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ABSTRACT

Human papillomavirus (HPVis the major causef cervical cancerThe wellestablished
natural history from HPV infection tthe occurrencef invasive cervical canceervesas the

basis forprevention of cendgal cancerthrough prophylactic HPV vaccination (primary
prevention)andcervical screening (secondary preventig&@grvical cancer detected through
screeningalsohas bettechances obeingcured than cancers not detected through screening
This thesisaddresseresearch questions on prevention and prognosis of cervical cancer within
the framework ofheinterplay of HPV, vaccinatigrand cervical screeningrnd it also provides
insights forevidencebased decisiemaking.

In Paper |, we examind the asociation between cervical screening with cytology and risk of
adenosquamous cell carcinonfdSC) and rarehistological types ofinvasive cervical
carcinoma (RICC). Bsed on a nationwideervical canceAudit, we conducted a nestease
control study including38 cases 0ASC and RICC diagnosed during 26211 in Sweden
with their yearof-birth-matched controls. We found that screening with cytology was
associated with decreasgsk of ASC and RICCbutthe magnitude of risk redtion in relation

to cervical screening was less for RICC than for AB@& majorityof ASC and RICCcases
werepositive for highrisk HPVin tumor tissues

In Paper Il, we evaluateavhetherthe tumor higkrisk human papillomavirus (hrHP\&tatus
was assciated withthe prognosis of cervical cancén a nationwide populatiehased study
we included2845 primary invasiveervical cancer cases diaged in Sweden during 2002
2011, andcomprehensively testetlagnostic blockgor 13 hrHPV types and 24 HPWpes
which werenot established as oncogenidomen with hrHPVpositive cervical tumors had a
substantially bettgprognosig39% lower excess mortalitfhan women with hrHPVhegative
tumors. The difference of prognosis by tumor hrHPV status remairtediciily significant
irrespective of agegancerstage, and histological type.

In Paper lll, we investigated screening performance in terms of positive predictive value
(PPV) of cytology for cervical intraepithelial neoplagirade 2 or worse (CIN2+jr@ong HPV
vaccinatedbirth cohorts Using a populationbased cohort design, we includedmenborn
19891993 who wereresident in Sweden since the introduction of HPV vaccination and
attenckd cervical screening at age 2fsed on records from Swedish Na#b Cervical
Screening Registry (NKCxWefound thatvaccinated women had lower PPV of cytology for
CIN2+ compared to unvaccinated womérhe decrease PPV was greateramong women
vaccinated before age ifan thosevaccinated at age 122

In Paper IV, we assessed the association between HPV vaccination and the risk of invasive
cervical cancer in a populatidrased cohort studyAn open cohort ofvomenaged 1530
(including age 30) living in Sweden were included and followed during-20Q8 for HPV
vaccination and first occurrence of invasive cervical cancer. The findings showed that HPV
vaccination was related to a 52% lower risknefsivecervical cancefor vaccinated women



compared to unvaccinated woma&founger age at vaccination initiatisras asociated with
a more ponounced risk reduction (83% risk reduction when vaccinated before age 17).

In conclusionthis thesisshows thatcervical screening can effectively reduberisk of ASC

and RICC whichis beyond the established evidence on preventing squamous cell carcinoma
and adenocarcinomblPV vaccinatiorcaneffectivdy reduce the risk ofervical cancerthe
ultimate goal of cervical cancer preventidvith the implementation of HPV vaccinatiahe

PPV of cytology for CIN2+ haslecreased in vaccinat@ébmencompared to unvaccinated
women especially amonthosevaccinated at younger age. Tumor hrHPV stetassociated

with the prognosis of cervical cancer, whidould add value to the clinically eslished
prognostic factorsTaken together, these stusliedd knowledge to the curramtderstanding

of cervical cancer prevention strategaesl prognosis of cervical cancand serve as a basis

for evidencebased decisicmaking and policy changes inet future.
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1 INTRODUCTION

Human papillomavirugHPV) was discoveredin 1907 and a possibldink between HPV
infection and cervical cancer wasggestedby Dr. zur Hausen in 19741). HPV16 was first
detected iracervical cancer patient in 1983). Thereafter, the causal relation betwet#
infectionand cervical cancer has been establigBed) Interestingly the Papanicolaou test
(abbreviated as Pap test, and also céRap smear,)wasfirst presentedby Dr. Papanikolaou

in 1928describing as a new diagnostic method for malignant tumors in female genit@)ract
whichwaslong before the discovery of HRAsa causal agent akrvical cancefThe Pap test
validated as a diagnostic tool in 1948, has beemused in cervical screening programs for
identifying malignancy anctell changesThe discovery of HPV ands etiological link to
cervical cancer led tthe development oHPV vaccine (7, 8) Randomized controlled trial

of prophylacticHPV vaccineswere launched i1991to testtheir protection againsHPV
infection andcervical disease®-11). Since2006,the Food and Drug AdministratiofFDA)
hasapproved three prophylactic HPV vacca{@2-14).

