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Preface

2015 marks the 30th anniversary of EU action on cancer - a long-standing priority issue for EU public
health policy. The 2003 Council Recommendation on Cancer Screening is an important milestone in
the activities at EU level in the field of cancer. This Recommendation sets out principles of best
practice in the early detection of cancer and invites all Member States to take common action to
implement national population-based screening programmes for breast, cervical and colorectal cancer,
with appropriate quality assurance at all levels.

To assist the Member States with cancer screening, the Commission has published European
guidelines for quality assurance in cervical cancer, breast cancer and colorectal cancer screening.

There have been considerable achievements in cancer screening as a result of coordinated work at EU
level to support Member States in the implementation of national cancer screening programmes and,
therefore, the completion of the Supplements to the 2nd Edition of the European Guidelines for quality
assurance in cervical screening is a further milestone towards high quality cancer screening and
diagnosis. Taking into account the recent developments in the field of cervical cancer, this publication
illustrates the role the EU can play to reduce inequalities and to improve the health of its citizens.

I would like to thank the International Agency for Research on Cancer as well as all contributors
involved in this project for their valuable contribution to this publication.

John F. Ryan

Acting Director

Public Health, DG Health and Food Safety
European Commission

Brussels
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Foreword

The current supplements to the second edition of the European guidelines for quality assurance in
cervical cancer screening have been developed in a time of transition when primary testing for
oncogenic human papilloma virus (HPV) types and vaccination against infection with the HPV types
that cause most cases of cervical cancer have become complementary approaches to cervical cancer
prevention in Europe. By focusing on the core topics of quality assurance in primary HPV testing,
organisation of HPV-based and cytology-based screening programmes, and implementation of HPV
vaccination programmes, the supplements lay the foundation for further development of the
comprehensive European Guidelines in the coming years.

The original volume of the second edition was published in 2008. Many of the contributors have
collaborated in the preparation of the current supplements. In presenting these we wish to thank and

pay tribute to the dedication of all current and previous contributors to the European guidelines.

Brussels, Helsinki, London, Lyon, Stockholm and Turin in March 2015
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EXECUTIVE SUMMARY

Executive Summary

In the current twenty-eight Member States of the European Union (EU), approximately 34,000 new
cases of cervical cancer and 13,000 deaths due to the disease occur annually (Ferlay et al 2013).
Despite significant progress in Europe in recent decades in reducing the burden of cervical cancer,
rates of death attributed to the disease are still high in many of the ‘new’ Member States that joined
the EU after 2003: estimates of the annual age-standardized rates per 100,000 women in Hungary
(6.9), the Slovak Republic (6.9), Poland (7.4), Latvia (8.2), Bulgaria (8.8) and Lithuania (9.8) are five
to seven times higher, and in Romania (14.2) ten times higher than in Finland (1.4) and Malta (1.2),
the EU Member States with the lowest rates in 2012. The age-standardized incidence rates of cervical
cancer reveal a similar picture. The current 10-fold gradient in the mortality rates of cervical cancer
among the EU Member States largely reflects the persistent absence, or inadequate implementation of
cervical cancer screening programmes more than ten years after organized, population-based screen-
ing programmes following European quality assurance guidelines were unanimously recommended by
the Health Ministers of the EU (Council of the European Union 2003).

Quiality assurance aims to ensure that an endeavour leads to the outcome for which it is intended; this
is particularly important for complex systems, such as screening programmes designed to lower the
burden of cancer in the population (von Karsa et al. 2013b). The second edition of the European
guidelines for quality assurance in cervical cancer screening (Arbyn et al. 2008, see also Arbyn et al.
2010) was published seven years ago. The continuing clear need to improve implementation of cer-
vical cancer screening in the EU underlines the importance of re-emphasizing the European Guidelines
through the publication of the present supplements to the second edition. The supplements have been
developed in a time of transition. Vaccination of girls and possibly also of boys in the future against
the human papilloma virus (HPV) types that cause approximately seventy percent of cervical cancer
has become an additional, complementary option of cervical cancer prevention, the main impact of
which will emerge in a few decades when currently vaccinated girls are in their thirties and forties. In
addition, cytology*? is no longer the only test suitable for use in cervical cancer screening in the EU.
The evidence presented in the first of the present supplements shows that primary testing for onco-
genic HPV®® fulfils the requirements for evidence-based screening tests laid down in the Council
Recommendation, provided that cervical cancer screening programmes follow the recommendations
for quality assurance published in the second edition of the European Guidelines, and the present
supplements.

Conventional cervical cytology with Papanicolaou staining (Pap smear) and validated liquid-based cervical cytolo-
gy (LBC) are evidence-based screening tests that fulfil the requirements of the Council Recommendation on
Cancer Screening of 2 December 2003 if performed in accordance with the European guidelines for quality assur-
ance in cervical cancer screening. The applicable items in the Council Recommendation of 2 December 2003 are
1(a) for conventional cervical cytology with Papanicolaou staining (Pap smear) and 1(a) in combination with 6(e)
for validated liquid-based cervical cytology (LBC) (see Annex 2).

Primary testing for oncogenic HPV with validated assays also fulfils the requirements of the Council Recommend-
ation of 2 December 2003 for evidence-based screening tests, provided the recommendations in Supplements 1
and 2 to the second edition of the European guidelines for quality assurance in cervical cancer screening are fol-
lowed. The applicable items in the Council Recommendation are 6(c) and 6(e) (see Annex 2).

Oncogenic HPV refers to the 13 high-risk HPV types (ArHPV): 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and
68. These include the 12 HPV types currently classified as carcinogenic to humans and one type (68) classified as
probably carcinogenic to humans in the 1ARC Monograph Series (Bouvard et al. 2009; IARC 2012). Unless other-
wise indicated, the terms HPV primary testing and HPV primary screening used in this supplement refer to HPV
testing conducted with systems based on validated hrHPV DNA assays. Oncogenic HPV also induces other cancers
than those of the cervix uteri, such as vulvar, vaginal, anal and oropharyngeal cancers.

European guidelines for quality assurance in cervical cancer screening Second edition Supplements XV



Of particular importance is the recent evidence from the second round of European randomized
controlled trials showing a more pronounced effect of cervical screening using HPV primary testing
compared to cytology-based screening (Ronco et al. 2014, Arbyn et al. 2012). Given the evidence for
improved efficacy of HPV primary screening that is explained in the first supplement, decision-makers,
advocates, professionals, and women in the EU are increasingly confronted with the question of
whether or not, and if so, how these new developments should be integrated into more successful
approaches to control of cervical cancer in Europe, both for the individual women affected and for the
population as a whole. By focusing on the core topics of primary HPV testing in the first supplement
(Ronco et al. 2015), organisation of HPV-based and cytology-based screening programmes in the
second supplement (Anttila et al. 2015a), and implementation of HPV vaccination programmes in the
third supplement (De Vuyst et al. 2015), the joint publication of these supplements aims to provide
appropriate answers to these important questions and to lay the foundation for further development
of the comprehensive European guidelines in the coming years.

Publication format

The supplements are presented in a joint volume including 62 main recommendations and conclu-
sions, for which the strength of the evidence and the respective recommendations is graded according
to a defined format. The respective recommendations are presented at the beginning of each supple-
ment and their annotation indicates the places in the subsequent text where the evidence and the
rationale pertaining to each recommendation is explained, including cross-references to other supple-
ments and recommendations. This enables the reader to rapidly review the key content of the
supplements and to identify places in the volume likely to be of interest for further reading. In addi-
tion, some statements of advisory character considered to be good practice but not sufficiently
important to warrant formal grading are provided in each supplement.

Methodology

To develop the evidence-based recommendations, the approach used for the European guidelines for
quality assurance in colorectal cancer screening and diagnosis (Minozzi et al. 2012) was adopted and
modified slightly to take into account the different subject matter and time period of the present
project. A multidisciplinary group of authors and editors experienced in quality assurance in cervical
cancer screening, programme implementation and guideline development collaborated with a ‘litera-
ture group’ consisting of epidemiologists with special expertise in the field of cervical cancer screening
and in systematic literature review. Experts in HPV vaccination were also recruited to participate in the
project together with the other editors, authors and reviewers. The literature group systematically
retrieved, evaluated and synthesized relevant publications dealing with cervical cancer screening and
vaccination using clinical questions defined by the authors and editors. The clinical questions were
elaborated according to the Patient-Intervention-Comparison-Outcome-Study (PICOS) method
(Richardson et al. 1995, Greenhalgh 1997, O’'Connor, Green and Higgins 2008) that was modified
slightly to take into account the aim of screening to lower the burden of the disease in the population.

Bibliographic searches for most clinical questions were limited to the time period January 2000 to
March 2012 and were performed on Medline, and in many cases also on Embase and the Cochrane
Library. Priority was given to recent comprehensive reviews. Additional searches were conducted with-
out date restrictions or starting before 2000 if the authors or editors who were experts in the field
knew that there were relevant articles published before 2000. Where no observational data were
available, outcomes simulated by mathematical models and expert opinion were accepted as the
lowest level of evidence. Articles of adequate quality recommended by authors because of their clini-
cal relevance were also included, especially in the time period after March 2012 and up to December
2014 prior to completion of final editing of the draft manuscripts that began in July 2014. Preliminary
versions of the draft supplements were repeatedly reviewed and revised through multidisciplinary
meetings and discussions in which authors, editors and members of the literature group participated.
Prior to finalization and review by the complete group of editors, the draft manuscripts were
intensively reviewed by selected editors and/or external experts.
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The editorial board was responsible for the final formulation of the supplements and the grading of
the evidence and strength of the recommendations. The level of evidence and the strength of each of
the graded recommendations are indicated using the slightly modified scales adopted for the
European guidelines for quality assurance in colorectal cancer screening (Segnan, Patnick & von Karsa
2010; Minozzi, Armaroli & Segnan 2012); see below:

Grading of recommendations and supporting evidence

For the level of evidence:
| consistent multiple randomised controlled trials (RCTs) of adequate sample size, or systematic
reviews (SRs) of RCTs, taking into account heterogeneity
Il one RCT of adequate sample size, or one or more RCTs with small sample size

Il prospective cohort studies or SRs of cohort studies; for diagnostic accuracy questions, cross-
sectional studies with verification by a reference standard

IV retrospective case-control studies or SRs of case-control studies, trend analyses
V  case series; before/after studies without control group, cross-sectional surveys
VI expert opinion

For the strength of the respective recommendation:

A intervention strongly recommended for all patients or targeted individuals
intervention recommended
intervention to be considered but with uncertainty about its impact
intervention not recommended
intervention strongly not recommended

m o O @

Screening for cervical cancer with primary testing for human papillomavirus

The first of the present supplements (Ronco et al. 2015) aims to inform European policymakers and
public health specialists, and any other interested parties about the critical issues that should be
considered in weighing the potential benefit and harm of cervical screening programmes based on
HPV primary testing. It includes 36 main recommendations and conclusions dealing with the suitability
of HPV primary testing for use in cervical cancer screening. Key messages and topics covered in the
supplement include the lack of appropriate benefit from co-testing, and the appropriate target age
group and interval for HPV primary testing. Management protocols for women with positive or
technically inadequate HPV primary tests, the clinical accuracy of HPV testing using self-collected
samples, and the selection of tests suitable for primary screening are also covered; and other policies
and professional and scientific standards, such as consideration of health economic issues, are
indicated that should be adhered to in the design and implementation of quality-assured cervical
cancer screening programmes based on HPV primary testing. It is not the intention of the authors and
editors to promote recent research findings before they have been demonstrated to be of proven
benefit in clinical practice. The supplement therefore focuses on the use of primary testing for HPV
DNA in cervical cancer screening with cytology triage in the EU. As far as possible the authors and
editors have attempted to achieve an equitable balance that is applicable across a wide spectrum of
cultural and economic healthcare settings in the EU. As with any standards and recommendations,
these should be continuously reviewed in the light of future experience.

The scientific justification for the recommendations in the first supplement is provided by over 110
publications cited in the text, including published cross-sectional and longitudinal data from eight
randomized clinical trials conducted in Canada, Finland, India, Italy, Sweden, The Netherlands and the
United Kingdom (Bulkmans et al. 2004, Kotaniemi-Talonen et al. 2005, Sankaranarayanan et al. 2005,
Kitchener et al. 2006, Ronco et al. 2006a, Ronco et al. 2006b, Mayrand et al. 2007, Naucler et al.
2007, Ronco & Segnan 2007, Leinonen et al. 2009, Naucler et al. 2009, Sankaranarayanan et al.
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2009, Anttila et al. 2010, Ronco et al. 2010, Kitchener et al. 2011, Leinonen et al. 2012, Rijkaart et al.
2012, Dijkstra et al. 2014, Ronco G et al. 2014). It should be noted that the efficacy of HPV primary
testing in cervical cancer screening has been demonstrated in studies using clinician-based samples.
The authors and editors emphasize that currently the clinical accuracy of HPV primary testing on self-
collected samples is sufficient to conduct organized, population-based pilot programmes for women
who have not attended screening despite a personal invitation and a personal reminder (see Suppl. 1,
Rec. 1.32). Policy makers and professionals must be aware, however, that HPV testing on self-taken
samples is less accurate than on clinician-taken samples. For this reason, self-sampling is not
recommended for all women invited to screening (see Sect. 1.7 and Suppl. 2, Sect. 2.4.4 and Rec.
2.8 - 2.13).

The authors and editors also emphasize that despite the convincing evidence for more efficacious
screening using HPV primary testing, appropriate screening policy and programme organization are
essential to achieving an acceptable balance between benefit and harm of any screening programme.
These principles are particularly important in HPV primary screening, in order to avoid substantial
increase in the number of women with positive test results and additional colposcopies and treatment
of no additional benefit to participating women. Following the recommendations in the present
supplement will enable programmes to achieve the potential benefit of HPV primary testing in cervical
cancer screening while minimizing the risks (Rec. 1.1).

While most of the recommendations in the first supplement focus on the opportunities and the
challenges of HPV primary screening that set it apart from cytology-based screening; decision-makers,
programme managers and professionals should also be aware of the guidance in the second
Guidelines edition (Arbyn et al. 2008; Arbyn et al. 2010) that is relevant to any cervical screening
programme irrespective of the method of primary testing used (see Rec. 1.34). Of prime importance
in this regard are also the recommendations on programme organization, planning, monitoring and
evaluation in the second supplement. The authors and editors also emphasize the importance of using
reliable, validated HPV tests (see Rec. 1.33) in qualified laboratories, accredited by authorized
accreditation bodies and in compliance with international standards (see Rec. 1.35) In addition, any
decision to implement HPV primary testing in cervical cancer screening should take into account
health economic factors, and whether correct use of the test as specified in the instructions of the
manufacturer and in accordance with the recommendations in the supplement can be organized (see
Rec. 1.36). The authors and editors also point out that sustainability is crucial to the success of any
cervical screening programme, and in the first supplement they underline the importance of the
respective recommendations in Supplement 2 and Annex 1.

Organization of cytology-based or HPV-based cervical cancer screening

The second supplement (Anttila et al. 2015a) addresses the persisting gap in the EU between know-
ledge of the potential of population-based cervical screening to reduce the burden of the disease in
the population, on the one hand, and the extent to which this knowledge has been translated into
effective national programmes to control cervical cancer, on the other hand. As pointed out in the
Council Recommendation on cancer screening (Annex 2), the most effective and appropriate way for
screening to reduce cervical cancer incidence and mortality is through implementation of population-
based programmes following the European quality assurance guidelines. Despite this knowledge,
many old and new Member States of the European Union do not have population-based screening
programmes in place or have programmes that are underperforming. The supplement provides
seventeen recommendations on the policy and organizational issues that are inherent to the use of
cytology and HPV testing in screening programmes. First and foremost is recognition of the need to
implement HPV primary screening only in organized, population-based programmes (see Rec. 2.1 in
Suppl. 2). This is an important prerequisite for effective quality assurance of any cancer screening
programme (see Annex 1 and 2) and one that applies particularly to HPV primary screening.

The scientific justification for the recommendations in the second supplement is provided by over 90
publications cited in the text. In light of the evidence that HPV primary screening of appropriate qual-
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ity can yield better results than cytology-based screening, policy-makers in EU countries or regions
with cytology-based population programmes are advised to review current policies and consider
whether transition to HPV primary screening would improve the balance between harm and benefit in
their programmes. Policy makers in EU countries or regions lacking any population-based cervical
screening programme are advised to review current policies and consider implementation of organized
population-based cervical screening programmes taking into account the current European Guidelines,
including the supplements, and the Council Recommendation (see Rec. 2.2 and 2.3). In addition to
these general aspects, problems are discussed that are commonly encountered in implementing cer-
vical cancer screening programmes in EU Member States with population-based programme policies,
in those with opportunistic programmes, or in Member States in Central and Eastern Europe, and solu-
tions are suggested that have proven to be effective in successful European screening programmes.
The recommendations in the supplement are focussed on strategies to optimize screening attendance,
including invitations, reminders and self-sampling. For evaluation and monitoring, the supplement also
provides key performance indicators specifically related to HPV primary screening; and for the first
time, European quality standards are introduced for key performance indicators (coverage by
invitation, coverage by examination; and rate of participation or uptake) (see Rec. 2.15 - 2.17).

In the text more detailed advice is provided on the steps that programme management should take in
navigating the protracted process of establishing an organized, population-based screening pro-
gramme, including a checklist for planning, feasibility testing, piloting, monitoring and evaluation (see
Sect. 2.7). This guidance illustrates and supplements the recommendations in Annex 1 dealing with
the determinants of successful implementation of cancer screening programmes (Lynge et al 2012;
von Karsa et al. 2013a; see also Anttila et al. 2015b and von Karsa et al. 2014).

Implementation of vaccination against human papillomavirus in Europe

The third of the present supplements (De Vuyst et al. 2015) summarizes the evidence base for HPV
vaccination using the currently licensed bivalent and quadrivalent vaccines in the EU.** Over 90 publi-
cations are cited and nine main recommendations and conclusions are provided to promote effective
implementation of this tool for cervical cancer control in the EU. Clinical trials have shown the current
prophylactic HPV vaccines to be safe and highly effective against persistent vaccine-related HPV
infections and anogenital precancerous lesions among women who were not infected by these types
at the time of vaccination (ECDC 2012; WHO 2009a; WHO 2014a; see also EMA 2014a; EMA 2014b).
The use of HPV vaccines in pre-adolescent girls and young women for the primary prevention of
cervical cancer and some other HPV-related diseases has been endorsed by the European Medicines
Agency (EMA) in 2006 (quadrivalent HPV 6/11/16/18 vaccine)'® and 2007 (bivalent HPV 16/18
vaccine),*® and in a position paper by the World Health Organization (WHO) in 2009 and 2014 (WHO
2009b; WHO 2014b). Since then, 21 of the 28 Member States of the European Union plus Norway and
Iceland have introduced national HPV vaccination programmes. Recently, WHO updated its HPV
vaccines position paper to recommend a two-dose regimen with increased flexibility in the interval
between doses (WHO 2014b). EMA has also granted marketing authorizations for bivalent and
quadrivalent vaccines in the EU for a two-dose schedule administered by injection at a 6-month
interval for girls aged 9-14 and 9-13 years, respectively. If the respective vaccines are administered at

The 9-valent vaccine that was recommended by the European Medicines Agency (EMA) in March 2015 for the
prevention of diseases caused by nine types of human papillomavirus (HPV) was not considered in the prepar-
ation of the present supplement because at the time of writing and editing it was not licensed for use in the EU.

See (accessed 28/05/2015):
http://www.ema.europa.eu/docs/en_GB/document_library/Press_release/2015/03/WC500184898.pdf

See summary of product characteristics, accessed 10/04/2015:
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000703/WC500021142.pdf

See summary of product characteristics, accessed 10/04/2015:
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000721/WC500024632.pdf
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an older age, the three-dose schedule should be used (EMA 2014a, EMA 2014b). Some EU countries,
such as Belgium, France, Italy and the UK, have already implemented a 2-dose HPV vaccination
schedule.

The primary target group for routine vaccination is girls at an age before debut of sexual activity, usu-
ally 12 to 13 years. Targeting older girls and young women with catch-up vaccination at the start of a
routine vaccination programme can accelerate the impact of the vaccination programme, as clinical
trials have shown satisfactory immune response and efficacy against infection in women aged 15 to
26 years being HPV 16 and 18 DNA negative. The question whether boys should also be included in
the HPV vaccination target population is currently under debate and is the subject of ongoing
research. Vaccination of boys could contribute to herd immunity and offer protection against other
HPV-related cancers and genital warts in the vaccinated subjects. Moreover, mathematical modelling
studies indicate that vaccinating boys would be cost-effective if vaccine coverage in girls is lower than
30%-50%, as is the case in a number of EU Member States, or if vaccine cost is substantially dimin-
ished, i.e., is halved.

Clinical trials and post-licensure studies have shown that the current vaccines are safe, and efforts are
still on-going to monitor rare events like auto-immune diseases, or possible adverse effects in special
groups such as women who have been inadvertently vaccinated during pregnancy. An important
measure in process-monitoring of HPV vaccination is the assessment of vaccine coverage data by year
of birth and number of administered doses. In addition, individual vaccination records should be
retained, to permit linkage of HPV-related disease incidence with individual vaccination status in the
future.

