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Dedicated to my late maternal grandmother Shen Su Ying' iR %.
Like so many others, you were taken away too early by cervical cancer.

Thank you for awakening my pursuit to do something about it.



“The world is full of what seem like intractable problems. Often we let that paralyse us.

Instead, let it spur you to action.”

— Melinda French Gates



Summary

Cervical cancer is worldwide a common yet preventable cancer. Several decades of clinical practice and
research have led to practical screening tools for detecting potentially cancerous and early-stage
cervical abnormalities and, more recently, the development of prophylactic vaccines against the causal
agent Human Papillomavirus (HPV). These prevention tools have significantly reduced cervical cancer
incidence and mortality in high-income countries (HIC) and have great potential to eliminate cervical
cancer globally. The World Health Organization (WHO) has called for cervical cancer elimination by
vaccinating at least 90% of girls by age 15, screening 70% of women by age 35 and treating 90% of
women with cervical disease. However, issues in access and uptake of HPV vaccinations persist in many
populations, including in HIC, and most of the current global adult population remains unvaccinated
against HPV. Screening, therefore, remains the most critical prevention mechanism. Screening is
offered in almost all HIC. Screening with cytology, however, has reached its limit in further reducing
the incidence of cervical cancer due to its highly variable performance and will be challenged by
increasingly vaccinated cohorts. Recent advances in HPV research have led to an increasing number of
available diagnostic tools and uncertainties regarding the impact on screening and follow-up retention,
requiring re-evaluation to maintain screening effectiveness. This thesis investigates two aspects of
cervical screening, including optimal screening methods and patient adherence behaviours to follow-

up within a HIC context.

Germany has offered longstanding and opportunistic annual cytological screenings since 1971. Despite
its historical successes in reducing incidence and mortality, the incidence has since plateaued, with a
substantial number of missed cancers still occurring, calling for better screening tools and improved
quality assurance. Detection of HPV infection has surfaced as an effective and superior tool for
screening. It has been implemented as a primary screening tool in several countries, such as the
Netherlands, the United Kingdom and Australia. However, it has only recently been integrated into the
German screening system as a concomitant test (co-test) to cytology. International and WHO
guidelines recommend HPV testing as the preferred primary (stand-alone) screening tool, but direct
evidence comparing it to co-testing is lacking. Using a population-based sample of screened women,
the first study in this thesis compared screening performance by stand-alone HPV testing and co-
testing as well as combinations with various tools. The results of this study demonstrated favourable

harm-benefit outcomes by HPV testing stand-alone. The performance of HPV testing stand-alone was



equivalent to co-testing using liquid-based cytology and superior to co-testing with conventional

cytology.

After a positive screening result, a diagnostic follow-up assessment to further determine, manage, or
treat any abnormality is crucial to maintaining screening effectiveness. This forms one of the first critical
assessments for patient management in the screening algorithm, designed to appropriately safeguard
at-risk women and aptly discharge those at no or low risk. In cervical cancer screening, colposcopy
constitutes the follow-up diagnostic assessment. Adherence to such referrals is a critical quality
assurance indicator. Given the recent shift towards HPV-based screening worldwide, it was also unclear
whether HPV testing would influence follow-up adherence. The second study within this thesis
determined the rate of adherence to diagnostic follow-up, whether this is impacted by HPV status and
which additional factors lead to attendance or lack thereof. The results revealed a substantial non-
attendance rate of up to 30% and the affirmative influence of a positive HPV screening result on
colposcopy attendance. Moreover, the results revealed several barriers for the patient, such as lack of

time or need for childcare support.

These findings identify two areas for improvement in the current German cervical cancer screening
programme. While integrating HPV testing as a co-test is an improvement for screening programmes,
a better balance of benefits and harms is likely when it is used as a primary screening tool. Furthermore,
adherence to follow-up after a positive screening result must be improved to maximise the effects of
screening. These issues can be addressed through quality-assured modern methods, appropriate
triage and education efforts of all patients and relevant stakeholders involved with screening. Further
post-implementation research and evaluation of HPV-based testing strategies on a population-level
are necessary to fully capture the effect of this screening tool and to assess aspects that may enhance

or jeopardise the effectiveness of such a screening programme.



Zusammenfassung

Gebarmutterhalskrebs ist weltweit eine héufige, aber vermeidbare Krebsart. Mehrere Jahrzehnte
klinischer Praxis und Forschung fihrten zur Entwicklung wirksamer Screening-Methoden zur
Friherkennung von Zervixkarzinomen und auch derer prakanzerosen Vorstufen. Ebenso flhrten
Erkenntnisse der Karzinogenese durch bestimmte Hoch-Risiko humane Papillomaviren (HPV) zur
Entwicklung prophylaktischer Impfstoffen gegen HPV. Die Einflihrung beider PraventionsmaBnahmen
senkte die Inzidenz und Sterblichkeit von Gebarmutterhalskrebs in Landern mit hohem Einkommen
(HIC) bereits deutlich. Die Weltgesundheitsorganisation (WHO) hat dazu aufgefordert,
Gebarmutterhalskrebs zu eliminieren, indem mindestens 90% der Mddchen bis zum Alter von 15 Jahren
geimpft, 70% der Frauen bis zum Alter von 35 Jahren untersucht und 90% der Frauen mit
Gebarmutterhalskrebs behandelt werden. Es besteht allerdings noch ein groBes Potenzial bei der
bevdlkerungsdeckenden Umsetzung, da viele Bevdlkerungsgruppen, auch in den HIC, nach wie vor
Probleme mit dem Zugang und der Akzeptanz von HPV-Impfungen haben, und der groBte Teil der
erwachsenen Weltbevolkerung noch nicht gegen HPV geimpft ist. Daher bleibt die Friiherkennung die
wichtigste PraventionsmaBnahme. Screening wird in fast allen HIC angeboten. Das zytologische
Screening hat jedoch seine Grenzen erreicht, um die Inzidenz von Gebarmutterhalskrebs weiter zu
senken, da seine Zuverlassigkeit stark schwankt und es durch zunehmend geimpfte Kohorten in Frage
gestellt wird. Die jlingsten Fortschritte in der HPV-Forschung fiihrten zur Einflihrungen vieler neuer
diagnostischer Instrumente, die Auswirkungen auf das Screening und die Einhaltung der
Nachuntersuchungen ungewiss sind. Neue Bewertungen sind erforderlich, um die Wirksamkeit des
Screenings zu erhalten. In dieser Dissertation werden zwei Aspekte von Gebarmutterhalskrebs-
Screeningprogramm untersucht, darunter eine Analyse der optimalen Screening-Methoden und das

Verhalten der Patientinnen bei der Nachsorge im Rahmen der HIC.

In Deutschland werden seit 1971 jahrliche zytologische Screenings angeboten. Das Screening basiert
auf einem opportunistischen Modell. Trotz der historischen Erfolge bei der Senkung der Inzidenz und
der Gesamtmortalitat hat sich die Inzidenz seither auf einem Plateau stabilisiert, wobei immer noch
eine betrachtliche Anzahl von Krebserkrankungen (bersehen wird, was eine verbesserte
Qualitatssicherung erforderlich macht. Der Nachweis einer HPV-Infektion hat sich als wirksames und
Uberlegenes Instrument flr das Screening erwiesen und wurde in mehreren Landern wie den
Niederlanden und Australien als priméares Screening-Instrument eingefiihrt. Dennoch wurde dieses erst

vor kurzem in das deutsche Screening-System als Kombinationstest zusammen mit der Zytologie



integriert (Co-Testing). In internationalen Leitlinien wird der HPV-Test als bevorzugtes primares
(eigenstandiges) Screening-Instrument empfohlen, aber es fehlen direkte Vergleichsdaten zu Co-
Testing. Anhand einer bevdlkerungsbasierten Stichprobe von Frauen, die einem Screening unterzogen
wurden, verglich die erste Studie in dieser Dissertation die Screening- Genauigkeit von alleinigen HPV-
Tests und oder als Co-Tests sowie von Kombinationen mit verschiedenen Instrumenten. Die Ergebnisse
dieser Studie zeigen ein optimales Nutzen-Schaden-Verhaltnis fir den HPV-Test als eigenstdndige
Methode. Die Leistung des eigenstandigen HPV-Tests war gleichwertig mit der eines Co-Tests mit

flissigkeitsbasierter Zytologie und besser als die eines Co-Tests mit konventioneller Zytologie.

Nach einem positiven Screening-Ergebnis ist eine diagnostische Nachuntersuchung zur weiteren
Bestimmung, Behandlung oder Therapie von Auffalligkeiten entscheidend fiir die Aufrechterhaltung
der Wirksamkeit des Screenings. Dies ist eine der ersten wichtigen Beurteilungen fiir das
Patientenmanagement im Rahmen des Screening-Algorithmus, der darauf abzielt, gefahrdete Frauen
angemessen zu betreuen und Frauen ohne oder mit geringem Risiko bei unndtigen
Nachuntersuchungen auszuschlieBen. Beim Gebarmutterhalskrebs-Screening stellt die Kolposkopie
die diagnostische Folgeuntersuchung dar. Die Einhaltung der Nachuntersuchung ist ein wichtiger
Qualitatssicherungsindikator. In Anbetracht der jlingsten Verlagerung auf HPV-basiertes Screening
weltweit ist noch unklar, ob der HPV-Test die Adhérenz bei der Nachuntersuchung beeinflussen wiirde.
In der zweiten Studie im Rahmen dieser Dissertation wurde untersucht, wie hoch die Adharenz an der
diagnostischen Nachsorge in Deutschland ist, ob diese durch den HPV-Status beeinflusst wird und
welche zusatzlichen Faktoren zur Teilnahme oder Nichtteilnahme fiihren. Die Ergebnisse zeigten eine
erhebliche Nichtteilnahmerate von bis zu 30%. Ein positives HPV-Screening-Ergebnisses erhdhte die
Wahrscheinlichkeit auf die Teilnahme an einer Kolposkopie. Darliber hinaus zeigte die Studie mehrere
Barrieren fir Patientinnen auf, darunter Zeitmangel oder Bedarf an Unterstlitzung bei der

Kinderbetreuung.

Diese Ergebnisse zeigen zwei Bereiche auf, in denen das derzeitige deutsche Gebarmutterhalskrebs-
Screeningprogramm verbessert werden kann. Wahrend die Integration des HPV-Tests als Co-Test eine
Verbesserung fir die Screening-Programme darstellt, aber ein besseres Verhaltnis zwischen Nutzen
und Schaden ist eher zu erwarten, wenn er als primares Screening-Instrument eingesetzt wird.
AuBerdem muss die mangelnde Einhaltung der Nachsorge nach einem positiven Screening-Ergebnis
verbessert werden, um die Wirkung des Screenings zu maximieren. Diese Herausforderungen kénnen
durch moderne, qualitatsgesicherte Methoden, eine angemessene Triage und AufklarungsmalBnahmen

fur alle Patientinnen und all am Screening beteiligten Stakeholder angegangen werden. Weitere

v



Untersuchungen nach der Einfihrung von HPV-basierten Teststrategien sind notwendig, um die
verschiedenen Aspekte, die die Wirksamkeit eines solchen Screening-Programms verbessern oder

gefdhrden kénnen, vollstandig zu erfassen.
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Introduction

1 Introduction

Cancers of the cervix are among the most common cancers in women worldwide. Globally in 2020, 9.2
million new cancer cases were diagnosed among women, and approximately 604,000 cases (6.5%) were
due to cervical cancer, making it the fourth most common cancer in women (Ferlay et al., 2020). It is
the second most common cancer in women of reproductive age 15 to 45 years, peaking at around 40
years of age (Arbyn et al,, 2020). The global age-standardised rate (ASR) for incidence is 13 per 100,000
women, but this varies significantly between and within geographic regions (Singh et al., 2023). Most
of the burden of cervical cancer arises from premature deaths (Global Burden of Disease Cancer
Collaboration, 2017), particularly in low- and middle-income countries (LMIC) where higher rates are

correlated with poorer human development index (HDI) outcomes (Huang et al., 2022).

In resource-rich and high-income countries (HIC), incidence and mortality rates were also historically
high. However, until the latter half of the 20" century, the implementation of cervical screening
practices led to significant decreases in incidence and mortalities, albeit with stagnating rates in the
last three decades (Zhang et al., 2021). For example, the cervical cancer incidence rates during the
1970s in Germany and the Nordic countries were 23 to 38 per 100,000 women, decreasing to 10 per
100,000 women in the early 2000s and subsequently plateauing (Robert Koch-Institut, 2016). Despite
such remarkable historical decreases in morbidity and mortality, a plateaued rate in Germany translates
to roughly 4,300 cervical cancer diagnoses and 1,600 associated deaths annually, many of which were
diagnosed in women that were still of working age (Robert Koch-Institut & Gesellschaft der
epidemiologischen Krebsregister in Deutschland e.V., 2021). Some of these diagnoses also occurred at
advanced stages, highlighting issues within the screening system and practices. Moreover, in some HIC
with long-standing screening, such as Sweden and the United Kingdom, an increase in cervical cancer
incidence among women aged below 50 years has recently been observed (Huang et al., 2022; Singh

1
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et al, 2023). Without any early intervention, the physical, economic and social burdens of cervical
cancer are substantial (Ginsburg et al.,, 2017; Shah et al., 2020). These recent findings add impetus to
address cervical cancer as a relevant and current public health issue and further investigate deficiencies

in available prevention methods.

Particular breakthroughs in basic sciences research, epidemiology and public health, which range from
the microscopic examination of cervical cells and the discovery of the causative agent human
papillomavirus (HPV), have enabled the development of effective primary and secondary prevention
measures. Implementation of these has been possible due to extensive research in public health policy
(Goldie et al., 2006). Apart from cervical cancer screenings for cytological abnormalities, these measures
include prophylactic vaccination against high-risk HPV (hrHPV) types associated with cervical cancer
and screening for HPV infections. Screening for early disease also enables early treatment of cervical
abnormalities, which could develop into invasive cervical cancer. These three measures (vaccination,
screening, treatment) of the cancer care continuum form the primary pillars of the World Health
Organization’s (WHO) 2020 strategy towards cervical cancer elimination: to fully vaccinate 90% of girls
against hrHPV by age 15 years, to screen 70% of women by a high-performance test twice between
the ages 35 and 45 years, and to ensure that 90% of women identified with cervical disease receive
appropriate treatment (World Health Organization, 2020). This elimination strategy aims to reduce the
incidence to an ambitious global threshold of 4 new cases per 100,000 by 2030, setting a high standard

even when primary and secondary prevention measures are available.

Since 2007, prophylactic vaccinations have been rolled out in many HIC, leading to some reductions in
precancerous lesions and cancers (Falcaro et al, 2021; Lei et al, 2020). However, issues persist
regarding the uptake and completeness of the recommended two to three doses immunisation
schedule (Bruni et al, 2021). Uptake issues can be addressed by scaling up vaccine programmes,
including catch-up vaccinations for older cohorts of young women (Simms et al., 2019). Recently, a
single dose of the HPV vaccine demonstrated similar levels of protection compared to two and three
doses across several randomised controlled trials (RCTs) within a systematic review, highlighting
optimised approaches to improve coverage (Markowitz et al, 2022). This was supported by the
updated WHO recommendation in December 2022, which accepts a single dose as part of the

immunisation schedule (World Health Organization, 2022). The impact of increased vaccination
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coverage on population-wide incidence and mortality will, however, only become apparent in many
decades (Lei et al., 2020; Simms et al., 2019), and much of the target population at risk of cervical cancer
(women aged 30 years and above) remains ineligible for vaccination, which is most effective before
the initiation of sexual activity. The available vaccines also do not cover all hrHPV types, so HPV-
vaccinated and HPV-unvaccinated cohorts remain at risk. Therefore, the second pillar of screening is

vital to accelerate the prevention of avertible cases.

Screening aims to decrease incidence and mortality by swiftly detecting and treating potential
(precancerous) lesions and cervical cancers. Therefore, to render the effectiveness of such screening,
eligible populations must have adequate access to screening, and among those with screen-detected
abnormalities, be monitored and treated where necessary within a screening algorithm. Cervical cancer
screening is offered in almost nine out of ten HIC (Bruni et al., 2022). For these countries, several
challenges persist, especially regarding disparities in screening coverage, retention in follow-up (the
screening algorithm) and quality assurance. In HIC such as Germany, access is less of a major issue due
to the availability of annual cytological screenings, which were established in 1971 (Leitlinienprogramm
Onkologie (Deutsche Krebsgesellschaft et al., 2020). In a three year period, screenings were accessed
by up to three-quarters of the eligible population (Klug et al., 2010), comparable to neighbouring
countries with organised programmes (Bruni et al, 2022). The significant challenges beyond this
‘baseline’ of access to screening thus concern inaccurate screening tools, sparse information

dissemination leading to poor follow-up care and lack of quality assurance (Hillemanns & Iftner, 2020).

Additionally, there are fast-evolving technologies, various screening strategies, emerging tools, and
information dissemination approaches to consider within the screening algorithm (Anttila et al., 2015;
Ronco et al., 2015). Shortcomings in any of these areas likely explain the plateauing incidence.
Therefore, more research into the inadequacies within screening programmes is necessary in order to
reach the WHO's elimination goals. This thesis, therefore, focuses on optimal screening strategies for
improved detection and patient adherence behaviours within the screening algorithm. Chapter 1 aims
first to give background to the cervix and its vulnerabilities and the aetiology, epidemiology and natural
history of cervical dysplasia. This background highlights prevention possibilities and failures in care
within a cervical cancer screening algorithm. The research gaps questions lay the groundwork for the

two published studies conducted:
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Study 1: Liang, L. A, Einzmann, T,, Franzen, A., Schwarzer, K., Schauberger, G., Schriefer, D., Radde, K.,
Zeissig, S. R, lkenberg, H., Meijer, C. J. L. M,, Kirkpatrick, C. J., Kélbl, H., Blettner, M., & Klug,
S. J. (2021). Cervical Cancer Screening: Comparison of Conventional Pap Smear Test, Liquid-
Based Cytology, and Human Papillomavirus Testing as Stand-alone or Cotesting Strategies.
Cancer Epidemiology, Biomarkers & Prevention, 30(3), 474-484.
https://doi.org/10.1158/1055-9965.Epi-20-1003

Study 2: Liang, L. A, Zeissig, S. R., Schauberger, G., Merzweiler, S., Radde, K., Fischbeck, S., Ikenberg,
H., Blettner, M., & Klug, S. J. (2022). Colposcopy non-attendance following an abnormal
cervical cancer screening result: a prospective population-based cohort study. BMC
Women's Health, 22(1), 285. https://doi.org/10.1186/s12905-022-01851-6

Chapter 2 describes the methodological approaches of these studies. The results of these
investigations and the contributions are summarised in Chapter 3. Finally, these studies are discussed
in detail within Chapter 4 with future implications for cervical cancer prevention measures in the 215

century.

1.1 Aetiology and epidemiology

1.1.1 The cervix: Anatomy and physiology

The anatomical term cervix stems from Latin roots and refers to “the neck” or “the nape” of the female
reproductive organ, the uterus. The uterus is roughly pear-shaped and consists of the fundus
(connecting to the fallopian tubes), the body (corpus) and the cervix. The cervix connects the uterine
cavity to the vagina and consists of the inner canal (endocervix) and outer lips (ectocervix), meeting at
the opening known as the external os. Due to its location and cylindrical shape, the cervix requires an
intrusive and thorough investigation for disease screening and obtainment of smears for further

morphological and molecular assessment (World Health Organization, 2014).

Histologically, the ectocervix is lined by a transparent squamous epithelium, while a singular layer of
columnar epithelium lines the endocervix (or endocervical canal; Figure 1). Within the squamous
epithelium, four layers exist: the superficial and intermediate cell layers, parabasal and basal cell layers,

and meet the basement membrane lining. As for the endocervix, finger-like crypts or glands branch
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out within the ridged endocervical canal, where the mucin secretion provides a protective barrier for

the uterus (Figure 1). These glands extend up to 5mm deep (Prendiville & Sankaranarayana, 2017).

The point at which the squamous and columnar epithelium meet is known as the squamocolumnar
junction (SCJ). This mucosal junction rotates outward in a migratory fashion (eversion) depending on
age and significant physiological changes during the woman'’s lifetime, namely puberty and pregnancy.
At menarche and during reproductive age, the columnar cells of the original SCJ gradually become
replaced with a new layer of squamous epithelium, a natural process called squamous metaplasia. This
replacement is made possible due to the acidic environment of the vagina whereby the exposed single-
layered columnar epithelium becomes irritated, and the elongation of the endocervical canal occurs

due to oestrogen secretion (Prendiville & Sankaranarayana, 2017). Consequently, a new SCJ is formed.
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Figure 1. Anatomy of a normal cervix; reprinted with the permission

of Blumenthal and McIntosh (2005)
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The most critical area for proper assessment and, if necessary, treatment is defined as the area between
the original location of the SCJ and the new SCJ, known as the transformation zone (TZ). The anatomy
and physiology here are essential to note since almost all precancerous lesions and cancers of the
cervix are found in this zone (Burghardt & Ostor, 1983). This area is also considered most susceptible
to HPV infections (Soares et al., 2019), akin to other mucosal junctions, including the oropharynx and
anus, which are also susceptible to HPV and other sexually transmitted infections (STls) such as human
immunodeficiency virus (HIV) (Doorbar & Griffin, 2019; Herfs et al.,, 2011). Because of these transitions
and the structure of the glands within the ectocervix and endocervix, proper sampling of the area with
the appropriate tools during screening, dependent on the woman'’s age and reproductive history, is
crucial to provide an accurate picture of the disease status (World Health Organization, 2014).

Furthermore, adequate visualisation and determination of the TZ by the smear-taker are essential.

The historical successes in reduced cervical cancer incidence and mortality are due to mass cytological
screenings of the cervix (Meggiolaro et al., 2016; Peirson et al,, 2013; Vaccarella et al., 2013). Such
screenings began as early as the 1920s when novel clinical research was presented on vaginal smears
taken from cancers of the uterus (Babes, 1928; Papanicolaou, 1928). Subsequently, carcinomas in situ
of the cervix were proposed to be the preceding stages of invasive cervical cancer (Reagan & Hicks,
1953). These findings devolved into a simple detection method of early asymptomatic stages of cervical
cancer by obtaining cervical smears and observing morphological changes under the microscope,
which spurred the beginnings of cytopathology and screening with the so-called Pap smear test

(Papanicolaou, 1928, 1942; Papanicolaou & Traut, 1941).

Since the 1960s, the Pap smear and subsequent cytological evaluation have become the standard
screening method for cervical cancer in many countries, predominantly in HIC (IARC Working Group
on the Evaluation of Cancer-Preventive Interventions, 2022). Although this intervention was not based
originally on epidemiological trials with quantitative evidence, several randomised trials and pooled
observational analyses subsequently confirmed the consistent and positive impact of cytological
screenings on the incidence and mortality of cervical cancer (Peirson et al., 2013; Sankaranarayanan et
al., 2005; Sankaranarayanan et al.,, 2009). In parallel to mass cytological screenings, discovering HPV

and its types were significant breakthroughs for cervical cancer prevention measures.
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1.1.2 The role of Human Papillomavirus (HPV) and other factors

In 1838, the proposal of cell theory in both animals and humans propelled microscopic investigations
of harmless skin ‘tumours’ (warts) into routine medical practice, emerging as the practice of tumour
pathology (Hajdu, 2012). Following the discovery of viruses as infectious agents in the late 19" century
(Beijerinck, 1898; Ivanovsky, 1892), tumour virology research on canine warts began (Ciuffo, 1907;
McFadyean & Hobday, 1898), revealing the connection between papillomaviruses, the viral agent
causing warts in mammals, and carcinogenic tumours (Olson & Cook, 1951; Olson et al.,, 1959; Rous &
Beard, 1934; Shope & Hurst, 1933). Investigations into human papillomaviruses began in the 1920s
due to the cosmetic rather than medical concerns of human warts (IJARC Working Group on the
Evaluation of Carcinogenic Risks to Humans, 2007). During this period, significant observations
transpired with the discovery of the viral aetiology of human warts (Lutz, 1946; Strauss et al., 1949) and
human papillomaviruses (Melnick, 1962; Rowson & Mahy, 1967). Consequentially, the causal role of
human papillomaviruses (HPV) in squamous cell carcinomas of the skin was demonstrated in the 1970s

(Jablonska et al., 1972; Orth et al,, 1979; zur Hausen, 1977; zur Hausen et al., 1974).

Further investigations into genital warts (condylomata acuminata) aetiology led to the discovery of a
multitude of HPV types (Gissmann & zur Hausen, 1976; Orth et al, 1977) in both condylomata
acuminata (Gissmann et al., 1982; Gissmann & zur Hausen, 1980) as well as cervical cancers (Boshart et
al., 1984; Durst et al., 1983). Shortly after, it became apparent that the generation of a vaccine against
HPV was possible (Zhou & Frazer, 1991; Zhou et al, 1991), and extensive epidemiological studies
eventually confirmed specific HPV types as significant risk factors for cervical cancer (Bosch et al.,, 1995;
Mufoz et al,, 1992), enabling targeted approaches for prevention. With the turn of the 21t century,
HPV was understood to be a necessary but not sufficient cause of cervical cancer (Bosch et al,, 2002).
Since these critical discoveries, our understanding of HPV has quickly expanded. HPV is a profoundly
common sexually transmittable agent contributing to various anogenital and oropharyngeal cancers,
including those of the vulva, anus and penis. However, infections with HPV are predominantly
attributable to cervix cancers (de Martel et al., 2017). After Helicobacter pylori, HPV is the next most

common cancer-attributable pathogen worldwide (de Martel et al., 2020).
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1.1.2.1 HPV structure and functions

HPV is a non-enveloped, circular, double-stranded deoxyribonucleic acid (DNA) virus consisting of
approximately 8000 base pairs (zur Hausen, 2002). A protein capsid encloses the virus, and depending
on the HPV type, the genome is arranged into three regions containing DNA sequences on a single

DNA strand. Among these are two coding regions: the early (E) and late (L) regions.

The E region comprises several encoding proteins or oncogenes (E1, E2, E4, E5, E6 and E7). Oncogenes
E1 through to E5 replicate, assemble and regulate transcription of sequences during an infectious cycle,
while E6 and E7 down-regulate tumour suppressor proteins (p53 and pRB), disabling cell apoptosis
and cell cycle arrest, thus allowing infected cells to proliferate. In hrHPV types, E5, E6 and E7 are key
oncogenes in cervical carcinogenesis. Breakthrough studies in the late 1990s showed that E6 and E7
proteins determine the phenotype expression of cervical cancer cells, and it appears their continued
expression drives cell proliferation (IARC Working Group on the Evaluation of Carcinogenic Risks to
Humans, 2012; von Knebel Doeberitz et al., 1994; von Knebel Doeberitz et al., 1992). Furthermore, E7
enables the overexpression of the tumour suppressor protein p16-INK4A, also known simply as p16
(Khleif et al, 1996; von Knebel Doeberitz et al., 1992), as well as other genes resulting from cell
proliferation, Ki-67 (Wentzensen et al., 2012). E5 also appears to play a crucial and versatile role in
cervical carcinogenesis. In HPV 16, E5 allows uncontrolled cell growth via stimulation of vascular
endothelial growth factor (VEGF) (Straight et al., 1993) and aids in avoiding the immune clearance of

infected cells (Ashrafi et al., 2005).

The L region comprises the major (L1) and minor (L2) capsid proteins necessary for virus transmission.
L1 can form virus-like particles (VLP) that are gene-less capsid shells, which can induce neutralising
antibody responses (Neeper et al., 1996). A third non-coding region, the upstream regulatory region
or long control region, contains the necessary elements that control the expression of the E and L

regions.

HPV belongs to the family of papillomaviruses, with approximately 200 HPV types classified to date
(Mihr et al,, 2018). There are currently 13 HPV types of importance: HPV 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59 and 68. The basis for oncogenic risk assessment between the types depends on the

pathogenesis of the virus. The International Agency for Research on Cancer (IARC) distinguishes these
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types into carcinogenic to humans (Group 1), probably carcinogenic (Group 2A), and possibly
carcinogenic (Group 2B; Table 1) (IARC Working Group on the Evaluation of Carcinogenic Risks to
Humans, 2012). While virtually all cervical cancers (99.7%) are attributed to these 13 hrHPV types (IARC
Group 1 and 2A) (Arbyn et al.,, 2014; Walboomers et al., 1999), each HPV genotype contributes varyingly
to the risk of cervical cancer. For example, HPV 16 and HPV 18 account for 70% of all invasive cervical
cancer (ICC) diagnoses and types 31, 33, 35, 45, 52 and 58 contribute to a further 18% of cervical
cancers (de Sanjose et al., 2010; Smith et al,, 2007). There are also low-risk types, but these are not
classifiable as carcinogenic to humans (Group 3: HPV 6, 11) as they are associated with benign
condyloma acuminata and not with malignant cervical cancer (Garland et al, 2009). These risk

stratifications are essential for diagnostic and screening purposes.

Table 1. HPV types and their carcinogenicity for cervical cancer as classified by the IARC?

Group 1 2A (probable) 2B (possible)
HPV type(s) 16, 18, 31, 33, 35, 39, 68 26, 30, 34, 53, 66, 67,
45,51, 52, 56, 58, 59 69, 70, 73, 82, 85, 97

@ |JARC Working Group on the Evaluation of Carcinogenic Risks to Humans, 2012
IARC: International Agency for Research on Cancer.

1.1.2.2 HPV life cycle and the cervical dysplasia pathway

HPV exposure

HPV replicates exclusively in squamous epithelia. It is assumed that HPV virions penetrate the
epithelium via microabrasions or tears at the basal or metaplastic epithelium of the SCJ. The underlying
mechanisms for why the SCJ is most susceptible to HPV infections are unsettled (Doorbar & Griffin,
2019). It is currently proposed that the susceptibility to infection and potential resulting neoplasia are
enabled via special stem cells existing below the columnar epithelium: reserve cells (Martens et al,

2009) or reserve-like cells, also known as discrete cell populations (Herfs et al., 2012). These special
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cells function to remodel the cervix actively via squamous metaplasia but also appear to be bipotent,
partaking in dysplastic epithelial proliferation after exposure to HPV (Doorbar & Griffin, 2019). Once
HPV virions infect these special stem cells, they undergo cell division based on the expression of HPV
E1 and E2 oncogenes. These infected basal cells mature, reproduce and extend within the various
intraepithelial strata upwards towards the parabasal and more superficial epithelial layers with the help
of early and late oncogenes, mainly E5, E6 and E7. Once virions have breached the epithelium and viral

expression occurs, infected cell reproduction occurs.
HPV infection: acquisition and viral clearance

HPV is remarkably infectious and considered more transmissible than other STIs (Bruni et al., 2010;
Burchell et al., 2006; de Sanjosé et al., 2007). It is estimated that the lifetime probability of HPV exposure
is very high, from 70 to 80% (Bekkers et al., 2004) and up to 90% in some populations (Chesson et al.,
2014). HPV prevalence is high in young women (below 25 years) at around 24% and declines linearly
until middle age (Bruni et al., 2010). HPV acquisition generally occurs within several months following
sexual debut and is also associated with multiple sexual partners, common among younger women

(Castellsagué et al., 2014; Winer et al., 2003).

Persistence

— ]

Progression

Acquisition

— Invasion
fr——
Clearance / Regression
disappearance
Squamous / glandular SCC/AC/ASC

precancerous lesions
Mild cervical

abnormality

AC: Adenocarcinoma; ASC: Adenosquamous carcinoma; CIN: Cervical intraepithelial neoplasia; HPV:
Human Papillomavirus; ICC: Invasive cervical cancer; SCC: Squamous cell carcinoma.

Figure 2. The natural history model of the cervical dysplasia pathway; adapted from Schiffman and
Wentzensen (2013) and Gravitt and Winer (2017)
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Figure 2 depicts the natural history model of the cervical dysplasia pathway. HPV may be acquired after
exposure to an HPV-infected sexual partner and HPV reproduction can take weeks to months. The
observed doubling time for an HPV infection in a large case-cohort study was 284 days, ranging from
188 days for hrHPV type 56 to 409 days for hrHPV type 18 (Depuydt et al., 2012). HPV acquisition does
not always result in concurrent cytological abnormalities or carcinogenesis and can be detected with
or without mild cervical dysplasia. One explanation for this may be due to the role of viral load in the

formation of cytological abnormalities (Depuydt et al., 2009).

Within two years of acquiring HPV, over 90% of women ‘clear’ the infection (Mufioz et al., 2004;
Woodman et al.,, 2001). The ability to ‘clear’ the infection depends on age, viral load, HPV type and
sexual health and lifestyle behaviours, including smoking (Li et al., 2019; Munoz et al., 2009; Schmeink
et al,, 2013). It is also important to note that viral clearance or disappearance of infection may also be
due to undetectable levels of HPV or latency (Gravitt & Winer, 2017). For example, in some populations,
a second peak in HPV prevalence is observed in women older than 45 years (Bruni et al., 2010), possibly
due to reinfection or reactivation of a past HPV infection (viral latency) (Rositch et al., 2012; Ting et al.,
2015). Detection of HPV at the appropriate ages thus offers a critical window opportunity for
meaningful screening and monitoring. However, infection by HPV alone is not enough to induce the

development of cervical abnormalities, cervical cancer or its precursors.

HPYV persistence

As depicted in Figure 2, the development of any subsequent cervical neoplasia after HPV acquisition
appears to be driven exclusively by the persistence of a hrHPV infection (Rodriguez et al., 2010;
Schiffman et al,, 2011). Persistence of an HPV infection refers to the persisting or consecutive positive
detection of HPV. Specific factors drive persistence, including hrHPV type, particularly HPV 16 (Castle
et al,, 2009; Kjaer et al., 2010; Xi et al., 2016), high viral load (Maucort-Boulch et al., 2010) and having
multiple HPV infections (Castle et al., 2011). Repeated screenings for persistent HPV infections,
particularly high-risk types, offer an ideal approach to distinguish women at greater or lower risk of

developing cervical neoplasia and to monitor those with greater risk.
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Precursor stages: cervical intraepithelial neoplasia

In some cases, the persistence of hrHPV-infected cells progresses towards cervical lesions (Figure 2).
Growths contained only within the squamous epithelium are classified by the level of involvement of
the epithelial layers, known as cervical intraepithelial neoplasia or CIN (Richart, 1973, 1990). According
to this histological classification system, mild ‘low-grade’ abnormalities constitute CIN1, and moderate
or severe 'high-grade’ abnormalities are denoted respectively as CIN2, CIN3 or carcinomas in situ. CIN
are squamous precursors of cervical cancer and are visible by cytology and, in advanced cases, to the
naked eye. Thus, a general examination of the cervix and vagina by the smear-taker and the diagnostic

swab of exfoliated cervical cells provides an ideal basis for early detection via screening measures.

Precancerous lesions can progress to invasive cancer or regress towards a normal cervix lasting months
to years (Schiffman et al., 2011; Tainio et al,, 2018). According to the few existing natural history studies,
after two years, 50% of untreated CIN2 regressed, 32% persisted, and 18% progressed to CIN3 (Loopik
et al,, 2021g; Tainio et al., 2018). For CIN3, overall regression to CIN1 or less (up to 4 years later) was
observed in 28% of cases, and regression towards the normal state was 18%. On the other hand, 67%
of CIN3 persisted, and 2% eventually progressed to ICC (Loopik et al., 2021a; McCredie et al., 2008). In
terms of duration, a progressing and persistent HPV infection is diagnosed as CIN3 after an average of
9 years (Depuydt et al., 2012). As for CIN2 or CIN3 progression towards ICC, it takes an average of 24
years, which is shortened in the presence of hrHPV type 16 (Vink et al., 2013). General CIN progression
also appears to be associated with external factors, including multiparity (Mufioz et al., 2002), tobacco
smoking (Nagelhout et al.,, 2021; Roura et al,, 2014), long-term oral contraceptive use (Moreno et al.,
2002; Roura et al.,, 2016) and coinfection with other STIs (Karim et al., 2018; Smith et al., 2004; Smith et
al., 2002). However, these additional risk factors are somewhat minor compared to the persistence of
hrHPV (Castellsagué & Muioz, 2003), particularly with the same genotype (Bonde et al.,, 2021). These
observations of progression and duration are crucial for screening (intervals, endpoints) and

management practices.

On the other hand, regression of precancerous lesions is possible. Thus, monitoring for progression or
regression rather than active treatment is more appropriate. Regression is significantly associated with

HPV type and HPV-negative status (Loopik et al., 2021a), treatment intervention (McCredie et al., 2008)
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and young age <30 years (Bekos et al., 2018; Loopik et al., 2021a). With every five years increase in age,
the likelihood of regression is reduced by 21% (Bekos et al., 2018). Only a tiny proportion (~2%) of
persistent HPV infections (>5 years) exist without any sign of CIN or ICC (Rodriguez et al., 2010), and
almost all regress eventually (Loopik et al., 2021a). These precancerous stages of the cervical dysplasia
pathway highlight the importance of ongoing screening and detection measures over a woman'’s
lifetime to provide appropriate management where needed while balancing harms (over-treatment)

and benefits (prevention).

1.1.2.3 Invasive cervical cancer (ICC)

Any cluster of cells invading beyond the cervix’'s basal membrane is classified as ICC (Figure 2). ICCs
are considered relatively rare in many HIC contexts with long-standing screening programmes, where
the cumulative incidence rate of developing cervical cancer in any woman'’s lifetime ranges from
approximately 1% among very high-HDI countries to 4.5% in countries with low HDI (Arbyn et al,
2020). ICCs are classified by their pathology and extent (staging). For pathology, ICC is sub-categorised
by histology and epithelial involvement (WHO Classification of Tumours Editorial Board, 2020).
Epithelial tumours include squamous cell carcinoma (SCC), adenocarcinoma (AC), neuroendocrine
tumours and adenosquamous carcinoma (ASC), which are a mix of squamous and glandular cells. SCC
and AC constitute most ICC, while ASC amount to between 2 to 4% of all ICC diagnoses (Castanon et
al., 2016; Lei et al., 2019). Neuroendocrine tumours are rare and contribute to <2% of all ICC (de Sanjose

et al.,, 2010; Gadducci et al., 2017).

Squamous cell carcinoma (SCC)

Carcinogenesis of the ectocervical epithelium is classified as SCC. Sub-types are further differentiated
by HPV involvement: HPV-associated and HPV-independent tumours (WHO Classification of Tumours
Editorial Board, 2020). Almost all SCCs (~95%) are HPV-associated (de Sanjose et al., 2010; Li et al,
2011; Rodriguez-Carunchio et al., 2015). HPV types 16, 31, 33, 52 and 58 are all associated with SCC,
although most are due to HPV 16 (de Sanjose et al., 2010; Smith et al., 2007). SCC is the dominant sub-
type of cervical cancers, accounting for over three-quarters of all invasive cancers within HIC and up
to 90% in LMIC (Bray et al., 2017). In Germany, SCC accounts for 70% to 80% of all diagnoses (Robert

Koch-Institut & Gesellschaft der epidemiologischen Krebsregister in Deutschland e.V., 2021; Tanaka et
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al, 2021). Smear sampling of SCC is more straightforward, particularly in younger women, as the
cancerous cells are predominantly located at the TZ on the ectocervix. Screening efforts have

significantly decreased SCC incidence (Adegoke et al., 2012; Bray et al., 2005b).

Adenocarcinoma (AC) and other types

Carcinogenesis of the glands within the endothelium is known as adenocarcinoma (AC). Like SCC, AC
is sub-classified into HPV-associated and HPV-independent (WHO Classification of Tumours Editorial
Board, 2020). Approximately 92% of AC are HPV-associated (Li et al., 2011). HPV genotypes 16, 18 and
45, particularly HPV 18, are commonly associated with AC, constituting 94% (Clifford et al., 2003; de
Sanjose et al., 2010; Smith et al., 2007). HPV 18 is also significantly more prevalent in AC than in SCC
(Li et al., 2011).

While AC occurrences (5 to 20% of ICC) are fewer than that of SCC (Bray et al., 2017), in some high-
income populations, AC and adenocarcinomas in situ (AlS) have increased among young women (Bray
et al., 2005a; van der Horst et al., 2017). These observations may explain increasing age-specific ICC
trends in HIC with long-standing screening programmes, including Sweden, the United States and the
United Kingdom (Singh et al., 2023). Explanations for such increases include the incidental findings of
AC with coexisting precancerous lesions (CIN), changes in smear-taking tools, and shifting prevalence
of glandular-associated HPV 18 towards younger women (Rozemeijer et al., 2015; Scherpenisse et al.,
2012). Since the glands within the endocervical canal extend into finger-like crypts (Figure 1), smears
must be adequately collected using tools properly designed to reach into crevices. Such tools include
endocervical brushes and brooms, now the mainstay recommended tool when the TZ is not visible
(Martin-Hirsch et al., 2000). Despite this vulnerability, screening practices have decreased the overall
incidence of AC and screening continues to capture early-stage AC, although the extent of the impact
is significantly lower than for SCC (Castanon et al., 2016; International Collaboration of Epidemiological

Studies of Cervical Cancer, 2007; Sasieni et al., 2009).

As for the other types of ICC, the beneficial impact of screening has not been lost. Like its impact on
SCC, albeit to a lesser extent, screening has decreased the incidence of ASC more significantly than AC
(Castanon et al, 2016; Lei et al, 2019). These observations indicate an advantage in detecting the

squamous component of the tumour. Undergoing at least two screenings significantly reduced the risk
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of ASC and rare ICC compared to no screening (Lei et al., 2019). Almost all the ASC and rare ICC types
included in the study by Lei et al. (2019) tested positive for HPV.

Fortunately, due to long-standing cytological screening practices (Meggiolaro et al., 2016; Peirson et
al., 2013; Vaccarella et al,, 2013), incidence rates of ICC are relatively low in HIC (Singh et al., 2023).
Nonetheless, screening for cytological abnormalities and precancerous lesions does not guarantee
cancer prevention. Over half of ICCs diagnosed had an inadequate screening history, and almost a
third of ICCs had a false-negative cytology result prior to diagnosis (Spence et al., 2007). Therefore,
advanced cervical cancers (interval cancers) can still be found even in countries with widespread

screening and low incidence.

1.1.2.4 Cofactors along the cervical dysplasia pathway

Several determinants have been identified as potential cofactors associated with a higher risk of
precancerous lesions and cervical cancer, which may aid in further distinguishing women at greater
risk. These include sexual and reproductive health as well as individual lifestyle factors. For example,
many pooled and multi-centred studies have observed associations of progression to cervical cancer
with the age of sexual debut (Plummer et al., 2012), a high number of sexual partners (International
Collaboration of Epidemiological Studies of Cervical Cancer, 2009), high parity and long-term oral
contraceptive use (International Collaboration of Epidemiological Studies of Cervical Cancer, 2007;
Tekalegn et al., 2022), as well as acquisition the of other STl infections such as Chlamydia trachomatis
and Herpes simplex virus-2 (Karim et al.,, 2018; Smith et al., 2004; Smith et al., 2002). Immune system
suppression has also been suggested as an associated cofactor, particularly for older women,
immunocompromised persons and persons living with HIV (Grulich et al., 2007; Kelly et al., 2018;
Strickler et al., 2005). Lack of screening participation or at regular intervals is also associated with
precancerous and cancerous lesions (Peirson et al., 2013). However, these studies did not capture nor

adjust for HPV infection as a potential confounder.

Among studies considering HPV status (i.e. among women with HPV infection) and its progression
towards ICC, cofactors such as high parity and long-term oral contraceptive use are significantly
associated (Moreno et al,, 2002; Munoz et al., 2009; Rositch et al.,, 2012). Lifestyle and health status

factors such as tobacco smoking (Nagelhout et al,, 2021; Roura et al., 2014) and being overweight or
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obese (Clarke et al., 2018) have also been demonstrated as independent risk associations, regardless
of HPV status. A recent systematic review highlighted the potential of the vaginal microbiota and its
role in all stages of the HPV life cycle: HPV infection, persistence and cervical disease (Brusselaers et
al., 2019). These studies point towards possible underlying hormonal and inflammatory mechanisms
leading to carcinogenesis but also highlight issues of potential under-diagnosis of ICC due to sampling

and visual examination difficulties and screening participation issues.

Despite the role of these cofactors, these appear to play a lesser or secondary role compared to HPV
persistence and HPV type (IARC Working Group on the Evaluation of Cancer-Preventive Interventions,
2022). These findings underscore the statement that HPV is a necessary but not sufficient cause of
cervical cancer (Bosch et al,, 2002) and its presence or absence, in addition to known cofactors, can aid

in further distinguishing subgroups of women at greater risk of developing ICC.

1.2 Prevention methods

1.2.1 Vaccination

The positive impacts of cytological screenings on the trajectory of cervical cancer incidence are
indisputable. The discovery of HPV and its persistence depending on the genotype and other external
factors have proved to be invaluable knowledge for additional prevention efforts. It has enabled the
development of prophylactic vaccines, which prevent HPV infections and the subsequent development
of cervical cancer from occurring (Koutsky et al., 2002). Since 2006, three approved vaccines have been
widely distributed to target the main hrHPV types 16 and 18: Cervarix® (GlaxoSmithKline), Gardasil®
and Gardasil®9 (Merck & Co., Inc.). Cervarix® is a bivalent vaccine targeting the two major hrHPV
types. Gardasil® and Gardasil®9 respectively target four (quadrivalent) and nine (nonavalent) types of
high and low-risk HPV responsible for ICC as well as condylomata acuminata (World Health
Organization, 2022). These vaccines target the L1 proteins of HPV and their VLPs, which neutralise

antibody responses before HPV is encountered (Kwak et al., 2011; Longet et al,, 2011).

Prophylactic HPV vaccines have demonstrated long-term safety and prevention of HPV infection by up

to 83% (Drolet et al.,, 2019). In the 10 to 15 years following worldwide rollout, these vaccines have
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significantly reduced condylomata acuminata by up to 67% (Drolet et al., 2019), high-grade cervical
lesions by up to 51% (Brotherton et al., 2015; Donken et al., 2021; Drolet et al.,, 2019; Pollock et al.,
2014) and ICC by up to 87% in the United Kingdom and Sweden (Falcaro et al.,, 2021; Lei et al.,, 2020).
Moreover, the bivalent and quadrivalent vaccines appear to offer prolonged cross-protection of other
hrHPV types, such as HPV 31, which may be beneficial in further reducing cervical cancer rates (Brown
et al,, 2021; Kavanagh et al., 2017; Mariz et al., 2021; Tsang et al,, 2020). There are, however, access and
uptake issues with prophylactic HPV vaccinations (Bruni et al, 2021). Nonetheless, vaccines have
provided a quick and powerful way to deter HPV infections and their subsequent diseases. Once
adequately rolled out, its impact on population incidence will only be evident in several decades, and
a further reduction towards elimination thresholds, even for very high HDI countries, will only appear
if rapid scale-up of vaccination coverage (80-100%) using a nonavalent vaccine is adopted together
with two lifetime screenings (Simms et al., 2019). This thesis focuses on the second type of prevention:

screening for cervical disease.

1.2.2 Screening

Screening is a form of secondary prevention. Detection of HPV and its genotype and monitoring its
progress is highly beneficial, given that several types are associated with carcinogenesis. Thus, many
molecular assays have been designed to detect nucleic acid, for example, HPV DNA and are
commercially available and validated (Arbyn et al., 2021). Even with the availability of these tools, there
are challenges in detection due to the transient nature of HPV infections and the ability of HPV to
survive several days without a host, adding to its high transmissibility (Roden et al., 1997; Trottier et al.,
2008). The detection of HPV infection requires appropriate age thresholds and screening intervals and
excellent performance, especially since HPV infections will be highly prevalent in younger women that
will mostly clear within two years of detection. Furthermore, appropriate validation protocols are
necessary to determine the minimum thresholds for viral load detection. Without such considerations,
over-screening will occur, devoid of any benefits in preventing cases (Burger et al., 2017; Dijkstra et al.,

2016).

Over-screening has economic and negative health implications, including a higher number of lifetime
tests done and anxiety (Habbema et al.,, 2017). Over-treatment may also result if no appropriate triage
mechanism is provided (Kim et al., 2018). Methods to minimise these undesired outcomes include
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beginning HPV testing at a higher age threshold, extending screening intervals and using triage testing
to determine the risk of progression to cervical cancer (Cuschieri et al., 2018). Additionally, active
monitoring of infections via colposcopy, a specialised follow-up assessment in the screening algorithm,
is crucial in safeguarding adequate yet sufficient testing and treatment (Cruickshank et al., 2015) and
may even help expedite the regression of infection in some cases (Petry et al., 2018). The following

section will provide an overview of screening programmes and aspects relating to this thesis.

1.3 Screening programme

Within screening approaches, the main pillars of cervical cancer screening programmes include
screening organisation (design), screening tools, the screening algorithm and quality assurance
(European Commission, 2008). In this thesis, the ‘baseline’ refers to the organisation of screening (the
availability, invitation to or opportunity to screen) and access, underscored by the goals, endpoints,

design and quality assurance principles highlighted below.
1.3.1 Goals and endpoints

The overarching goal of screening is to decrease the incidence and subsequent mortalities by swiftly
detecting as many asymptomatic and precancerous cases in the general population as early as possible
for subsequent management and treatment where necessary (IARC Working Group on the Evaluation
of Cancer-Preventive Interventions, 2022). Screening for precursors of cervical cancer (CIN2 and CIN3
or worse) as a surrogate for cancer risk is appropriate and accepted (IARC Working Group on the
Evaluation of Cancer-Preventive Interventions, 2022). Several reasons support using CIN2 or worse as
endpoints for comparative studies rather than classical endpoints such as ICC incidence and mortality.
First, cytological screenings have been in place for decades (Bruni et al., 2021) and have successfully
reduced ICC incidence and mortality rates (Meggiolaro et al., 2016; Vaccarella et al, 2013). Well-
screened women will rarely have an undetected ICC diagnosis and an overall low lifetime risk of
developing ICC. Second, early detection of precancerous cervical lesions that may be of higher
oncogenic risk is possible, and the risk of progression towards ICC can be estimated and monitored
(Loopik et al.,, 2021a; McCredie et al., 2008). The cervical dysplasia pathway is slow-growing and regular

screenings present sufficient opportunities to intervene before ICC develops. Third, when the benefits
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of screening are already known and widespread, there are ethical and practical hindrances to using
incidence and mortality endpoints, especially for assessing new screening tools. In contexts with high
incidence and mortality rates and where resources are limited, screening for the invasive stages of the
disease is a priority endpoint to reduce premature deaths. Nevertheless, the endpoints CIN2 and CIN3

or worse in screening programmes capture precancerous and cancerous lesions.

1.3.2 Design

In a cervical screening programme, predefined eligible women can be invited to undergo screening
(via organised programmes) or are opportunistically screened. These two types of screening
programmes differ in that the former (organised) invites and screens a predefined target population
(by age) within a predefined screening algorithm (screening method, interval, follow-up thresholds)
but also relies on rigorous quality assurance of screening service delivery and performance at every
step of the screening algorithm (European Commission, 2008). Organised screening encompasses the
systematic identification, invitation and appropriate follow-up or discharging of eligible and screened
women. The latter programme type (opportunistic), which can be non-population based (unorganised),
relies on the woman'’s request or the opportune offer of screening by the healthcare professional being
visited (IARC Working Group on the Evaluation of Cancer-Preventive Strategies, 2005). This type of
programme is only effective if a pre-existing health policy outlining the target population and

screening algorithm can be utilised.

The reliance on self-referral or opportunistic screenings reveals an obvious disadvantage compared to
organised programmes. Studies have robustly demonstrated more significant reductions in incidence
and mortality by organised programmes than opportunistic programmes in the Nordic countries (Laara
et al,, 1987; Nieminen et al., 1999), as well as in countries where opportunistic screenings have shifted
to an organised programme such as the case for countries in northern, western and southern Europe
(Quinn et al, 1999; Rebolj et al., 2007; Ronco et al, 2005). It has been shown that invitation to
screenings significantly improves screening coverage and minimises inequalities (Staley et al., 2021).
However, systematic invitations can only be carried out if a database with relevant information such as
age exists and is accessible (European Commission, 2008). The systematic documentation of invitation-
eligible persons also forms the denominator for screening coverage estimation (the number of
screened participants invited serves as the numerator) and can serve as key indicators of quality
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assurance. Furthermore, the cost-effectiveness of both programme types is vastly different, with
opportunistic screening costing substantially more but with minimal gains in incidence reduction
(Arbyn et al., 2009a). Finally, fewer inequalities and harmful outcomes occur within organised
programmes (Miles et al, 2004), providing abundant evidence for the preference for organised

programmes.

1.3.3 Quality assurance

Quality assurance enables the uniform provision and reduced variability of screening and services. It is
an essential component of effective screening programmes and encompasses standards measured by
quality indicators such as screening coverage and screening diagnostic performance, as well as
monitoring and evaluation. Quality assurance should be integrated within local, national and
international screening guidelines. At the local level, laboratories should commit to delivering
standards that meet external validation levels through accreditation, internal validation and annual
audits (Cuschieri et al., 2019). On a national level, guidelines should outline select screening tools, inter-
laboratory assessments, as well as evaluation and monitoring indicators and thresholds. International
guidelines should provide an overview of validated screening tools acceptable for incorporation into

national guidelines and regulatory approval.