Cervical screening with & smeahas been introduced in many countries through either
opportunisticor organized screening progranand substantially reduck incidence and
mortality of cervical canceespeciallyin countries withanorganized screeng progran(15)
and for the major histological types of cervical car{@éé). HPV vaccinatiorwas introduced
more than 10 years ago and basn shown to haueemendous population impact in reducing
incidence ofHPV infection and cervical lesior(7). Currently,a transiion from cytology
screening usingap smeato HPV-testing as the primary screenitggt is ongoingoffering
greater protection against invasive cervical car(@®). Cervical cancer hadecomea
preventablalisease and warenow in an erawith the potential to eliminate cervical cancer
(19). However,someunresohed questios of scientific and strategic significancemainfor
prevention and prognosis of cervical canc

This thesisnvestigats the association between cervical screeriiifgy vaccinatiorand risk

of cervical cancetthe role of HPV in prognosis @krvical cancerand how HPV vaccination
will impact the screeningtrategiesn practiceto inform evidencebasedoublic health policy
change and clinicalecisioamaking



2 BACKGROUND

2.1 HUMAN PAPILLOMAVIRUS AND CERVICAL CANCER

More than 20@ypes ofhuman papillomavirus (HPV) have been identifi2d). HPV is a virus

with doublestraindeoxyribonucleic acidgNA), and comprise8 proteircoding genesnda

long control region responsible for regulatory functi@?®). The L1 and L2 encode capsid
proteinswhichareusually expressed at late differentiation stage of epithelium, related to virus
assembly and releastrom the superficial epitheliurf22). E1, E2, E4, E5, E6, and E7 encode
proteingthatcontribute taeplication, transcription, and transformat{@i, 23) Among those,

E6 and E7are two majoroncoproteingargeting tumor suppressor p53 and retinoblastoma
tumor suppression protein (pRB), respectivEly.and E7 caaltercellular proliferationcell-

cycle progressigrandapoptosig22, 24) Additionally, theyarealsoinvolved in viral DNA
integration, malignant traf@mation and the progression to can¢ag).

HPV is the major cause for cervical can{2s). HPV infectionis the most common sexually
transmitted infection(STI); it peals among women at younger agieelow age25) but
decreaseafterwardg(26). According to a global metanalysis(27), the prevalence of HPV
infection among womewho had normal cytology waaround24% for women under age 25.
A reboundof HPV infectionat older ages (ag€5)in certain regions (Americas and Africa)
has been documentéd?7). The International Agency for Research oanCer(IARC) has
classified HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59 as oncogenic types and
HPV 68 as probably oncogen(28). Persistent infections with oncogenic HPV types cause
most cervical cancer cases, in which HPV16 andfHPaccount for approximately 70% of all
cervical cance(29). In addition anal cance(88.0%) penile cance(50.0%) vulvar cancer
(24.9%) vaginal cance(78.0%)and oropharyngealcancer(30.8%)are attributed to HPV
infections(30).

Cervical cancer usuallyccusi n t he fAtransformation zoneodo of
cervixwherecolumnar cells constantly transform into squanuelis (Figure 21). The entire
anogenitalepitheliumcan be infected by HP\but theepitheliumin transformation zones
espedcilly susceptibleo carcinogenesisind thereforebecomeshe most common area for
abnormal cells to develop in the cergBl). Sqguamous cell carcinoma and adenocarcinoma
are two major histological types of invasive cervical can@), which accoun for
approximately 75% and 20% of all histologicgbés of cervical cancerespectively while
other or unspecified histological types constitute the remainin@5¥l he 5%of uncommon
histological types of cervical cancer are usually difficult to classify histaflg, andare
accepted aadistinct clinicatpathological entity due to their aggressive progression anskw
prognosis compared to squamous cell carcinoma and adenocar¢i)rda)
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In the natural history of cervical can¢8d) (Figure 22), HPV infections can usually be cleared
without intervention within a few months, and about 90% of the infections are cleigned

2 yearq35). Only a small proportio(iL0%) of persistent infections with carcinogenic types of
HPV develop into precancerous lesid$), andif left untreated, can progress to invasive
cervical cancerln addition tothe major risk factof HPV infection, other nowiral factors
(37) for cervical cancemclude current smokin¢37), multiparty (38), immunodeficiency,
younger age at sexual del§8®), higher lifetime number of sexual partners, poor nutrigilbn
status as well as lorgrm use of oral contraceptivé$0). All nontviral factorsare mainly
associated witln elevate risk of HPV infection, persistence, and progressam therefore
increasehe risk of cervical cancer.

ﬁ Transient infection Persistent infection

\

Infection HPV- Progression Invasion
Normal =———————3 =3 Precancerous Cervical
: infected - —_—
Cervix  — i (— lesion cancer
2 cervix :
Clearance Regression

Figure 2.2 Natural history of cervical cancerdapted fromWright TC Jr et a(34). HPV, human
papillomavirus.

2.2 CERVICAL CANCER PREVENTION

The wellestablished natural histonf the development of cervical cancer the basis for
effective preventivgproceduresCervical cancer can be preventacbughHPV vaccination
(primary prevention and cervical screeningsdcondary prevention)Both preventive



procedures aim to interruph intermediate stap the chainof the natural history from HPV
infection totheoccurrencef cervicalcancer.

2.2.1 Cervical screening

Cervical screeningsecondary preventigoaims toprevent theccurrencef invasivecervical

cancer by detecting dmemoving precancerous lesions, whideft untreated, could develop

into invasivecervical cance(41). Therearea variety of cervical screening methods available

including conventional cytology, liquithased cytologyHPV-based screeningnd visual

inspection with acetic acidrL u g o | 6 .2JsagecHcreenmg methods usuallydependent

on the health care resources and facilif@&®. Cervical screening with cytology andPN-

based screeniraye commonly useid a majority ofhigh- and middle income countrieswvhile

in settingswith limited resourcesy i sual 1 nspection wi tcbuldhecet i ¢ a
alternativesln this thesispnly cytology screening and HRWased screening will be addressed.

Cervical screeningvith cytology

1 Conventional cytology (Papanicolaou test/Pap smear): which aims to detect
precancerous lesions before they develop into cancer through collecting cervical cell
samples at the transformation zone and endocervical canal. The collected celtgical
arefixed on a glass slide aneikamined under the microscope for cell changes or
abnormality.