A measurable early indicator of the impact of vaccination will be the prevalence of HPV infections in
young vaccinated women. Indirect evidence of population level impact of the HPV vaccines has al-
ready been provided through the demonstration of a decrease in the prevalence of HPV, the incidence
of high-grade cervical abnormalities, and the incidence of genital warts soon after the introduction of
vaccination programmes. However, long-term monitoring of end-point indicators is essential to assure
that programmes attain their expected impact. This will require careful assessment of changes in the
epidemiology of severe precancerous lesions and cancers over decades through linkage between
screening and cancer registries irrespective of early indicator studies.

As of early 2014, seven EU countries had not yet initiated HPV vaccination campaigns, all of them new
Member States (Estonia, Hungary, Lithuania, Poland, Slovakia, Cyprus and Croatia). HPV vaccination is
perceived as being too expensive by many new Member States, but vaccine prices for vaccination
campaigns have decreased considerably in recent years, and modelling studies have shown that cost-
effectiveness of HPV vaccination tends to be largest in countries with the highest cervical cancer
burden, as is the case in most of these countries.

In most of the EU Member States with HPV vaccination campaigns, the vaccine is offered free of
charge, predominantly through organized, population-based programmes distributing the vaccine at
schools or public health centres. The success in terms of coverage of the target groups has been
highly variable, ranging from <30% to 80% and over. At the lower end of the range, in France and
Luxemburg, the programmes rely on opportunistic vaccination. The highest rates of 80% and above
are in countries or regions with population-based vaccination programmes (Denmark, Malta, Portugal,
Sweden, the United Kingdom and the Flemish community in Belgium). Most of the countries choose
routine target groups that include ages in the range 11 to 13 years. Organized school-based pro-
grammes usually provide the best coverage and more equitable access to HPV vaccines, followed by
organized programmes through health-care centres and through general practitioners. Opportunistic
programmes usually achieve low or ill-defined levels of coverage. Vaccination campaigns targeting
adolescents pose specific challenges, compared to those targeting younger children aged 10-13 years.

Given the current variation in HPV vaccination coverage in the EU, the importance of an organized,
population-based approach to vaccine delivery and the need for adaptation of existing vaccine delivery
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infrastructure to the special requirements of HPV vaccination are common to all EU countries (see
Rec. 3.1 in Suppl. 3). Higher vaccination coverage is a reasonable goal in many EU Member States.
HPV vaccination programmes should aim at a minimum coverage of 70% and preferably >80% (see
Rec 3.7). Effective monitoring and evaluation will be key to improving the coverage and effectiveness
of vaccination programmes across the EU. Organized, population-based HPV vaccination programmes
should have systematic register-based monitoring of coverage and safety. Long-term evaluation of
vaccine safety and effectiveness is recommended in all countries. Appropriate legal frameworks must
be developed, taking funding and organizational resources into account (see Rec 3.3). Every effort
should be made to record individual vaccination status to ensure that it will be known for future
cohorts reaching the target age for screening (see Rec. 3.8).
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Recommendations and conclusions?’

Suitability of HPV primary testing for use in cervical cancer screening programmes

1.1 Primary testing for oncogenic HPV*® can be used in an organized, population-based programme
for cervical cancer screening (1-A) provided the other recommendations in this supplement are
followed (VI-A). Primary testing for oncogenic HPV outside an organized population-based

Avoidance of co-testing (HPV and cytology primary testing) at any given age

1.2 Only one primary test (either cytology or testing for oncogenic HPV) should be used at any
given age in cervical cancer screening (see also Rec. 1.3 - 1.7) (11-A).Sect131

Age at which to start HPV primary testing in cervical cancer screening programmes

1.3 Routine HPV primary screening can begin at age 35 years or above (see also Rec. 1.1)
(l_A)'Sectl.3.2.l

1.4 Routine HPV primary screening should not begin under age 30 years (1-E).Sect1.3.2.1

1.5 The available evidence is insufficient to recommend for or against beginning routine HPV
primary screening in the age range 30 - 34 years (VI).Sect1.3.2.1

Age at which to stop HPV primary testing in cervical cancer screening programmes

1.6 In the absence of sufficient evidence on the optimal age at which to stop screening, HPV
primary screening could stop at the upper age limit recommended for cytology primary
screening (60 or 65 years), provided a woman has had a recent negative test (V1-B).Sect1.3.2.2

Cervical screening using cytology primary testing outside the age range of HPV primary
testing

1.7  Cervical screening based on cytology primary testing conducted outside the age range of HPV
primary testing should follow the guidance provided for cytology-based screening in the second
edition of the European guidelines for quality assurance in cervical cancer screening, and in
Supplement 2 (see also Rec 1.9, 1.10, 1.22 and 1.34) (VI-A). Sect13.21

Screening interval after a negative HPV primary test

1.8 The screening interval for women with a negative HPV primary test result should be at least 5
years (I1-A) and may be extended up to 10 years depending on the age and screening history
(| | |_C)_Sect 1.3.3

Sect (superscript) after each recommendation in the list refers the reader to the section/s of the supplement/s
dealing with the respective recommendation.

Rec (superscript) throughout the supplement refers to the number of the recommendation dealt with in the pre-
ceding text.

See IARC (2012) and footnote no. 13 on page XV.
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Management of women without an adequate HPV primary test result

1.9

1.10

Some women attending cervical cancer screening may prefer not to be tested for HPV. If a

woman declines HPV primary testing, cytology can be performed (see also Rec 1.7) (VI-C).Sect
1.3.4

Non-attenders and women with a technically inadequate HPV test result should be invited to
have a new sample taken (VI-A); alternatively cytology testing without additional sample
taking may be performed if technically feasible and preferred by the woman (see also Suppl. 2,
Rec. 2.9-2.11) (VI1-B).Sect1.3.4;2.4

Management of women after a positive HPV primary test

1.11

1.12

1.13

Cervical screening programmes using HPV primary testing must adopt specific policies on triage,
referral and repeat testing of women with positive primary test results, taking into account the
guidance in Rec. 1.12 — 1.31). The policies must include guidance on when women with positive
HPV test results should be invited to return to routine screening (VI1-A). Sect1.3:5

Screening programmes should carefully monitor management of HPV-positive women. Monitor-
ing should include compliance of individual women with further follow-up of positive primary
test results, as well as results of triage, referral, colposcopies, biopsies, and treatment of pre-
cancers (VI-A),Sect1.35

Triage, referral and repeat testing policies (see Rec. 1.11) should be regularly reviewed and, if
necessary, revised taking into account the results of monitoring (see Rec. 1.12) and the
available evidence (VI-A).Sect1.35

Secondary testing

1.14

1.15

1.16

1.17

1.18

1.19

e Cytology triage

Women testing positive for oncogenic HPV at primary screening should be tested without delay
for cervical cytology (cytology triage) (1-A).Sect 1411 The cytology test should preferably use
the specimen collected during the HPV screening visit (VI-A).Sect1.4.1.1

Direct referral to colposcopy of all HPV-positive women is not recommended (1-D).Sect14.1.1

Depending on the result of cytology triage, HPV-positive women should be referred to repeat
testing, or to colposcopy (see Rec. 1.18 - 1.21) (1-A).Sect1.4.1.1

Quality assurance of laboratories and professional practice in the provision of cytology,
colposcopy and histopathology services used in cytology triage in HPV primary screening should
comply with the recommendations in Chap. 3 - 6 of the European Guidelines, second edition
(see also Rec. 1.35) (VI-B).Sect14.1.1

e Referral of women with pre-invasive or more severe cytology at triage

Women with ASC-H (atypical squamous cells, high-grade squamous lesion cannot be excluded),
HSIL (high grade squamous intraepithelial lesion), AIS (adenocarcinoma in situ) or a more
severe finding at cytology triage should be referred to colposcopy without further observation
or testing (111-A).Sect14.1.2

¢ Referral of women with minor cytological abnormalities at initial triage

Women with ASC-US (atypical squamous cells of undetermined significance), AGC (atypical
glandular cells), or LSIL (low grade squamous intraepithelial lesion) at triage after an initial HPV
primary test in a screening episode may be followed up by retesting, preferably after 6 - 12
months, or referred directly to colposcopy (see Rec. 1.22 - 1.31) (VI-C).Sect1.4.1.2
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1.21

Sil

Women who have negative cytology (negative for epithelial abnormality) at triage after a
positive initial HPV primary test in a screening episode should be followed up by re-testing after
an interval shorter than the regular screening interval, but after at least 6 - 12 months (see also
Sect. 1.4.1 and Rec 1.23 and 1.24) (VI-A).Sect14.1.2

o Referral of women with negative cytology at initial triage

Direct referral to colposcopy of women with negative cytology at triage is not recommended
(l_D)_Sect 1.4.1.2

Management of women at repeat testing

1.22

1.23

1.24

1.25

1.26

1.27

1.28

1.29

1.30

1.31

The prevalence of HPV and the quality and organization of cytology screening affect the
efficiency, effectiveness and appropriateness of management of women at repeat testing.
These factors should be taken into account in the regular review of management protocols for
repeat testing (see also Rec. 1.13) (VI-A). Sect1.5.3

e Type and interval of repeat testing

Cytology repeat testing after at least 6 - 12 months is an acceptable alternative to HPV repeat

testing (see also Chap. 6, Sect. 6.3.1 in the European Guidelines, second edition) (I111-B).Sect
1.5.1

Women who were HPV-positive and cytology normal (negative for epithelial abnormality) in
primary screening may be managed by HPV retesting with or without cytological triage, and
after an interval of preferably at least 12 months (111-B).Sect1.5:1

e Protocols using HPV testing with cytology triage in repeat testing

Women should be referred to colposcopy if cytology triage of a positive repeat HPV test yields
ASC-US (VI-B) or more severe cytology (VI-A).Sect1.5:3

Women who have negative cytology triage (negative for epithelial abnormality) of a positive
repeat HPV test) may be managed by one of the following options (see also Rec. 1.11-1.13)
(Vl -B) _Sect 1.5.3

o Referral to second repeat testing after at least 12 months
e Referral to colposcopy
e Return to routine screening

Women who have a negative repeat HPV test should return to routine screening (111-A).
Cytology triage is not needed for these women (111-E).Sect1.5.3

e Protocols using cytology testing alone in repeat testing

Women with ASC-US or more severe cytology at repeat testing should be referred to
colposcopy (VI1-B).Sect1.5:3

Women with normal cytology at repeat testing should return to routine screening (111-A).Sect
153

e Protocols using HPV testing alone in repeat testing

Women who have a negative repeat HPV test should return to routine screening (11-A). Sect1.53

Women who have a positive repeat HPV test should be referred to colposcopy
(| |_C)_Sect 153
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Self-sampling in screening programmes using HPV primary testing

1.32

The clinical accuracy of HPV primary testing on self-collected samples taken for cervical screen-
ing is sufficient to conduct organized, population-based pilot programmes for women who have
not attended screening despite a personal invitation and a personal reminder (see also Rec.
1.33 and Suppl. 2, Rec. 2.8 - 2.13) (111).5ect17

Selection of HPV tests suitable for primary cervical cancer screening

1.33

Cervical cancer screening programmes should adopt an HPV primary test for use only if it has
been validated by demonstrating reproducible, consistently high sensitivity for CIN2+ and
CIN3+ lesions, and only minimal detection of clinically irrelevant, transient HPV infections
(V| _A)_Sect 1.2.1.3;1.6

Implementation of HPV primary testing in cervical cancer screening programmes

1.34

1.35

1.36

HPV primary screening programmes should follow the guidance in the European Guidelines,
that is relevant to any cervical screening programme irrespective of the method of primary
testing used. The relevant guidance includes the recommendations on programme organization,
planning, monitoring and evaluation (see current Suppl. 2, and second edition, Chap. 2);
communication; and quality assurance of the entire screening process including sampling,
histopathologic interpretation and classification of cervical tissue; and management of detected
lesions (see second edition, Appendix 1 and Chap. 3 - 6) (VI-A).Sect1.23

Like cervical cytology testing, HPV testing should be performed only on samples processed and
analysed in qualified laboratories, accredited by authorized accreditation bodies and in
compliance with international standards. The laboratory should perform a minimum of 10,000
tests per year (see also Rec. 1.34) (VI-A).Sect16

Any decision to implement HPV primary testing in cervical cancer screening should take into
account health economic factors, and whether correct use of the test as specified in the
instructions of the manufacturer and in accordance with the recommendations in this
supplement can be organized (VI1-B).Sect1.2.1.3;1.3.2.1

e Health economic factors to consider in planning and subsequent steps in programme imple-
mentation include the prevalence of HPV infections; the burden of repeat testing, colpos-
copies, and CIN treatments resulting from HPV testing; and the quality and impact of
existing cytology screening programmes.

e Assessments should be conducted to determine the optimal target age groups and screening
intervals based on the chosen test and management protocols.

e The feasibility and sustainability of the programme should be assured through adequate
resourcing and coordination, including coordinated planning, feasibility and pilot studies, and
quality-controlled rollout across a country or region (see Suppl. 2 and Annex 1).
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1.1 Introduction

Most cervical cancer cases in a population may be prevented by effective treatment of precancerous
lesions detected in cervical screening by cytology primary testing (IARC 2005). For over a decade,
detection of the etiologic agent human papillomavirus (HPV) in cervical samples has been investigated
as an alternative method of primary cervical screening in cross-sectional studies, cohort studies, and
randomized controlled intervention trials.

Evaluation of the utility and suitability of the new method for cervical cancer screening requires
assessment of the relevant evidence by answering clearly defined questions about test performance,
and feasibility and efficacy of the screening process (Appendix 1). A first step is to assess whether
HPV primary testing has greater accuracy than cytology in identifying cervical cancer precursor lesions
in cross-sectional analysis. Greater sensitivity for the detection of cervical cancer and its immediate
precursors may imply increased safety. Specificity and positive predictive values (PPVs) are also
important, as lower specificity and lower PPV imply that such screening will result in increased
numbers of unnecessary colposcopies, treatments, and adverse effects (see Sect. 1.2.1).

Provided that cross-sectional assessment of primary test performance is promising, the next step is to
evaluate longitudinal outcomes, preferably in studies with active intervention as a result of the test.
Lower incidence of invasive cervical cancer after HPV primary screening than after cytology primary
screening provides direct evidence of improved efficacy of the new method. However, invasive
cervical cancer is rare, particularly in settings with effective screening programmes. Earlier, additional
evidence of improved efficacy is provided by reduced detection of the immediate cervical cancer pre-
cursor, grade 3 cervical intraepithelial neoplasia (CIN3), after initial HPV screening (see Sect. 1.2.2).

Randomized controlled trials (RCTs) provide the highest level of evidence of efficacy and various
determinants of screening impact. Since 2004, reports from six European RCTs have compared HPV
and cytology primary screening (Bulkmans et al. 2004; Bulkmans et al. 2007; Kitchener et al. 2009b;
Kotaniemi-Talonen et al. 2005; Leinonen et al. 2009; Naucler et al. 2007; Naucler et al. 2009; Rijkaart
et al. 2012; Ronco et al. 2006a; Ronco et al. 2006b; Ronco et al. 2008; Ronco et al. 2010). In a
Canadian RCT (CCCaST) (Mayrand et al. 2007), HPV and cytology primary testing were performed in
combination (co-testing), and the order of sampling was randomly assigned. In a trial conducted in
India, HPV primary screening was compared with cytology primary screening (Sankaranarayanan et al.
2005). Four RCTs have published the results of the first two screening rounds (Bulkmans et al. 2007;
Kitchener et al. 2009b; Naucler et al. 2007; Ronco et al. 2010).

The chief characteristics of the RCTs are summarized in Table 1.1. The main findings are also present-
ed in a systematic review (Arbyn et al. 2012) conducted during the preparation of the present supple-
ments to the second edition of the European guidelines for quality assurance in cervical cancer
screening (European Guidelines) (Arbyn et al. 2008a). Differences in protocols are mainly related to
(1) the use of stand-alone HPV testing vs. co-testing all women for HPV and cytology and (2) referring
all HPV positive women to colposcopy or conducting triage, in particular by cytology. The different
HPV screening protocols used in the trials have been assessed by comparing the results obtained for
efficacy, overdiagnosis, and referral to colposcopy, as well as PPV of colposcopy. Given the low
incidence of invasive cervical cancer in well-screened women, the efficacy of cervical cancer screening
was first examined by determining rates of CIN grade 3 or more severe neoplasia (CIN3+) detected at
the second screening round; and the relative impact of different screening protocols was assessed by
determining the ratio between the detection rates obtained using HPV primary testing versus cytology
primary testing (see Sect. 1.2). The direct effect on cancer incidence was subsequently evaluated in a
pooled analysis (Ronco et al. 2014).
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Another key question is whether HPV primary screening increases the number of interventions result-
ing from overdiagnosis of precursor lesions, ie detection of lesions that in the absence of screening
would have spontaneously regressed, or would not have progressed to cancer. Overdiagnosed lesions
cannot be individually identified but their number can be assessed in randomized trials by comparing
the detection of precursor lesions in the HPV arm versus the cytology arm over two (or more)
screening rounds. RCTs in which all women are tested for HPV at round 2 are more appropriate for
evaluating overdiagnosis. If all women are tested for cytology at the second round then more than
two screening rounds are more informative for assessing overdiagnosis (Ronco & Segnan 2007) (see
Sect. 1.2.2.3).

Once a decision has been made to use HPV primary testing in cervical cancer screening, the next
guestion is how to assess which test to use. There are more than 150 HPV tests currently available,
with varying degrees of documentation. To identify HPV assays that might be considered to be
acceptable for primary cervical cancer screening, equivalency criteria have been defined based on the
relative cross-sectional accuracy for grade 2 CIN or more severe neoplasia (CIN2+) compared with
validated assays (Meijer et al. 2009) (see Sect. 1.6).

As HPV prevalence is strongly age-dependent and the longitudinal performance of HPV primary testing
is different from that of cytology, the recommended age range and intervals for HPV primary cervical
screening are likely to differ from that of cytology primary screening. Systematic assessment of both
beneficial and negative effects of starting and stopping HPV primary screening at various ages, and
screening in various intervals is therefore of paramount importance (see Sect. 1.3.2).

As pointed out in the second edition of the European Guidelines, all of the steps in the screening
process affect the overall impact and the balance between benefit and harm of cervical cancer
screening. The present supplement therefore also provides guidance on the management of women
after the result of the primary screening test is determined. This includes management of women
lacking an adequate HPV primary test result as well those requiring management due to a positive
primary test result. The latter group of women includes those for whom repeat testing is an
appropriate approach, ie after normal cytology at triage of a positive HPV primary test (see Sect.
1.3.4,1.3.5,1.4 and 1.5).

A new option in the design of cervical screening programmes, when HPV primary screening is
considered, is the use of self-collected samples; this may simplify logistics and enable new strategies
for outreach to women to increase participation in organized screening programmes. In the absence
of longitudinal evidence for equivalent or better sensitivity and specificity of detection of CIN3+ using
self-collected samples, application of this sampling method must be planned and evaluated carefully,
and should be limited to women not reached by clinician-based sampling (see Sect. 1.7).

It should also be considered that while effectiveness is essential, it is not the only criterion for recom-
mending implementation of new, or modification of existing screening programmes. Health economic
factors should also be taken into account to ensure that the expected benefits, and an appropriate
balance between benefit and harm can be achieved with the available resources. Despite the wide
variation in the cost of screening and medical procedures across the EU, the results and conclusions of
cost-effectiveness studies conducted in a given setting can provide insight that will help decision-
makers and professionals in other settings to plan and implement effective programmes (Sect. 1.8).

This supplement to the second edition of the European guidelines for quality assurance in cervical
cancer screening (Arbyn et al. 2008a) has been developed to inform European policymakers and
public health specialists, and any other interested parties about the critical issues that should be
considered in weighing the potential benefit and harm of cervical screening programmes based on
HPV primary testing. It is not the intention of the authors and editors to promote recent research
findings before they have been demonstrated to be of proven benefit in clinical practice. The
supplement therefore focuses on the use of primary testing for HPV DNA in cervical cancer screening
with cytology triage. As far as possible the authors and editors have attempted to achieve an equit-
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able balance that is applicable across a wide spectrum of cultural and economic healthcare settings in
the EU. As with any standards and recommendations, these should be continuously reviewed in the
light of future experience.

Thirty-six recommendations and conclusions, graded according to the strength of the respective
recommendation or conclusion, along with the supporting evidence, are presented at the beginning of
the supplement and explained in the body of the text. Some statements of advisory character
considered by the authors and editors to be good practice but not sufficiently important to warrant
formal grading are included in the text. Following these recommendations should enable decision-
makers in EU Member States to ensure that comprehensive efforts to control cervical cancer make
appropriate use of HPV primary testing when establishing cervical screening programmes or improving
existing programmes.

1.2 Evidence on accuracy and outcome of HPV
primary screening

1.2.1 Cross-sectional accuracy

Data on the cross-sectional accuracy of HPV primary testing are available from two types of studies:
(1) cross-sectional studies in which women were offered co-testing with both cervical cytology
(conventional or liquid-based) and HPV DNA assay, and (2) randomized clinical trials where women
were assigned to cytology, HPV testing, or co-testing.

In the assessment of sensitivity and specificity, three study approaches were distinguished (Arbyn et
al. 2009a): (1) all cases were verified with a reference standard (assessment of CIN2+ using
histopathology of colposcopy-directed biopsies), (2) only screening-test-positive cases were verified
and the assumption was made that none of the women who were negative for all tests had underlying
CIN2+, and (3) a random sample of women who were negative for all tests underwent additional
verification. For the evaluation of relative sensitivity, the ratio of sensitivities and the ratio of the
detection rates of CIN2+ were considered.

