population based cylology screening
program (district East),

Sample volumes used per system were 025 mi,
3.0 mL and 0.4 mL for cobas, HC2 and Aptima, respect-
ively, Dead volumes per system were 0.5 mL for cobas,
5.0 mlL for HC2 and 50 mL for Aptima, The lotal
sample volume required therefore amounied to 8,65 mL
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(3.65 mL used and 5.0 mL dead volume). As a result,
sufficient volume was available for 11,755, 11,917 and
11,659 samples to be tested with HC2, cobas and
Aptima, respectively. Results were considered invalid in
cases that the reporting software flagged a sample result
with “ervor” or “invalid®. Underlying reasons for such
flags could not be further investigated due the way the
systems generated the respective output files but are for
example technical run errors {affecting an entire run or
a Jarge part of a run), inhibition, sampling errors due to
clotting of pipet tips etc. For each assay, a number of
these invalid results were found of which the
correspondent samples were retested: HC2 ne=670,
cobas n =512 and Aptima n = 448, which was successful
i n=665 n=433 and n= 436 samples, respectively. In
n=>5, n=79 and n="7 samples, results remained invalid.
The substantial difference in initial invalids versus repeat
invalids con be largely explained by the fact that in the
case of a technical run errver, simply repeating the run
resnlted in valid resuits for the respective sample set. In
total, from 11,333 out of 12,113 samples, hrHPV analysls
generated valid results on all 3 systems (Pig. 1). All
further analyses were performed on the sample group
that could be tested by all thiee assays. Distribution of
age and cytology classification of this group were
checked and found to be identical the Dutch screening
population (see Tables 2 and ),

HrHPY prevalence
Performing the analysis based on the group of semples
tested by all 3 systems (n=11,333], hHPVY prevalences
found were 85%, 8,1% and 7.5% for HC2, cobas and
Aptima, respectively. Overall prevalence was found to be
8.0 +0.5%, Beeause of this rather low deviation, the over-
all or mean heHPV prevalence of the 3 assays is consid-
ered to more closely resemble the “"ue” prevalence.
Thetefore, the overall hrHPV prevalence is presented
throughout the manuscript, unless indicated otherwise,
If the cumulative heHPV prevalences for the entire
cohort, ie. all age groups and all cytology classes, were
determined based on the maximum damount of samples
analyzed with each assay (HC2 n=11,755; cobas n=
11,917 Aptinia n = 11,659) these were found to be 8.5%,
81% and 7.6%, respectively. Resulting in no statistical

significant difference ‘when compared to the group of

samples tested by all 3 systems,

The rotation scheme used to prevent an influence on
assay performance by the order in which the samples were
analyzed by the different heHPV workflows, resuited in
hrHPV prevalences of 8.0-8.9%, 7.6--8.6% and 7.0~-7.9%
for HC2, cobas and Aptima, respectively, and were not
significantly differoot within a partieular assay (p-values
range from 0.25-0,28) and differences observed are due to
different age distribution of the subgroups.
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12,113 included
samples
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HEZ cobas [ Aptima
tnsuéficientsample n=,':1|53 n=117 ) n=447 ]
Vadiel results first analysis d n=11,090 N 4 n=11,484 R i n=11,223
" involid results first anolysis nmGy0 n=512 =443
Valid results after suceessful reron n=665 n=433 =436
Ivolid ofter rarim H=5 n=7g n=7

Totdl validresults | j=11,755 L nell9i7 S 1011659

[i‘otai yedld results with 3 HPY assays

n=11,333 ]

run error, Inhibiion, sampling eror etc

{ Fig. 1 Flowchar of includes sample numbers. Nurrber of valid results vs invafid resufts per assay and with ali 3 assays. Invalid may be due a technical

Por each heHPV assay, the WHPV prevalence was also
determined per age group (Fig. 2, Table 2) and Pap class
{Fig. 3, Table 3).