The first European Union (EU) guideline on cervical cancer screening was published in 1993 and
outlined population-based screening recommendations for cytology-based smear collection and
quality assurance in cytology laboratories (Coleman et al., 1993). In 2008, the second EU guideline
outlined aspects of quality assurance for screening tools, procedures, reporting, evaluation,
communication and qualifications (European Commission, 2008). Other supplements and
recommendations to overhaul opportunistic screening programmes into organised systems were
added in 2015 to integrate HPV-based testing, given the mounting evidence of its superior
performance (Anttila et al, 2015; Ronco et al, 2015). These guidelines describe quality assurance
indicators that focus on i) screening coverage, for example screening participation rates, ii) screening
diagnostic performance, for example test specificity and iii) diagnostic follow-up and treatment, for

example adherence to follow-up examination after abnormal screening results.
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1.3.4 Access and participation

Within the cancer care continuum, one of the first failures in care that can occur in a screening
programme is failure to access screening (IARC Working Group on the Evaluation of Cancer-Preventive
Strategies, 2005). Barriers to access, particularly socio-cultural factors, must be considered even within
an organised programme. High screening coverage (few barriers) is important for screening
programme success. Screening non-participation constitutes the largest factor in screening care
failures (between 40% and 54%), followed by false-negative Pap smears (29%) and poor follow-up of
abnormal results (12%) (Spence et al., 2007). Among HIC, screening uptake within the previous five
years was approximately 77% (121.2 million women) and lifetime screening rate was 84% (132.6 million
women) (Bruni et al., 2022). This translates to approximately 36 million women who have not been
screened recently or within the recommended intervals and 25 million women who have never been
screened. Several novel interventions have demonstrated significant improvements in screening
coverage (other than shifting to an organised programme), including instating reminders,
prescheduling appointments and offering or directly sending HPV self-sampling kits (Arbyn et al., 2018;
Staley et al.,, 2021). While screening participation regardless of design is important, adequate diagnosis,
follow-up and management, and quality assurance can ensure the effectiveness of a screening

programme.

The focus of this thesis will not delve into the organisation and uptake of screening but examines
failure in care beyond this screening programme baseline. The following sections provide an overview
beyond the baseline of a screening programme, specifically the screening algorithm and quality
assurance measures (including screening diagnostic performance, diagnostic follow-up) at each step.

These are incorporated in the two studies central to this thesis.

1.3.5 Screening algorithm

Appropriate management and treatment of screen-positive women is crucial in an effective screening
programme and forms the screening algorithm, a threshold-based decision-making aid. There are
several types of screening algorithms, grouped by the WHO as a 'screen-and-treat’ approach or a
‘screen, triage and treat’ approach (World Health Organization, 2021). In a 'screen-and-treat’ approach,

the decision to provide treatment is based immediately following a positive screening. They are most
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appropriate in LMIC or contexts with resource constraints. In a ‘screen, triage and treat’ approach,
treatment is appropriate only following a positive primary screening result and a positive triage
assessment, with or without a histologically confirmed diagnosis. This approach is common in most

HIC with screening programmes and mitigates potential over-treatment and additional harm.

The spectrum of cervical cancer control involves four critical assessments (Figure 3). The first essential
assessment includes screening eligible populations who are mostly asymptomatic. In this thesis, triage
assessments of the primary screening result (i.e. repeat or sequential testing) are considered part of
the first assessment as they typically do not require a specialised follow-up. The second critical
assessment is the follow-up evaluation of the screening result(s) by colposcopic examination
(colposcopic triage). This examination includes a physical examination of the cervix and tissue biopsy
sampling by an expert colposcopist, a specifically trained gynaecologist or in some cases, a specifically
trained nurse. The third critical assessment is a pathologist’s histological evaluation of the biopsy
sample(s), which is the gold standard for disease verification. The fourth essential assessment includes
treatment or determination of the best management strategies, based on the screening, colposcopy
and biopsy evaluations. The following sections will delve into each assessment and describe current

recommendations and quality assurance considerations.

Fetest ° Treatment
'e g Biopsy
o | Colposcopy

Screening

+ indicates a positive or abnormal result; - indicates a negative or normal result.

Figure 3. The general algorithm of critical cervical cancer screening assessments
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1.3.5.1 Screening

During screening, a cervical smear is obtained for further cytological or HPV testing. In order to
maximise the appointment, proficient communication with the women attending screening is
necessary. Screening includes extracting a general health and medical history, an explanation of the
screening test to be conducted and potential outcomes and steps after the screening result is received.
A standardised reporting form should be used to detail the identity of the woman screened, report
clinically relevant observations such as bleeding and provide space for the laboratory result (European
Commission, 2008). Regarding cytology-based screening, reporting should be made according to a

standardised national or international classification system (Coleman et al., 1993).

Nomenclature

For screening and cytological or histological diagnosis, several standardised classification systems exist.
The general phases of cytological abnormalities typically begin with a normal state of cells and range
from changes that are borderline to low-grade, high-grade, glandular or invasive (Herbert et al., 2007).
The Papanicolaou classification system, a previously widely used 5-tiered system, was developed in the
1960s when cytological screenings were being rolled out (Papanicolaou, 1963). This system was
adapted into the Munich Nomenclature with several modifications and used as the national
classification in Germany (Cirkel et al.,, 2015). These modified versions include the Munich Il (1990) and
Munich Il systems (2014). The latter is currently the standard system for cytological diagnoses in
Germany. Internationally, the Bethesda classification system is regarded as the standard nomenclature.
Regarding histology assessment, the Cervical Intraepithelial Neoplasia (CIN) terminology for
histological lesions is widely used (Richart, 1973). The European Union (EU) quality assurance guidelines
recommend using a nationally agreed nomenclature that is translatable into the Bethesda system for
cytology (European Commission, 2008). The equivalent translations of the Munich (ll, Ill) and Bethesda

classification systems and the CIN terminology for histology are presented in Table 2.
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Table 2. Comparison of the international nomenclature for cytology and histology findings

Munich Il (1990) Munich Il (2014)® Bethesda System (2014)¢ Z'I':ltfhgy

liw
lik

1D

Inadequate material

Normal cell pattern

Mild inflammatory,
regenerative,
metaplastic or
degenerative changes

Unofficial category for
"kontrollbedurftiger”
or repeat smear, often
used to note minimal
changes and
koilocytes

Unclear findings:
severely inflammatory
or degenerative /
poorly preserved cell
material, abnormal
glandular / stromal
cells, dysplasia, CIS or
invasive carcinoma not
excluded

Cells of mild or
moderate dysplasia

I-p

i-p

ll-g

ll-e

11-x

D1

111D2

Unsatisfactory
specimen

Normal / unsuspicious
cell pattern

Normal cell pattern
with suspicious
medical history

Squamous epithelium
with low-grade
changes of nucleus
<CINT & with
koilocystic cytoplasm /
parakeratotic changes
Abnormal cervical
glandular cells, more
than reactive changes
Endometrial cells;
Women >40 years &
more than second half
of the cycle

CIN2/CIN3/SCC cannot
be excluded

Distinctive atypia of
glandular cells, AIS /
invasive AC cannot be
excluded

Abnormal endometrial
cells (esp.
postmenopausal)

Unclear glandular cells
of unknown origin

Cells of mild dysplasia
CIN1

High-grade

24

Unsatisfactory for evaluation

NILM

ASC-US

AGC
endocervical
NOS

Endometrial
cells

ASC-H

AGC
endocervical
favour
neoplastic

AGC
endometrial

AGC favour
neoplastic

LSIL

HSIL

Negative for
intraepithelial lesion
/ malignancy

Atypical squamous
cells of
undetermined
significance

Atypical glandular
cells, otherwise not
specified

Atypical squamous
cells of
undetermined
significance, cannot
exclude HSIL

Atypical glandular
endocervical

cells favour
neoplastic

Atypical glandular
endometrial cells

Atypical glandular
cells favour
neoplastic
Low-grade
squamous
intraepithelial lesion

High-grade
squamous
intraepithelial lesion

Normal

Koilocytic
atypia, flat
condyloma,
without
epithelial
changes;
‘Low-grade’
CIN

CIN1
‘Low-grade’

CIN2
‘High-grade’

CIN3
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Munich Il (1990)2 Munich 111 (2014) Bethesda System (2014)°

IVA

IVB

Cells of severe
dysplasia or CIS

Cells of severe

dysplasia or CIS; cells
of invasive carcinoma

not safely excluded

Cells of invasive

cervical carcinoma or

of other malignant
tumours

aCirkel et al., 2015
b Griesser et al., 2013; Griesser et al., 2015

¢ Kippers & Reich, 2016

lva-p

lva-g

Ivb-p

Ivb-g

V-p

V-g
V-e

Cells of severe
dysplasia or CIS

analogous with CIN3

Cells of AIS

CIN3 invasion cannot

be excluded

Cells of AlS invasion
cannot be excluded

Squamous cell
carcinoma
Endocervical AC
Endometrial AC
Other malignant
tumours, also of
unclear origin

HSIL

AIS

HSIL with
features
suspicious for
invasion

AIS with
features
suspicious for
invasion

SCC

Endocervical AC
Endometrial AC
Other
malignant
neoplasms

High-grade

squamous epithelial

lesion

Adenocarcinoma in
situ — premalignant

Squamous cell
carcinoma

* combined both original terminology and modified terminology (Richart, 1973, 1990);
AC: Adenocarcinoma; AlS: Adenocarcinoma in situ; CIN: Cervical intraepithelial neoplasia; CIS: Carcinoma in situ;

HSIL: High-grade squamous intraepithelial lesion; LSIL: Low-grade squamous intraepithelial lesion; SCC: Squamous
cell carcinoma.

Screening tools

Histology
CIN*

‘High-grade’

AlIS
Microinvasive
lesion

CIS
Microinvasive
lesion

Invasive
carcinoma

The performance of the screening tools and services used to detect precursors is crucial regarding their

effectiveness. An ideal and effective test should have high sensitivity (identifying persons with disease

among truly diseased persons) and high specificity (ruling out non-diseased persons among truly non-

diseased persons). Otherwise, they give rise to false-negative or false-positive results, which can lead

to undetected ICC or induce unnecessary fear and anxiety. If high enough, these features will effectively

help the screening system correctly identify those at risk for cervical cancer and those at low or no risk

of cervical cancer to be assured until the next screening round (IARC Working Group on the Evaluation

of Cancer-Preventive Interventions, 2022).

25



Introduction

Additional indicators of screening tool performance include reliability, particularly of colposcopies and
among pathologists within and between clinics and laboratories. Reliability can be measured by
general agreement, the proportion of total true positives and true negatives agreed upon in both
evaluations (either by the same person: intra-observer or between two observers: intra-observer)
among the total number of assessments. Intra-observer and inter-observer reliability are typically
determined by Cohen’'s Kappa k, which is the degree of agreement or disagreement beyond chance
alone (Cohen, 1960; Cohen, 1968). Additionally, the costs, feasibility of implementation and potential
harms must be considered (Streetly & Holland, 2009).

The WHO recommends any of the following three screening tools to be implemented for cervical
cancer screening, depending on context: cytology, HPV testing or visual inspection with acetic acid
(VIA) (World Health Organization, 2021). Cytology and HPV testing rely on microscopic and molecular
assessment for cervical abnormalities and HPV presence. Both require adequate infrastructure and
resources to function efficiently. VIA requires no magnification and is conducted by physically applying
diluted acetic acid (3-5%) to the cervix, followed by identifying aceto-whitened regions for epithelial
abnormalities. Despite its rapidness in detecting abnormalities and low costs, VIA is a highly subjective
method. It is further hampered if the TZ is not visible and impractical if treatment is unavailable or
inaccessible (World Health Organization, 2014). Due to these reasons, VIA may be a feasible screening
method for low-resource settings. Recently, HPV testing was recommended as the preferred primary
screening tool, although a quality-assured cytological programme may continue in the absence of
operational HPV testing (World Health Organization, 2021). Both cytology and HPV-based screening
have their advantages and disadvantages. Within the context of this thesis, only cytology and HPV
testing screening methods will be examined, as these methods are mostly adopted or utilised in HIC

settings.

A. Cytology

A sample or smear of the cervix is taken via physical exfoliation of the TZ by a trained smear-taker for
further microscopic evaluation. The smear-taker may be a general physician, a specialised physician
(gynaecologist) or a nurse (World Health Organization, 2014). Importantly, adequate training is
essential to obtain a good quality smear for further assessment. There are two main types of cytological

assessment which vary in sample collection, preparation and functionality.
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Conventional cytology

Historically, the mainstay of cytological screenings has been conventional cytology. The main device
used to collect the cervical smear shifted from dry cotton-tipped swabs to spatulas, brushes and
brooms to allow for better exfoliation of the ectocervix and endocervix (Martin-Hirsch et al., 2000).
Following the smear collection, the exfoliated cells are immediately transferred to a glass slide via
rolling and rotations of the device head and subsequently fixed using 95% ethyl alcohol to prevent air

drying. The slides are then transferred to be microscopically evaluated by a trained cytopathologist.

The effectiveness of conventional cytology has been questioned by the significant number of false-
negative results resulting in lowered sensitivity. In a Cochrane systematic review of studies, the
sensitivity to detect low-grade lesions (CIN2) or worse ranged from 43% to 96% and among high-
grade lesions (CIN3) or worse, it ranged between 39% to 85% (Koliopoulos et al., 2017). The pooled
sensitivities were 66% and 70%, respectively. On the other hand, specificity was very high, pooled at
96% for CIN2 or worse and 97% for CIN3 or worse. False negatives are often due to sampling errors
and variability in cytology assessment (Spence et al,, 2007) and high false-negative results can lead to
delays in cervical cancer diagnosis (Philp et al., 2018). Furthermore, in some countries, such as Germany,
conventional cytology is also considered a more costly method than the more modern cytological

form: liquid-based cytology (LBC), due to drawbacks in smear preparation (Armstrong & Guest, 2020).

Liquid-based cytology (LBC)

LBC differs from conventional cytology in the collection and preparation of the smear. Regarding smear
collection, a spatula, brush or broom is used to exfoliate the cells; however, instead of fixing the cells
directly to the slide, the head of the sampling device is submerged and flushed in a vial of preservative
liquid, which is then transported for further preparation. Regarding smear preparation, the liquid vial
is centrifuged in the laboratory. The exfoliated cells are resuspended in mucolytic and haemolytic
agents, where excess substances such as blood and mucous are effectively removed. A representative
sub-sample of the cells relevant for cytopathology assessment is spread into a thin layer on a glass
slide for further staining and microscopy. This process allows fewer inadequate smears for cytological

assessment (Beerman et al., 2009) via the concentration of relevant cells (Bernstein et al., 2001).
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Despite these advantages, the sensitivity of LBC is also variable, yet marginally higher than conventional
cytology, pooled at 76% for both endpoints CIN2 and CIN3 or worse (Koliopoulos et al., 2017).
Although some extensive studies observed better detection capabilities of cervical abnormalities and
precancerous lesions (Beerman et al., 2009; Klug et al., 2013), its sensitivity does not appear to be
superior to conventional cytology in meta-analyses (Arbyn et al., 2008a; Koliopoulos et al., 2017). This
difference in findings could be due to the preparation of the cells, which involves either cell enrichment
via the ThinPrep® system (Hologic, United States) or cell filtration via the SurePath® (BD Diagnostics,
United States) system (Medical Services Advisory Committee, 2014), or differing populations assessed
(Arbyn et al., 2008a). The pooled specificities were similar yet marginally lower than conventional
cytology, at 92% (CIN2 or worse) and 91% (CIN3 or worse) (Koliopoulos et al., 2017). The reliability of
LBC is also variable, particularly in borderline abnormalities, with only 43% agreement between
cytopathologists and blinded cytopathologist reviewers (Stoler et al., 2001). One meta-review reported
improved detection of glandular lesions by LBC, probably due to computer-assisted readings (Gibb &
Martens, 2011).

A further advantage of LBC includes using the residual sample for additional HPV testing. LBC shortcuts
additional testing without requiring the screened women to return for a second smear. LBC can also
serve as a triage method following a positive HPV test result. Additionally, modelling studies
demonstrated the cost-effectiveness benefits of LBC compared to conventional cytology (Armstrong
& Guest, 2020; de Bekker-Grob et al., 2012; Karnon et al., 2004). Several countries such as the United
Kingdom, the Netherlands and Australia have shifted from conventional cytology to LBC screening as
their primary sampling medium due to these advantages (Cancer Council Australia Cervical Cancer

Screening Guidelines Working Party, 2016; Maver & Poljak, 2020).

Laboratories must comply with national nomenclature that is translatable into the Bethesda
classification system, and quality assurance of cytological processes are necessary. The adequacy of
educational training and expertise of cytotechnicians and cytopathologists preparing and
diagnostically evaluating the smears heavily influences the quality and effectiveness of cytology-based
screening (European Commission, 2008; IARC Working Group on the Evaluation of Cancer-Preventive
Interventions, 2022). Diagnostic quality is also dependent on the workload. Improvements to

cytological technologies also led to computer-assisted cytological assessment, whereby rapid
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screening of copious slides could aid in singling out anomalies for further manual review. This
technology can save resources, reduce turnaround time and improve the detection of lesions (Klug et

al., 2013; Rebolj et al.,, 2015).

Because of the remarkably variable sensitivity and subjectivity and the historical absence of any triage
mechanisms in most cytological screening programmes implemented, short and regular screening
intervals of five or fewer years are necessary (Peirson et al., 2013). Some countries, such as Germany
and Austria recommend cytology screening every one to two years. However, most countries with
cytology screening (over 75%) recommend screening at least every three years or more (Bruni et al.,
2022). Shorter intervals translate into many lifetime screening tests and associated costs (Chao et al.,
2019; Petry et al., 2017). Recent longitudinal analyses from Sweden and Australia of young HPV-
vaccinated cohorts showed that the positive predictive value of cytology for predicting high-grade

lesions decreased as prevalence rates of hrHPV types shifted (Lei et al., 2020; Sultana et al., 2019).

Despite driving down incidence and mortality rates historically, the clear disadvantages of cytology-
based screening comprise its inferior reproducibility, poorer sensitivity and thus shorter intervals
leading to more lifetime screenings and costs, and declining detection ability in the face of HPV
vaccination efforts. Additionally, the pitfalls in cytological screenings translate to missed cancer
diagnoses, some of which are at advanced stages with poor prognoses (Spence et al,, 2007). These
points may explain why incidence has plateaued in HIC with HPV vaccination and cytological screening
systems available and highlight the necessity for re-evaluation, as well as more accurate and balanced

benefit-to-harm screening alternatives.

B. HPV testing

Using the smear sample obtained by exfoliation of the cervix, HPV testing involves the molecular
detection of free HPV virions or HPV-infected cells via nucleic acid (DNA or ribonucleic acid [RNA]). A
selected group of HPV types are targeted and can include both high and low-risk types. Since the early
2000s, several large RCTs assessed the accuracy of HPV testing as a primary tool compared to cytology
alone (Kitchener et al., 2009; Mayrand et al, 2007; Naucler et al., 2009; Ronco et al., 2008;
Sankaranarayanan et al., 2009). They consistently found that HPV testing was superior in sensitivity to

cytology, which was further reiterated in meta-analyses and real-world surveillance data (Arbyn et al.,
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2012; Koliopoulos et al., 2017; Rebolj et al,, 2019; Veijalainen et al., 2019). Longitudinal trial results and
pooled estimates also support the superior utility of HPV testing compared to cytology (Arbyn et al.,
2012; Dijkstra et al., 2016; Kitchener et al., 2011b; Leinonen et al., 2012; Murphy et al., 2012; Rijkaart et
al., 2012; Ronco et al., 2014; Wright et al., 2015). HPV assays have also been investigated as triage
alternatives for abnormal cytological screening results or following positive hrHPV results (Arbyn et al.,
2004; Demarco et al, 2020; Polman et al, 2019), and as a test of cure following treatment of a

precancerous lesion (Arbyn et al., 2012).

Until now, the United States Food and Drug Administration (FDA) has approved several HPV assays for
use as an adjunct test (co-test) to cytology (Hybrid Capture®2 [HC2], Cervista, APTIMA) and two assays
for use as a primary tool stand-alone or co-test (Cobas 4800, BD Onclarity) (U.S. Food and Drug
Administration (FDA), 2019). Subsequently, guidelines in several HIC with long-standing cytological
screening programmes were updated to incorporate for example HPV testing either as a primary tool
alone in the Netherlands (National Institute for Public Health and the Environment (RIVM), 2017; Ronco
et al., 2015) or optionally as a co-test in the United States and Germany for example (Fontham et al.,

2020; Gemeinsamer Bundesausschuss (G-BA), 2018b; Hillemanns et al., 2019a).

For the detection of HPV nucleic acid, several techniques exist, categorised into non-amplified and
amplified methods. Non-amplified methods include direct hybridisation (dot blot, Southern blot, and
filter in-situ hybridisation). These methods are no longer used in screening due to their low sensitivity,
specificity, and time and resource-intensive features (Duggan et al., 1994; Schiffman & Schatzkin, 1994).
Amplified methods can be either signal-amplified, in which signals are generated from probes
containing the nucleic acid of HPV types, or target-amplified, where target HPV nucleic acid sequences

of hrHPV types are duplicated and amplified.

Signal amplification

For signal-amplified assays, labelled HPV DNA or RNA probes are used to identify sequences of HPV
types and bind to targeted sequences with the help of monoclonal antibodies. These bindings produce
light signals based on the removal of alkaline phosphatase (dephosphorylation), which are visible
under microscopy. Thresholds for these light emissions, relative light units (RLU), signal the presence

or absence of HPV DNA in a sample. The most commonly used and commercially available signal
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amplification assay is the HC2 (Qiagen, United States), which was the first assay approved by the FDA
for use as a triage to cytology and then as a co-test (U.S. Food and Drug Administration (FDA), 2019).
Samples for HC2 are collected via a liquid-based medium, including the PreservCyt® solution (Hologic,
Inc., United States) used for ThinPrep or the in-house HC2 sampling kit. HC2 detects 13 hrHPV types
(IARC Group 1 and 2A) using RLU thresholds. These RLU values are compared to a control threshold
of 1 pg/ml (for HPV 16) to determine a viral load ratio. Thus, RLU values greater than 1.0 (equivalent
to 1000-5000 HPV genomes) are classified as HPV positive.

Compared to cytology, the pooled sensitivity to detect CIN2 or worse and CIN3 or worse was
substantially higher at 93% and 97%, respectively, which increased as RLU cut-offs increased
(Koliopoulos et al., 2017). On the other hand, specificity is lower than for cytology, at 89% for both
endpoints. In the presence of multiple infections with various HPV types, which occur more frequently
in low-grade lesions than higher or borderline lesions (Schmitt et al., 2013), HC2 may be prone to
misclassification bias. The HC2 system also does not contain an internal control, which could indicate
the integrity of the tested sample. HPV testing via HC2,31oweverr, is the most widely evaluated and
used commercial assay for HPV detection. It has been used as the standard comparator test for
emerging assays (Arbyn et al., 2021; Meijer et al.,, 2009). As it is currently understood that the risk
outcomes for specific HPV types vary, the main disadvantage of signal-amplified assays includes the

inability to distinguish specific HPV types.

Target amplification

PCR is the main type of target amplification technique used. PCR testing begins with heating
(denaturation) of the sample to break down nucleic acid. After adding a mixture of HPV DNA primers
to detect nucleic acid sequences of selected HPV types or HPV groups, amplified HPV fragments (or
amplicons) are repeatedly created and duplicated (annealing, extension) until they can be visualised
and assessed post-PCR. The addition of HPV DNA fragments includes the use of type-specific and
consensus primer systems to identify the targeted HPV types. Consensus primer systems are
advantageous over individual type-specific sequences because they can target any of the L1
oncogenes of several HPV types rather than the L1 of a specific HPV type. One such consensus primer

used in PCR is GP5+/6+, which amplifies a relatively short segment (150 bp fragments) of this region
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(Camargo et al.,, 2011). When coupled with enzyme immunoassays (EIA), 14 hrHPV types (IARC Group
1, 2A and 2B) and 23 low-risk HPV types can be distinguished.

HPV testing with GP5+/6+ EIA has demonstrated superior detection compared to cytology in several
randomised trials and systematic reviews, including their long-term performance (Arbyn et al,, 2012;
Dijkstra et al., 2016; Dillner et al., 2008; Elfstrom et al., 2014; Koliopoulos et al., 2017; Naucler et al,
2009; Patanwala et al., 2013; Rijkaart et al., 2012; Vesco et al., 2011). Along with HC2, GP5+/6+ EIA is
used as a standard comparator for emerging HPV assays (Arbyn et al.,, 2016; Arbyn et al., 2021; Meijer
et al,, 2009). However, unlike HC2, it is not commercially available and thus not used for routine HPV
testing within screening programmes. The performance of GP5+/6+ EIA has been observed to be
better than other consensus primers (IARC Working Group on the Evaluation of Cancer-Preventive

Strategies, 2005).

The evidence supporting HPV-based screening is persuasive, and many countries have begun to or
shifted away from cytology-based screening (Maver & Poljak, 2020). Additionally, HPV testing can be
carried out by the woman herself, via self-sampling, instead of having a clinician collect the smear. HPV
self-sampling has demonstrated equivalent performance to the latter and is an excellent strategy to
address under-screened populations or where stigma and shame may preclude screening participation
(Arbyn et al., 2022a; Arbyn et al.,, 2018). Overall, HPV-based screening must be carefully considered to
deal with false positives, which may lead to over-testing, over-referral and over-treatment. For example,
the number of referrals to colposcopic examinations are typically higher for HPV-based testing than
for cytological screenings (IARC Working Group on the Evaluation of Cancer-Preventive Interventions,
2022). From the patient’s perspective, increases in anxiety, distress and stigma regarding HPV results
may arise within an HPV-based screening programme (Bennett et al., 2021; McBride et al., 2020). A
logistical challenge may also be the need for biobanking capacities to retest or audit an aliquot

compared to compact cytology slides archived at room temperature (Cuschieri et al., 2019).

Genotyping

PCR methods via GP5+/6+ EIA do not directly reveal which HPV types are present in a sample; it
requires additional genotyping processes of the duplicated amplicons produced during PCR.

Visualisation of these amplicons includes sequencing or type-specific probe hybridisation, such as
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reverse line blot analysis. Modern methods without post-PCR processing include real-time PCR, which
emits fluorescence signals during the PCR process rather than after the procedure. The utility of HPV
testing is optimised if genotyping, the detection of the specific HPV type, is considered. For example,
genotyping would enable the evaluation of the long-term impact of the various HPV vaccines
administered or refine the predictive outcome of a positive hrHPV screening result. There are various
levels of HPV genotyping application: limited genotyping in which HPV 16, 18 and 45 are identified,
extended genotyping in which additional hrHPV types are probed, or full genotyping, where all hrHPV
types are separately identified (IARC Working Group on the Evaluation of Cancer-Preventive

Interventions, 2022).

To date, many HPV assays have been developed for commercial application and vary in detection
technique, performance and advantages (Arbyn et al, 2021). An exhaustive list of fully, partially or
internally validated HPV assays with genotyping abilities is available (Arbyn et al., 2021). These assays
must be analytically evaluated and clinically validated against standard comparators (HC2 and
GP5+/6+ EIA) to be recommended as a screening tool. Evaluation and validation are based on
important performance criteria, including sensitivity, specificity and reliability. These criteria stem from
the Meijer Protocol, which serves as a benchmark for comparing and approving emerging HPV assays
for CIN2 or worse lesions (Meijer et al., 2009). The VALidation of HPV GENotyping tests (VALGENT)
protocol focuses on validating HPV assays with genotyping capacities and extends assessment to CIN3
or worse (Arbyn et al,, 2016). Although HPV-based screening is already implemented or planned in
several HIC, the strategic contribution of genotyping is still debated and mostly confined to triage
alternatives for positive hrHPV primary screening results for more precise management (Demarco et
al., 2020). The cost aspect and management algorithm by genotyping must also be considered in every

screening programme context.

Strategies for detection

Currently, two main strategies are used for screening, including stand-alone or primary screening (with
or without triage) and co-testing. In HIC with long-standing screening measures, screening has
historically been performed with stand-alone cytology (Chrysostomou et al., 2018). According to

European guidelines, cytology-based screening should be offered to young women aged from 20 to
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30 years at 3 to 5-year intervals following a normal (negative) result, as HPV screening is not
recommended in this age group due to the high and transient HPV prevalence (Bruni et al.,, 2010;
European Commission, 2008). Repeat cytological testing or colposcopy examination are recommended
in cases of abnormal results. In programmes with cytology-based screening where HPV testing is not
yet implementable for women above 30 years, the WHO recommends 3-year (triennial) cytology

screening intervals (World Health Organization, 2021).

The WHO elimination target for screening coverage aims for at least 70% of women to be screened by
age 35 years by a high-performance test equivalent to or better than HPV testing (World Health
Organization, 2020). Current WHO and European guidelines recommend HPV testing as the preferred
primary tool for screening, with or without triage, from the age of 30 years, albeit in settings with
existing organised programmes (Council of the European Union, 2022; World Health Organization,
2021). This recommendation is based on abundant evidence of its high sensitivity compared to
cytology (Arbyn et al., 2012; Koliopoulos et al, 2017; Murphy et al, 2012; Ronco et al, 2014).
Longitudinal results of trials (Kitchener et al., 2011b; Ogilvie et al., 2018), observational studies (Castle
et al,, 2018b; Dillner et al., 2008; Rebolj et al., 2019) and modelling studies (Kim et al., 2018; Lew et al.,
2017) have demonstrated the long-term detection advantages of HPV testing over cytology, whereby
the negative predictive value is almost 100% with screening intervals of 5 years or longer, compared
to triennial intervals of cytology. It should be offered to women from age 30 years to minimise false
positives and at 5 to 10-year intervals following a negative result (Council of the European Union, 2022;
World Health Organization, 2021). Only commercially available and clinically validated tests with
reliable and consistently high sensitivity to detect CIN2 and CIN3 or worse should be used (Arbyn et
al, 2021; Ronco et al,, 2015).

HPV-based screening can include HPV testing as a primary screening tool or as a co-test. Several
national screening programmes, such as those in the Netherlands, Australia and the United Kingdom,
align with the WHO's recent recommendation for primary HPV testing over cytology, while others, such
as those in the United States and Germany, offer primary HPV testing as an alternative to primary
cytology or co-testing (Bruni et al., 2022; World Health Organization, 2021). There have been ongoing
debates surrounding the benefits and harms of primary HPV testing in comparison to co-testing (Castle

et al., 2018a; Nayar et al,, 2018; Stoler et al,, 2015; Wentzensen & Arbyn, 2017). Arguments refer to the
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slightly lower sensitivity and greater rate of over-referrals with primary HPV testing alone, HPV-
negative ICCs and missed detection of rare and glandular cervical cancer types. Although the American
Cancer Society of the United States recently updated their recommendation for primary HPV testing
alone as the preferred strategy (Fontham et al., 2020), co-testing remains acceptable, specifically where
access to FDA-approved HPV assays is restricted. Until 2022, European guidelines recommended
primary HPV screening due to a lack of evidence for primary HPV testing versus co-testing (Ronco et
al, 2015). As of December 2022, the EU updated their recommendation with HPV testing as the

preferred tool (Council of the European Union, 2022).

Prior to HPV-based screening, cytological thresholds and repeat cytological testing were used to
determine the need for colposcopy referral. With the shifting screening context towards HPV-based
testing, triage testing mitigates the need for a direct referral to colposcopy examinations (over-
referrals), particularly when it is unclear what the progression risk to precancerous lesions or cancer is.
The triaging of positive primary screening results is currently implemented in several HPV-based
screening programmes (Cuschieri et al., 2018). These include triage with cytology, HPV testing, other
biomarkers such as p16/Ki-67, or a combination of these to determine the risk. Each varies with
advantages and disadvantages in performance, costs and resources required (Arbyn et al., 2004;

Cuschieri et al.,, 2018).

1.3.5.2 Colposcopy

Colposcopy examination involves the physical and visual assessment of the cervix using a low
magnification colposcope: a binocular microscope with an illumination setting. A microscope is
necessary to visualise the cervix for abnormalities and carcinomas. The colposcope was developed
around 1925 and comprised a lens capable of magnifying the cervix from a focal distance of 150 to
190mm (Hinselmann, 1925). After discovering that dysplastic cells and lesions do not contain glycogen,
staining the cervix with iodine could help identify areas indicative of cervical abnormalities, i.e.
unstained glycogen-free areas (Schiller, 1933). lodine staining was later adopted with acetic acid
staining as part of the colposcopy procedure to identify biopsy areas for further histopathology
assessment (Hinselmann, 1938). As evidence emerged showing the moderate to the high accuracy of

colposcopy in its ability to determine cervical lesions in women with symptoms or abnormal cytological
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results (Beller & Khatamee, 1966; Hermanns et al., 1982), colposcopy was integrated chiefly as a follow-
up examination following primary cytology screening. Currently, the colposcopy examination is the
main procedure that screen-positive women are referred to for diagnostic investigation in a ‘screen,
triage and treat’ approach (IARC Working Group on the Evaluation of Cancer-Preventive Interventions,

2022).

The colposcopy procedure involves the determination of the TZ and type, identification of the presence
of any lesion in terms of its size and location using acetic acid and Lugol's iodine, as well as the
extraction of biopsies of potentially affected areas (hence colposcopy-directed biopsy) for
histopathology evaluation (Prendiville & Sankaranarayana, 2017). The type of biopsy extracted also
varies by context and practice. For lesions located on the ectocervix, punch biopsies are taken, in which
small round samples of the abnormality are extracted. For lesions with potential endocervical
involvement, an endocervical curettage (ECC) is performed by scraping the affected cervical area with
a spoon-like tool (curette). This latter method is typically conducted adjunctively to punch biopsies in
the United States (European Commission, 2008). However, these sampling techniques may be

insufficient in obtaining cells of microinvasive nature (Prendiville & Sankaranarayana, 2017).

Moreover, the colposcopy examination also serves as a management and communication stage, where
possible treatment strategies are discussed. In some contexts, even historically in HIC, 'see-and-treat’
excision approaches are performed, particularly for high-grade lesions. These include cold-knife
conisation and Large Loop Excision of the Transformation Zone (LLETZ), which serve a dual purpose of
removing the abnormal area as a form of treatment and also providing a biopsy sample for histological
confirmation. However, these excisional methods are associated with adverse pregnancy outcomes
such as preterm delivery, adverse neonatal outcomes and perinatal mortality and thus must be

discussed together with the patient (Arbyn et al., 2008b; Kyrgiou et al.,, 2016).

In order to provide quality assurance, a certified and trained colposcopist is necessary (European
Commission, 2008). Quality assurance of colposcopy includes the routine use of the International
Federation for Cervical Pathology and Colposcopy (IFCPC) terminology for the identification and type
classification of the TZ and lesions. Accredited training programmes and certification standards

determined by national and international guidelines and the use of quality indicators to audit the
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findings are also part of quality assurance measures (Bornstein et al., 2012; Luyten et al., 2015b). Based
on a meta-analysis of the accuracy of colposcopy impressions (the colposcopists’ judgement), the
sensitivity of colposcopy impressions compared to histopathology confirmed CIN3 or worse lesions is
highly variable, ranging from 29% to 100% (Mustafa et al., 2016). Among these colposcopy
impressions, 464 false positives per every 1,000 colposcopies were observed. The specificity is also
relatively low and ranges from 25% to 63% depending on the abnormality grade and the presence of
verification bias (Mustafa et al., 2016; Underwood et al., 2012). The overall accuracy and reliability are
further restricted when training and certification standards and guidelines in colposcopy vary (Mayeaux
etal, 2017; Moss et al,, 2015). Poor reliability correlates with fewer years of colposcopy experience and
with high-grade lesion types among more experienced colposcopists (Bekkers et al., 2008; Sideri et al.,

1995; Stuebs et al,, 2019).

Several attempts have been made to increase the performance of colposcopy, including the
incorporation of single-digitised cervical images for further blinded review (Ferris et al., 2005). However,
the colposcopy impressions of these are still highly subjective and low in reliability, even among
experienced colposcopists (Jeronimo et al., 2007). In a study comparing single static cervical images
time series of multiple digitised images, reliability and accuracy were not improved and
misclassification of high-grade lesions was observed (Perkins et al, 2022). Other methods have
demonstrated improvements in the performance of colposcopy by increasing the number of biopsies
taken from the cervix (Wentzensen et al., 2018; Wentzensen et al., 2015) and by taking random biopsies
(Pretorius et al., 2019). It is also suggested that risk-based decision-making using a combination of
screening results and colposcopy impression should be used to discern those at higher risk for
precancerous lesions further, to minimise potential over-treatment and potential harm (Silver et al.,

2018a).

Recent evidence shows that adherence to follow-up guidelines by providers, including timely biopsy,
is suboptimal, specifically among women with discordant co-testing results (Perkins et al., 2021).
Inadequate follow-up care may explain plateauing incidence rates observed in countries with long-
standing screening, in addition to screening non-participation and false-negative Pap results (as
highlighted in Section 1.3.4). Adherence to colposcopy referral by both the screen-positive woman and

the healthcare provider substantially influences the rate of failures in care. To demonstrate, a meta-
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analysis showed that 12% of ICC diagnoses are attributed to poor follow-up of abnormal screening
results (Spence et al.,, 2007), and longer wait times for colposcopy led to fewer cancers prevented,

particularly among women of lower socioeconomic status (Doubeni et al., 2018).

1.3.5.3 Histopathology of the biopsy

Histopathological assessment of the colposcopy-directed biopsies is necessary to confirm the disease
status of the sample and inform further management decisions by the treating physician. In practice,
pathologists are not blinded to the screening and colposcopy results. Similar to cytology and
colposcopy, the reliability of histological assessments is subjective, with moderate agreement
(weighted k ranges from 0.58 to 0.79) even between blinded expert pathology reviewers (with and
without a major focus on cervical pathology), although this was particularly poor for CIN1 and CIN2

rather than CIN3 lesions (Carreon et al., 2007; Dalla Palma et al., 2009; Stoler et al., 2001).

Additionally, histopathological classification of disease stages is recommended, which usually follows
the international CIN terminology (Table 2). However, with the shift towards HPV-based screening, a
preference to use a 2-tiered terminology system has been reported in the United States and by the
WHO to determine risk (Perkins et al., 2020; World Health Organization, 2021). This 2-tiered system
includes the designation of HPV-infected abnormalities as low-grade squamous intraepithelial lesion
(LSIL) and precancerous lesions as high-grade squamous intraepithelial lesion (HSIL), preferably with
the CIN terminology. However, pathologists have not yet widely applied this terminology (Nayar et al,,
2020).

Quality assurance of histopathology is also necessary to maintain uniform delivery of services.
Standardised reporting, the communication of results to the treating physicians as well as to data
registries should be carried out by the laboratories (European Commission, 2008). Regular training and
auditing of evaluations should also be carried out. For ICC diagnoses, the WHO histological
classification of tumours of the cervix should be utilised to enable comparisons (WHO Classification of

Tumours Editorial Board, 2020).
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1.3.5.4 Management and treatment

In an organised, quality-assured screening programme, the preceding steps of the screening algorithm
(screening (with or without triage), colposcopy and histopathology assessment of any biopsy) lead to
few women that will require treatment. Treatment for cervical disease aims to safely and effectively
remove or destroy the identified areas of the cervix indicative of early-stage invasive cancer or at a
high risk of cancer progression (Prendiville & Sankaranarayana, 2017). Treatment includes removal of
the lesion and the TZ, particularly if any microinvasion is diagnosed. For young women with CIN (<30
years) and potential family planning intentions, a passive observational approach to the management
should take place since disease regression is more likely to occur at younger age (Bekos et al., 2018).
However, this approach should be based on quality-assured colposcopy and histopathology

assessments.

Two main forms of active treatment for CIN are available: excisional and ablative methods. Historically,
hysterectomy (the removal of the uterus) was the mainstay form of cervical cancer treatment (Freund,
1877) prior to the discovery of the colposcope and the utility of staining with iodine and acetic acid
(Hinselmann, 1925; Hinselmann, 1938; Schiller, 1933). Such colposcopy procedures led to localised
treatment approaches, including the application of cold-knife conisation of the cervix, where a cone-
like section of the affected cervical area is removed by a scalpel. Conisation is one type of excisional
treatment method that can also be carried out by laser or electrical loops (LLETZ or otherwise known
in some contexts as Loop Electrosurgical Excision Procedure, LEEP), suitable for CIN2, CIN3 and
microinvasive cervical cancer (Prendiville & Sankaranarayana, 2017). Excisional treatment is preferred
due to the ability to histologically confirm the disease status, especially when the preceding colposcopy
impression is unsatisfactory. The major disadvantage of excisional methods involves serious adverse
pregnancy outcomes (Arbyn et al., 2008b; Kyrgiou et al., 2016). Since cervical neoplasia is typically
diagnosed in women of reproductive age, therefore, needs to be carefully considered before treatment.
This shared decision is crucial for glandular precancers, where hysterectomy is the primary treatment

approach (Prendiville & Sankaranarayana, 2017).

Ablation methods destroy tissue and include cryotherapy and thermal ablation (also known as

coagulation). Laser ablation of the affected area is also possible but is less commonly used today, given
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that both cryotherapy and thermal ablation methods are effective treatment methods for CIN2 or
worse (Dolman et al., 2014; Randall et al., 2019). The risk of adverse pregnancy outcomes also increases
after these methods but is not as high as excisional treatment (Kyrgiou et al., 2016). However, not all
women are eligible for ablation treatment and eligibility largely depends on the TZ type and glandular
involvement, hence the strong recommendation to assess eligibility prior to active treatment (World
Health Organization, 2021). It is also impossible to confirm the destroyed tissue’s histopathology or
rule out actual glandular disease, making ablation a less preferable treatment approach (Prendiville &

Sankaranarayana, 2017).

Not all treated and managed CIN remain risk-free. The risk of cervical cancer and other HPV-related
cancers of the vagina, vulva etc., are significantly increased following both excisional and ablative
treatment for CIN, albeit significantly increased by 2-fold following excisional treatment (Kalliala et al.,
2020). The potential reasons for this increased risk include inadequate removal or destruction of the
tissue or the genetic, immune and anogenital microbiota predisposition to persistent HPV infections
and consequently cervical neoplasia (Bowden et al., 2021; Brusselaers et al., 2019). Thus, HPV testing
could be used as a form of post-treatment surveillance, which is superior in determining the risk of
recurrent or progressive lesions compared to post-treatment cytological testing (Clarke et al., 2020). In
the event of ICC, timeliness of treatment is vital as even a four-week delay in treatment of cervical
cancer may lead to an increased risk of mortality (Hanna et al., 2020). Overall, successful and effective
treatment should be based on the collective results from quality-assured screening, colposcopy and
histopathology assessments as well as the individual factors of the woman, including her age and

family planning desires.

1.3.6 The German context

Cytology-based screening has been the mainstay cervical cancer screening method in Germany since
1971 (Leitlinienprogramm Onkologie (Deutsche Krebsgesellschaft et al., 2020). Since its
implementation, Pap smears have been offered to all women from 20 years of age with no upper age
limit at an annual interval, in contrast to international guideline recommendations at the time calling
for at least 3-year intervals (IARC Working Group on the Evaluation of Cancer-Preventive Strategies,

2005). Gynaecologists and general practitioners conducted these screenings opportunistically and the
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screening costs were covered by statutory health insurance. Within this opportunistic model, neither
systematic invitation nor uniform quality assurance mechanisms were in place (Hillemanns, 2016).
Monitoring of screening coverage or programme performance was absent nationally and state-wide

(Petry et al., 2014).

Similar to many other HIC, the incidence of cervical cancer has fallen significantly since Pap smear
introduction, from almost 40 per 100,000 women in the 1970s (age-standardised) to approximately 10
per 100,000 women in the early 2000s (Robert Koch-Institut, 2016). National estimates in 2017-2018
reported an age-standardised incidence of 9 per 100,000 women (Robert Koch-Institut & Gesellschaft
der epidemiologischen Krebsregister in Deutschland e.V., 2021). Relative survival rates after five and
ten years are 65% and 61%, respectively, and higher for early-stage ICC (93%), decreasing linearly to
22% for late-stage ICC. These estimates indicate a plateauing effect of incidence and mortality in which
cytology-based screening and an opportunistic model may no longer effectively drive down cervical
cancers. Survival rates of advanced ICC indicate potential issues in timing and coverage with screenings
offered opportunistically. In a recent large case-control study with population-based controls, 53% of
women with ICC were screened frequently in the preceding ten years, underscoring issues with the
quality of cytology-based screening (Tanaka et al., 2021). Studies based on routinely screened women
in Germany have reported poor sensitivity of Pap smears, ranging from 20% to 43% (Petry et al., 2003;
Schneider et al., 2000). These estimates were based on smears obtained with cotton-tipped swabs,
which are no longer recommended (Martin-Hirsch et al., 2000). Furthermore, there are significant
inequalities in screening participation among specific sub-populations, such as women of migrant
background (Brzoska et al., 2020). However, overall screening uptake across a three-year period (74%)

is comparable to other HIC with organised programmes (Bruni et al., 2022; Klug et al., 2010).

The future utility of cytology as a primary screening method will be further compromised due to the
impact of vaccination against HPV. Free-of-charge HPV vaccinations were recommended for young
girls from 2007 (ages 12 to 17) and expanded in 2014 to ages 9 to 14 years (Robert Koch-Institut, 2007,
2014). Rates for full or complete immunisation remain low in young girls ranging from <1% (age 9) to
44% (age 14) and up to 54% of girls by 18-years of age (Rieck et al., 2022). Despite low coverage,
especially compared to other countries in the EU and other HIC (Bruni et al.,, 2021), HPV vaccinations

have appeared to reduce the incidence of precancerous lesions (Osmani et al., 2022). These reductions
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will further impact the performance of cytology and HPV testing as vaccinated girls become eligible

for screening.

In 2018, the shift to an organised screening programme was announced (Gemeinsamer
Bundesausschuss (G-BA), 2018a) and the subsequent rollout began in 2020 (Hillemanns & Iftner, 2020).
The programme aimed to systematically inform eligible women aged 20 to 65 years via their health
insurance companies of the screening programme. Despite EU recommendations to send
appointment-based invitations with a call-recall system (Anttila et al., 2015), eligible women in
Germany receive informational letters (without appointments) at 5-year intervals, regardless of their
age and screening history (Gemeinsamer Bundesausschuss (G-BA), 2018a). As for screening strategies,
women aged 20 to 34 years continue to be eligible for annual cytology-based screening rather than
HPV testing due to the high prevalence of HPV and thus false positives that may arise in this age group
(Bruni et al., 2010).

For women aged 35 years and above, cytology combined with HPV testing as a co-test is offered
triennially. Regarding international age and interval recommendations, WHO and EU guidelines
recommend HPV-based screening from 30 or 35 years, with at least 5-year intervals (Ronco et al., 2015;
World Health Organization, 2021). A guideline committee in Germany first formed the expert
consensus for HPV-based screening from age 30 years at either triennial or 5-yearly intervals but
ultimately agreed to recommend starting age from 35 years, with the emphasis on review of the data
collected within or after a 6-year transitional period (Hillemanns et al., 2019a). An evaluation of the

newly organised programme is yet to be conducted and published.

The major shift from an opportunistic cytological screening model to an organised HPV-based co-
testing model raises several questions. The following section gives more background to the specific

aspects of the screening algorithm that are examined in this thesis.
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1.4 Studies conducted: Research gaps and questions

This thesis includes two studies investigating two important aspects of the cervical cancer screening
algorithm in Germany: optimal screening methods and patient adherence behaviours. The main

research questions central to this thesis were:

e How can current and modern screening methods optimise cervical cancer screening in
Germany?
e |f screening detection can be optimised, what role does it play in the follow-up of abnormal

results? What impacts patient adherence behaviours within the screening algorithm?

1.4.1 Study 1: Optimal screening methods

Several countries such as the Netherlands, the United Kingdom and Australia have opted for primary
HPV screening (Bruni et al., 2022) partly due to the lack of direct evidence comparing co-testing and
stand-alone HPV testing strategies head-to-head and partly due to the higher costs and harms of co-
testing (Ronco et al,, 2015). The United States and Germany are currently two HIC that offer co-testing.
However, in the United States, primary cytology with triennial intervals and primary HPV testing at 5-

year intervals are also accepted strategies (Fontham et al., 2020).

A clear and direct comparison of primary HPV testing with co-testing was lacking. It was hypothesised
that the gains in superior detection predominantly stem from HPV testing (Stoler et al,, 2015), and
longitudinal results from prospective trials in Canada and Sweden appear to support this assumption
(Elfstrom et al., 2014; Ogilvie et al., 2018). However, these studies were based on a randomised trial
design that may not be generalisable and relied on screenings conducted within an established
organised programme. Other studies have either indirectly or retrospectively compared these two
strategies (Arbyn et al., 2012; Demarco et al., 2017; Schiffman et al., 2018). Additionally, stand-alone
HPV testing reportedly demonstrated slightly lower in sensitivity than co-testing with cytology (Blatt
et al, 2015; Gage et al., 2014). However, these results were based on retrospective cohorts of health

insurance populations and laboratory samples and present major biases that must be considered.
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Opponents of primary HPV testing highlight that some ICC are HPV-negative or miss non-squamous
ICC and that HPV performance decreased among the older age cohorts, thus favouring co-testing
strategies (Pirog et al., 2014; Stoler et al., 2015). The number of colposcopy referrals is also predicted
to be higher following primary HPV screening than for co-testing, leading to higher lifetime costs (Felix
et al., 2016). There is also an increase in anxiety and stigma surrounding the HPV screening result
regardless of the cytological result (McBride et al., 2020; O'Connor et al.,, 2014). Supporters of primary
HPV testing point to the longitudinal ability of HPV tests to detect CIN3 or worse lesions, where fewer
high-risk cases are observed after a longer interval (Demarco et al., 2017; Dillner et al., 2008; Kitchener
et al.,, 2011b; Ogilvie et al., 2018; Rebolj et al.,, 2019). This ability may translate into a significantly lower
cumulative incidence (Gage et al., 2014) even after 10 years of follow-up observation (Gottschlich et
al, 2021). However, a systematic review found this effect attenuated after time within trial settings
(Melnikow et al., 2018). Several modelling studies also indicated that primary HPV testing was more
cost-effective and required fewer screening tests than co-testing (Jin et al., 2016; Kim et al., 2018), even

with an opportunistic screening model (Petry et al.,, 2017).

The lack of concrete evidence directly comparing the performance and related outcomes of primary
HPV testing stand-alone to co-testing underscored the necessity to examine these strategies head-to-
head. Moreover, there was a need to compare multiple cytology tools (conventional and LBC), multiple
validated and high-performing HPV assays (HC2, GP5+/6+ PCR), and screening strategies (stand-alone,
co-testing) in a population-based sample of eligible women. In order to identify an optimal screening
method given the robust evidence for HPV-based screening, Study 1 (Liang et al, 2021) compared
various cytology and HPV-based tools as stand-alone or co-tests. This study was based on the

following research questions:

1. Which HPV-based screening strategies offer better performance in the detection of
precancerous lesions?

2. Which strategy is preferable with an acceptable balance of benefits and harms?

The research results provide valuable evidence for HPV-based screening programmes and provide a

baseline result to compare with the screening performance of the new German programme.
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1.4.2 Study 2: Patient adherence behaviour

An abnormal screening result warrants further investigation and patient adherence at every step along
the screening algorithm is important to measure as a key quality assurance indicator (European
Commission, 2008). In a meta-analysis assessing failures in cervical cancer care, at least 12% of ICC
diagnoses were due to poor or inadequate follow-up after an abnormal screening result (Spence et al.,
2007). Although a significant proportion (55%) of cervical cancer care failures are due to inadequate
screening histories, the screening coverage in Germany with a historically opportunistic model within
a three-year period is comparable to other HIC: approximately 74% (Klug et al., 2010) and 70% (Bruni
et al,, 2022) respectively. This points to the possibility that a substantial proportion of preventable ICC
in Germany is due to post-screening failures in care (Tanaka et al.,, 2021), which, if delayed, lead to

poorer outcomes and survival (Doubeni et al., 2018; Hanna et al., 2020).

Regarding diagnostic follow-up assessment (colposcopy), there are currently no estimates from
Germany due to the opportunistic model previously in place and current transitional period of the
newly organised programme. It can be assumed that inadequate follow-up contributes to more than
12% of care failures in an opportunistic model compared to an organised one due to the significant
inequalities in screening coverage (Miles et al., 2004). In countries with organised and quality-assured
screening, benchmarks for the rate of diagnostic follow-up assessment should be clear and upheld. EU
guidelines define this indicator as “compliance to referral for colposcopy”, the proportion of women
referred to follow-up that complies with the assessment (European Commission, 2008). Several
national guidelines have determined the benchmark for acceptable attendance rates, including
Canada, where a non-attendance rate among all referrals should be less than 15% and supported by
systematic recall mechanisms (Murphy et al., 2015). The recent German screening programme reform
considers this indicator vital for monitoring quality assurance but stops short of determining an
acceptable threshold (Gemeinsamer Bundesausschuss (G-BA), 2018a). It is also unclear if and how
recalls after non-attendance will be carried out, which within the previous opportunistic model, was

left predominantly as the responsibility of the screening clinic, the screening physician and the patient.

Furthermore, given the general and recent shift towards HPV-based screening in some countries

(Maver & Poljak, 2020), only one study evaluated the impact of HPV testing on colposcopy follow-up
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but was limited in sample size (Buick et al., 2021). Qualitative studies have indicated the potential of
positive hrHPV results to increase anxiety, stigma, concerns and shame, particularly when
communication regarding the meaning of the test result is neglected (Bennett et al., 2021; McRae et
al., 2014; O'Connor et al,, 2014; O'Connor et al., 2018). Other studies have shown no increase in anxiety
or related concerns or retreat of these initial psychological harms after 12 months (Andreassen et al.,
2019; Burger et al., 2014; McBride et al,, 2020). Others have found that anxiety regarding an abnormal
cytological screening result drive non-attendance, particularly in smokers (Yassin et al.,, 2002). It is
crucial, therefore, to measure the rate of non-attendance to colposcopy and investigate factors
associated with non-attendance of follow-up assessments, considering HPV testing. Thus, Study 2

(Liang et al., 2022) investigated the following research questions:

1. In a population-based sample of women invited and screened with optimal tools, what
proportion of women do not adhere to the screening algorithm, specifically diagnostic follow-
up of abnormal screening results (colposcopy)?

2. If screening detection is optimised by HPV testing, what role does a positive HPV result have
on colposcopy non-attendance?