Meta-analyses on the cross-sectional accuracy of HPV-based and cytology-based screening have
concluded that HPV primary screening has higher sensitivity than cytology primary screening in
detecting precancerous cervical lesions (CIN2+ and CIN3+) (I). However, HPV testing is generally
less specific, leading to increased rates of positive test results (1) particularly in younger women
(Arbyn et al. 2012; Cuzick et al. 2008a; Koliopoulos et al. 2007; Ronco et al. 2008).

Overall, the sensitivity of the commonly used HPV test Hybrid Capture 2™ (HC2), at standard “cut-off”
conditions (=1 relative light units [RLU]), for finding underlying CIN2+ was 90% (95% confidence
interval [Cl], 88-93%); see Table 1.2. The heterogeneity in the sensitivity was very large in studies
conducted in developing countries (probably due to quality variations in colposcopy and histological
verification of CIN2+) (Arbyn et al. 2006). The inter-study variation was substantially reduced in
studies conducted in industrialized countries.

In European and North American studies, which are the most relevant for European guidelines, the

pooled sensitivity to detect CIN2+ was 96% (95% CIl, 95-98%), whereas the pooled specificity was
91% (95% CI, 90-93%); see Table 1.2. The accuracy values of HC2 for CIN3+ were similar to those
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for CIN2+. Overall, 10% (95% CI, 8-12%) of the screened population was HPV-positive with the HC2
test targeting high-risk HPV (hrHPV); 1.5% (95% CI, 1.1-1.9%) of the population had CIN2+, and
1.1% (95% CI, 0.8-1.3%) had CIN3+. The diagnostic odds ratio did not vary significantly by
completeness of reference standard verification, indicating that verification bias was limited..

1.2.1.1 Cross-sectional accuracy of HPV testing relative to cytology

In 11 European and North American screening studies, the sensitivity of HC2 was on average 37%
(95% ClI, 22-54%) and 43% (95% ClI, 15-77%) higher than that of cytology at the lowest cytological
cut-off (atypical squamous cells of undetermined significance or more severe [ASC-US+]) for the
detection of CIN2+ and CIN3+, respectively; see Table 1.3. When all pooled studies were considered,
the relative sensitivity of HPV testing was higher when compared with cytology at a cut-off of low-
grade squamous intraepithelial lesion or more severe (LSIL+).

The specificity of HC2 for excluding CIN2+ was significantly lower than that of cytology, at a ratio of
0.97 (95% CI, 0.96-0.98) and 0.92 (95% ClI, 0.90-0.94) when considering the cut-offs ASC-US+ and
LSIL+, respectively. GP5+/6+ polymerase chain reaction (PCR) was also more sensitive and less
specific than cytology for detecting CIN2+, respectively (ratios: 1.33; 95% CI, 1.13-1.55 and 0.94;
95% ClI, 0.85-1.03) (Arbyn et al. 2012).

The combination of cytology with HC2 had a sensitivity that was 42% (95% CI, 36—-48%) and 33%
(95% CI, 29-37%) higher for the detection of CIN2+ and CIN3+, respectively, than cytology alone
(at cut-off ASC-US+), whereas the specificities were 6% (95% CI, 6-7%) and 8% (95% CI, 7-9%)
lower, respectively. Adding cytology to the HC2 test increased the average sensitivity by 5 percentage
points (95% CI, 4-7%) and 2 percentage points (95% CI, 1-3%) for CIN2+ and CIN3+, respectively,
compared with HPV testing alone, but this resulted in a significant loss of specificity (ratios: 0.95; 95%
Cl, 0.94-0.96 and 0.93; 95% CI, 0.92-0.95) (Arbyn et al. 2012).

1.2.1.2 Relative accuracy of cervical screening using HPV primary testing
alone or in combination with cytology primary testing

Baseline results from eight randomized studies compared the accuracy of detecting CIN2+ in cervical
screening using hrHPV assays, cytology, or the combination of both (for study characteristics see
Table 1.1). Figure 1.1 shows the relative sensitivity for detection of CIN2+ as the detection rate ratio
[DRR] of HPV versus cytology primary screening in the eight trials, grouped by cytology method and
by developing versus industrialized countries. The results from the industrialized countries showed
substantially higher sensitivity of HPV primary testing for detection of CIN2+ than screening using
conventional (combined DR ratio of 1.39; 95% ClI, 1.23-1.57, p for inter-study heterogeneity = 0.57);
the results were significant overall and in three of the six respective trials, all of which had consistent
results. The sensitivity clearly appeared to be lower in the trial conducted in India (Sankaranarayanan
et al. 2005) and possibly only slightly higher in the ARTISTIC trial (that used liquid-based cytology
[LBC]) (Kitchener et al. 2009b). Plausible reasons that have been suggested for the latter findings
include misclassification of CIN2+ in the Indian trial, overdiagnosis of lesions detected by LBC (Arbyn
et al. 2009b), and loss of a large proportion of HPV-positive women to follow-up in the ARTISTIC trial
(Sasieni, Castanon & Cuzick 2009).

Seven of the eight randomized studies also reported on detection of CIN3+. The results from the
industrialized countries also showed substantially higher sensitivity of an hrHPV assay compared to
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CERVICAL SCREENING WITH PRIMARY TESTING FOR HPV @ﬂ

conventional cytology (combined DRR of 1.28; 95% Cl, 1.09-1.51, p for inter-study heterogeneity =
0.012); the results were significant overall and in one of the five respective trials, all of which had
consistent results. In the study with a significant result (NTCC phase 2) the increase in sensitivity for
CIN3+ was substantial with a DR ratio of 2.06 (95% CI, 1.16-3.68) (Ronco et al. 2008).

In all of the trials that had an experimental arm with combined HPV and cytology primary screening,
adding cytology to hrHPV primary testing yielded only a minor and statistically insignificant increase in
sensitivity as reflected in the pooled DR ratios of 1.06 (95% CI, 0.97-1.16) and 1.04 (95% CI, 0.92—
1.17) for CIN2+ and CIN3+, respectively (Figure 1.2).

1.2.1.3 Harms of HPV primary screening

Potential significant harms of HPV primary screening include markedly increased rates of positive test
results (1) and colposcopy referrals at the first HPV screen (1) (Bulkmans et al. 2007; Kitchener et al.
2009b; Kitchener et al. 2011; Rijkaart et al. 2012; Ronco et al. 2006b; Ronco et al. 2010). These risks
are particularly pronounced among women younger than 35 years. (see Sect. 1.3.2.1). However, the
positive predictive value of colposcopy referral was similar for cytology or HPV primary screening in
the randomized trials that used cytology triage to manage women with a positive HPV primary test
(for further information see Sect. 1.4). These are key reasons for the recommendations in this supple-
ment dealing with the age range and interval for HPV primary screening (see Rec 1.3 - 1.6 and 1.8)
and management of women after a positive HPV primary test (see Rec. 1.11 - 1.31). To ensure that
cervical cancer screening programmes based on HPV primary testing achieve an appropriate balance
between benefit and harm, HPV primary screening is only recommended when used in an organized,
population-based programme (see also Suppl. 2, Rec. 2.1) (VI-E) and provided the other recommen-
dations in this supplement are followed (see also Sect. 1.2.3) (VI-A).Re¢ 11 These include the need to
ensure the correct use of the test as specified in the instructions of the manufacturer and in accord-
ance with the other recommendations in this Supplement (V1-B).Re¢ 136 The latter recommendations
include selection only of those HPV primary tests for use in a programme that have been validated by
demonstrating reproducible, consistently high sensitivity for CIN2+ and CIN3+ lesions, and only mini-
mal detection of clinically irrelevant, transient HPV (VI-A)Re¢ 133 or performance of HPV testing only
on samples processed and analysed in qualified laboratories accredited by authorized accreditation
bodies and in compliance with international standards (VI-A).Rec1:35
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1.2.2 Longitudinal outcomes of HPV primary screening in
randomized controlled trials

1.2.2.1 Reduction in CIN3+ and cancer incidence

e Outcomes in the second round of cervical screening

Results of the second screening round have been published for four RCTs investigating HPV primary
screening: despite different protocols for the management of screen-positive women, a remarkably
consistent reduction in the incidence of CIN3+ lesions was found among women who had HPV
primary screening versus those who had cytology primary screening at round 1 (pooled DRR of 0.43;
95% CI, 0.33-0.56); see Figure 1.3. The results were significant overall and in each of the four
studies when analysis of the Italian data was restricted to women older than 35 years. Moreover, in
the Italian trials, no cancer cases were found at round 2 among women who had HPV primary
screening at round 1, whereas 9 cases were observed among women who had cytology primary
screening at round 1 (p = 0.004) (Ronco et al. 2010). Since similar numbers of invasive cancer cases
were detected in the HPV and cytology arms in the first round, the reduction at round 2 results from
more effective prevention, as opposed to earlier diagnosis, of invasive cancers by HPV primary testing.

Compared with cytology, HPV primary screening results in reduced incidence of CIN2 and CIN3 at the
second screening rounds (1) (Arbyn et al. 2012; Kitchener et al. 2009b; Kitchener et al. 2011; Naucler
et al. 2009; Rijkaart et al. 2012; Ronco et al. 2010) showing that HPV based screening allows earlier
detection of persistent CIN2 and CIN3 than cytology.

e Outcomes after the initial screen (two or more rounds of follow-up)

Based on a joint analysis of four European randomized trials with data for two or more screening
rounds, the DRR of cervical cancers for HPV versus cytology primary screening, starting from the
initial screen, was 0.60 (95% CI, 0.40-0.89); for the cumulative detection rates see Figure 1.4. There
was no evidence of heterogeneity between studies (p=0.52). HPV primary screening, compared with
cytology primary screening, provides greater protection against invasive cervical cancer (). In women
with a negative screening test at entry, the DRR was 0.30 (95% CI, 0.15-0.60). Rate ratios did not
differ by cancer stage (microinvasive carcinoma, 0.58 (95% ClI, 0.34-1.01); fully invasive carcinoma,
0.56 (95% CI, 0.31-1.00)), but were lower for adenocarcinoma (0.31; 95% CI, 0.14-0.69) than for
squamous cell carcinoma (0.78; 95% CI, 0.49-1.25). The DRR was lowest for women aged 30-34
years at recruitment (0.36; 95% Cl, 0.14-0.94). Among women aged 35-49 years at recruitment, the
rate ratio was 0.64 (95% Cl, 0.37-1.10), and for women aged =50 years it was 0.68 (95% CI, 0.30—
1.52).

e Outcomes in a single-screen study

A trial conducted in India trial did not involve subsequent screening rounds but used passive follow-up
through routine cancer registration after a once-in-a-lifetime screening. Reduction in the incidence of
advanced cervical cancer (stage I1+) and of mortality from cervical cancer was observed in women in
the HC2-screening arm compared with the control arm in which no screening was offered: hazard
ratios of 0.47 (95% ClI, 0.32-0.69) and 0.52 (95% ClI, 0.33-0.83), respectively. The reported results
demonstrate protection from HPV primary screening against advanced invasive cancers and cervical
cancer mortality compared with an unscreened population (I11) (Sankaranarayanan et al. 2009). The
study arms in which primary screening by cytology or VIA (visual inspection of the cervix after appli-
cation of acetic acid) were employed showed no significant reductions compared to the control arm
with an unscreened population.
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Figure 1.4. Cumulative detection of invasive cervical carcinoma.

*Qbservations are censored 2.5 years after CIN2 or CIN3 detection, if any

Source: Figure 2 in: (Ronco et al. 2014)

1.2.2.2 Positive test results, repeat tests, and colposcopy referrals

As Swedescreen and NTCC used HPV testing just at the first screening round, they did not provide
data on referral to colposcopy with HPV primary screening at subsequent rounds. In POBASCAM
(Bulkmans et al. 2007) the referral rate in the intervention arm at round two (1.0%) was much lower
than that at round 1 in the intervention (2.3%) and also in the control arm (1.3% at round 1 and
1.5% at round 2). In ARTISTIC referral to colposcopy also strongly decreased in the HPV arm at
round 2. This however happened also in the cytology arm, so that the ratio between arms was
unchanged (Kitchener et al. 2009a). The pooled analysis of four European trials reported an increase
in the rate ratio of women who had a biopsy (all studies, 1.35; 95% CI, 1.30-1.40). However there
was significant heterogeneity between studies (p< 0.0001). When considering only studies which used
triage?! the biopsy rate was similar with HPV and cytology (ratio 1.02; 95%CI 0.97-1.07) with no
heterogeneity between studies (p=0.236) (Ronco et al. 2014). Compared with cytology, the biopsy
rate is increased with direct referral (1) (NTCC) but not with cytological triage (1) (Swedescreen,
ARTISTIC, POBASCAM™). No other potentially harmful effects of screening were reported in the joint
analysis.

1.2.2.3 Overdiagnosis of precancerous lesions

The only randomized trial that employed HPV testing for all women at the second screening round,
POBASCAM, did not observe any significant difference between the study arms in the overall detection
of CIN2+ and CIN3+ over the first two rounds combined (Bulkmans et al. 2007; Rijkaart et al. 2012).

In the pooled analysis, cytological triage of HPV-positive women was defined as immediate referral to colposcopy
if cytology was positive, and invitation to follow-up HPV testing if cytology was negative, followed by referral to
colposcopy if infection persisted
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The remaining RCTs used cytology primary testing in the second round. The Swedescreen study found
no difference concerning the overall detection of CIN3+ (the ratio of the HPV group vs the cytology
group was 1.04; p = 0.20) but found some excess of CIN2 in the HPV arm (ratio, 1.56; p = 0.04)
(Naucler et al. 2007). In the ARTISTIC study, the ratio was 1.18 (95% CI, 0.90-1.55) for CIN2 and
0.85 (95% ClI, 0.67-1.08) for CIN3+ (Kitchener et al. 2009a). The NTCC study found larger excesses
than the ARTISTIC study in the HPV group. Among women aged 35-60 years at recruitment, the HPV
versus cytology ratio was 1.65 (95% CI, 1.21-2.26) for CIN3 and 1.68 (95% ClI, 1.25-2.26) for CIN2.
The increase was larger among younger women (age 25-34 years at recruitment). The HPV versus
cytology ratio was 2.14 (95% CI, 1.28-3.59) for CIN3 in phase 2, but 0.99 (95% CI, 0.61-1.65) in
phase 1 which did not show earlier detection of CIN3. For CIN2, the ratio was 3.11 (95% ClI, 2.20-
4.39) for both phases pooled, with no significant differences between phase 1 (with cytology triage)
and phase 2 (with direct referral). The Finnish trial, which has a 5-year screening interval, has not yet
reported results of the second round. In the first round, the cumulative DR ratios for CIN2 by HPV
versus cytology were 1.6 and 1.5 among women aged 25-34 and =35 years at randomization,
respectively (Leinonen et al. 2012), and the DR ratio for CIN3 was 1.5 (Malila et al. 2013).

All these excesses could, in principle, be explained either by overdiagnosis or by large gains in lead
time (earlier diagnosis) with HPV versus cytology. Therefore, the difference between the Swedescreen
and NTCC results could be explained either by greater overdiagnosis with direct referral (used in
NTCC) than with triage based on repeat cytology and type-specific persistence (used in Swedescreen)
or by larger lead-time gain with direct referral than with cytological triage or, plausibly, by both. The
same can be said for the age effect observed in NTCC. However, it appears very implausible that the
extremely large ratio (>3) observed for CIN2 incidence among women aged <35 years in NTCC can
be entirely explained by gains in lead time. It strongly suggests that HPV primary screening in young-
er women leads to substantial overdiagnosis of regressive CIN2.

The above evidence suggests overdiagnosis of non-progressive CIN2+ (11) and, to a lesser extent,
CIN3+ (1) lesions, although the evidence is not consistent (Naucler et al. 2007; Rijkaart et al. 2012;
Ronco et al. 2010). Among women aged =35 years, HPV primary screening entails only a limited
increase in overdiagnosis of non-progressive lesions compared with cytology primary screening, but it
may lead to considerable overdiagnosis of regressive CIN2 in younger women.

1.2.3 Conclusions

Achievable benefits of HPV primary screening compared to cytology primary screening include: higher
sensitivity in detecting precancerous cervical lesions; increased protection against cervical cancer and
reduced burden of CIN2 and CIN3, reflecting earlier detection of persistent pre-cancerous lesions.
Protection against advanced invasive cancers and cervical cancer mortality is also improved compared
with an unscreened population.

Potential harms of HPV primary screening include: significantly increased positive test rates, colpos-
copy referrals and biopsies, and overdiagnosis of non-progressive CIN2+ lesions. These risks are
particularly pronounced among women in the younger age groups commonly targeted by screening
programmes (25-29 and 30-34 years, see also Sect. 1.3.2.1). These potential harms can be greatly
reduced or avoided if appropriate screening policies are applied. For example, with cytological triage
the PPV of colposcopy referral is similar to that of cytology primary screening (see section 1.4.1),
referral to colposcopy decreases after the first HPV screening round and the biopsy rate is similar to
that with cytology primary screening.
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The above evidence demonstrates that HPV primary screening can achieve greater benefit than cytol-
ogy screening provided effective protocols and procedures are adopted to maximize the impact and
minimize the potential harm of HPV primary screening (see rec. 1.2 - 1.36). Appropriate screening
organization and policy are crucial to ensuring that any cervical screening programme successfully
implements the requisite protocols and procedures, irrespective of the type of screening method
applied (Anttila et al. 2008; see also Suppl. 2). HPV screening programmes should therefore also
follow the guidance in the European Guidelines that is relevant to any cervical screening programme
(VI-A).Rec 134 Hence, primary testing for oncogenic HPV can be used in an organized, population-
based cervical cancer screening programme (I1-A), provided the other recommendations in this
supplement are followed (VI1-A).Rec 1.1

1.3 Screening policies with HPV primary
screening

1.3.1 HPV primary testing alone or in combination with cytology
primary testing

In primary screening, no RCTs have compared co-testing all women for HPV and cytology with testing
for HPV alone. In the RCTs that published the results of the first two screening rounds (Swedescreen,
POBASCAM, ARTISTIC, and NTCC) HPV was used as the sole primary screening test only in phase 2 of
NTCC. In the other studies, HPV testing was used in combination with cytology, i.e. all women in the
experimental group were also tested for cytology and referred to colposcopy if cytology was abnor-
mal, even in the presence of a negative HPV test. In ARTISTIC and phase 1 of NTCC, HPV testing was
used in combination with LBC in the experimental arms, whereas in Swedescreen and POBASCAM HPV
testing was used in combination with conventional cytology. HPV testing was also used as the only
primary screening test in the Finnish trial, which has not yet published results from the second
screening round.

In the NTCC study, among women 35-60 years at recruitment, the ratios for detection of CIN2 or
CIN3 between the experimental and the control (cytology) arms at screening round 1 were similar and
significantly increased in phase 1 that used co-testing (1.94; 95% Cl, 1.40-2.68) and phase 2, using
HPV testing only (2.13; 95% CI, 1.50-3.03) (p for heterogeneity = 0.70). At screening round 2, the
DRR (experimental vs control) was similarly reduced in phase 1 (0.74; 95% CI, 0.34-1.62) and phase
2 (0.30; 95% ClI, 0.11-0.81), without evidence of heterogeneity between phases (p = 0.15), but the
reduction in phase 1 was not significant (Ronco et al. 2010).

The lack of trial evidence of greater protection against chronic HPV infection, by co-testing (HPV and
cytology) versus HPV primary testing alone is in agreement with the high sensitivity of HPV testing for
CIN (96%) observed in co-testing studies conducted in Europe and North America: HPV testing in
combination with cytology is minimally more sensitive but less specific for CIN2+/CIN3+ (111) (Arbyn
et al. 2012); see Sect. 1.2.1). The very high sensitivity is reflected in the only limited increase in
detection of CIN2+ that can be achieved by co-testing for HPV, and cytology (ratio, 1.05; 95% Cl,
1.04-1.07) (Table 1.3). In addition, within the experimental arms of RCTs that used co-testing, the
relative sensitivity of combined HPV and cytology versus HPV alone was close to 1.0 (Figure 1.3).
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Finally, a very similar long-term low-risk period was observed after being negative for HPV only versus
being negative for both HPV and cytology (Arbyn et al. 2012; Dillner et al. 2008).

Systematic co-testing results in higher costs than HPV testing alone, and it also results in higher refer-
ral rates to colposcopy and in lower PPVs. In NTCC, baseline referral rates in phase 1 were 737/22466
= 3.2% in the control (cytology) group versus 2500/22708 = 11% in the group where co-testing with
HPV was applied, i.e. a 3.4-fold increase (Ronco et al. 2006b; Ronco et al. 2010). The relative PPV of
colposcopy referral for CIN2+ in the co-testing versus the cytology arm among women older than 35
years was only 0.34 (95% CI, 0.21-0.54) (phase 1) (Ronco et al. 2006b) while it was 0.80 (95% ClI,
0.55-1.18) for HPV testing alone (phase 2) (Ronco et al. 2008) (p for heterogeneity = 0.0074).

In the RCTs that employed cytological triage (see Table 1.1), the PPV for CIN2+ among referred
women was similar to that of HPV primary screening alone (47%; 95% CI, 40-54%) and cytology
primary screening alone (49%; 95% CI, 40-58%) in POBASCAM (Bulkmans et al. 2007), a study that
used co-testing. However, in the Finnish trial, a study that used only HPV primary testing with cytol-
ogy triage, the PPV for CIN2+ among referred women was even better with HPV primary screening
than with cytology primary screening (the relative PPV for CIN2+ in the intervention vs control arm
was 1.34; 95% ClI, 1.04-1.72) (Leinonen et al. 2009).