1 Liquid-based cytologythe cervical sample is collected in the same way as a Pap smeatr,
however, the samplis immersed into a conserving liquid beforerzefixed on the
slide to reducéhe quantity of obscuring material and therefore improve the accuracy.
Samples taken ifiquid-based cytologygan providerepresentative residual material,
which could be used faadjunctivetesting(i.e. HPV testing).

HPV-based screening

HPV testing is used to detect whether a woman is infectedhigthrisk HPV, through
detecting the presence of HPV DNAmessengetibonucleic acid hiRNA) of E6 ande7
oncoproteinsn a sample of cervical cellSamples for HPWbased screening can be
collected by healthcare providers doy screening participantthemselveswith self
sampling kis. Compared to cytologyPV-testing offers several benefits including higher
sensitivityin detectingcervical intraepithelial neoplasia grade 2 or woSR+) lesions
anda higher negative predictive value (NR¥3B). The disadvantage of HPV testing is its
lower specificity in detecting CIN244).

2.2.1.1 Cervical screening programs

Cervical screening with cytology has been successfully implementedny countries over
the past decadessiven theaccumulation of evidence otne advantage oHPV-based
screening compared to cytolo8, 44, 45)a transition from cervical screening with cytology
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to HPV-based screenings the primary screenirftas beerongoingin recent yearsMany
countrieshave issed new guidelines recommendipgmary HPV screeninghowever, the
screening algorithmsuch as age at start of screening and screening intaratifferentin
2015, he European guidelis€46) for cervical screening recommended HPV testing as the
primary method in organized, populatibased screening programtheUS, women aged 21
to 29arerecommended toeceive3-year interval cytology test, and women aged 365are
recommended toeceive Syear interval of HPV and cytology dest or 3-year interval
cytology according toAmerican Cancer Society amdnerican Society for Colposcopy and
Cervical Pathology47). Since December 201Women aged 2569 years in Australidnave
been invited t&HPV testingat 5-year intervad with partial HPV genotypinépr HPV16/18and
anexittest at age #@4 (48).

In Swedencytology screeningvas introduced ithe 1960s.Since 1998, women aged 280
have been invited to cervical screenwigh cytology, with a 3-year interval for women aged
23 - 50 and5-year interval for womeaged 51- 60 according to national guideling49). In
2015,the Swedish National Board of Hi#la and Welfaraecommended to uggimary HPV
screenindor women age 30 and above because of its superiority in preventing cervical cancer
(18, 50) However, theoll-outof primary HPV screening isot nationwide yetAs of August
29", 2019,13 out of 21 regions in Swedéaveimplementedorimary HPV screeningsl).
According to the current guideliaé50), primary screening with cytologg used for women
age under 30 at ayg&ar intervalWomen agd 30 to 49 are invited to HPV screening atear
intervals and women ageé&50 and above are invited to HPV screening -gedr intervals.
Cytological and HPYbased cdestingis recommendetbr women age 41Screening will not
stop until women have a negative sciegmrresult at least 64ears of ageandinvitations
continue util age 70 to ensure that women have a final test in the pro@wwlogyis used
asthetriage method forlawomen with HP\/positive resultsWomen withHPV positivebut
cytology negativeesultsaresubjected to partial HPyenotyping, and they arecommended
for repeaHPV testing at 18 month$positive for HPV16 and/or HPV18

2.2.1.2 Effectiveness of cervical screening

The burdenof cervical cancehasbeenconsiderablyreducedover time afterthe successful
implementation otytology screeninl6, 52) especially ircountrieswith organized cervical
screening progms (53, 54) In countrieswhich screeningprogramsthat suffer from low
quality and coverage, the burden of cervical cancer has remaine@LBbigh6) In Nordic
countries, gtology screening has substantially reduced the incidence-{@®2%dess expected
cases) of cervical cancer since the introduction ofesung(54). Saeening additionally
contributego early detction ofcervicalcancer and dowstaging(32, 55) which subsequently
improves the chances of being curg86). In Swedenjt has beerestimated thatcseening
prevented almost half of the expected cervical cases between 1960s an@206lasvever,
an increasing trend of cervical cancer has been observed in recent yeaZ0PD1whichis
probably due ttheincreased exposute HPV in younger birth cohortsdreduced sensitivity



of normal cytology test isome laboratorieb7). The increas@around 20%)n incidencewas
mainly observed ahges under 50 and cancadiagnosed at early staffe?).

In terms of effectiveness against differbistological types cytologyscreenindnas been found

to beeffectivein preventingsquamous cell carcinon{82, 55, 58) and adenocarcinonta

some exten(55, 59) Evidence on othatncommon type of cervical cancer igbsentaside

from thelimited evidence oeffectiveness of screeniagainst adenosquamous @atcinoma

(ASC) (59, 60) Evaluatng screening and risk @aincommon types of cervical cand¢ersbeen

challenging considering the limited number of casevailability of cervical screening
information, and thdiffi culties inclassification of histological types. In existing studies, they
were usual |l ponsgleansssficetl |l asafici nomao, not her
(32, 59) Over the decades, the incidencein€ommon types varieatross countrie@9, 53,

61), whichcouldbedue to inconsistary in histological classification.