3. What are the factors associated with follow-up or lack thereof? (Whom does it impact?)

4. What are the reasons given for non-follow-up?

This investigation contributes to the understanding of the role of HPV testing results in the diagnostic
follow-up of the screening algorithm and particularly the adherence behaviours of screened women.
Furthermore, the added benefits in identifying which factors are related to poor follow-up behaviour
will determine potentially vulnerable sub-groups, enabling the development and testing of potential

interventions to address these shortcomings.
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2 Methods

2.1 The MARZY study

Despite the successes brought by opportunistic cytological screenings since 1971, the opportunistic
model in Germany did not embed any systematic or centralised database for cervical screening
activities or outcomes. Several federal states established cancer registries that documented invasive
cancers (Arndt et al., 2020) but not for precancerous lesions. Previous German studies that assessed
cytological and HPV testing performance relied on study recruitment of women who self-referred to
routine screening or who were privately insured (Petry et al, 2003; Schneider et al., 2000). These
limitations are important to recognise as routinely screened women within an opportunistic model
may not reflect the truly eligible population. On the contrary, more representative and generalisable
estimates can be obtained in a randomly selected, population-based sample of women. For example,
there is a substantial variation in screening participation in Germany by many socio-economic and
cultural factors, where women with migrant backgrounds or lower socio-economic status are less likely
to participate in cervical cancer screening (Brzoska et al., 2020). Moreover, the calculation of test
specificity from routinely screened populations is impractical since screen-negative women are not
recalled for diagnostic follow-up, and thus confirmation of their negative status is missing (Arbyn et
al, 2010). In order to investigate the research questions described in Chapter 1 Section 1.4, data from

a population-based study were necessary.

The MARZY study (Machbarkeitsstudie fiir die Durchfiihrung einer randomisierten Interventionsstudie

zur  Implementation  eines  Einladungsmodells und eines HPV  Tests in die
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Routinefriiherkennungsuntersuchung fiir das Zervixkarzinom [Feasibility study for the conduct of a
randomised interventional study on the implementation of an invitation model and HPV tests within
the routine cervical cancer screening system]) was conducted in the federal state of Rhineland-

Palatinate, Germany, in the largest city of Mainz and the surrounding regional area of Mainz-Bingen.

The MARZY study aimed to:

(i) Investigate the impact of an invitation letter to cervical cancer screening on screening
participation mimicking an organised programme (with an invitation and call-recall),
(i) Compare various validated HPV assays and cytology assessments as well as

(iii) Estimate the prevalence of HPV infection.

Additional goals were to examine patient adherence within the screening algorithm and to evaluate

the impact of positive HPV results on the screened women and healthcare providers (Klug, 2004).

2.1.1 Study design

The study design of MARZY is a prospective RCT. The recruitment of women depended on specific
eligibility criteria and age. The lower age limit was restricted to 30 years due to HPV testing and the
upper limit was restricted to 65 years. A random selection within the target population living in the
study regions city of Mainz (~195,000 inhabitants) and Mainz-Bingen (~200,000 inhabitants) were
contacted via registration data provided by the local population registries of those areas. Older women
(50 to 65 years) were oversampled due to unknown hysterectomy status in this age group. The
inclusion criteria to participate in the screening and subsequent study modules were women who had
no previous history of cervical cancer or severe lesions, had not undergone hysterectomy, were not
pregnant, lived in the study region for at least six months, and women who were physically and

cognitively able to participate in the study.
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A

Invitation arms Control

Screened (2005-2007)
al

Colposcopy* Colposcopy

Biopsy Biopsy

3 years later:

Screened (2008-2012)
Abnormal

Colposcopy* Colposcopy

Biopsy Biopsy

* Colposcopy offered to randomly selected screen-negative women to verify their status.

Figure 4. A general diagram of the MARZY prospective randomised trial design

As described in the published results of Radde and colleagues (2016), for the RCT module (Figure 4),
9,383 women from the target sample population were contacted and eligibility for screening based on
the exclusion criteria was determined. Both invitation arms A and B were sent a basic information letter
but arm B received an additional 8-page brochure containing further information regarding HPV
infection and cervical cancer. Two intervention arms were incorporated to analyse the difference
between the extent of information given with invitation and its impact on participation. A third arm C
was assigned as the control group, to which participants did not receive any invitation to screening
within MARZY but could attend routine screening within the general opportunistic model in place at

the time of the study. Arm C participants were informed about the study and their screening
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participation data within the opportunistic model were retrospectively collected at the end of the

baseline period.

Women who were randomised to the invitation arms (A and B only) could participate in screening at
any office-based gynaecologist routinely conducting screenings in the study region between 2005 and
2007 (round 1, R1). Strict recruitment monitoring and quality assurance were conducted at the practices
(Zeissig et al., 2014). All gynaecologists and general practitioners performing cervical screening were
informed about the study and were sent the necessary information, screening material and study
material to document the recruited participants. Informed consent was collected from all the
participating women in the trial component and ethical approval was granted by the German Cancer

Aid (Deutsche Krebshilfe; Grant numbers: 105827, 106619, 107247, 108047 and 107159).

2.1.2 Screening algorithm

The screening algorithm within MARZY incorporated the same key assessments described in Chapter
1, Section 1.3.5. Invited women (arms A and B only) who attended the screening were offered their
standard routine Pap screening (conventional Pap) and an additional study swab (LBC), which also
enabled HPV testing in the laboratory by HC2 assay (described in Chapter 1, Section 1.3.5.1). Post hoc
genotyping analyses with GP5+/6+ EIA PCR were conducted separately (Department of Pathology,
Amsterdam UMC, location Vrije Universiteit Amsterdam, the Netherlands) and did not influence the
screening algorithm. The instruments used for the study swab were provided by the LBC manufacturer,
including a cytobrush and endocervical broom. All gynaecologists and physicians conducting the
cervical screening completed a standard screening form and sent the routine Pap sample to the usual
routine laboratory for processing. LBC study swabs were sent to a centralised and experienced
laboratory with LBC processing and HC2 capacities to ensure quality assurance (CytoMol MVZ,

Frankfurt, Germany).

The Munich Nomenclature Il classified the study thresholds for abnormal screening results: Pap Ilw or
worse (equivalent to Bethesda: ASC-US or worse) for cytology or a positive hrHPV test result by HC2
(Table 2, Chapter 1 Section 1.3.5.1). Due to the novelty of HPV testing at the time of the MARZY study,

participants with a positive hrHPV result (regardless of cytological result) were given thorough
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information regarding their screening result, which differed from the information received by
participants who had only cytological abnormalities detected (ASC-US or worse) and those who were
screen-negative upon both co-tests but randomly selected for verification. These participants were
informed of their screening result and referred to diagnostic follow-up: colposcopy examination.
Women with screen-negative results (both cytology and HPV negative) who were not randomly
selected for colposcopy were returned to the normal screening intervals. A random sample (5%) of
screen-negative women invited to colposcopy examination (Figure 4) was recruited to enable
specificity to be calculated and to minimise verification bias (Arbyn et al., 2009b). These women were

given an incentive to participate and all were informed about the purpose and expected procedure.

Colposcopies were conducted by expert accredited colposcopists at the Department of Obstetrics and
Gynecology, Mainz University Hospital, Germany, who were not blinded to the screening results. This
was to ensure maximum reliability and validity of the biopsy samples extracted from screen-positive
and screen-negative women as not all screening gynaecologists are certified to conduct colposcopies
(as described in Chapter 1, Section 1.3.5.2). Colposcopy examinations were conducted according to the
standard routine procedure and documentation processes of the IFCPC guidelines (Walker et al., 2003).
For screen-positive women, multiple punch biopsy samples were taken at the place where any lesions
were identifiable to increase sampling adequacy (Wentzensen et al., 2018). An ECC was performed for
women with an everted TZ. Colposcopy of screen-negative women included random punch biopsies

at two quadrants of the cervix (12 and 6 o’clock).

The biopsies were sent to the centralised university pathology laboratory at the Mainz University
Hospital (Mainz, Germany). Akin to real-world screening assessments, pathologists were not blinded
to the screening or colposcopy results and assessed biopsy samples in accordance to the standard
procedure. Two pathologists were engaged in assessing biopsy samples, and upon any disagreement
in diagnosis, a third blinded pathologist was called upon to give their diagnosis (as highlighted in
Chapter 1 Section 1.3.5.3). This was incorporated as the inter-rater reliability of histopathology can vary
substantially (Ceballos et al., 2008; Stoler et al., 2001). The results were relayed to the treating physician
for further management where necessary. Cervical disease was managed according to the
recommended clinical guidelines in place at the time based on eligibility (as described in Chapter 1

Section 1.3.5.4).
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For the prospective follow-up component of the MARZY study, the same screening algorithm protocol
was conducted three years after the baseline screening period ended (2005-2007) from 2008 to 2010,
plus additional observation time for treatment outcomes until 2012 (Figure 4). Women who
participated in the baseline round and met the inclusion criteria applied at baseline were re-invited to

partake in the second round of screening (R2).

2.1.3 Questionnaire and interview data collection

Screened (2005-2007)

Colposcopy* Colposcopy

Biopsy Biopsy

3 years later:

Screened (2008-2012)

Colposcopy* Colposcopy \

Biopsy

Biopsy

* Colposcopy offered to randomly selected screen-negative women to verify their status

Figure 5. Data collection sources within the MARZY study within baseline and follow-up periods

To fulfil the first MARZY study aim to investigate the impact of an invitation letter to cervical cancer
screening, screening participation data were recorded in addition to various confounding factors,
including sociodemographic information, screening behaviour and history, sexual reproductive health
and lifestyle factors. These data were collected within the R1 baseline questionnaire (Q1) as a paper-
based and self-administered survey from all women attending a screening. In the study follow-up
phase R2, screening was offered again alongside another general questionnaire (Q2), collecting the
same information (pertaining to the prior three years since baseline) as well as additional relevant items

on sexual health such as STI history.

In concordance with the second research aim within MARZY: to compare various HPV assays and

cytology assessments, only screening results from R1 were used. The screening results from R1 were
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used to calculate the performance of screening tool, such as sensitivity and specificity. Parameters were
calculated for each screening tool stand-alone and the combined (co-testing) strategies. The methods

addressing the research questions of Study 1 are described below under Section 2.2.

Further data on screening history and results were extracted and linked between R1 and R2 since
screening was offered annually to all women above age 20 in Germany. These data were extracted in
parallel to the study screenings and retrospectively by study nurses who contacted the participant’s
gynaecology or general practitioner office. Routine screening information after R1 participation, as well
as medical records from the colposcopy and pathology clinics at the hospitals, were collected and
linked to study participants. All records relating to subsequent colposcopy, biopsy and disease
management were extracted from these medical records. These results could provide a more
comprehensive picture of the participants, especially with routine screenings still offered in the
background of the study, which may have led to abnormal screening results not being captured within

the study.

Given the interest in HPV-based screening and potential concerns or anxiety arising, an additional
questionnaire (Q3) was administered at both screening rounds to women who were screen-positive
for HPV testing. Q3 entailed several aspects of HPV awareness, knowledge, anxiety and concern about
HPV links to sexual health and cancer, as well as information dissemination channels, such as how HPV
results were communicated to the participants by their screening physician. At the time, no
standardised and validated tool was available to capture these various HPV-related perspectives. Thus,
the questionnaire incorporated several instruments, such as the Psychosocial Effects of Abnormal Pap
Smears Questionnaire (PEAPS-Q) and the Cervical Dysplasia Distress Questionnaire (CDDQ) to collect

this information (Bennetts et al., 1995; Shinn et al., 2004).

Further relevant data were collected from the screen-positive participants who were referred to
colposcopy. Study nurses called the study participants by phone, who did not make timely
appointments for colposcopy within a 3-month period. This call-recall was necessary to a) act as a
reminder to attend colposcopy, b) offer reassurance and point of reference for women unsure about

the meaning of the screening result and subsequent examination and c) to interview the women who
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refused to make a colposcopy appointment on why they preferred not to attend. Study nurses

conducted these calls at both screening rounds.

The collection of Q1, Q2, HPV-associated items and data among women referred to colposcopy could
be used to explore the second aspect of this thesis, including non-participation within the screening
algorithm, particularly after screen-positive results, and to evaluate the impact of positive HPV results
on the screened women and provider. The methods addressing aspect 2 of this thesis are described in

more detail under Section 2.3.

2.2 Study 1: Optimal screening methods

In order to answer the research questions on optimal screening strategies in Study 1, comparisons of
diagnostic performance were conducted based on the screening and biopsy results obtained at the
baseline round of the MARZY study. The study population included all women screened who provided
a LBC study swab sample. The study swab also provided the residual sample for HPV testing (HC2 and
GP5+/5+ PCR, hereby simply referred to as PCR). All women with at least one positive screening result
(cytology-based cut-off ASC-US or worse, hrHPV-positive) were referred to colposcopy for further
verification. Since clinical guidelines at the time of the study used a more stringent definition for referral
compared to the study threshold, namely Pap IlID or worse (equivalent to Bethesda: LSIL or worse),

this threshold was also taken into consideration for the following analyses.

2.2.1 Absolute accuracy indicators

An overview of absolute accuracy indicators and their calculations is provided in Table 3. These are
important indicators of screening test performance (IARC Working Group on the Evaluation of Cancer-
Preventive Interventions, 2022). Sensitivity was calculated as the proportion of true positives (TPs)
screening results by each test conducted (conventional cytology [Pap], LBC, HC2 or PCR) as well as
their combinations (Pap/HC2, Pap/PCR, LBC/HC2 and LBC/PCR) among the total histopathologically
confirmed cases: CIN2 or worse and CIN3 or worse. As for specificity, the proportion of true negatives
(TNs) among histopathologically confirmed ‘normal’ findings was calculated. A high positive predictive

value (PPV; the proportion of positive test results leading to a disease diagnosis) and high negative
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predictive value (NPV; the proportion of negative test results leading to no disease diagnosis) are also
desirable to determine the true disease status accurately, but these depend on the base population
prevalence. The PPV was calculated by the proportion of all TPs among screen-positive results. The
NPV was conversely calculated by the proportion of TNs among all screen-negatives. In some cases, it
is not possible to calculate a meaningful proportion when a cell in the 2x2 contingency table contains
the value 0. To avoid this issue, we applied Haldane's correction by adding 0.5 to each 2x2 cell for
screening test results or histopathological results that encountered this issue, namely co-testing

strategies with HC2 and all PCR screening strategies stand-alone and combined (Haldane, 1956).
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Table 3. 2x2 contingency table of the various absolute performance parameters and their

respective formulae

Disease status

(confirmed by gold standard)

CIN* or worse

Normal**

Calculation

True positive

False positive

Positi PPV ®
ositive -
TP + FP
(TP) (FP) +
Screening test
False negative True negative N
Negative NPV = ———
FN + TN
(FN) (TN) +
Sensitivity Specificity
culati _ TP TN
Calculation | =757 by “FP+ TN

* Endpoints: CIN2 or worse, CIN3 or worse.

** Endpoints: <CIN2, <CIN3.

PPV: Positive predictive value; NPV: Negative predictive value.
Note: under co-testing, a positive screening result refers to positivity by either test included.

¢cNPV = 1—- NPV =

of a negative screening result.
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the proportion of TNs to screen-negative results from 1 as below:

FN + TN

In order to better compare the risk of precancer or worse following a negative screening test

(Wentzensen & Wacholder, 2013), the complement of the NPV, the cNPV was calculated by subtracting

A low cNPV value indicates a low risk of precancer. Thus, the screening test is highly reliable in the case

A reference test or gold standard for disease verification that is ‘error-free’ is required to calculate the

described performance parameters (Table 3) of existing and emerging screening tools (Cohen et al.,
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2016). In contexts with screening services implemented, the gold standard colposcopy-directed for
screen-negative women would be impractical and unethical due to its invasiveness (IARC Working
Group on the Evaluation of Cancer-Preventive Interventions, 2022). However, without verification of
true negative status, verification bias of the performance estimates may arise, where sensitivity is
overestimated and specificity is underestimated (Begg & Greenes, 1983; de Groot et al., 2011). There
are two types of verification bias. The first is classified as differential verification bias, as the disease
status among screen-positives are verified, but not for the screen-negatives. Screenees referred to
follow-up colposcopy may not adhere to their examination, leading to partial verification bias. Partial
verification bias exists because verification of referred non-attendees is lacking. Therefore, to
determine estimates with minimal verification bias, estimates can be adjusted in statistical analyses for
verification bias (Arbyn et al., 2009b). Weights were assigned to the parameters to adjust for verification
bias. The assignments were applied according to the three strata that received differing referral and
invitation letters, which may have influenced attendance of the follow-up colposcopy examination: 1)
cytological abnormality only (ASC-US or worse), 2) positive HC2 result (regardless of cytological result)
and 3) co-test negative but randomly invited to colposcopy. A sampling fraction determined these

weights, similar to methods carried out by Kulasingam et al (2002):

x.
B
Adjusted sensitivity = ————

Zlic=1 ni/fi

Here x; refers to the number of TPs that attended colposcopy in any of the 3 strata (i), n; refers to
the total number of histopathologically confirmed CIN2 or worse and CIN3 or worse cases and f; refers
to the proportion of each stratum who attended the follow-up colposcopy examination. The weight
was calculated as the inverse of this probability per stratum and applied to the accuracy estimates

(Table 4).
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Table 4. The predicted probability of attending a follow-up colposcopy appointment (denominator)

for each stratum and the formula for weight allocation

Stratum 1: Stratum 2: Stratum 3:
Cytology abnormality only  Positive HC2 result Co-test negative
(ASC-US or worse) (regardless of cytology)
= 1 = 2.27 = 1 =217 = ! = 0.04
C 044 7 © 046 7 ©0.04

ASC-US: Atypical squamous cells of undetermined significance; HC2: Hybrid Capture®2.

Confidence intervals around each of these estimates were determined by the bootstrap method
(number of bootstraps: b=1,000) at the lower 2.5% and upper 97.5% quantiles (Efron & Tibshirani,
1993).

2.2.2 Comparison of strategies

A simple comparison between two screening test strategies was tested using McNemar's paired
sample statistic for the weighted absolute performance parameters. This was carried out among
stratified groups: CIN or worse and ‘'normal’ histopathology results (Kim & Lee, 2017). The disadvantage
of this statistic is that one is unable to determine the direction of the association if it is detected.
Therefore, a comparison directly between test strategies was carried out by determining the relative
sensitivity and relative specificity. The relative sensitivity is also helpful in the absence of true negatives,
for example in a real-world screening study where screen-negatives do not undergo verification of
their status (Filleron, 2018; Pepe & Alonzo, 2001). Both of these parameters were calculated by the

ratio of one test to the comparison test, as seen below:

Sensitivity(Test1)
Sensitivity(Test2)

Relative sensitivity =
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. - Specificity(Test1)
Relative specificity = Specificity(Test2)

These ratios were calculated for both crude accuracy parameters and verification bias-adjusted
accuracy parameters to examine if any verification bias exists. To estimate the precision of the crude
estimates, 95% confidence intervals were determined by standard Wald method (Fagerland et al.,
2014), while 95% confidence intervals for the adjusted relative estimates were determined by

bootstrapped resampling as described above.

In addition, the positive likelihood ratio (PLR) was determined, i.e. the ratio of the probability of a
positive test result among those diseased (TP rate) to a positive test result in the ‘normal’ screened
population (FP rate). Conversely, the negative likelihood ratio (NLR) was determined as the ratio of
negative test results among those diseased (FN rate) to negative test results in the ‘'normal’ screened

population (TN rate). These are advantageous to PPV and NPV as they are independent of disease

prevalence.
Sensitivity
PLR = —
1 — Specificity
1 — Sensitivity
NLR =

Specificity

2.2.3 Potential harms

Potential harms of screening tools include false-positive and false-negative rates (FPR; FNR). These

were calculated as below, based on the sensitivity and specificity determined:

FPR =1 — Specificity

FNR = 1 — Sensitivity

Another relevant parameter for determining the potential harms of a screening strategy is the number

of referrals to colposcopy necessary to detect one precancerous lesion (NNC) or the colposcopy referral
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rate (European Commission, 2008). This was calculated by taking the inverse of the PPV as seen below.

1 TP+FP

NNC = 55y TP

The 95% confidence intervals of all potential harm parameters were obtained by the bootstrapped

resampling method (b=1,000).

2.3 Study 2: Patient adherence behaviour

In the second study on patient adherence to colposcopy following an abnormal screening result, all
screened and referred women with at least borderline cytological results (ASC-US or worse) or a hrHPV
result at either R1 or R2 were included in the analyses. Participants who were invited as part of the

random sample of screen-negative women (5%) were not included.
2.3.1 Descriptive analyses

Sociodemographics, health-related information such as smoking status, screening frequency, HPV-
related information and reasons for non-attendance were described with absolute numbers and
proportions among all women included in these analyses. These were stratified by HPV screening status
and the cut-off for cytology results was ASC-US or worse (equivalent to Munich Il Nomenclature: Pap
llw or worse). Additionally, similar to Study 1, a second cytological cut-off equivalent to low-grade
cytology (LSIL) or worse was analysed in accordance with clinical guidelines in place at the time of the

MARZY study.

2.3.2 Attendance rate

The colposcopy attendance rate is an important quality assurance indicator for cervical screening
programmes. It is determined as the proportion of screened women who underwent colposcopy
follow-up among the total number of women referred to colposcopy. Following an abnormal screening
result, women were given up to three months of receiving their screening result to arrange a
colposcopy appointment with the university clinic (Mainz, Germany). If appointments were not

arranged in this timeframe, a designated study physician/nurse called the participant to encourage
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arranging the appointment and to address any concerns from the patient. Additional time was given
for women who eventually arranged a colposcopy appointment (regardless of whether contact by the
study nurse was successful or not). Thus, the attendance rate was calculated as any colposcopy
undertaken within a 4-month period. The non-attendance rate was simply determined as the
complementary of the attendance rate. These rates were stratified by three relevant co-testing result

groups: cytology abnormality only (ASC-US or worse), hrHPV positive only and both co-test positive.
2.3.3 Influence of HPV status and other factors

Due to the transient nature of HPV infections and relatively short screening intervals, it is possible that
women were screen-positive and referred to colposcopy at R1 only, R2 only or at both rounds if they
participated in study follow-up. The reasons for attendance or lack thereof among women referred to
colposcopy at both rounds may differ between the two rounds. Thus, in this situation, to avoid
overestimation of attendance-related factors, only the first referral and respective questionnaire data
were included in these analyses. The outcome of interest for the analyses in Study 2 was colposcopy
attendance versus non-attendance. In order to determine whether HPV status influenced colposcopy
attendance and whether other potential factors were associated with attendance, binary logistic
regression was applied. Binary logistic regression differs from linear regression modelling, which
assumes the outcome Y is continuous and normally distributed (conditional on the
independent/explanatory variables). This binary outcome can be modelled in logistic regression to

predict the probability P of the outcome of interest (y; = 1) or ‘attendance = yes' as follows:

lg(P(Y1=1)

Ply, = O)) = Bo + Bixin + Boxiz + - + Bpxip

Here, the log-odds of the outcome are determined by a linear predictor based on p covariates
X1, -, Xp and a set of parameters ,BO, ...,ﬁp. Both univariable and multivariable logistic regression
were performed in order to determine the odds of colposcopy attendance, including whether the
association exists beyond chance and if so, the size and statistical significance of the association.
Relevant cofactors of precancerous and cancerous lesions, such as age, nationality (a proxy for migrant

background), education level, HPV status etc. (as described in Chapter 1, Section 1.1.2.4) were extracted
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from the study screening records, as well as from Q1, Q2 and Q3 surveys (as described in Chapter 2,

Section 2.1.3). These cofactors were applied as covariates for multivariable regression modelling.

Due to the inherent loss of data from missing survey responses, available case analysis was applied in
combination with imputed values to retain an adequate sample size for multivariable regression.
Multiple imputation, which is the repetitive ‘replacement’ of missing observations based on existing
observations, and their respective bootstrapped confidence intervals was carried out using the MAMI
package in R (Schomaker & Heumann, 2014). This package was selected due to the capability of
performing model averaging on imputed data for logistic regression and the possibility of obtaining
confidence intervals based on bootstrap resampling. Bootstrapped confidence intervals were
calculated based on the covariate-adjusted models instead of the likelihood ratio-based estimates,
which may be over and underestimated. A total of 500 bootstrap resamples was used to determine the

confidence intervals.
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3 Studies

The following section contains the published abstracts of the two studies relevant to this thesis, as well
as the respective author contributions. The full texts of the studies and their reprint permissions can

be found in the appendix.

3.1 Study 1: Optimal screening methods

Study 1: Liang, L. A., Einzmann, T., Franzen, A., Schwarzer, K., Schauberger, G., Schriefer, D., Radde,
K. Zeissig, S. R., lkenberg, H., Meijer, C. J. L. M., Kirkpatrick, C. J., Kolbl, H., Blettner, M., &
Klug, S. J. (2021). Cervical Cancer Screening: Comparison of Conventional Pap Smear Test,
Liquid-Based Cytology, and Human Papillomavirus Testing as Stand-alone or Cotesting
Strategies. Cancer Epidemiology, Biomarkers & Prevention, 30(3), 474-484.
https://doi.org/10.1158/1055-9965.Epi-20-1003

3.1.1 Abstract

Background: Some countries have implemented stand-alone Human Papillomavirus (HPV) testing
while others consider co-testing for cervical cancer screening. We compared both strategies within a

population-based study.

Methods: The MARZY cohort study was conducted in Germany. Randomly selected women from
population registries aged >30 years (n=5,275) were invited to screening with Pap smear, liquid-based

cytology (LBC, ThinPrep®) and HPV testing (Hybrid Capture®2, HC2). Screen positive participants
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(ASC-US+ or high-risk HC2 (hrHC2)) and a random 5% sample of screen negatives were referred to
colposcopy. Post hoc HPV genotyping was conducted by GP5+/6+ PCR-EIA with reverse line blotting.
Sensitivity, specificity (adjusted for verification bias) and potential harms including number of

colposcopies needed to detect 1 precancerous lesion (NNC) were calculated.

Results: In 2,627 screened women, cytological sensitivities (Pap, LBC: 47%) were lower than HC2 (95%)
and PCR (79%) for CIN2+. Co-testing demonstrated higher sensitivities (HC2 co-testing: 99%; PCR co-
testing: 84%), but at the cost of lower specificities (92%-95%) compared to HPV stand-alone (HC2:
95%; PCR: 94%) and cytology (97% or 99%). Co-testing versus HPV stand-alone showed equivalent
relative sensitivity (HC2: 1.06, 95% Cl 1.00-1.21; PCR: 1.07, 95% 1.00-1.27). Relative specificity of Pap
co-testing with either HPV test was inferior to stand-alone HPV. LBC co-testing demonstrated

equivalent specificity (both tests: 0.99, 95% ClI 0.99-1.00). NNC was highest for Pap co-testing.

Conclusions: Co-testing offers no benefit in detection over stand-alone HPV testing resulting in more

false-positive results and colposcopy referrals.

3.1.2 Contributions

Linda A. Liang is the first author of this study and contributed to the development of the methodology,
data analysis and visualisation, as well as the drafting, review and editing of the published manuscript.
Prof. Dr. Stefanie J. Klug conceptualised and acquired funding for the MARZY study as principal
investigator and contributed to the supervision of the analyses and writing of the manuscript. Dr.
Gunther Schauberger contributed to the methodology, data analysis and validation of statistical
methods applied in the study. Dirk Schriefer curated and validated the data for analysis. Regarding
data collection, P.D. Dr. Hans lkenberg conducted the assessments for LBC and HC2 screening tests.
Dr. Thomas Einzmann, Dr. Arno Franzen, Dr. Katja Schwarzer conducted the expert colposcopies. Prof.
Dr. Dr. Heinz Kolbl was the institute director of the gynaecology department and oversaw the
examinations and quality assurance of the colposcopies conducted within the study. Prof. Dr. Chris J.
L. M. Meijer (and Prof. Dr. Peter J. F. Snijderst, who sadly passed away before the manuscript was
published and thus could not be listed as co-author by journal guidelines) performed the post hoc

GP5+/6+ PCR laboratory tests. Prof. Dr. Charles J. Kirkpatrick oversaw the pathology examinations and
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quality assurance of pathology reports within the study. Kathrin Radde was the project coordinator,
responsible for the administration of the study. Prof. Dr. Sylke Zeissig was the study physician. Prof. Dr.
Maria Blettner contributed to the conceptualisation of the MARZY study and the subsequent
acquisition of third-party funding together with Prof. Dr. Stefanie J. Klug. All co-authors of this

manuscript reviewed and agreed to the final manuscript for publication.

3.2 Study 2: Patient adherence behaviour

Study 2: Liang, L. A., Zeissig, S. R., Schauberger, G., Merzweiler, S., Radde, K., Fischbeck, S., Ikenberg,
H., Blettner, M., & Klug, S. J. (2022). Colposcopy non-attendance following an abnormal
cervical cancer screening result: a prospective population-based cohort study. BMC
Women's Health, 22(1), 285. https://doi.org/10.1186/s12905-022-01851-6

3.2.1 Abstract

Background: A considerable proportion of cervical cancer diagnoses in high-income countries are due
to lack of timely follow-up of an abnormal screening result. We estimated colposcopy non-attendance,
examined the potential factors associated and described non-attendance reasons in a population-

based screening study.

Methods: Data from the MARZY prospective cohort study were analysed. Co-test screen-positive
women (atypical squamous cells of undetermined significance or worse [ASC-US+] or high-risk human
papillomavirus [hrHPV] positive) aged 30 to 65 years were referred to colposcopy within two screening
rounds (3-yr interval). Women were surveyed for sociodemographic, HPV-related and other data, and
interviewed for non-attendance reasons. Logistic regression was used to examine potential

associations with colposcopy attendance.

Results: At baseline, 2,627 women were screened (screen-positive=8.7%), and 2,093 again at follow-
up (screen-positive=5.1%; median 2.7 years later). All screen-positives were referred to colposcopy,
however 28.9% did not attend despite active recall. Among co-test positives (ASC-US+ and hrHPV)
and only hrHPV positives, 19.6% were non-attendees. Half of only ASC-US+ screenees attended

colposcopy. Middle age (adjusted odds ratio [aOR] =1.55, 95% Cl 1.02, 4.96) and hrHPV positive result
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(@OR=3.04, 95% Cl 1.49, 7.22) were associated with attendance. Non-attendance was associated with
having >3 children (aOR=0.32, 95% Cl 0.10, 0.86). Major reasons for non-attendance were lack of time,
barriers such as travel time, need for childcare arrangements and the advice against colposcopy given

by the gynaecologist who conducted screening.

Conclusions: Follow-up rates of abnormal screening results needs improvement. A systematic recall
system integrating enhanced communication and addresses follow-up barriers may improve screening

effectiveness.

3.2.2 Contributions

Linda A. Liang is the first author of this study and contributed to the methodology, data analysis and
visualisation of the study data, as well as the drafting, review and editing of the published manuscript.
Prof. Dr. Stefanie J. Klug conceptualised and designed the MARZY study and acquired the project
funding. Dr. Gunther Schauberger contributed to and oversaw the methodology, specifically in the
data analysis. Sophie Merzweiler assisted in data checks. The screening and post-screening algorithm
study was co-ordinated by Kathrin Radde. Prof. Dr. Sylke Zeissig was the study physician. Additionally,
P.D. Dr. Hans lkenberg contributed to the data collection of screening results and relaying of
information to the study team. Dr. Sabine Fischbeck contributed to the data collection method by the
Q3 survey. Prof. Dr. Maria Blettner contributed to the MARZY study conceptualisation and the
acquisition of third-party funding together with Prof. Dr. Stefanie J. Klug. All co-authors reviewed the

submitted and final versions of the published manuscript.
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4 Discussion

Cervical cancer prevention research has evolved rapidly in the last three decades. With the increasing
evidence favouring modern and accurate screening tools and the call to eliminate cervical cancer by
optimising primary and secondary prevention measures by the WHO, it is essential to evaluate existing
structures and provide high-quality data to guide changes and implementation. This thesis explored
two critical aspects of cervical cancer screening programmes in the face of evidence of gaps, emerging
screening tools and technologies and persisting failures in the cancer prevention and care continuum.
In particular, the first general research question of this thesis probed the possibility of having an
optimal screening strategy. The investigation determined which screening strategy could offer precise
disease detection and fewer harms using emerging screening tools either stand-alone or combined as
an adjunct test. Using the data from the MARZY prospective randomised trial, Study 1 was carried out
to identify which screening strategy with HPV testing performed better in the detection of relevant

early-stage disease and offered a better benefit-to-harm balance.

As screening for disease must include appropriate follow-up of screen-positive results, this thesis
determined the adherence rate to follow-up (or lack thereof) and also examined the role of HPV status
through HPV testing, given that harms such as over-referral and increased concerns of having an HPV
infection can be expected. The second study used MARZY data to examine the post-screening
diagnostic follow-up adherence rate after the introduction of HPV testing, specifically the adherence
behaviours to colposcopy. The following sections discuss the results of both studies and the broader

context of screening programmes to which they provide new evidence.
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4.1 Optimal screening methods

The first study investigated whether screening methods, including signal-based and target-amplified
HPV testing, can optimise cervical cancer screening in a German population. While there is plenty of
RCT and longitudinal evidence supporting the superior detection capabilities of HPV-based screening
over cytology screening as a primary tool (Arbyn et al, 2012; Dillner et al., 2008; Koliopoulos et al.,
2017; Murphy et al., 2012; Mustafa et al., 2016; Ogilvie et al., 2018; Ronco et al, 2014), a direct
comparison of co-testing with both cytology and HPV testing to HPV testing stand-alone outside of a
trial or retrospective database setting was lacking. The results of Study 1 could demonstrate in a
population-based selection of women eligible for HPV-based screening that the sensitivity of primary
screening with HPV testing alone was equivalent to co-testing, and that co-testing did not add

substantial benefits in the detection of relevant disease endpoints.

Although the specificity of HPV testing stand-alone was lower than cytology, a major argument to keep
cytology as a primary screening tool, the specificity was significantly better than that of the co-testing
strategies, and the overall specificity of stand-alone HPV testing was still high at 93-94%. When co-
testing with LBC, specificity was equivalent to stand-alone HPV testing. This result indicates the
favourability of LBC co-testing over conventional cytology co-testing when co-testing strategies are
considered, not only due to the high accuracy but also due to the practicality of a single sample
collected for dual testing purposes. A recent retrospective analysis of co-testing results from a large
diagnostic laboratory in Germany also reported the increased detection capability of LBC co-testing
(Xhaja et al., 2022), likely due to the use of computer-assisted imaging technologies (Klug et al., 2013).
However, the potential harms of these co-testing strategies are substantial. Study 1 shows that co-
testing would introduce more potential harms through a higher number of colposcopy referrals and
false positives. These results align with the observations reported previously from indirect comparisons
(Arbyn et al., 2012; Cox et al., 2013; Koliopoulos et al., 2017; Schiffman et al., 2018). The conclusion of
Study 1 supports the favouring of primary HPV screening, when accounting for a balance of benefits
and harms. It reinforces the recommendations by the WHO and EU of moving away from primary

cytology-based screening for women above the age of 30 years.
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4.2 Patient adherence behaviour

The second study examined adherence rates within the screening algorithm to colposcopy following a
screen-positive result and the impact of HPV and other factors on adherence to the algorithm. Women
screened within the MARZY study who had a positive HPV test result or abnormal cytology were
referred to colposcopy examination. The proportion of women who did not participate in follow-up
colposcopy was substantial at 29% overall and the rate varied depending on the screening result:
approximately 20% for women with HPV-positive results (stand-alone and co-test positive) and half of
the women with only a cytological abnormality (cytology stand-alone). High non-attendance rates (up
to 45%) have been observed in settings with opportunistic screenings (Benard et al., 2005; Elit et al.,
2012), in contrast to settings with organised screenings where rates are lower than 15% (Douglas et
al., 2015; Jargensen et al., 2021; Sharp et al,, 2012), albeit all within cytology-based programmes. In
one study piloting HPV testing within an established organised programme, non-attendance remained

below 15% (Green et al., 2021).

A positive HPV result in the initial screening step significantly influenced colposcopy attendance, with
women 3-fold more likely to attend colposcopy than those with cytological abnormalities. This pattern
was also observed in a small pilot study from Canada, one of the first to investigate the impact of HPV
testing on colposcopy attendance outside of a RCT and organised screening setting (Buick et al., 2021).
Concerns regarding the positive HPV result in terms of its relation to cancer development and fertility
did not significantly increase colposcopy attendance. However, the impact of having an HPV infection
on sexual activity and partners was a marked topic of concern among attendees, prompting
colposcopy attendance (yet not statistically significant). These concerns were likely mitigated due to
the detailed information given to the referred women regarding their HPV result and its risk factors
within the MARZY study, as well as communication by their screening physician and the study nurses

conducting the active recall.

In addition, women aged 40-49 years were more likely than younger women to attend colposcopy, but
this effect disappeared for older women >50 years. Having three or more children significantly reduced
the likelihood of attending colposcopy. Study nurse-assisted recalls of women who had not yet

arranged colposcopy appointments were helpful in improving the attendance rate. However, major

69



Discussion

reasons for non-attendance included lack of time, barriers such as the need for childcare arrangements
or travel to the clinic, and the screening physician’s advice not to attend, but rather undergo retesting.
These factors distinguish particular sub-groups of screen-positive women that may require more
tailored interventions targeting particular age groups and prompt the provision of detailed yet
simplified information regarding colposcopy (Chan et al., 2004; Eggleston et al., 2007; Ogilvie et al.,
2004). Such interventions should be integrated into a systematic and uniform call-recall system,
particularly if administered by the screening clinic (Dunn et al., 2013; Kristiansen et al., 2017; Oladipo
et al,, 2007). Study 2 highlights the need to consider appropriate and specific sub-group strategies to
circumnavigate poor attendance, over-referrals and increased concerns by screened women about

positive HPV results.

4.3 Considerations for transitioning HPV-based screening programmes

Within the context of cervical cancer prevention by screening, the two studies from the MARZY project
underscore the benefits of shifting to primary HPV screening and the need to actively retain women in
the screening algorithm who are positively screened. The findings from Study 1 support the preference
for primary HPV screening over co-testing, even in contexts with opportunistic screening. Recent real-
world evidence from the United States, which also offers screenings based on an opportunistic model,
demonstrated that HPV testing contributes more to the detection of CIN2 and CIN3 or worse than
cytology within co-testing strategies (Cuzick et al., 2023). Co-testing was hypothesised to add only
incremental benefits to HPV testing stand-alone in terms of disease detection, and the benefits for
glandular lesions would be non-existent due to the poor performance of cytology (Castle et al., 20183;
Stoler et al., 2015). These arguments are supported by the longitudinal observations of opportunistic
co-testings and RCT-based HPV screenings whereby the cumulative incidence rates of CIN3 or worse
were similar between co-testing and HPV testing stand-alone after multiple screening rounds (Castle
et al, 2018b; Dillner et al., 2008; Gage et al., 2014). A pilot HPV-based screening project in Germany
concluded similarly, despite being based on a health insurance population, prone to potential selection
bias (Horn et al., 2019). The tipping point favouring primary HPV screening over co-testing however
has been argued with greater cost-effectiveness indicators and fewer number of lifetime tests (Jin et

al., 2016; Kim et al., 2018; Petry et al., 2017).

70



Discussion

A frequent argument against primary HPV screening asserts the possibility of HPV-negative cancers,
which can be detected instead by cytology if it were used in adjunct (Pirog et al., 2014; Tracht et al.,
2017; Zhao et al.,, 2013). However, it is important to note the following. Even in screening programmes
with co-testing, ICCs are not eliminated (Castle et al.,, 2017). In a large multi-centre study from the
United States, the majority of women with ICC who experienced a failure in screening test had either a
negative co-test (both cytology and HPV negative) or a discordant co-test (normal cytology, HPV
positive) (Chao et al., 2023). Glandular lesions were also 3-fold more likely to be missed. Rare types of
AC have also been associated with exposure to diethylstilbestrol (Herbst et al., 1971), a synthetic
oestrogen hormone previously prescribed to prevent miscarriages, congenital disabilities and adverse
pregnancy outcomes. Furthermore, cytology is known to detect glandular lesions inadequately and
likely would not have detected these types (Ronnett et al, 1999). A small proportion (8%) of other
glandular cervical carcinomas have been observed to be HPV-independent, likely owing to suboptimal
histological preparation and less-sensitive HPV assays (Rodriguez-Carunchio et al., 2015). As for HPV-
negative SCCs, they are likely to be HPV-associated but may be falsely classified due to the use of
suboptimal HPV assays, suboptimal histological processing or the loss of HPV DNA in advanced
tumours (Rodriguez-Carunchio et al., 2015). For instance, coincidental endometrial biopsies have also

been reported as HPV-negative cervical cancers (Cuzick et al., 2023).

With many countries planning to integrate HPV testing, these observations highlight first, the
importance of selecting appropriate clinically validated HPV tests with quality assurance plans and
second, resource considerations within local and national guidelines (Cuschieri et al., 2019). Both HC2
and GP5+/6+ EIA PCR have limitations (no genotyping and not commercially available, respectively).
In place, there are several clinically validated HPV assays with non-inferior sensitivity and specificity
compared to HC2 and GP5+/6+ EIA PCR, including the signal-amplified Cervista (Hologic, Inc., United
States) and target-amplified Cobas 4800 (Roche Diagnostics, Germany) and BD Onclarity (Becton,
Dickinson and Company [BD], United States) (Arbyn et al., 2016; Arbyn et al., 2021). These also contain
internal controls to determine whether the sample is adequate, minimising false negatives. However,
only Cobas 4800 and BD Onclarity are FDA-approved for primary screening purposes. In contrast, the
other assays (including HC2) are only approved for use as a co-test or for triage (U.S. Food and Drug
Administration (FDA), 2019). Several assays clinically validated for triage and genotyping capacities

may also soon receive regulatory approval (Arbyn et al., 2016; Arbyn et al.,, 2021).
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Any transition from a primary cytology-based programme towards a primary HPV-based programme
requires careful consideration of the resources, capacities and preparedness of the laboratories
involved with diagnostics. National statistical reports from England reported difficulties in laboratory
staff retention and recruitment, slower turnaround, and thus longer wait times for result delivery during
the pilot period of the HPV screening programme (NHS Digital, 2020). In Germany, laboratory
preparedness for HPV testing as a co-test, for which a wider variety of assays were approved, was still
a major reported challenge due to a delay in communication of co-testing implementation plans (Xhaja
et al.,, 2022). In the Australian programme, this was also a challenge for HPV self-sampling options due
to hindrances in local regulatory approval (Smith et al., 2019). These logistical challenges are also
impacted by the extended intervals for HPV-based screening, affecting workload and capacities up to
4-fold (Pesola et al,, 2023). An attractive solution is the gradual transition of selected age cohorts to

extended screening intervals rather than transitioning the entire eligible cohort immediately.

Another critical point to consider and frequently used as a counter-argument for primary HPV
screening strategies is the impact on over-referrals due to the lower diagnostic specificity of HPV
testing (Kim et al., 2018). The impact of integrating co-testing into the cervical screening programme
in Germany is currently unknown. Until such results are published, appropriate triage and
communication strategies must be a central component integrated into the screening programme to

mitigate these harmful outcomes.

4.3.1 Triage

As a means to improve upon specificity shortcomings of primary HPV screening, triage alternatives are
possible. There is, however, a lack of consensus regarding the appropriate triage strategy (Cuschieri et
al, 2018). The WHO recommends primary HPV screening with or without triage in the general
population (World Health Organization, 2021). There are several triage possibilities: cytology, HPV
testing, genotyping, immunocytochemistry for p16/Ki-67, a combination of these, or DNA methylation
and next generation sequencing (Cuschieri et al., 2018). Currently, most HIC that have implemented
HPV screening or plan to, have integrated triage options and triage with cytology following a positive
primary HPV screening result, a common strategy that has demonstrated a low lifetime risk of cervical

cancer (Cancer Council Australia Cervical Cancer Screening Guidelines Working Party, 2016; Chao et
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al, 2019; Maver & Poljak, 2020), particularly with LBC (Gustinucci et al., 2016). However, cytological

triage is subject to suboptimal reproducibility and requires strict quality assurance (Ronco et al.,, 2016).

Triage with HPV genotyping is another viable option and demonstrates high sensitivity and specificity
(Chao et al., 2019; Hashim et al., 2020) and very high NPV (>99%) (Stoler et al., 2012). Another recently
FDA-approved assay, APTIMA (Hologic, Inc., United States), is based on RNA-targeted amplification,
which focuses on either HPV E6 and E7 proteins or monoclonal antibodies. RNA-based detection is
proposed to be a more accurate indicator of cervical neoplasia than DNA-based assays due to the
ability to detect an active or transient HPV infection likely to develop into CIN (Sotlar et al., 2004).
Compared to DNA-based assays, the sensitivity of APTIMA is equivalent to DNA-based assays (Strang
et al,, 2021), but specificity is reported to be better (Arbyn et al,, 2022b). However, RNA-based assays
require a high detectable level of nucleic acid in the sample, which may not be feasible large-scale
(Castle et al., 2015), has inferior intra- and inter-laboratory reproducibility (Arbyn et al, 2021) and

higher referral rates to follow-up assessment than DNA-based assays (Maggino et al., 2016).

Newer triage methods, including immunocytochemical staining of p16 and Ki-67, are excellent proxies
for identifying productive rather than transforming HPV infections, which HPV DNA assays cannot
differentiate. P16 is present in almost all CIN3 and ICC biopsies (Klaes et al., 2002; Silva et al., 2017). Ki-
67 overexpression also indicates cell proliferation during the HPV cell cycle and can be coupled with
p16 detection to form p16/Ki-67 dual staining. Dual staining also offers better risk stratification and
mitigation of over-referrals (Cuschieri et al., 2018). The specificity of p16/Ki-67 dual staining is also
superior to HPV-based triage, especially for women with borderline ASC-US abnormalities (Peeters et
al., 2019). In the new German screening programme, co-testing triage is recommended by national
guidelines (Gemeinsamer Bundesausschuss (G-BA), 2018b) in contrast to expert committee

recommendations that specified triage by HPV or p16/Ki-67 dual staining (Hillemanns et al., 2019b).

A second delayed triage (retesting) or direct referral to a colposcopy examination may also be
integrated. For example, in the United States, co-tested women can be directly referred to colposcopy
based on the concurrent test result available or a second delayed triage with either HPV testing or
cytology is requested (Melnikow et al, 2018). However, in such settings with multiple accepted

screening strategies like in the United States (primary cytology, primary HPV testing, co-testing), triage
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should be considered with particular regard to referral demand and costs. The referral rate of co-testing
is high and thus requires the highest number of lifetime tests (Kim et al., 2018). Co-testing costs are
notably higher than primary cytology and primary HPV testing strategies (Sawaya et al., 2019; Wright
et al.,, 2016). Future tests such as next-generation sequencing (high throughput genomic sequencing
to detect genomic variabilities) and DNA methylation assays (to detect elevated epigenetic marks or
methylations) show promise as more precise and accurate indicators of cervical neoplasia (Banila et al.,
2022; Cuschieri et al., 2018), but further studies on their performance and economic outcomes are

necessary before these are recommended as triage solutions.

The shift from a primarily cytology-based screening programme to primary HPV screening does not
only impact the screenings conducted (age and intervals) but also has a domino effect on the
colposcopy rate, which increased above expected numbers following the rollout in Australia even
despite genotyping and triage strategies (Machalek et al., 2019; Smith et al,, 2019; Smith et al.,, 2022).
This increase in demand for colposcopies led to longer wait times and exacerbated inequalities of
colposcopy adherence. Part of the reason for the higher number of colposcopy referrals in Australia
was due to inadequate adherence to recommended age groups and intervals and patient demand by
healthcare providers (Smith et al., 2019). Increased colposcopy referrals were also observed in the
Netherlands, England, and Finland, where HPV-based screenings were implemented (Loopik et al,
2021b; Rebolj et al., 2019; Veijalainen et al., 2019). The starting age for screening and subsequent
algorithm, however, differed between these countries. Additionally, over-treatment rates did not
increase, and reductions in overall referral rates are expected in subsequent screening rounds (Blatt et
al., 2015; Loopik et al., 2021b; Ogilvie et al., 2018; Rebolj et al,, 2019; Smith et al.,, 2022). Furthermore,
observations from Study 1 demonstrated that the number of colposcopy referrals would be highest

among all co-testing strategies, especially if only one of the two screening tests were positive.

In Study 2, women were more likely to attend colposcopy with only a hrHPV screening result than
having a cytological abnormality detected. While this is a positive observation that HPV testing retains
rather than repels women from further evaluation, this can also be disadvantageous from a health
service capacities perspective, especially if the detected HPV infection eventually clears. Greater
demand for colposcopy may be linked to concerns about the consequences of HPV infections on

fertility and sexual relationships rather than the test result itself (Bennett et al., 2021; Lester & Wilson,
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1999; McRae et al,, 2014; O'Connor et al., 2014). Stigma and shame were highest among women who
knew HPV was sexually transmitted but were unaware of the high lifetime prevalence of HPV infections
(Waller et al., 2007). In populations where inadequate efforts were made to inform women of screening
changes to come, negative concerns and anxiety were reported (Dodd et al, 2020b; Hendry et al,
2012). These potential harms can be minimised by educating women on the high prevalence, transient
nature and available prevention methods. On the healthcare provider side, inadequate education and
training of physicians and nurses eligible to conduct screenings were also associated with poor HPV
knowledge and training (McSherry et al., 2018). Wide acceptance of HPV testing may only then be

realised if women and healthcare providers are adequately educated and informed.

4.3.2 Education, information and quality assurance

4.3.2.1 Women screened

While triage may help mitigate over-referrals, adequate and timely communication of information is
still necessary for HPV-positive screened women, particularly women who require diagnostic follow-
up. Study 2 identified a greater adherence rate when a positive HPV screening result was reported
compared to a cytological abnormality. In a systematic review of women’s needs in an HPV-based
screening programme, having an active follow-up strategy was reportedly a critical and preferred
option over observational follow-up via retesting (Frederiksen et al., 2012). Women in Study 2 were
not more likely to attend colposcopy due to concerns about their HPV screening result, and adherence
improved after active study nurse recall efforts. A trial from the United Kingdom comparing the
psychosocial outcomes after a positive screening result demonstrated similar outcomes of having a
call-recall system for follow-up (Fielding et al., 2017). Women who were assigned to the colposcopy
arm reported fewer concerns regarding cervical cancer risk and worries related to their abnormal
screening result than the triage (repeat cytology) arm. Several interesting reasons could explain this
observation. First, this result could be due to the active consultation given to women before and during
the colposcopy examination by the study physician/nurses, which may have provided reassurance.
Second, some colposcopy clinics show the patient a live video of the cervix being examined, which
minimises anxiety and can lead to improved post-colposcopy adherence (Galaal et al., 2011; Takacs et

al., 2004; Walsh et al., 2004).
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Regarding the content and delivery of the screening-related information, in Study 2, a high proportion
of women, regardless of whether they attended colposcopy, were concerned with infecting their
partner and the impact of a positive HPV result on their sexual relationships. A recent study from a
colposcopy centre in Germany found that women referred to colposcopy within the newly
implemented screening programme had very high levels of anxiety, primarily due to the procedure
itself rather than the outcome (Wittenborn et al., 2022). A recent systematic review on the needs of
HPV-positive women also observed that the majority of women required more information about their
positive HPV result and its impact on their sexual relationships and partners (Galeshi et al., 2022).
Stigma, shame and anxiety rates were lowered when participants were aware of the fact that HPV is
highly transmissible yet mostly harmless virus (Waller et al., 2007). Women from Australia, Norway and
the United Kingdom experienced a major shift from the biennial cytology screenings offered since the
1960s to a primary HPV screening programme with 5-year intervals. Focus groups from these
populations after the rollout of primary HPV screening highlighted the necessity for timely
communication of the expected changes to the screening, as well as adaptive delivery modes that are
age-appropriate (Dodd et al., 2020b; Mulcahy Symmons et al., 2021). Further qualitative takeaways
found poor awareness and understanding of the proposed screening test and intervals (Andreassen et
al., 2019), and feelings of being disregarded in the decision-making process (Obermair et al., 2018).
Integrating the needs and preferences of women eligible for screening, explicitly raising awareness,
educating and doing so in a timely manner is crucial for the successful implementation of a reformed

and effective screening programme.

4.3.2.2 Healthcare providers

Education and information are important for the women receiving screening prevention and care and
for the involved healthcare professionals to minimise potential harms of over-screening, over-referral
and over-treatment. For example, in the United States, in addition to primary cytology, co-testing has
been an accepted strategy with triennial intervals since 2002 and recommended with 5-yearly intervals
from 2012. Despite these recommendations, co-testing screenings by physicians were not adequately
adhered to compared to the long-standing cytology screenings conducted since the 1960s (Castle et
al, 2022; Rendle et al,, 2018; Silver et al., 2018b; Wright et al., 2021). Physicians screened women more

frequently, outside the recommended age groups, and infrequently, at longer than recommended
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intervals. Several reasons could explain this phenomenon, including a lack of awareness of guideline
changes (Teoh et al., 2015), confusion due to discordant guidelines from various professional bodies
(Wentzensen et al.,, 2016), lack of faith in the utility of primary HPV screening versus co-testing (Kruse
et al., 2022), concerns about liability and loss of patient adherence to other examinations (Roland et
al., 2013) as well as the influence of patient preference (Hawkins et al., 2013). The influence of the
healthcare practice or system was also observed to influence the lack of screening guideline adherence
(Tatar et al., 2020). Over time, adherence rates to screening recommendations improved, but improper
adherence persists as a major challenge, compounded by the latest recommendation to primarily test

with HPV (Castle et al., 2022; MaclLaughlin et al., 2019).

Inadequate adherence to guidelines is not a unique problem to the United States. The rollout of
Australia's HPV screening programme also demonstrated challenges to healthcare provider
understanding of the screening changes (Dodd et al., 2022). Some physicians were screening outside
guideline-recommended age groups and at shorter intervals, and performing co-testing despite it not
being a recommended strategy. Issues in information systems integration, timely regulatory approval
and shortages in laboratory equipment contributed to barriers to smooth implementation (Smith et
al, 2019). These issues have also been reported by laboratories in Germany after the 2020 shift to co-
testing (Marquardt & Ziemke, 2022; Xhaja et al., 2022). Implementation issues could be minimised with
timely communication of the changes and the comprehensive training of clinicians involved with
screening and follow-up assessments (Dodd et al., 2020a; Smith et al., 2019). The straightforwardness
of the 'screen, triage and treat’ algorithm with a single screening test could also improve adherence
(Fontham et al., 2020; Stoler et al., 2015). A screening algorithm based on co-testing is complex due to
the numerous combinations and multitude of results from both cytology and HPV testing compared
to a stand-alone HPV test result (positive, negative). An overview of facilitators of proper guideline
adherence among healthcare providers underscores the value of educational interventions, particularly
in increasing knowledge and understanding of HPV testing and integration of electronic medical

systems (Tatar et al., 2020).