The PV prevalence decreased with an increasing age
of the women involved, from 18,7 . 1.2% in women aged
29-35 years to 4.2 £ 0.2% in women 55-63 years of age.
As for severity of cytology, a correlation was also observed
with heHPV prevalence, ranging from 55 +(.4% in nor-
mal cytology t095.2 % 1.7% in severe dysplasia,

Checkerboard

The htHPV pool used for the checkerboard generated
mean Cp values using cobas of 23.83 + 0.5, 25.96+.0.79
and 23141086 for heHPV16, WHPVI8 and “other”
hrHPV types, respectively, When compared to the Cp

values of all hrHPV positive samples included in our
study, the hiHPV concentration In the paol is found to be
representative for 12.6%, 157% and 12.6% of the most
highly paositives study samples containing hrHPVIe,
hrHPVIS and “other” hrHPV types, respectively, All 44
samples containing clean PreservCyt sohition generated a
hrHPV negative result with the HC2, cobas and Aptima
system, therefore no contamination was observed.

HrHPV assay comparison

Kappa-coefficients of each combination of 2 heHPV tests
were based on the number of samples thai generated
results tsing the 3 systems {n=11,333) and were as fol-
lows: HCZ va cobas 0,77; cobas vs Aptlma 0.71; and
Aptima vs HC2 0.72,

Table 2 Age distribution of included patlents of which test results of all 3 assays are avallable (n=11,333).

Age (years) Included

Age distrlbution Age distribution of

HC2 heHPY cabas hiHPY Aptima hHPY Overall hetPY

samples (N) -of tested cohoit Duteh screening prévalence prevalence prevalence prevalence
{DusC) population () 96} BN}
29-33 1193 10.5% 105% 19.1% {228) 15.7% £235) 17.3% (206) 1874 1.28
34-38 1317 11.6% 11.7% 11,79 (154 11.59 {152) H.6% (120) 1134 08%
30-43 1,775 15.79% 163% 90% {159) B.0% (142 7.3% {130} 81+09%
A48 1528 17.0% 6.9% 77% (148} 7.9 (137) 63% (122) 701 07%
48-53 1870 16.5% 164% 63% (117} 5.4% (101} 54% (i01) 5.7+£05%
54-58 1,703 150% 14.7% 54%199) S.10% 86} 4.0% (84} 51+03%
59-63 1549 137% 13.6% 39% (61) 4.3% {66) 4,3% (66} 43202%
Total (N) 11,333 058 NG 849

Number of included samples per age group and age distrdbution of study cohart vs age distribution of the hitch screening programs and hiHPV prevalances per

assay and overall mean
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Table 3 Pap class distribution of Included patients of which test results of all 3 assays are available (n=11333).

Papclass Bethesda

Included  Pap class distribution  Pap class distribution  HCZ hrHPY cobas hi-PY  Aptima IvHPY  Overal! hrHPV

classification samples  of tested coho of Duich screening prevalence  prevalence  prevalence prevalence
M) {DusQ papulation® BNy Yh{N} Th(N)
[} - 191 1.7% 1.7% 68% (33) 5.29% (10} A42% (@ 54+1.3%
1 Normal 10639 939% 93.6% S58% (620)  5.7% (609) 5.186 {545) 55 £04%
2 ASC-US 34 28% 3.0% A7A%(G0  411% 029 3%5% 024) 428+ 44%
3al LSiL 71 0.6% 07% 915% {65  B5.0% {61) 84.5% (60) B7.3237%
3a2 HSIL {moderate) 50 0.4% 0:4% 940% (47)  94.0% [47) 940% 47} 94,0 £00%
3b HSIL {severe) 62 0.5% 6% 95.2% (59  93.5% (58) 96.8% (60) 95.2% & 1.7%
4 CIS/AIS & 001% 0.0% B3.3% (5} 83.3% (5} 83.3% (5) B33x00%
Total (N) $1,333 959 59 849