In conclusion, among women =35 years, the available evidence from RCTs does not indicate that co-
testing all women (cytology and HPV) is more protective than HPV primary testing alone. Systematic
co-testing entails higher costs, higher referral rates to colposcopy, and a lower PPV for CIN2+ detec-
tion among referred women (I1), particularly if triage is not used for HPV-positive women. Hence, to
avoid unnecessary harm, only one primary test (cytology or testing for oncogenic HPV) should be
used at any given age in cervical cancer screening (see also Rec. 1.3 - 1.7) (11-A).Rec12

1.3.2 Age range

Overall, the available trial data did not allow establishment of the most appropriate age range for HPV
primary screening. This resulted in part from the variability in the age ranges of studies showing
earlier detection of persistent CIN2+ and CIN3+ in HPV primary screening than in cytology primary
screening: 25-34 years (Ronco et al. 2010), 32-38 years (Naucler et al. 2007) and 29-56 years
(Bulkmans et al. 2007). This limited the possibility of comparing data at younger age. The following
recommendations should be reviewed when more age-specific data become available.

1.3.2.1 Age to start HPV primary screening

In European countries, the prevalence of HPV infection is higher at younger ages and decreases with
increasing age (De Vuyst et al. 2009). Both the gain in sensitivity and the loss in specificity of HPV
versus cytology primary testing are greater in younger women and decrease with increasing age. In a
pooled analysis of studies conducted in Europe and North America, (Cuzick et al. 2006a) the sensi-
tivities for CIN2+ of HPV and cytology primary testing were 97% and 49%, respectively, for women
younger than 35 years; and 98% and 79%, respectively, for women older than 50 years. The speci-
ficities for <CIN2 of HPV and cytology were 86% and 95%, respectively, for women younger than 35;
and 94% and 98%, respectively, for women older than 50. Loss of specificity with HPV versus
cytology primary testing is very large at young ages.
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Lower effectiveness of cytology primary screening at younger ages than at older ages was observed in
a case—control study in England (Sasieni, Castanon & Cuzick 2009) but not in Sweden (Andrae et al.
2008).

Among RCTs, Swedescreen and POBASCAM included only women aged at least 30 years; the latter
trial was conducted in the setting of a population-based screening programme that starts at age 30.
The Finnish trial also recruited women mainly from age 30, although women from age 25 were in-
cluded in some municipalities. No significant overall interaction by age of the relative cross-sectional
sensitivity (HPV with cytological triage vs cytology) or of PPV for CIN of any grade was observed.
However, the relative sensitivity and PPV for CIN3+ in women aged 25-34 years were 0.88 (95% ClI,
0.38-2.02) and 0.70 (95% CI, 0.30-1.64), respectively, versus 1.22 (95% CI, 0.78-1.92) and 1.22
(95% CI, 0.78-1.92), respectively, for the entire population aged 25-60 years (Leinonen et al. 2009).

The ARTISTIC study recruited women from age 20 years. A subgroup analysis of women older than
30 years did not result in any additional significant findings compared to those found for the entire
population (Kitchener et al. 2009b).

In NTCC, greater sensitivity and greater protection from HPV compared with cytology primary screen-
ing was observed in the age range 25-34 years, only with direct referral to colposcopy of all HPV-pos-
itive women. More remarkably, the cumulative detection of CIN2 over the first two screening rounds
was 3.11 times higher (95% CI, 2.20—4.39 in the HPV arm compared with the cytology arm. Although
part of this excess could be due to a lead-time gain of more than 3 years over cytology, the excess is
very large; it suggests clinically significant overdiagnosis of regressive or non-progressive lesions by
HPV testing at this age. There was no evidence of heterogeneity (p = 0.60) between phase 1 (HPV
and cytology co-testing with ‘cytological triage”) and phase 2 (HPV alone with direct referral). By com-
parison, the CIN2 detection ratio was only 1.68 (95% CI, 1.25-2.26) in women aged 35-60 years
(Ronco et al. 2010).

The pooled data analysis of four European randomized HPV screening trials reported a significant
reduction in cervical cancers (including microinvasive and fully invasive cases) in the HPV screening
group already in the age range 30-34 years at enrolment (Ronco et al. 2014).

The potential harm reflected in elevated referral rates after HPV primary testing can be expected to
decrease with decreasing prevalence of HPV infection in women above age 35 years, but is not
negligible. Therefore, it is important to consider age-specific HPV prevalence in deciding the screening
policy of HPV primary screening (VI1-B).Rec1.36

In conclusion, HPV primary screening has been shown to be more effective than cytology primary
screening in reducing cervical cancer incidence from the age of 30 years (1) (Ronco et al. 2014). For
women younger than 35 years, however, there is evidence from RCTs of increased referral to
colposcopy or repeat testing at the first round of HPV primary screening (1) (Rijkaart et al. 2012;
Ronco et al. 2006a; Ronco et al. 2008). Overdiagnosis due to HPV primary screening in young women
may be considerable. One RCT found a large excess of CIN2 in the experimental arm with direct
referral to colposcopy of all HPV-positive women younger than 35 and especially at age 25-29 years
(Ronco et al. 2010) (11). Unnecessary treatment of regressive lesions is of particular concern because
excisional treatment of cervical lesions is associated with increased risk of pregnancy-related morbidity
(Arbyn et al. 2008b; Kyrgiou et al. 2006) and mortality (Arbyn et al. 2008b). This problem is
particularly relevant at younger ages as the probability of a subsequent pregnancy is high.

A pooled analysis of individual data from RCTs will be useful for better defining the starting age for
HPV primary screening. Based on the above evidence, beginning HPV primary testing for cervical can-
cer screening at age 35 years or above can be recommended (see also Rec. 1.4 and 1.5) (1-A).Rec1:3
HPV primary screening should not begin under age 30 years (I1-E).Re¢ 14 Evidence is insufficient to
recommend for or against HPV primary testing in the age range 30-34 years (V1).Re¢ 15 Research on
markers of progression is needed to develop HPV primary screening strategies at this age.
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Any decision on when to start screening women will have to weigh up benefits and harms and should
take local conditions into account (see also Suppl. 2 and Annex 1 and 2). The second edition of the
European Guidelines recommends beginning cytology-based screening before the peak of incidence in
cervical cancer in the female population and not before age 20 or later than age 30 years. It should
also be considered that the incidence of cervical cancer in women under age 25 years is very low,
posing a significant challenge to achieving a favourable balance between harm and benefit below age
25 years. In a setting where cytology primary screening is currently offered to women from age 20,
25 or 30, policy makers might decide to introduce HPV primary screening beginning at age 35 or
possibly 30 years (see Rec. 1.3 - 1.5) and continue previously established cytology-based screening
programmes starting in the age range 20-30 years until evidence shows that the harms of screening
in the younger age ranges outweigh the benefits. By contrast, where cytology primary screening is not
already offered to women under age 30 or 35, priority could be given initially to implementing HPV
primary screening starting at age 35, provided the recommendations in the European Guidelines
(second edition and present supplements) are followed.

Cervical screening based on cytology primary testing conducted outside the age range covered by HPV
primary testing should follow the guidance provided for cytology-based screening in the European
Guidelines (second edition and Suppl. 2) (see also Rec 1.9, 1.10, 1.22 and 1.34) (VI-A).Rec17

1.3.2.2 Age to stop HPV primary screening

HPV primary screening provides longer protection than cytology primary screening. The interval be-
tween a negative HPV test and a new CIN2+ lesion is the result of the time needed (a) to acquire a
new infection and (b) to progress from infection to CIN2+. Theoretically, screening could be stopped
in an HPV-negative woman when the risk of acquiring a new infection ceases. Prevalence of infection
by oncogenic HPV types strongly decreases with age up to about age 45 but remains constant after
that (De Vuyst et al. 2009). A recent analysis of two RCTs in the Netherlands and Italy showed that
the incidence of HPV infections decreases with age but remains non negligible up to 60 years
(Veldhujizen et al. 2015).

Little additional evidence is available on which a recommendation on the upper age limit for HPV
primary screening could be based. Data from one RCT suggest a greater relative reduction of CIN2
and CIN3 incidence at the second screening round at age 50-60 than at age 35-49 (Ronco et al.
2010). Among women aged 50-60 years, no CIN3 was detected during round 2 in the HPV group
among 12 572 women compared with 5 women in the cytology group (Ronco 2010) (1), suggesting
that there is a potential for longer screening intervals with HPV at older ages, but this is not sufficient
to support an earlier age of stopping screening with HPV primary screening than with cytology primary
screening. No publications of HPV screening trials were retrieved that have reported cervical cancer
incidence or mortality in women over age 64 years. Such studies are needed to improve screening
policies.

In conclusion, in the absence of sufficient evidence on the optimal age at which to stop HPV primary
testing in cervical cancer screening, HPV primary testing could stop at the upper age limit recom-
mended for cytology screening (60 or 65 years), provided a woman has had a recent negative test
(| |_A)_Rec 1.6
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1.3.3 Screening interval for HPV primary screening

A number of studies have shown that the period of low risk after a negative HPV test is longer than
after a negative cytology result (Table 1.4). The first study was based on the Portland cohort
(Sherman et al. 2003), in which no action was taken on the result of the HPV test. After 10 years of
follow-up of cytologically negative women, those who were also HPV-negative had a much lower rate
of CIN3 than those who were HPV-positive. A follow-up paper (Khan et al. 2005) demonstrated
further that the risk for CIN3 was particularly high for HPV 16 and to some extent HPV 18 (but only
after 2-3 years of follow-up). The incidence for other hrHPV types was lower, but still higher than in
HPV-negative women. The Hammersmith study was the first to demonstrate that this was true even
after HPV-positive women were referred to colposcopy (Cuzick et al. 2008a). In that study, the risk of
developing CIN2+ at 1, 5, and 9 years after a normal cytology result was 0.33%, 0.83%, and 2.20%,
respectively, whereas it was 0.19%, 0.42%, and 1.88%, respectively, after a negative HPV test. This
was further substantiated in a joint analysis of several European cohorts (Dillner et al. 2008) where
the cumulative incidence rate of CIN3+ after 6 years was considerably lower among women negative
for HPV at baseline (0.27%; 95% CI, 0.12-0.45%) than among women with negative cytology results
(0.97%; 95% CI, 0.53-1.34%). By comparison, the cumulative incidence rate for women with nega-
tive cytology results at the most commonly recommended screening interval in Europe (3 years) was
0.51% (95% ClI, 0.23-0.77%). In a subsequent study in a two-sample cohort (HART), the cumulative
incidence of CIN2+ at 3, 5, and 8 years after a negative HPV test was 0.12%, 0.25%, and 0.61%,
respectively; and 0.28%, 0.48%, and 1.04%, respectively, after a normal cytology result (Mesher et
al. 2010). Therefore, there is evidence suggesting that the cumulative incidence of CIN2+ 5 years
after a negative HPV test is lower than the cumulative incidence 3 years after a normal cytology result
(I1D). In a German co-testing cohort of 4236 women who were HPV-negative and had normal
cytology at baseline, no case of CIN2+ was detected during the 5-year follow-up (Petry et al. 2013).

In all four RCTs that published data on the second screening round, detection of CIN3 in round 2 after
HPV primary screening in round 1 was approximately half that after cytology primary screening in
round 1 (see Section 1.3.1 and Figure 1.3). In the Swedescreen and NTCC trials, which both employ-
ed 3-year intervals, and cytology primary testing for all women at round 2, the cumulative detection of
CIN3 was higher in HPV-screened women than in cytology-screened women. This suggests that the
lead-time gain with HPV testing over cytology could be greater than 3 years for some cases; however,
overdiagnosis of regressive lesions is another possible explanation. Therefore, further follow-up is
needed to clarify the extent of lead-time gain with HPV over cytology primary testing. The 13-year
follow-up results of the Swedescreen study showed that during the first six years of follow-up, the
cumulative incidence of CIN3+ was greater in the intervention arm, reflecting that women persistently
positive for HPV and with negative cytology had been referred to colposcopy, resulting in additional
cases of CIN3+ detected. After six years of follow-up, however, the CIN3+ rates did not differ, sug-
gesting that the additional CIN3+ cases detected were more likely reflecting early diagnosis rather
than overdiagnosis. The 5-year cumulative incidence of CIN3+ among women who were HPV-negative
at baseline was similar to the 3-year cumulative incidence of women who were cytology negative at
baseline (Elfstréom et al. 2014). In POBASCAM, which used 5-year intervals, the detection rate ratio of
CIN2+ at round 2 was also approximately 0.5 after HPV, versus cytology primary screening; these
findings also indicate that the interval can be safely extended beyond 5 years. Data from this study do
not permit investigation of longer lead times, however, due to HPV primary testing of all women at
round 2. After the baseline screen but before the second HPV testing at 5 years, there were 11 CIN3+
cases among the 18 942 HPV-negative women in the intervention group (risk, 0.06%) and 12 CIN3+
cases among the 19 373 women with normal cytology at baseline in the control group (risk, 0.06%)
(Rijkaart et al. 2012). A model based on POBASCAM results predicted a lower number of invasive
cancers with HPV primary screening at 6-year and at 7.5-year intervals than with cytology at 5-year
intervals (Berkhof et al. 2010; Rijkaart et al. 2012). The Finnish study, which has a 5-year screening
interval, reported results after a maximum follow-up time of 5 years. Among the 18 095 women with a
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negative HPV test at baseline, the cumulative incidence of CIN3+ was 2 (0.01%), whereas among the
18 096 women with normal cytology at baseline it was 7 (0.04%) (Anttila et al. 2010).

In conclusion, prolonged intervals for HPV primary screening would reduce costs and, more important-
ly, would reduce the probability of unnecessary colposcopy and treatment with attendant side-effects.
Randomized studies comparing women with a negative HPV primary screening test to women with
normal cytology primary testing reported equal or decreased CIN3+ incidence in the HPV arms over a
follow-up time of up to 5 years (Leinonen et al. 2012; Rijkaart et al. 2012). The screening interval for
women with negative HPV primary screening results should therefore be at least 5 years (1-A).Rec 1.8
This recommendation is consistent with the results of the pooled analysis of European randomised
trials (Ronco et al. 2014); the cumulative incidence of invasive cancer within 5.5 years after a negative
HPV primary test (8.7 per 10% 95% CI 3.3-18.6) was approximately half the cumulative incidence of
invasive cancer within 3.5 years after a negative cytology (<ASC-US) primary test (15.4 per 10% 95%
Cl 7.9-27.0).

Additional evidence from non-randomized co-testing studies indicates that even 6-10 years after a
negative HPV primary test, the cumulative CIN3+ incidence rate is lower than after a normal cytology
screen with a 3-year or 5-year follow-up period (Dillner et al. 2008; Khan et al. 2005; Schiffman et al.
2011). However, some of these studies had exclusion criteria and additional management during fol-
low-up that differed from usual European cytology primary screening programmes. This evidence
suggests that the interval for HPV primary screening may be extended up to a maximum of 6 - 10
years provided age and screening history are taken into account (I111-C).Re¢ 18 For example, women
aged 40 years with a history of two consecutive negative HPV tests and no cervical disease could be
re-invited at the age of 50 years. Further studies with long-term follow-up could provide additional
statistical precision for refining the recommended screening interval for HPV primary screening.

Table 1.4. Longitudinal CIN2+ and CIN3+ risks after a negative HPV primary test
compared with the risks after a negative cytology primary test.

Study (reference) Design Findings

Hammersmith (Cuzick et al. 2-sample cohort (n=2516) CIN2+ at 5 years 0.42% (HPV neg) vs
2008b) 0.83% (cyt neg), p = 0.07

European overview 7 cohorts (n=24 295) CIN3+ at 6 years 0.27% (HPV neg) vs
(Dillner et al. 2008) 0.97% (cyt neg), p < 0.0001

HART (Mesher et al. 2010) 2-sample cohort (n=8868) CIN2+ at 5 years 0.23% (HPV neg) vs

0.48% (cyt neQ)

Portland Kaiser cohort study 2-sample cohort (n=13 229); CIN3+ at 10 years 0.5% (95% Cl, 0.3-0.8)
(Khan et al. 2005) age at enrolment =30 years HPV neg vs 0.8% (95% ClI, 0.5-1.0) cyt neg

1.34 Management of women without an adequate HPV primary
test result

For a number of reasons, some women invited to attend HPV primary screening programmes will not
have an adequate HPV test result within a reasonable period of time. Programmes should have poli-
cies in place to deal with these foreseeable situations. For example, some women attending cervical
cancer screening may prefer not to be tested for HPV, but may accept cytology primary testing. If a
woman declines HPV primary testing, cytology may be performed (VI-C).Rec 1.2 An adequate test
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result may not be available because a women has not responded to an invitation within the time
period specified in a programme’s fail-safe policies, or because the result of an HPV test was technic-
ally inadequate. Non-attenders and screened women with a technically inadequate HPV primary test
result should be invited to have a new sample taken or to have cytology testing without additional
sample taking if technically feasible and preferred by the woman (see also Suppl. 2, Rec 2.9 - 2.11).
(VI_B)_Rec 1.10

1.35 Management of women with an adequate HPV primary test
result

If an HPV primary test used in cervical cancer screening programmes conducted according to the
recommendations in this supplement is negative, women will be invited to attend the next round of
screening (see Rec. 1.8). If the HPV primary test is positive, programme policies for subsequent
clinical management must take into account the potential significant harms mentioned in Sect. 1.2.1.3
and described in greater detail in Sect. 1.4, particularly the potential for markedly increased rates of
positive test results and colposcopy referrals compared to cytology primary testing. The different
strategies for managing women with positive HPV screening tests employed by the randomized trials
are shown in Table 1.1. and explained in Sect. 1.4 (cytology triage) and Sect. 1.5 (repeat testing after
baseline cytology triage). The experience in the trials demonstrates the importance of avoiding
unnecessary interventions in cervical screening programmes using HPV primary testing. This can be
achieved by adopting specific policies on triage, referral and repeat-testing of women with positive
primary test results, taking into account the recommendations explained in sections 1.4 and 1.5 (see
also Rec. 1.11 - 1.31). The policies must include guidance on when women with positive HPV test
results should be invited to return to routine screening. (VI1-A).Re¢ 111 Furthermore, to ensure that the
services provided achieve an appropriate balance between benefit and harm, screening programmes
should carefully monitor management of HPV-positive women. Monitoring should include compliance
of individual women with further follow-up of positive primary test results, as well as results of triage,
referral, colposcopies, biopsies, and treatment of precancers (VI-A).Rec1.12

Current management protocols for women with a positive HPV primary test result vary between coun-
tries, and there is insufficient evidence to recommend a single approach for all settings. The current
diversity is reflected in the management options explained in greater detail in sections 1.4 and 1.5.
The method of repeat testing and the management protocols for repeat testing and referral during the
entire screening round should be selected by the programme when planning for HPV primary testing.
The respective decisions and programme planning should take into account the prevalence of HPV in
the target population and the quality and organization of cytology screening in the region served by
the programme. An overriding aim is to avoid increasing the overall burden of testing, colposcopy
referral, and CIN treatment in the screening programme as a result of repeat testing, and to maintain
an appropriate balance in relation to the outcome (see also Sect. 1.8; and Suppl. 2).

More insight into quality criteria determining the balance between benefit and harm in the manage-
ment of women with a positive HPV primary test may become available in the future as evidence
accumulates on the various protocols currently in use. Clinical experience suggests that the interval
between two primary screening tests, differences in local conditions under which relevant trials have
been conducted, and numerous other factors such as the interval of HPV repeat testing, the criteria
for referral to colposcopy (e.g. persistent HPV at initial or subsequent repeat testing), or the criteria
used in cytological interpretation are likely to impact on the efficiency and effectiveness of the man-
agement of HPV-positive women in any screening programme. Such factors should therefore be taken
into account in optimization studies and in planning the management protocols used in a screening
programme. For the same reasons, programme policies on triage, referral and repeat testing (see Rec.
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1.11) should be regularly reviewed and revised, if necessary, taking into account the results of
monitoring (see Rec. 1.12) and the available evidence (VI-A).Rec1.13

1.4 Triage of women with a positive HPV
primary test

HPV testing is more sensitive but less specific than cytology for detecting CIN2+ (see Sect. 1.2). This
is the rationale for triaging HPV-positive women before referring them to colposcopy. Different
methods have been proposed and studied, providing different levels of evidence. The studies that can
provide evidence on this subject include:

e RCTs that compare HPV primary testing in combination with triage by a given method, to cytology
screening, or to other HPV primary screening strategies.

e Studies evaluating the accuracy for detecting histology-proven CIN2+ of potential triage tests in
unselected HPV-positive women who undergo complete colposcopy verification. For comparison of
two triage strategies, at least all women positive to either should have been referred to colpos-
copy. The relevant accuracy is:

o0 Cross-sectional. This is relevant for the decision of referring women to colposcopy and the
interval before test repeat.

0 Longitudinal, to assess the risk of CIN2, CIN3, and cancer over time. This is relevant to deter-
mine the long-term safety and the frequency of test repeats.