2.2.2 HPV vaccination

The current prophylactic HPV vaccsmare adjuvanted nanfectious recombinant vaccise
which arebased orvirus-like particles YLPs) produ@dby recombinant expression of major
capsid antigen L1So far,threeHPV vaccineshave been licensed by bdte FDA andthe
European Medicines Agency (EMA) ppevent HPVrelated diseasdbatareassociated with
vaccine types

Thequadrivalent vaccingardasil™, againsHPV types 6, 11, 16 and 18) wassfiavailable
in 2006(13) followed by bivalent vaccineQervarix™ againstHPV types 16 and 18) in 2007
(12). The bivalent vaccine and quadrivalent bptbvide protection againstPV types16 and
18,which account for around 70% of eéirvicalcancerThe quadrivalent vaccinalsoprotects
against HPMypes6 and 11thatcausearound 90% of genitalarts(62). In 2014,a 9-valent
vaccinewhich cover® types ofHPV (HPV 6, 11, 16, 18, 31, 33, 45, 52 and 58) was approved
(14), and providegrotection againdive additional HPV typethatareattributable for 20%
of cervical cance(63). All HPV vaccinescan beused for both females and males2014,
World Health Organization(WHO) recommended a twdose vaccinationschedule
considering thenonrinferior protectionagainstHPV16/18 infectiorcompared to #hreedose
schedulg64). Thereafter HPV vaccinescould beadministereceither according to a 2lose
scheduleor a 3doseschedulalepenthg on age at vaccinatianitiation (Table 21).

Table 21 Vaccination schedules for prophylactic HPV vaccingsurce: European Medicine
Agency(65-67).

HPV vaccines HPV types 2-dose age (schedule) 3-dose age (schedule)
Cervarix 16. 18 9to 14 years 15 years and above
' (6 months apart) (0, 1 and 6 months)
) 9to 13 years 14 years and above
Gardasil 6,11, 16 and 18
(6 months apart) (0, 2 and 6 months)

9 to 14 years
: 6, 11, 16, 18, 31, 33 .
Gardasil 9 (2" dose given 8.3 months

45, 52 and 58
after thel® dose)

15 years and above
(0, 2 and 6 months)




2.2.2.1 HPV vaccination programs

By 12" DecembeR019,124 countries and territoridsaveimplemented HPV vaccination in
the national immunization prograr(&8). In Sweden, HPV vaccisavereintroduced in 2006.
Startingfrom May 2007 HPV vaccines were subsidizéat girls agel 13-17. Afree-of-charge
schootbased vaccination program for girls dded-12 together with a catebp vaccination
program for girls aged 188 wadaunched in January 20{@9). Startingin 2015,theSwedish
guidelines were updated according to the WHO recommendation andctimotbased
programbegan to use vo-dose vaccinatioschedule fogirls 1012 (grade 5 and 65Since
June2016,those who dichotvaccinateghrough the schodbased programwere offerecanother
chanceo be vaccinatedp to age 18ollowing a threedose vaccination plaisinceOctober
2019, the9-valent HPV vaccine has been used for the sebaséd vaccination program.

In Sweden, he vaccination coveragef at least one dosgigure 23) for subsidizedHPV
vaccinatiorwas relatively low andaried from around35% to below 10%of the target group
However the vaccinationcoverageincreased to %62% for the catckup program, while
schootbasedHPV vaccinatiorcoveragaeache®0-86% (70, 71) The twedosecoverage of
HPV vaccination waalmost80% for girls born2002onwards by the end of 29172).
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Figure 2.3 Coverage of at least one dose of HPV vacginéweden, by 2@112-31. Provided
by Sparéen2020.

2.2.2.2 Efficacy, safetyndeffectivenesef HPVvaccination

The availablgrophylactic HPV vaccindsave been shown beremarkably safe and effective
Randomized controlled trials haygoventhe vaccine efficacy against HPV infection and
CIN2+ for the bivalent, quadrivalentand 9Qvalent vaccineg9-11). Efficacy on cross
protection against nemaccineHPV type 31 has beamportedfor quadrivalent HPV vaccine,
and the bivalent vaccingrovides further crosgrotective efficacyfor HPV types 31, 33, 45
and 51(73). The safety profiles of HPV vaccines have besgmonstratedn randomized



controlled trialg74-78). After implementation of HPV vaccinatioobservational studiesso
supported that HPV vaccination was related tancreased risk cdutoimmune, neurological
and venous thromboembolic adverse evéfis80) multiple sclerosis or other demyelinating
disease$81), or adverse pregnancy outcomn(8g).

Based on redlife vaccination programs$JPV vaccinatiorwasshownto be related to reduced
risk of genital wart483, 84) which isthe first observable HPYelated clinical outcome.
Effectiveness againkigh-grade cervical lesiortsave also beetiemonstrateth Sweden(85,
86), Scotland (87), Australia (88) and US (89) by comparing vaccinated women to
unvaccinated womermisuallywith a stronger protectiofor girls vaccinated aanearlier age.
Recently,a global metaanalysison the populatiodevel impactof HPV vaccinatiorshowed
very promising results otine protectionof HPV vaccination against HPV infections, genital
warts and CIN2+ by comparirtge postvaccination periodo the pre-vaccination periodl17,
90). A herdimmunity effect amondemalepopulation with vaccine coverage over 50¢s
also recorded90). EventhoughHPV vaccinationhas beerprovento be effective against
various HPVrelated outcomeshe effectivenesagainsicervical cancer igery limited.