4.3.2.3 Quality assurance

Part of quality assurance in a screening programme involves measuring indicators such as screening
coverage and colposcopy attendance. In organised screening programmes, a threshold for the latter
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supports proper follow-up of women who require it. One example is given by guidelines in Canada,
which has a 15% non-attendance threshold supported by systematic recall mechanisms (Murphy et al,,
2015). Although the new screening programme in Germany is still in the transition phase, and
preliminary data on such indicators are yet to be published, no specification of an acceptable threshold
has been determined. This should be addressed as not doing so may undermine the purpose of having

an organised programme.

Screening participation and timely attendance to colposcopy by the screened woman is crucial for
identifying relevant cases, but quality-assured screening, colposcopy and histopathology processes
minimise failures in care. For example, among women with ICC who attended colposcopy and had
biopsies taken, 9% of precancers were incorrectly identified, either by the colposcopist or pathologist,
particularly for glandular lesions (Chao et al., 2023). Although standardisation of the assessments by
colposcopists and pathologists has been streamlined for qualifications, classification systems and
procedural instructions (Arbyn et al., 2010; Bulten et al., 2011; Wentzensen et al,, 2017), inadequacies
in reproducibility still exist. Significant variations in quality indicators and clinical guidelines are
acknowledged across national colposcopy boards (Mayeaux et al., 2017). The classification of TZ types
in Germany varies between colposcopists and colposcopy clinics (Luyten et al., 2015a). A recent review
of colposcopy-directed biopsies and excisional histopathological diagnoses taken within the new co-
testing programme in Germany highlighted poor agreement (k=0.35) between the two (Marquardt &
Ziemke, 2022). Low to moderate reliability has also been reported in Italy and the United States
(Ceballos et al., 2008; Dalla Palma et al., 2009). In Study 1, efforts were made to curtail these

discrepancies. However, due to the subjective nature of these assessments, biases may still have arisen.

Additional tools may aid in determining high-risk precancers. Such tools include p16
Immunohistochemistry (IHC) staining with histopathological assessment, which has been
demonstrated to be an accurate method to detect CIN3 (Galgano et al,, 2010; Klaes et al., 2002; Silva
et al, 2017) The use of p16-IHC staining could better differentiate CIN2 and CIN3 lesions, helping avoid
unnecessary treatment or misclassification (Castle et al., 2020). A meta-analysis of studies using p16-
IHC found improved inter-rater reliability of moderate to severe precancers (Reuschenbach et al.,, 2014).
However, another systematic review reported wide variations in performance due to a lack of

standardised interpretation (Tsoumpou et al, 2009). Several guidelines, including those from the
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United States, Europe and Australia, consider p16-IHC an appropriate diagnostic aid for the clarification
of precancerous lesions that are prone to misclassification (Cancer Council Australia Cervical Cancer

Screening Guidelines Working Party, 2016; European Commission, 2008; Perkins et al., 2020).

4.4 Limitations

There are some limitations of the two studies in this thesis to note. First, Study 1 was based on the
screening results of one screening round, i.e. cross-sectional data. Although it was possible to
determine the absolute and relative performance of various screening tools and strategies accounting
for verification bias, the true potential of primary HPV testing can be determined if longitudinal
sensitivity and NPV are described. The MARZY study encompassed two screening rounds. However,
obtaining clinically meaningful longitudinal estimates would be limited due to the total number of
recruited and screened women. Study 2 incorporated data from both screening rounds regarding
adherence to colposcopy follow-up. Inclusion of data from both rounds was done to provide sufficient
power in the analyses, as the number of co-test positives in a predominantly routinely albeit
opportunistically screened population was low. However, through the invitation intervention arms of
the MARZY study, an additional 9% of women rarely or never-screened could be screened, offering a
more representative picture of screen-eligible women. Additional multiple imputation analyses were

carried out to address this issue.

Unfortunately, no cost-relevant data was captured in the study, which would be helpful in determining
the cost-effectiveness of the screening strategies. Furthermore, there was a lack of qualitative data with
respect to the preferred screening strategy (from both the woman and healthcare provider) and
experiences of colposcopy among attendees. These data help inform strategies to address
inadequacies in the new screening programme in Germany. In Study 2, there appeared to be improper
adherence to the screening algorithm in terms of interval and triage, with some women screened
earlier than three years and some being advised to undergo repeat testing instead of colposcopy as
indicated by the study protocol. While quality assurance of the MARZY study was carefully carried out
and feasible in one region of Germany (Zeissig et al., 2014), this emphasises the need for robust,

continual and consistent upkeep of quality assurance practices across the country.
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4.5 Strengths

Overall, the MARZY study could provide crucial population-based data to answer screening-relevant
questions on screening coverage, diagnostic performance and diagnostic follow-up and treatment,
forming quality assurance indications. Based on the randomised trial design, it could be demonstrated
that an invitation and reminder system could significantly improve screening participation rates (Radde
et al, 2016). An additional brochure detailing additional information about HPV infection, cervical
dysplasia pathway and screening did not further improve participation. Central to this thesis, Study 1
could show that using an HPV-based test was superior to cytology screening in terms of the balance
of benefits-to-harms. This strategy could improve failures in screening detection that contribute to the
stagnant cervical cancer incidence observed. Furthermore, Study 2 highlighted a relatively high but
variable non-adherence rate to colposcopy follow-up, with HPV-positive screened women three times
more likely to adhere. The study identified reasons for non-attendance that are driven by time and
resource barriers of the woman, but also by contradicting advice from the healthcare provider. These
were observed despite the maintenance of quality assurance measures (Zeissig et al., 2014). Addressing

failures in follow-up care is crucial to optimise the effects of population-wide screening.

4.6 Implications for future research and policy

Countries such as Germany shifting towards HPV-based screening will need to evaluate emerging tools
and technologies to optimise their programme continuously. While triage following a stand-alone HPV
test can mitigate harmful outcomes by identifying those at the highest risk, more precise risk
stratification may be possible with the help of artificial intelligence technologies such as machine
learning and deep learning. These technologies engage in automated pattern recognition of samples,
and have been assessed in the context of visual inspection of the cervix for primary screening
(particularly in LMICs; also referred to as automated visual evaluation [AVE]) and as colposcopy
assessments (Hu et al,, 2019), as an aid to cytology screening (Kitchener et al., 2011a; Klug et al., 2013;
Nieminen et al., 2004; Rebol;j et al., 2015), and as triage of positive HPV results (Desai et al., 2022;
Wentzensen et al, 2020). Such technologies can reduce human judgement errors, i.e. subjectivity,
reduce workload in contexts with human resource issues and may thus lower the costs. However, these
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technologies are still evolving rapidly and require rigorous studies if they are to be integrated into

cervical screening programmes.

Another likely future outlook of cervical cancer screening involves risk-stratified screening, which has
the potential to improve the balance in benefits-to-harms further. One example is the integration of
genotyping as the primary HPV test. In Australia, the national primary HPV screening programme relies
on partial genotyping of types 16 and 18 as a form of risk stratification. Those positive for either type
are directly referred to colposcopy (Cancer Council Australia Cervical Cancer Screening Guidelines
Working Party, 2016). This strategy achieves maximum clinical impact in detection, however, may entail
higher annual diagnostic costs for the screening programme in other contexts (Petry et al., 2017).
Ethical and practical considerations also need to be resolved in contexts considering risk-stratified
screening, for instance, the autonomy of the individual must be respected if hrHPV types 16, 18 or
other than 16 and 18 are detected (Hall et al., 2013). Moreover, healthcare provider endorsement is
crucial. Further research is required to determine the needs for healthcare providers to adequately
adhere to risk-stratified screening, given that uptake of general screening recommendations is slow or

even non-existent (Tatar et al., 2020).

Furthermore, the impact of HPV-vaccinated cohorts will play a prominent role in the future of screening
programmes. Risk-stratified methods for accommodating vaccinated and non-vaccinated cohorts will
need to be developed, perhaps with modern tools such as DNA methylation (Lehtinen et al., 2022).
Data from the Australian programme indicate that a substantial number of colposcopy referrals among
vaccinated cohorts will be positive for hrHPV not of types 16 and 18 and with normal or low-grade
cytology, who can safely be referred for HPV retesting at 12 months to minimise over-referral (Smith
et al,, 2022). Alternatively, therapeutic vaccines offer a post-exposure alternative to those who missed
the prophylactic vaccine prior to sexual debut. Therapeutic HPV vaccines work by inducing cell-
mediated immunity against active infections via the key oncogenes E6 and E7 in hrHPV types. Several
candidates are currently being trialled (Chabeda et al., 2018), and the results could potentially curb the

need for intensive cervical screening.

With increasingly emerging prevention and screening tools to consider, the performance of such tools

should also be evaluated longitudinally due to the progressive and regressive nature of cervical
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neoplasia and specific for each context. Longitudinal outcomes can be extracted from surveillance
registries or an organised programme. Of the limited longitudinal evidence available in Germany (Horn
et al, 2019; Petry et al., 2017), it appears that HPV-based screening, mainly primary HPV testing, is the
future. However, more rigorous evidence from the transitional period of the new screening programme
will be necessary to determine whether primary HPV testing can be realised and beneficial
longitudinally in Germany. Additional research efforts to optimise cervical cancer screening should
include an implementation science approach with quantitative and qualitative (mixed methods) data,
even for HIC (Broutet et al., 2022). Incorporation of such stakeholder-informed data can help adapt
healthcare provider needs and eligible women’s preferences and inform policy-makers on the most

optimal and effective screening programme.

4.7 Conclusion

Overall, HPV-based screening translates to reliable disease detection, fewer lifetime screenings and
optimal cost-effectiveness, thus significantly reducing the burden of precancerous lesions, cervical
cancers and preventable mortalities. This thesis examined optimal screening strategies and found that
reliance on HPV testing stand-alone would not result in more harm than a co-testing strategy, which
ties a long-standing yet problematic screening tool to an objective modern one. While there are higher
number of referrals and better adherence to diagnostic follow-up expected with HPV-based screening,
tailored strategies are essential to improve adherence among women who should follow-up with
colposcopy. To mitigate high colposcopy demand in the initial rollout of an HPV-based screening,

reassurance via education and information of patients and healthcare professionals are vital.

The findings from this thesis in particular draw attention to adopting of more optimal screening
strategies and highlight the need for adequate and timely communication of such major screening
changes (ideally prior to implementation). Furthermore, simple information dissemination of the
anticipated screening results, particularly for HPV testing and possible follow-up diagnostic steps
(throughout programme rollout) needs to be implemented in a clear, transparent and standardised
format, preferably within national screening guidelines. Guidelines should be informed by all

stakeholders in the cervical screening programme, from the eligible women, health insurance
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companies and healthcare provider to the diagnostic units involved. To improve the quality and
thoroughness, a call-recall system built within a systematic organised programme with quality
assurance is needed to maintain adequate screening coverage and retain women in the screening
algorithm who need further management (Miles et al., 2004). These approaches ensure that women
participate in screening when eligible and understand the meaning of their screening result, and
adhere to follow-up where necessary. Complementary to this, greater preparatory and ongoing
educational efforts and resources for healthcare providers are fundamental (Kruse et al., 2022; Tatar et
al., 2020), in addition to clear and timely communication of planned changes. These mechanisms will
not work unless the information technology infrastructure is ready. Such adaptions can substantially
improve cervical cancer screening effectiveness and together with HPV vaccination efforts, can lead to

the eventual elimination of cervical cancer.

83



Bibliography

5 Bibliography

Adegoke, O., Kulasingam, S., & Virnig, B. (2012). Cervical cancer trends in the United States: A 35-year
population-based analysis.  Journal ~ of  Women's  Health,  21(10), 1031-1037.
https://doi.org/10.1089/jwh.2011.3385

Andreassen, T., Hansen, B. T., Engesaeter, B., Hashim, D., Stger, N. C,, Tropé, A, Moen, K, Ursin, G, &
Weiderpass, E. (2019). Psychological effect of cervical cancer screening when changing primary
screening method from cytology to high-risk human papilloma virus testing. International Journal
of Cancer, 145(1), 29-39. https://doi.org/10.1002/ijc.32067

Anttila, A., Ronco, G., Nicula, F., Nieminen, P., & Zakelj, M. P. (2015). Organization of cytology-based and
HPV-based cervical cancer screening. S2. In Anttila A, Arbyn M, De Vuyst H, Dillner J, Dillner L,
Franceschi S, Patnick J, Ronco G, Segnan N, Suonio E, Térnberg S, & von Karsa L (Eds.), European
guidelines for quality assurance in cervical cancer screening. (Second edition, Supplements ed., pp.
69-108). Office for Official Publications of the European Union.

Arbyn, M., Anttila, A., Jordan, J., Ronco, G., Schenck, U., Segnan, N., Wiener, H., Herbert, A., & von Karsa, L.
(2010). European guidelines for quality assurance in cervical cancer screening. Second edition—
summary document. Annals of Oncology : Official Journal of the European Society for Medical
Oncology, 21(3), 448-458. https://doi.org/10.1093/annonc/mdp47/1

Arbyn, M., Bergeron, C., Klinkhamer, P., Martin-Hirsch, P., Siebers, A. G., & Bulten, J. (2008a). Liquid compared
with conventional cervical cytology: A systematic review and meta-analysis. Obstetrics and
Gynecology, 111(1), 167-177. https://doi.org/10.1097/01.A0G.0000296488.85807.b3

Arbyn, M., Buntinx, F., Van Ranst, M., Paraskevaidis, E., Martin-Hirsch, P., & Dillner, J. (2004). Virologic versus
cytologic triage of women with equivocal pap smears: A meta-analysis of the accuracy to detect
high-grade intraepithelial neoplasia. Journal of the National Cancer Institute, 96(4), 280-293.
https://doi.org/10.1093/inci/djh037

Arbyn, M., Castle, P. E., Schiffman, M., Wentzensen, N., Heckman-Stoddard, B., & Sahasrabuddhe, V. V.
(2022a). Meta-analysis of agreement/concordance statistics in studies comparing self- vs clinician-
collected samples for HPV testing in cervical cancer screening. International Journal of Cancer, 151(2),
308-312. https://doi.org/10.1002/ijc.33967

Arbyn, M., Depuydt, C., Benoy, I., Bogers, J., Cuschieri, K., Schmitt, M., Pawlita, M., Geraets, D., Heard, I, Gheit,
T., Tommasino, M., Poljak, M., Bonde, J., & Quint, W. (2016). VALGENT: A protocol for clinical
validation of human papillomavirus assays. Journal of Clinical Virology, 76 Suppl 1, S14-S21.
https://doi.org/10.1016/}.jcv.2015.09.014

84


https://doi.org/10.1089/jwh.2011.3385
https://doi.org/10.1002/ijc.32067
https://doi.org/10.1093/annonc/mdp471
https://doi.org/10.1097/01.AOG.0000296488.85807.b3
https://doi.org/10.1093/jnci/djh037
https://doi.org/10.1002/ijc.33967
https://doi.org/10.1016/j.jcv.2015.09.014

Bibliography

Arbyn, M., Kyrgiou, M., Simoens, C., Raifu, A. O., Koliopoulos, G., Martin-Hirsch, P., Prendiville, W., &
Paraskevaidis, E. (2008b). Perinatal mortality and other severe adverse pregnancy outcomes
associated with treatment of cervical intraepithelial neoplasia: Meta-analysis. BMJ : British Medical
Journal, 337, a1284. https://doi.org/10.1136/bmj.a1284

Arbyn, M., Rebolj, M., De Kok, I. M. C. M., Fender, M., Becker, N., O'Reilly, M., & Andrae, B. (2009a). The
challenges of organising cervical screening programmes in the 15 old member states of the
European Union. European Journal of Cancer (Oxford, England : 1990) 45(15), 2671-2678.
https://doi.org/10.1016/j.ejca.2009.07.016

Arbyn, M., Ronco, G., Anttila, A, Meijer, C. J. L. M., Poljak, M., Ogilvie, G., Koliopoulos, G., Naucler, P.,
Sankaranarayanan, R., & Peto, J. (2012). Evidence regarding human papillomavirus testing in
secondary  prevention  of  cervical cancer.  Vaccine, 30  Suppl 5~ F88-F99.
https.//doi.org/10.1016/].vaccine.2012.06.095

Arbyn, M., Ronco, G., Cuzick, J., Wentzensen, N., & Castle, P. E. (2009b). How to evaluate emerging
technologies in cervical cancer screening? International Journal of Cancer, 125(11), 2489-2496.
https://doi.org/10.1002/ijc.24774

Arbyn, M., Simon, M., de Sanjosé, S., Clarke, M. A,, Poljak, M., Rezhake, R., Berkhof, J., Nyaga, V., Gultekin,
M., Canfell, K, & Wentzensen, N. (2022b). Accuracy and effectiveness of HPV mRNA testing in
cervical cancer screening: A systematic review and meta-analysis. The Lancet. Oncology, 23(7), 950-
960. https.//doi.org/10.1016/51470-2045(22)00294-7

Arbyn, M., Simon, M., Peeters, E., Xu, L., Meijer, C. J. L. M., Berkhof, J., Cuschieri, K., Bonde, J., Ostrbenk
Vanlencak, A., Zhao, F.-H., Rezhake, R., Gultekin, M., Dillner, J., de Sanjosé, S., Canfell, K., Hillemanns,
P, Almonte, M., Wentzensen, N., & Poljak, M. (2027). 2020 list of human papillomavirus assays
suitable for primary cervical cancer screening. Clinical Microbiology and Infection : The Official
Publication of the European Society of Clinical Microbiology and Infectious Diseases., 27(8), 1083-1095.
https://doi.org/10.1016/].cmi.2021.04.031

Arbyn, M., Smith, S. B, Temin, S., Sultana, F., & Castle, P. (2018). Detecting cervical precancer and reaching
underscreened women by using HPV testing on self samples: Updated meta-analyses. BMJ : British
Medical Journal, 363, k4823. https://doi.org/10.1136/bmj.k4823

Arbyn, M., Tommasino, M., Depuydt, C., & Dillner, J. (2014). Are 20 human papillomavirus types causing
cervical cancer? The Journal of Pathology, 234(4), 431-435. https://doi.org/10.1002/path.4424

Arbyn, M., Weiderpass, E., Bruni, L., de Sanjosé, S., Saraiya, M., Ferlay, J., & Bray, F. (2020). Estimates of
incidence and mortality of cervical cancer in 2018: A worldwide analysis. The Lancet. Global Health,
8(2), €191-e203. https://doi.org/10.1016/52214-109X(19)30482-6

Armstrong, S. F., & Guest, J. F. (2020). Cost-effectiveness and cost-benefit of cervical cancer screening with
liquid based cytology compared with conventional cytology in Germany. ClinicoEconomics and
Outcomes Research : CEOR, 12, 153-166. https://doi.org/10.2147/CEOR.S5234385

85


https://doi.org/10.1136/bmj.a1284
https://doi.org/10.1016/j.ejca.2009.07.016
https://doi.org/10.1016/j.vaccine.2012.06.095
https://doi.org/10.1002/ijc.24774
https://doi.org/10.1016/S1470-2045(22)00294-7
https://doi.org/10.1016/j.cmi.2021.04.031
https://doi.org/10.1136/bmj.k4823
https://doi.org/10.1002/path.4424
https://doi.org/10.1016/S2214-109X(19)30482-6
https://doi.org/10.2147/CEOR.S234385

Bibliography

Arndt, V., Holleczek, B., Kajuter, H., Luttmann, S., Nennecke, A., Zeissig, S. R., Kraywinkel, K., & Katalinic, A.
(2020). Daten bevolkerungsbezogener Krebsregister fur die Sekundardatenanalyse: Methodische
Herausforderungen und Perspektiven [Data from population-based cancer registration for
secondary data analysis: Methodological challenges and perspectives]. Das Gesundheitswesen, 82(S
01), S62-S71. https://doi.org/10.1055/a-1009-6466

Ashrafi, G. H., Haghshenas, M. R., Marchetti, B., O'Brien, P. M., & Campo, M. S. (2005). E5 protein of human
papillomavirus type 16 selectively downregulates surface HLA class I. International Journal of Cancer,
113(2), 276-283. https://doi.org/10.1002/ijc.20558

Babes, A. (1928). Diagnostique du cancer de col par les frottis [Diagnosis of cervical cancer by smear tests].
La Presse Médicale, 36, 451-454.

Banila, C., Lorincz, A. T., Scibior-Bentkowska, D., Clifford, G. M., Kumbi, B., Beyene, D., Wheeler, C. M,
Cuschieri, K., Cuzick, J., & Nedjai, B. (2022). Clinical performance of methylation as a biomarker for
cervical carcinoma in situ and cancer diagnosis: A worldwide study. International Journal of Cancer,
150(2), 290-302. https://doi.org/10.1002/ijc.33815

Beerman, H., van Dorst, E. B., Kuenen-Boumeester, V., & Hogendoorn, P. C. (2009). Superior performance
of liquid-based versus conventional cytology in a population-based cervical cancer screening
program. Gynecologic Oncology, 112(3), 572-576. https://doi.org/10.1016/j.ygyno.2008.12.012

Begg, C. B, & Greenes, R. A. (1983). Assessment of diagnostic tests when disease verification is subject to
selection bias. Biometrics, 39(1), 207-215. https://doi.org/10.2307/2530820

Beijjerinck, M. (1898). Concerning a contagium vivum fluidum as cause of the spot disease of tobacco leaves.
Phytopathology Classics, 7(1), 33-52.

Bekkers, R. L., Massuger, L. F,, Bulten, J., & Melchers, W. J. (2004). Epidemiological and clinical aspects of
human papillomavirus detection in the prevention of cervical cancer. Reviews in Medical Virology,
14(2), 95-105. https://doi.org/10.1002/rmv.416

Bekkers, R. L., van de Nieuwenhof, H. P., Neesham, D. E., Hendriks, J. H., Tan, J., & Quinn, M. A. (2008). Does
experience in colposcopy improve identification of high grade abnormalities? European Journal of
Obstetrics and Gynecology and Reproductive Biology, 147(1), 75-78.
https://doi.org/10.1016/j.ejogrb.2008.07.007

Bekos, C., Schwameis, R., Heinze, G., Garner, M., Grimm, C,, Joura, E., Horvat, R., Polterauer, S., & Polterauer,
M. (2018). Influence of age on histologic outcome of cervical intraepithelial neoplasia during
observational management: Results from large cohort, systematic review, meta-analysis. Scientific
Reports, 8(1), 6383. https://doi.org/10.1038/s41598-018-24882-2

Beller, F. K., & Khatamee, M. (1966). Evaluation of punch biopsy of the cervix under direct colposcopic
observation (target punch biopsy). Obstetrics and Gynecology, 28(5), 622-625.

86


https://doi.org/10.1055/a-1009-6466
https://doi.org/10.1002/ijc.20558
https://doi.org/10.1002/ijc.33815
https://doi.org/10.1016/j.ygyno.2008.12.012
https://doi.org/10.2307/2530820
https://doi.org/10.1002/rmv.416
https://doi.org/10.1016/j.ejogrb.2008.07.007
https://doi.org/10.1038/s41598-018-24882-2

Bibliography

Benard, V. B., Lawson, H. W., Eheman, C. R., Anderson, C., & Helsel, W. (2005). Adherence to guidelines for
follow-up of low-grade cytologic abnormalities among medically underserved women. Obstetrics
and Gynecology, 105(6), 1323-1328. https://doi.org/10.1097/01.A0g.0000159549.56601.75

Bennett, K. F., Waller, J,, Ryan, M., Bailey, J. V., & Marlow, L. A. V. (2021). Concerns about disclosing a high-
risk cervical human papillomavirus (HPV) infection to a sexual partner: A systematic review and
thematic synthesis. BMJ Sexual & Reproductive Health, 47(1), 17-26. https://doi.org/10.1136/bmjsrh-
2019-200503

Bennetts, A, Irwig, L., Oldenburg, B., Simpson, J. M., Mock, P., Boyes, A, Adams, K., Weisberg, E., & Shelley,
J.(1995). PEAPS-Q: a questionnaire to measure the psychosocial effects of having an abnormal pap
smear. Psychosocial Effects of Abnormal Pap Smears Questionnaire. Journal of Clinical Epidemiology,
48(10), 1235-1243. https://doi.org/10.1016/0895-4356(95)00015-v

Bernstein, S. J., Sanchez-Ramos, L., & Ndubisi, B. (2001). Liquid-based cervical cytologic smear study and
conventional papanicolaou smears: A metaanalysis of prospective studies comparing cytologic
diagnosis and sample adequacy. American Journal of Obstetrics and Gynecology, 185(2), 308-317.
https://doi.org/10.1067/mob.2001.116736

Blatt, A. J., Kennedy, R., Luff, R. D., Austin, R. M., & Rabin, D. S. (2015). Comparison of cervical cancer screening
results among 256,648 women in multiple clinical practices. Cancer Cytopathology, 123(5), 282-288.
https://doi.org/10.1002/cncy.21544

Blumenthal, P., & Mclntosh, N. (2005). Cervical cancer prevention guidelines for low-resource settings. Jhpiego.

Bonde, J., Bottari, F., lacobone, A. D., Cocuzza, C. E, Sandri, M. T,, Bogliatto, F., Khan, K. S., Ejegod, D. M,,
Gary, D. S., & Andrews, J. C. (2021). Human papillomavirus same genotype persistence and risk: A
systematic ~ review.  Journal of Lower  Genital Tract  Disease, 25(1), 27-37.
https://doi.org/10.1097/1gt.0000000000000573

Bornstein, J., Bentley, J., Bosze, P., Girardi, F., Haefner, H., Menton, M., Perrotta, M., Prendiville, W., Russell,
P., Sideri, M., Strander, B, Tatti, S., Torne, A, & Walker, P. (2012). 2011 colposcopic terminology of
the International Federation for Cervical Pathology and Colposcopy. Obstetrics and Gynecology,
120(1), 166-172. https://doi.org/10.1097/A0G.0b013e318254f90c

Bosch, F. X., Lorincz, A., Munoz, N., Meijer, C.J. L. M., & Shah, K. V. (2002). The causal relation between human
papillomavirus and cervical cancer. Journal of Clinical Pathology, 55(4), 244-265.
https://doi.org/10.1136/jcp.55.4.244

Bosch, F. X, Manos, M. M., Munoz, N., Sherman, M., Jansen, A. M., Peto, J., Schiffman, M. H., Moreno, V.,
Kurman, R., Shah, K. V., & International biological study on cervical cancer (IBSCC) Study Group.
(1995). Prevalence of human papillomavirus in cervical cancer: A worldwide perspective. Journal of
the National Cancer Institute, 87(11), 796-802. https://doi.org/10.1093/inci/87.11.796

Boshart, M., Gissmann, L., lkenberg, H., Kleinheinz, A., Scheurlen, W., & zur Hausen, H. (1984). A new type of
papillomavirus DNA, its presence in genital cancer biopsies and in cell lines derived from cervical
cancer. The EMBO journal, 3(5), 1151-157. https://doi.org/10.1002/].1460-2075.1984.tb01944 x

87


https://doi.org/10.1097/01.Aog.0000159549.56601.75
https://doi.org/10.1136/bmjsrh-2019-200503
https://doi.org/10.1136/bmjsrh-2019-200503
https://doi.org/10.1016/0895-4356(95)00015-v
https://doi.org/10.1067/mob.2001.116736
https://doi.org/10.1002/cncy.21544
https://doi.org/10.1097/lgt.0000000000000573
https://doi.org/10.1097/AOG.0b013e318254f90c
https://doi.org/10.1136/jcp.55.4.244
https://doi.org/10.1093/jnci/87.11.796
https://doi.org/10.1002/j.1460-2075.1984.tb01944.x

Bibliography

Bowden, S. J., Bodinier, B., Kalliala, 1., Zuber, V., Vuckovic, D., Doulgeraki, T., Whitaker, M. D., Wielscher, M.,
Cartwright, R., Tsilidis, K. K., Bennett, P, Jarvelin, M. R, Flanagan, J. M., Chadeau-Hyam, M., &
Kyrgiou, M. (2021). Genetic variation in cervical preinvasive and invasive disease: A genome-wide
association study. The Lancet. Oncology, 22(4), 548-557. https://doi.org/10.1016/s1470-
2045(21)00028-0

Bray, F., Carstensen, B., Maller, H., Zappa, M., Zakelj, M. P., Lawrence, G., Hakama, M., & Weiderpass, E.
(2005a). Incidence trends of adenocarcinoma of the cervix in 13 European countries. Cancer
Epidemiology, Biomarkers & Prevention, 14(9), 2191-2199. https://doi.org/10.1158/1055-9965.Epi-05-
0231

Bray, F., Colombet, M., Mery, L., Pifieros, M., Znaor, A., Zanetti, R., & Ferlay, J. (2017). Cancer incidence in five
continents. International Agency for Research on Cancer. https://ci5.iarc.fr

Bray, F., Loos, A. H., McCarron, P., Weiderpass, E., Arbyn, M., Mgller, H., Hakama, M., & Parkin, D. M. (2005b).
Trends in cervical squamous cell carcinoma incidence in 13 European countries: Changing risk and
the effects of screening. Cancer Epidemiology, Biomarkers & Prevention, 14(3), 677-686.
https://doi.org/10.1158/1055-9965.Epi-04-0569

Brotherton, J. M. L., Saville, A. M., May, C. L., Chappell, G., & Gertig, D. M. (2015). Human papillomavirus
vaccination is changing the epidemiology of high-grade cervical lesions in Australia. Cancer Causes
& Control : CCC, 26(6), 953-954. https://doi.org/10.1007/510552-015-0568-6

Broutet, N., Jeronimo, J., Kumar, S., Aimonte, M., Murillo, R., Huy, N. V. Q., Denny, L., Kapambwe, S., Bhatla,
N., Sebitloane, M., Zhao, F., Gravitt, P., Adsul, P., Rangaraj, A., Dalal, S., Newman, M., Chowdhury,
R., Church, K., Nakisige, C., ... Steyn, P. (2022). Implementation research to accelerate scale-up of
national screen and treat strategies towards the elimination of cervical cancer. Preventive Medicine,
155, 106906. https://doi.org/10.1016/].ypmed.2021.106906

Brown, D. R., Joura, E. A, Yen, G. P, Kothari, S., Luxembourg, A, Saah, A., Walia, A., Perez, G., Khoury, H.,
Badgley, D., & Stanley, M. (2021). Systematic literature review of cross-protective effect of HPV
vaccines based on data from randomized clinical trials and real-world evidence. Vaccine, 39(16),
2224-2236. https://doi.org/10.1016/j.vaccine.2020.11.076

Bruni, L, Diaz, M., Castellsagué, X., Ferrer, E, Bosch, F. X, & de Sanjosé, S. (2010). Cervical human
papillomavirus prevalence in 5 continents: Meta-analysis of 1 million women with normal cytological
findings. The Journal of Infectious Diseases, 202(12), 1789-1799. https://doi.org/10.1086/657321

Bruni, L., Saura-Lazaro, A., Montoliu, A., Brotons, M., Alemany, L., Diallo, M. S, Afsar, O. Z., LaMontagne, D.
S., Mosina, L., Contreras, M., Velandia-Gonzalez, M., Pastore, R., Gacic-Dobo, M., & Bloem, P. (2021).
HPV vaccination introduction worldwide and WHO and UNICEF estimates of national HPV
immunization coverage 2010-2019. Preventive Medicine, 144, 106399.
https://doi.org/10.1016/j.ypmed.2020.106399

Bruni, L., Serrano, B., Roura, E., Alemany, L., Cowan, M., Herrero, R., Poljak, M., Murillo, R., Broutet, N., Riley,
L. M., & de Sanjose, S. (2022). Cervical cancer screening programmes and age-specific coverage

88


https://doi.org/10.1016/s1470-2045(21)00028-0
https://doi.org/10.1016/s1470-2045(21)00028-0
https://doi.org/10.1158/1055-9965.Epi-05-0231
https://doi.org/10.1158/1055-9965.Epi-05-0231
https://ci5.iarc.fr/
https://doi.org/10.1158/1055-9965.Epi-04-0569
https://doi.org/10.1007/s10552-015-0568-6
https://doi.org/10.1016/j.ypmed.2021.106906
https://doi.org/10.1016/j.vaccine.2020.11.076
https://doi.org/10.1086/657321
https://doi.org/10.1016/j.ypmed.2020.106399

Bibliography

estimates for 202 countries and territories worldwide: A review and synthetic analysis. The Lancet.
Global Health, 10(8), e1115-e1127. https://doi.org/10.1016/52214-109X(22)00241-8

Brusselaers, N., Shrestha, S., van de Wijgert, J., & Verstraelen, H. (2019). Vaginal dysbiosis and the risk of
human papillomavirus and cervical cancer: Systematic review and meta-analysis. American Journal
of Obstetrics and Gynecology, 221(1), 9-18.e18. https://doi.org/10.1016/j.ajog.2018.12.011

Brzoska, P., Aksakal, T., & Yilmaz-Aslan, Y. (2020). Utilization of cervical cancer screening among migrants
and non-migrants in Germany: Results from a large-scale population survey. BMC Public Health,
20(1), 5. https://doi.org/10.1186/512889-019-8006-4

Buick, C., Murphy, K. J, Howell, D., & Metcalfe, K. (2021). Understanding the role of oncogenic human
papillomavirus (HPV) status on adherence behaviors among women with abnormal cervical
cytology. BMC Women's Health, 21(1), 29. https://doi.org/10.1186/512905-020-01168-2

Bulten, J., Horvat, R, Jordan, J., Herbert, A., Wiener, H., & Arbyn, M. (2011). European guidelines for quality
assurance in cervical histopathology. Acta Oncologica, 50(5), 611-620.
https://doi.org/10.3109/0284186X.2011.555779

Burchell, A. N., Richardson, H., Mahmud, S. M., Trottier, H., Tellier, P. P., Hanley, J., Coutlée, F., & Franco, E.
L. (2006). Modeling the sexual transmissibility of human papillomavirus infection using stochastic
computer simulation and empirical data from a cohort study of young women in Montreal, Canada.
American Journal of Epidemiology, 163(6), 534-543. https://doi.org/10.1093/aje/kwj077

Burger, E. A, Nygard, M., Gyrd-Hansen, D., Moger, T. A, & Kristiansen, I. S. (2014). Does the primary
screening test influence women'’s anxiety and intention to screen for cervical cancer? A randomized
survey of Norwegian women. BMC Public Health, 14(1), 360. https://doi.org/10.1186/1471-2458-14-
360

Burger, E. A, Pedersen, K., Sy, S., Kristiansen, I. S., & Kim, J. J. (2017). Choosing wisely: A model-based analysis
evaluating the trade-offs in cancer benefit and diagnostic referrals among alternative HPV testing
strategies in Norway. British Journal of Cancer, 117(6), 783-790. https://doi.org/10.1038/bjc.2017.248

Burghardt, E., & Ostor, A. G. (1983). Site and origin of squamous cervical cancer: A histomorphologic study.
Obstetrics and Gynecology, 62(1), 117-127.

Camargo, M., Soto-De Leon, S., Sanchez, R., Munoz, M., Vega, E., Beltran, M., Perez-Prados, A., Patarroyo,
M. E., & Patarroyo, M. A. (2011). Detection by PCR of human papillomavirus in Colombia:
Comparison of GP5+/6+ and MY09/11 primer sets. Journal of Virological Methods, 178(1-2), 68-74.
https://doi.org/10.1016/j.jviromet.2011.08.014

Cancer Council Australia Cervical Cancer Screening Guidelines Working Party. (2016). National cervical
screening program: Guidelines for the management of screen-detected abnormalities, screening in
specific populations and investigation of abnormal vaginal bleeding. Cancer Council Australia.
https://wiki.cancer.org.au/australia/Guidelines:Cervical cancer/Screening

89


https://doi.org/10.1016/S2214-109X(22)00241-8
https://doi.org/10.1016/j.ajog.2018.12.011
https://doi.org/10.1186/s12889-019-8006-4
https://doi.org/10.1186/s12905-020-01168-2
https://doi.org/10.3109/0284186X.2011.555779
https://doi.org/10.1093/aje/kwj077
https://doi.org/10.1186/1471-2458-14-360
https://doi.org/10.1186/1471-2458-14-360
https://doi.org/10.1038/bjc.2017.248
https://doi.org/10.1016/j.jviromet.2011.08.014
https://wiki.cancer.org.au/australia/Guidelines:Cervical_cancer/Screening

Bibliography

Carreon, J. D., Sherman, M. E., Guillén, D., Solomon, D., Herrero, R., Jerénimo, J., Wacholder, S., Rodriguez,
A. C., Morales, J., Hutchinson, M., Burk, R. D., & Schiffman, M. (2007). CIN2 is a much less
reproducible and less valid diagnosis than CIN3: Results from a histological review of population-
based cervical samples. International Journal of Gynecological Pathology : Official Journal of the
International Society of Gynecological Pathologists, 26(4), 441-446.
https://doi.org/10.1097/pgp.0b013e31805152ab

Castanon, A, Landy, R., & Sasieni, P. D. (2016). Is cervical screening preventing adenocarcinoma and
adenosquamous carcinoma of the cervix? International Journal of Cancer, 139(5), 1040-1045.
https://doi.org/10.1002/ijc.30152

Castellsagué, X., & Mufioz, N. (2003). Chapter 3: Cofactors in human papillomavirus carcinogenesis — role of
parity, oral contraceptives, and tobacco smoking. Journal of the National Cancer Institute.
Monographs.(31), 20-28.

Castellsagué, X, Paavonen, J., Jaisamrarn, U., Wheeler, C. M., Skinner, S. R., Lehtinen, M., Naud, P., Chow, S.-
N., Del Rosario-Raymundo, M. R., Teixeira, J. C., Palmroth, J., de Carvalho, N. S., Germar, M. J. V.,
Peters, K., Garland, S. M., Szarewski, A., Poppe, W. A. J.,, Romanowski, B., Schwarz, T. F., ... for the
HPV PATRICIA Study Group. (2014). Risk of first cervical HPV infection and pre-cancerous lesions
after onset of sexual activity: Analysis of women in the control arm of the randomized, controlled
PATRICIA trial. BMC Infectious Diseases, 14(1), 551. https://doi.org/10.1186/s12879-014-0551-y

Castle, P. E., Adcock, R., Cuzick, J., Wentzensen, N., Torrez-Martinez, N. E., Torres, S. M., Stoler, M. H,,
Ronnett, B. M., Joste, N. E., Darragh, T. M., Gravitt, P. E., Schiffman, M., Hunt, W. C,, Kinney, W. K., &
Wheeler, C. M. (2020). Relationships of p16 immunohistochemistry and other biomarkers with
diagnoses of cervical abnormalities: Implications for last terminology. Archives of Pathology &
Laboratory Medicine, 144(6), 725-734. https://doi.org/10.5858/arpa.2019-0241-0OA

Castle, P. E., Eaton, B, Reid, J.,, Getman, D., & Dockter, J. (2015). Comparison of human papillomavirus
detection by APTIMA HPV and cobas HPV tests in a population of women referred for colposcopy
following detection of atypical squamous cells of undetermined significance by pap cytology.
Journal of Clinical Microbiology, 53(4), 1277-1281. https://doi.org/10.1128/jcm.03558-14

Castle, P. E., Feldman, S., & Perkins, R. B. (2018a). The next generation of cervical cancer screening: Should
guidelines focus on best practices for the future or current screening capacity? Journal of Lower
Genital Tract Disease, 22(2), 91-96. https://doi.org/10.1097/LGT.0000000000000378

Castle, P. E, Kinney, W. K., Chen, L., Kim, J. J,, Jenison, S., Rossi, G., Kang, H., Cuzick, J., Wheeler, C. M., the
New Mexico HPV Pap Registry Steering Committee, & New Mexico HPV Pap Registry Steering
Committee Collaborators. (2022). Adherence to national guidelines on cervical screening: A
population-based evaluation from a statewide registry. Journal of the National Cancer Institute,
174(4), 626-630. https://doi.org/10.1093/inci/djab173

Castle, P. E., Kinney, W. K., Cheung, L. C,, Gage, J. C,, Fetterman, B., Poitras, N. E., Lorey, T. S., Wentzensen,
N., Befano, B., Schussler, J., Katki, H. A., & Schiffman, M. (2017). Why does cervical cancer occur in a
state-of-the-art  screening  program?  Gynecologic ~ Oncology, 146(3),  546-553.
https://doi.org/10.1016/i.yayno.2017.06.003

90


https://doi.org/10.1097/pgp.0b013e31805152ab
https://doi.org/10.1002/ijc.30152
https://doi.org/10.1186/s12879-014-0551-y
https://doi.org/10.5858/arpa.2019-0241-OA
https://doi.org/10.1128/jcm.03558-14
https://doi.org/10.1097/LGT.0000000000000378
https://doi.org/10.1093/jnci/djab173
https://doi.org/10.1016/j.ygyno.2017.06.003

Bibliography

Castle, P. E., Kinney, W. K., Xue, X, Cheung, L. C,, Gage, J. C, Zhao, F. H., Fetterman, B., Poitras, N. E., Lorey,
T. S, Wentzensen, N., Katki, H. A, & Schiffman, M. (2018b). Effect of several negative rounds of
human papillomavirus and cytology co-testing on safety against cervical cancer: An observational
cohort study. Annals of Internal Medicine, 168(1), 20-29. https://doi.org/10.7326/m17-1609

Castle, P. E., Rodriguez, A. C, Burk, R. D., Herrero, R., Wacholder, S., Alfaro, M., Morales, J., Guillen, D,
Sherman, M. E., Solomon, D., & Schiffman, M. (2009). Short term persistence of human
papillomavirus and risk of cervical precancer and cancer: Population based cohort study. BMJ :
British Medical Journal, 339, b2569. https://doi.org/10.1136/bmj.b2569

Castle, P. E., Rodriguez, A. C., Burk, R. D., Herrero, R., Wacholder, S., Hildesheim, A., Morales, J., Rydzak, G,
& Schiffman, M. (2011). Long-term persistence of prevalently detected human papillomavirus
infections in the absence of detectable cervical precancer and cancer. The Journal of Infectious
Diseases, 203(6), 814-822. https://doi.org/10.1093/infdis/jiq116

Ceballos, K. M., Chapman, W., Daya, D., Julian, J. A, Lytwyn, A, Mclachlin, C. M., & Elit, L. (2008).
Reproducibility of the histological diagnosis of cervical dysplasia among pathologists from 4
continents. International Journal of Gynecological Pathology : Official Journal of the International
Society of Gynecological Pathologists, 27(1), 101-107. https://doi.org/10.1097/pgp.0b013e31814fb1da

Chabeda, A, Yanez, R. J. R, Lamprecht, R, Meyers, A. E., Rybicki, E. P., & Hitzeroth, I. I. (2018). Therapeutic
vaccines for high-risk HPV-associated diseases. Papillomavirus —Research, 5~ 46-58.
https://doi.org/10.1016/j.pvr.2017.12.006

Chan, Y. M., Lee, P. W, Ng, T. Y., & Ngan, H. Y. (2004). Could precolposcopy information and counseling
reduce women's anxiety and improve knowledge and compliance to follow-up? Gynecologic
Oncology, 95(2), 341-346. https://doi.org/10.1016/].ygyno.2004.07.002

Chao, C., Chubak, J., Beaber, E., Kamineni, A., Mao, C,, Silverberg, M., Tiro, J., Skinner, C., Garcia, M., Corley,
D., Winer, R., Raine-Bennett, T., Feldman, S., & Wheeler, C. (2023). Gaps in the screening process
for women diagnosed with cervical cancer in four diverse US health care settings. Cancer Medicine,
12(3), 3705-3717. https://doi.org/10.1002/cam4.5226

Chao, Y. S, Clark, M., Carson, E., Weeks, L., Moulton, K., McFaul, S., McLauchlin, C. M., Tsoi, B., Majid, U.,
Kandasamy, S., Arora, N., Vanstone, M., Reid, L., Krahn, T., Kaluzny, K., Farrah, K, & Ford, C. (2019).
CADTH optimal use reports. In HPV testing for primary cervical cancer screening: A health technology
assessment. Canadian Agency  for Drugs and Technologies in Health.
https://www.ncbi.nlm.nih.gov/books/NBK543088

Chesson, H. W., Dunne, E. F., Hariri, S., & Markowitz, L. E. (2014). The estimated lifetime probability of
acquiring human papillomavirus in the United States. Sexually Transmitted Diseases, 41(11), 660-664.
https://doi.org/10.1097/0lg.0000000000000193

Chrysostomou, A. C., Stylianou, D. C., Constantinidou, A., & Kostrikis, L. G. (2018). Cervical cancer screening
programs in Europe: The transition towards HPV vaccination and population-based HPV testing.
Viruses, 10(12), 729. https://doi.org/10.3390/v10120729

91


https://doi.org/10.7326/m17-1609
https://doi.org/10.1136/bmj.b2569
https://doi.org/10.1093/infdis/jiq116
https://doi.org/10.1097/pgp.0b013e31814fb1da
https://doi.org/10.1016/j.pvr.2017.12.006
https://doi.org/10.1016/j.ygyno.2004.07.002
https://doi.org/10.1002/cam4.5226
https://www.ncbi.nlm.nih.gov/books/NBK543088/
https://doi.org/10.1097/olq.0000000000000193
https://doi.org/10.3390/v10120729

Bibliography

Cirkel, C., Barop, C., & Beyer, D. A. (2015). Method comparison between Munich Il and Ill nomenclature for
pap smear samples. Journal of the Turkish German Gynecological Association, 16(4), 203-207.
https://doi.org/10.5152/jtgga.2015.0147

Ciuffo, G. (1907). Innesto positivo con filtrato di verruca volgare [Positive graft with filtered verruca vulgaris].
Giornale Italiano di Dermatologia e Venereologia, 48(1), 12-17.

Clarke, M. A,, Fetterman, B., Cheung, L. C., Wentzensen, N., Gage, J. C,, Katki, H. A, Befano, B., Demarco, M.,
Schussler, J., Kinney, W. K., Raine-Bennett, T. R., Lorey, T. S., Poitras, N. E., Castle, P. E., & Schiffman,
M. (2018). Epidemiologic evidence that excess body weight increases risk of cervical cancer by
decreased detection of precancer. Journal of Clinical Oncology : Official Journal of the American
Society of Clinical Oncology, 36(12), 1184-1191. https://doi.org/10.1200/jc0.2017.75.3442

Clarke, M. A, Unger, E. R, Zuna, R., Nelson, E., Darragh, T. M., Cremer, M., Stockdale, C. K, Einstein, M. H.,
& Wentzensen, N. (2020). A systematic review of tests for postcolposcopy and posttreatment
surveillance. Journal of Lower Genital Tract Disease, 24(2), 148-156.
https://doi.org/10.1097/1gt.0000000000000526

Clifford, G. M., Smith, J. S., Plummer, M., Mufioz, N., & Franceschi, S. (2003). Human papillomavirus types in
invasive cervical cancer worldwide: A meta-analysis. British Journal of Cancer, 88(1), 63-73.
https://doi.org/10.1038/sj.bjc.6600688

Cohen, J. (1960). A coefficient of agreement for nominal scales. Educational and Psychological Measurement,
20(1), 37-46. https://doi.org/10.1177/001316446002000104

Cohen, J. (1968). Weighted kappa: Nominal scale agreement with provision for scaled disagreement or partial
credit. Psychological Bulletin, 70(4), 213-220. https://doi.org/10.1037/h0026256

Cohen, J. F,, Korevaar, D. A, Altman, D. G, Bruns, D. E., Gatsonis, C. A, Hooft, L., Irwig, L., Levine, D., Reitsma,
J.B., de Vet, H. C. W,, & Bossuyt, P. M. M. (2016). STARD 2015 guidelines for reporting diagnostic
accuracy  studies:  Explanation  and  elaboration.  BMJ  Open, 6(11),  e012799.
https://doi.org/10.1136/bmjopen-2016-012799

Coleman, D., Day, N., Douglas, G., Farmery, E., Lynge, E., Philip, J., & Segnan, N. (1993). European guidelines
for quality assurance in cervical cancer screening. Europe against cancer programme. European
Journal of Cancer (Oxford, England : 1990) 29A Suppl 4, $1-38.