1.4.1 Cytological triage

Cytological triage is defined as testing HPV-positive women for cytology and referring directly to
colposcopy those women who show relevant cytological abnormalities (ASC-US+ or LSIL+). In trials,
HPV-positive but cytology-negative women have typically been re-tested for HPV after 6-12 months
and referred to colposcopy if the HPV infection persisted. This approach was based on knowledge that
only persistent infections are relevant for the development of CIN2+ and cancer. In the HART study
(Cuzick et al. 2003), women aged 30-60 years who were positive for HPV and had normal cytology,
as well as all women with borderline cytology, were randomly assigned to immediate colposcopy or to
have cytology, HPV testing, and colposcopy after 1 year. No CIN2+ was detected in the 111 women
who were cytology-negative and HPV-negative at repeat (at baseline 61 of these were HPV-positive
cytology normal, 55 HPV-negative cytology borderline, and 7 HPV-positive cytology borderline),
whereas 9 cases of CIN2+ were detected among the 142 women who were HPV-positive or had
borderline or more severe cytology or both at repeat.

Various RCTs that compared HPV with cytology primary screening and generated longitudinal data
also employed cytological triage for HPV-positive women, although using various protocols (see Table
1.1 and below in this section); one trial (NTCC) directly referred all HPV-positive women to
colposcopy, except in phase 1 among women aged 25-34 years. Therefore, the effectiveness and
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costs of cytological triage compared to direct referral of all HPV-positive women can be studied by
comparing the results of the different RCTs.

Reduction in CIN3 in the intervention versus control arm at round 2 can be considered as an inter-
mediate end-point for protection against cancer (Arbyn et al. 2009a). It should be noted that when
the results in younger women (age 25-34) are excluded from the NTCC trial, the size of this relative
reduction is very similar in NTCC and in the other trials, i.e. always approximately 0.5, with no evi-
dence of heterogeneity between studies (p = 0.68; see Figure 1.3). This suggests that protection with
direct referral is similar to that with cytological triage, at least from age 35 years onward. From the
same age onward, the cross-sectional relative sensitivity of HPV primary screening versus screening
by conventional cytology was similar in RCTs that used direct referral and those that applied cytologi-
cal triage (see Figures 1.1 and 1.2). The Finnish trial that has published data only on the first screen-
ing round showed an increase in sensitivity similar to that of the other trials (Arbyn et al. 2012;
Leinonen et al. 2009) see Figure 1.1), suggesting similar protection.

In the pooled analysis of four randomised HPV screening trials there was no evidence of heterogeneity
of the relative cancer incidence in the HPV testing vs. the cytology arm between the three studies that
used cytological triage (ARTISTIC, POBASCAM, and SWEDESCREEN) and the study that referred all
HPV-positive women directly to colposcopy (NTCC) (Ronco et al. 2014). However, there were clear
differences between the trials regarding rates and PPV of colposcopy referral, and the biopsy rate.

Considering the studies in which HPV was the only primary screening test, the relative PPV for CIN2+
compared to cytology was 0.80 (95% CI, 0.55-1.80) in NTCC phase 2 (age 35-60 years), which used
direct referral (Ronco et al. 2008); compared with 1.34 (95% CI, 1.04-1.72) in the Finnish trial (age
25-65), which used cytological triage (Leinonen et al. 2009). Co-testing with cytology and HPV as
primary screening tests yielded even larger differences. In NTCC phase 1, for women aged 35-60, the
relative PPV for CIN2+ of HPV versus cytology was 0.34 (95% CI, 0.21-0.54). In Swedescreen, the
PPV for CIN2+ computed within the intervention arm relative to cytology was 0.90 (95% CI, 0.70—
1.16) for HPV alone as the primary test (with cytological triage and re-testing for type-specific HPV
persistence)(Naucler et al. 2009). In POBASCAM, the PPV of colposcopy referral for CIN2+ was also
similar in the intervention versus the control arms: 47% (95% CI, 40-54%) versus 49% (95% ClI, 40—
58%), respectively (Bulkmans et al. 2007). A POBASCAM trial sub-study compared different triage
strategies in HPV-positive women. Baseline cytology triage, followed by repeat cytology screening at 6
months for women with negative baseline cytology had an estimated negative predictive value for
CIN3+ of 98.5% and the highest estimated PPV (34.0%) plus the lowest referral rate (44.8%).
Follow-up time was 48 months (Dijkstra et al. 2014). In the pooled analysis of four randomised trials
there was a strong increase in the biopsy rate in the only study that used direct referral (ratio 2.29;
95% CI 2.09-2.39). Conversely, the referral rate was similar in the HPV and cytology arms of the
three studies that used cytological triage (ratio 1.02; 95%CI 0.97-1.07) (Ronco et al. 2014).

1.4.1.1 Performance of cytological triage in primary HPV testing

The above evidence indicates that HPV primary testing with cytological triage provides greater
protection against invasive cervical cancer than cytology primary testing alone (Ronco et al. 2014) (1).
HPV primary testing with cytological triage at the first screening round increases the referral rate to
colposcopy compared with stand-alone cytology primary testing (Bulkmans et al. 2007; Kitchener et
al. 2009b; Kitchener et al. 2011) (1); but the PPV is similar to or better than with cytology primary
screening alone (1). At age 35 or above, the present evidence does not show that direct referral of all
HPV-positive women to colposcopy provides higher protection than cytological triage, while there is
clear evidence that cytological triage entails a lower rate of referral to colposcopy and a higher PPV
(1) (Bulkmans et al. 2007; Naucler et al. 2009; Rijkaart et al. 2012; Ronco et al. 2006b; Ronco et al.
2008), and a lower rate of biopsy (Ronco et al. 2014). Therefore, women testing positive for onco-
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genic HPV at primary screening should be tested without delay for cervical cytology (cytology triage)
(1-A); to avoid recall, the cytology test should preferably use the specimen collected during the HPV
screening visit (VI-A).Rec 114 Direct referral to colposcopy of all HPV-positive women is not recom-
mended (1-D).Rec 115 Instead, they should be referred to repeat testing or to colposcopy as indicated
by the cytology result (see Rec. 1.18 — 1.21) (1-A). Rec¢1.16 High quality laboratories and practices in
the provision of cytology, histopathology and colposcopy services are required to achieve the potential
benefit of cytology triage of women testing positive for oncogenic HPV at primary screening; hence
the respective recommendations in Chap. 3-6 of the second edition of the European Guidelines should
be followed (see also Rec. 1.35) (VI-B).Rec .17

The evidence is less coherent at younger ages (see also Sect. 1.2.2.1 and Rec. 1.3 - 1.5). In women
under 35 years, the NTCC study found a statistically significant heterogeneity between phase 1
(double testing with triage) and phase 2 (stand-alone HPV with direct referral) in the detection ratio of
CIN3 in the experimental vs control arms at both rounds 1 and 2 (Ronco et al. 2010). Greater sensi-
tivity for CIN3+ and greater reduction of CIN3+ at round 2 compared to cytology was observed only
with direct referral. Irrespective of the observed variation in sensitivity of HPV testing in younger
women, overdiagnosis of regressive lesions remains a common problem and suggests that better
triage algorithms are needed for HPV primary screening in younger women.

Different protocols for managing HPV-positive women by cytological triage were used in the trials that
demonstrated a protective effect of HPV primary screening. This suggests that the differences be-
tween the various management protocols used in the trials were not critical for protection against
precancerous lesions. However, the potential impact of differences in management protocols on
screening performance and outcome has not been investigated. In addition, differences in the local
conditions under which the trials were conducted preclude firm conclusions about the implications of
using different protocols based on the available results of the RCTs. As explained in Sect. 1.3.5, cur-
rent management protocols for women with a positive HPV primary test result vary between coun-
tries, and there is insufficient evidence to recommend a single approach for all settings. However, the
minimum guidelines provided in this Supplement should be followed (see Rec. 1.11 - 1.31).

1.4.1.2 Referral after cytological triage in primary HPV testing

Management was different in different RCTs (see Table 1.1). Concerning the three trials that showed
increased protection, in Swedescreen, all hrHPV-positive women with abnormal cytology were directly
referred to colposcopy while women with normal cytology were re-invited for further testing. In
ARTISTIC, all women with abnormal cytology were managed according to the then-standard English
protocols, which entail repeat cytology for borderline (equivalent to ASC-US) and mild (equivalent to
LSIL) dyskaryosis. In POBASCAM, women with borderline and mild dyskaryosis were re-invited for
repeat testing. In this group, 34% (95% CI, 29-39%) of women had CIN2+ detected during such
follow-up (Berkhof et al. 2006). In the only trial on stand-alone HPV testing with cytology triage in the
protocol, for which no data on the second round are available, HPV-positive women with low-grade
squamous cell lesions or a more severe finding in the immediate cytology were referred to colposcopy
while intensified screening (repeat testing) was recommended for HPV-positive women with borderline
or normal cytology (Anttila et al. 2010).

In conclusion, all trials that used cytological triage did not refer HPV positive and cytology-negative
women for colposcopy; instead these women were retested for oncogenic HPV at intervals shorter
than the respective screening interval (Anttila et al. 2010; Ronco et al. 2014). As screening with
cytological triage in these trials reduced the risk of subsequent high grade CIN and cervical cancer,
there is also evidence that this practice of repeat testing was effective. Therefore women who have
negative cytology (negative for epithelial abnormality) at triage after a positive initial HPV primary test
in a screening episode should be followed up by re-testing after an interval shorter than the regular
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screening interval (1-A), but after at least 6 - 12 months (see also Sect. 1.4.1 and Rec. 1.23 and
1.24) (VI1-A).Rec 120 Direct referral to colposcopy of these women is not recommended (1-D). Rec 121

Whereas women with HSIL/ASC-H cytology were referred to colposcopy by all trials, there were differ-
ences between trials regarding HPV positive women with ASC-US, and LSIL cytology. A reasonable
criterion for choosing which groups to refer to immediate colposcopy is the probability that referred
women carry a high-grade lesion, i.e. the PPV. The PPV of women with LSIL/ASCUS cytology was high
in POBASCAM (Berkhof et al. 2006); but the PPV of ASC-US cytology is known to vary markedly
between and within European countries. There is a high probability that an HPV-positive woman with
high grade cytology harbours a high grade CIN (111) (Katki et al. 2013). Given the elevated risk of
invasive cervical cancer from ASC-H, HSIL or AIS,, women with these results or a more severe finding
at cytology triage should be referred to colposcopy without further observation or testing (111-A).Rec
1.18 Given the expected lower probability that women with minor cytological abnormalities will harbour
high grade CIN, women with ASC-US, AGC or LSIL at triage after an initial HPV primary test in a
screening episode may be either followed up by retesting, preferably after 6 - 12 months, or by direct
referral to colposcopy (see Rec 1.22 - 1.31) (VI-C).Rec 119 Cyrrently available evidence is insufficient
to recommend one alternative over the other for women with minor cytological abnormalities.

1.4.1.3 Other triaging options for HPV positive women

Several additional methods have been described that have potential for use in triaging HPV positive
women to increase the specificity for detection of cervical (pre)cancerous lesions. These include DNA
genotyping for HPV 16 or HPV 16/18, HPV mRNA testing, and/or detection of other non-HPV
biomarkers.

There are consistent findings that women infected with HPV 16 have much higher risks for high-grade
CIN and cancer than those infected with other so-called high-risk types. One suggestion is that
women with infection by the most high-risk types (such as HPV 16 or 18) could be referred immedi-
ately to colposcopy, and others recalled at regular screening intervals (Castle et al. 2011b; Wright, Jr.
et al. 2011). In the Finnish population-based trial, genotyping for HPV 16 more successfully identified
women with CIN3+ than cytology triage at the threshold of LSIL+ (Leinonen et al. 2013).

Higher viral load for HPV 16 has been shown to be associated with CIN2+ risk. In the NTCC random-
ized trial, higher HC2 cut-off for detection of HPV DNA (a proxy of high viral load) had little effect on
sensitivity for CIN2+, but PPV relative to cytology increased (Ronco et al. 2006b).

Whereas HPV DNA tests detect the presence or absence of HPV virus genomes, HPV RNA tests are
designed to detect the expression (MRNA) of genes that are related to cancer development. Over-
expression of HPV E6 and E7 viral genes is required for malignant transformation. Detection of mMRNA
of E6 and E7 genes may allow a distinction between transient infections and those that will progress
to cancer (Cuzick et al. 2012).

Immunostaining for molecular markers of proliferation or regulation of the cell cycle, such as stan-
dardized detection of p16-INK4A overexpression with or without other markers (such as Ki-67), has
been shown to be very sensitive for determining the severity of dysplasia (Carozzi et al. 2008; Petry et
al. 2011).

Evaluation of longitudinal performance of these and other triaging markers is clearly a necessity. Since
PPV is a prevalence-dependent measure, comparative evaluation of PPV for the most promising mark-
ers should be performed using the same samples. Initial findings are available for p16 (Carozzi et al.
Lancet Oncology 2013). Although currently available data are not yet sufficient to recommend meth-
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ods other than cytology for triaging HPV positive women (see also Rec. 1.13), a review of the emerg-
ing evidence and an update of the current recommendations is likely to be required in the near future.

1.5 Repeat testing

As discussed in Sect. 1.4, cytology triage should be performed without delay for all women testing
positive for oncogenic HPV at primary screening (see Rec. 1.14). To reduce the risk of undetected,
persistent HPV infection, women who test negative at cytology triage should be followed up by re-
testing (see Sect. 1.4.1.2 and Rec. 1.20).

1.5.1 Interval for repeat testing

The interval for repeat testing after a negative triage test must be long enough to allow regression of
a sufficient proportion of infections. After 12 months, 70% of a group of young women with an inci-
dent HPV infection were no longer infected, and by 24 months only 9% were HPV-positive (Ho et al.
1998). In another study about 60% of LSILs in young women regressed within 1 year and about 90%
within 3 years (Moscicki et al. 2004). However, the longer the interval, the smaller the lead-time gain
compared with cytology. On the other hand, prolonged intervals increase the probability that lesions
prevalent at baseline or occurring during the interval will progress to cancer. Hence the optimal inter-
val also depends on the cross-sectional and longitudinal sensitivity of the triage test. In all RCTs that
provided results of 2 rounds, the interval was typically 12 months (6 months in POBASCAM). In all of
the trials, cytology interpretation was blind to HPV status. In the only trial that used stand-alone HPV
testing with cytological triage, sensitivity was higher in the HPV arm even considering only immediate
referral (Kotaniemi-Talonen 2005) showing that cytology 'informed of HPV positivity' is more sensitive
than 'HPV-blind" cytology. Hence there is evidence that a longer interval (at least 12 months) for re-
peat testing than that used in some of the trials is appropriate with stand-alone HPV primary testing.
Women who are HPV-positive and cytology normal (negative for epithelial abnormality) in primary
screening may therefore be followed up by HPV retesting, with or without cytological triage, and after
an interval of preferably at least 12 months (111-B). Re¢ 124 For these women, cytology repeat testing
after at least 6 - 12 months is an acceptable alternative to HPV repeat testing (see also Sect. 6.3.1 in
Chap. 6 of the second edition of the European Guidelines) (111-B).Re¢ 123 |t should be kept in mind
that referral of women with persistent HPV infection irrespective of the result of cytology triage yields
higher sensitivity of cervical precancerous lesions than referral based on repeat cytology only, but also
entails higher referral to colposcopy and lower PPV (Dijkstra et al. 2014).

1.5.2 Type and mode of repeat test

Protocols for repeat testing after baseline triage can be distinguished according to the type of HPV
test used, eg, type-specific or general hrHPV assay, and whether cytology co-testing is performed.
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e Type-specific versus hrHPV repeat testing

Swedescreen used type-specific repeat testing, whereas POBASCAM and phase 1 of NTCC (women
aged 25-34 years) used a general hrHPV assay. An analysis of the Guanacaste (Costa Rica) cohort
showed that the subsequent risk of CIN2+ is similar with either approach, with the exception of HPV
16 and possibly HPV 18 (Castle et al. 2009).

e HPV repeat testing alone or co-testing with cytology

Repeat testing for HPV alone was used in Swedescreen (type-specific persistence), whereas NTCC
(phase 1, women aged 25-34 years) and POBASCAM employed cytology co-testing. In NTCC, no
CIN2+ was detected by cytology alone at repeat examination, but referral to colposcopy was
increased (Ronco et al. 2006a).

Although the RCTs were not designed to assess which of these options is preferable, the overall re-
sults with respect to reduced incidence of CIN3+ in the second round of these RCTs are similar and
suggest that the impact of HPV primary screening was not critically dependent on the option used.

If an HPV-positive woman tests HPV-negative in the repeat test, the risk of CIN2+ and CIN3+ is
greatly reduced; hence further follow-up is unnecessary. In an analysis of the Guanacaste cohort, the
subsequent cumulative risk of CIN2+ at 3 years was 1.17% (95% CI, —-0.15% to 2.50%) among
women who tested HPV-positive at baseline and negative after 1 year. In contrast, the risk was 17.0%
(95% ClI, 12.05-22.03%) and the cumulative incidence of CIN3+ at 3 years was above 10% among
those who tested positive on both occasions (Castle et al. 2009). The 4-year cumulative incidence rate
of CIN3+ for women who had a past HPV positive and Pap-negative result was 5.08% (95% ClI, 4.01—
6.15), compared with 1.12% (95% Cl, 0.63-1.60) among women who were HPV-negative at the 1-
year repeat testing (Castle et al. 2011a).

In the HPV screening trials, non-negligible loss to follow-up, varying from 20% to 40%, was observed
(Bulkmans et al. 2007; Kitchener et al. 2009b; Naucler et al. 2007; Ronco et al. 2006a). Therefore,
the number of repeat testing visits after HPV testing should be limited.

1.5.3 Management protocols for repeat testing

As explained in Sect. 1.3.5, current management protocols for women with a positive HPV primary
test vary between countries, and there is insufficient evidence to recommend a single approach for all
settings. Various approaches to repeat testing can be adopted, however, based on the previous exper-
ience in the randomized screening trials. They can be broken down into protocols that use:

e HPV testing alone

e HPV and cytology co-testing

e Cytology testing alone
Since the prevalence of HPV and the quality and organization of cytology screening affect the efficien-
cy and effectiveness of management of women at repeat testing, these factors should be taken into

account in the regular review and revision, if necessary, of repeat testing protocols (see also Rec.
1.11, 1.12 and 1.22 - 1.30) (VI-A).Rec1.22

Based on the available evidence, the following algorithms can be recommended:
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The low risk of invasive cancer and pre-invasive lesions persists longer in women who have had a
negative HPV test than in those with negative cytology (see Sect. 1.3.4). Furthermore, the risk of
CIN2+ is very low in those women for whom the HPV test result is negative in the repeat test, i.e.
HPV has not persisted (see Sect. 1.5.2). Therefore, in screening programmes that use HPV testing
alone in repeat testing after baseline triage, women who have a negative repeat HPV test at follow-up
should return to routine screening (11-A).Re¢ 130 The same holds in programmes using HPV re-testing

with cytology triage (111-A); triage is not needed when the HPV repeat test is negative (I11-E). Rec
1.27

¢ Women with a negative HPV repeat test

e Women with a positive HPV repeat test

Conversely, given the elevated risk of invasive cervical cancer in women with a positive HPV test
(Sect. 1.2.1), women who have a positive HPV repeat test in programmes that use only HPV repeat
testing after baseline triage should be referred to colposcopy (11-C).Re¢ 131 For the same reason,
women should be referred to colposcopy if cytology triage of a positive repeat HPV test yields ASC-US
(VI-B) or more severe cytology (VI-A).Rec1.25

In the absence of evidence on the best option for management of women with negative cytology
triage (negative for epithelial abnormality) of a positive repeat HPV test, programmes may adopt one
of the following algorithms (V1-B).Rec 126

e Referral to second repeat testing after at least 12 months

e Referral to colposcopy. This may be the best option when HPV prevalence is moderate or low
and when the PPV of referral to colposcopy of HPV-positive/cytology-negative women is
reasonable, such as in women near the upper end of the eligible age range or women who
have only attended screening irregularly.

e Return to routine screening. This may be an option in well-established programmes with high-
ly accurate and reliable cytology services 'informed of HPV positivity' (see also Sect. 1.5.1).

e Women in programmes using only cytology in repeat testing

Given the relatively low risk of women for cervical cancer precursor lesions 3 or 5 years after a previ-
ous negative cytology test (Cuzick et al. 2008a; Mesher et al. 2010) (see Sect. 1.2.3) women with
normal cytology at repeat testing using stand-alone cytology should return to routine screening (see
also Sect. 6.5 in Chap. 6 in the second edition of the European Guidelines) (111-A).Re¢ 1-29 Women
with ASC-US or more severe cytology at repeat testing should be referred to colposcopy (see Chap. 6
in the second edition) (VI-B).Rec1.28

1.6 Minimum requirements for HPV test
systems in primary cervical cancer
screening

Given the probability that many women targeted for cervical screening will develop and clear transient
HPV infections, HPV primary screening test systems must yield results that are informative about the
risk of having or developing cervical neoplastic lesions. Two different HPV tests, the HC2 and
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GP5+/6+ PCR assays, have been studied thus far in a number of large longitudinal randomized clinical
trials for detecting CIN2+/CIN3+ in comparison with cytology. Primary screening with these tests has
resulted in reduced incidence of CIN3+ (see Figures 1.1 and 1.3) (Bulkmans et al. 2007; Leinonen et
al. 2009; Mayrand et al. 2007; Naucler et al. 2007; Ronco et al. 2010) and cervical cancer (see Figure
1.4) (Ronco et al. 2014) in the subsequent round. In addition, sufficient evidence is available from the
trials and other studies for programmes to achieve an appropriate balance between benefit and harm
by adhering to minimum standards in the management of women with positive HPV primary tests
(Sect. 1.4 and 1.5). Both of the above assays detect DNA of the hrHPV types 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, and 68. In addition, the type HPV 66 is targeted by GP5+/6+ PCR-enzyme
immunoassay (PCR-EIA) and detected by HC2 through cross-hybridization.