2.2.2.3 Screeningn HPV-vaccinated cohorts

The performance of screening methadé bemeasured by sensitivity and specificity. In
addition to thatthe positive prediave value (PPV) andNPV are alsamportart indicators of
performancdor a diagnostic tesandtheyareusuallyaffected by the prevalencef diseases
(91). According to theSwedishscreening guidelines, women below age 30 will continue to be
tested with cytologyonsidering the high HPV prevalence among this age g®inge tle
HPV vaccinated women are well protected agaimgh-grade cervicalesions of cervical
cancey a substantial drop the prevalence dfigh-grade cervicalesions is expected when
HPV vaccinated birth cohorts enter the screening prodeitp Decreasecrevalence of
cervical lesiondrom the HPV vaccination program will lower the PPV assuming an unchanged
sensitivity (91, 93, 94) The consequential increase of fatsesitive results might potentigll
increase the diagnostic tespsychological stress for womd@3) and impact pregrancy
outcome (95) if unnecessary treatmeistperformed

In Swedenbirth cohortssaccinatedhrough opportunistielPV vaccination and freef-charge
catchup programwith low or moderate vaccine coveraggave already entered the screening
program When thebirth cohortsvaccinatedthrough schootbasedvaccination program
(coverage over 80%) entitre screening program 2022 this problem will be exacerbated. A
heavy drop in the PPV of the screening test will make cytological screening very inefficient
(93). As acontast,HPV testingncreasegrotection against cervical cancer watl60%-70%
decreasef incidence compared to cytolofiyr women aged 30 and aboide). It also gives a
higher NPVcompared to negative cytology tesgtentiallyallowing extension of screening
interval for women with HPV negative results from screening progéémn

In Scotland, the PPV of cytology for CIN2+ was found to be lower (16%) for vaccinated
women compared to unvaccinated won(@n). Results fronthe Compass trial in Australian



(98) showed an increased detection of CIN2+ by using HPV primary scresmimgared to
using cytology inHPV-vaccinated ioth cohorts and higher but not statistically different
referral rate for colposcodgr HPV-screenedompared to cytologyscreened women

2.3 CERVICAL CANCER PROGNOSIS

Cervical canceaccounts for substantiatorbidity and mortality in women worldwide. The
five-year relative survivabf cervical cancer varies across countries, iartdurope, thdive-
yearrelative survival for women with cervical cancer was arca2fbduring200Q 2007(99).

In Nordic countriesthe five-year relative survivdbr cervical canceranged from 66% to 70%
during 20122016, andvas69% for women in Swedgii00)

2.3.1 Clinical and demographic characteristics

The prognosis of cervical cancer has been shown to be associatedevatial clinical
characteristics such as agancer stageand histopathological featuré®9, 101) Age usually

has a negativeffect on prognosi€9). The clinical stage of cervical canceioften determined

by the clinical featureat the time of diagnosis, and mainly depends on the size of tumor, and
risk of spread tohe pelvis. Itis usudly classified according tthe International Federation of
Gynecology and Obstetrics (FIGSaging systenl02) FIGO stage is strong indicatofor
prognosisof cervical cance(56, 101) and the probability of survival decreases as the stage
increases. In Sweden, mieivasive (Stage IA) represents around 20% of all cases with
younger age of cancer diagnosis and a favoradylear prognosigalmost 100%)Localized
cervical cancer (Stage IB) represents about 40% of all cases and the cure proportidn is 85%
90%. The rest 40% cases are advanced (Stageart they tend to have worsgé&ar survival
(lower than 50%)56). Grade is als@ssociatedvith different clinical prognosi$101) The
uncommonhistological types of cervical cancglnoweda poorer prognosis compared to the
two major typeg56, 101, 103)Otherfactorsincluding elucation(104)andtobacco smoking
(105)were also suggested to be linked vaénvical cancer prognosis.

2.3.2 HPV status and prognosis

Apart from clinical and demographic factdnew HPV in theinvasive cervicalumor tissues
associated withprognosis oncecancer occur has been investigatedhut findings were
conflicting (106-112) Most of the previous studie§106-109) have shown that undetectable
HPV in tumors was associated with poorer prognosis compared tepbi§twe cervical
cancerHowever, some studies reported no difference in prognosis in relation to tumor HPV
status(110, 111) Recently, a study evaluag) the pattern of HPV integration and progiso
(113)showed tht the extent to which the HPWasintegrated cabe an indicator for prognosis
Moreover, specifidtHPV typesmight alsoinfluencethe prognosisof cervical cancerbut the
findingswereinconclusive(106, 107, 114.16)






3 AIMS AND RESEARCH QUESTIONS

This thesisaddressea range of topics associated wgrevention and prognosis of cervical
cancer It aimsto provide scientific evidence on effectivene$she preventive procedures
against cervical cancencluding HPV vaccination and cervical screening, to support the
evidencebased decisiemaking for future screening strategin post HPV vaccination era
andto evaluate HPV iervicaltumors as apotential biomarker for thprognosiof invasive
cervical cancer.

The specifiaesearch questions for eguaiperareillustrated in Figure 3.

Preventive procedures

. Research questions Paper
and prognosis
Is cytology screening associated with risk of
Cervical screening » adenosquamous cell carcinoma and rare histological > |
types of invasive cervical carcinomas?
Prognosis of |What is the association between tumor HPV status and - 1
cervical cancer ] the prognosis of invasive cervical cancer? d
What is the impact of HPV vaccination on screening - M
performance of cytology?
HPV vaccination
Can HPV vaccination effectively prevent invasive - v
cervical cancer? 4

Figure 3.1 Overview of lie thesisand research question for each papeélrv, human
papillomavirus.