Number of ncluded sampies per Pap class and Pap class distribution of study cohort vs Papdlass distribution of the Butch screening prograrm; and hiHPY

pravalences per assay and overal mean
Pap 0= sample inadequate for-cytology

“pased on the Pulch tiationat patholsgy registry (PALGA databiase)

ASC-US Atyplcal Squamous Cells of Undatermined Signficance, 154 Low-grade Squamous Intraepitheliz! Leslon, HSIL High-grade Squamous intraepithelfal Lesion,

-€iS Carcinoma En sitw, AlS Adenpcarcinomz in situ

A total of 1,288 samples were found to be hrHPV posi-
tive with at Jeast one system, of which 48,4% (n = 623) was
hiHPV positive in 3 out of 3 systems, 15.0% (a=193) in 2
out of 3 systems and 36:6% {n=472) in 1 out of 3 systems
{Fig. 4). Mean cobas Cp values generated in these groups
were Cp 28.6 (HC2, Aptima and cobas), 340 (HC2 and
cobas) and 35,7 (Aptima and cobas) and Cp 37.9 (single
positives only found by cobas), respeciively (Fig. 4). Inter--
assay agreement ranged from 65.7% in women aged 29—
33 years 1o 31.8% in women 59-63 yedrs of age (Table 4).
For severity of cytology the inter-assay agreement ranged
from 36.2% ln Pap 1 to 91.8% and 100% in Pap 3b and 4,
respectively (Tahle 4). OF the hiHPV positive samples with
abnormal cytology (Pap 2/ASC-US and higher), 83.8% was
found to be positive in 3 ont 3 systemns, whereas 7.2% was
hHPY positive in 1 out of 3 systems. On the contrary and

as expected, of the htHPV positive samples with normal
cytology (Pap 1), 36.2% and 46.7% were found to be
hiHDY positive in 3/3 and 1/3 systems, respectively.

Agreement of hrHPV positives of the Aptima assay,
detecting mRNA, when paif wise compared to cobas
and HC2, both detecting DNA, was 58.0% (n=649) and
58,7% (n = 669), respectively. This pair wise agreement
was 65.6% (n =744) for cobas vs, HCZ.

In total, 609 of the samples found hrHPV positive by
both cobas as well as Aptima could be genotyped by the
typing assays of both manufacturers, The outcome of
genotyplng of heHPV16, 18, 18/45 and “other” s
depicted in Table 5.

Prevalence of hrHPV16 was 34.0% {n=207) in cobas
and 30.,7% (n=187) in Aptima, whereas hrHPVI18 and
hrHPV18/45 were found in 10.5% (n=64) and 11.0%

[

5 e s s et o [N

HrHPV prevalerica vs age )

g HEZ

RGPV positivity

g don

g cobas
wgen B plmE

933 3438 4043

program for all cytology classifications. HC2 = Hybrid Capiure 2

£4 48
Agelyears)

Fig. 2 HrHPY prevalerce vs. age for HC2, cobas and Aptima. Mean hrHPY: prevalence per age group-conform the Dutch cervical cancer screening

4853 54 58 5063




Huijsmans et af, BVMC Cancer [2016) 16:922

Page 7 of 11

HrHPV prevalence vs Pap class / Bethesda classification
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{n=67) of typed cases, respectively. In 78.2% (n = 476),
cobas typing yielded “other” hrHPV genotypes, whilst
Aptima typing suggested that hrHPV genotypes other
than 16 and 18745 were present in 60.8% (n= 370},

Discussion

HrHPV pravalence

The presented study, Le. DuSC study, is the first investi-
gating hrlIPV prevalence in a seiting representative for
the Dutch population based cervical cancer screening
program, without any selection of women, and utiltzed
the most recently introduced, fully automated hrHPV
testing systems as would be vsed when primary heHPV