Various available HPV detection methods differ in their clinical performance for the detection of HPV-
related premalignant disease (Snijders, van den Brule & Meijer 2003). Due to the time and other re-
sources required for the previously conducted, large prospective trials, studies on a similar scale are
unlikely to be feasible or desirable to verify the suitability of other HPV tests for primary cervical can-
cer screening. Moreover, the longitudinal results of HPV DNA tests depend on the natural history of
HPV infection and related CIN, and because these parameters do not depend on the type of HPV test,
assessment of the cross-sectional clinical accuracy can be used to evaluate and compare the perform-
ance of various HPV DNA tests. Hence, relevant criteria for HPV test performance have been formu-
lated and translated into a validation procedure by an international consortium (Meijer et al. 2009).

The reported validation criteria are based on the performance of the above two HPV test methods,
HC2 and GP5+/6+ PCR; they can be used to assess the suitability of new candidate HPV DNA tests
with a corresponding or better clinical sensitivity for primary screening without conducting lengthy
prospective trials. The rationale behind this approach is that a validated HPV test should display an
acceptable balance between clinical sensitivity and clinical specificity (Snijders, van den Brule & Meijer
2003), i.e. high sensitivity for CIN2+/CIN3+ lesions and at the same time as little detection of — gen-
erally transient — HPV infections not associated with CIN2+/CIN3+ lesions as possible. Low clinical
sensitivity will result in too many missed CIN2+/CIN3+ lesions (false negatives), whereas low clinical
specificity will lead to detection of unacceptably high numbers of transient, clinically irrelevant hrHPV
infections (false positives). The consequence of the latter would be too many unwanted negative
effects (anxiety, repetitive and confirmatory tests, as well as unnecessary treatment) in the generally
healthy population, and unnecessarily high costs of the screening programme. Therefore, before new
tests are used for cervical cancer screening, their non-inferiority should be demonstrated compared to
those HPV tests with proven efficacy in large clinical trials.

It must be recognized that clinical performance depends not only on the intrinsic characteristics of a
test, but also on extrinsic factors, such as the procedures and performance of the laboratory in which
samples are processed and analysed. Hence, like cervical cytology testing, HPV testing should be per-
formed only on samples processed and analysed in qualified laboratories, accredited by authorized
accreditation bodies and in compliance with international standards (see also Rec. 1.34) (VI-A).Rec
135 For example, HPV laboratories should have facilities enabling separation of key work tasks (to
prevent contamination), complying with good laboratory practice (GLP) and participating in external
proficiency panel testing schemes (Eklund et al. 2014; Ferguson et al. 2006; World Health
Organization 2009) (see also Suppl. 2).

Unlike the GP5+/6+ PCR, the HC2 assay is widely and commercially available and is approved by the
United States Food and Drug Administration. Therefore the HPV DNA test requirements summarized
below have been formulated relative to HC2, at the cut-off of 1 RLU in women aged =30 years (Meijer
et al. 2009). This age was chosen since transient HPV infections are particularly common in younger
women, resulting in a relatively low clinical specificity for HPV tests (Cuzick et al. 2006b).

1. Given HC2 clinical sensitivity values for CIN2+ of 95% or more, the candidate test system should
have a clinical sensitivity for CIN2+ not less than 90% of the HC2 test in women aged =30 years.
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This will result in a negative predictive value of the hrHPV test that is sufficiently high to allow
extension of current screening intervals for women with negative primary cytology test results.

2. The candidate test system should have a clinical specificity for CIN2+ not less than 98% of that of
the HC2 test in women aged =30 years. The higher limit on the minimum clinical specificity takes
into account reported levels that vary between 85% and 95% (average, 92%; see Table 1.2 and
Arbyn et al. 2006), dependent on the geographical region and age. This test criterion is crucial to
minimizing unnecessary and excessive follow-up of women testing positive for HPV at screening
who will not have or develop clinically meaningful disease.

3. The candidate HPV test system should be robust and display high intra-laboratory reproducibility
and inter-laboratory agreement. Taking into account that HC2 and GP5+/6+ PCR have revealed
inter-laboratory agreement of at least 92%, candidate tests should demonstrate at least 87%
inter-laboratory agreement with HC2.

Based on the test requirements summarized above, a validation strategy for candidate HPV DNA as-
says has been proposed (Meijer et al. 2009). It involves a clinical equivalence analysis of the candi-
date assay relative to a clinically validated reference HPV test (HC2); it could be performed, however,
with a different test equivalent to HC2. The samples for the non-inferiority testing of sensitivity and
specificity for CIN2+, as well as assay reproducibility analysis, must originate from a population-based
screening cohort. Power calculations suggest that at least 60 samples should be analysed in order to
assess whether a candidate test has a sensitivity for CIN2+ not less than 90% of that of HC; samples
should be obtained from a representative group of women with histologically confirmed CIN2+ detect-
ed by HC2, either combined or not combined with cytology, and/or the candidate HPV test. In addi-
tion, assessment of non-inferiority of the clinical specificity for CIN2+ of a candidate test compared
with HC2 requires analysis of at least 800 cervical samples. These should be from women aged >30
years in the population-based screening cohort who did not have histologically confirmed CIN2+.
Reliable assessment of the intra-laboratory reproducibility in time, and inter-laboratory agreement
should be performed by evaluation of at least 500 cervical samples, 30% of which should score HPV-
positive by a clinically validated reference test.

It should be noted that criteria based on simple cross-sectional accuracy as outlined above are
inadequate for validation of non-DNA-based HPV tests for primary screening (eg HPV viral oncogene
MRNA tests, or tests using other biomarkers); such markers measure events that may be subsequent
in time to infection detectable with HPV DNA. For example, an HPV infection might not be associated
with overexpression of viral oncogenes until later in the process of carcinogenesis. Hence the low-risk
period that defines the appropriate screening interval after a negative HPV DNA test may be irrelevant
in primary screening using non-HPV DNA tests. Additional, longitudinal data would therefore be re-
quired to assess the suitability for primary screening of tests that target molecules other than HPV
DNA. It should also be recognized that HPV testing validation studies have produced valuable new
information on type-specific HPV prevalence in screening populations and sometimes raised concerns
about high age-adjusted test positivity rates and inter-assay disagreement (Goldman et al. 2013;
Preisler et al. 2013; Rebolj et al. 2013; Rebolj et al. 2014). A high proportion of women that are HC2-
positive but HPV-negative in genotyping (Sargent et al. 2008; Gillio-Tos at al. 2013; Leinonen et al.
2013) suggests that HPV genotyping may be useful for validation of results in HPV screening.

In conclusion, due to differences in clinical performance between different methods of HPV detection,
cervical cancer screening programmes should adopt an HPV primary test for use only if it has been
validated by demonstrating reproducible, consistently high sensitivity for CIN2+ and CIN3+ lesions,
and only minimal detection of clinically irrelevant, transient HPV infections (VI-A).Re¢ 133 As pointed
out elsewhere in this supplement, clinical validation is a necessary but not a sufficient criterion for
adopting an HPV primary test for use in cervical cancer screening. Additional aspects must be taken
into account such as laboratory quality assurance (see Rec. 1.35) and health economic factors, and
whether correct use of the test as specified in the instructions of the manufacturer and in accordance
with the other recommendations in the Supplement can be organized (see Rec. 1.36).
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1.7 Self-sampling for HPV testing

Cervical specimens collected by health-care professionals provide the cellular material for conventional
smears or LBC samples used in cervical cancer screening. Collection of cervical material for HPV test-
ing through vaginal self-sampling has potential to improve overall participation in cervical screening
programmes in developed countries (1) (Bais et al. 2007; Gok et al. 2010; Lindell et al. 2012; Virtanen
et al. 2011) and in developing regions, self-sampling may facilitate access to cervical screening
(Holanda, Jr. et al. 2006; Qiao et al. 2008) (see Supp. 2, Sect. Section 2.4.3).

e Cytology testing on self-collected samples

Vaginal self-sampling does not provide material suitable for accurate cervical cytological assessment
because of lower specimen quality, ie, low cellularity (Garcia et al. 2003); poor concordance with
cytology on conventional cervical smears obtained by physician sampling (Brink et al. 2006; Budge et
al. 2005); and much lower sensitivities for high-grade lesions. However, the specificity of cytology on
self-collected samples for high-grade CIN was high in two studies (Brink et al. 2006; Budge et al.
2005).

e hrHPV detection in self-collected versus physician-collected samples

Numerous studies have evaluated the diagnostic accuracy of HPV testing to predict CIN2+ using self-
collected samples. In concordance analysis between HPV detection in self-collected versus physician-
collected samples, the range of HPV positivity varied considerably across studies, most likely reflecting
differences in sampling devices, HPV tests, and possibly also study populations. Many studies reported
hrHPV results separately, whereas others combined results for hrHPV and low-risk HPV. One of the
larger studies performed with hrHPV (HC2), (Wright, Jr. et al. 2000) (n=1415) found moderate agree-
ment (kappa=0.45) between results using self-collected vaginal swabs, and physician-collected cervi-
cal brushes. Data from numerous studies on HPV detection in self-taken versus physician-taken sam-
ples were collected in systematic reviews and meta-analyses published by (Ogilvie et al. 2005) and by
(Petignat et al. 2007). The concordance for hrHPV positivity was good. A similarly good concordance
has been found in other studies that compared hrHPV testing in self-sampling with physician sampling
(Brink et al. 2006; Daponte et al. 2006; Tamalet et al. 2010).

Conversely, studies that separately evaluated low-risk HPV invariably reported an increased low-risk
HPV detection rate in self-sampled specimens (Petignat et al. 2007). These findings most likely reflect
the observation that low-risk HPV infections tend to affect vaginal mucosa more commonly than cervi-
cal mucosa (Castle et al. 2007). In commonly used self-sampling methods (cotton and Dacron swab,
brush), only vaginal material is sampled, and this may have affected the outcome of some studies that
used the hrHPV HC2 method. The HC2 test is known to show some cross-reactivity with low-risk HPV
types (Castle et al. 2002). The higher hrHPV test positivity rate in self-collected compared to physic-
ian-collected samples observed in some HC2 studies is consistent with the possibility that some
vaginal low-risk HPV infections may have been detected (Gok et al. 2010; Hillemanns et al. 1999;
Holanda, Jr. et al. 2006; Khanna et al. 2007).

In some studies a higher hrHPV detection rate was found in the physician-collected cervical samples
(Baldwin et al. 2005; Lorenzato et al. 2002; Nobbenhuis et al. 2002). Possible reasons for this include
the type of self-sampling device (swab, brush, tampon, or lavage) and the device used for physician
sampling (cone-shaped brush, Cytobrush, Dacron swab, or Cervex-Brush), which probably influence
the cervical cell yield, and the different hrHPV detection methods, which all have their specific features
in terms of analytical sensitivity and specificity for hrHPV detection.
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e Comparison of detection of CIN2+by hrHPV testing in self-collected samples versus
cytology on physician-collected samples

Collectively, the data summarized in Table 1.5 indicate that hrHPV testing on self-samples in primary
screening is as sensitive for CIN2+, as cytology on physician-obtained cervical samples, although less
specific, especially when LSIL or more severe is used as the test cut-off (Arbyn et al. 2014). The
observed lower specificity of hrHPV tests on self-collected samples can probably be improved if assays
are used that do not show cross-reactivity with low-risk HPV types. The sensitivity of HPV testing on
self-samples can be improved by choosing an appropriate test showing sufficient sensitivity.

Table 1.5. Detection of CIN2+ in self-taken and clinician-taken samples.
Absolute sensitivity and specificity for the detection of CIN2+ by HPV testing
on self-samples, and HPV and cytology testing on clinician-taken samples in
primary screening

Test and Test cut-off Number of Sensitivity in % Specificity in %
sample type studies (95% CI) (95% CI)
HPV defined
14 76 (69-82) 86 (84-90)
self-taken by manufacturer
HPV defined
o 14 91 (87-94) 88 (85-91)
clinician-taken by manufacturer
cytology ASC-US or more severe 12 83 (75-89) 91 (87-94)
clinician-taken LSIL or more severe 8 71 (66-76) 97 (97-98)

Source: (Arbyn et al. 2014)

e Comparison between HPV detection on self-collected versus physician-collected
samples for detecting high-grade CIN or cervical cancer

A recent meta-analysis of cross-sectional data (Arbyn et al. 2014) reported that the absolute accuracy
(in particular the specificity) of HPV testing in self-taken and in clinician-taken samples varied by
setting (screening or follow-up). However, the relative sensitivity and specificity of HPV testing on self-
taken compared to clinician-collected samples was similar across settings, allowing pooling. The
reported findings of lower cross-sectional sensitivity and specificity in self-taken samples were robust
over different influential factors (setting, developed and developing countries, choice of self-sampler,
study design and study quality characteristics based on the QUADAS-2 checklist (Whiting et al. 2011).
No obvious collection-device effects in the relative sensitivity of HPV testing on self-samples versus
clinician-taken samples were detected, but the included studies did not address comparisons between
different sampling devices, and because of the variability in study design and settings, the authors
drew no strong conclusions about the influence of devices for self-sampling on the accuracy estimates
(Arbyn et al., 2014).

Fourteen studies were included that employed HC2; the pooled relative sensitivity and specificity for
detection of CIN2+ were significantly reduced in self-taken versus clinician-taken samples: 0.85 (0.81-
0.90) and 0.96 (0.93-0.98), respectively. Five studies were included in the meta-analysis that
employed PCR GP5+/6+ tests validated according the method described in Sect. 1.6; the pooled PCR
GP5+/6+ data did not reveal statistically significant differences in sensitivity and specificity between
self-taken and clinician-taken samples: 0.95 (0.89-1.01) and 1.11 (0.95.-1.29), respectively.

The meta-analysis did not report cross-sectional accuracy to detect cervical cancer. A self-sampling

study performed with a cotton tip swab revealed that a substantial number of cervical cancers were
missed compared with physician sampling (Lorenzato et al. 2002).
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e Conclusions

Self-sampling of cervicovaginal material may permit development of effective tools to increase accept-
ability and coverage of cervical screening programmes, especially in women who do not currently at-
tend screening (see also Suppl. 2, Section 2.4.3).

Sensitivity of HPV testing for cervical pre-cancerous lesions and cancer using self-collected cervico-
vaginal samples is similar to that of conventional cytology or LBC testing on clinician-collected
samples, but specificity is frequently reduced (Arbyn et al. 2014). Due to the lower sensitivity of HPV
testing on self-collected versus clinician-collected samples and because of the heterogeneity in results
between studies, self-sampling should not be the primary option for women participating in cervical
cancer screening. The clinical accuracy of HPV testing on self-collected samples for cervical screening
is sufficient, however, to conduct organized, population-based pilot programmes for women who have
not attended screening despite a personal invitation and a personal reminder (see also Rec. 1.33 and
Suppl. 2, Rec 2.8-13) (111).Rec1.32

Because of differences in cross-sectional test performance in detecting CIN2+ using self-collected
samples, programmes that use self-samples in well-planned and controlled pilot implementation pro-
jects must be particularly careful when selecting the test to use for such pilots.

Further research is needed to identify the tests, devices and protocols best suited to self-sampling in
cervical cancer screening programmes. The longitudinal safety and effectiveness of HPV testing on
self-samples should be monitored and evaluated using linkage of screening, pathology and cancer
registries.

1.8 Cost-effectiveness of HPV versus cytology
for primary cervical cancer screening

A number of cost-effectiveness analyses (CEAs) of HPV primary screening have evaluated protocols
with Pap and HPV testing combined, and a few studies have evaluated HPV testing alone. Published
results include cost and effect estimates, and incremental cost-effectiveness ratios (ICERs) based on
comparison with Pap screening programmes. Conclusions of published CEAs are heterogeneous: three
analyses show favourability of HPV primary screening over a conventional cytology setting (Berkhof et
al. 2010; Kim, Wright & Goldie 2005; Mittendorf et al. 2003); one analysis is favourable over LBC but
unfavourable over screening with conventional cytology in another setting (Sherlaw-Johnson & Philips
2004); another published CEA comes to opposite conclusions: favourability of HPV primary screening
in a conventional setting but not in an LBC setting (Goldie, Kim & Wright 2004); and another CEA is
unfavourable for HPV primary screening compared to screening in a conventional setting (Mandelblatt
et al. 2002). Key determinants of cost-effectiveness are the quality of cytology screening and the
prevalence of HPV infections relative to the risk level for cervical cancer, and the costs of HPV testing
relative to those of cytology. When hrHPV prevalence is high, the specificity of testing for CIN2+
decreases, but PPV does not decrease (Giorgi-Rossi, Franceschi & Ronco 2012). The cost is influenced
by many local factors, such as quality assurance procedures, the scale of laboratory facilities, and
labour costs.

Since key determinants vary between countries, favoured primary screening and triage tests may also

differ between countries. To recognize the situations in Europe in which HPV primary screening is fa-
voured over cytology screening, many of the scenarios that would correspond to the cervical cancer
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screening situation of various European countries have been analysed from the perspective of cost-
effectiveness (de Kok et al. 2012). Cervical cancer risk, HPV prevalence, previous screening, test char-
acteristics of cytological and HPV testing, and costs per test were varied among different scenarios.
Various HPV and cytology triage schedules, as well as screening age ranges and intervals were in-
cludeed in the analysis. Whereas HPV primary screening would be favourable in many of the analysed
scenarios corresponding to the current cervical cancer screening situation in various European coun-
tries, primary cytology screening would be favourable in countries with a relatively high prevalence of
HPV and high HPV testing costs. These analyses illustrate the importance of organizing HPV primary
screening in a manner that minimizes the costs of testing. This can be achieved by analysing HPV
tests in large-scale laboratories to maximize economy-of-scale effects (i.e. lower unit costs of high-
volume laboratories). In addition, organized, population-based screening programmes are also more
likely than opportunistic programmes to be able to take advantage of competition in the marketplace
to negotiate favourable prices for laboratory services.

From the perspective of cost-effectiveness, HPV primary screening was preferred in many of the
scenarios that would correspond to the current cost, frequency and coverage of cervical cancer
screening programmes in various European countries; but implementing HPV screening in situations
where screening is not well organized involves risks that may be unacceptable. Uncontrolled, frequent
screening in part of the target population, especially at a young age, will decrease programme speci-
ficity, given that every screening round adds to false-positive results and screening at a young age
detects numerous transient infections and abnormalities that will later regress. Uneven population
coverage of HPV screening combined with frequent screening at a young age, may erode the balance
between benefit and harm (such as possible adverse pregnancy outcomes after excisional treatment
of precancerous lesions, and higher costs).

In conclusion, any decision to implement HPV primary testing in cervical cancer screening should take
into account health economic factors, and whether correct use of the test as specified in the instruct-
tions of the manufacturer and in accordance with the recommendations in this supplement can be
organized (VI1-B).Rec 1-36 Health economic factors to consider in planning and subsequent steps in
programme implementation include the prevalence of HPV infections; the burden of repeat testing,
colposcopies, and CIN treatments resulting from HPV testing; and the quality and impact of existing
cytology screening programmes (see also Sect. 1.2.1.3 and 1.2.3). Assessments should be conducted
to determine the optimal target age groups and screening intervals based on the chosen test and
management protocols (see Sect. 1.3.2.1 and 1.3.2.2). The feasibility and sustainability of the pro-
gramme should be assured through adequate resourcing, coordinated planning, feasibility and pilot
studies, and quality-controlled rollout across a country or region (see Annex 1 and Suppl. 2).

1.9 Conclusions

e Suitability of HPV primary testing for use in cervical cancer screening programmes

Cervical screening using primary testing for the DNA of oncogenic HPV types has been shown to be
more efficacious than cytology primary screening in preventing invasive cervical cancer (Ronco et al.
2014). Appropriate screening policy and programme organization are essential to achieving an appro-
priate balance between benefit and harm of any screening programme. These principles are particu-
larly important in HPV primary screening, in order to avoid substantial increase in the number of
women with positive test results and additional colposcopies and treatment of no additional benefit to
participating women. Following the recommendations in the present supplement will enable pro-
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grammes to achieve the potential benefit of HPV primary testing in cervical cancer screening while
minimizing the risks (see Rec. 1.1).