11






4 DATA SOURCE AND LINKAGE

4.1 ADVANCING CERVICAL CANCER ERADICATION STRATEGIES (ACCES)

DATABASE

Data utilized in this projeavas based orthe ACCES databaseThe ACCES database wa
establishedn 2006, with the aimto study cervical cancer prevention with focus on HPV
vaccination and cervical screenifidne ACCES database compiledormationfrom Swedish
National Cervical Screening Registry (NKC®ational Cervical CancerAudit Databasg
Swedish population and healthcare registeasagedby National Board of Health and Welfare
(NBHW, Socialstyrelsen), Statistics Sweden (Statistika Centralbyran, SCBheaRdblic
Health Agencyf Sweden (FolkhalsomyndighedgFigure 41). Data were linked at individual
level.Uptonow, the ACCES databakas beenpdated to year 2017, and contimformation

for 7.7 million Swedish women.

Swedish National
Cervical Screening
Registry

Cytological diagnoses

Histopathological
diagnoses

HPV testng results

ACCES Database

National Board of Cervical Cancer

Health and Welfare Audit Database
Prescribed Drug
Register Cervical Cancer

*HPV vaccination by Cases 2002-2011

2011 *Medical records
(histological types,
FIGO stage, ctc)
Patient Register
*Iaboratory data

*Hysterectomy (HPV genotypes)

National Cancer

Register Controls
= CIN3 and cervical *30 year-of-birth
cancer and sex- matched

controls for each
case

*Other cancers

Statistics Sweden

Total Population

Register

*Demographic
information
gdcm‘h/ c@graﬁc’;11 /
immigration, etc)

LISA

*Fducation
*Income

Multi-Generation
Register

*Biological and
adoptive parents

Public Health
Agency of Sweden

Swedish HPV
Vaccination
Register

*TIPV vaccination

2006 - 2015

National

Vaccination

Register

*HPV vaccination
since 2013

Figure 4.1 Framework of Advancing Cervical Cancer Eradication Strategies (ACCES)

database and information used in the included constituent pap®ys humanpapillomavirus.
CIN3, cervical itraepithelial neoplasia grade BGO, International Federation of Gynecology and Obstetrics.

LISA, Longitudinal integration database for heattburance and labour market studies.

4.1.1 Swedish National Cervical Screening Registry (NKCx)

NKCXx is a quality registeryhich aimsto provide evidence base for theevention of cervical
cancelin Sweden. It servess a base for systematical and regsilaveillanceand evaluation

on cervicalscreeningporogramin reducing incidence and mortality of cervical cancer, as well
as adverse events of preventive intervent{@ig). NKCx was established in yea00Q and
has complete coverage oérvical screening in thBwedish female population since 1995.
Laboratories ofcytology and histopathologyn each countyperform the HPV-testing
cytological and histopathological examinations on samples and report to NK&xtelsifihg
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results are also collected from the microbiologicdboratores (118) NKCx captures

invitations tocervicalscreeningandvo mends enti re scr eywlogica,g hi sto
HPV-testing and histological diagnoseboth within organized screening program and
opportunistic screening tests.

4.1.2 The National Cervical Cancer Audit Database

The National Cervical Cancer Audit Database comprised of 4254 confirmed primasivev

epithelial cervical cancer diagnosed during 2Q021 andthirty yearof-birth- and sex

matched controls for each case. All cases were reviewed by a senior gynecologist and histo
pathologist to retrieve the medical records and confirm diagnosesmafion on FIGO stage,

treatment (including hysterectomy, radiation, chemotherapy and palliative care), and
histological classification were availableo r mafliixne d -grabedded ( FFPE) t
di agnostic bl oclks owam&« s¢ d ISwedtgehd Uoroml | conf
canceran@d8bé@2co4an f i r mead ckHBWisd eemboat syepd -r @ m.i b h

I nf or madtPivdety oann d -EH8fPeVrle8 av ai |-lathkgat oveHP¥ses.

4.1.3 Swedish population and healthcare registers
Total Population Register

Individualsresidingin Sweden on a permanent basis (planning to live in Sweden for one year
or more) wereregisteredn the Total Population &jister (TPR) withan assigned Swedish
personal identity numbeP(N) every end of the year since 31 Dec, 1868) TPRcontains

an excerpt from the Tax Agency Population Regmsitea daily basis, and consisfdife events
including date of birth, gender, country afth, death, emigration, immigration to Sweden and
migration within Sweden, etc. THRusually used to identifgt riskpopulation controls, study
population for cohorts, and calculate follayw time.

Swedish Cancer Register

Swedish cancer regist¢BCR) established in year 1958nd maintained by NBHWis a
mandatory reporting register coverithg whole Swedish populatio8ince the mid980s, the
six regional cancer centers have been responsible for the coding and registreiocerif

the notifications are sebiy healthcare provide(120) After verification and correction, it is
sent annually to th&lBHW to be included in th@ationalcancer registefSCR comprises
information of patient data (gender, place of residence at diagnosis), medical data (site of
tumor, histological types, and date of diagnosis), and fellpwlata (date and cause of death,
migraion). Information on cancer stage has been systematicallydeztosince 2004.
International Classification of Diseases fara@logy 3¢ Edition (ICD-O-3) and International
Classification of Diseases (ICD revisiond () wereused for the registtian of site and type

of tumor. TheWHO C24 histopathological code has beased for histological types
classificatiorsince 1958. The underreporting of SSRery low and without major impact for
research and surveillance purpose.
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The Swedsh Multi-Generation register

The Swedish MultiGeneration registefMGR) is part of registration off PR in SCB. It
includes population (index person) born since 1932 onwards and alive by 1961. The register
collects information on parental records of the index person, with information available on
mothers for 97% and on fatisefor 95% of the index perso(i21)

Prescribed Drug Register

The Prescribed Drug Register (PDR) was established in July &t is maintained by the
NBHW (122) It contains information oprescribeddrug utilization and expendituraegith
complete coveraganee it was established. All drug prescripti@eautomaically registered
using Anatomical Therapeutic Chemical (ATC) codes, including vaccine prescriptiicis
arerelevant to this thesisnpatient prescriptions and ovire-counter drugarenot registered
in PDR.