Pig. 4 Inter-assay agreement between HIZ2, cobas and Aptima, Each
proportion was calculared based on the total number samples
{ found hebPY positive (n=1,2BB} in at least one of the assays

screening is implemented, Cumulative hrHPV preva-
lences for HC2, cobas and Aptima were in the same
range and, based on the sample group yielding results
using all 3 assays (n = 11,333), resulted in a mean HPV
prevalence of 8.0+ 0.5%. As expected, a correlation was
found between WPV prevalence and the age of the in-
volved woiren as well as the Pap class (Figs. 2 and 3),
which confirmed the reliability of the blinded hrHPV
testing. The hrHPV prevalence in our study population
decreased with an Increasing age, and was higher when
severity of cervical dysplasia increased, The hrHPV
prevalence observed in cytologicdl carcinoma in situ
(Pap 4) was lower than that of Pap 3al, 3a2 and 3b,
however, the number of samples in the Pap 4 group was
oo low to be representative {n = 6).

The detected hrHPV prevalence is significantly higher
than the 4-5% stated by the Dutch Health Council {1],
The prevalence stated by the Dutch Health council was
based on data from the POBASCAM and VUSA screeh
studies [2, 7). Thesé stadies however, were not designed
to determine hitPY prevalence in the Dutch population
based screening setting, but were conducted to evalnate
the effectiveness of different triage algorithms (VUBA
gereen) and primary heHPV screening (POBASCAM).
Por examiple, In both these studies in contrast to our
DuSC study, a number of women were excluded from
enrollment when they had abnormal cytology or a CIN
lesion within the preceding 2 years, most likely resulting
in a selection bias. In the setiing of the Dutch screening
programy, women having either equivocal or mild cer-
vical dysplasia (Pap 2/3al) on such a previous smear
would not have heen excluded, but would have actually
been invited for follow-up after 6 months. This will in-
crease the hHPV prevalence in the screening cohort by

0.5-1% and partly explains the differeqhce in prevalence

A
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Table 4 Inter-assay agreement (number of samples positive in
all 3 hrHPY assays; total = 623) for each age group and
cytology dlassification

Agegroup  Inter-assay Pap class  Bethesda inter-assay
agreement dassification  agreement
% (M) % (N}
29-33 857% {1800 0 - 26:3% (5}
34-38 S20% (105 7 Normal 36.286 (339}
39-43 51060103 2 ASCAJS 734% (113}
44-48 41.7% 185} 3at LSIL 20.8% {59)
£9-53 477%(72) 3a2 HSH. 95.8% (46)
{moderate)
54-58 29.5% (43) 3b HSIL 91.8% (56}
{severe)
58-63 31.8%(34) 4 CISAAS 100% (5}
Total (W} 623 623

Pap 0= sample inadequate for cytolagy

ASC-US Atypical Squamous Cells of Undetermined Significance, LSH Low-gratle
Squamous Intraepithelial Leslon, HSIL High-grade Squamous Intraeplthellal
Laslon, €IS Cardinoma in situ, AIS Adenecarcinoma in site

when compared to this study. Other explanations for the
remaining difference in hrHPY prevalence might be a
cohart effect, the fact that POBASCAM and DuSC used
different hrHPV assays andfor technical issues as is for
example the case in the POBASCAM where crude cell
extracts are used instead of purified DNA. Although a
different age distribution of the population tested could
also be an explanation for the difference in hrHPV
prevalence, the wonien in POBASCAM were In fact
younger than in DuSC, which would result in a higher
instead of lower hrHPV prevalence in POBASCAM.
When comparing our hebIPV prevalence data to other
studies published investigating population based screen-
ing cohorts, also higher leHPV prevalence rates were
found. Although performed in a population of different,
predominantly Canadian, geographical origin and a
gormewhat different age distribution, hrHPV prevalence
found in the population based HPY FOCAL study was
similar in women 230 years of age with 7.2% and 6.9%
for cobas and HC2, respectively [9, 17], In the ATHENA
trial, when exeluding patients <30 years, overall htHPY
prevalence found was 8.4% (10.5% including women 25—
29 years) (12]. In women from the Danish cervical can-
cer screening program, the WwHPY prevalence was even
higher: 9.4% for Aptima, 11.7% for HC2 and 16.2% for
cobas [18]. As earlier described, the hrHPV prevalences
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found in our study with the 3 different testing solutions
were in the same range, although the hrHPY prevalence
found by the Aptima assay was found to differ signifi-
cantly when compared to HC2 (7.5% vs 8.5%, respect-
ively; p-value 0,007). This suggests that with respect to
hrHPV prevalence, the performance of all three of the
hrHPY tests employed in our study and using fully anto-
mated systems, are similar. Additional performance
comparison on several technical aspects and the depree
of user friendliness per system is not within the scope of
this study, but will be described elsewhere {(manuscript
in preparation),