¢ Avoidance of co-testing (HPV and cytology primary testing) at any given age

Among women 35 years of age and above, co-testing (cytology and HPV) is not more protective than
HPV primary testing alone. Systematic co-testing entails higher costs, higher referral rates to colpos-
copy, and a lower PPV for CIN2+ detection among referred women, particularly if triage is not used
for HPV-positive women. Hence, to avoid unnecessary harm, only one primary test (cytology or test-
ing for oncogenic HPV) should be used at any given age in cervical cancer screening (see also Rec.
1.3-1.7) (11-A).Rec12

e Starting age for HPV primary testing in cervical cancer screening programmes

While sufficient evidence is available to begin HPV primary screening at age 35 years or above, if the
other recommendations in the present supplement are taken into account (1-A),5¢¢t1.3-2.1 there is also
clear evidence that the specificity of HPV testing is very low in younger women. In addition, below 30
years HPV primary screening leads to overdiagnosis of CIN2 that would have regressed spontaneous-
ly. Routine HPV primary screening should therefore not begin under age 30 years (1-E).Ret 14 Some
overdiagnosis is also likely in women aged 30-34 years, but this may be outweighed by increased
detection of progressive lesions and greater protection against invasive cancer. Sufficient evidence is
not yet available to recommend for or against beginning routine HPV primary screening in the age
range 30 - 34 years (VI).Sect1.32.1

e Stopping age for HPV primary testing in cervical cancer screening programmes

In the absence of sufficient evidence on the optimal age at which to stop HPV primary screening, HPV
primary testing could stop at the upper age limit recommended for cytology screening (60 or 65
years) provided a woman has had a recent negative test (11-A).Rec 1.6

e Screening interval after a negative HPV primary test

Longer intervals for HPV primary screening than for cytology-based screening reduce costs and, more
importantly, reduce the probability of unnecessary colposcopy and treatment with attendant side-
effects. There is good evidence from randomized trials that the low-risk period is longer after a nega-
tive HPV test than after normal cytology. The screening interval for women with negative HPV primary
screening results should therefore be at least 5 years (1-A).Rec 18 Additional evidence from non-
randomized studies suggests that the interval for HPV primary screening may be extended up to a
maximum of 6 - 10 years provided age and screening history are taken into account (111-C). Rec1.8

e Cervical screening using cytology primary testing outside the age range of HPV
primary testing

The European Guidelines recommend that invitation to cervical cancer screening begins between 20
and 30 years of age (Arbyn et al. 2008a). The only primary screening test currently recommended by
the EU for cervical cancer screening in women under 35 years of age is cytology (Annex 2). Cervical
screening based on cytology conducted outside the age range for HPV primary testing should follow
the guidance provided for cytology-based screening in the European Guidelines (Suppl. 2 and second
edition) (see also Rec 1.9, 1.10, 1.22 and 1.34) (VI-A).Rec 1.7

e Secondary testing (triage)
To control the considerable potential for overdiagnosis and overtreatment in HPV primary screening,

particularly in women under 35 years, cervical screening programmes using HPV primary testing must
adopt specific policies for management through triage, referral and repeat testing of women with a
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positive HPV primary test result. The policies should take into account Rec. 1.12 - 1.31 and must
include guidance on when women with positive HPV test results should be invited to return to routine
screening. (VI-A).Rec 111 There is negligible additional benefit of direct referral of all HPV-positive
women to colposcopy, versus cytological triage (testing HPV-positive women for cytology and refer-
ring directly to colposcopy those women who show cytological abnormalities, while the remaining
women are re-tested after some time and referred to colposcopy if the infection persists). There is
clear evidence, however, that cytological triage, as defined above, leads to a PPV of colposcopy refer-
ral similar to or better than that of cytology testing alone. Therefore, women testing positive for onco-
genic HPV at primary screening should be tested without delay for cervical cytology (cytology triage)
(1-A).Rec 1.14 Direct referral to colposcopy of all HPV-positive women is not recommended (1-D).Re¢
1.15To avoid loss to follow-up and ensure efficient use of resources, the cytology triage test should
preferably use sampling material collected during the HPV screening visit (VI-A).Rect 1.14 Depending
on the result of cytology triage, HPV-positive women should be referred to repeat testing , or to
colposcopy (see Rec. 1.18 - 1.21) (1-A).Rect1.16

Other methods of triaging HPV-positive women are under study. Current evidence is not sufficient for
recommendation of their use in routine practice.

e Secondary testing (repeat testing)

Current management protocols for triage and repeat testing vary between countries, and there is
insufficient evidence to recommend a single approach for all settings, apart from the current emphasis
on cytology triage for hrHPV DNA primary testing. The current diversity is reflected in the manage-
ment options explained in greater detail in sections 1.4 and 1.5. The method of repeat testing and the
management protocols for repeat testing and referral during the entire screening round should be
selected by the programme when planning for HPV primary testing. The respective decisions and pro-
gramme planning should take into account the prevalence of HPV in the target population and the
quality and organization of cytology screening in the region served by the programme.

Clinical experience suggests that the interval between two primary screening tests, differences in local
conditions under which relevant trials have been conducted, and numerous other factors such as the
interval of HPV repeat testing, the criteria for referral to colposcopy (e.g. persistent HPV at initial or
subsequent repeat testing), or the criteria used in cytological interpretation are likely to affect the
efficiency and effectiveness of the management of HPV-positive women in any screening programme.
Such factors should therefore be taken into account in optimization studies and in planning the man-
agement protocols used in a screening programme.

There is evidence that the longer the interval to the repeat test, the better is the specificity and the
fewer are the adverse effects. The interval for HPV repeat testing should therefore be shorter than the
regular screening interval, but not less than 12 months (see Rec. 1.24). There is also evidence that
cytology informed of HPV positivity is more sensitive than "blind" cytology. Due to the lower risk of
undetected CIN that may progress to cancer prior to repeat testing, inviting HPV positive cytology
negative women to retesting after two years may be an option.

More insight into quality criteria determining the balance between benefit and harm in the manage-
ment of women with a positive HPV primary test may become available in the future as evidence
accumulates on the various protocols currently in use. For the same reasons, programme policies on
triage, referral and repeat testing should be regularly reviewed and revised, if necessary, taking into
account the results of monitoring (see Rec. 1.11) and the available evidence (VI1-A).Rec 112

e Quality assurance of laboratory and professional services
The present supplement devotes considerable attention to key policies in organization of HPV primary

screening. In the implementation of HPV primary screening it is also important to keep the entire
screening process in mind, including the attendant laboratory, colposcopy, cytopathology and histo-
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pathology services. Quality assurance of the respective services used in cytology triage in HPV primary
screening should comply with the recommendations in Chap. 3 - 6 of the European Guidelines (VI-
B).Rec 117 | ike cervical cytology testing, HPV testing should be performed only on samples processed
and analysed in qualified laboratories, accredited by authorized accreditation bodies and in compliance
with international standards (see also Rec. 1.34) (VI-A).Rec1.35

e Self-sampling

Self-sampling of cervicovaginal material may permit development of effective tools to increase accept-
ability and coverage of cervical screening programmes, especially in women who do not currently at-
tend screening (see also Suppl. 2, Section 2.4.3).

Sensitivity of HPV testing for cervical pre-cancerous lesions and cancer using self-collected cervico-
vaginal samples is similar to that of conventional cytology or LBC testing on clinician-collected
samples, but specificity is frequently reduced (Section 1.7). Due to the lower sensitivity of HPV testing
on self-collected versus clinician-collected samples and because of the heterogeneity in results
between studies, self-sampling should not be the primary option for women participating in cervical
cancer screening. The clinical accuracy of HPV testing on self-collected samples for cervical screening
is sufficient, however, to conduct organized, population-based pilot programmes for women who have
not attended screening despite a personal invitation and a personal reminder (see also Rec. 1.33 and
Suppl. 2, Rec 2.8-13) (111).Rec 132

e Choice and validation of HPV tests

Cervical cancer screening programmes should adopt an HPV primary test for use only if it has been
validated by demonstrating reproducible, consistently high sensitivity for CIN2+ and CIN3+ lesions,
and minimal detection of clinically irrelevant, transient HPV infections (VI A).Re¢ 1.33 |nternational
guidelines for determining whether other HPV DNA test systems are non-inferior have been formulat-
ed for tests targeting the same molecule as the tests used in the RCTs (HPV DNA). Programmes
should require vendors to show non-inferiority of test performance in the laboratory that will be per-
forming the testing and with samples from the population to be tested. A cross-sectional clinical
accuracy study is not sufficient to validate non-DNA-based HPV tests for screening purposes since the
low-risk period after a negative HPV DNA test (which defines the appropriate screening interval) can-
not be automatically applied to tests targeting other molecules. Therefore, longitudinal data are need-
ed before the latter can be considered clinically validated for screening.

e Decision-making on implementation of HPV primary testing in cervical cancer
screening programmes

While most of the recommendations in the present supplement focus on the opportunities and the
challenges of HPV primary screening that set it apart from cytology-based screening; decision-makers,
programme managers and professionals should also be aware of the guidance in the second edition
(Arbyn et al. 2008a) and Suppl. 2 that is relevant to any cervical screening programme irrespective of
the method of primary testing used (see Rec. 1.34). Of prime importance in this regard are the
recommendations on programme organization, planning, monitoring and evaluation (see Suppl. 2, and
Chap. 2 in the second edition); communication; and quality assurance of the entire screening process
including sampling, histopathologic interpretation and classification of cervical tissue; and
management of detected lesions (see Chap. 3 — 6 in the second edition) (VI-A).Rec1.34

Any decision to implement HPV primary testing in cervical cancer screening should also take into
account health economic factors, and whether correct use of the test as specified in the instructions of
the manufacturer and in accordance with the recommendations in this supplement can be organized.
Health economic factors to consider in planning and subsequent steps in programme implementation
include the prevalence of HPV infections; the burden of repeat testing, colposcopies, and CIN treat-
ments resulting from HPV testing; and the quality and impact of existing cytology screening pro-
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grammes. Assessments should be conducted to determine the optimal target age groups and
screening intervals based on the chosen test and management protocols. The feasibility and
sustainability of the programme should be assured through adequate resourcing and coordination,
including coordinated planning, feasibility and pilot studies, and quality-controlled rollout across a
country or region (see Suppl. 2 and Annex 1) (VI-B).Rec1.36
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Appendix 1

Evidence Assessment:
Clinical Questions, PICOS formulations and conclusions

Clinical question 1

What is the accuracy of HPV-based screening in identifying cervical cancer and high-
grade cervical cancer precursors (CIN2+, CIN3+/AIS+)

P: asymptomatic women participating in cervical cancer screening
11: testing for presence of nucleic acids of hrHPV
12: testing for presence of nucleic acids of hrHPV in combination with cervical cytology

C1: cytological screening alone (versus 11) or combination of cervical cytology and testing for hrHPV
(versus 11)

C2: HPV-based screening alone (versus 12)

O: - absolute accuracy (sensitivity, specificity, PVs, referral rate, absolute risk of disease) from
complete diagnostic accuracy studies

- relative sensitivity, relative PPV, relative referral rate from incomplete studies and RCTSs.
Triage/repeat testing procedures applied to ascertain outcome should be taken into account.

S: - cross-sectional studies with complete design
- cross-sectional studies with incomplete design, with or without correction for verification bias
- RCTs (baseline results)

Results: Cross-sectional data from a very large number of double testing studies found higher
sensitivity of HPV testing alone than cytology for CIN2, CIN3 or invasive cancer aggregated (CIN2+)
and for CIN3 or invasive cancer aggregated (CIN3+). The overall relative sensitivity of combined HC2
and cytology vs. stand-alone was 1.05 (95% CI 1.04-1.07) for CIN2+ and 1.02 (95% CIl 1.01-1.03)
for CIN3+ (Arbyn et al. 2012). Five European RCTs out of six found higher sensitivity of HPV testing
alone, with cytology triage or co-testing with cytology than cytology alone for CIN2+ and for CIN3+.
Numbers were sparse in the six double-testing studies and five European trials that reported separate
data on invasive cancers and there was no significant difference between the sensitivity of HPV vs
cytology (Leinonen et al. 2012; Ronco et al. 2014).

Several double testing studies have consistently shown lower specificity of HPV testing than cytology
for the absence of CIN2+ and CIN3+. The overall relative specificity of combined HC2 and cytology
vs. stand-alone was 0.95 (95% CI 0.94-0.96) for absence of CIN2+ and 0.93 (95% CI 0.92-0.95) for
absence of CIN3+ (Arbyn et al. 2012).

The relative PPV vs cytology was significantly lower than that of cytology both for CIN2+ and CIN3+
in the RCT that used co-testing with direct referral (Ronco et al. 2006a) and non-significantly lower
than cytology both for CIN2+ and CIN3+ in the RCT that used stand-alone HPV with direct referral
(Ronco et al. 2008). In the RCTs that used cytological triage PPV was not significantly lower and
sometimes higher than with cytology (Leinonen et al. 2009).

HPV-based screening resulted in significantly increased rates of positive screening test results and
colposcopy referrals (1) (Bulkmans et al. 2007; Kitchener et al. 2009b; Kitchener et al. 2011; Rijkaart
et al. 2012; Ronco et al. 2006b; Ronco et al. 2010).

Conclusion: HPV-based primary screening has a higher sensitivity and lower specificity than
cytology-based screening in detecting precancerous cervical lesions in cross-sectional studies (1), and
no difference in detecting invasive cancer ().
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Clinical question 2

What is the reduction in the burden of CIN3/AIS+ and cervical cancer incidence and
mortality among women screened by hrHPV testing, cytology, or the combination of
both?

P: asymptomatic women participating in cervical cancer screening
11: testing for presence of nucleic acids of HR-HPV
12: testing for presence of nucleic acids of HR-HPV in combination with cervical cytology

C1: cytological screening alone (versus 11) or combination of cervical cytology and testing for HR-HPV
(versus 11)

C2: HPV-based screening alone (versus 12)

O: detection rate of, CIN3/AIS, and invasive cervical cancer and mortality from cervical cancer after
recruitment, taking information from the subsequent screening rounds into account; ratios of detec-
tion rates. Triage/follow-up procedures applied to ascertain outcome should be taken into account.

S: RCTs (second and further screening rounds); cohort studies with follow-up according to initial
screening test results, including studies with registry linkages (screening, follow-up, cancer)

Results: 4 European RCTs showed a reduction of CIN3+ at the second screening round in the arm
that used HPV alone in one trial or in co-testing for primary screening compared to the arm that used
cytology (Kitchener et al. 2011; Naucler et al. 2007; Rijkaart et al. 2012; Ronco et al. 2010). Two
RCTs reported a significant reduction of invasive cancers at round 2 in the HPV vs in the cytology arm
(Rijkaart et al. 2012; Ronco et al. 2010), and a joint analysis that included 4 European trials reported
a rate ratio for HPV screening versus cytology of 0.60 (95% CI, 0.40-0.89) (Ronco et al. 2014).

In a cluster randomized single screen RCT in India, HPV testing was associated with a significant
decline in the rate of advanced cervical cancers and deaths from cervical cancer in comparison with
the unscreened control group. No significant reductions in the numbers of advanced cancers or deaths
were observed in the cytology-testing group or in the VIA (visual inspection with acetic acid) group, as
compared with the control group (Sankaranarayanan et al. 2009).

Conclusion: HPV-based primary screening alone or in co-testing reduces CIN3+ (I) and invasive
cervical cancer (I) in comparison with cytology-based screening. HPV-based primary screening
reduces cervical cancer mortality in comparison with no screening (II).

Clinical question 3

What is the amount of overdiagnosis (diagnosis of regressive lesions) associated with
HPV-based, cytology-based, and combined (HPV and cytology) screening?

P: asymptomatic women participating in cervical cancer screening
11: testing for presence of nucleic acids of hrHPV
12: testing for presence of nucleic acids of hrHPV in combination with cervical cytology

C1: cytological screening alone (versus 11) or combination of cervical cytology and testing for hrHPV
(versus 11)

C2: HPV-based screening alone (versus 12)

O (clinical question 2): detection rate of, CIN3/AIS, and invasive cervical cancer and mortality from
cervical cancer after recruitment, taking information from the subsequent screening rounds into
account; ratios of detection rates. Triage/follow-up procedures applied to ascertain outcome should be
taken into account. Primary test applied in round 2 taken into account (if HPV is used in all women
then any difference is due to over-diagnosis); otherwise lead time gain due to >1 screening round is a
possible alternative explanation).

60 European guidelines for quality assurance in cervical cancer screening Second edition Supplements



Sil

O (clinical question 3): sum of cumulative CIN2 and CIN3 detected over time (for instance, first
and second [and further] screening rounds together)

S: RCTs (second and further screening rounds); cohort studies with follow-up according to initial
screening test results, including studies with registry linkages (screening, follow-up, cancer)

Results: No increase in the cumulative detection of CIN2+ and CIN3+ over 2 rounds was observed in
POBASCAM (HPV testing in both arms at round 2). The HPV vs. cytology arm ratio was 1.08 (0.94-
1.24) for CIN2+ and 0.96 (0.81-1.14) for CIN3+. Significantly increased cumulative detection rates of
both CIN2 and CIN3 were observed in NTCC that used cytology in both arms at round 2. Ratios were
(1.77, 95%CIl 1.18-2.67) and (1.61, 1.05-2.47) respectively for women aged 35-60 years, with a
larger effect in CIN2 among women aged 25-34 years (2.81, 1.69-4.66). Even higher rates were
observed in the second phase of the trial when HPV was used as a stand-alone test (3.38, 2.11-5.43)
and (2.14, 1.28-3.59) for women aged 25-34 years (Ronco et al. 2010). An increase in the cumulative
detection rate of CIN2 over the first 2 rounds was observed also in the Swedescreen trial that also
applied cytology in both arms at round 2. Ratios were (1.56, 95% CI not reported) (Naucler et al.
2007). In ARTISTIC (testing at round 2 performed as in round 1, at round 3 cytology in both arms),
over three screening rounds, there was no significant difference in CIN2+ (OR: 1.06, 95%CI 0.89 -
1.26, p = 0.5) or CIN3+ (OR: 0.90, 95%CI 0.72 - 1.14, p = 0.4) rates between the trial arms
(Kitchener et al. 2014). There were no trials comparing systematically HPV stand-alone to co-testing
with HPV and cytology. The only trial with HPV stand-alone (NTCC phase 2) had cytology as the
comparison. However, the decrease in CIN2+ and CIN3+ in round 2 as well as excess in the
cumulative incidence of CIN2+ and CIN3+ over 2 rounds was larger in the HPV stand-alone,
compared with other trials.

Conclusion: Data are consistent with overdiagnosis of regressive/non-progressive CIN2 (I) and to a
lesser extent CIN3 (I1) but lead time gain due to >1 screening round is a possible alternative
explanation. The excess is larger at younger age.

Clinical question 4a

What are the relative beneficial effects of HPV screening with and without cytological
triage? Do they have similar sensitivity?

P: women from an unselected primary screening population

I: screening by HPV testing with cytological triage, separately for stand-alone HPV testing and for HPV
+ cytology as the primary test

C: screening by HPV testing, direct referral of all HPV-positives

O: detection of CIN2 and CIN3 within the completion of a screening round (up to test repeat and
related colposcopy)

S: RCTs
and
P: women from an unselected primary screening population

I: screening by HPV testing (a) with cytological triage or (b) with direct referral to colposcopy of all
HPV-positives, separately for stand-alone HPV testing with triage and for HPV + cytology with triage

C: screening by cytology, with or without HPV triage of borderline cytology, or no screening

O: detection of CIN2 and CIN3 within the completion of a screening round. The 1/C ratio in type (a)
studies should be compared with the same ratio in type (b) studies.

S: RCTs

Results: At round 1 of the European RCTs, the relative CIN2+ detection rates of HPV-based
screening vs stand-alone cytology were significantly higher in co-testing : 1.51 (1.13-2.02) (Naucler et
al. 2007), 1.25 (1.05-1.50) (Rijkaart et al. 2012), except in the UK trial: 1.14 (0.94-1.38) (Kitchener et
al. 2009b), and significantly higher in stand-alone HPV testing with cytology triage: 1.44 (1.02-2.02)
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(Kotaniemi-Talonen et al. 2008). The rate was still higher with direct referral (2.13 (1.50-3.03) (Ronco
et al. 2010). The relative CIN3+ detection rates of HPV-based screening vs stand-alone cytology
were significantly higher in all European RCTs except in the Swedish study 1.31 (0.92-1.87) (Naucler
et al. 2007), the Finnish study (RR for CIN3 1.10, 95%Cl 0.57-2.12) (Kotaniemi-Talonen et al. 2008),
ARTISTIC (OR 0.97, p>0.2) (Kitchener et al. 2009b) and NTCC phase 1 age 25-34 (Ronco et al.
2006a).

Conclusion: HPV-based primary screening in co-testing with cytological triage is more sensitive than
cytology-based screening (). HPV-based primary screening with cytological triage is more sensitive
than cytology (II).

Clinical question 4b

What are the relative beneficial effects of HPV screening with and without cytological
triage in terms of earlier detection of persistent CIN2+ and CIN3+7?

P: women from an unselected primary screening population

I: screening by HPV testing (a) with cytological triage or (b) with direct referral to colposcopy of all
HPV-positives, separately for stand-alone HPV testing with triage and for HPV + cytology with triage
C: screening by cytology, with or without HPV triage of borderline cytology

O: detection of CIN2 and CIN3 at the second screening round and beyond. The 1I/C ratio in type (a)
studies should be compared with the same ratio in type (b) studies.

S: RCTs with at least two screening rounds

Results: At round 2 of the European RCTs, the relative CIN2+ detection rates of HPV-based
screening vs stand-alone cytology were significantly lower in all RCTs with data available (0.58, 0.36—
0.96 for Swedescreen, (Naucler et al. 2007); 0.63, 0.42-0.96 for ARTISTIC, Kitchener et al. 2009a
and 0.42, 0.23-0.74 for NTCC among women aged 35-60 years and 0.55, 0.31-0.99 for NTCC among
women aged 25-34, (Ronco et al. 2010). Also the relative CIN3+ detection rates were lower in HPV-
based screening in all RCTs with data available (0.53, 0.29-0.98 for Swedescreen, (Naucler et al.
2007); 0.53, 0.30-0.96 for ARTISTIC, (Kitchener et al. 2009b); 0.73, 0.55-0.96 for POBASCAM,
(Rijkaart et al. 2012), except NTCC phase 1 among women aged 25-34 years (1.00, 0.38-2.67, (Ronco
et al. 2010). In women aged 35 or more years there was no evidence of heterogeneity between
studies regarding the relative detection of CIN3+(P=0.681).