Swedish HPV Vaccination Register

Swedish HPV Vaccination Regist&\(EVAC), initiated by Public Health Agenayf Sweden

in year 2002wasa nationwideegistration oHPV vaccination between 2006 apdl15 It is

a voluntary repoimg register requiring inform consent from the individual or their parent.
Vaccinationis registered anonymously if no inform conserdvailable. This corresponds to a
registration record without PIN, but information on sex, birth year and date of athaciare
registeredin 2012, the anonymous vaccinasam SVEVAC increased in certain counties due
to the change from ofutut to optin informed consent as well as online registration platform
It was estimated that aroud$% - 90% of completedHPV vaccinations were reported in
SVEVAC according to thenumber of vaccine doses so{d23) Around 25% of the
vaccinatios areregisterecanonynouslyin SVEVAC.

National Vaccination Register

The Public Health Agency of Sweden is responsible for the National Vaccination Register
(NVR) (124) Since January 2013, all healthcare professionals were obligated to report
vaccinations administered withthe childhood vaccination program to NVR. Information in
NVR covers date of the vaccination, PIN, vaccine used, batch number and the healthcare
provider responsible for the vaccination. HPV vaccination through the schsetl program

has beerregistere in NVR with identity since 2013 HPV vaccinationdaken within the
vaccinatiornprogramfrom birth cohort 1999 onwards and up to age 2Tecerded in NVR.

Patient register

The patient registdPR)was established in 1964 ahds achievedationwidecoverage since
1987. The register comprises information on hospital discharge, diagnosis and surgical
procedures. Swedish international classification system was used to register the diagnosis
(19641968: ICD7, 19691986: ICD8, 19871996: ICD9, and 199 bnwards: ICB10). The
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register contains patient information on all doctor visits in closed and spec@tierdealth
care. Since 200ut-patient hospital visitfrom both public and private care providéesve
also beenregisteredn the PR Theoverdl coverage ofPR isaround 80% (almost 100% for
public hospital visits125) Data from primary carés not in the registerSince2015, the
reporting to thd®’Rhas beemperformed monthly instead of annually.

Longitudinal integration database for health insurance and labour market studies

The longitudinal integration databaser fhealth insurance and labour market studi¢SA)
database is operated by S@Rd includedndividualsaged 16 and above that were registered
in Swedenduring 19902009 and individuals aged 15 and above since 20(26) The
database integrates data from #wicationalsectors,social sectorand labor marketand
updatesannually with a separated new register. Information in LIS#alohse includes
educationindividual income and family income.

4.2 ETHICAL CONSIDERATIONS AND DATA LINKAGE

The studies included in this thesielargely depended on data frddvedish population and
healthcare registrieln Sweden, the registéased reseah is protected by law, and all projects
should be approved bthe Ethical Review Authority (former thical Review Boards.
Registerbased researds commonlynot deviatel from clinical routine nor involve direct
contact with the study partants, andhereforejnform consent could be waived.

Once the ethical permiior the project is grantediatais sent to SCB and linkeloased on the
SwedishPIN, which was established in 1947 argkrvesas a unique identifier in Swedish
healthcare system as walk many other areas of the socigt®7) The PIN enable linkages
between population regess and largscale medical registers allowing for virtually 100%
complete coverage in Swedish healthcare system. SGB replacesthe PIN by a
correspondingexjuential number befodata isdeliveredfor research purposeDatausage is
under strict regation, and delivereddata can not be used for purp®séher than approval
from theEthical ReviewAuthority. Re-use of data is possibiiethe analysis is within the field
covered by approvabr an amendment of ethical approf@l thatspecificresearch purposse
granted.

All studies included in this thesis weapproved by the Regional Ethl Review Board in
Stockholm.Informed consent from the study participants was/ed due to the population
based nature of the studsthical approvalsetated to this thesis work includBnr 2011/1026
31/4; Dnr 2012/1028/3)nr 02556;Dnr 2011/92132; Dnr 2012/21632; Dnr 2012/14212
and Dnr 2014/2432.
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5 METHODS

An overview of study design, study populatiomin measureamtsand statistical methodsr

each papencluded in the thesis presergedin Figure 51.
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5.1 STUDY DESIGN AND STUDY POPULATION

5.1.1 Nested case-control design

The restedcasecontroldesign which is an extension dhe generatasecontroldesign has
been widely used in epidemiological reseatota nested caseontrolstudy, casesoccuring
within the defined cohodreidentified anda specific numbeof controlsareselected among
population whaohave not yet developed tlikefined diseasat the time of occurrence @
index cas€128) Theselection of cases and contrate incidence density sampliradsocalled
A r iset dampp n @rigure 52), whichallowsfor matchingon time Matchingon other factors
(e.g age and sexjanalsobe applied irsuch alesign to rule out potential confounding effect.

A nested caseontrol design was used paper |

ad ® Case

| O Selected controls

| Censored

RO - NS R U SV RS

Time since entry

Figure 5.2 lllustration of incidence density sampling in nested @as#rol designThe sampling
ratio of cases to controkereis 1:2.

5.1.1.1 Paper |

We aimed to examine the association between cervical cytology screening ané8skaoid

rare histological type®f invasive cervical carcinoma (RICCTases and controls were
identified froma cohort of Swedish women born between 19986 with a followup during
20022011.We included women diagnosed &SC and RICGn=338)and hirty yearof-birth-
matched controldor each casetandomly selected from TPRtilizing incidence density
sampling. All controls were alive, with no history of cervical cancer and living in Sweden
before the cancer diagnosis of their corresponding éaseng those, 449 controigho had

total hysterectomyvere excludegbecauseheywere not atisk of cervical cancefrom that
point in time In total, we included 9691 matched controls.