Council of the European Union. (2022). Council recommendation of 9 December 2022 on strengthening
prevention through early detection: A new EU approach on cancer screening replacing council
recommendation (2003/878/ec). Official Journal of the European Union, 65. https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:0J.C .2022.473.01.0001.01.ENG

Cox, J. T, Castle, P. E., Behrens, C. M., Sharma, A, Wright, T. C., Jr., & Cuzick, J. (2013). Comparison of cervical
cancer screening strategies incorporating different combinations of cytology, HPV testing, and
genotyping for HPV 16/18: Results from the ATHENA HPV study. American Journal of Obstetrics and
Gynecology, 208(3), 184.e181-184.e111. https://doi.org/10.1016/].aj0g.2012.11.020

92


https://doi.org/10.5152/jtgga.2015.0147
https://doi.org/10.1200/jco.2017.75.3442
https://doi.org/10.1097/lgt.0000000000000526
https://doi.org/10.1038/sj.bjc.6600688
https://doi.org/10.1177/001316446002000104
https://doi.org/10.1037/h0026256
https://doi.org/10.1136/bmjopen-2016-012799
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.C_.2022.473.01.0001.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.C_.2022.473.01.0001.01.ENG
https://doi.org/10.1016/j.ajog.2012.11.020

Bibliography

Cruickshank, M., Cotton, S., Sharp, L., Smart, L., Walker, L, Little, J., & Group, t. T. (2015). Management of
women with low grade cytology: How reassuring is a normal colposcopy examination? BJOG. An
International Journal of Obstetrics and Gynaecology, 122(3), 380-386. https://doi.org/10.1111/1471-
0528.12932

Cuschieri, K., Ronco, G,, Lorincz, A, Smith, L., Ogilvie, G., Mirabello, L., Carozzi, F., Cubie, H., Wentzensen,
N., Snijders, P. J. F., Arbyn, M., Monsonego, J., & Franceschi, S. (2018). Eurogin roadmap 2017: Triage
strategies for the management of HPV-positive women in cervical screening programs. International
Journal of Cancer, 143(4), 735-745. https.//doi.org/10.1002/ijc.31261

Cuschieri, K., Schuurman, R., & Coughlan, S. (2019). Ensuring quality in cervical screening programmes based
on molecular HPV testing. Cytopathology, 30(3), 273-280. https://doi.org/10.1111/cyt. 12679

Cuzick, J., Adcock, R., Kinney, W., Castle, P. E., Robertson, M., McDonald, R. M., Stoler, M. H., Du, R., Wheeler,
C. M., & for the New Mexico HPV Pap Registry Steering Committee (2023). Impact of HPV testing
in opportunistic cervical screening: Support for primary HPV screening in the United States.
International Journal of Cancer, 153, 83-93. https://doi.org/10.1002/ijc.34519

Dalla Palma, P., Giorgi Rossi, P., Collina, G., Buccoliero, A. M., Ghiringhello, B., Gilioli, E., Onnis, G. L., Aldovini,
D. Galanti, G., Casadei, G. Aldi, M., Gomes, V. V., Giubilato, P.,, & Ronco, G. (2009). The
reproducibility of CIN diagnoses among different pathologists: Data from histology reviews from a
multicenter randomized study. American Journal of Clinical Pathology, 132(1), 125-132.
https://doi.org/10.1309/ajcpbrk7dlyiuwfp

de Bekker-Grob, E. W, de Kok, I. M. C. M., Bulten, J., van Rosmalen, J., Vedder, J. E. M., Arbyn, M., Klinkhamer,
P.J.J. M, Siebers, A. G., & van Ballegooijen, M. (2012). Liquid-based cervical cytology using Thinprep
technology: Weighing the pros and cons in a cost-effectiveness analysis. Cancer Causes & Control
- CCC, 23(8), 1323-1331. https://doi.org/10.1007/s10552-012-0011-1

de Groot, J. A. H., Bossuyt, P. M. M., Reitsma, J. B., Rutjes, A. W. S., Dendukuri, N., Janssen, K. J. M., & Moons,
K. G. M. (20M). Verification problems in diagnostic accuracy studies: Consequences and solutions.
BMJ : British Medical Journal, 343, d4770. https://doi.org/10.1136/bm|.d4770

de Martel, C, Georges, D., Bray, F., Ferlay, J., & Clifford, G. M. (2020). Global burden of cancer attributable
to infections in 2018: A worldwide incidence analysis. The Lancet. Global Health, 8(2), €180-e190.
https://doi.org/10.1016/52214-109X(19)30488-7

de Martel, C,, Plummer, M., Vignat, J., & Franceschi, S. (2017). Worldwide burden of cancer attributable to
HPV by site, country and HPV type. International Journal of Cancer, 141(4), 664-670.
https://doi.org/10.1002/ijc.30716

de Sanjosé, S., Diaz, M., Castellsagué, X., Clifford, G., Bruni, L., Mufioz, N., & Bosch, F. X. (2007). Worldwide
prevalence and genotype distribution of cervical human papillomavirus DNA in women with normal
cytology: A meta-analysis.  The  Llancet.  Infectious  Diseases,  7(7),  453-459.
https://doi.org/10.1016/51473-3099(07)70158-5

93


https://doi.org/10.1111/1471-0528.12932
https://doi.org/10.1111/1471-0528.12932
https://doi.org/10.1002/ijc.31261
https://doi.org/10.1111/cyt.12679
https://doi.org/10.1002/ijc.34519
https://doi.org/10.1309/ajcpbrk7d1yiuwfp
https://doi.org/10.1007/s10552-012-0011-1
https://doi.org/10.1136/bmj.d4770
https://doi.org/10.1016/S2214-109X(19)30488-7
https://doi.org/10.1002/ijc.30716
https://doi.org/10.1016/s1473-3099(07)70158-5

Bibliography

de Sanjose, S., Quint, W. G., Alemany, L., Geraets, D. T., Klaustermeier, J. E., Lloveras, B., Tous, S., Felix, A,
Bravo, L. E., Shin, H. R., Vallejos, C. S., de Ruiz, P. A, Lima, M. A,, Guimera, N., Clavero, O., Alejo, M.,
Llombart-Bosch, A., Cheng-Yang, C., Tatti, S. A, ... Bosch, F. X.. (2010). Human papillomavirus
genotype attribution in invasive cervical cancer: A retrospective cross-sectional worldwide study.
The Lancet. Oncology, 11(11), 1048-1056. https://doi.org/10.1016/s1470-2045(10)/0230-8

Demarco, M., Hyun, N., Carter-Pokras, O., Raine-Bennett, T. R., Cheung, L., Chen, X., Hammer, A., Campos,
N., Kinney, W., Gage, J. C,, Befano, B., Perkins, R. B, He, X, Dallal, C., Chen, J., Poitras, N., Mayrand,
M.-H., Coutlee, F., Burk, R. D., ... Schiffman, M. (2020). A study of type-specific HPV natural history
and implications for contemporary cervical cancer screening programs. EClinicalMedicine, 22,
100293. https://doi.org/10.1016/j.eclinm.2020.100293

Demarco, M., Lorey, T. S., Fetterman, B., Cheung, L. C.,, Guido, R. S., Wentzensen, N., Kinney, W. K., Poitras,
N. E., Befano, B., Castle, P. E., & Schiffman, M. (2017). Risks of CIN2+, CIN3+, and cancer by cytology
and human papillomavirus status: The foundation of risk-based cervical screening guidelines.
Journal of Lower Genital Tract Disease, 21(4), 261-267.
https://doi.org/10.1097/1gt.0000000000000343

Depuydt, C. E., Arbyn, M., Benoy, |. H., Vandepitte, J., Vereecken, A. J., & Bogers, J. J. (2009). Quality control
for normal liquid-based cytology: Rescreening, high-risk HPV targeted reviewing and/or high-risk
HPV  detection? Journal of Cellular and Molecular Medicine, 13(9b), 4051-4060.
https://doi.org/10.1111/.1582-4934.2008.00379.x

Depuydt, C. E, Criel, A. M., Benoy, I. H., Arbyn, M., Vereecken, A. J., & Bogers, J. J. (2012). Changes in type-
specific human papillomavirus load predict progression to cervical cancer. Journal of Cellular and
Molecular Medicine, 16(12), 3096-3104. https://doi.org/10.1111/1.1582-4934.2012.01631.x

Desai, K. T., Befano, B., Xue, Z, Kelly, H, Campos, N. G, Egemen, D., Gage, J. C, Rodriguez, A. C,
Sahasrabuddhe, V., Levitz, D., Pearlman, P., Jeronimo, J., Antani, S., Schiffman, M., & de Sanjosé, S.
(2022). The development of "automated visual evaluation" for cervical cancer screening: The
promise and challenges in adapting deep-learning for clinical testing: Interdisciplinary principles of
automated visual evaluation in cervical screening. International Journal of Cancer, 150(5), 741-752.
https://doi.org/10.1002/ijc.33879

Dijkstra, M. G., van Zummeren, M., Rozendaal, L., van Kemenade, F. J., Helmerhorst, T. J,, Snijders, P. J. F,,
Meijer, C. J. L. M., & Berkhof, J. (2016). Safety of extending screening intervals beyond five years in
cervical screening programmes with testing for high risk human papillomavirus: 14 year follow-up
of population based randomised cohort in the Netherlands. BMJ : British Medical Journal, 355, 14924.
https://doi.org/10.1136/bm].i4924

Dillner, J., Rebolj, M., Birembaut, P., Petry, K.-U., Szarewski, A, Munk, C., de Sanjose, S., Naucler, P., Lloveras,
B., Kjaer, S., Cuzick, J., van Ballegooijen, M., Clavel, C., & Iftner, T. (2008). Long term predictive values
of cytology and human papillomavirus testing in cervical cancer screening: Joint European cohort
study. BMJ : British Medical Journal, 337, a1754. https://doi.org/10.1136/bmj.a1754

94


https://doi.org/10.1016/s1470-2045(10)70230-8
https://doi.org/10.1016/j.eclinm.2020.100293
https://doi.org/10.1097/lgt.0000000000000343
https://doi.org/10.1111/j.1582-4934.2008.00379.x
https://doi.org/10.1111/j.1582-4934.2012.01631.x
https://doi.org/10.1002/ijc.33879
https://doi.org/10.1136/bmj.i4924
https://doi.org/10.1136/bmj.a1754

Bibliography

Dodd, R. H., Mac, O. A., & McCaffery, K. J. (2020a). Women's experiences of the renewed national cervical
screening program in Australia 172 months following implementation: A qualitative study. BMJ Open,
10(7), e039041. https://doi.org/10.1136/bmjopen-2020-039041

Dodd, R. H., Nickel, B., Smith, M. A., Brotherton, J. M. L., & McCaffery, K. J. (2020b). Getting the timing right:
Women's views on the best time to announce changes to cancer screening policy
recommendations. Preventive Medicine Reports, 20, 101268.
https://doi.org/10.1016/].pmedr.2020.101268

Dodd, R. H., Obermair, H., & McCaffery, K. (2022). Reasons that clinicians in Australia offer cervical screening
outside guidelines for frequency, age and co-testing. Public Health Research & Practice, 32(4),
3242237, https://doi.org/10.17061/phrp3242237

Dolman, L., Sauvaget, C., Muwonge, R., & Sankaranarayanan, R. (2014). Meta-analysis of the efficacy of cold
coagulation as a treatment method for cervical intraepithelial neoplasia: A systematic review. B/OG:
An International Journal of Obstetrics and Gynaecology, 121(8), 929-942. https://doi.org/10.1111/1471-
0528.12655

Donken, R., van Niekerk, D., Hamm, J., Spinelli, J. J., Smith, L., Sadarangani, M., Albert, A, Money, D., Dobson,
S.. Miller, D., Lee, M., Mitchell-Foster, S., Krajden, M., Naus, M., & Qgilvie, G. (2021). Declining rates
of cervical intraepithelial neoplasia in British Columbia, Canada: An ecological analysis on the effects
of the school-based HPV vaccination program. International Journal of Cancer, 149(1), 191-199.
https://doi.org/10.1002/ijc.33513

Doorbar, J.,, & Griffin, H. (2019). Refining our understanding of cervical neoplasia and its cellular origins.
Papillomavirus Research, 7, 176-179. https://doi.org/10.1016/].pvr.2019.04.005

Doubeni, C. A, Gabler, N. B., Wheeler, C. M., McCarthy, A. M., Castle, P. E., Halm, E. A, Schnall, M. D., Skinner,
C. S, Tosteson, A. N. A, Weaver, D. L., Vachani, A, Mehta, S. J, Rendle, K. A, Fedewa, S. A., Corley,
D. A, & Armstrong, K. (2018). Timely follow-up of positive cancer screening results: A systematic
review and recommendations from the PROSPR consortium. CA: A Cancer Journal for Clinicians,
68(3), 199-216. https://doi.org/10.3322/caac.21452

Douglas, E, Wardle, J., Massat, N. J,, & Waller, J. (2015). Colposcopy attendance and deprivation: A
retrospective analysis of 27,193 women in the NHS cervical screening programme. British Journal of
Cancer, 113(1), 119-122. https://doi.org/10.1038/bjc.2015.176

Drolet, M., Bénard, E., Pérez, N, Brisson, M., Ali, H., Boily, M.-C., Baldo, V., Brassard, P., Brotherton, J. M. L,
Callander, D., Checchi, M., Chow, E. P. F., Cocchio, S., Dalianis, T., Deeks, S. L., Dehlendorff, C.,
Donovan, B, Fairley, C. K, Flagg, E. W., ... Yu, B. N. (2019). Population-level impact and herd effects
following the introduction of human papillomavirus vaccination programmes: Updated systematic
review and meta-analysis. Lancet, 394(10197), 497-509. https://doi.org/10.1016/50140-
6736(19)30298-3

Duggan, M. A, Inoue, M., McGregor, S. E,, Stuart, G. C., Morris, S., Chang-Poon, V., Schepansky, A, &
Honore, L. (1994). A paired comparison of dot blot hybridization and PCR amplification for HPV

95


https://doi.org/10.1136/bmjopen-2020-039041
https://doi.org/10.1016/j.pmedr.2020.101268
https://doi.org/10.17061/phrp3242237
https://doi.org/10.1111/1471-0528.12655
https://doi.org/10.1111/1471-0528.12655
https://doi.org/10.1002/ijc.33513
https://doi.org/10.1016/j.pvr.2019.04.005
https://doi.org/10.3322/caac.21452
https://doi.org/10.1038/bjc.2015.176
https://doi.org/10.1016/S0140-6736(19)30298-3
https://doi.org/10.1016/S0140-6736(19)30298-3

Bibliography

testing of cervical scrapes interpreted as CIN 1. European Journal of Gynaecological Oncology, 15(3),
178-187.

Dunn, S, Rossiter, L., Ferne, J., Barnes, E, & Wu, W. (2013). Improved adherence to colposcopy through
nurse-led telephone counselling and multifaceted patient support. Journal of Obstetrics and
Gynaecology Canada : JOGC = Journal d'obstétrique et gynécologie du Canada : JOGC, 35(8), 723-
729. https://doi.org/10.1016/s1701-2163(15)30863 -x

Durst, M., Gissmann, L., lkenberg, H., & zur Hausen, H. (1983). A papillomavirus DNA from a cervical
carcinoma and its prevalence in cancer biopsy samples from different geographic regions.
Proceedings of the National Academy of Sciences of the United States of America, 80(12), 3812-3815.
https://doi.org/10.1073/pnas.80.12.3812

Efron, B., & Tibshirani, R. J. (1993). An introduction to the bootstrap. Chapman & Hall.

Eggleston, K. S., Coker, A. L., Luchok, K. J., & Meyer, T. E. (2007). Adherence to recommendations for follow-
up to abnormal pap tests.  Obstetrics and  Gynecology, 109(6), 1332-1341.
https://doi.org/10.1097/01.A0g.0000266396.25244.68

Elfstrom, K. M., Smelov, V., Johansson, A. L. V., Eklund, C., Nauclér, P., Arnheim-Dahlstrém, L., & Dillner, J.
(2014). Long term duration of protective effect for HPV negative women: Follow-up of primary HPV
screening randomised controlled  trial. BMJ :  British Medical Journal, 348, g130.
https.//doi.org/10.1136/bmj.g130

Elit, L., Krzyzanowska, M., Saskin, R., Barbera, L., Razzag, A, Lofters, A, Yeritsyan, N., & Bierman, A. (2012).
Sociodemographic factors associated with cervical cancer screening and follow-up of abnormal
results. Canadian family physician Médecin de famille canadien, 58(1), e22-e31.

European Commission. (2008). European quidelines for quality assurance in cervical cancer screening - second
edition (M. Arbyn, A. Anttila, J. Jordan, G. Ronco, U. Schenck, N. Segnan, H. G. Wiener, A. Herbert,
J. Daniel, & L. v. Karsa, Eds.). Office for Official Publications of the European Communities.
https://publications.iarc.fr/Non-Series-Publications/Other-Non-Series-Publications/European-
Guidelines-For-Quality-Assurance-In-Cervical-Cancer-Screening-2nd-Edition-2008

Fagerland, M. W, Lydersen, S., & Laake, P. (2014). Recommended tests and confidence intervals for paired
binomial proportions. Statistics in Medicine, 33(16), 2850-2875. https://doi.org/10.1002/sim.6148

Falcaro, M., Castafion, A., Ndlela, B., Checchi, M., Soldan, K., Lopez-Bernal, J., Elliss-Brookes, L., & Sasieni, P.
(2021). The effects of the national HPV vaccination programme in England, UK, on cervical cancer
and grade 3 cervical intraepithelial neoplasia incidence: A register-based observational study.
Lancet, 398(10316), 2084-2092. https://doi.org/10.1016/50140-6736(21)021/8-4

Felix, J. C., Lacey, M. J, Miller, J. D., Lenhart, G. M., Spitzer, M., & Kulkarni, R. (2016). The clinical and economic
benefits of co-testing versus primary HPV testing for cervical cancer screening: A modeling analysis.
Journal of Women's Health, 25(6), 606-616. https.//doi.org/10.1089/jwh.2015.5708

96


https://doi.org/10.1016/s1701-2163(15)30863-x
https://doi.org/10.1073/pnas.80.12.3812
https://doi.org/10.1097/01.Aog.0000266396.25244.68
https://doi.org/10.1136/bmj.g130
https://publications.iarc.fr/Non-Series-Publications/Other-Non-Series-Publications/European-Guidelines-For-Quality-Assurance-In-Cervical-Cancer-Screening-2nd-Edition-2008
https://publications.iarc.fr/Non-Series-Publications/Other-Non-Series-Publications/European-Guidelines-For-Quality-Assurance-In-Cervical-Cancer-Screening-2nd-Edition-2008
https://doi.org/10.1002/sim.6148
https://doi.org/10.1016/S0140-6736(21)02178-4
https://doi.org/10.1089/jwh.2015.5708

Bibliography

Ferlay, J., Ervik, M., Lam, F., Colombet, M., Mery, L., Pifieros, M., Znaor, A., Soerjomataram, |, & Bray, F.
(2020). Global cancer observatory: Cancer today. International Agency for Research on Cancer.
Retrieved 26 April 2022 from https://gco.iarc.fr/today

Ferris, D. G., Litaker, M., & for the ALTS Group. (2005). Interobserver agreement for colposcopy quality
control using digitized colposcopic images during the ALTS trial. Journal of Lower Genital Tract
Disease, 9(1), 29-35. https://doi.org/10.1097/00128360-200501000-00007

Fielding, S., Rothnie, K., Gray, N. M., Little, J., Cruickshank, M. E., Neal, K., Walker, L. G., Whynes, D., Cotton,
S. C,, Sharp, L., & In association with the TOMBOLA group. (2017). Psychosocial morbidity in women
with abnormal cervical cytology managed by cytological surveillance or initial colposcopy:
Longitudinal analysis from the TOMBOLA randomised trial. Psycho-Oncology, 26(4), 476-483.
https://doi.org/10.1002/pon.4163

Filleron, T. (2018). Comparing sensitivity and specificity of medical imaging tests when verification bias is
present: The concept of relative diagnostic accuracy. European Journal of Radiology, 98, 32-35.
https://doi.org/10.1016/j.ejrad.2017.10.022

Fontham, E. T. H., Wolf, A. M. D., Church, T. R, Etzioni, R., Flowers, C. R., Herzig, A., Guerra, C. E., Oeffinger,
K. C., Shih, Y.-C. T., Walter, L. C, Kim, J. J.,, Andrews, K. S., DeSantis, C. E., Fedewa, S. A., Manassaram-
Baptiste, D., Saslow, D., Wender, R. C., & Smith, R. A. (2020). Cervical cancer screening for individuals
at average risk: 2020 guideline update from the American Cancer Society. CA: A Cancer Journal for
Clinicians, 70(5), 321-346. https://doi.org/10.3322/caac.21628

Frederiksen, M. E., Lynge, E., & Rebol, M. (2012). What women want. Women's preferences for the
management of low-grade abnormal cervical screening tests: A systematic review. BJOG: An
International Journal of Obstetrics and Gynaecology, 119(1), 7-19. https://doi.org/10.1111/].1471-
0528.2011.03130.x

Freund, W. A. (1877). Eine neue Methode der Exstirpation des ganzen Uterus [A new method of extirpation
of the whole uterus]. Breitkopf & Hdrtel, 41, 911-924.

Gadducci, A., Carinelli, S., & Aletti, G. (2017). Neuroendrocrine tumors of the uterine cervix: A therapeutic
challenge  for  gynecologic  oncologists.  Gynecologic ~ Oncology, — 144(3), 637-646.
https://doi.org/10.1016/}.yayno.2016.12.003

Gage, J. C,, Schiffman, M., Katki, H. A,, Castle, P. E., Fetterman, B., Wentzensen, N., Poitras, N. E,, Lorey, T,
Cheung, L. C, & Kinney, W. K. (2014). Reassurance against future risk of precancer and cancer
conferred by a negative human papillomavirus test. Journal of the National Cancer Institute, 106(8),
dju153. https://doi.org/10.1093/jnci/dju153

Galaal, K, Bryant, A, Deane, K. H., Al-Khaduri, M., & Lopes, A. D. (2011). Interventions for reducing anxiety in
women undergoing colposcopy. The Cochrane Database of Systematic Reviews, 2011(12), CD006013.
https://doi.org/10.1002/14651858.CDO06013.pub3

97


https://gco.iarc.fr/today
https://doi.org/10.1097/00128360-200501000-00007
https://doi.org/10.1002/pon.4163
https://doi.org/10.1016/j.ejrad.2017.10.022
https://doi.org/10.3322/caac.21628
https://doi.org/10.1111/j.1471-0528.2011.03130.x
https://doi.org/10.1111/j.1471-0528.2011.03130.x
https://doi.org/10.1016/j.ygyno.2016.12.003
https://doi.org/10.1093/jnci/dju153
https://doi.org/10.1002/14651858.CD006013.pub3

Bibliography

Galeshi, M., Shirafkan, H., Yazdani, S., & Motaghi, Z. (2022). Reproductive health needs of human
papillomavirus (HPV) positive women: A systematic review. PLoS One, 17(9), e0266819.
https://doi.org/10.1371/journal.pone.0266819

Galgano, M. T., Castle, P. E., Atkins, K. A, Brix, W. K,, Nassau, S. R., & Stoler, M. H. (2010). Using biomarkers
as objective standards in the diagnosis of cervical biopsies. The American Journal of Surgical
Pathology, 34(8), 1077-1087. https://doi.org/10.1097/PAS.0b013e3181e8b2c4

Garland, S. M., Steben, M., Sings, H. L, James, M., Lu, S, Railkar, R, Barr, E, Haupt, R. M., & Joura, E. A.
(2009). Natural history of genital warts: Analysis of the placebo arm of 2 randomized phase Il trials
of a quadrivalent human papillomavirus (types 6, 11, 16, and 18) vaccine. The Journal of Infectious
Diseases, 199(6), 805-814. https://doi.org/10.1086/597071

Gemeinsamer Bundesausschuss (G-BA). (2018a, 22 Nov 2018). Beschluss des Gemeinsamen
Bundesausschusses tiber eine Anderung der Krebsfriiherkennungs-Richtlinie und eine Anderung der
Richtlinie far organisierte Krebsfriiherkennungsprogramme: Programm zur Friherkennung von
Zervixkarzinomen. Gemeinsamer Bundesausschuss (G-BA). Retrieved 07 Feb 2019 from
https://www.g-ba.de/downloads/39-261-3597/2018-11-22 oKFE-RL Zervixkarzinom.pdf

Gemeinsamer Bundesausschuss (G-BA). (2018b, 1Jan 2020). Richtlinie des Gemeinsamen Bundesausschusses
fur  organisierte  Krebsfriiherkennungsprogramme:  oKFE-Richtlinie/oKFE-RL.  Gemeinsamer
Bundesausschuss (G-BA). Retrieved 22 June 2020 from https://www.g-ba.de/downloads/62-492-
1685/0KFE-RL-2018-08-02-iK-2018-10-19.pdf

Gibb, R. K, & Martens, M. G. (2011). The impact of liquid-based cytology in decreasing the incidence of
cervical  cancer.  Reviews in  Obstetrics &  Gynecology,  4(Suppl 1),  S2-S11.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3101960/pdf/RIOG004001 00S2.pdf

Ginsburg, O., Bray, F., Coleman, M. P., Vanderpuye, V., Eniu, A, Kotha, S. R., Sarker, M., Huong, T. T., Allemani,
C., Dvaladze, A, Gralow, J., Yeates, K., Taylor, C.,, Oomman, N., Krishnan, S., Sullivan, R., Kombe, D.,
Blas, M. M., Parham, G., ... Conteh, L. (2017). The global burden of women's cancers: A grand
challenge in global health. Lancet, 389(10071), 847-860. https://doi.org/10.1016/S0140-

6736(16)31392-7

Gissmann, L., Diehl, V., Schultz-Coulon, H. J., & zur Hausen, H. (1982). Molecular cloning and characterization
of human papilloma virus DNA derived from a laryngeal papilloma. Journal of Virology, 44(1), 393-
400. https://doi.org/10.1128/jvi.44.1.393-400.1982

Gissmann, L., & zur Hausen, H. (1976). Human papilloma virus DNA: Physical mapping and genetic
heterogeneity. Proceedings of the National Academy of Sciences of the United States of America,
73(4), 1310-1313. https://doi.org/10.1073/pnas.73.4.1310

Gissmann, L., & zur Hausen, H. (1980). Partial characterization of viral DNA from human genital warts
(condylomata acuminata). International ~ Journal — of  Cancer,  25(5), 605-609.
https://doi.org/10.1002/ijc.2910250509

98


https://doi.org/10.1371/journal.pone.0266819
https://doi.org/10.1097/PAS.0b013e3181e8b2c4
https://doi.org/10.1086/597071
https://www.g-ba.de/downloads/39-261-3597/2018-11-22_oKFE-RL_Zervixkarzinom.pdf
https://www.g-ba.de/downloads/62-492-1685/oKFE-RL-2018-08-02-iK-2018-10-19.pdf
https://www.g-ba.de/downloads/62-492-1685/oKFE-RL-2018-08-02-iK-2018-10-19.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3101960/pdf/RIOG004001_00S2.pdf
https://doi.org/10.1016/S0140-6736(16)31392-7
https://doi.org/10.1016/S0140-6736(16)31392-7
https://doi.org/10.1128/jvi.44.1.393-400.1982
https://doi.org/10.1073/pnas.73.4.1310
https://doi.org/10.1002/ijc.2910250509

Bibliography

Global Burden of Disease Cancer Collaboration. (2017). Global, regional, and national cancer incidence,
mortality, years of life lost, years lived with disability, and disability-adjusted life-years for 32 cancer
groups, 1990 to 2015: A systematic analysis for the Global Burden of Disease study. JAMA Oncology,
3(4), 524-548. https://doi.org/10.1001/jamaoncol.2016.5688

Goldie, S. J., Goldhaber-Fiebert, J. D., & Garnett, G. P. (2006). Chapter 18: Public health policy for cervical
cancer prevention: The role of decision science, economic evaluation, and mathematical modeling.
Vaccine, 24 Suppl 3, S3/155-5153/163. https://doi.org/10.1016/].vaccine.2006.05.112

Gottschlich, A., van Niekerk, D., Smith, L. W., Gondara, L., Melnikow, J., Cook, D. A,, Lee, M., Stuart, G., Martin,
R. E., Peacock, S., Franco, E. L, Coldman, A, Krajden, M., & Ogilvie, G. (2021). Assessing 10-year
safety of a single negative HPV test for cervical cancer screening: Evidence from FOCAL-decade
cohort. Cancer Epidemiology, Biomarkers & Prevention, 30(1), 22-29. https://doi.org/10.1158/1055-

9965.Epi-20-1177

Gravitt, P. E., & Winer, R. L. (2017). Natural history of HPV infection across the lifespan: Role of viral latency.
Viruses, 9(10), 267. https://doi.org/10.3390/v9100267

Green, L. |, Mathews, C. S., Waller, J., Kitchener, H., Rebolj, M., & The HPV Pilot Steering Committee. (2021).
Attendance at early recall and colposcopy in routine cervical screening with human papillomavirus
testing. International Journal of Cancer, 148(8), 1850-1857. https://doi.org/10.1002/ijc.33348

Griesser, H., Marquardt, K., Jordan, B., Kihn, W., Neis, K., Neumann, H. H., Bollmann, R., Péschel, B., Steiner,
M., & Schenck, U. (2013). Minchner Nomenklatur Il [Munich Nomenclature lll]. Frauenarzt, 54(11),
1042-1049.

Griesser, H., Marquardt, K., Jordan, B., Kippers, V., Gieseking, F., & Kuhn, W. (2015). Das Prozedere bei
auffalligen Befunden — Kommentar zur Minchner Nomenklatur Il [The procedure for conspicuous
findings - Commentary on the Munich Nomenclature Ill]. Frauenarzt, 56(1), 10-13.

Grulich, A. E., van Leeuwen, M. T, Falster, M. O., & Vajdic, C. M. (2007). Incidence of cancers in people with
HIV/AIDS compared with immunosuppressed transplant recipients: A meta-analysis. Lancet,
370(9581), 59-67. https://doi.org/10.1016/50140-6736(07)61050-2

Gustinucci, D., Giorgi Rossi, P., Cesarini, E., Broccolini, M., Bulletti, S., Carlani, A, D'Angelo, V., D'Amico M, R,
Di Dato, E., Galeazzi, P, Malaspina, M., Martinelli, N., Spita, N., Tintori, B., Giaimo, M. D., &
Passamonti, B. (2016). Use of cytology, E6/E7 mRNA, and p16ink4a-Ki-67 to define the management
of human papillomavirus (HPV)-positive women in cervical cancer screening. American Journal of
Clinical Pathology, 145(1), 35-45. https://doi.org/10.1093/ajcp/agv019

Habbema, D., Weinmann, S., Arbyn, M., Kamineni, A., Williams, A. E., M C M de Kok, I., van Kemenade, F,
Field, T. S., van Rosmalen, J., & Brown, M. L. (2017). Harms of cervical cancer screening in the United
States and the Netherlands. International Journal of Cancer, 140(5), 1215-1222.
https://doi.org/10.1002/ijc.30524

Hajdu, S. I. (2012). A note from history: Landmarks in history of cancer, part 3. Cancer, 118(4), 1155-1168.
https://doi.org/10.1002/cncr.26320

99


https://doi.org/10.1001/jamaoncol.2016.5688
https://doi.org/10.1016/j.vaccine.2006.05.112
https://doi.org/10.1158/1055-9965.Epi-20-1177
https://doi.org/10.1158/1055-9965.Epi-20-1177
https://doi.org/10.3390/v9100267
https://doi.org/10.1002/ijc.33348
https://doi.org/10.1016/S0140-6736(07)61050-2
https://doi.org/10.1093/ajcp/aqv019
https://doi.org/10.1002/ijc.30524
https://doi.org/10.1002/cncr.26320

Bibliography

Haldane, J. (1956). The estimation and significance of the logarithm of a ratio of frequencies. Annals of Human
Genetics, 20(4), 309-311. https://doi.org/10.1111/].1469-1809.1955.tb01285 .

Hall, A. E., Chowdhury, S., Hallowell, N., Pashayan, N., Dent, T., Pharoah, P., & Burton, H. (2013). Implementing
risk-stratified screening for common cancers: A review of potential ethical, legal and social issues.
Journal of Public Health, 36(2), 285-291. https://doi.org/10.1093/pubmed/fdt078

Hanna, T. P, King, W. D., Thibodeau, S., Jalink, M., Paulin, G. A., Harvey-Jones, E., O'Sullivan, D. E., Booth, C.
M., Sullivan, R, & Aggarwal, A. (2020). Mortality due to cancer treatment delay: Systematic review
and meta-analysis. BMJ : British Medical Journal, 371, m4087. https://doi.org/10.1136/bmj.m4087

Hashim, D., Engeseeter, B., Baadstrand Skare, G., Castle, P. E., Bjarge, T., Tropé, A., & Nygérd, M. (2020).
Real-world data on cervical cancer risk stratification by cytology and HPV genotype to inform the
management of HPV-positive women in routine cervical screening. British Journal of Cancer, 122(11),
1715-1723. https://doi.org/10.1038/541416-020-0790-1

Hawkins, N. A., Benard, V. B., Greek, A., Roland, K. B., Manninen, D., & Saraiya, M. (2013). Patient knowledge
and beliefs as barriers to extending cervical cancer screening intervals in federally qualified health
centers. Preventive Medicine, 57(5), 641-645. https://doi.org/10.1016/j.ypmed.2013.08.021

Hendry, M., Pasterfield, D., Lewis, R., Clements, A, Damery, S., Neal, R. D., Adke, R., Weller, D., Campbell, C,
Patnick, J., Sasieni, P., Hurt, C., Wilson, S., & Wilkinson, C. (2012). Are women ready for the new
cervical screening protocol in England? A systematic review and qualitative synthesis of views about
human papillomavirus  testing.  British ~ Journal — of  Cancer, 107(2),  243-254.
https://doi.org/10.1038/bjc.2012.256

Herbert, A., Bergeron, C., Wiener, H., Schenck, U., Klinkhamer, P., Bulten, J., & Arbyn, M. (2007). European
guidelines for quality assurance in cervical cancer screening: Recommendations for cervical cytology
terminology. Cytopathology, 18(4), 213-219. https://doi.org/10.1111/].1365-2303.2007.00469.x

Herbst, A. L., Ulfelder, H., & Poskanzer, D. C. (1971). Adenocarcinoma of the vagina. Association of maternal
stilbestrol therapy with tumor appearance in young women. The New England Journal of Medicine,
284(15), 878-881. https://doi.org/10.1056/nejm197104222841604

Herfs, M., Hubert, P., Moutschen, M., & Delvenne, P. (2011). Mucosal junctions: Open doors to HPV and HIV
infections? Trends in Microbiology, 19(3), 114-120. https://doi.org/10.1016/].tim.2010.12.006

Herfs, M., Yamamoto, Y., Laury, A, Wang, X., Nucci, M. R, McLaughlin-Drubin, M. E., Minger, K., Feldman,
S., McKeon, F. D., Xian, W., & Crum, C. P. (2012). A discrete population of squamocolumnar junction
cells implicated in the pathogenesis of cervical cancer. Proceedings of the National Academy of
Sciences of the United States of America, 109(26), 10516-10521.
https://doi.org/10.1073/pnas.1202684109

Hermanns, U., Amirikia, H., & Hafez, E. E. E. (1982). Colposcopy and cytology for the diagnosis of early cervical
carcinoma. In E. S. E. Hafez & J. P. Smith (Eds.), Carcinoma of the cervix: Biology and diagnosis (pp.
184-194). Springer Dordrecht. https://doi.org/10.1007/978-94-009-7485-2 26

100


https://doi.org/10.1111/j.1469-1809.1955.tb01285.x
https://doi.org/10.1093/pubmed/fdt078
https://doi.org/10.1136/bmj.m4087
https://doi.org/10.1038/s41416-020-0790-1
https://doi.org/10.1016/j.ypmed.2013.08.021
https://doi.org/10.1038/bjc.2012.256
https://doi.org/10.1111/j.1365-2303.2007.00469.x
https://doi.org/10.1056/nejm197104222841604
https://doi.org/10.1016/j.tim.2010.12.006
https://doi.org/10.1073/pnas.1202684109
https://doi.org/10.1007/978-94-009-7485-2_26

Bibliography

Hillemanns, P. (2016). Krebsfriherkennung: Zervixkarzinom — doppelter Paradigmenwechsel [Early cancer
detection: cervical cancer - double paradigm shift]. Deutsches Arzteblatt International, 113(7), A-
282-286.

Hillemanns, P., Friese, K., Dannecker, C., Klug, S. J., Seifert, U, Iftner, T., Hadicke, J., Léning, T, Horn, L,
Schmidt, D., lkenberg, H. Steiner, M., Freitag, U., Siebert, U, Sroczynski, G. Sauerbrei, W.,
Beckmann, M. W., Gebhardt, M., Friedrich, M., ... Jentschke, M. (2019a). Prevention of cervical cancer
- guideline of the DGGG and the DKG (S3 level, AWMF register number 015/0270l, December 2017)
— part 1 with introduction, screening and the pathology of cervical dysplasia. Geburtshilfe und
Frauenheilkunde, 79(2), 148-159. https.//doi.org/10.1055/a-0818-5440

Hillemanns, P., Friese, K., Dannecker, C,, Klug, S. J., Seifert, U, Iftner, T., Hadicke, J., Loning, T, Horn, L,
Schmidt, D., lkenberg, H. Steiner, M., Freitag, U. Siebert, U, Sroczynski, G. Sauerbrei, W,
Beckmann, M. W., Gebhardt, M., Friedrich, M., ... Jentschke, M. (2019b). Prevention of cervical cancer
- guideline of the DGGG and the DKG (S3 level, AWMF register number 015/0270l, December 2017)
— part 2 on triage, treatment and follow-up. Geburtshilfe und Frauenheilkunde, 79(2), 160-176.
https://doi.org/10.1055/a-0828-7722

Hillemanns, P, & Iftner, T. (2020). Neue sekundare Pravention des Zervixkarzinoms ab 2020 [New secondary
prevention of cervical cancer in Germany starting in 2020]. Der Onkologe, 26(7), 591-597.
https://doi.org/10.1007/s00761-020-00757-y

Hinselmann, H. (1925). Verbesserung der Inspektionsmoglichkeiten von Vulva, Vagina und Portio
[Improvement of the inspection possibilities of vulva, vagina and portio]. MMW Muhchener
Medizinische Wochenschrift, 72, 1733.

Hinselmann, H. (1938). Die Essigsaureprobe ein Bestandteil der erweiterten Kolposkopie. Deutsche
Medizinische Wochenschrift, 64(02), 40-42.

Horn, J., Denecke, A, Luyten, A, Rothe, B., Reinecke-Luthge, A., Mikolajczyk, R., & Petry, K. U. (2019).
Reduction of cervical cancer incidence within a primary HPV screening pilot project
(WOLPHSCREEN) in Wolfsburg, Germany. British Journal of Cancer, 120(10), 1015-1022.
https://doi.org/10.1038/s41416-019-0453-2

Hu, L, Bell, D., Antani, S., Xue, Z., Yu, K, Horning, M. P., Gachuhi, N., Wilson, B., Jaiswal, M. S., Befano, B.,
Long, L. R, Herrero, R, Einstein, M. H., Burk, R. D., Demarco, M., Gage, J. C., Rodriguez, A. C,
Wentzensen, N., & Schiffman, M. (2019). An observational study of deep learning and automated
evaluation of cervical images for cancer screening. Journal of The National Cancer Institute, 177(9),
923-932. https://doi.org/10.1093/jnci/djy225

Huang, J., Deng, Y., Boakye, D., Tin, M. S, Lok, V., Zhang, L., Lucero-Prisno, D. E., lll, Xu, W., Zheng, Z.-J,,
Elcarte, E., Withers, M., & Wong, M. C. S., NCD Global Health Research Group, & Association of
Pacific Rim Universities (APRU). (2022). Global distribution, risk factors, and recent trends for cervical
cancer: A worldwide country-level analysis.  Gynecologic Oncology, 164(1), 85-92.
https://doi.org/10.1016/j.ygyno.2021.11.005

101


https://doi.org/10.1055/a-0818-5440
https://doi.org/10.1055/a-0828-7722
https://doi.org/10.1007/s00761-020-00757-y
https://doi.org/10.1038/s41416-019-0453-2
https://doi.org/10.1093/jnci/djy225
https://doi.org/10.1016/j.ygyno.2021.11.005

Bibliography

IARC Working Group on the Evaluation of Cancer-Preventive Interventions. (2022). Cervical cancer screening.
IARC handbooks of cancer prevention. Vol. 18 (IARC Working Group on the Evaluation of Cancer-
Preventive Interventions, Ed.  Vol. 18). International Agency for Research on Cancer.
https://publications.iarc.fr/604

IARC Working Group on the Evaluation of Cancer-Preventive Strategies. (2005). Cervix cancer screening. IARC
handbooks of cancer prevention. Vol. 10 (Vol. 10). IARC Press. https://publications.iarc.fr/380

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. (2007). Human papillomaviruses.
(IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, No. 90), International
Agency for Research on Cancer. https://www.ncbi.nlm.nih.gov/books/NBK321764

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. (2012). Biological agents: Human
papillomaviruses. IJARC Monographs on the Evaluation of Carcinogenic Risks to Humans / World
Health  Organization, International Agency for Research on Cancer, 1008, 255-313.
https://publications.iarc.fr/119

International Collaboration of Epidemiological Studies of Cervical Cancer. (2007). Comparison of risk factors
for invasive squamous cell carcinoma and adenocarcinoma of the cervix: Collaborative reanalysis of
individual data on 8,097 women with squamous cell carcinoma and 1,374 women with
adenocarcinoma from 12 epidemiological studies. International Journal of Cancer, 120(4), 885-891.
https://doi.org/10.1002/ijc.22357

International Collaboration of Epidemiological Studies of Cervical Cancer. (2009). Cervical carcinoma and
sexual behavior: Collaborative reanalysis of individual data on 15,461 women with cervical carcinoma
and 29,164 women without cervical carcinoma from 21 epidemiological studies. Cancer
Epidemiology, Biomarkers & Prevention, 18(4), 1060-1069. https://doi.org/10.1158/1055-9965.Epi-08-
1186

Ivanovsky, D. (1892). Uber die Mosaikkrankheit der Tabakspflanze [Concerning the mosaic disease of the
tobacco plant]. Bulletin de ['Académie impériale des sciences de St.-Pétersbourg 35, 67-70.

Jablonska, S., Dabrowski, J., & Jakubowicz, K. (1972). Epidermodysplasia verruciformis as a model in studies
on the role of papovaviruses in oncogenesis. Cancer Research, 32(3), 583-589.

Jeronimo, J., Massad, L. S., Castle, P. E,, Wacholder, S., & Schiffman, M. (2007). Interobserver agreement in
the evaluation of digitized cervical images. Obstetrics and Gynecology, 110(4), 833-840.
https://doi.org/10.1097/01.AOG.0000281665.63550.8f

Jin, X. W, Lipold, L., Foucher, J., Sikon, A., Brainard, J., Belinson, J., Schramm, S., Nottingham, K., Hu, B., &
Rothberg, M. B. (2016). Cost-effectiveness of primary HPV testing, cytology and co-testing as cervical
cancer screening for women above age 30 years. Journal of General Internal Medicine, 37(11), 1338-
1344. https://doi.org/10.1007/s11606-016-3772-5

Jgrgensen, S. F., Andersen, B., Rebolj, M., & Njor, S. H. (2021). Gaps between recommendations and their
implementation: A register-based study of follow-up after abnormalities in cervical cancer screening.
Preventive Medicine, 146, 106468. https://doi.org/10.1016/.ypmed.2021.106468

102


https://publications.iarc.fr/604
https://publications.iarc.fr/380
https://www.ncbi.nlm.nih.gov/books/NBK321764/
https://publications.iarc.fr/119
https://doi.org/10.1002/ijc.22357
https://doi.org/10.1158/1055-9965.Epi-08-1186
https://doi.org/10.1158/1055-9965.Epi-08-1186
https://doi.org/10.1097/01.AOG.0000281665.63550.8f
https://doi.org/10.1007/s11606-016-3772-5
https://doi.org/10.1016/j.ypmed.2021.106468

Bibliography

Kalliala, 1., Athanasiou, A., Veroniki, A. A, Salanti, G., Efthimiou, O., Raftis, N., Bowden, S., Paraskevaidi, M.,
Aro, K., Arbyn, M., Bennett, P., Nieminen, P., Paraskevaidis, E., & Kyrgiou, M. (2020). Incidence and
mortality from cervical cancer and other malignancies after treatment of cervical intraepithelial
neoplasia: A systematic review and meta-analysis of the literature. Annals of Oncology : Official
Journal  of  the  European  Society  for  Medical  Oncology,  31(2),  213-227.
https://doi.org/10.1016/j.annonc.2019.11.004

Karim, S., Souho, T., Benlemlih, M., & Bennani, B. (2018). Cervical cancer induction enhancement potential of
chlamydia trachomatis: A systematic review. Current Microbiology, 75(12), 1667-1674.
https://doi.org/10.1007/s00284-018-1439-7

Karnon, J., Peters, J., Platt, J., Chilcott, J.,, McGoogan, E., & Brewer, N. (2004). Liquid-based cytology in cervical
screening: An updated rapid and systematic review and economic analysis. Health Technology
Assessment (Winchester, England), 8(20), iii, 1-78. https://doi.org/10.3310/hta8200

Kavanagh, K., Pollock, K. G., Cuschieri, K., Palmer, T., Cameron, R. L, Watt, C,, Bhatia, R,, Moore, C., Cubie,
H., Cruickshank, M., & Robertson, C. (2017). Changes in the prevalence of human papillomavirus
following a national bivalent human papillomavirus vaccination programme in Scotland: A 7-year
cross-sectional study. The Lancet. Infectious Diseases, 17(12), 1293-1302.
https://doi.org/10.1016/s1473-3099(17)30468-1

Kelly, H., Weiss, H. A., Benavente, Y., de Sanjose, S., & Mayaud, P. (2018). Association of antiretroviral therapy
with high-risk human papillomavirus, cervical intraepithelial neoplasia, and invasive cervical cancer
in women living with HIV: A systematic review and meta-analysis. The Lancet. HIV, 5(1), e45-e58.
https://doi.org/10.1016/s2352-3018(17)30149-2

Khleif, S. N., DeGregori, J., Yee, C. L., Otterson, G. A, Kaye, F. J, Nevins, J. R., & Howley, P. M. (1996). Inhibition
of cyclin D-CDK4/CDK6 activity is associated with an E2F-mediated induction of cyclin kinase
inhibitor activity. Proceedings of the National Academy of Sciences of the United States of America,
93(9), 4350-4354. https://doi.org/10.1073/pnas.93.9.4350

Kim, J. J,, Burger, E. A, Regan, C., & Sy, S. (2018). Screening for cervical cancer in primary care: A decision
analysis  for the US Preventive Services Task Force. JAMA, 320(7), 706-714.
https://doi.org/10.1001/jama.2017.19872

Kim, S., & Lee, W. (2017). Does Mcnemar's test compare the sensitivities and specificities of two diagnostic
tests? Statistical Methods in Medical Research, 26(1), 142-154.
https://doi.org/10.1177/0962280214541852

Kitchener, H. C., Almonte, M., Thomson, C., Wheeler, P., Sargent, A., Stoykova, B., Gilham, C., Baysson, H.,
Roberts, C., Dowie, R., Desai, M., Mather, J., Bailey, A, Turner, A, Moss, S., & Peto, J. (2009). HPV
testing in combination with liquid-based cytology in primary cervical screening (ARTISTIC): A
randomised controlled trial. The Lancet. Oncology, 10(7), 672-682. https://doi.org/10.1016/51470-

2045(09)70156-1

103


https://doi.org/10.1016/j.annonc.2019.11.004
https://doi.org/10.1007/s00284-018-1439-7
https://doi.org/10.3310/hta8200
https://doi.org/10.1016/s1473-3099(17)30468-1
https://doi.org/10.1016/s2352-3018(17)30149-2
https://doi.org/10.1073/pnas.93.9.4350
https://doi.org/10.1001/jama.2017.19872
https://doi.org/10.1177/0962280214541852
https://doi.org/10.1016/s1470-2045(09)70156-1
https://doi.org/10.1016/s1470-2045(09)70156-1

Bibliography

Kitchener, H. C., Blanks, R., Dunn, G., Gunn, L., Desai, M., Albrow, R., Mather, J., Rana, D. N., Cubie, H., Moore,
C., Legood, R, Gray, A, & Moss, S. (2011a). Automation-assisted versus manual reading of cervical
cytology (MAVARIC): A randomised controlled trial. The Lancet. Oncology, 12(1), 56-64.
https://doi.org/10.1016/51470-2045(10)70264-3

Kitchener, H. C., Gilham, C., Sargent, A., Bailey, A., Albrow, R., Roberts, C., Desai, M., Mather, J., Turner, A,
Moss, S., & Peto, J. (2011b). A comparison of HPV DNA testing and liquid based cytology over three
rounds of primary cervical screening: Extended follow up in the ARTISTIC trial. European Journal of
Cancer (Oxford, England : 1990) 47(6), 864-871. https://doi.org/10.1016/j.ejca.2011.01.008

Kjaer, S. K., Frederiksen, K., Munk, C., & Iftner, T. (2010). Long-term absolute risk of cervical intraepithelial
neoplasia grade 3 or worse following human papillomavirus infection: Role of persistence. Journal
of the National Cancer Institute, 102(19), 1478-1488. https://doi.org/10.1093/jnci/dig356

Klaes, R., Benner, A., Friedrich, T, Ridder, R., Herrington, S., Jenkins, D., Kurman, R. J., Schmidt, D., Stoler, M.,
& von Knebel Doeberitz, M. (2002). pl16ink4a immunohistochemistry improves interobserver
agreement in the diagnosis of cervical intraepithelial neoplasia. The American Journal of Surgical
Pathology, 26(11), 1389-1399. https://doi.org/10.1097/00000478-200211000-00001

Klug, S. J. (2004). Zervixkarzinom und Friherkennung [Cervical cancer and early detection]. Arzteblatt
Rheinland-Pfalz, 11, 23.

Klug, S. J., Neis, K. J., Harlfinger, W., Malter, A., Konig, J., Spieth, S., Brinkmann-Smetanay, F., Kommoss, F.,
Weyer, V., & lkenberg, H. (2013). A randomized trial comparing conventional cytology to liquid-
based cytology and computer assistance. International Journal of Cancer, 132(12), 2849-2857.
https://doi.org/10.1002/ijc.27955

Klug, S. J., Taylor, K. J., Scheidemann-Wesp, U., Lautz, D., Guther, B., Potthoff, P., & Blettner, M. (2010).
Participation in cervical cancer screening in Germany. Preventive Medicine, 51(5), 431-432.
https://doi.org/10.1016/].ypmed.2010.08.008

Koliopoulos, G., Nyaga, V. N., Santesso, N., Bryant, A, Martin-Hirsch, P. P., Mustafa, R. A., Schunemann, H.,
Paraskevaidis, E., & Arbyn, M. (2017). Cytology versus HPV testing for cervical cancer screening in
the general population. The Cochrane Database of Systematic Reviews, 8, (CD008587.
https://doi.org/10.1002/14651858.CDO08587.pub?

Koutsky, L. A., Ault, K. A, Wheeler, C. M., Brown, D. R., Barr, E., Alvarez, F. B., Chiacchierini, L. M., & Jansen,
K. U. (2002). A controlled trial of a human papillomavirus type 16 vaccine. The New England Journal
of Medicine, 347(21), 1645-1651. https://doi.org/10.1056/NEJM0a020586

Kristiansen, B. K., Andersen, B., Bro, F., Svanholm, H., & Vedsted, P. (2017). Impact of GP reminders on follow-
up of abnormal cervical cytology: A before-after study in Danish general practice. The British Journal
of General Practice : The Journal of the Royal College of General Practitioners, 67(661), e580-e587.
https://doi.org/10.3399/bjgp17X691913

Kruse, G., Lykken, J., Kim, E., Haas, J., Higashi, R., Atlas, S., McCarthy, A., Tiro, J.,, Silver, M., Skinner, C., &
Kamineni, A. (2022). Provider beliefs in effectiveness and recommendations for primary HPV testing

104


https://doi.org/10.1016/S1470-2045(10)70264-3
https://doi.org/10.1016/j.ejca.2011.01.008
https://doi.org/10.1093/jnci/djq356
https://doi.org/10.1097/00000478-200211000-00001
https://doi.org/10.1002/ijc.27955
https://doi.org/10.1016/j.ypmed.2010.08.008
https://doi.org/10.1002/14651858.CD008587.pub2
https://doi.org/10.1056/NEJMoa020586
https://doi.org/10.3399/bjgp17X691913

Bibliography

in three healthcare systems. IJNCI Cancer Spectrum, 7(1), pkac086.
https://doi.org/10.1093/jncics/pkac086

Kulasingam, S. L., Hughes, J. P, Kiviat, N. B., Mao, C., Weiss, N. S., Kuypers, J. M., & Koutsky, L. A. (2002).
Evaluation of human papillomavirus testing in primary screening for cervical abnormalities:
Comparison of sensitivity, specificity, and frequency of referral. JAMA, 288(14), 1749-1757.
https://doi.org/10.1001/jama.288.14.1749

Kdppers, V., & Reich, O. (2016). Revidierte kolposkopische und zytologische Nomenklaturen [Revised
colposcopic  and  cytological ~ nomenclatures].  Der  Gyndkologe, — 49(5),  323-330.
https://doi.org/10.1007/s00129-016-3868-3

Kwak, K., Yemelyanova, A., & Roden, R. B. (2011). Prevention of cancer by prophylactic human papillomavirus
vaccines. Current Opinion in Immunology, 23(2), 244-251. https://doi.org/10.1016/j.c0i.2010.11.009

Kyrgiou, M., Athanasiou, A., Paraskevaidi, M., Mitra, A,, Kalliala, I., Martin-Hirsch, P., Arbyn, M., Bennett, P., &
Paraskevaidis, E. (2016). Adverse obstetric outcomes after local treatment for cervical preinvasive
and early invasive disease according to cone depth: Systematic review and meta-analysis. BMJ :
British Medical Journal, 354, 13633. https://doi.org/10.1136/bmj.i3633

Laara, £, Day, N. E., & Hakama, M. (1987). Trends in mortality from cervical cancer in the Nordic countries:
Association  with  organised  screening  programmes.  Lancet,  1(8544),  1247-1249.
https.//doi.org/10.1016/s0140-6736(87)92695-x

Lehtinen, M., Pimenoff, V. N., Nedjai, B., Louvanto, K, Verhoef, L, Heideman, D. A. M., El-Zein, M,
Widschwendter, M., & Dillner, J. (2022). Assessing the risk of cervical neoplasia in the post-HPV
vaccination era. International Journal of Cancer, 152(6), 1060-1068. https://doi.org/10.1002/ijc.34286

Lei, J., Andrae, B., Ploner, A, Lagheden, C,, Eklund, C., Nordgvist Kleppe, S., Wang, J., Fang, F., Dillner, J,,
Elfstrom, K. M., & Sparén, P. (2019). Cervical screening and risk of adenosquamous and rare
histological types of invasive cervical carcinoma: Population based nested case-control study. BMJ :
British Medical Journal, 365, 11207. https://doi.org/10.1136/bmj.[1207

Lei, J., Ploner, A, Elfstrom, K. M., Wang, J,, Roth, A, Fang, F., Sundstrom, K., Dillner, J., & Sparén, P. (2020).
HPV vaccination and the risk of invasive cervical cancer. The New England Journal of Medicine,
383(14), 1340-1348. https://doi.org/10.1056/NEJMoa1917338

Leinonen, M. K., Nieminen, P., Lénnberg, S., Malila, N., Hakama, M., Pokhrel, A,, Laurila, P., Tarkkanen, J., &
Anttila, A. (2012). Detection rates of precancerous and cancerous cervical lesions within one
screening round of primary human papillomavirus DNA testing: Prospective randomised trial in
Finland. BMJ : British Medical Journal, 345, e7789. https://doi.org/10.1136/bmj.e7789

Leitlinienprogramm Onkologie (Deutsche Krebsgesellschaft, Deutsche Krebshilfe, & AWMF). (2020).
Privention des Zervixkarzinoms, Langversion 1.1, 2020, AWMF registernummer: 015/0270l.
http://www.leitlinienprogramm-onkologie.de/leitlinien/zervixkarzinom-praevention

105


https://doi.org/10.1093/jncics/pkac086
https://doi.org/10.1001/jama.288.14.1749
https://doi.org/10.1007/s00129-016-3868-3
https://doi.org/10.1016/j.coi.2010.11.009
https://doi.org/10.1136/bmj.i3633
https://doi.org/10.1016/s0140-6736(87)92695-x
https://doi.org/10.1002/ijc.34286
https://doi.org/10.1136/bmj.l1207
https://doi.org/10.1056/NEJMoa1917338
https://doi.org/10.1136/bmj.e7789
http://www.leitlinienprogramm-onkologie.de/leitlinien/zervixkarzinom-praevention/

Bibliography

Lester, H., & Wilson, S. (1999). Is default from colposcopy a problem, and if so what can we do? A systematic
review of the literature. The British Journal of General Practice : The Journal of the Royal College of
General Practitioners, 49(440), 223-229.

Lew, J.-B., Simms, K. T., Smith, M. A,, Hall, M., Kang, Y.-J., Xu, X. M., Caruana, M., Velentzis, L. S., Bessell, T.,
Saville, M., Hammond, ., & Canfell, K. (2017). Primary HPV testing versus cytology-based cervical
screening in women in Australia vaccinated for HPV and unvaccinated: Effectiveness and economic
assessment for the national cervical screening program. The Lancet. Public Health, 2(2), e96-e107.
https://doi.org/10.1016/52468-2667(17)30007-5

Li, N., Franceschi, S., Howell-Jones, R., Snijders, P. J. F., & Clifford, G. M. (2011). Human papillomavirus type
distribution in 30,848 invasive cervical cancers worldwide: Variation by geographical region,
histological type and year of publication. International Journal of Cancer, 128(4), 927-935.
https://doi.org/10.1002/ijc.25396

Li, W, Meng, Y., Wang, Y., Cheng, X., Wang, C,, Xiao, S., Zhang, X., Deng, Z., Hu, M., Shen, P, Xu, S., Fu, C,
Jiang, W., Wu, B, Li, K, Chen, G, Wei, J,, Xi, L, Hu, J.,, ... Wu, Peng. (2019). Association of age and
viral factors with high-risk HPV persistence: A retrospective follow-up study. Gynecologic Oncology,
154(2), 345-353. https://doi.org/10.1016/j.yayno.2019.05.026

Liang, L. A, Einzmann, T., Franzen, A., Schwarzer, K., Schauberger, G., Schriefer, D., Radde, K., Zeissig, S. R.,
lkenberg, H., Meijer, C. J. L. M., Kirkpatrick, C. J., Kélbl, H., Blettner, M., & Klug, S. J. (2021). Cervical
cancer screening: Comparison of conventional pap smear test, liquid-based cytology, and human
papillomavirus testing as stand-alone or cotesting strategies. Cancer Epidemiology, Biomarkers &
Prevention, 30(3), 474-484. https://doi.org/10.1158/1055-9965.Epi-20-1003

Liang, L. A, Zeissig, S. R., Schauberger, G., Merzweiler, S., Radde, K., Fischbeck, S., Ikenberg, H., Blettner, M.,
& Klug, S. J. (2022). Colposcopy non-attendance following an abnormal cervical cancer screening
result: A prospective population-based cohort study. BMC Women's Health, 22(1), 28°5.
https://doi.org/10.1186/512905-022-01851-6

Longet, S., Schiller, J. T., Bobst, M., Jichlinski, P., & Nardelli-Haefliger, D. (2011). A murine genital-challenge
model is a sensitive measure of protective antibodies against human papillomavirus infection.
Journal of Virology, 85(24), 13253-13259. https://doi.org/10.1128/jvi.06093-11

Loopik, D. L., Bentley, H. A, Eijgenraam, M. N., IntHout, J., Bekkers, R. L. M., & Bentley, J. R. (2021a). The
natural history of cervical intraepithelial neoplasia grades 1, 2, and 3: A systematic review and meta-
analysis. Journal of Lower Genital Tract Disease, 25(3), 221-231.
https://doi.org/10.1097/1gt.0000000000000604

Loopik, D. L., Koenjer, L. M., Siebers, A. G., Melchers, W. J. G., & Bekkers, R. L. M. (2021b). Benefit and burden
in the Dutch cytology-based vs high-risk human papillomavirus-based cervical cancer screening
program. American Journal of Obstetrics and Gynecology, 224(2), 200.e201-200.e209.
https://doi.org/10.1016/j.aj0g.2020.08.026

Lutz, W. (1946). A propos de I'epidermodysplasie verruciforme [About verruciform epidermodysplasial.
Dermatologica, 92(1), 30-43.