In theory, the higher than expected hrHPY prevalence
found in our study could be influenced by false positive
results generated as a result of sample handling; however
this is not the case since checkerboard experiments
showed no cross contamination between samples. In
addition, an influence en test performance caused by the
order of hyHPV systems in which the samples were ana-
lyzed was ruled out, since samples were randomly
assigned to.4a particular sequence of the 3 hrHPV testing
solutions, These different subsets yielded similar hrtHPV
prevalences, also indicating no significant contamination
in a spacific testing dolution.

Moreover, because of the retrospective nature of this
study, sample ages ranged from 4 to 12 months meaning
all included samples exceeded the manufacturers’ storage
recommendation of 3 months. However, no substantial
differences in hrHPV prevalence were observed when
comparing different subsets composed of these varicus
sample ages, suggesting no significant effect of sample
age on assay performance. This is supported by the fact
that repeat analysis of similarly stored samples {n = 153)
previously tested for routine hrHPV diagnostics (hrHPV
triage) using ell three hetIPV detection systems, yielded
a. concordance of 85% with results previously found and
most discrepancies were, as expected, found in weak
hiHPV positive samples {data not shown). It should be
noted that samples from such a trage setting may har-
bor a relatively high hiHPVY viral load in comparison to
screening samples which possibly affected the outcome
of stability testing. Therefore an effect on test perform-
ance using residual samples, instead of prospective
hrHPV testing, cannot be fully excluded. If such an ef
feet would be present, our study design might even Jead
to underestimation of the heHPV prevelence due to
DNA/RNA degradation in stored residual samples.

Table 5 Genotyping outcame from samples positive for hiHPY by cobas and Aptima, N(%)

Assay hiHPY 16 heHPY 18 heHPY 18/45 Other hrHPY types Total genotyped
cobas 207 (34.0) 64 (10.5) WA 476 (78:2) 609
Aptima 187 (30.7) NA 87 (11.0) 370 {608Y° 609

N4 not applicable

asict on the combination of a pasitive FrHPY test and the absence of hiHPVIS and 18/45

&
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So based on hfHPY data presented in this DulC
study, it is realistic to conclude that the hrHPV preva-
lence in the Dutch population based screening cohort is
higher than previously reported, and that wHPY preva-
lences from POBASCAM and VUSA-screen are under
representing the WHPV prevalence in the current
general population, An higher hiHPV prevalence could
lead to. an increased referval to the gynecologist and
unnecessary colposcopy [3}, influencing the health
econornics of the screening program. Besides the hrHPV
prevalence, also other factors such as costs of hrHPV
test and screening organization (invitation, loglstics, etc)
are of major importance. Furthermore, it is very import-
ant to have good quality cytology and standardized
criteria to circumnvent unnecessary referral to colposcopy.