5.1.2 Population-based cohort design

Cohort studies tradkme from exposure to outcorbetweenrat least twa@roups oindividuals
either pospectively or retrospectively, aadeusually helpful in investigating the incidence or
natural history of diseas€s29) Cohort studiesequire clear and objectiwiefinitions of both
exposure and outcome, aaecommonlyused for examining multiple outcomes after a single
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exposureln such a desigrall participants included (both exposed and unexposed groups)
shoutl be at risk of developing thdiseasesf interest, and importantlfthe unexposed group
should resemble the exposed group in all aspects efarefpte absence of exposurghe
populationbased cohort desigmas used fopapesli, Il & IV.

5.1.2.1 Paper Il

We aimed to evaluate the association between tiRdf status and invasive cervical cancer
prognosis Weincludedinvasive cervical cancer cases diagnosed in Sweden during22Q02
(confirmed as primary invasive epithelial cervical cancer), and with valid HPV results based
on the archived diagnostic blackFigure 53). A total of 2845 cases weliacluded and
prospectively followed ufrom date of cancer diagnosis to 31 December, 2015, migration from
Sweden, or death, whichever occurred first.

4533 women reported as 2932 FFPE blocks of
cervical cancer or unspecified confirmed invasive cervical
uterine cancer during 2002- cancer cases 2002-2011
2011 retrieved
Excluded:
Excluded: 1. Duplicated blocks (n=23).
1. Not primary invasive cervical cancer Ve X ~
based on medical charts review (n=279) 2909 FFPE blocks eligible for
a. Not primary cervical origin (n=169) HPV genotyping and Beta-
b. Not epithelial (n=36) globin (both case-blocks and Excluded:
c. Not invasive (n=62) blank-blocks) 1. Technical issue/Invalid blocks (n=15)
d. Reocurrence (n=12) — a. Case-block Beta-globin negative
(n=4)
b. Blank-block HPV and/or Beta-
Y ~ globin positive (n=11)
2. Not invasive cervical cancer based
4254 women confirmed as 2850 FFPE blocks with valid on hispathologist re-review for HPV
invasive cervical cancer HPV genotyping results negative blocks from sectioning (n=44)
2850 women with invasive cervical
cancer and HPV genotyping results
eligible for the study cohort
Excluded:

1. Cancer diagnosis at autopsy with
date of cancer diagnosis later than or
equal to death date (n=5)

Follow-up

2845 women with valid results for
study analysis

Figure 5.3 Study population for gger Il. HPV, humarpapillomavirus; FFPE, formalifixed paraffin
embedded.

5.1.2.2 Paper Il

The aim wago examine how HPV vaccination woudtfectthePPVof cytology. Weidentified
women born betweeib989 and 1993whowereresident in Sweden since the introduction of
HPV vaccination (October, 2006) and eligible for screening. Among those, we included
women whoattended cervical screening at agea®8 hadvalid histopathological diagnosis
based omecordsrom NKCx (Figure 54).
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HPV vaccination coverage analysis

Positive predictive value (PPV) analysis

[

Girls born between 1 Jan 1985 and 31 Dec 1999
(N=1,042,944)

Excluded:
1. Immigrated after the introduction of HPV vaccine (n=205,167)
«|2. Emigrated before introduction of HPV vaccine (n=36,950)

Y

Birth cohorts 1985-1999 eligible for analysis of HPV
vaccination coverage (n=796,014)

7|3. Died before introduction of HPV vaccine (n=3,040)
4. Loss of follow-up before introduction of HPV vaccine (n=1,772)
5. Invalid date of vaccination (n=1)

Excluded:
1. Birth cohort 1985-1988 (n=212,812)
4 |2. Birth cohort 1994-1999 (n=287,416)

[

Birth cohorts 1989-1993, and eligible for screening program

713. Emigrated before age 23 (n=3,278)
4. Died before age 23 (n=481)
5. Loss of follow-up before age 23 (n=18)

(n=292,009)
T Excluded:
v 1. Did not attend cervical screening at age 23 (n=13,752)

2. Invalid screening results (n=7)
Birth cohorts 1989-1993, and screened at age 23
(n=153,250)
! ! |
High-grade cytology Low-grade cytology Normal cytology
(n=2,729) (n=18,094) (n=132,427)

Excluded:

Excluded:

I1. Emigrated or died after screening
“land before biopsies (maximum 6
months after cytology) (n=7)

o|1. Emigrated or died after screening
“land before biopsies (maximum 12
months after cylology) (n=86)

Y

Birth cohorts 1989-1993 eligible for PPV analysis
(n=153,157)

Figure 5.4 Study population forgperlll. HPV, human papillomavirus.

5.1.2.3 Paper IV

To investigatethe association between HPV vaccination and risk of invasive cervical cancer,

we includeda cohort ofwomenage 150 30 duing 20062017 (Figure 55). The entry of the
study was defined asther age 15 or 1 Jan, 2006 whichev@melast. We excluded vwmen

who immigrated t&Sweden after 1 Jan, 2006, died, emigratedeye lost tdollow-up before
entry of the studyand womerwith a diagnosis ofhvasive cervical cancer before entioythe

cohort.We followed all eligible participantsrospectivelyto a diagnoss of invasive cervical
cancey deathemigration,31% birthday or 31 December, 2017 whichezamefirst.

Figure 5.5 Study population forgper IV.
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