106


https://doi.org/10.1016/S2468-2667(17)30007-5
https://doi.org/10.1002/ijc.25396
https://doi.org/10.1016/j.ygyno.2019.05.026
https://doi.org/10.1158/1055-9965.Epi-20-1003
https://doi.org/10.1186/s12905-022-01851-6
https://doi.org/10.1128/jvi.06093-11
https://doi.org/10.1097/lgt.0000000000000604
https://doi.org/10.1016/j.ajog.2020.08.026

Bibliography

Luyten, A., Buttmann-Schweiger, N., Hagemann, |., Scherbring, S., Boehmer, G., Gieseking, F., Woelber, L.,
Glasenapp, F., Hampl, M., Kuehler-Obbarius, C., van den Bergh, M., Petry, K. U., & for the German
Colposcopy Network (G-CONE) and the German Colposcopy Study Group (2015a). Utility and
reproducibility of the International Federation for Cervical Pathology and Colposcopy classification
of transformation zones in daily practice: A multicenter study of the German Colposcopy Network.
Journal of Lower Genital Tract Disease, 19(3), 185-188.
https://doi.org/10.1097/LGT.0000000000000069

Luyten, A., Hagemann, I., Scherbring, S., Boehmer, G., Gieseking, F., Woelber, L., Glasenapp, F., Hampl, M.,
Kuehler-Obbarius, C., van den Bergh, M., Leeson, S., Redman, C., & Petry, K. U. (2015b). Utility of
EFC quality indicators for colposcopy in daily practice: Results from an independent, prospective
multicenter trial. European Journal of Obstetrics, Gynecology, and Reproductive Biology, 191, 43-47.
https.//doi.org/10.1016/j.ejogrb.2015.05.020

Machalek, D. A., Roberts, J. M., Garland, S. M., Thurloe, J., Richards, A, Chambers, |, Sivertsen, T, &
Farnsworth, A. (2019). Routine cervical screening by primary HPV testing: Early findings in the
renewed national cervical screening program. The Medical Journal of Australia, 211(3), 113-119.
https://doi.org/10.5694/mja2.50223

MaclLaughlin, K. L., Jacobson, R. M., Radecki Breitkopf, C., Wilson, P. M., Jacobson, D. J., Fan, C., St Sauver, J.
L., & Rutten, L. J. F. (2019). Trends over time in pap and pap-HPV cotesting for cervical cancer
screening. Journal of Women's Health, 28(2), 244-249. https://doi.org/10.1089/jwh.2018.7380

Maggino, T., Sciarrone, R., Murer, B., Dei Rossi, M. R., Fedato, C., Maran, M., Lorio, M., Solda, M., Zago, F.,
Rossi, P. G., & Zorzi, M. (2016). Screening women for cervical cancer carcinoma with a HPV mRNA
test: First results from the Venice pilot program. British Journal of Cancer, 115, 525.
https://doi.org/10.1038/bjc.2016.216

Mariz, F. C., Gray, P., Bender, N., Eriksson, T., Kann, H., Apter, D., Paavonen, J., Pajunen, E., Prager, K. M.,
Sehr, P., Surcel, H. M., Waterboer, T., Mdller, M., Pawlita, M., & Lehtinen, M. (2021). Sustainability of
neutralising antibodies induced by bivalent or quadrivalent HPV vaccines and correlation with
efficacy: A combined follow-up analysis of data from two randomised, double-blind, multicentre,
phase 3 trials. The Lancet. Infectious Diseases, 21(10), 1458-1468. https://doi.org/10.1016/51473-
3099(20)30873-2

Markowitz, L. E., Drolet, M., Lewis, R. M., Lemieux-Mellouki, P., Pérez, N., Jit, M., Brotherton, J. M. L., Ogilvie,
G., Kreimer, A. R., & Brisson, M. (2022). Human papillomavirus vaccine effectiveness by number of
doses: Updated systematic review of data from national immunization programs. Vaccine, 40(37),
5413-5432. https://doi.org/10.1016/j.vaccine.2022.06.065

Marquardt, K., & Ziemke, P. (2022). Co-test im Zervixkarzinom-Screening: Die erste Runde [Co-test in cervical
cancer screening: the first round]. Die Gyndkologie, 55(11), 867-874. https://doi.org/10.1007/s00129-
022-05014-4

Martens, J. E., Smedts, F. M., Ploeger, D., Helmerhorst, T. J., Ramaekers, F. C., Arends, J. W., & Hopman, A.
H. (2009). Distribution pattern and marker profile show two subpopulations of reserve cells in the

107


https://doi.org/10.1097/LGT.0000000000000069
https://doi.org/10.1016/j.ejogrb.2015.05.020
https://doi.org/10.5694/mja2.50223
https://doi.org/10.1089/jwh.2018.7380
https://doi.org/10.1038/bjc.2016.216
https://doi.org/10.1016/s1473-3099(20)30873-2
https://doi.org/10.1016/s1473-3099(20)30873-2
https://doi.org/10.1016/j.vaccine.2022.06.065
https://doi.org/10.1007/s00129-022-05014-4
https://doi.org/10.1007/s00129-022-05014-4

Bibliography

endocervical canal. International Journal of Gynecological Pathology : Official Journal of the
International Society of Gynecological Pathologists, 28(4), 381-388.
https://doi.org/10.1097/PGP.0b013e31819932f8

Martin-Hirsch, P., Jarvis, G., Kitchener, H., & Lilford, R. (2000). Collection devices for obtaining cervical
cytology  samples.  The Cochrane Database of Systematic  Reviews(2), CD001036.
https://doi.org/10.1002/14651858.Cd001036

Maucort-Boulch, D., Plummer, M., Castle, P. E., Demuth, F., Safaeian, M., Wheeler, C. M., & Schiffman, M.
(2010). Predictors of human papillomavirus persistence among women with equivocal or mildly
abnormal cytology. International Journal of Cancer, 126(3), 684-691.
https://doi.org/10.1002/ijc.24752

Maver, P. J., & Poljak, M. (2020). Primary HPV-based cervical cancer screening in Europe: Implementation
status, challenges, and future plans. Clinical Microbiology and Infection : The Official Publication of
the European Society of Clinical Microbiology and Infectious Diseases., 26(5), 579-583.
https://doi.org/10.1016/.cmi.2019.09.006

Mayeaux, E. J., Jr, Novetsky, A. P., Chelmow, D., Choma, K., Garcia, F., Liu, A. H., Papasozomenos, T., &
Einstein, M. H. (2017). Systematic review of international colposcopy quality improvement guidelines.
Journal of Lower Genital Tract Disease, 21(4), 249-257.
https://doi.org/10.1097/1gt.0000000000000344

Mayrand, M.-H., Duarte-Franco, E., Rodrigues, |, Walter, S. D., Hanley, J., Ferenczy, A., Ratnam, S., Coutlée,
F., & Franco, E. L. (2007). Human papillomavirus DNA versus papanicolaou screening tests for
cervical cancer. The New England Journal of  Medicine,  357(16),  1579-1588.
https://doi.org/10.1056/NEJMoa071430

McBride, E., Marlow, L. A. V., Forster, A. S., Ridout, D., Kitchener, H., Patnick, J., & Waller, J. (2020). Anxiety
and distress following receipt of results from routine HPV primary testing in cervical screening: The
Psychological Impact of Primary Screening (PIPS) study. International Journal of Cancer, 146, 2113-
2121, https://doi.org/10.1002/ijc.32540

McCredie, M. R. E., Sharples, K. J., Paul, C., Baranyai, J.,, Medley, G., Jones, R. W., & Skegg, D. C. G. (2008).
Natural history of cervical neoplasia and risk of invasive cancer in women with cervical intraepithelial
neoplasia  3: A retrospective cohort study. The Lancet. Oncology, 9(5), 425-434.
https://doi.org/10.1016/51470-2045(08)7/0103-7

McFadyean, J., & Hobday, F. (1898). Note on the experimental ‘transmission of warts in the dog’. Journal of
Comparative Pathology, 11, 341-344.

McRae, J., Martin, C,, O'Leary, J.,, & Sharp, L. (2014). “If you can't treat HPV, why test for it?” Women's attitudes
to the changing face of cervical cancer prevention: A focus group study. BMC Women's Health,
14(1), 64. https://doi.org/10.1186/1472-6874-14-64

McSherry, L. A, O'Leary, E., Dombrowski, S. U., Francis, J. J., Martin, C. M., O'Leary, J. J., & Sharp, L. (2018).
Which primary care practitioners have poor human papillomavirus (HPV) knowledge? A step

108


https://doi.org/10.1097/PGP.0b013e31819932f8
https://doi.org/10.1002/14651858.Cd001036
https://doi.org/10.1002/ijc.24752
https://doi.org/10.1016/j.cmi.2019.09.006
https://doi.org/10.1097/lgt.0000000000000344
https://doi.org/10.1056/NEJMoa071430
https://doi.org/10.1002/ijc.32540
https://doi.org/10.1016/S1470-2045(08)70103-7
https://doi.org/10.1186/1472-6874-14-64

Bibliography

towards informing the development of professional education initiatives. PLoS One, 13(12),
e0208482. https://doi.org/10.1371/journal.pone.0208482

Medical Services Advisory Committee. (2014). National cervical screening program renewal: Evidence review
MSAC (Application No. 1276). http://www.msac.gov.au/internet/msac/publishing.nsf/Content/1276-

public

Meggiolaro, A., Unim, B., Semyonov, L., Miccoli, S., Maffongelli, E., & La Torre, G. (2016). The role of pap test
screening against cervical cancer: A systematic review and meta-analysis. La Clinica Terapeutica,
167(4), 124-139. https://doi.org/10.7417/ct.2016.1942

Meijer, C. J. L. M., Berkhof, J,, Castle, P. E., Hesselink, A. T., Franco, E. L., Ronco, G., Arbyn, M., Bosch, F. X.,
Cuzick, J., Dillner, J., Heideman, D. A. M., & Snijders, P. J. F. (2009). Guidelines for human
papillomavirus DNA test requirements for primary cervical cancer screening in women 30 years and
older. International Journal of Cancer, 124(3), 516-520. https://doi.org/10.1002/ijc.24010

Melnick, J. L. (1962). Papova virus group. Science, 135(3509), 1128-1130.
https://doi.org/10.1126/science.135.3509.1128

Melnikow, J., Henderson, J. T., Burda, B. U, Senger, C. A, Durbin, S., & Weyrich, M. S. (2018). Screening for
cervical cancer with high-risk human papillomavirus testing: Updated evidence report and
systematic review for the US Preventive Services Task Force. JAMA, 320(7), 687-705.
https://doi.org/10.1001/jama.2018.10400

Miles, A., Cockburn, J., Smith, R. A, & Wardle, J. (2004). A perspective from countries using organized
screening programs. Cancer, 101(S5), 1201-1213. https://doi.org/10.1002/cncr.20505

Moreno, V., Bosch, F. X, Mufioz, N., Meijer, C.J. L. M., Shah, K. V., Walboomers, J. M., Herrero, R., & Franceschi,
S. (2002). Effect of oral contraceptives on risk of cervical cancer in women with human papillomavirus
infection:  The IARC multicentric  case-control  study. Lancet, 359(9312), 1085-1092.
https://doi.org/10.1016/50140-6736(02)08150-3

Moss, E. L., Redman, C. W., Arbyn, M., Dollery, E., Petry, K. U., Nieminen, P., Myerson, N., & Leeson, S. C.
(2015). Colposcopy training and assessment across the member countries of the European
Federation for Colposcopy. European Journal of Obstetrics, Gynecology, and Reproductive Biology,
188, 124-128. https://doi.org/10.1016/j.ejogrb.2015.03.012

Muhr, L. S. A, Eklund, C., & Dillner, J. (2018). Towards quality and order in human papillomavirus research.
Virology, 519, 74-76. https://doi.org/10.1016/].virol.2018.04.003

Mulcahy Symmons, S., Waller, J., & McBride, E. (2021). Testing positive for human papillomavirus (HPV) at
primary HPV cervical screening: A qualitative exploration of women's information needs and
preferences for communication of results. Preventive Medicine Reports, 24, 101529.
https://doi.org/10.1016/j.omedr.2021.101529

Mufioz, N., Bosch, F. X,, de Sanjosé, S., Tafur, L., Izarzugaza, I., Gili, M., Viladiu, P., Navarro, C., Martos, C.,
Ascunce, N., Gonzales, L. C., Kaldor, J. M., Guerrero, E., Lérincz, A., Santamaria, M., Alonzo de Ruiz,

109


https://doi.org/10.1371/journal.pone.0208482
http://www.msac.gov.au/internet/msac/publishing.nsf/Content/1276-public
http://www.msac.gov.au/internet/msac/publishing.nsf/Content/1276-public
https://doi.org/10.7417/ct.2016.1942
https://doi.org/10.1002/ijc.24010
https://doi.org/10.1126/science.135.3509.1128
https://doi.org/10.1001/jama.2018.10400
https://doi.org/10.1002/cncr.20505
https://doi.org/10.1016/S0140-6736(02)08150-3
https://doi.org/10.1016/j.ejogrb.2015.03.012
https://doi.org/10.1016/j.virol.2018.04.003
https://doi.org/10.1016/j.pmedr.2021.101529

Bibliography

P., Aristizabal, N., & Shah, K. (1992). The causal link between human papillomavirus and invasive
cervical cancer: A population-based case-control study in Colombia and Spain. International Journal
of Cancer, 52(5), 743-749. https.//doi.org/10.1002/ijc.2910520513

Mufioz, N., Franceschi, S., Bosetti, C., Moreno, V., Herrero, R, Smith, J. S., Shah, K. V., Meijer, C. J. L. M., &
Bosch, F. X. (2002). Role of parity and human papillomavirus in cervical cancer: The IARC multicentric
case-control study. Lancet, 359(9312), 1093-1101. https://doi.org/10.1016/50140-6736(02)08151-5

Munoz, N., Hernandez-Suarez, G., Mendez, F., Molano, M., Posso, H., Moreno, V., Murillo, R, Ronderos, M.,
Meijer, C. J. L. M., & Munoz, A. (2009). Persistence of HPV infection and risk of high-grade cervical
intraepithelial neoplasia in a cohort of Colombian women. British Journal of Cancer, 100(7), 1184-
1190. https://doi.org/10.1038/s}.bjc.6604972

Mufioz, N., Méndez, F., Posso, H., Molano, M., van den Brule, A. J., Ronderos, M., Meijer, C. J. L. M., & Mufioz,
A. (2004). Incidence, duration, and determinants of cervical human papillomavirus infection in a
cohort of Colombian women with normal cytological results. The Journal of Infectious Diseases,
190(12), 2077-2087. https://doi.org/10.1086/425907

Murphy, J., Kennedy, E. B, Dunn, S., McLachlin, C. M., Kee Fung, M. F., Gzik, D., Shier, M., & Paszat, L. (2012).
HPV testing in primary cervical screening: A systematic review and meta-analysis. Journal of
Obstetrics and Gynaecology Canada : JOGC = Journal d'obstetrique et gynecologie du Canada :
JOGCG, 34(5), 443-452. https://doi.org/10.1016/s1701-2163(16)35241-0

Murphy, J., Varela, N. P., Elit, L., Lytwyn, A, Yudin, M., Shier, M., Wu, V., & EI-Khatib, S. (2015). The organization
of colposcopy services in Ontario: Recommended framework. Current Oncology, 22(4), 287-296.
https.//doi.org/10.3747/c0.22.2575

Mustafa, R. A., Santesso, N., Khatib, R., Mustafa, A. A., Wiercioch, W., Kehar, R., Gandhi, S., Chen, Y., Cheung,
A., Hopkins, J., Ma, B., Lloyd, N., Wu, D., Broutet, N., & Schunemann, H. J. (2016). Systematic reviews
and meta-analyses of the accuracy of HPV tests, visual inspection with acetic acid, cytology, and
colposcopy. International Journal of Gynaecology and Obstetrics : The Official Organ of the
International ~ Federation of  Gynaecology — and  Obstetrics, 132(3), 259-265.
https://doi.org/10.1016/}.ijgo.2015.07.024

Nagelhout, G., Ebisch, R. M., Van Der Hel, O., Meerkerk, G.-J., Magnée, T., De Bruijn, T., & Van Straaten, B.
(2021). Is smoking an independent risk factor for developing cervical intra-epithelial neoplasia and
cervical cancer? A systematic review and meta-analysis. Expert Review of Anticancer Therapy, 21(7),
781-794. https://doi.org/10.1080/14737140.2021.1888719

National Institute for Public Health and the Environment (RIVM). (2017). Framework for the execution of
cervical cancer population screening. National Institute for Public Health and the Environment.
https://www.rivm.nl/en/Documents and publications/Professional Serviceable/Guides/Disease Pre
vention and Healthcare/cervical cancerscreening/Framework for the Execution of Cervical Canc
er Population Screening.pdf

Naucler, P., Ryd, W., Tornberg, S., Strand, A, Wadell, G, Elfgren, K., Radberg, T., Strander, B., Forslund, O,
Hansson, B.-G., Hagmar, B., Johansson, B., Rylander, E., & Dillner, J. (2009). Efficacy of HPV DNA

110


https://doi.org/10.1002/ijc.2910520513
https://doi.org/10.1016/S0140-6736(02)08151-5
https://doi.org/10.1038/sj.bjc.6604972
https://doi.org/10.1086/425907
https://doi.org/10.1016/s1701-2163(16)35241-0
https://doi.org/10.3747/co.22.2575
https://doi.org/10.1016/j.ijgo.2015.07.024
https://doi.org/10.1080/14737140.2021.1888719
https://www.rivm.nl/en/Documents_and_publications/Professional_Serviceable/Guides/Disease_Prevention_and_Healthcare/cervical_cancerscreening/Framework_for_the_Execution_of_Cervical_Cancer_Population_Screening.pdf
https://www.rivm.nl/en/Documents_and_publications/Professional_Serviceable/Guides/Disease_Prevention_and_Healthcare/cervical_cancerscreening/Framework_for_the_Execution_of_Cervical_Cancer_Population_Screening.pdf
https://www.rivm.nl/en/Documents_and_publications/Professional_Serviceable/Guides/Disease_Prevention_and_Healthcare/cervical_cancerscreening/Framework_for_the_Execution_of_Cervical_Cancer_Population_Screening.pdf

Bibliography

testing with cytology triage and/or repeat HPV DNA testing in primary cervical cancer screening.
Journal of the National Cancer Institute, 101(2), 88-99. https://doi.org/10.1093/inci/din444

Nayar, R., Chhieng, D. C,, Crothers, B., Darragh, T. M., Davey, D. D., Eisenhut, C., Goulart, R, Huang, E. C., &
Tabbara, S. O. (2020). Moving forward—the 2019 ASCCP risk-based management consensus
guidelines for abnormal cervical cancer screening tests and cancer precursors and beyond:
Implications and suggestions for laboratories. Journal of the American Society of Cytopathology, 9(4),
291-303. https://doi.org/10.1016/j.jasc.2020.05.002

Nayar, R., Goulart, R. A., & Davey, D. D. (2018). Primary HPV cervical cancer screening in the United States:
Are we ready? Journal of the American Society of Cytopathology, 7(1), 50-55.
https://doi.org/10.1016/j jasc.2017.12.001

Neeper, M. P, Hofmann, K. J, & Jansen, K. U. (1996). Expression of the major capsid protein of human
papillomavirus ~ type 11 in saccharomyces  cerevisae.  Gene, 180(1-2),  1-6.
https://doi.org/10.1016/s0378-1119(96)00388-5

NHS Digital. (2020). Cervical screening programme, England - 2019-20 [NS]. Retrieved 15 November 2022
from https://digital.nhs.uk/data-and-information/publications/statistical/cervical-screening-
annual/england---2019-20/appendix-j-impact-of-hpv-primary-screening

Nieminen, P., Kallio, M., Anttila, A., & Hakama, M. (1999). Organised vs. spontaneous pap-smear screening
for cervical cancer: A case-control study. International Journal of Cancer, 83(1), 55-58.
https://doi.org/10.1002/(sici)1097-0215(19990924)83:1< 55::aid-ijc11>3.0.co;2-u

Nieminen, P., Vuorma, S., Viikki, M., Hakama, M., & Anttila, A. (2004). Comparison of HPV test versus
conventional and automation-assisted pap screening as potential screening tools for preventing
cervical cancer. BJOG: An International Journal of Obstetrics and Gynaecology, 111(8), 842-848.
https://doi.org/10.1111/1.1471-0528.2004.00210.x

O'Connor, M., Costello, L., Murphy, J., Prendiville, W., Martin, C., O'Leary, J., Sharp, L., & the Irish Screening
Research Consortium (2014). ‘I don't care whether it's HPV or ABC, | just want to know if | have
cancer.’ factors influencing women's emotional responses to undergoing human papillomavirus
testing in routine management in cervical screening: A qualitative study. BJOG: An International
Journal of Obstetrics and Gynaecology, 121(11), 1421-1430. https://doi.org/10.1111/1471-0528.12741

O'Connor, M., O'Leary, E., Waller, J., Gallagher, P., Martin, C. M., O'Leary, J. J., & Sharp, L. (2018). Socio-
economic variations in anticipated adverse reactions to testing HPV positive: Implications for the
introduction of primary HPV-based cervical screening. Preventive Medicine, 115, 90-96.
https://doi.org/10.1016/].ypmed.2018.08.017

Obermair, H. M., Dodd, R. H., Bonner, C., Jansen, J., & McCaffery, K. (2018). ‘It has saved thousands of lives,
so why change it?" Content analysis of objections to cervical screening programme changes in
Australia. BMJ Open, 8(2), e019171. https://doi.org/10.1136/bmjopen-2017-019171

111


https://doi.org/10.1093/jnci/djn444
https://doi.org/10.1016/j.jasc.2020.05.002
https://doi.org/10.1016/j.jasc.2017.12.001
https://doi.org/10.1016/s0378-1119(96)00388-5
https://digital.nhs.uk/data-and-information/publications/statistical/cervical-screening-annual/england---2019-20/appendix-j-impact-of-hpv-primary-screening
https://digital.nhs.uk/data-and-information/publications/statistical/cervical-screening-annual/england---2019-20/appendix-j-impact-of-hpv-primary-screening
https://doi.org/10.1002/(sici)1097-0215(19990924)83:1%3c55::aid-ijc11%3e3.0.co;2-u
https://doi.org/10.1111/j.1471-0528.2004.00210.x
https://doi.org/10.1111/1471-0528.12741
https://doi.org/10.1016/j.ypmed.2018.08.017
https://doi.org/10.1136/bmjopen-2017-019171

Bibliography

Ogilvie, G. S, Shaw, E. A, Lusk, S. P., Zazulak, J., & Kaczorowski, J. A. (2004). Access to colposcopy services
for high-risk Canadian women: Can we do better? Canadian journal of public health = Revue
canadienne de sante publique, 95(5), 346-351. https://doi.org/10.1007/bf03405143

Ogilvie, G. S., van Niekerk, D., Krajden, M., Smith, L. W., Cook, D., Gondara, L., Ceballos, K., Quinlan, D., Lee,
M., Martin, R. E., Gentile, L., Peacock, S., Stuart, G. C. E,, Franco, E. L., & Coldman, A. J. (2018). Effect
of screening with primary cervical HPV testing vs cytology testing on high-grade cervical
intraepithelial neoplasia at 48 months: The HPV FOCAL randomized clinical trial. JAMA, 320(1), 43-
52. https://doi.org/10.1001/jama.2018.7464

Oladipo, A., Ogden, S., & Pugh, S. (2007). Preclinic appointment telephone contact: An effective intervention
for colposcopy clinic nonattendance. Journal of Lower Genital Tract Disease, 11(1), 35-38.
https://doi.org/10.1097/01.1gt.0000236970.35125.4b

Olson, C,, Jr, & Cook, R. H. (1951). Cutaneous sarcoma-like lesions of the horse caused by the agent of
bovine papilloma. Proceedings of the Society for Experimental Biology and Medicine, 77(2), 281-284.
https://doi.org/10.3181/00379727-77-18750

Olson, C., Jr,, Pamukcu, A. M., Brobst, D. F., Kowalczyk, T., Satter, E. J., & Price, J. M. (1959). A urinary bladder
tumor induced by a bovine cutaneous papilloma agent. Cancer Research, 19, 779-782.

Orth, G, Favre, M., & Croissant, O. (1977). Characterization of a new type of human papillomavirus that
causes skin warts. Journal of Virology, 24(1), 108-120. https://doi.org/10.1128/jvi.24.1.108-120.1977

Orth, G., Jablonska, S., Jarzabek-Chorzelska, M., Obalek, S., Rzesa, G., Favre, M., & Croissant, O. (1979).
Characteristics of the lesions and risk of malignant conversion associated with the type of human
papillomavirus involved in epidermodysplasia verruciformis. Cancer Research, 39(3), 1074-1082.

Osmani, V., Fett, S., Tauscher, M., Donnachie, E., Schneider, A., &Klug, S.J. (2022). HPV vaccination leads to
decrease of anogenital warts and precancerous lesions of the cervix uteri in young women with low
vaccination  rates: A retrospective  cohort  analysis.  BMC  Cancer, 22(1), 1293.
https://doi.org/10.1186/512885-022-10214-1

Papanicolaou, G. N. (1928, January 2-6). New cancer diagnosis. Proceedings of the Third Race Betterment
Conference, Battle Creek, Michigan.

Papanicolaou, G. N. (1942). A new procedure for staining vaginal smears. Science, 95(2469), 438-439.
https://doi.org/10.1126/science.95.2469.438

Papanicolaou, G. N. (1963). Atlas of exfoliative cytology. Published for the Commonwealth Fund by Harvard
University Press.

Papanicolaou, G. N., & Traut, H. F. (1941). The diagnostic value of vaginal smears in carcinoma of the uterus.
American Journal of Obstetrics and Gynecology, 42(2), 193-206. https://doi.org/10.1016/50002-
9378(16)40621-6

112


https://doi.org/10.1007/bf03405143
https://doi.org/10.1001/jama.2018.7464
https://doi.org/10.1097/01.lgt.0000236970.35125.4b
https://doi.org/10.3181/00379727-77-18750
https://doi.org/10.1128/jvi.24.1.108-120.1977
https://doi.org/10.1186/s12885-022-10214-1
https://doi.org/10.1126/science.95.2469.438
https://doi.org/10.1016/S0002-9378(16)40621-6
https://doi.org/10.1016/S0002-9378(16)40621-6

Bibliography

Patanwala, I. Y., Bauer, H. M., Miyamoto, J.,, Park, I. U., Huchko, M. J., & Smith-McCune, K. K. (2013). A
systematic review of randomized trials assessing human papillomavirus testing in cervical cancer
screening.  American  Journal — of  Obstetrics and  Gynecology, —208(5),  343-353.
https://doi.org/10.1016/j.aj0g.2012.11.013

Peeters, E., Wentzensen, N., Bergeron, C., & Arbyn, M. (2019). Meta-analysis of the accuracy of p16 or p16/ki-
67 immunocytochemistry versus HPV testing for the detection of CIN2+/CIN3+ in triage of women
with minor abnormal cytology. Cancer Cytopathology, 127(3), 169-180.
https://doi.org/10.1002/cncy.22103

Peirson, L., Fitzpatrick-Lewis, D., Ciliska, D., & Warren, R. (2013). Screening for cervical cancer: A systematic
review and meta-analysis. Systematic Reviews, 2, 35-35. https://doi.org/10.1186/2046-4053-2-35

Pepe, M. S., & Alonzo, T. A. (2001). Comparing disease screening tests when true disease status is ascertained
only for screen positives. Biostatistics, 2(3), 249-260. https://doi.org/10.1093/biostatistics/2.3.249

Perkins, R., Jeronimo, J., Hammer, A., Novetsky, A., Guido, R., Del Pino, M., Louwers, J., Marcus, J., Resende,
C., Smith, K., Egemen, D., Befano, B., Smith, D., Antani, S., de Sanjose, S., & Schiffman, M. (2022).
Comparison of accuracy and reproducibility of colposcopic impression based on a single image
versus a two-minute time series of colposcopic images. Gynecologic Oncology, 167(1), 89-95.
https://doi.org/10.1016/].ygyno.2022.08.001

Perkins, R. B., Adcock, R., Benard, V., Cuzick, J.,, Waxman, A., Howe, J., Melkonian, S., Gonzales, J., Wiggins,
C., & Wheeler, C. M. (2027). Clinical follow-up practices after cervical cancer screening by co-testing:
A population-based study of adherence to U.S. Guideline recommendations. Preventive Medicine,
153,106770. https://doi.org/10.1016/j.ypmed.2021.106770

Perkins, R. B., Guido, R. S., Castle, P. E., Chelmow, D., Einstein, M. H., Garcia, F., Huh, W. K., Kim, J. J., Moscicki,
A.-B., Nayar, R, Saraiya, M., Sawaya, G. F., Wentzensen, N., Schiffman, M., & for the ASCCP Risk-
Based Management Consensus Guidelines Committee (2020). 2019 ASCCP risk-based management
consensus guidelines for abnormal cervical cancer screening tests and cancer precursors. Journal of
Lower Genital Tract Disease, 24(2), 102-131. https://doi.org/10.1097/1gt.0000000000000525

Pesola, F., Rebolj, M., & Sasieni, P. (2023). Managing an extension of screening intervals: Avoiding boom and
bust in health care workloads. International Journal of Cancer, 152(10), 2061-2068.
https://doi.org/10.1002/ijc.34441

Petry, K. U, Barth, C, Wasem, J.,, & Neumann, A. (2017). A model to evaluate the costs and clinical
effectiveness of human papilloma virus screening compared with annual papanicolaou cytology in
Germany. European Journal of Obstetrics and Gynecology and Reproductive Biology, 212, 132-139.
https://doi.org/10.1016/j.ejogrb.2017.03.029

Petry, K. U, Horn, J,, Luyten, A., & Mikolajczyk, R. T. (2018). Punch biopsies shorten time to clearance of high-
risk human papillomavirus infections of the uterine cervix. BMC Cancer, 18(1), 318.
https://doi.org/10.1186/s12885-018-4225-9

113


https://doi.org/10.1016/j.ajog.2012.11.013
https://doi.org/10.1002/cncy.22103
https://doi.org/10.1186/2046-4053-2-35
https://doi.org/10.1093/biostatistics/2.3.249
https://doi.org/10.1016/j.ygyno.2022.08.001
https://doi.org/10.1016/j.ypmed.2021.106770
https://doi.org/10.1097/lgt.0000000000000525
https://doi.org/10.1002/ijc.34441
https://doi.org/10.1016/j.ejogrb.2017.03.029
https://doi.org/10.1186/s12885-018-4225-9

Bibliography

Petry, K. U., Menton, S., Menton, M., van Loenen-Frosch, F., de Carvalho Gomes, H., Holz, B., Schopp, B.,
Garbrecht-Buettner, S., Davies, P., Boehmer, G., van den Akker, E., & Iftner, T. (2003). Inclusion of
HPV testing in routine cervical cancer screening for women above 29 years in Germany: Results for
8466 patients. British Journal of Cancer, 88(10), 1570-1577. https://doi.org/10.1038/s].bjc.6600918

Petry, K. U, Wérmann, B., & Schneider, A. (2014). Benefits and risks of cervical cancer screening. Oncology
Research and Treatment, 37(Suppl. 3), 48-57. https://doi.org/10.1159/000365059

Philp, L., Jembere, N., Wang, L., Gao, J., Maguire, B., & Kupets, R. (2018). Pap tests in the diagnosis of cervical
cancer: Help or hinder? Gynecologic Oncology, 150(1), 61-66.
https://doi.org/10.1016/.ygyno.2018.05.019

Pirog, E. C,, Lloveras, B., Malijn, A, Tous, S., Guimera, N., Alejo, M., Clavero, O., Klaustermeier, J., Jenkins, D.,
Quint, W. G. V., Xavier Bosch, F., Alemany, L., & de Sanjosé, S. (2014). HPV prevalence and genotypes
in different histological subtypes of cervical adenocarcinoma, a worldwide analysis of 760 cases.
Modern Pathology, 27, 1559. https://doi.org/10.1038/modpathol.2014.55

Plummer, M., Peto, J., & Franceschi, S. (2012). Time since first sexual intercourse and the risk of cervical cancer.
International Journal of Cancer, 130(11), 2638-2644. https://doi.org/10.1002/ijc.26250

Pollock, K. G., Kavanagh, K., Potts, A, Love, J., Cuschieri, K., Cubie, H., Robertson, C., Cruickshank, M., Palmer,
T. J., Nicoll, S., & Donaghy, M. (2014). Reduction of low- and high-grade cervical abnormalities
associated with high uptake of the HPV bivalent vaccine in Scotland. British Journal of Cancer, 117(9),
1824-1830. https://doi.org/10.1038/bjc.2014.479

Polman, N. J., Veldhuijzen, N. J., Heideman, D. A. M., Snijders, P. J. F., Meijer, C. J. L. M., & Berkhof, J. (2019).
Management of HPV-positive women in cervical screening using results from two consecutive
screening rounds. International ~ Journal of Cancer, 144(9), 2339-2346.
https://doi.org/10.1002/ijc.32004

Prendiville, W., & Sankaranarayana, R. (2017). Colposcopy and treatment of cervical precancer. IARC technical
publication no. 45. https://publications.iarc.fr/Book-And-Report-Series/larc-Technical-
Publications/Colposcopy-And-Treatment-Of-Cervical-Precancer-2017

Pretorius, R. G., Belinson, J. L., Burchette, R. J,, Wu, R., & Qiao, Y. L. (2019). Key determinants of the value of
random cervical biopsy at colposcopy. Journal of Lower Genital Tract Disease, 23(4), 241-247.
https://doi.org/10.1097/1gt.0000000000000485

Quinn, M., Babb, P., Jones, J., & Allen, E. (1999). Effect of screening on incidence of and mortality from cancer
of cervix in England: Evaluation based on routinely collected statistics. BMJ : British Medical Journal,
378(7188), 904-908. https://doi.org/10.1136/bm}.318.7188.904

Radde, K., Gottschalk, A., Bussas, U., Schulein, S., Schriefer, D., Seifert, U., Neumann, A., Kaiser, M., Blettner,
M., &Klug, S.J. (2016). Invitation to cervical cancer screening does increase participation in Germany:
Results from the MARZY study. International Journal of Cancer, 139(5), 1018-1030.
https://doi.org/10.1002/ijc.30146

114


https://doi.org/10.1038/sj.bjc.6600918
https://doi.org/10.1159/000365059
https://doi.org/10.1016/j.ygyno.2018.05.019
https://doi.org/10.1038/modpathol.2014.55
https://doi.org/10.1002/ijc.26250
https://doi.org/10.1038/bjc.2014.479
https://doi.org/10.1002/ijc.32004
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Technical-Publications/Colposcopy-And-Treatment-Of-Cervical-Precancer-2017
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Technical-Publications/Colposcopy-And-Treatment-Of-Cervical-Precancer-2017
https://doi.org/10.1097/lgt.0000000000000485
https://doi.org/10.1136/bmj.318.7188.904
https://doi.org/10.1002/ijc.30146

Bibliography

Randall, T. C, Sauvaget, C, Muwonge, R, Trimble, E. L, & Jeronimo, J. (2019). Worthy of further
consideration: An updated meta-analysis to address the feasibility, acceptability, safety and efficacy
of thermal ablation in the treatment of cervical cancer precursor lesions. Preventive Medicine, 118,
81-91. https://doi.org/10.1016/j.ypmed.2018.10.006

Reagan, J. W., & Hicks, D. J. (1953). A study of in situ and squamous-cell cancer of the uterine cervix. Cancer,
6(6), 1200-1214. https://doi.org/10.1002/1097-0142(195311)6:6<1200::aid-cncr2820060614>3.0.co;2-
8

Rebolj, M., Rask, J., van Ballegooijen, M., Kirschner, B., Rozemeijer, K., Bonde, J., Rygaard, C., & Lynge, E.
(2015). Cervical histology after routine Thinprep or Surepath liquid-based cytology and computer-
assisted reading in  Denmark.  British  Journal of  Cancer, 113(9), 1259-1274.
https://doi.org/10.1038/bjc.2015.339

Rebolj, M., Rimmer, J., Denton, K., Tidy, J., Mathews, C,, Ellis, K., Smith, J., Evans, C,, Giles, T., Frew, V., Tyler,
X., Sargent, A, Parker, J,, Holbrook, M., Hunt, K., Tidbury, P., Levine, T, Smith, D., Patnick, J., ...
Kitchener, H. (2019). Primary cervical screening with high risk human papillomavirus testing:
Observational study. BMJ : British Medical Journal, 364, 1240. https://doi.org/10.1136/bmj.1240

Rebolj, M., van Ballegooijen, M., Berkers, L. M., & Habbema, D. (2007). Monitoring a national cancer
prevention program: Successful changes in cervical cancer screening in the Netherlands.
International Journal of Cancer, 120(4), 806-812. https://doi.org/10.1002/ijc.22167

Rendle, K. A, Schiffman, M., Cheung, L. C,, Kinney, W. K., Fetterman, B., Poitras, N. E., Lorey, T., & Castle, P.
E. (2018). Adherence patterns to extended cervical screening intervals in women undergoing human
papillomavirus ~ (HPV) and cytology cotesting.  Preventive  Medicine, 109, 44-50.
https://doi.org/10.1016/j.ypmed.2017.12.023

Reuschenbach, M., Wentzensen, N., Dijkstra, M. G., von Knebel Doeberitz, M., & Arbyn, M. (2014). P16ink4a
immunohistochemistry in cervical biopsy specimens: A systematic review and meta-analysis of the
interobserver  agreement.  American  Journal of Clinical ~Pathology, 142(6), 767-772.
https://doi.org/10.1309/ajcp3tphv4trizek

Richart, R. M. (1973). Cervical intraepithelial neoplasia. Pathol Annual, 8, 301-328.

Richart, R. M. (1990). A modified terminology for cervical intraepithelial neoplasia. Obstetrics and Gynecology,
75(1), 131-133.

Rieck, T., Feig, M., & Siedler, A. (2022). Impfquoten von Kinderschutzimpfungen in Deutschland — Aktuelle
Ergebnisse aus der RKI-Impfsurveillance [Vaccination rates of childhood immunisations in Germany
- current results from the RKI Vaccination Surveillance]. Epidemiologisches Bulletin, 48, 3-25.

Rijkaart, D. C., Berkhof, J.,, Rozendaal, L., van Kemenade, F. J,, Bulkmans, N. W., Heideman, D. A,, Kenter, G.
G., Cuzick, J., Snijders, P. J. F., & Meijer, C. J. L. M. (2012). Human papillomavirus testing for the
detection of high-grade cervical intraepithelial neoplasia and cancer: Final results of the POBASCAM
randomised controlled trial. The Lancet. Oncology, 13(1), 78-88. https://doi.org/10.1016/51470-

2045(11)70296-0

115


https://doi.org/10.1016/j.ypmed.2018.10.006
https://doi.org/10.1002/1097-0142(195311)6:6%3c1200::aid-cncr2820060614%3e3.0.co;2-8
https://doi.org/10.1002/1097-0142(195311)6:6%3c1200::aid-cncr2820060614%3e3.0.co;2-8
https://doi.org/10.1038/bjc.2015.339
https://doi.org/10.1136/bmj.l240
https://doi.org/10.1002/ijc.22167
https://doi.org/10.1016/j.ypmed.2017.12.023
https://doi.org/10.1309/ajcp3tphv4trizek
https://doi.org/10.1016/s1470-2045(11)70296-0
https://doi.org/10.1016/s1470-2045(11)70296-0

Bibliography

Robert Koch-Institut. (2007). Mitteilung der Standigen Impfkommission (STIKO) am Robert Koch-Institut:
Impfung gegen humane Papillomaviren (HPV) fur Madchen von 12 bis 17 Jahren — Empfehlung und
Begrundung [Vaccination against Human Papillomavirus (HPV) for girls between 12 and 17
recommendation and explanation]. Epidemiologisches Bulletin, 12, 97-103.
https://doi.org/10.17886/E piBull-2018-001.3

Robert Koch-Institut. (2014). Mitteilung der Standigen Impfkommission (STIKO) am Robert Koch-Institut:
Empfehlungen der Standigen Impfkommission (STIKO) am Robert Koch-Institut/Stand: August 2014
[Vaccination against Human Papillomavirus (HPV) for girls between 12 and 17 - recommendation
and explanation]. Epidemiologisches Bulletin, 34, 305-340.

Robert Koch-Institut. (2016). Bericht zum Krebsgeschehen in Deutschland 2076 [Cancer in Germany 2016].
Robert Koch Institut. https://doi.org/10.17886/rkipubl-2016-014

Robert Koch-Institut, & Gesellschaft der epidemiologischen Krebsregister in Deutschland e.V. (2021). Krebs in
Deutschland 2017/2018. 13. Ausgabe.
https://www.krebsdaten.de/Krebs/DE/Content/Publikationen/Krebs in Deutschland/krebs in deuts
chland node.html

Roden, R. B, Lowy, D. R, & Schiller, J. T. (1997). Papillomavirus is resistant to desiccation. The Journal of
Infectious Diseases, 176(4), 1076-1079. https://doi.org/10.1086/516515

Rodriguez-Carunchio, L., Soveral, |., Steenbergen, R., Torné, A., Martinez, S., Fusté, P., Pahisa, J., Marimon,
L., Ordi, J., & del Pino, M. (2015). HPV-negative carcinoma of the uterine cervix: A distinct type of
cervical cancer with poor prognosis. BJOG: An International Journal of Obstetrics and Gynaecology,
122(1), 119-127. https://doi.org/10.1111/1471-0528.13071

Rodriguez, A. C., Schiffman, M., Herrero, R., Hildesheim, A., Bratti, C., Sherman, M. E., Solomon, D., Guillén,
D., Alfaro, M., Morales, J., Hutchinson, M., Katki, H., Cheung, L., Wacholder, S., & Burk, R. D. (2010).
Longitudinal study of human papillomavirus persistence and cervical intraepithelial neoplasia grade
2/3: Critical role of duration of infection. Journal of the National Cancer Institute, 102(5), 315-324.
https://doi.org/10.1093/jnci/djg001

Roland, K. B, Benard, V. B., Greek, A., Hawkins, N. A, Manninen, D., & Saraiya, M. (2013). Primary care
provider practices and beliefs related to cervical cancer screening with the HPV test in federally
qualified health centers. Preventive Medicine, 57(5), 419-425.
https://doi.org/10.1016/].ypmed.2013.04.012

Ronco, G., Arbyn, M., Meijer, C.J. L. M., Snijders, P. J. F., & Cuzick, J. (2015). Screening for cervical cancer with
primary testing for human papillomavirus. S1. In A. Anttila, M. Arbyn, H. De Vuyst, J. Dillner, L. Dillner,
S. Franceschi, J. Patnick, G. Ronco, N. Segnan, E. Suonio, S. Térnberg, & L. von Karsa (Eds.), European
guidelines for quality assurance in cervical cancer screening. (Second edition, Supplements ed., pp.
1-68). Office for Official Publications of the European Union.

Ronco, G., Dillner, J., Elfstrom, K. M., Tunesi, S., Snijders, P. J. F., Arbyn, M., Kitchener, H., Segnan, N., Gilham,
C., Giorgi-Rossi, P., Berkhof, J., Peto, J., & Meijer, C. J. L. M. (2014). Efficacy of HPV-based screening

116


https://doi.org/10.17886/EpiBull-2018-001.3
https://doi.org/10.17886/rkipubl-2016-014
https://www.krebsdaten.de/Krebs/DE/Content/Publikationen/Krebs_in_Deutschland/krebs_in_deutschland_node.html
https://www.krebsdaten.de/Krebs/DE/Content/Publikationen/Krebs_in_Deutschland/krebs_in_deutschland_node.html
https://doi.org/10.1086/516515
https://doi.org/10.1111/1471-0528.13071
https://doi.org/10.1093/jnci/djq001
https://doi.org/10.1016/j.ypmed.2013.04.012

Bibliography

for prevention of invasive cervical cancer: Follow-up of four European randomised controlled trials.
Lancet, 383(9916), 524-532. https://doi.org/10.1016/50140-6736(13)62218-7

Ronco, G., Giorgi-Rossi, P., Carozzi, F., Confortini, M., Dalla Palma, P., Del Mistro, A., Gillio-Tos, A., Minucdi,
D., Naldoni, C,, Rizzolo, R., Schincaglia, P., Volante, R., Zappa, M., Zorzi, M., Cuzick, J., & Segnan, N.
(2008). Results at recruitment from a randomized controlled trial comparing human papillomavirus
testing alone with conventional cytology as the primary cervical cancer screening test. Journal of the
National Cancer Institute, 100(7), 492-501. https://doi.org/10.1093/inci/djn065

Ronco, G, Pilutti, S., Patriarca, S., Montanari, G., Ghiringhello, B., Volante, R., Giordano, L., Zanetti, R., Mancini,
E., & Segnan, N. (2005). Impact of the introduction of organised screening for cervical cancer in
Turin, Italy: Cancer incidence by screening history 1992-98. British Journal of Cancer, 93(3), 376-378.
https://doi.org/10.1038/s}.bjc.6602705

Ronco, G., Zappa, M., Franceschi, S., Tunesi, S., Caprioglio, A., Confortini, M., Del Mistro, A., Carozzi, F.,
Segnan, N., Zorzi, M., & Giorgi-Rossi, P. (2016). Impact of variations in triage cytology interpretation
on human papillomavirus-based cervical screening and implications for screening algorithms.
European  Journal — of  Cancer  (Oxford, England — :  7990) 68,  148-155.
https://doi.org/10.1016/).ejca.2016.09.008

Ronnett, B. M., Manos, M. M., Ransley, J. E., Fetterman, B. J., Kinney, W. K., Hurley, L. B., Ngai, J. S., Kurman,
R. J., & Sherman, M. E. (1999). Atypical glandular cells of undetermined significance (AGUS):
Cytopathologic features, histopathologic results, and human papillomavirus DNA detection. Human
Pathology, 30(7), 816-825. https://doi.org/10.1016/s0046-8177(99)90143-0

Rositch, A. F., Burke, A. E., Viscidi, R. P., Silver, M. |, Chang, K., & Gravitt, P. E. (2012). Contributions of recent
and past sexual partnerships on incident human papillomavirus detection: Acquisition and
reactivation in older women. Cancer Research, 72(23), 6183-6190. https://doi.org/10.1158/0008-
5472.Can-12-2635

Roura, E., Castellsagué, X., Pawlita, M., Travier, N., Waterboer, T, Margall, N., Bosch, F. X., Sanjosé, S., Dillner,
J., Gram, I. T,, Tjgnneland, A., Munk, C., Pala, V., Palli, D., Khaw, K. T, Barnabas, R. V., Overvad, K.,
Clavel-Chapelon, F., Boutron-Ruault, M. C,, ... Riboli, E. (2014). Smoking as a major risk factor for
cervical cancer and pre-cancer: Results from the EPIC cohort. International Journal of Cancer, 135(2),
453-466. https://doi.org/10.1002/ijc.28666

Roura, E., Travier, N., Waterboer, T., de Sanjosé, S., Bosch, F. X., Pawlita, M., Pala, V., Weiderpass, E., Margall,
N., Dillner, J., Gram, I. T., Tjignneland, A., Munk, C., Palli, D., Khaw, K.-T., Overvad, K., Clavel-Chapelon,
F., Mesrine, S., Fournier, A, ... Castellsagué, X. (2016). The influence of hormonal factors on the risk
of developing cervical cancer and pre-cancer: Results from the EPIC cohort. PLoS One, T1(1),
e0147029. https://doi.org/10.1371/journal.pone.0147029

Rous, P., & Beard, J. W. (1934). Carcinomatous changes in virus-induced papillomas of the skin of the rabbit.
Proceedings of the Society for Experimental Biology and Medicine, 32(4), 578-580.
https://doi.org/10.3181/00379727-32-7770p

117


https://doi.org/10.1016/S0140-6736(13)62218-7
https://doi.org/10.1093/jnci/djn065
https://doi.org/10.1038/sj.bjc.6602705
https://doi.org/10.1016/j.ejca.2016.09.008
https://doi.org/10.1016/s0046-8177(99)90143-0
https://doi.org/10.1158/0008-5472.Can-12-2635
https://doi.org/10.1158/0008-5472.Can-12-2635
https://doi.org/10.1002/ijc.28666
https://doi.org/10.1371/journal.pone.0147029
https://doi.org/10.3181/00379727-32-7770p

Bibliography

Rowson, K. E., & Mahy, B. W. (1967). Human papova (wart) virus. Bacteriological Reviews, 31(2), 110-131.
https://doi.org/10.1128/br.31.2.110-131.1967

Rozemeijer, K., van Kemenade, F. J,, Penning, C., Matthijsse, S. M., Naber, S. K., van Rosmalen, J,, van
Ballegooijen, M., & de Kok, I. M. (2015). Exploring the trend of increased cervical intraepithelial
neoplasia detection rates in the Netherlands. Journal of Medical Screening, 22(3), 144-150.
https://doi.org/10.1177/0969141315580836

Sankaranarayanan, R., Nene, B. M., Dinshaw, K. A., Mahe, C,, Jayant, K., Shastri, S. S., Malvi, S. G., Chinoy, R,
Kelkar, R., Budukh, A. M., Keskar, V., Rajeshwarker, R., Muwonge, R., Kane, S., Parkin, D. M., Chauhan,
M. K., Desai, S., Fontaniere, B., Frappart, L., ... Panse, N. (2005). A cluster randomized controlled trial
of visual, cytology and human papillomavirus screening for cancer of the cervix in rural India.
International Journal of Cancer, 116(4), 617-623. https://doi.org/10.1002/ijc.21050

Sankaranarayanan, R., Nene, B. M., Shastri, S. S., Jayant, K, Muwonge, R., Budukh, A. M., Hingmire, S., Malvi,
S. G, Thorat, R., Kothari, A., Chinoy, R, Kelkar, R., Kane, S., Desai, S., Keskar, V. R., Rajeshwarkar, R.,
Panse, N., & Dinshaw, K. A. (2009). HPV screening for cervical cancer in rural India. The New England
Journal of Medicine, 360(14), 1385-1394. https://doi.org/10.1056/NEJM0a0808516

Sasieni, P., Castanon, A., & Cuzick, J. (2009). Screening and adenocarcinoma of the cervix. International
Journal of Cancer, 125(3), 525-529. https://doi.org/10.1002/ijc.24410

Sawaya, G. F., Sanstead, E., Alarid-Escudero, F., Smith-McCune, K., Gregorich, S. E., Silverberg, M. J., Leyden,
W., Huchko, M. J., Kuppermann, M., & Kulasingam, S. (2019). Estimated quality of life and economic
outcomes associated with 12 cervical cancer screening strategies: A cost-effectiveness analysis. JAMA
Internal Medicine, 179(7), 867-878. https://doi.org/10.1001/jamainternmed.2019.0299

Scherpenisse, M., Mollers, M., Schepp, R. M., Boot, H. J., Meijer, C. J. L. M., Berbers, G. A,, van der Klis, F. R, &
de Melker, H. E. (2012). Changes in antibody seroprevalence of seven high-risk HPV types between
nationwide surveillance studies from 1995-96 and 2006-07 in the Netherlands. PLoS One, 7(11),
e48807. https://doi.org/10.1371/journal.pone.0048807

Schiffman, M. H., Kinney, W. K, Cheung, L. C, Gage, J. C, Fetterman, B, Poitras, N. E, Lorey, T. S,
Wentzensen, N., Befano, B., Schussler, J., Katki, H. A., & Castle, P. E. (2018). Relative performance of
HPV and cytology components of cotesting in cervical screening. Journal of the National Cancer
Institute, 1710(5), 501-508. https://doi.org/10.1093/inci/d[x225

Schiffman, M. H., & Schatzkin, A. (1994). Test reliability is critically important to molecular epidemiology: An
example from studies of human papillomavirus infection and cervical neoplasia. Cancer Research,
54(7 Suppl), 1944s-1947s.

Schiffman, M. H., & Wentzensen, N. (2013). Human papillomavirus infection and the multistage
carcinogenesis of cervical cancer. Cancer Epidemiology, Biomarkers & Prevention, 22(4), 553-560.
https://doi.org/10.1158/1055-9965.EPI-12-1406

118


https://doi.org/10.1128/br.31.2.110-131.1967
https://doi.org/10.1177/0969141315580836
https://doi.org/10.1002/ijc.21050
https://doi.org/10.1056/NEJMoa0808516
https://doi.org/10.1002/ijc.24410
https://doi.org/10.1001/jamainternmed.2019.0299
https://doi.org/10.1371/journal.pone.0048807
https://doi.org/10.1093/jnci/djx225
https://doi.org/10.1158/1055-9965.EPI-12-1406

Bibliography

Schiffman, M. H., Wentzensen, N., Wacholder, S., Kinney, W., Gage, J. C, & Castle, P. E. (2011). Human
papillomavirus testing in the prevention of cervical cancer. Journal of the National Cancer Institute,
103(5), 368-383. https://doi.org/10.1093/inci/djg562

Schiller, W. (1933). Early diagnosis of carcinoma of the cervix. Surgery, Gynecology & Obstetrics, 56, 210-222.