HrHPV assay comparison

A substantial agreement between the 3 different hrHPV
tests used, was fonnd (kappa coefficients ranged from
071 to 0.77 when comparing each combination of 2
heHPV tests), However, despite this good concordance
of 3 assays all fulfilling the international guidelines for
primary hrHPV screening, a significant number of dis-
crepancies were observed. This finding i¢ in line with
several previous smdies [19-25]. Because of the large
number of hrHPV negatives, strongly influencing x-coef-
ficient and therefore overall agreement, the inter-assay
agreement should also be determined based on a
comparison of the hrHPV positive samples (Fig. 4).
Approximately half (48.4%; n=623) of the positive
hrHPV samples (n=1,288) generated positive results in
all 3 systems, Inter-assay agreement in our study wis
found to decrease with an increasing age of the women
involved (Table 4). Most likely, this is due to the hrHPY
viral load which was previously observed to be higher in.
younger women [26], This is supported by the fict that
Cp valizes generated by cobas were lowest in the samples
found hrHPV positive in 3 out of 3 assays followed by 2
out of 3 assays and single positives (Fig. 4). Also, a cor-
relation was observed between severity of cytelogy and
Inter-assay agreement, with an increasing agreement in
the more severe abnormalities (Table 4). The DNA as-
says (HC2 and cobas) show a better concordance than
the Aptiia mRNA assay. This is also indicated by the
lower x-coefficient for the RRNA assay vs. the DMA as-
says, In theory, this could be due to decreased stability
of mRINA in archival samples in comparison to DNA. as
2 target molecule. However, it is more likely the cause of
differences in assay specificity that may be higher in
mRNA based detection, which can subsequently yield
benefits on a population based screening system [27]. In
the Horizon study, inter-assay agreement was. slightly
lower with 37.6% (to be able to compare resnlts, samples
only hrHPV positive in CLART were exclnded) [24].
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Moreover, in the Horizon study, hrHPV deiection by
cobas generated a relatively high number (30.6%) of
hHPY positives only found by cobas (corrected for sam-
ples that were only heHPY positive in the CLART assay).
Although not fully elucldating this observation, there
might be an effect of the media used, being SurePath in
the Horizon study whereas PreservCyt was used In our
study {9, 10, 17, 24]. Interestingly, this relatively large
difference hetween HC2 and cobas was not observed in
a recent study, where comparison of these hrHPV tests
in women with ASC-US (atypical squamous cells of
unknown significance) did not yield significant differ-
ences [28]. This ohservation might be influenced by the
Fact that the recent study utilized samples from a trlage
poyulation, Given the higher hrMHPV prevalence and
possibly higher viral load in a triage population, one may
expect an increased inter-assay agreement.

Comparing the htHPV genotyping results of cobas and
Aptima could only be partly done due to the difference
in typing assay setup with heHPV typing of 16, 18 and
“other” by cobas and 16 and 18/45 by Aptima. However,
heHPY 16 prevalence was similar with cobas as with
Aptima, Moreover, prevalences of hrHPV 16, 18 and
*other” found in our study were similar to those found
by cobas in the Horizon study {10}.

It is of particular interest from a clinical perspective,
which of the hrHPV positives found in our study (e
certain <iscrepant samples) are mrost representative for
developing CIN and are therefore of clinical relevance.
However, due to the retrogpective and anonymons
nature of this study no link could be made with develop-
ment of CIN at this stage. Future investigations dare
being initiated on the lirkage of the anonymised hrHPV
data with follow up data from the pathology registry
database to enahle the investigation of clinical relevance
of concordant and discrepant htHPV positive samples in
the DuSC study.

Conclusions

In conclusion, our data strongly suggest a higher
hrHPV prevalence of approximately 8% in the Dutch
cervical cancer screening population than the hrHPV
prevalence of 4-5% that was generally used up to
now. This higher prevalence was determined inde-
pendently of the hrHPV assay used. The complete
automated solutions evaluated will greatly facilltate
the implenentation of primary hHPY testing in
cervival cancer screening.

Abbreviatians

NS: Adenocarcinoina n st ASC-US: Mypical squamous celis of unknown
significance; HC2: Hybrid Capture 23 €IN: Cenical intraepithetial neaplasia;
CIS; Carcinoma In $ity; Gp value: Crossing point value; DusSC hebPy

studyr Dutch scrizening comparison high risk human papillomavirus study;
HrHPV: High Ask hurnan papillomsavinus; HSIL: High-grade Squanmous
Intraepithelial Lesior; LSIL: Low-grade Squamous intraepithelial esion;
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