Schmeink, C. E., Massuger, L. F.,, Lenselink, C. H., Quint, W. G., Witte, B. |, Berkhof, J., Melchers, W. J., &
Bekkers, R. L. (2013). Prospective follow-up of 2,065 young unscreened women to study human
papillomavirus incidence and clearance. International Journal of Cancer, 133(1), 172-181.
https://doi.org/10.1002/ijc.27986

Schmitt, M., Depuydt, C., Benoy, I., Bogers, J., Antoine, J., Arbyn, M., & Pawlita, M. (2013). Multiple human
papillomavirus infections with high viral loads are associated with cervical lesions but do not
differentiate grades of cervical abnormalities. Journal of Clinical Microbiology, 51(5), 1458-1464.
https://doi.org/10.1128/jcm.00087-13

Schneider, A., Hoyer, H., Lotz, B., Leistritza, S., Kihne-Heid, R., Nindl, I, Mdller, B., Haerting, J., & Durst, M.
(2000). Screening for high-grade cervical intra-epithelial neoplasia and cancer by testing for high-
risk HPV, routine cytology or colposcopy. International Journal of Cancer, 89(6), 529-534.
https://doi.org/10.1002/1097-0215(20001120)89:6 < 529::AID-IJC11>3.0.CO;2-G

Schomaker, M., & Heumann, C. (2014). Model selection and model averaging after multiple imputation.
Computational Statistics & Data Analysis, 71(C), 758-770.
https://EconPapers.repec.org/RePEceee:csdana:v:71:y:2014:i:c:p:758-770

Shah, R., Nwankwo, C., Kwon, Y., & Corman, S. L. (2020). Economic and humanistic burden of cervical cancer
in the United States: Results from a nationally representative survey. Journal of Women's Health,
29(6), 799-805. https://doi.org/10.1089/jwh.2019.7858

Sharp, L., Cotton, S., Thornton, A., Gray, N., Cruickshank, M., Whynes, D., Duncan, I., Hammond, R., Smart,
L., & Little, J. (2012). Who defaults from colposcopy? A multi-centre, population-based, prospective
cohort study of predictors of non-attendance for follow-up among women with low-grade
abnormal cervical cytology. European Journal of Obstetrics and Gynecology and Reproductive
Biology, 165(2), 318-325. https://doi.org/10.1016/j.ejogrb.2012.08.001

Shinn, E., Basen-Engquist, K., Le, T., Hansis-Diarte, A, Bostic, D. S., Martinez-Cross, J., Santos, A., & Follen,
M. (2004). Distress after an abnormal pap smear result: Scale development and psychometric
validation. Preventive Medicine, 39(2), 404-412. https://doi.org/10.1016/j.ypmed.2004.02.004

Shope, R. E., & Hurst, E. W. (1933). Infectious papillomatosis of rabbits: With a note on the histopathology.
The Journal of Experimental Medicine, 58(5), 607-624. https://doi.org/10.1084/jem.58.5.607

Sideri, M., Schettino, F., Spinaci, L., Spolti, N., & Crosignani, P. (1995). Operator variability in disease detection
and grading by colposcopy in patients with mild dysplastic smears. Cancer, 76(9), 1601-1605.
https://doi.org/10.1002/1097-0142(19951101) /6:9 <1601::AID-CNCR2820/60916>3.0.CO;2-7Z

119


https://doi.org/10.1093/jnci/djq562
https://doi.org/10.1002/ijc.27986
https://doi.org/10.1128/jcm.00087-13
https://doi.org/10.1002/1097-0215(20001120)89:6%3c529::AID-IJC11%3e3.0.CO;2-G
https://econpapers.repec.org/RePEc:eee:csdana:v:71:y:2014:i:c:p:758-770
https://doi.org/10.1089/jwh.2019.7858
https://doi.org/10.1016/j.ejogrb.2012.08.001
https://doi.org/10.1016/j.ypmed.2004.02.004
https://doi.org/10.1084/jem.58.5.607
https://doi.org/10.1002/1097-0142(19951101)76:9%3c1601::AID-CNCR2820760916%3e3.0.CO;2-Z

Bibliography

Silva, D. C., Gongalves, A. K, Cobucci, R. N., Mendonca, R. C, Lima, P. H., & Cavalcanti, G. (2017).
Immunohistochemical expression of p16, Ki-67 and p53 in cervical lesions — a systematic review.
Pathology, Research and Practice, 213(7), 723-729. https://doi.org/10.1016/].prp.2017.03.003

Silver, M. I., Andrews, J., Cooper, C. K, Gage, J. C,, Gold, M. A., Khan, M. J., Massad, L. S., Parvu, V., Perkins,
R. B., Schiffman, M., Smith, K. M., & Wentzensen, N. (2018a). Risk of cervical intraepithelial neoplasia
2 or worse by cytology, human papillomavirus 16/18, and colposcopy impression: A systematic
review and meta-analysis. Obstetrics and Gynecology, 132(3), 725-735.
https://doi.org/10.1097/a0g.0000000000002812

Silver, M. I, Rositch, A. F., Phelan-Emrick, D. F., & Gravitt, P. E. (2018b). Uptake of HPV testing and extended
cervical cancer screening intervals following cytology alone and pap/HPV cotesting in women aged
30-65 years. Cancer Causes & Control: CCC, 29(1), 43-50. https://doi.org/10.1007/s10552-017-0976-
X

Simms, K. T., Steinberg, J., Caruana, M., Smith, M. A, Lew, J.-B., Soerjomataram, |., Castle, P. E,, Bray, F., &
Canfell, K. (2019). Impact of scaled up human papillomavirus vaccination and cervical screening and
the potential for global elimination of cervical cancer in 181 countries, 2020-99: A modelling study.
The Lancet. Oncology, 20(3), 394-407. https://doi.org/10.1016/51470-2045(18)30836-2

Singh, D., Vignat, J., Lorenzoni, V., Eslahi, M., Ginsburg, O., Lauby-Secretan, B., Arbyn, M., Basu, P., Bray, F.,
& Vaccarella, S. (2023). Global estimates of incidence and mortality of cervical cancer in 2020: A
baseline analysis of the WHO global cervical cancer elimination initiative. The Lancet. Global Health,
11(2), €197-e206. https://doi.org/10.1016/52214-109X(22)00501-0

Smith, J. S., Bosetti, C., Mufioz, N, Herrero, R., Bosch, F. X, Eluf-Neto, J., Meijer, C. J. L. M., van den Brule, A.
J. C, Franceschi, S., & Peeling, R. W. (2004). Chlamydia trachomatis and invasive cervical cancer: A
pooled analysis of the IARC multicentric case-control study. International Journal of Cancer, 171(3),
431-439. https://doi.org/10.1002/ijc.20257

Smith, J. S., Herrero, R., Bosetti, C., Mufioz, N., Bosch, F. X., Eluf-Neto, J., Castellsagué, X., Meijer, C. J. L. M.,
Van den Brule, A. J, Franceschi, S, & Ashley, R. (2002). Herpes simplex virus-2 as a human
papillomavirus cofactor in the etiology of invasive cervical cancer. Journal of the National Cancer
Institute, 94(21), 1604-1613. https://doi.org/10.1093/jnci/94.21.1604

Smith, J. S, Lindsay, L., Hoots, B., Keys, J., Franceschi, S, Winer, R, & Clifford, G. M. (2007). Human
papillomavirus type distribution in invasive cervical cancer and high-grade cervical lesions: A meta-
analysis update. International Journal of Cancer, 121(3), 621-632. https://doi.org/10.1002/ijc.22527

Smith, M., Hammond, 1., & Saville, M. (2019). Lessons from the renewal of the national cervical screening
program in  Australia.  Public  Health  Research &  Practice,  29(2), 2921914
https://doi.org/10.17061/phrp2921914

Smith, M. A, Sherrah, M., Sultana, F., Castle, P. E., Arbyn, M., Gertig, D., Caruana, M., Wrede, C. D., Saville,
M., & Canfell, K. (2022). National experience in the first two years of primary human papillomavirus
(HPV) cervical screening in an HPV vaccinated population in Australia: Observational study. BMJ :
British Medical Journal, 376, e068582. https://doi.org/10.1136/bmj-2021-068582

120


https://doi.org/10.1016/j.prp.2017.03.003
https://doi.org/10.1097/aog.0000000000002812
https://doi.org/10.1007/s10552-017-0976-x
https://doi.org/10.1007/s10552-017-0976-x
https://doi.org/10.1016/S1470-2045(18)30836-2
https://doi.org/10.1016/S2214-109X(22)00501-0
https://doi.org/10.1002/ijc.20257
https://doi.org/10.1093/jnci/94.21.1604
https://doi.org/10.1002/ijc.22527
https://doi.org/10.17061/phrp2921914
https://doi.org/10.1136/bmj-2021-068582

Bibliography

Soares, L. C,, Braz, F., Aradjo, A. R, & Oliveira, M. A. P. (2019). Association of sexually transmitted diseases
with cervical ectopy: A systematic review. Sexually Transmitted Diseases, 46(7), 452-457.
https://doi.org/10.1097/0lg.0000000000000992

Sotlar, K., Diemer, D., Dethleffs, A., Hack, Y., Stubner, A., Vollmer, N., Menton, S., Menton, M., Dietz, K,
Wallwiener, D., Kandolf, R., & Bultmann, B. (2004). Detection and typing of human papillomavirus
by E6 nested multiplex PCR. Journal of Clinical Microbiology, 42(7), 3176-3184.
https://doi.org/10.1128/jcm.42.7.3176-3184.2004

Spence, A. R., Goggin, P., & Franco, E. L. (2007). Process of care failures in invasive cervical cancer: Systematic
review and meta-analysis. Preventive Medicine, 45(2), 93-106.
https://doi.org/10.1016/].ypmed.2007.06.007

Staley, H., Shiraz, A, Shreeve, N, Bryant, A., Martin-Hirsch, P. P., & Gajjar, K. (2021). Interventions targeted
at women to encourage the uptake of cervical screening. The Cochrane Database of Systematic
Reviews, 9(9), CD002834. https://doi.org/10.1002/14651858.CD002834.pub3

Stoler, M. H., Austin, R. M., & Zhao, C. (2015). Point-counterpoint: Cervical cancer screening should be done
by primary human papillomavirus testing with genotyping and reflex cytology for women over the
age of 25 years. Journal of  Clinical  Microbiology,  53(9),  2798-2804.
https://doi.org/10.1128/jcm.01087-15

Stoler, M. H., Schiffman, M., & for the Atypical Squamous Cells of Undetermined Significance-Low-grade
Squamous Intraepithelial Lesion Triage Study (ALTS) Group (20071). Interobserver reproducibility of
cervical cytologic and histologic interpretations: Realistic estimates from the ASCUS-LSIL triage.
JAMA, 285(11), 1500-1505. https://doi.org/10.1001/jama.285.11.1500

Stoler, M. H., Wright, T. C,, Jr,, Sharma, A, Zhang, G., Apple, R, Wright, T. L., & Behrens, C. M. (2012). The
interplay of age stratification and HPV testing on the predictive value of ASC-US cytology. Results
from the ATHENA HPV study. American Journal of Clinical Pathology, 137(2), 295-303.
https://doi.org/10.1309/ajcpgwiv2bbwmocx

Straight, S. W., Hinkle, P. M., Jewers, R. J., & McCance, D. J. (1993). The E5 oncoprotein of human
papillomavirus type 16 transforms fibroblasts and effects the downregulation of the epidermal
growth  factor receptor in keratinocytes. Journal of Virology, 67(8), 4521-4532.
https://doi.org/10.1128/jvi.67.8.4521-4532.1993

Strang, T. H. R, Gottschlich, A., Cook, D. A., Smith, L. W., Gondara, L., Franco, E. L., van Niekerk, D. J., Ogilvie,
G. S., & Krajden, M. (2021). Long-term cervical precancer outcomes after a negative DNA- or RNA-
based human papillomavirus test result. American Journal of Obstetrics and Gynecology, 225(5),
511.e5M1-511.e517. https://doi.org/10.1016/].2j0g.2021.05.038

Strauss, M. J,, Shaw, E. W., Bunting, H., & Melnick, J. L. (1949). “Crystalline” virus-like particles from skin
papillomas characterized by intranuclear inclusion bodies. Proceedings of the Society for
Experimental Biology and Medicine, 72(1), 46-50. https://doi.org/10.3181/00379727-72-17328

121


https://doi.org/10.1097/olq.0000000000000992
https://doi.org/10.1128/jcm.42.7.3176-3184.2004
https://doi.org/10.1016/j.ypmed.2007.06.007
https://doi.org/10.1002/14651858.CD002834.pub3
https://doi.org/10.1128/jcm.01087-15
https://doi.org/10.1001/jama.285.11.1500
https://doi.org/10.1309/ajcpgw1v2bbwmocx
https://doi.org/10.1128/jvi.67.8.4521-4532.1993
https://doi.org/10.1016/j.ajog.2021.05.038
https://doi.org/10.3181/00379727-72-17328

Bibliography

Streetly, A., & Holland, W. W. (2009). Population screening and public health. In R. Detels, R. Beaglehole, M.
A. Lansang, & M. Gulliford (Eds.), Oxford textbook of public health (pp. 1507-1522). Oxford University
Press. https://doi.org/10.1093/med/9780199218707.003.0097

Strickler, H. D., Burk, R. D., Fazzari, M., Anastos, K., Minkoff, H., Massad, L. S., Hall, C., Bacon, M., Levine, A.
M., Watts, D. H., Silverberg, M. J., Xue, X, Schlecht, N. F., Melnick, S., & Palefsky, J. M. (2005). Natural
history and possible reactivation of human papillomavirus in human immunodeficiency virus-
positive  women.  Journal of the National —Cancer Institute,  97(8), 577-586.
https://doi.org/10.1093/inci/dji073

Stuebs, F. A, Schulmeyer, C. E., Mehlhorn, G., Gass, P., Kehl, S., Renner, S. K., Renner, S. P., Geppert, C., Adler,
W., Hartmann, A., Beckmann, M. W., & Koch, M. C. (2019). Accuracy of colposcopy-directed biopsy
in detecting early cervical neoplasia: A retrospective study. Archives of Gynecology and Obstetrics,
299(2), 525-532. https://doi.org/10.1007/s00404-018-4953-8

Sultana, F., Winch, K., Saville, M., & Brotherton, J. M. L. (2019). Is the positive predictive value of high-grade
cytology in predicting high-grade cervical disease falling due to HPV vaccination? International
Journal of Cancer, 144(12), 2964-2971. https://doi.org/10.1002/ijc.32050

Tainio, K., Athanasiou, A., Tikkinen, K. A. O. Aaltonen, R, Cérdenas, J.,, Hernandes, Glazer-Livson, S,
Jakobsson, M., Joronen, K., Kiviharju, M., Louvanto, K, Oksjoki, S., Tahtinen, R, Virtanen, S,
Nieminen, P., Kyrgiou, M., & Kalliala, 1. (2018). Clinical course of untreated cervical intraepithelial
neoplasia grade 2 under active surveillance: Systematic review and meta-analysis. BMJ . British
Medical Journal, 360, k499. https://doi.org/10.1136/bmj k499

Takacs, P., Chakhtoura, N., & De Santis, T. (2004). Video colposcopy improves adherence to follow-up
compared to regular colposcopy: A randomized trial. Archives of Gynecology and Obstetrics, 270(3),
182-184. https://doi.org/10.1007/500404-004-0626-x

Tanaka, L. F., Schriefer, D., Radde, K., Schauberger, G., & Klug, S. J. (2027). Impact of opportunistic screening
on squamous cell and adenocarcinoma of the cervix in Germany: A population-based case-control
study. PLoS One, 16(7), €0253801. https://doi.org/10.1371/journal.pone.0253801

Tatar, O., Wade, K., McBride, E., Thompson, E., Head, K. J., Perez, S., Shapiro, G. K., Waller, J., Zimet, G., &
Rosberger, Z. (2020). Are health care professionals prepared to implement human papillomavirus
testing? A review of psychosocial determinants of human papillomavirus test acceptability in primary
cervical cancer screening. Journal of Women's Health, 29(3), 390-405.
https://doi.org/10.1089/jwh.2019.7678

Tekalegn, Y., Sahiledengle, B., Woldeyohannes, D., Atlaw, D., Degno, S., Desta, F., Bekele, K, Aseffa, T,
Gezahegn, H., & Kene, C. (2022). High parity is associated with increased risk of cervical cancer:
Systematic review and meta-analysis of case-control studies. Women's Health, 18,
17455065221075904. https://doi.org/10.1177/17455065221075904

Teoh, D. G. K, Marriott, A. E., Isaksson Vogel, R., Marriott, R. T., Lais, C. W., Downs, L. S., Jr., & Kulasingam,
S. L. (2015). Adherence to the 2012 national cervical cancer screening guidelines: A pilot study.

122


https://doi.org/10.1093/med/9780199218707.003.0097
https://doi.org/10.1093/jnci/dji073
https://doi.org/10.1007/s00404-018-4953-8
https://doi.org/10.1002/ijc.32050
https://doi.org/10.1136/bmj.k499
https://doi.org/10.1007/s00404-004-0626-x
https://doi.org/10.1371/journal.pone.0253801
https://doi.org/10.1089/jwh.2019.7678
https://doi.org/10.1177/17455065221075904

Bibliography

American Journal of Obstetrics & Gynecology, 212(1), 62.61-62.69.
https://doi.org/10.1016/}.2j0g.2014.06.057

Ting, J., Rositch, A. F., Taylor, S. M., Rahangdale, L., Soeters, H. M., Sun, X., & Smith, J. S. (2015). Worldwide
incidence of cervical lesions: A systematic review. Epidemiology and Infection, 143(2), 225-241.
https://doi.org/10.1017/50950268814001356

Tracht, J. M., Davis, A. D., Fasciano, D. N., & Eltoum, I. A. (2017). Discrepant HPV/cytology cotesting results:
Are there differences between cytology-negative versus HPV-negative cervical intraepithelial
neoplasia? Cancer Cytopathology, 125(10), 795-805. https://doi.org/10.1002/cncy.21905

Trottier, H., Mahmud, S., Prado, J. C. M., Sobrinho, J. S., Costa, M. C,, Rohan, T. E., Villa, L. L., & Franco, E. L.
(2008). Type-specific duration of human papillomavirus infection: Implications for human
papillomavirus screening and vaccination. The Journal of Infectious Diseases, 197(10), 1436-1447.
https://doi.org/10.1086/587698

Tsang, S. H., Sampson, J. N., Schussler, J., Porras, C., Wagner, S., Boland, J., Cortes, B, Lowy, D. R., Schiller, J.
T., Schiffman, M., Kemp, T. J,, Rodriguez, A. C., Quint, W., Gail, M. H.,, Pinto, L. A, Gonzalez, P,
Hildesheim, A., Kreimer, A. R, & Herrero, R. (2020). Durability of cross-protection by different
schedules of the bivalent HPV vaccine: The CVT trial. Journal of the National Cancer Institute, 112(10),
1030-1037. https://doi.org/10.1093/jnci/djaa010

Tsoumpou, I, Arbyn, M., Kyrgiou, M., Wentzensen, N., Koliopoulos, G., Martin-Hirsch, P., Malamou-Mitsi, V.,
& Paraskevaidis, E. (2009). P16(ink4a) immunostaining in cytological and histological specimens from
the uterine cervix: A systematic review and meta-analysis. Cancer Treatment Reviews, 35(3), 210-
220. https://doi.org/10.1016/j.ctrv.2008.10.005

U.S. Food and Drug Administration (FDA). (2019). FDA executive summary. New approaches in the evaluation
for high-risk human papillomavirus nucleic acid detection devices. FDA. Retrieved 12 July 2019 from
https://www.fda.gov/media/122799/download

Underwood, M., Arbyn, M., Parry-Smith, W., De Bellis-Ayres, S., Todd, R, Redman, C., & Moss, E. (2012).
Accuracy of colposcopy-directed punch biopsies: A systematic review and meta-analysis. B/JOG: An
International Journal of Obstetrics and Gynaecology, 119(11), 1293-1301. https://doi.org/10.1111/].1471-
0528.2012.03444.x

Vaccarella, S., Lortet-Tieulent, J., Plummer, M., Franceschi, S., & Bray, F. (2013). Worldwide trends in cervical
cancer incidence: Impact of screening against changes in disease risk factors. European Journal of
Cancer (Oxford, England : 1990) 49(15), 3262-3273. https://doi.org/10.1016/j.ejca.2013.04.024

van der Horst, J., Siebers, A. G, Bulten, J,, Massuger, L. F., & de Kok, I. M. (2017). Increasing incidence of
invasive and in situ cervical adenocarcinoma in the Netherlands during 2004-2013. Cancer Medicine,
6(2), 416-423. https://doi.org/10.1002/cam4.971

Veijalainen, O., Kares, S., Kujala, P., Vuento, R., Osuala, V., Tirkkonen, M., Luukkaala, T., Kholova, I., &
Maenpaa, J. (2019). Implementation of HPV-based cervical cancer screening in an organised

123


https://doi.org/10.1016/j.ajog.2014.06.057
https://doi.org/10.1017/s0950268814001356
https://doi.org/10.1002/cncy.21905
https://doi.org/10.1086/587698
https://doi.org/10.1093/jnci/djaa010
https://doi.org/10.1016/j.ctrv.2008.10.005
https://www.fda.gov/media/122799/download
https://doi.org/10.1111/j.1471-0528.2012.03444.x
https://doi.org/10.1111/j.1471-0528.2012.03444.x
https://doi.org/10.1016/j.ejca.2013.04.024
https://doi.org/10.1002/cam4.971

Bibliography

regional screening programme: 3 years of experience. Cytopathology, 30(2), 150-156.
https://doi.org/10.1111/cyt. 12652

Vesco, K. K., Whitlock, E. P, Eder, M., Lin, J., Burda, B. U., Senger, C. A, Holmes, R. S., Fu, R, & Zuber, S.
(2011). Screening for cervical cancer: A systematic evidence review for the U.S. Preventive Services
Task Force. Evidence synthesis no. 86. AHRQ publication no. 11-05156ef-1. In. Agency for Healthcare
Research and Quality (US). https://www.ncbi.nlm.nih.gov/books/NBK66099

Vink, M. A, Bogaards, J. A., van Kemenade, F. J., de Melker, H. E., Meijer, C. J. L. M., & Berkhof, J. (2013).
Clinical progression of high-grade cervical intraepithelial neoplasia: Estimating the time to preclinical
cervical cancer from doubly censored national registry data. American Journal of Epidemiology,
178(7), 1161-1169. https://doi.org/10.1093/aje/kwt077

von Knebel Doeberitz, M., Rittmuller, C., Aengeneyndt, F., Jansen-Durr, P., & Spitkovsky, D. (1994). Reversible
repression of papillomavirus oncogene expression in cervical carcinoma cells: Consequences for the
phenotype and E6-p53 and E7-pRB interactions. Journal of Virology, 68(5), 2811-2821.
https://doi.org/10.1128/jvi.68.5.2811-2821.1994

von Knebel Doeberitz, M., Rittmuller, C., zur Hausen, H., & Darst, M. (1992). Inhibition of tumorigenicity of
cervical cancer cells in nude mice by HPV E6-E7 anti-sense RNA. International Journal of Cancer,
51(5), 831-834. https.//doi.org/10.1002/ijc.2910510527

Walboomers, J. M. M., Jacobs, M. V., Manos, M. M., Bosch, F. X., Kummer, J. A, Shah, K. V., Snijders, P. J. F.,
Peto, J., Meijer, C.J. L. M., & Mufioz, N. (1999). Human papillomavirus is a necessary cause of invasive
cervical cancer worldwide. The Journal of Pathology, 189(1), 12-19. https://doi.org/10.1002/(SICI)1096-
9896(199909)189:1<12::AID-PATH431>3.0.CO;2-F

Walker, P., Dexeus, S., De Palo, G., Barrasso, R.,, Campion, M., Girardi, F., Jakob, C., & Roy, M. (2003).
International terminology of colposcopy: An updated report from the International Federation for
Cervical  Pathology and  Colposcopy.  Obstetrics and  Gynecology, 101(1),  175-177.
https://doi.org/10.1016/s0029-7844(02)02581-4

Waller, J., Marlow, L. A, & Wardle, J. (2007). The association between knowledge of HPV and feelings of
stigma, shame and  anxiety.  Sexually  Transmitted  Infections,  83(2),  155-159.
https://doi.org/10.1136/sti.2006.023333

Walsh, J. C, Curtis, R, & Mylotte, M. (2004). Anxiety levels in women attending a colposcopy clinic: A
randomised trial of an educational intervention using video colposcopy. Patient Educ Couns, 55(2),
247-257. https://doi.org/10.1016/}.pec.2003.09.012

Wentzensen, N., & Arbyn, M. (2017). HPV-based cervical cancer screening- facts, fiction, and misperceptions.
Preventive Medicine, 98, 33-35. https://doi.org/10.1016/l.ypmed.2016.12.040

Wentzensen, N., Lahrmann, B., Clarke, M. A, Kinney, W., Tokugawa, D., Poitras, N., Locke, A, Bartels, L.,
Krauthoff, A., Walker, J., Zuna, R., Grewal, K. K., Goldhoff, P. E., Kingery, J. D., Castle, P. E., Schiffman,
M., Lorey, T.S., & Grabe, N. (2020). Accuracy and efficiency of deep-learning—based automation of

124


https://doi.org/10.1111/cyt.12652
https://www.ncbi.nlm.nih.gov/books/NBK66099/
https://doi.org/10.1093/aje/kwt077
https://doi.org/10.1128/jvi.68.5.2811-2821.1994
https://doi.org/10.1002/ijc.2910510527
https://doi.org/10.1002/(SICI)1096-9896(199909)189:1%3c12::AID-PATH431%3e3.0.CO;2-F
https://doi.org/10.1002/(SICI)1096-9896(199909)189:1%3c12::AID-PATH431%3e3.0.CO;2-F
https://doi.org/10.1016/s0029-7844(02)02581-4
https://doi.org/10.1136/sti.2006.023333
https://doi.org/10.1016/j.pec.2003.09.012
https://doi.org/10.1016/j.ypmed.2016.12.040

Bibliography

dual stain cytology in cervical cancer screening. Journal of the National Cancer Institute, 113(1), 72-
79. https://doi.org/10.1093/jnci/djaa066

Wentzensen, N., Massad, L. S., Mayeaux, E. J,, Jr., Khan, M. J.,, Waxman, A. G., Einstein, M. H., Conageski, C.,
Schiffman, M. H., Gold, M. A,, Apgar, B. S., Chelmow, D., Choma, K. K, Darragh, T. M., Gage, J. C,
Garcia, F. A. R, Guido, R. S., Jeronimo, J. A,, Liu, A., Mathews, C. A., ... Huh, W. K. (2017). Evidence-
based consensus recommendations for colposcopy practice for cervical cancer prevention in the
United States.  Journal  of Lower  Genital Tract  Disease,  21(4), 216-222.
https://doi.org/10.1097/1gt.0000000000000322

Wentzensen, N., Schiffman, M., Palmer, T., & Arbyn, M. (2016). Triage of HPV positive women in cervical
cancer screening. Journal of Clinical Virology, 76, S49-S55. https://doi.org/10.1016/}.jcv.2015.11.015

Wentzensen, N., Schwartz, L., Zuna, R. E., Smith, K., Mathews, C., Gold, M. A, Allen, R. A,, Zhang, R., Dunn,
S. T., Walker, J. L, & Schiffman, M. (2012). Performance of p16/Ki-67 immunostaining to detect
cervical cancer precursors in a colposcopy referral population. Clinical Cancer Research : An Official
Journal of the American  Association for Cancer Research, 18(15), 4154-4162.
https://doi.org/10.1158/1078-0432.Ccr-12-0270

Wentzensen, N., & Wacholder, S. (2013). From differences in means between cases and controls to risk
stratification: A business plan for biomarker development. Cancer Discovery, 3(2), 148-157.
https://doi.org/10.1158/2159-8290.CD-12-0196

Wentzensen, N., Walker, J., Smith, K, Gold, M. A,, Zuna, R, Massad, L. S., Liu, A, Silver, M. I, Dunn, S. T, &
Schiffman, M. (2018). A prospective study of risk-based colposcopy demonstrates improved
detection of cervical precancers. American Journal of Obstetrics & Gynecology, 218(6), 604.e601-
604.e608. https://doi.org/10.1016/j.aj0g.2018.02.009

Wentzensen, N., Walker, J. L, Gold, M. A,, Smith, K. M., Zuna, R. E,, Mathews, C., Dunn, S. T., Zhang, R,
Moxley, K., Bishop, E., Tenney, M., Nugent, E., Graubard, B. I, Wacholder, S., & Schiffman, M. (2015).
Multiple biopsies and detection of cervical cancer precursors at colposcopy. Journal of Clinical
Oncology : Official Journal of the American Society of Clinical Oncology, 33(1), 83-89.
https://doi.org/10.1200/JCO.2014.55.9948

WHO Classification of Tumours Editorial Board. (2020). Female genital tumours. In WHO classification of
tumours: Female genital tumours (5th ed.). International Agency for Research on Cancer.

Winer, R. L, Lee, S. K, Hughes, J. P, Adam, D. E, Kiviat, N. B, & Koutsky, L. A. (2003). Genital human
papillomavirus infection: Incidence and risk factors in a cohort of female university students.
American Journal of Epidemiology, 157(3), 218-226. https://doi.org/10.1093/aje/kwf180

Wittenborn, J., Wagels, L., Kupec, T, Iborra, S., Najjari, L., & Stickeler, E. (2022). Anxiety in women referred
for colposcopy: A prospective observational study. Archives of Gynecology and Obstetrics, 305(3),
625-630. https://doi.org/10.1007/s00404-021-06337-8

125


https://doi.org/10.1093/jnci/djaa066
https://doi.org/10.1097/lgt.0000000000000322
https://doi.org/10.1016/j.jcv.2015.11.015
https://doi.org/10.1158/1078-0432.Ccr-12-0270
https://doi.org/10.1158/2159-8290.CD-12-0196
https://doi.org/10.1016/j.ajog.2018.02.009
https://doi.org/10.1200/JCO.2014.55.9948
https://doi.org/10.1093/aje/kwf180
https://doi.org/10.1007/s00404-021-06337-8

Bibliography

Woodman, C. B, Collins, S., Winter, H., Bailey, A, Ellis, J., Prior, P., Yates, M., Rollason, T. P., & Young, L. S.
(2001). Natural history of cervical human papillomavirus infection in young women: A longitudinal
cohort study. Lancet, 357(9271), 1831-1836. https://doi.org/10.1016/50140-6736(00)04956-4

World Health Organization. (2014). Comprehensive cervical cancer control: A quide to essential practice
(second edition). WHO Press. http://www.who.int/reproductivehealth/publications/cancers/cervical-
cancer-guide/en

World Health Organization. (2020). Global strategy to accelerate the elimination of cervical cancer as a public
health problem (CC BY-NC-SA 30 IGO). 9789240014107).
https://www.who.int/publications/i/item/9789240014107

World Health Organization. (2021). WHO guideline for screening and treatment of cervical pre-cancer lesions
for cervical cancer prevention, second edition.
https://www.who.int/publications/i/item/9789240030824

World Health Organization. (2022). Human papillomavirus vaccines: WHO position paper (Weekly
Epidemiological Record No 50). https://www.who.int/publications/i/item/who-wer9750-645-672

Wright, J. D, Chen, L, Tergas, A. |, Melamed, A, St. Clair, C. M., Hou, J. Y., Khoury-Collado, F., Gockley, A.,
Accordino, M., & Hershman, D. L. (2021). Overuse of cervical cancer screening tests among women
with average risk in the United States from 2013 to 2014. JAMA Network Open, 4(4), e218373-
e218373. https://doi.org/10.1001/jamanetworkopen.2021.8373

Wright, T., Huang, J., Baker, E., Garfield, S., Hertz, D., & Cox, J. T. (2016). The budget impact of cervical cancer
screening using HPV primary screening. The American Journal of Managed Care, 22(3), €95-e105.

Wright, T. C., Stoler, M. H., Behrens, C. M., Sharma, A, Zhang, G., & Wright, T. L. (2015). Primary cervical
cancer screening with human papillomavirus: End of study results from the ATHENA study using
HPV —as the first-line screening test.  Gynecologic ~ Oncology, 136(2), 189-197.
https://doi.org/10.1016/.ygyno.2014.11.076

Xhaja, A, Ahr, A, Zeiser, |., & lkenberg, H. (2022). Zwei Jahre Co-Testung Zytologie und HPV in Deutschland:
erste Erfahrungen [Two years of cytology and HPV co-testing in Germany: Initial experience].
Geburtshilfe und Frauenheilkunde, 82(12), 1378-1386. https://doi.org/10.1055/a-1886-3311

Xi, L. F., Schiffman, M., Koutsky, L. A., Hughes, J. P, Hulbert, A, Shen, Z., Galloway, D. A., & Kiviat, N. B. (2016).
Variant-specific persistence of infections with human papillomavirus types 31, 33, 45, 56 and 58 and
risk of cervical intraepithelial neoplasia. International Journal of Cancer, 139(5), 1098-1105.
https://doi.org/10.1002/ijc.30164

Yassin, A. S., Howell, R. J., & Nysenbaum, A. M. (2002). Investigating non-attendance at colposcopy clinic.
Journal of Obstetrics and Gynaecology : The Journal of the Institute of Obstetrics and Gynaecology,
22(1), 79-80. https://doi.org/10.1080/01443610120101790

126


https://doi.org/10.1016/S0140-6736(00)04956-4
http://www.who.int/reproductivehealth/publications/cancers/cervical-cancer-guide/en/
http://www.who.int/reproductivehealth/publications/cancers/cervical-cancer-guide/en/
https://www.who.int/publications/i/item/9789240014107
https://www.who.int/publications/i/item/9789240030824
https://www.who.int/publications/i/item/who-wer9750-645-672
https://doi.org/10.1001/jamanetworkopen.2021.8373
https://doi.org/10.1016/j.ygyno.2014.11.076
https://doi.org/10.1055/a-1886-3311
https://doi.org/10.1002/ijc.30164
https://doi.org/10.1080/01443610120101790

Bibliography

Zeissig, S. R, Radde, K., Kaiser, M., Blettner, M., & Klug, S. J. (2014). Quality assurance in an epidemiological
cohort study: On-site monitoring in gynaecological practices. Zeitschrift fur Evidenz, Fortbildung und
Qualitat im Gesundheitswesen, 108(8), 517-527. https://doi.org/10.1016/}.zefq.2014.08.001

Zhang, X., Zeng, Q. Cai, W., & Ruan, W. (2021). Trends of cervical cancer at global, regional, and national
level: Data from the Global Burden of Disease study 2019. BMC Public Health, 21(1), 894.
https://doi.org/10.1186/512889-021-10907-5

Zhao, C., Amin, M., Weng, B., Chen, X., Kanbour-Shakir, A, & Austin, R. M. (2013). Cytology and human
papillomavirus screening test results associated with 2827 histopathologic diagnoses of cervical
intraepithelial neoplasia 2/3. Archives of Pathology & Laboratory Medicine, 137(7), 942-947.
https://doi.org/10.5858/arpa.2012-0307-0OA

Zhou, J., & Frazer, . H. (1991). Papillomavirus vaccine (Australia Patent No. AUPK7322971).

Zhou, J., Sun, X. Y., Stenzel, D. J., & Frazer, I. H. (1991). Expression of vaccinia recombinant HPV 16 L1 and L2
ORF proteins in epithelial cells is sufficient for assembly of HPV virion-like particles. Virology, 185(1),
251-257. https://doi.org/10.1016/0042-6822(91)90772-4

zur Hausen, H. (1977). Human papillomaviruses and their possible role in squamous cell carcinomas. Current
Topics in Microbiology and Immunology, 78, 1-30. https://doi.org/10.1007/978-3-642-66800-5 1

zur Hausen, H. (2002). Papillomaviruses and cancer: From basic studies to clinical application. Nature Reviews.
Cancer, 2, 342. https://doi.org/10.1038/nrc/798

zur Hausen, H., Meinhof, W., Scheiber, W., & Bornkamm, G. W. (1974). Attempts to detect virus-specific DNA
in human tumors. I. Nucleic acid hybridizations with complementary RNA of human wart virus.
International Journal of Cancer, 13(5), 650-656. https://doi.org/10.1002/ijc.2910130509

127


https://doi.org/10.1016/j.zefq.2014.08.001
https://doi.org/10.1186/s12889-021-10907-5
https://doi.org/10.5858/arpa.2012-0307-OA
https://doi.org/10.1016/0042-6822(91)90772-4
https://doi.org/10.1007/978-3-642-66800-5_1
https://doi.org/10.1038/nrc798
https://doi.org/10.1002/ijc.2910130509

Appendix



Appendix

Reprint permission and full-text of Study 1

Publisher permission from the American Association for Cancer Research (AACR) Journal: Cancer

Epidemiology, Biomarkers & Prevention

Article Reuse by Authors

Authors of articles published under standard copyright in AACR journals are permitted to use their
article or parts of their article in the following ways without requesting permission from the AACR. All
such uses must include appropriate attribution to the original AACR publication. Authors may do the

following as applicable:

1. Reproduce parts of their article, including figures and tables, in books, reviews, or subsequent
research articles they write;

2. Use parts of their article in presentations, including figures downloaded into PowerPoint, which
can be done directly from the journal's website;

3. Post the accepted version of their article (after revisions resulting from peer review, but before
editing and formatting) on their institutional website, if this is required by their institution. The
version on the institutional repository must contain a link to the final, published version of the
article on the AACR journal website so that any subsequent corrections to the published record
will continue to be available to the broadest readership. The posted version may be released
publicly (made open to anyone) 12 months after its publication in the journal;

4. Submit a copy of the article to a doctoral candidate's university in support of a doctoral thesis

or dissertation.

Article Reuse by Others

Third parties or individuals who are seeking permission to copy, reproduce, or republish content from
an AACR journal and who are not the author of that content may use the Copyright Clearance Center's
Rightslink® service to request permission to reuse identified content. Please see Third Party Permission

and Reprints for detailed instructions on how to submit a request.



CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION | RESEARCH ARTICLE

Cervical Cancer Screening: Comparison of Conventional
Pap Smear Test, Liquid-Based Cytology, and Human

®

Check for
updates

Papillomavirus Testing as Stand-alone or Cotesting

Strategies

Linda A. Liang', Thomas Einzmann?, Arno Franzen®, Katja Schwarzer, Gunther Schauberger',
Dirk Schriefer"®, Kathrin Radde', Sylke R. Zeissig®, Hans Ikenberg’, Chris J.L.M. Meijer®,
Charles J. Kirkpatrick®, Heinz Kélbl'®, Maria Blettner", and Stefanie J. Klug'

Background: Some countries have implemented stand-alone
human papillomavirus (HPV) testing while others consider cotest-
ing for cervical cancer screening. We compared both strategies
within a population-based study.

Methods: The MARZY cohort study was conducted in Germany.
Randomly selected women from population registries aged >30 years
(n = 5,275) were invited to screening with Pap smear, liquid-based
cytology (LBC, ThinPrep), and HPV testing (Hybrid Capture2, HC2).
Screen-positive participants [ASC-US+ or high-risk HC2 (hrHC2)]
and a random 5% sample of screen-negatives were referred to
colposcopy. Post hoc HPV genotyping was conducted by GP5+/6+
PCR-EIA with reverse line blotting. Sensitivity, specificity (adjusted for
verification bias), and potential harms, including number of colpos-
copies needed to detect 1 precancerous lesion (NNC), were calculated.

Results: In 2,627 screened women, cytological sensitivities
(Pap, LBC: 47%) were lower than HC2 (95%) and PCR (79%)

Introduction

With the implementation of cytologic Papanicolaou (Pap) smear as
a detection method for cervical cell abnormality since the 1960s, overall
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for CIN2+. Cotesting demonstrated higher sensitivities (HC2
cotesting: 99%; PCR cotesting: 84%), but at the cost of lower
specificities (92%-95%) compared with HPV stand-alone (HC2:
95%; PCR: 94%) and cytology (97% or 99%). Cotesting versus
HPV stand-alone showed equivalent relative sensitivity [HC2:
1.06, 95% confidence interval (CI), 1.00-1.21; PCR: 1.07, 95% CI,
1.00-1.27]. Relative specificity of Pap cotesting with either HPV
test was inferior to stand-alone HPV. LBC cotesting demonstrat-
ed equivalent specificity (both tests: 0.99, 95% CI, 0.99-1.00).
NNC was highest for Pap cotesting.

Conclusions: Cotesting offers no benefit in detection over stand-
alone HPV testing, resulting in more false positive results and
colposcopy referrals.

Impact: HPV stand-alone screening offers a better balance of
benefits and harms than cotesting.

See related commentary by Wentzensen and Clarke, p. 432

cervical cancer incidence and mortality rates in high income countries
have fallen drastically (1). Lately however, incidence rates have
remained stagnant in many of these settings (1, 2). Despite its
successes, screening with cytology is resource-intensive and prone to
poor reproducibility with a widely ranging sensitivity of 43% to 96%,
even in high-resource countries such as Germany (3). In addition, since
the discovery of the causative agent human papillomavirus (HPV) in
almost all cervical cancers, prophylactic vaccines that target HPV types
attributable in up to 90% of cervical cancers have been developed (4).
Consequently, as HPV-vaccinated cohorts move toward screening
eligibility, accuracy of cytology will be even further compromised
because of the significant reduction in precancerous and cancerous
lesions (5). Therefore, more objective detection methods are needed.
Molecular testing for HPV DNA has recently appeared as an
alternative screening method, offering greater reproducibility and
high-throughput benefits. These advantages led to U.S. FDA approval
of HPV testing as an adjunct to cytology (reflex testing) or as a
concomitant test (cotest). Since then, pooled studies and meta-
analyses of several randomized controlled trials and observational
studies have demonstrated superior detection of HPV-based screening
(both stand-alone and cotesting) in comparison with cytology (3, 6, 7).
These findings coupled with results from the ATHENA trial prompted
regulatory approval of HPV testing as a stand-alone screening strategy
in 2014 (8). As a result, stand-alone HPV testing has become the
preferred strategy over cytology in European and U.S. guidelines
among others (9, 10). In the Netherlands, cytology has already been
replaced by stand-alone HPV testing at 5-year intervals (11).
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There are still, however, several concerns of stand-alone HPV
screening regarding lowered specificity, safety of extended screening
intervals, testing in women under 30 years of age, and observations of
HPV test-negative carcinomas (12, 13). These concerns have been
frequently used to advocate cotesting over stand-alone HPV screening
and have even bolstered cotesting as a screening modality alongside
HPV testing and triennial cytology in the United States (10). While a
large robust body of evidence supports HPV-based screening, there is
an ongoing debate around cotesting versus stand-alone HPV test-
ing (14). Few studies have compared accuracy of the two strate-
gies (6, 15, 16), with some observing minor differences in detection,
albeit based on retrospective analyses (17, 18). Moreover, separate
comparisons between HPV testing and Pap or liquid-based cytology
(LBC) are lacking, and few have compared Pap to LBC-based cotest-
ing (19, 20). To our knowledge, no study has directly compared both
Pap and LBC as cotesting strategies to stand-alone HPV testing with
two standard HPV comparators. Findings from such analyses provide
necessary evidence on optimal screening strategies, especially for
countries considering HPV-based screening, such as Germany, which
has implemented an organized screening program with cotesting only
in 2020 (21). Therefore, in a large population-based sample of women
within an opportunistic screening setting, we compared absolute and
relative clinical test accuracy of stand-alone and cotesting strategies
with conventional Pap, LBC, and two HPV tests.

Materials and Methods

Data stem from MARZY, a randomized prospective cohort study
with a population-based sample of women eligible for cervical cancer
screening in Germany between 2005 and 2012. Details on recruitment
and intervention have been published in detail elsewhere (22). Briefly
described, a random sample of 9,383 women selected from population
registries were randomized into two intervention arms (sole invitation
to screening, invitation with information brochure) and a no-
invitation control arm to observe differences in screening attendance.
At baseline, women randomized to both intervention arms (n = 5,275;
eligible = 3,759) were invited to undergo screening with a conventional
Pap smear, a LBC study swab, and HPV testing (Fig. 1). These analyses
focus on baseline-screened participants between 2005 and 2007
(n = 2,627).

Participants

Inclusion criteria were women 30 years or older and residing within
the urban and rural region of Mainz and Mainz-Bingen, Germany.
Women with any previous cervical cancer diagnoses, hysterectomy, or
pregnancy at baseline were excluded. To preserve real-world screening,
all gynecological practices and general practitioners conducting routine
cervical cancer screening within the study region or who were elected by
participants outside the study region were contacted to cooperate (n =
121) and closely monitored for quality assurance (23). Participants
provided written informed consent before undergoing screening.

Cytology

In line with the standard practice, gynecologists first obtained a
conventional Pap smear and sent the specimen fixed onto a glass slide
to their routine laboratory for assessment. Diagnostic results were
relayed back to the study team. A second cytologic study swab was
obtained using an Ayres spatula and endocervical broom or cytobrush
when the transformation zone was not visible. The cells of this
specimen were directly suspended in a vial containing 20 mL of
PreservCyt Liquid Solution (ThinPrep, Cytyc/Hologic) and sent to
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a centralized laboratory (CytoMol, Frankfurt, Germany) routinely
conducting LBC assessment.

Cytologic findings at baseline were based on the Munich II Nomen-
clature, which was used prior to Munich III, the current classification
system in Germany (24). As up to 10% of moderate cervical intrae-
pithelial neoplasia (CIN2) and 4% of severely dysplastic CIN3 are
detected in equivocal cytology (25), all women with atypical squamous
cells of undetermined significance or worse (ASC-US+) were referred
to colposcopy. In German nomenclature, Pap IIw is an unofficial
category widely used to denote equivocal results and is considered
equivalent to ASC-US (24) from the International Bethesda Classifi-
cation for Cytology (2014) (26). Pap IIID is equivalent to low-grade
intraepithelial lesions, LSIL, and was also assessed for comparison.

HPV DNA testing

Remaining PreservCyt solution was directly used for HPV DNA
detection by Hybrid Capture2 (HC2, Qiagen), detecting 13 high-risk
HPV types (hrHPV: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68).
Detection of hrHPV was set at the manufacturer recommended cut-off
ratio of 1.0 relative light units (RLU). In addition to HC2, we analyzed
the accuracy of another standard HPV comparator. All available
PreservCyt solution samples were processed post hoc using GP5+/
6+ PCR with enzyme immunoassay (EIA) probes targeting 14 hr HPV
types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68) and low-risk
types [6, 11,26, 30, 32, 34, 40, 42, 43,44, 53, 54, 55, 57,61, 64, 67,69, 70,
71,72,73, 81, 82 (variants mm4 and is39), 83, 84, 85, 86, 89 (formerly
cp6108), 90 (formerly jc9710)]. GP5+/6+ PCR-EIA-positive samples
were typed and classified by reverse line dot blot hybridization
performed at the Department of Pathology, Amsterdam UMC location
VU Medical Center, the Netherlands. PCR results were not used to
refer women to colposcopy as these were processed post hoc. HrHPV
types were based on IARC 2012 classifications of probably carcino-
genic and cervical carcinogens thus HPV 66 was not analyzed as high-
risk (27).

Colposcopy and histology

Women were considered screen-positive if either cytology was
ASC-US+ or HC2 was positive (hrHC2) and subsequently referred
to colposcopy, conducted centrally by certified study colposcopists
(Department of Obstetrics and Gynecology, Mainz University Hos-
pital, Mainz, Germany). Screen-positive women who did not arrange a
colposcopy appointment within 2 months were contacted and encour-
aged to attend. If unable or unwilling, participants were further
interviewed on reasons for non-attendance. Screen-negative was
defined as both cytology (negative for intraepithelial lesion or malig-
nancy, NILM) and HC2 negative. PCR results were not considered for
colposcopy referral, as this test was only conducted post hoc. A random
sample (5%) of all screen-negative women was also invited to colpos-
copy (Fig. 1).

Colposcopic examinations were conducted in accordance to 2002
International Federation of Cervical Pathology and Colposcopy
(IFCPC) guidelines (28) with 5% acetic acid application first followed
by Lugol’s iodine solution. Participants with macroscopically visible
lesions (abnormal colposcopic findings, colposcopic features sugges-
tive of invasive cancer) underwent punch biopsy with multiple samples
obtained for multiple acetowhitened lesions. Endocervical curettage
was conducted if the transformation zone was obscured. Colposcopists
were additionally instructed to take two biopsies from participants
without visible lesions at the 12 and 6 o’ clock regions of the cervix. All
biopsies were assessed centrally by an experienced histopathologist.
To maintain quality assurance, all histopathologic samples were
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Figure 1.

Flow chart of study design and end results. LBC, liquid-based cytology; HC2, Hybrid Capture2 HPV test; hrHC2, high-risk HC2 type; ASC-US+, atypical squamous cells

of undetermined significance or worse; NILM, negative for intraepithelial lesion or

malignancy; * excluded due to hysterectomy, pregnancy, or history of cervical

cancer; ** no sample obtained; *** external histopathology results reported within 1 year of study swab.

independently reviewed by a second histopathologist. A third histo-
pathologist was called upon to settle discrepancies. The final agreed
upon result was used for evaluation. In addition, external information
regarding colposcopy and histopathology conducted outside the study
during the study period were traced. Results reported within 1 year of
the study swab were included. This active tracing of information was
necessary due to the lack of centralized data registration of precan-
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cerous lesions in Germany and an opportunistic screening system.
Women with suspected lesions at colposcopy or histopathologic
lesions were managed as per local protocols for standard care.

Statistical analyses

The a priori sample size estimation for MARZY was based on the
primary outcome assuming 5% increase in participation rate
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between randomized arms described elsewhere (22). The endpoints
of interest for screening purposes were CIN2 or worse (CIN2+) and
CIN3 or worse (CIN3+). Absolute sensitivity, specificity, and
positive predictive values (PPV) were calculated. We calculated the
complement of the negative predictive value (cNPV) to show the
risk of CIN2+ or CIN3+ among screen-negative women (1-NPV).
Although a random 5% sample of screen-negatives were invited to
colposcopy, partial verification bias could still lead to an overesti-
mation of sensitivity and an underestimation of specificity. There-
fore, we adjusted all test accuracy estimates based on the probability
to be followed-up for verification via the following sampling frac-
tions (formula previously described in ref. 29: negative (0.04),
cytology positive only (ASC-US+; 0.44), and hrHC2 (0.46). The
inverse of these probabilities was applied as a weight to participants
in their assigned strata (negative: 24.39, ASC-US+: 2.27, hrHC2:
2.17). As PCR test results did not influence test status nor strata
allocation (processed post hoc), verification adjustment is equally
appropriate for post hoc test results. Confidence intervals (CI) were
obtained using bootstrap resampling methods (n = 1,000) at the
lower 2.5% and upper 97.5% quantiles (30). To avoid problems with
proportion calculations, we added 0.5 to each 2 x 2 contingency cell
for HC2 cotesting and all PCR-based strategies (Haldane correction;
ref. 31).

Comparisons of stand-alone sensitivity and specificity were con-
ducted using McNemar’s paired sample test, stratified by verified
disease status. Positive and negative likelihood ratios (PLR, NLR)
were calculated to compare cotesting strategies with stand-alone
components. Relative sensitivity and specificity were calculated to
directly compare all strategies, defined as the ratios of sensitivity and
specificity between tests (no Haldane correction). ClIs for crude ratios
were based on Wald for paired data and adjusted ratios were based on
bootstrap resampling.

For potential harms, we calculated false positive and negative
rates (FPR: 1-specificity, FNR: 1-sensitivity) and the number of
women needed to undergo colposcopy to detect one CIN2+ or
CIN3+4- case (NNC: 1/PPV) per test strategy. In sensitivity analyses,
we calculated accuracy for women aged =35 years and of within-
study collected biopsies (i.e., excluding external findings). HC2 test
accuracy at higher viral load cutoffs at 2.0, 3.0, and 10.0 RLU were
also conducted to determine specificity. All analyses were con-
ducted using SAS 9.4 (SAS Institute). We complied with the STARD
guidelines for reporting and followed Good Epidemiological Prac-
tice guidelines. The MARZY study was approved by the ethical
committee of the state of Rhineland-Palatinate and the state gov-
ernment data protection office.

Ethics approval and consent to participate

All participants provided signed informed consent to the study.
The MARZY study was approved by the ethical committee of
the state of Rhineland-Palatinate [Landesarztekammer Rheinland-
Pfalz: 837.438.03 (4100)] and the state government data protection
office. All recruitment, data collection, and analyses were performed in
accordance to Good Epidemiological Practice guidelines and the
Declaration of Helsinki.

Consent for publication
Not applicable.

Data availability statement

Anonymized data that support the findings of this study may be
available from the corresponding author upon reasonable request.
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Results

Of the 5,275 women invited for screening within MARZY arms A
and B, 2,627 (49.8%) were screened (Fig. 1). Mean age was 47.09 years
(SD = 9.97; range 30-68 years). In women aged 30-39 years, 27%
attended screening while only 15% of >60-year-old women attended.
Approximately 9% of all participants either reported to have never
undergone screening or did not attend screening at the recommended
interval nor within a 5-year period (Supplementary Table S1 shows
characteristics).

Pap and LBC detected 69 (2.7%) and 47 (1.8%) equivocal or worse
cytology (ASC-US+), respectively, while HC2 and PCR detected 165
(6.3%) and 165 (6.6%) hrHPV, respectively. Among the 2,627 screened
(Fig. 1), 228 (8.7%) were screen-positive where 63 (2.4%) were
ASC-US+ only, 130 (5.0%) were hrHC2 only, and 35 (1.3%) were
both ASC-US+ and hrHC2. Six women were not referred to colpos-
copy for reasons including planned hysterectomy elsewhere. Of 222
remaining screen-positives, despite active callback, 145 (65.3%) under-
went colposcopy at the study center. Of all 2,393 screen-negatives,
142 (5.9%) attended study colposcopy (attendance rate, 142/398 =
35.7%). Colposcopies were conducted on average 4.9 months after
screening (SD = 4.9), 6.0 months among screen-positives (SD = 6.4)
and 3.7 months among screen-negatives (SD = 1.9).

Of the 203 histopathologic results (190 from study colposcopy:
range of biopsies taken 1-5; 13 from externally conducted colposco-
pies), 3 squamous cell carcinomas (SCC; 1.5%), 7 high-grade (CIN3;
3.5%), 9 moderate-grade (CIN2; 4.4%), and 7 mild lesions (CINI;
3.5%) were reported (Fig. 1). No adenocarcinomas or glandular lesions
were detected (Supplementary Table S2). All CIN2+4 were HPV
positive (Supplementary Table S3).

Absolute test accuracy

Estimates adjusted for verification bias for ASC-US+ are presented
in Table 1 (crude estimates: Supplementary Tables S4 and S5) and are
based on 41 CIN2+ and 22 CIN3+ hypothetical lesions after adjust-
ment. HC2 presented the highest sensitivities (cotesting 98.82%, stand-
alone 94.56%) with HC2 stand-alone significantly more sensitive than
either cytology (Pap and LBC both 47.47%; P < 0.0001). Specificity of
HC2 stand-alone (95.12%) was significantly lower than cytology (Pap
97.48%; LBC 98.64%; P < 0.0001). Contrasting to stand-alone, cotest-
ing specificity was reduced (Pap/HC2 93.09%; LBC/HC2 94.58%). For
CIN3+, sensitivity of both Pap and LBC stand-alone was 70.11% and
89.67% for HC2 stand-alone. Specificities were similar to CIN2+.

With PCR, high sensitivities were also observed for CIN2+ (both
cotests 84.24%, stand-alone 78.99%) and stand-alone was significantly
higher than cytology (P < 0.01). PCR cotesting conferred the lowest
specificities (Pap/PCR 92.21%; LBC/PCR 93.73%) increasing to
94.25% stand-alone, but significantly lower than cytology (P <
0.0001). For CIN3+, PCR presented the highest sensitivity
(97.81%) but specificities were lower than cytology.

PPVs also indicated higher probability of disease by cytology,
particularly with LBC, than HPV-based screening. However, for
CIN2+ lesions, HC2-based strategies revealed similar PPV to Pap.
cNPVs revealed greater safety against CIN2+ among screen-negatives
with HPV-based strategies, particularly HC2 cotesting (<0.1%). Safety
against CIN24- was lowest with cytology only (~0.86%).

For LSIL+, sensitivities of cytology were lower (Table 2). LBC and
HC2 cotesting conferred lower sensitivity than Pap and HC2 cotesting,
but the former showed identical sensitivity as HC2 stand-alone. LBC
and HC2 cotesting performed similarly to Pap and HC2 cotesting in
terms of specificity and PPV. Sensitivity for stand-alone PCR for
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CIN2+ was lower than PCR cotesting sensitivities, but for CIN3+ no
differences were observed.

Relative test accuracy

In Fig. 2, the relative sensitivity and specificity for CIN2+ conferred
similar estimates for crude and verification bias-adjusted calculations,
but specificities appear under or overestimated (from unity) when
potential verification bias is not accounted for. When compared with
either cytology (Fig. 2A), HC2 stand-alone [1.99, 95% CI, 1.30-4.00]
and both respective cotesting strategies detected twice as many CIN2+
lesions (Pap/HC2 2.11, 95% CI, 1.43-4.04; LBC/HC2 2.11, 95% CI,
1.39-4.01). Cotesting did not detect more CIN2+ compared with
HC2 stand-alone (Pap and LBC 1.06, 95% CI, 1.00-1.21). Similar
results were also observed among PCR strategies (Fig. 2C), however
sensitivity estimates were reduced (PCR stand-alone 1.66; PCR
cotesting 1.77).

A HC2 for CIN2+

Test comparisons Relative sensitivity 95% CI
LBC vs. Pap

Crude —— 1.00 0.56-1.44

Adjusted e 1.00 0.61-1.60
HC2 vs. Pap

Crude —_—— 2.00 1.49-2.51

Adjusted 1.99 1.30-4.00
HC2vs. LBC

Crude ——— 2.00 1.49-2.51

Adjusted —_————————— 1.99 1.26-3.83
Pap/HC2 vs. Pap

Crude — 211 1.64-2.59

Adjusted _—————— 211 1.43-4.04
LBC/HC2 vs. LBC

Crude —— 2.1 1.64-2.59

Adjusted — S——————— 21 1.39-4.01
Pap/HC2 vs. HC2

Crude s 1.08 0.95-1.16

Adjusted - 1.06 1.00-1.21
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Figure 2.

Specificity of HC2 stand-alone (Fig. 2B) was significantly lower
than cytology (Pap 0.98, 95% CI, 0.97-0.98; LBC 0.96, 95% CI, 0.96-
0.97) and similar findings were observed for PCR stand-alone
versus cytology (Fig. 2D). Pap cotesting was significantly less
specific than HPV stand-alone while LBC cotesting presented no
significant difference in detection compared with either HPV test
stand-alone. For CIN3+, relative sensitivities were not statistically
significant due to the low number of CIN3+ (n = 10). These relative
specificities appeared similar to the CIN2+ cutoff (Supplementary
Fig. S1).

Potential harms

For CIN2+, the highest FPRs were observed with HPV testing
(Table 3), particularly cotesting strategies (6.27%-7.79%) with
the exception of HC2 cotesting (5.42%). HC2 and PCR stand-
alone demonstrated moderate FPRs (4.88%-5.75%), followed by
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Adjusted —h— 0.96 0.91-0.99
Pap/PCR vs. Pap
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Adjusted —h— 0.95 0.90-0.98
LBC/PCR vs. LBC

Crude —— 0.90 0.85-0.95
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T T
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Relative sensitivity and specificity of tests comparing both crude and adjusted estimates for CIN2 or worse at ASC-US+. A, Relative sensitivity for HC2. B, Relative
specificity for HC2. C, Relative sensitivity for PCR. D, Relative specificity for PCR. Crude Cls based on Wald for paired data and adjusted Cls based on bootstrap
resampling (n =1,000); CIN2+, moderate cervical intraepithelial neoplasia or worse; Pap, conventional Pap smear; LBC, liquid-based cytology; HC2, Hybrid Capture2

HPV test; PCR, GP5+/6+ HPV PCR test.
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Table 3. False positives, false negatives, and number needed to colposcopy at all cytology and precancerous lesion cutoffs.

Endpoint Test

ASC-US+

LSIL-+

False positive rate %

(95% CI)®

False negative rate %

(95% CIy?

False positive rate %

(95% CIy?

False negative rate %

(95% CI)®

NNC
1/PPV (95% CI)*

0.60 (0.18-1.12)
0.93 (0.41-1.57)
4.88 (3.58-6.45)
5.75(2.43-9.70)
5.16 (3.85-7.05)
5.05 (3.73-6.63)
6.1 (2.58-9.94)
5.93 (2.65-9.80)

57.78 (35.58-81.07)
63.23 (41.84-83.38)
5.44 (0.0-17.35)
21.01(4.77-42.60)
1.18 (0.84-1.89)
5.44 (0.0-17.35)
15.76 (0.0-35.71)
15.76 (0.0-35.71)

4.30 (2.80-8.81)
2.79 (1.82-5.63)

4.22 (3.00-7.10)
5.50 (2.78-10.81)
5.30 (3.72-8.62)
4.37 (3.07-7.10)

6.70 (3.85-12.82)
5.60 (2.97-1.04)

CIN2+ Pap 2.52 (1.59-3.56) 52.53 (31.74-75.00)
LBC 1.36 (0.74-2.11) 52.53 (29.89-75.00)
HC2 4.88 (3.58-6.45) 5.44 (0.0-17.35)
PCR 5.75(2.43-9.70) 21.01 (5.56-44.22)
Pap/HC2 6.91(5.23-9.22) 1.18 (0.84-1.89)
LBC/HC2  5.42 (4.03-7.06) 118 (0.84-1.89)
Pap/PCR 7.79 (4.23-11.60) 15.76 (0.0-35.71)
LBC/PCR  6.27 (2.99-10.25) 15.76 (0.0-35.71)

CIN3-+ Pap 2.66 (1.73-3.76) 29.89 (0.0-63.04)
LBC 1.52 (0.89-2.36) 29.89 (0.0-62.08)
HC2 5.59 (4.24-7.34) 10.33 (0.0-35.15)
PCR 6.15 (2.88-10.05) 219 (1.38-4.43)
Pap/HC2 7.61(5.85-9.89) 219 (1.38-4.43)
LBC/HC2  6.13 (4.68-7.87) 219 (1.38-4.43)
Pap/PCR 8.25 (4.72-12.28) 219 (1.38-4.43)
LBC/PCR  6.75 (3.47-10.69) 219 (1.38-4.43)

0.76 (0.30-1.33)
1.01 (0.50-1.66)
5.59 (4.24-7.34)
6.15 (2.88-10.05)
5.88 (4.46-7.77)
5.77 (4.39-7.53)
6.59 (3.05-10.49)
6.41(3.10-10.32)

39.86 (12.44-83.33)
40.22 (13.91-77.87)
10.33 (0.0-35.15)
2.19 (1.38-4.43)
219 (1.38-4.43)
10.33 (0.0-35.15)
219 (1.38-4.43)
219 (1.38-4.43)

5.52 (3.42-14.85)
3.59 (2.21-8.69)
8.44 (5.20-20.00)
8.24 (3.91-19.59)
10.05 (6.26-21.42)
8.30 (5.19-17.39)
10.71 (5.76-24.67)
8.95 (4.51-20.79)

Note: ASC-US+ = Atypical squamous cells of undetermined significance or worse.

LSIL+ = Low-grade squamous intraepithelial lesion or worse.

False positive rate = Proportion of index test positives among biopsy verified normal results (1-specificity).

False negative rate = Proportion of index test negatives among biopsy verified abnormal results i.e., CIN present (I-sensitivity).

NNC = Number of women needed to undergo colposcopy to detect 1 precancerous lesion with ASC-US+.

Abbreviations: HC2, Hybrid Capture2 HPV test; LBC, liquid-based cytology; Pap, conventional Pap smear; PCR, GP5+/6+ HPV PCR test.

295% Cl based on bootstrap resampling (n = 1,000 resamples).

Pap (2.52%) and LBC (1.36%). For CIN3+ lesions a similar
pattern was observed. Conversely, FNRs were lowest among HC2
strategies but for CIN3+, PCR-based strategies and HC2 cotest-
ing were identical. The number of women needed to undergo
colposcopy to detect one CIN2+ was highest under Pap and
PCR cotesting (6.70) followed by other cotesting strategies and
HPV stand-alone (HC2 4.22, PCR 5.50; Table 3). For CIN3+ a
larger difference between Pap and LBC cotesting was observed,
and had greater colposcopy referrals than HPV stand-alone and

cytology.

Sensitivity analyses

For women >35 years, test accuracy increased for CIN2+
(Supplementary Table S6), namely sensitivity of cytology stand-
alone (up to 56.35% for Pap and LBC with ASC-US+ and 50.11%
for Pap, 43.65% for LBC with LSIL+). Accuracy based on the 190
within-study histopathology results yielded similar estimates (Sup-
plementary Table S7). After increasing the RLU cutoff of HC2
testing to 2.0, 3.0, and 10.0, further gains in specificity and PPV
were observed (Supplementary Table S8). However, sensitivity was
further reduced. These patterns were similar for both HC2 cotest-
ing strategies. At all RLU cutoffs, NPV remained very similar,
decreasing slightly with increasing RLU. Screening women >30 and
>35 years of age revealed similar adjusted FPRs (Supplementary
Figs. S2 and S3). All HPV-based strategies incurred more false
positives; however, this was more pronounced among cotesting
strategies.

We observed 94 discordant HPV results with genotyping informa-
tion. 82 (87.2%) were HC2 negative but high-risk PCR positive and the
most common detected types were HPV 16 (53.7%), 56 (12.2%), 45
(9.8%), and 18 (7.3%). All 12 PCR high-risk negative but hrHC2
positive were low-risk HPV types.

AACRJournals.org

Discussion

Few studies have compared stand-alone HPV test accuracy to
cotesting strategies (6, 15-17) and to our knowledge none have directly
compared the two most common cytology methods and standard HPV
comparators using these strategies. On the basis of a large population-
based sample of women above 30 years of age within an opportunistic
screening setting and notably poor quality in cytology (3), our results
demonstrated similar accuracy of stand-alone HPV testing and LBC
cotesting. In particular, sensitivity of any cotesting strategy was
equivalent to stand-alone HPV, and specificity of Pap cotesting was
significantly lower than stand-alone HPV. Between cotesting strate-
gies, LBC cotesting indicated some advantage over Pap cotesting where
specificity was equivalent to HPV stand-alone. Furthermore, false
positive test results and colposcopy referrals were highest with cotest-
ing, particularly Pap cotesting. These results are relevant for countries
that offer cotesting like Germany (32) and the United States (10), and
for many other countries globally that are yet to decide on HPV-based
screening.

We found neither cotesting strategies outperformed stand-alone
HC2 or PCR. Between cotests, LBC cotesting was more favorable over
Pap cotesting in terms of specificity and PPV. These findings corre-
spond to meta-analysis results of five large randomized trials, although
Pap and LBC-based cotesting were not assessed separately (6). In a
meta-analysis of observational studies, cotesting demonstrated mar-
ginally but significantly higher sensitivity and reduced specificity over
HPV testing for CIN2+; however, this was predominantly based on
Pap cotesting (15). Furthermore, the higher sensitivity of cotesting
could be due to the inconsistent use of the gold standard by some
individual studies leading to misclassification bias (15, 33). Although
these two studies indirectly compared test accuracy, that is, across
study populations or varying trial arms and are thus prone to biases,
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our results support the argument that cotesting, regardless of cytology
method, does not outperform stand-alone HPV screening in detection.

Current arguments for cotesting are based on retrospective results
from the United States, which have demonstrated marginally lower
cumulative incidence of CIN3+ under triennial cotesting compared
with HPV stand-alone (18). However, the translation of this margin-
ally lower risk by cotesting into real screening practice may not be
realized until many tens of thousands of women are screened (13),
particularly with opportunistic screening. Cotesting arguments are
also further undermined because this strategy leads to greater costs and
number of lifetime tests (34, 35). Up to an additional 400 colposcopy
referrals per 1,000 women could be expected when cotesting at
triennial intervals (34). This evidence highlights screening algorithm
complexities, greater costs, and potential harm for apparent minimal
gains in detection with cotesting.

On the other hand, positivity to HPV without adequate triage
may lead to an increase in colposcopies (36), which could result in
overtreatment (7). In our study, colposcopies needed to detect one
precancer were greatest under cotesting strategies (17). Between
cotests, Pap cotesting incurred a greater degree of harms than LBC
cotesting. The latter indicated similar but elevated potential harms
compared with stand-alone HPV testing. It is conceivable that
screening with other HPV tests detecting mRNA for example can
mitigate these costs and harms (37), but these technologies may
not be widely available and are not yet approved for stand-alone
screening. As we observed, increasing the cutoff of viral load
for HPV DNA detection might mitigate false positives, especially
if using HC2 (38). In addition, compared with cotesting with
triage, fewer colposcopies were needed when screening with HPV
16/18 genotyping and triage, further highlighting the benefit of
stand-alone HPV testing (16).

Although observational studies with opportunistic
ing (19, 29, 39) do not directly compare cotesting strategies to HPV
stand-alone (40-43), our study confirms observations that HPV
testing is superior to cytology in detection of precancerous lesions.
We observed low accuracy of cytology, particularly for ASC-US+.
However sensitivity was higher than previous reports in Germany
possibly due to biopsies of nonvisible lesions, but is still low compared
with other high-resource countries (3, 39, 44). This might explain why
our results were higher than relative sensitivity and specificity from
previous studies (3, 43). Possible reasons for poorer accuracy of Pap
include the continued use of dry cotton-tipped swabs in screening and
lack of standardized quality assurance with opportunistic screening (9).
Fewer inadequate samples and from-the-vial testing advantages of
LBC may also explain why LBC cotesting performed similarly to stand-
alone HPV testing (45). Furthermore, in the same screening context,
accuracy of LBC has been reported to be higher than Pap, likely due to
the poor quality of the latter (46).

Our results conferred lower HC2 sensitivity than previously
reported in Germany (39, 44), possibly because we recruited a random
population-based sample via population registries rather than women
already attending routine screening. In addition, our sample represents
older women. The reduced sensitivity of HC2 for CIN3+ compared
with CIN2+ is likely due to the low number of CIN3+ detected. In
addition, in our study, all CIN3+ were correctly identified by HC2
cotesting and PCR-based strategies, while one woman with invasive
cancer tested stand-alone HC2 negative (Supplementary Table S3).
HPV test results may differ possibly due to insufficient viral load,
differences in targeted regions of the HPV DNA or cross-reactivity to
TARC classified group 2b types (47). Nonetheless, discordance can be
avoided by stringent quality assurance and control (9). This is espe-

screen-
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cially important to note as Germany rolls out cotesting of women
235 years within an organized screening program, but specific details
onapproved tests are yet to be defined (21), despite existing criteria and
recommendations (48).

Limitations

We report cross-sectional results. Longitudinal outcomes such as
cumulative risk incidence among screen-negative women are needed
to determine the interval of protection. Nevertheless, we were able to
make direct comparisons of distinct cytologic and HPV test strategies
within the same study population, which have previously not been
reported. Second, despite active reminders for colposcopy, attendance
was less than optimal among screen-positives (65.3%) and negatives
(35.7%). Historically, follow-up colposcopies in Germany were rather
uncommon and the lack of a centralized screening register complicates
disease verification. There is still a need for more novel tactics to
improve compliance with follow-up of positive screening results and
with the roll-out of the new organized program, the latter issue of
incomplete data might improve. Accordingly, we adjusted the analyses
to account for verification bias and although there may be residual bias
due to low sampling fractions of screen-negatives (49), our estimates
aligned with previous observations (19, 29, 39, 44). Third, no masking
to screening results of the colposcopist and first histopathologist was
possible as we attempted to maintain real-world screening. This was
addressed by independent second and third histopathology reviews.
The number of severe precancerous lesions CIN3+ and cervical
carcinomas was also low in our study and we included HPV-
unvaccinated women.

Conclusions

We found similar accuracy of stand-alone HPV testing and LBC
cotesting, and superior accuracy of stand-alone HPV compared with
Pap-based cotesting. However, adding cytology to HPV as a cotest
offers nearly no benefit in detection at the cost of more false positive
results and colposcopy referrals. For settings optimizing cervical
cancer screening such as Germany coming from opportunistic and
annual cytology-based screening, triennial cotesting in women 35 years
and older is a positive first step toward HPV-based screening. Ulti-
mately, consideration of stand-alone HPV screening once the orga-
nized program has been adequately implemented with high quality is
warranted. Screening women aged >30 years with sole HPV-based
testing should also be considered in the future to maximize early
detection and to further reduce the incidence of cervical cancer toward
elimination.
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Abstract

Background: A considerable proportion of cervical cancer diagnoses in high-income countries are due to lack of
timely follow-up of an abnormal screening result. We estimated colposcopy non-attendance, examined the potential
factors associated and described non-attendance reasons in a population-based screening study.

Methods: Data from the MARZY prospective cohort study were analysed. Co-test screen-positive women (atypi-

cal squamous cells of undetermined significance or worse [ASC-US+] or high-risk human papillomavirus [hrHPV]
positive) aged 30 to 65 years were referred to colposcopy within two screening rounds (3-year interval). Women were
surveyed for sociodemographic, HPV-related and other data, and interviewed for non-attendance reasons. Logistic
regression was used to examine potential associations with colposcopy attendance.

Results: At baseline, 2,627 women were screened (screen-positive =8.7%), and 2,093 again at follow-up (screen-
positive =5.1%; median 2.7 years later). All screen-positives were referred to colposcopy, however 28.9% did not
attend despite active recall. Among co-test positives (ASC-US+ and hrHPV) and only hrHPV positives, 19.6% were non-
attendees. Half of only ASC-US+ screenees attended colposcopy. Middle age (adjusted odds ratio [aOR] =1.55, 95% Cl
1.02,4.96) and hrHPV positive result (aOR = 3.04, 95% Cl 1.49, 7.22) were associated with attendance. Non-attendance
was associated with having > 3 children (@OR=10.32, 95% Cl 0.10, 0.86). Major reasons for non-attendance were lack
of time, barriers such as travel time, need for childcare arrangements and the advice against colposcopy given by the
gynaecologist who conducted screening.

Conclusions: Follow-up rates of abnormal screening results needs improvement. A systematic recall system integrat-
ing enhanced communication and addressing follow-up barriers may improve screening effectiveness.

Keywords: Colposcopy, Non-attendance, Screening follow-up, Abnormal screening result, Cervical cancer screening,
HPV status, HPV testing

Background

Cervical cancer (CC) is preventable with effective pri-
mary and secondary prevention measures such as
human papillomavirus (HPV) vaccination and screen-
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[1]. However, following an abnormal screening result
where risk of progression to CC is elevated, colposcopy
is an important step to guide management [2]. Colpos-
copy involves magnified visual inspection of the cervix
and biopsy extraction where necessary by trained and
experienced colposcopists. Non-adherence to follow-
up of abnormal screening results, i.e. colposcopy non-
attendance, may lead to undiagnosed precancer (cervical
intraepithelial neoplasia, CIN) and preventable CC [3],
undermining screening effectiveness [4].

Until 2020, Germany offered free opportunistic Pap
screening annually to women from age 20, but quality
assurance measures were not systematically monitored
[5]. Despite reasonable coverage [6] and declines in inci-
dence, up to half of invasive CC cases were diagnosed
in women screened frequently in the preceding 10 years
[7]. Over two thirds of diagnoses had preceding nega-
tive screening results [8]. Failure of CCS to detect dis-
ease include sample collection issues to detect abnormal
cells, but also lack of follow-up after an abnormal screen-
ing result [9]. The latter is not unique to Germany. For
example in the US, 8% of CC diagnoses were attributed
to colposcopy non-attendance [10] and a meta-analysis
attributed 12% of CC to poor follow-up care [11]. Follow-
up failures can be minimised if referrals are part of a fail-
safe recall system, via systemic tracking, call-and-recall
invitations and reminders [2, 12]. In 2020, HPV testing
was adopted as a co-test in women 35 years of age and
older in Germany [5]. Therefore, it is important to iden-
tify sub-groups likely to be non-adherent with follow-up,
particularly with the addition of HPV screening.

Several studies have examined potential factors asso-
ciated with colposcopy non-attendance [3, 10, 13-23].
However, most lack individual socio-demographic
information [10, 13, 16, 17, 20], or are based on under-
served populations such as migrants [13, 14]. The role of
HPV status on follow-up attendance was explored only
recently in a small pilot study [24]. Additionally, small
qualitative studies have examined reasons for colpos-
copy non-attendance [25, 26]. We estimated colposcopy
non-attendance among screen-positive women from a
population-based, real-world screening study involving
co-testing and examined the potential factors associated
with attendance. Additionally, we described non-attend-
ance reasons.

Methods

Participants and data collection

The data stem from randomly recruited participants from
the general population (n=2,627) who were screened
within the randomised trial and prospective cohort
MARZY study, described previously [27, 28]. Briefly,
women eligible from the general population (aged 30
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to 65 years, with no history of hysterectomy or CC and
not pregnant) were screened by office-based gynaecolo-
gists at study baseline (R1, 2005-2007) with routine Pap
smear, plus an additional MARZY study swab (liquid-
based cytology, ThinPrep, Cytyc/Hologic including sub-
sequent HPV testing, Hybrid Capture®2). HPV co-testing
was investigated [27]. Participants were administered
a questionnaire (Q1) relating to sociodemographic and
other factors.

Positive screening results were defined as atypical
squamous cells of undetermined significance or worse
(ASC-US+) or high-risk HPV positive (hrHPV). Screen-
positives were contacted by postal letter, which included
HPV information and referred to the study colposcopy
clinic (University Medical Center, Mainz; Fig. 1). These
letters contained additional information on HPV infec-
tion and explained the colposcopy procedure in sim-
ple terms. Active telephone recall efforts were carried
out by female study personnel to improve colposcopy
attendance rates among women who did not arrange an
appointment at the study clinic within 3 months of refer-
ral. Personnel also interviewed non-attendees for their
reasons on non-attendance.

Screening was conducted again 3 years later (R2, 2008—
2010) among women who participated in R1 and were
still eligible (no hysterectomy or CC diagnoses since R1
and not pregnant). Lifestyle exposures such as smok-
ing status were updated in a second questionnaire (Q2).
Active recalls were again conducted by female study per-
sonnel if screen-positive participants had not attended
colposcopy within 3 months following referral to the des-
ignated study clinic (University Medical Center, Mainz
and St. Vincenz and Elisabeth Hospital, Mainz).

After R2 concluded (2010), an additional question-
naire with HPV-related questions (Q3) was administered
to all hrHPV positive women, investigating perception
and communication of HPV results, and HPV knowl-
edge. As the MARZY screenings were conducted with a
3-year interval but routine Pap screenings were offered
opportunistically and annually in the study region, any
screenings conducted outside the study between the two
MARZY rounds were retrospectively documented.

Colposcopy -attendance

We classified colposcopy attendance status using medi-
cal records from the designated colposcopy clinics. The
primary outcome was non-attendance after referral to
colposcopy within a 4 month time-frame, calculated
as number of non-attendees among all referrals. This
definition is based on the study referral threshold (ASC-
US+or hrHPV or both positive). At the time of study
conduct, the 2008 European guidelines suggested col-
poscopies be conducted following ASC-US+ and hrHPV
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Baseline screening round 1 (2005)
Screening result available and provided questionnaire data
n = 2627
A A
Screen-positive Screen-negative
n=228 n=2393
Not invited
n=6 < Referred for colposcopy Random sample invited
n=222 n =398
No-show within 3m | _
n =106
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n =96
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' } ‘
Colposcopy Colposcopy Colposcopy Colposcopy
non-attendee attendee attendee non-attendee
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\
Histopathology result
n =203
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Follow-up screening round 2 (2008)
Screening result available and provided questionnaire data
n = 2093
(Lost to or excluded from study follow-up = 534)
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Not invited Referred for colposcopy Random sample invited
fi=io n=107* n =250
No-show within 3m |
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n=28
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i vy Y
Colposcopy Colposcopy Colposcopy Colposcopy
non-attendee attend attendee non-attendee
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Y

Histopathology result
n=235

Fig. 1 Flowchart of screening referrals and their screening results

* includes participants referred to colposcopy at baseline (round 1).
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positive results [9]. The German CCS guideline in effect
at the time advised women with low-grade squamous
intraepithelial lesions or worse (LSIL+) who were also
hrHPV positive to undergo colposcopy [29]. Attendance
was estimated for both thresholds (ASC-US+ and hrHPV
positive; LSIL+and hrHPV positive).

Variables of interest

Sociodemographic variables obtained included age,
region of residency, nationality, highest education level
attained (lower secondary; upper secondary and fur-
ther), employment situation, net monthly household
income (low income <1500€; higher income>1500€),
marital status, parity (<2 children;>3 children) and
health insurance status. Smoking status, oral contracep-
tion use and hormone replacement therapy (HRT) were
dichotomised (ever vs. never). Self-reported frequency of
CCS attendance was grouped (regularly every 1-2 years;
irregularly every 3 years or less or never). Screen-positive
was defined as ASC-US+ only, hrHPV only or both ASC-
US+and hrHPV positive, and also LSIL+only or both
LSIL and hrHPYV positive.

At the time of the Q3 survey, no validated HPV knowl-
edge scale was available for use but the questionnaire
items were based on extensive review of the qualitative
body of evidence published. Perceived experience during
and after the screening examination and concerns about
infectivity or impact on sexual relationships were based
on the Psychosocial Effects of Abnormal PAP Smears
Questionnaire (PEAPS-Q) [30] and Cervical Dysplasia
Distress Questionnaire (CDDQ) [31]. The items of inter-
est were sub-categorised by 5-point Likert scale or binary
“yes/no” answers as (i) Perception: negative screening
experience (dichotomised), degree of negative reaction
and understanding regarding the positive hrHPV result
such as anxiety or insecurity, and (ii) HPV knowledge:
as determined by the ability to identify at least 2 areas of
HPV infection (virus, persistence consequences, vaccina-
tion; dichotomised), level of HPV understanding (none
to good), and prior HPV knowledge to the study. Com-
munication (iii) that occurred between the gynaecolo-
gists and participant (dichotomised), comprehensiveness
of the counselling (dedicated time, provided background
information and support), trust in the physician and
discussion of result between the participant and friends
or family members were also analysed. Concerns (iv)
regarding cancer, infertility and infectivity were captured.

Statistical analyses

Any screen-positives leading to a referral at either round
between 2005 and 2010 were included. If women were
referred at both rounds, we designated questionnaire and
interview data from the first referral only for regression
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analyses. All variables of interest were analysed using R
(version 4.0.5, R Foundation for Statistical Computing,
Vienna, Austria). Potential associations between attend-
ance and individual factors were examined by univariable
regression modelling and collinearity between variables
were assessed. For multivariable regression, we applied
multiple imputation methods to obtain model averaged
estimates for missing data and computed bootstrap resa-
mpled 95% confidence intervals (CI; bootstraps=2500)
using the MAMI package for R [32]. Missing data in
regression models were treated as available case analy-
ses and the adjusted odds ratios (aOR) controlled for all
available confounders (age, region of residency, national-
ity, highest education level attained, employment situa-
tion, income, marital status, parity, smoking status, OC
use, HRT use, screening frequency, screening result and
insurance status), as these were previously reported to
be associated with attendance [3, 10, 13—23]. Education,
employment and screening result were dichotomised
for regression. Non-attendee interview responses from
both rounds were described together. In the case where
women were non-attendees at both rounds, we desig-
nated the interview data from the first interview only.
We also descriptively assessed the longitudinal outcomes
(screening results, colposcopy attendance) of R1 refer-
rals who did not attend colposcopy then but who were
screened again at R2.

Informed consent was provided by all study partici-
pants prior to screening at study baseline. The MARZY
study was approved by the ethical committee of the state
of Rhineland-Palatinate (Landesarztekammer Rheinland-
Pfalz: 837.438.03 (4100)) and the state government data
protection office.

Results

Colposcopy attendance status

Of 2,627 women screened at R1, 228 (8.7%) were screen-
positive, 222 (8.5%) were referred to colposcopy while 6
were not invited due to pre-planned hysterectomy else-
where (Fig. 1). Initially, 106 of these 222 screen-positive
women did not attend colposcopy within 3 months fol-
lowing referral. With active recall efforts, 96 could be
reached and 28 (29.2%) attended afterwards. One woman
who was not reached by telephone eventually attended
colposcopy. Finally, 145 women (65.3%) attended colpos-
copy within 4 months, while 77 (34.7%) did not.

At R2, 2,093 (79.7%) women were screened at a median
of 2.7 years later. Of the 107 screen-positive women
referred to colposcopy, 32 initially did not attend after
referral and 28 were reached via active recall (Fig. 1).
Ten (31.3%) women were motivated to attend. Finally, 23
(21.5%) were non-attendees and 84 attended colposcopy
(78.5%; Additional file 1: Table S1).
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Twenty-one women were referred at both rounds
where half were referred due to only hrHPV positive
results (Additional file 1: Table S2). A total of 222 women
(R1) and 86 women (R2) were referred to colposcopy
(n=308) in the entire study.

Overall, among 308 total referrals, attendance was
recorded in 219 (71.1%) women and non-attendance
in 89 (28.9%). Mean age in both groups were similar:
45.8 years (SD=9.1) and 45.7 years (SD=10.1) respec-
tively. Among both ASC-US+and hrHPV co-test
positives, 9 (19.6%) did not attend (Fig. 2A). Among
LSIL+and hrHPV positives, 6 (17.1%) did not attend col-
poscopy (Fig. 2B). Approximately half of only cytology-
positives attended colposcopy; the majority had ASC-US
(Additional file 1: Table S3). By R2, 32 women had posi-
tive routine Pap results detected between study rounds.
Non-attendance rates were similar (~20%) after exclud-
ing these cases (Additional file 1: Figure S1).

Sociodemographic and other factors

Compared to younger women (30-39 years), 40—49 year
old women were more likely to attend colposcopy
(75% vs. 69%; aOR=1.55, 95% CI 1.02, 4.96) (Table 1).
Women who resided in the urban area were less likely
to attend, albeit not statistically significant (65% vs.
76%; aOR=0.63, 95% CI 0.30, 1.00). Among women
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from low income households, 87% were attendees while
68% of the women from higher income households (net
monthly income>1500€) attended colposcopy. Women
with higher household income or who had birthed >3
children were 67% (aOR=0.33, 95% CI 0.11, 0.92) and
68% (aOR=0.32, 95% CI 0.10, 0.86) less likely to attend
colposcopy respectively. Smoking status, oral contracep-
tive use and HRT were not significantly associated with
attendance. Sixty percent who attended screening irreg-
ularly (every 3 years or less) or not at all, attended col-
poscopy versus 73% of regular participants. A positive
hrHPV screening result increased likelihood of attending
by threefold (aOR =3.04, 95% CI 1.49, 7.22; Table 1).

Reasons for non-attendance
Overall, 83 respondents provided reasons on non-
compliance (response rate R1: 68/77 (88.3%); R2: 18/23
(78.3%) (Fig. 3). Over half indicated lack of time (56%),
almost half (48%) mentioned barriers such as long travel
time, travel cost, childcare challenges and 29% cited
lack of choice of colposcopy clinic (Fig. 3A). A fifth of
the women reported to have forgotten the appointment,
while 15-16% feared the procedure itself or the outcome
of the examination (Fig. 3A).

Forty-four percent mentioned that their office-based
gynaecologist who conducted screening advised against

A. MARZY study colposcopy referral ASC-US+ (n=308)

80

60

47.62

Percent (%)
Percent (%)

0 22.47
19.57

ASC-US+ only hHPV only
(n=84) (n=178)

Both positive
(n=46)

Screening result

80

60

B. Guideline colposcopy referral LSIL+ (n=237)

- No attendance
Attended

LSIL+ only
(n=13)

hrHPV only Both positive
(n=189) (n=35)

Screening result

Fig. 2 Proportion of overall referrals who attended or did not attend colposcopy by screening result at ASC-US+threshold (A) and at LSIL+- (B).
ASC-US+: Atypical squamous cells of undetermined significance or worse; hrHPV: high-risk human Papillomavirus; LSIL+: low grade squamous
intraepithelial lesion or worse
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Table 1 Sociodemographic and lifestyle factors associated with colposcopy attendance among all women referred

Overall (n=308) Logistic regression models
Non-attendee (n=89) Attendee (n=219) Univariable Multivariable?
n (row %) n (row %) OR 95% CI* aOR 95% CI**
Age group
30-39 years 28 (31.46%) 61 (68.54%) Ref Ref
40-49 years 29 (25.44%) 85 (74.56%) 1.35 0.73,249 1.55 1.02,4.96
50-59 years 22 (30.14%) 51 (69.86%) 1.06 0.54,2.09 1.18 0.63,3.40
60+ years 10 (31.25%) 22 (68.75%) 1.01 043,249 1.07 032,3.72
Missing 0 0
Nationality
Non-German 13 (40.62%) 19 (59.38%) Ref Ref
German 76 (27.54%) 200 (72.46%) 1.80 0.83,3.80 1.58 0.96,5.97
Missing 0 0
Study region
Mainz-Bingen (rural) 41 (24.12%) 129 (75.88%) Ref Ref
Mainz (urban) 48 (34.78%) 90 (65.22%) 0.60 0.36,0.98 063 030, 1.00
Missing 0 0
Education
Upper secondary or further! 36 (30.77%) 81 (69.23%) Ref Ref
Lower Secondary2 53 (27.75%) 138 (72.25%) 1.16 0.70,1.91 1.01 0.75,2.15
Missing 0 0
Employment
Employed 60 (27.91%) 155 (72.09%) Ref Ref
Not employed? 22 (32.35%) 46 (67.65%) 0.81 045,148 097 0.50, 1.83
Missing 7 18
Net household income
<1500€/month 9 (13.43%) 58 (86.57%) Ref Ref
> 1500€/month 58 (31.69%) 125 (68.31%) 033 0.15,0.69 0.33 0.11,0.92
Missing 22 36
Marital status
Married, divorced, widowed 69 (27.49%) 182 (72.51%) Ref Ref
Single 17 (32.08%) 36 (67.92%) 0.80 043, 1.55 0.72 022,1.12
Missing 3 1
Parity
0-2 64 (26.45%) 178 (73.55%) Ref Ref
>3 18 (46.15%) 21 (53.85%) 042 0.21,0.84 0.32 0.10,0.86
Missing 7 20
Smoking status
Never 34 (25.76%) 98 (74.24%) Ref Ref
Ever 54 (31.03%) 120 (68.97%) 0.77 046,1.27 0.76 0.32,1.01
Missing 1 1
Oral contraceptive use
Never 17 (29.82%) 40 (70.18%) Ref Ref
Ever 72 (28.80%) 178 (71.20%) 1.05 0.55,1.95 0.90 0.28,1.28
Missing 0 1
HRT
Never 74 (28.24%) 188 (71.76%) Ref Ref
Ever 12 (31.58%) 26 (68.42%) 0.85 042,1.83 0.96 0.29,1.55
Missing 3 5

Health insurance
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Table 1 (continued)
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Overall (n=308)

Logistic regression models

Non-attendee (n =89) Attendee (n=219) Univariable Multivariable?
n (row %) n (row %) OR 95% CI* aOR 95% CI**
Statutory 54 (28.12%) 138 (71.88%) Ref Ref
Private 9 (30.00%) 21 (70.00%) 091 0.40,2.21 1.14 0.70,4.62
Missing 26 60
Screening frequency
Regular4 70 (27.24%) 187 (72.76%) Ref Ref
Irregular or never® 19 (40.43%) 28 (59.57%) 0.55 0.29,1.06 0.82 0.30,1.13
Missing 0 4
Screening result
ASC-US+only 40 (47.62%) 44 (52.38%) Ref Ref
hrHPV+only 40 (22.47%) 138 (77.53%) 3.25° 191,555 3.04° 149,722
Both positive 9(19.57%) 37 (80.43%)

OR: odds ratio; Cl: confidence interval; aOR: adjusted odds ratio; Ref: reference level; HRT: hormone replacement therapy; ASC-US+: Atypical squamous cells of
undetermined significance or worse; hrHPV+: high-risk Human Papillomavirus positive; both positive: ASC-US+ and hrHPV positive

' atleast 12 years education

2 <10years
3 includes other employment status such as parental leave, sick leave

4 every 1-2 years

5 every 3 years or less, irregular screening, rarely and no previous screening attendance

@ Adjusted for all covariates in the model

® dichotomised to include hrHPV only and both co-test positive results (hrHPV and ASC-US+)

* Likelihood ratio

** Bootstrap resampled confidence intervals (n =500)

colposcopy at the study clinic (Fig. 3B). Thirty-six per-
cent of these women resided in the urban region, 40%
were aged 40—49 years, 8% had a positive co-test at the
guideline threshold LSIL+, 12% reported irregular or
no screening history and 80% reported having a repeat
test since the MARZY screening round (Figs. 3B.1-B.5).
Among 9 co-test screen-positives (ASC-US+and hrHPV
positive) who did not attend at either round (Table 1),
only one cited the advice of the screening gynaecologist
as the main reason for non-attendance; the remainder
reported other barriers or concerns (Additional file 1:
Table S4).

HPV: Perception, knowledge, communication and concerns
Among women who reported negative experiences dur-
ing screening, 78% attended colposcopy compared to
87% of attendees who did not report a negative screen-
ing experience and 78% who reported moderate to high
levels of negative reaction to their HPV result attended
compared to 84% of attendees with little to no nega-
tive reaction (Table 2). Likelihood of attending colpos-
copy was lowered if screening was associated with a
negative experience (OR=0.49, 95% CI 0.21, 1.09) or

reaction (OR=0.64, 95% CI 0.27, 1.41), but not statisti-
cally significant. Approximately 79% of women report-
ing to have HPV knowledge attended compared to 82%
with no HPV knowledge. Better levels of HPV knowl-
edge were markedly lower among attendees (75%) than
those reporting poor or no HPV knowledge who also
attended colposcopy (82%). Level of understanding of
the HPV result was not significantly associated with
attendance (OR=1.15, 95% CI 0.42, 2.82).

For communication, 85% of attendees reported direct
communication of the HPV result by their gynaecolo-
gist compared to 76% of colposcopy attendees who
were not directly informed by the gynaecologist. Direct
communication increased the likelihood of attending
but was not statistically significant (OR=1.34, 95%
CI 0.39, 5.03). Higher proportions of attendees also
reported comprehensive counselling (83% vs. 80%), and
discussed their result with a friend or family member
(84% vs. 74%) than those who did not report these dis-
cussions. Eighty-five percent of women who reported
lack of trust in their gynaecologist went to colposcopy
compared to 81% who reported trust. Approximately
77% of all hrHPV positive women who responded in Q3
were concerned about cancer.
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100
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Not clinic of
choice (n=77)

Barrier
(n=79)

No time
(n=78)
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(n=57)

Forgot
(n=80)

B.1 Age group (years) B.2 Study region

80

n=10 it

60

Percent (%)
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20

Mainz
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Mainz-Bingen

30-39 40-49 50-59 60+ (rural) only

squamous intraepithelial lesion or worse

B.3 Screening result

n=15
n=7

LSIL+ hrHPV Both Atypical

A. Among all non-attending referrals interviewed (n=83):

84.21 84.93 86.59

Fear of
outcome (n=76)

Not interested
(n=82)

Fear of procedure
(n=73)

Scheduling
difficulty (n=78)

Comorbidity
(n=82)

B. Among participants advised against study colposcopy (n=25):

B.4 Frequency of screening B.5 Repeat test done

80
80

60 60

40 40

Percent (%)
Percent (%)

20 2

n=3

n=3
n=2

No

0

1-2
years

3 years Rarely or

only positive* only** or less never Yes Unsure

* at LSIL+ threshold; ** includes ASC-US, ASC-H, AGC

Fig. 3 A Reasons for non-attendance over both rounds and B characteristics of the participants who were advised against attending the study
colposcopy. ASC-US+: Atypical squamous cells of undetermined significance or worse; hrHPV: high-risk human Papillomavirus; LSIL4 low grade

Longitudinal outcomes
At baseline R1, 77 referrals to colposcopy at R1 did not
attend. Of these, 44 were lost to follow-up and not sub-
sequently screened at R2. Respectively, baseline data
and retrospective documentation of outcomes among
these women indicated that 25 women (57%) were at
least hrHPV positive (hrHPV positive only or both ASC-
US+and hrHPV positive) and a total of 4 women were
scheduled to later undergo hysterectomies outside of the
study (Additional file 1: Table S5). Three of the 4 women
who underwent hysterectomies had a positive screening
result within routine screening after R1 of MARZY.
Among the 33 referrals who did not attend colpos-
copy at R1 and were re-screened at R2, the majority
(92%) were screened routinely between study rounds
with negative screening results (Table 3). Only 2 non-
attendees from R1 were screen-positive upon routine
screening after study baseline. At R2, 4 women (12%)
were hrHPV positive only, 2 (6%) were co-test posi-
tive to both cytology and hrHPV, while 27 (82%) were

screen-negative. Among the 6 women referred again to
colposcopy at R2, 5 (83%) did not attend, despite all 5
having a hrHPV positive result detected at R2 screen-
ing. Two of these women also had a concurrent cyto-
logical abnormality and via retrospective data linkage,
it was found that they later underwent hysterectomies
due to severe cervical intraepithelial neoplasia or worse
(CIN3+; Additional file 1: Table S6).

Characteristics of the non-attendees who presented
again at R2 show that 67% were women aged 50 years
and above and 61% resided in an urban area (Additional
file 1: Table S7). Twenty-one percent had 3 or more
children and 28% did not attend screening regularly.
Sixty-four percent of non-attendees from R1 reported
no time as a reason for non-attendance at R1 and 50%
reported a barrier. Among the 5 referrals who did not
attend colposcopy at either R1 or R2, common reasons
were lack of time, concerns and obstacles to arranging
the appointment (Additional file 1: Table S6).
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Table 2 HPV and screening-related factors of hrHPV positive women who underwent colposcopy versus hrHPV positive non-

attendees
Overall (n=225) Logistic regression
model
Non-attendee (n=49) Attendee (n=176) Univariable
n (row %) n (row %) OR 95% ClI
Perception
Negative screening experience
No 9 (13.04%) 60 (86.96%) Ref
Yes 26 (22.41%) 90 (77.59%) 049 0.21,1.09
Missing 14 26
Level of negative reaction to HPV result’
Little to none 10 (15.87%) 53 (84.13%) Ref
Moderate to high 24 (21.82%) 86 (78.18%) 0.64 027,141
Missing 15 37
Level of understanding regarding HPV result
Little to none 7 (22.58%) 24 (77 42%) Ref
Most or everything 27 (19.57%) 111 (80.43%) 1.15 042,2.82
Missing 15 41
Knowledge
HPV knowledge
No 17 (18.28%) 76 (81.72%) Ref
Yes 18 (21.18%) 67 (78.82%) 0.78 0.37,1.62
Missing 14 33
Level of HPV knowledge
Poor to none 5(14.71%) 29 (85.29%) Ref
Moderate to good 13 (25.00%) 39 (75.00%) 0.64 0.20,1.84
Missing 31 108
Any HPV knowledge prior to the study
No 16 (17.78%) 74 (82.22%) Ref
Yes 17 (19.32%) 71 (80.68%) 0.84 0.39,1.78
Missing 16 31
Communication
Of HPV result by gynaecologist
No 8 (24.24%) 25 (75.76%) Ref
Yes 4(15.38%) 22 (84.62%) 1.34 0.39,5.03
Missing 37 129
Comprehensive explanation of HPV result by
gynaecologist”
1 area or less 27 (20.00%) 108 (80.00%) Ref
At least 2 areas 7 (16.67%) 35(83.33%) 1.06 0.46,2.70
Missing 15 33
Trust in gynaecologist
No 3 (15.00%) 17 (85.00%) Ref
Yes 23 (19.01%) 98 (80.99%) 0.71 0.16,2.34
Unsure* 8 (27.59%) 21 (72.41%)
Missing 15 40
Discussed HPV result with friend or family
No 16 (26.23%) 45 (73.77%) Ref
Yes 18 (16.22%) 93 (83.78%) 172 0.80, 3.67

Missing 15

38
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Table 2 (continued)
Overall (n=225) Logistic regression
model
Non-attendee (n=49) Attendee (n=176) Univariable
n (row %) n (row %) OR 95% ClI
Concerns
About cancer
No 8 (18.60%) 35 (81.40%) Ref
Yes 27 (19.29%) 113 (80.71%) 091 036, 2.11
Missing 14 28
About infertility
No 27 (18.88%) 116 (81.12%) Ref
Yes 8 (24.24%) 25 (75.76%) 0.76 0.32,1.96
Missing 14 35
Of infecting partner
No 25 (20.83%) 95 (79.17%) Ref
Yes 8 (15.38%) 44 (84.62%) 152 0.66,3.84
Missing 16 37
About impact on sexual intercourse
No 26 (19.85%) 105 (80.15%) Ref
Yes 8 (16.67%) 40 (83.33%) 1.30 0.56,3.27
Missing 15 31

OR: Odds Ratio; Cl: Confidence Interval; HPV: Human Papillomavirus; hrHPV: high-risk human Papillomavirus

2 at least one of the following: anxiety, insecurity, nervousness, incomprehension, powerlessness

b

* not included in logistic regression

Discussion

In a population-based cohort study with both cytologi-
cal and HPV testing (co-testing), the overall proportion
of colposcopy non-attendance in screen-positive women
was 29%. In referrals with ASC-US+ and hrHPV positive
results, 20% did not attend despite active recall efforts.
Attendance was associated with having a positive HPV
status. Lack of time, barriers including childcare arrange-
ments, travel time as well as lack of clinic choice and the
advice given by the gynaecologist who conducted screen-
ing were cited as major reasons for non-attendance.

We observed higher non-attendance than in Europe
(6-10%) [13, 16, 33]. In North America where CCS is
offered opportunistically, non-attendance was observed
in 28% of screened women [17], and up to 44% in
underserved populations [34]. Low proportions of non-
attendance appear to stem from organised screening
contexts with active referral to colposcopy. This most
likely explains the higher non-attendance rate observed
in our study, since screening in Germany until 2020 was
opportunistic. Historically, expert colposcopy was also
not routinely performed, partly due to the annual screen-
ing interval, lack of certified dysplasia centres [35] and
gynaecologists conducting repeat smears instead. This

areas include: dedicated time for explaining result, background information on HPV, answered questions or concerns from patient

is evident in the high proportion of women in our study
who were advised by their gynaecologist not to attend
colposcopy and instead underwent repeat screening.
Additionally, the guideline in effect at the time, when
HPV screening was not offered, did not include recom-
mendations for positive HPV or co-test results. The dis-
crepancy between guideline and study protocol could
explain this advice.

High non-adherence rates also arise from the lack
of a screening registry to systematically contact non-
attendees and lack of personnel to conduct recalls in
non-organised programmes [36]. Randomised trials
and community programs have demonstrated writ-
ten reminders, preclinic calls and communication with
patients significantly increase adherence to follow-up
care [20, 23]. In our study, we were able to motivate a
third of non-attending women to attend colposcopy by
active call-recall. However, this may pose logistical chal-
lenges as the communication of results and referral is
the responsibility of the screening physician, both in the
previous and current screening program in Germany [5].
Management gaps between screening physicians and
dysplasia centres where colposcopies are conducted also
exist [35]. Enhanced patient communication conducted
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Table 3 Longitudinal outcomes of baseline round (R1) referred
women who were also screened at the MARZY follow-up round
(R2)

Outcome Non- Attendee at
attendeeat  R1(n=109)
R1 (n=33)

Between MARZY study rounds

Screening result
Positive 2 (7.69%) 19 (21.35%)
Negative (attended routine screening) 24 (92.31%) 66 (74.16%)
Did not undergo any screening since 0 (0.00%) 4 (4.49%)
R1
Missing 7 20
Total 33 109

At MARZY study R2

Screening test result
ASC-US+only 0 (0.00%) 3(2.75%)
hrHPV+only 4(12.12%) 8(7.34%)
Both positive 2 (6.06%) 4 (3.67%)
Negative 27 (81.82%) 94 (86.24%)
Total 33 109

Colposcopy referred and attendance

status
No attendance 5(83.33%) 6 (40.00%)
Attended 1(16.67%) 9 (60.00%)
Not applicable (screen-negative) 27 94
Total 33 109

ASC-US+: Atypical squamous cells of undetermined significance or worse;
hrHPV+-: high-risk human Papillomavirus positive; both positive: ASC-US+and
hrHPV positive

by clinic staff, streamlined management between gynae-
cological care providers and integration within a stand-
ardised call-recall system need to be introduced to
reduce anxiety and improve attendance. Similar to other
countries with organised screening, a programme target
of less than 15% non-attendance should also be set [12].
Almost half (48%) of referrals with cytological abnor-
malities did not attend colposcopy, probably due to
the annual screening interval. Congruent to a recent
pilot study [24], a positive hrHPV result significantly
increased attendance in our study by three times. We
screened participants with HPV testing in addition
to cytology, which at the time was not part of routine
CCS in Germany. As the majority of hrHPV referrals
reported concerns about cancer in our study, additional
HPV testing may have caused anxiety or concern [37],
which might have led to better attendance. However,
in a randomised trial to reduce anxiety by educating
participants on HPV before colposcopy, knowledge sig-
nificantly increased but anxiety did not decrease [38].
Balanced risk communication must be addressed in a
programme that offers HPV screening, and could be
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differential for subgroups such as younger and older
women [39]. Furthermore, attendance rates could be
improved if engaging information on colposcopy and
particular attention for the emotional experience are
provided [25, 26]. This is important since concerns and
barriers were noted as reasons for non-attendance in a
small group of women that did not attend colposcopy,
despite being referred in both rounds.

Women with several children were less likely to
attend colposcopy. Indeed, the major reasons cited for
non-attendance were lack of time and barriers includ-
ing lack of childcare arrangements, transport times and
general lack of clinic choice (hospitals only). Addition-
ally, our active recall efforts may not have mitigated
such barriers, rather that it was more effective among
women with hesitations. Moreover, we observed bet-
ter attendance among women who were communicated
their positive hrHPV result by the screening gynae-
cologist, in alignment with previous findings [23]. In
a meta-analysis, even after HPV self-sampling kits are
offered as a method to address barriers, follow-up non-
adherence remains around 19% [40]. These observa-
tions underscore the necessity to diversify follow-up
alternatives (self-sampling) and the importance of an
established relationship including trust between the
patient and physician. As recall appears largely to be
left to the responsibility of the provider [5], encourag-
ing information packs, educational support for screen-
ing physicians in counselling patients backed by a
systematic screening registry for call-recall should be
provided [12].

Limitations

We defined non-attendees as screen-positive to either
cytology or HPV testing, rather than both cytology and
HPV test positive. This may overestimate non-attendance
as many who are screen-positive to one test only would
normally undergo repeat Pap smear 3, 6 or 12 months
later according to the guidelines in effect at the time in
Germany [29]. However after restricting non-attend-
ance to positive co-test results (ASC-US+ or LSIL+and
hrHPV positive), we found similar attendance rates. The
sample size may have also restricted our analyses, par-
ticularly for the HPV-related items in Q3. However, only
18% of hrHPV positive cases were Q3 non-respondents.
Additional assessment between Q3 respondents and
non-respondents revealed some differences in national-
ity and socioeconomic status (Additional file 1: Table S8).
These differences highlight potential external validity
limitations of our results to un(der)screened women.
Some non-attendees whom were unreachable may have
sought colposcopy elsewhere, but the numbers are small.
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Conclusion

Our population-based screening study offers important
insight into colposcopy non-attendance, particularly as
HPYV testing is being integrated into screening in many
countries. We quantitatively and qualitatively described
the major reasons for non-attendance, which is impor-
tant to maximise screening effectiveness. A consider-
able proportion of women did not attend colposcopy
after abnormal screening results, and this persisted
even in some women who were referred twice. Certain
subgroups of women could be targeted by personalised
measures within a failsafe recall system, especially since
HPV testing is new. Continued educational support
of screening gynaecologists should also be integrated.
An optimised screening management continuum can
reduce loss to follow up, minimise preventable CC
diagnoses and improve the overall effectiveness of can-
cer screening.
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