Conclusion: HPV-based primary screening results in earlier detection of persistent CIN2 and CIN3 (1)
than screening by cytology. There is no evidence that HPV with direct referral provides greater gain
(in comparison to cytology) in lead time of pre-cancerous lesions than HPV with cytological triage.

Clinical question 4c

What are the relative negative effects (false positives and colposcopy referral) of HPV
screening with and without cytological triage?

P: women from an unselected primary screening population

I: screening by HPV testing with cytological triage, separately for stand-alone HPV testing and for HPV
+ cytology as the primary test

C: screening by HPV testing, direct referral of all HPV-positives

O: PPV and referral to colposcopy within the completion of a screening round
S: RCTs

and

P: women from an unselected primary screening population
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I: screening by HPV testing (a) with cytological triage or (b) with direct referral to colposcopy of all
HPV—positives, separately for stand-alone HPV testing with triage and for HPV + cytology with triage
C: screening by cytology, with or without HPV triage of borderline cytology

O: PPV and referral to colposcopy within the completion of a screening round. The 1/C ratio in type
(a) studies should be compared with the same ratio in type (b) studies.

S: RCTs

Results: 2 RCTs reported colposcopy referral rates of HPV testing with cytology triage vs cytology. In
the first round of POBASCAM the rate was 2.3% (2.0-2.7) vs 1.3% (1.1-1.6) (Bulkmans et al. 2007).
ARTISTIC reported a colposcopy rate of 6.8% for the group whose HPV test result was revealed vs
5.2% for the group whose HPV test result was concealed an there was a statistically significant
difference in the proportions of women attending colposcopy (p < 0.0001 for both round 1 and the
full trial), mainly because the protocol for the revealed arm recommended that women who remained
HPV positive after defined periods of time should be assessed by colposcopy. (Kitchener et al. 2009b).
No data was available from RCTs that used stand-alone HPV. In NTCC baseline results, after direct
referral of HPV-positives the relative risk of colposcopy referral was very high, 3.55 (95% CI 3.22-
3.91) (Ronco et al. 2006a), whereas in the Finnish RCT with cytology triage the relative risk of
colposcopy referral in the HPV arm was 1.23 (95% CI 1.02-1.48) (Kotaniemi-Talonen et al. 2008).

Conclusion: HPV-based primary screening without cytological triage results in more frequent false
positive test results than cytology-based screening (11). HPV-based primary screening with cytological
triage increases the referral rate to colposcopy, compared to cytology-based screening (I). HPV-based
primary screening without cytological triage increases the referral rate to colposcopy, compared to
cytology-based screening (11).

Clinical question 5a

What are the beneficial effects (reduction in cancer incidence, reduction in interval
cancers including next screening round) of starting HPV screening at the age of
20/25/30/35/407?

P: women from an unselected primary screening population

I: screening by HPV testing

C: screening by cytology

O: cervical cancer incidence

S: RCTs with at least two screening rounds

Separately for age groups 20-24, 25-29, 30-34, 35-39, and 40+ whenever available.

Results: Invasive cancer incidence for separate age groups was reported in the joint analysis of four
European RCTs. After a median follow-up time of 6.5 years, there was no significant difference
between the HPV- and cytology screening groups among women who were younger than 30 years,
35-49 years of age or 50 years or older. In the age group 30-34 years at enrolment, 5 cancers were

detected in the HPV group and 15 cancers in the cytology group, rate ratio 0.36 (0.14-0.94) (Ronco et
al. 2014).

Conclusion: Starting HPV primary screening at the age of 30-34 years prevents more invasive
cervical cancers than starting cytology primary screening at the same age (II).

Clinical question 5b

What are the beneficial effects (does it allow earlier diagnosis of persistent CIN2 and
CIN3 than cytology?) of starting HPV screening at the age of 20/25/30/35/407?

P: women from an unselected primary screening population
I: screening by HPV testing
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C: screening by cytology

O: relative reduction of CIN2 and CIN3 during the second screening round

S: RCTs with at least two screening rounds

Separately for age groups 20-24, 25-29, 30-34, 35-39, and 40+ whenever available.

Results: Data from 3 European RCTs were considered. NTCC reported relative CIN2 and CIN3
detection rates for age groups 25-29, 30-34 and 35-60 years: 0.50 (0.15-1.68) for CIN2; 1.00 (0.25-
4.00) (phase 1) and 0.51 (0.09-2.79) (phase 2) for CIN3 at age 25-29 years; 0.58 (0.17-1.97) for
CIN2; 2.00 (0.37-10.91) (phase 1) and 0.00 (phase 2) for CIN3 at age 30-34 years; 0.54 (0.23-1.28)
for CIN2 and 0.48 (0.21-1.11) for CIN3 at age 35-60 years. Among women aged 25-34 (median 30)
years who were referred to colposcopy only if cytological abnormalities were present or HPV infection
persisted for at least 1 year, no decrease in the detection of CIN3 was observed for the HPV versus
cytology group in the second round, whereas direct referral of all HPV-positive women led to a large
decrease in detection of CIN3 (RR 0.20, 0.04-0.93) vs. the cytology group) in the second round.
POBASCAM showed a CIN3+ reduction in the 2nd round but no numerical data were reported. In the
Swedescreen study that recruited only women aged 32-38 years, a significant reduction of both
CIN2+ (0.58, 0.36-0.96) and CIN3+ (0.53, 0.29-0.98) was observed in the HPV arm in the second
screening round.

Conclusion: Starting HPV-based primary screening at the age of 25-29 years results in earlier
detection of persistent CIN2+ and CIN3+ than cytology-based screening (I1) (Ronco et al. 2010).
Starting HPV-based primary screening at the age of 30-38 results in earlier detection of persistent
CIN2+ and CIN3+ than cytology-based screening (I) (Bulkmans et al. 2007; Naucler et al. 2007;
Ronco et al. 2010).

Clinical question 6a

What are the negative effects of starting HPV screening at the age of 20/25/30/35/40 in
terms of false-positive rate?

P: women from an unselected primary screening population

I: screening by HPV testing

C: screening by cytology

O: colposcopy referral rate, false-positive rate (as measured by PPV for CIN2+ and CIN3+)
S: RCTs or cross-sectional diagnostic accuracy

Results: 3 European RCTs reported higher colposcopy referral rates in HPV-based screening vs
cytology-based screening. In POBASCAM the colposcopy referral rates for women who started
screening at the age of 29-33 years and 35-46 years were 4.8% vs 4.0% (RR 1.17) and 2.7% vs
2.4% (RR 1.12), respectively. The corresponding rates in the NTCC trial for women who started
screening at the age of 25-34 years with and without cytology screening were 11.6% vs 4.08% (RR
2.8) and 13% vs 5% (RR 2.6), respectively and for women aged 35-60 years 10.6% vs 1.71% (RR
6.19) and 5.8% vs 2.4% (RR 2.4), respectively. In the Finnish study, women younger than 35 years
were referred more often in the HPV DNA screening vs the conventional screening arm (RR = 1.27,
95% CI = 1.01 - 1.60). The rates for age groups 25-29, 30-35, 35-39 and 40-44 were 3.5% vs 3.5%
(RR 1.0), 2.5% vs 1.7% (RR 1.5), 1.9% vs 1.7% (RR 1.1) and 1.26% vs 1.3% (RR 0.94), respectively
(Leinonen et al. 2009).

Two European RCTs reported PPVs for CIN2+ and CIN3+ for separate age groups. In NTCC the
relative PPVs for age group 25-34 years were 0.55 (0.37-0.82) and 0.24 (0.13-0.45) with cytology
triage and 0.89 (0.55-1.44) and 0.66 (0.31-1.40) without cytology triage. For the age group 35-60
years the corresponding figures were 0.40 (0.23-0.66) and 0.34 (0.21-0.54) with cytology triage and
0.80 (0.55-1.18) and 0.86 (0.49-1.52) without cytology triage. In the Finnish study the relative PPVs
for age group 25-34 years were 1.01 (0.69-1.49) and 0.70 (0.30-1.64) with cytology triage and 0.17
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(0.11-0.24) and 0.12 (0.05-0.28) without cytology triage; for age group 35-44 years 1.54 (1.00-2.36)
and 1.81 (0.84-3.89) with cytology triage and 0.31 (0.21-0.48) and 0.36 (0.17-0.78) without cytology
triage (Leinonen et al. 2009).

Conclusion: HPV-based primary screening results in more frequent false positive test results and
colposcopy referrals than cytology-based screening among women aged 25-34 years (I) (Leinonen et
al. 2009; Ronco et al. 2006b), more frequent false positive test results among women 35-60 years (1)
(Leinonen et al. 2009; Ronco et al. 2006a) and more colposcopy referrals than cytology-based
screening among women aged 35-60 years (11) (Ronco et al. 2006a).

Clinical question 6b

What are the negative effects of starting HPV screening at the age of 20/25/30/35/40 in
terms of overdiagnosis?

P: women from an unselected primary screening population
I: screening by HPV testing
C: screening by cytology

O: overdiagnosis as measured by relative cumulative incidence of CIN2+ and CIN3+ up to the second
screening round and beyond

S: RCTs with at least two screening rounds

Results: NTCC reported data separately for women aged 25-34 and 35.60 years at recruitment. The
former group was further split in ages 25-29 and 30-34. Starting HPV screening at age 25-29 years
resulted in an about four-fold cumulative CIN2 and 2-fold cumulative CIN3 detection rate compared to
cytology-based screening. Starting HPV screening at age 30-34 years resulted in an almost three-fold
cumulative CIN2 and 2-fold cumulative CIN3 detection rate compared to cytology-based screening.
Starting screening at age 35-60 years resulted in a 60-70% increase in cumulative incidence of both
CIN2 and CIN3 in comparison with cytology-based screening (1.68 (95%CI 1.25-2.26) and 1.65 (1.21-
2.26) respectively) (Ronco et al. 2010). POBASCAM data were reported separately for ages 29-33 and
34-56. The cumulative detection of CIN2+ and CIN3+ over the first two screening rounds was similar
in the two arms in both age groups. In Swedescreen, starting HPV-screening at age 32-38 years
resulted in point estimates of relative cumulative incidence of CIN2, CIN2+ and CIN3+ of 1.56, 1.17
and 1.04 respectively. The data were not reported by the authors, they were calculated using results
available in the publication (Naucler et al. 2009).

Conclusion: See clinical question 3. In one study the excess in cumulative detection of CIN2+ was
very large below age 35 and particularly below age 30, suggesting that the increase in overdiagnosis
could be marked at such ages.

Clinical question 7a

What are the beneficial effects (reduction in cancer incidence, reduction in interval
cancers including next screening round) of continuing HPV screening at the age of
60/65/707?

P: women from an unselected primary screening population

I: screening by HPV testing

C: screening by cytology

O: cervical cancer incidence

S: RCTs with at least two screening rounds

Separately for age groups 50-59, 60-64, and 65-70 whenever available.

European guidelines for quality assurance in cervical cancer screening Second edition Supplements 65



Results: In a pooled analysis of 3 large European RCTs, after a median follow-up of 6.5 years, there
was no significant difference in cervical cancer incidence between the HPV- and cytology primary
groups among women screened at the age of 50 or above (Ronco et al. 2014). However, there was
no evidence of heterogeneity between age groups in the effect of HPV screening. Data on the effect
of HPV- vs. cytology primary screening on invasive cancers at the age of 60 years are sparse. No HPV
screening studies have reported cervical cancer incidence among women screened at the age of 65
years or older.

Conclusion: It is not known whether continuing HPV screening at the age of 60/65/70 years reduces
cervical cancer incidence.

Clinical question 7b

What are the beneficial effects (does it allow earlier diagnosis of persistent CIN2 and
CIN3 than cytology?) of continuing HPV screening at the age of 60/65/707

P: women from an unselected primary screening population

I: screening by HPV testing

C: screening by cytology

O: relative reduction of CIN2 and CIN3 during the subsequent screening round

S: RCTs with at least two screening rounds

Separately for age groups 50-59, 60—64, and 65-70 whenever available.

Results: In one RCT, there were no cases of CIN3 at the second screening round among women
aged 50-60 in the HPV group vs 5 cases in the cytology group, while the ratio was 0.67 among

women aged 35-49 years (Ronco et al. 2010). No HPV screening studies have reported comparative
results of older age groups.

Conclusion: HPV-based primary screening may allow earlier detection of CIN3 than cytology-based
screening among women aged 50-60 years in comparison with younger women (11). The benefit for
older age groups is not known.

Clinical question 8a

What are the negative effects of continuing HPV screening at the age of 60/65/70 in
terms of false-positive rate?

P: women from an unselected primary screening population

I: screening by HPV testing

C: screening by cytology

O: colposcopy referral rate, false-positive rate (as measured by PPV for CIN2+ and CIN3+)

S: RCTs or cross-sectional diagnostic accuracy

Results: False positive rate comparisons for ages 60/65/70 years have not been reported. Only one
RCT reported colposcopy referral rates among women aged 60 years and above. In comparison with
screening by cytology, the relative colposcopy referral rate point estimates among women screened
by HPV testing with cytology triage were 0.92 among women aged 60-64 years and 0.6 among

women aged 65 years or older. Absolute referral rates were also lower in the older age group
(Leinonen et al. 2009).

Conclusion: It is not known whether continuing HPV screening at the age of 60/65/70 increases
false-positive rates. Continuing HPV primary screening after the age of 65 years does not increase
relative or absolute colposcopy referral rate (11).
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Clinical question 8b

What are the negative effects of continuing HPV screening at the age of 60/65/70 in
terms of overdiagnosis?

P: women from an unselected primary screening population
I: screening by HPV testing
C: screening by cytology

O: overdiagnosis as measured by relative cumulative incidence of CIN2+ and CIN3+ up to the second
screening round and beyond

S: RCTs with at least two screening rounds
Results: Overdiagnosis comparisons for ages 60/65/70 years have not been reported.

Conclusions: It is not known whether continuing HPV screening at the age of 60/65/70 results in
overdiagnosis.

Clinical question 9
What are the best time intervals for offering cervical HPV screening?

P: women from an unselected primary screening population
I: negative HPV test
C: normal cytology

O: cumulative incidence of cervical cancer, CIN3+, and CIN2+ after | and C at different intervals (at
3,5, 6, and 7 years)

S: RCTs or double testing studies with follow-up

Results: The five European RCTs (Anttila et al. 2010; Bulkmans et al. 2007; Kitchener et al. 2009b;
Naucler et al. 2007; Ronco 2010) utilised 3- or 5-year screening intervals. A pooled analysis of four of
them reported a cumulative incidence of invasive cervical carcinoma in women with negative entry
tests of 4.6 per 10° (95% Cl 1.1-12.1) and 8.7 per 10° (3.3-18.6) at 3.5 and 5.5 years, respectively,
in the experimental arm and 15.4 per 10° (7.9-27.0) and 36.0 per 10° (23.2-53.5), respectively, in
the control arm (Ronco et al. 2014). The risk of CIN3+ was about the same at five years for women
who tested negative for HPV at screening as at three years after a negative cytology screening test
result (Elfstrom et al. 2014).

Conclusion: The optimal time interval for offering HPV primary screening is at least 5 years (I).

Clinical question 10
Is a self-collected vaginal sample as accurate as a cervical sample taken by a clinician?

P: women attending cervical cancer screening or women referred for repeat cytology testing because
of previous cytological lesions or with gynaecological symptoms; or mixed population (to be separated
by setting)

I: self-sampling of vaginal cells (stratified by sampling device)
C: cervical cell sample taken by a clinician
O: sensitivity, specificity for CIN2+ (only in studies with complete verification)

Relative sensitivity (detection rate ratio) in studies where only test-positives were verified, PPV,
relative PPV, approximated specificity
S: cross-sectional studies with virological co-test outcomes with histologically verified outcomes
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Results: Fourteen primary screening studies compared HPV self-sampling to HPV testing based on
clinician-collected samples to detect CIN2+ (Belinson et al. 2001; Belinson et al. 2012; Girianelli et al.
2006; Guan et al. 2013; Holanda, Jr. et al. 2006; Longatto-Filho et al. 2008; Nieves et al. 2013; Qiao
et al. 2008; Salmer6n et al. 2003; Szarewski et al. 2007; Wright, Jr. et al. 2000; Zhao et al. 2012).
HPV testing from the self-collected samples versus clinician-collected samples had a consistently lower
sensitivity and specificity. HPV testing on self-samples detected 76% (95% CI 69-82) of CIN2 or
worse. The pooled absolute specificity to exclude CIN2 or worse was 86% (95% CI 83—89) (Arbyn et
al. 2014).

Conclusion: HPV self-sampling is less sensitive and less specific than clinician-collected sampling in
detecting CIN2+ lesions (I11).

68 European guidelines for quality assurance in cervical cancer screening Second edition Supplements



Organization of
cytology-based and HPV-based
cervical cancer screening

Authors

A. Anttila

G. Ronco

F. Nicula

P. Nieminen

M. Primic Zakelj



Authors

A. Anttila, Finland

G. Ronco, Italy

F. Nicula, Romania

P. Nieminen, Finland

M. Primic Zakelj, Slovenia

Reviewers
P. Giorgi Rossi
J. Patnick

S. Térnberg

Declarations of interest
Interests of P. Nieminen and G. Ronco are reported on page V.

Disclaimer

The contents of the manuscript are the sole responsibility of the authors. Neither the European
Commission nor any other institution or person can be held responsible for any use that may be made
of the information contained therein. Unless otherwise indicated, the copyright to the contents of the
manuscript rests with the authors.

Acknowledgements

Financial support from the European Union for the project ‘European Cooperation on Development
and Implementation of Cancer Screening and Prevention Guidelines (ECCG)’ [grant agreement No.
2006322] is gratefully acknowledged.

Numerous people have contributed to the preparation of the manuscript, such as the authors, editors,
and reviewers, as well as staff of the institutions and organizations that have served as partners to the
above-mentioned grant agreement. Their contributions are gratefully acknowledged.

Please cite this publication as follows

Anttila A, Ronco G, Nicula F, Nieminen P & Primic Zakelj M (2015). Organization of cytology-based and
HPV-based cervical cancer screening. S2. In: European guidelines for quality assurance in cervical
cancer screening. Second edition, Supplements. 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.). Office for
Official Publications of the European Union, Luxembourg, pp. 69-108.

Corresponding author

Dr. Ahti Anttila

Mass Screening Registry/Finnish Cancer Registry
Unioninkatu 22

FI1-00130 Helsinki

Finland

Email: ahti.anttila@cancer.fi

70 European guidelines for quality assurance in cervical cancer screening Second edition Supplements



Table of contents

RECOMMENAATIONS ... e e e e e e e e e e e e e e ena s
2.1 LYol [0 od 1 o] o N PSPPI
2.2 Defining evidence-based POlICIES ........covuiiiiiiiiee e
2.3 Organization Of SCrEENING «...uiuuiiiie e e e e et e e e e e e e eaaaes
231 Screening in EU countries with organized, population-based programmes..............
2.3.2 Screening in EU countries with opportunistic poliCies..........ccoooeiiiiiiiiiiiiiiieis
2.3.3 Screening in Central and Eastern EUrOPE.......cc.uivuiiiiiiieie e e ee e e
234 HPV vaccination and SCreening ProgramimesS........c...veeuueeuueerieeeieeeieeeie e eeennns
2.35 Screening of HIV-pOSItive WOMEN ......c.uiiiiiiiii e
2.4 Strategies to optimize coverage and participation............ccceeuiiiieiiieiiei e
241 Reduction or elimination of participation fee ............coiviiiiiiiii e,
242 Personal invitation letter with appointment time, date and place ...........ccccocceuneeennn.
2.4.3 Personal reMINAEN .........oieeui e e e e e e e eees
24.4 SeIT-SAMPIING e
2.5 (07011010910 ] a1 Tox= 1 T o PSPPSR
2.6 Evaluation and MONITOMING ......coeuiiiiiiii e e e e e e e aaas
2.6.1 Key performance iNQICALOS. ... .....veuu it
2.6.2 Definition of key performance parameters ..... ..o
2.7 Checklist for key tasks in implementation and improvement of population-based

cervical SCreening ProgramMIMES ......c..iu eeu e aeeaea et ea e et e e e ea e en e e e e aanaeanaaennas
2.8 RETEIENCES ...t e

Appendix 1 Evidence Assessment

Clinical questions, PICOS components, results and conclusions

List of Tables

Table 2.1 Key steps in developing policies for population-based cervical screening
programmes using a hovel test

European guidelines for quality assurance in cervical cancer screening Second edition Supplements

102

71



Recommendations??2

Organization of cytology-based and HPV-based cervical cancer screening

2.1

2.2

2.3

Irrespective of the method of primary testing (cytology or HPV assay) cervical cancer screening
should always be performed in an organized, population-based screening programme with com-
prehensive quality assurance covering all steps in the screening process (see also Suppl. 1, Rec.
1.34 and Annex 1 and 2) (VI-A).Sect23

If organized, population-based cervical screening programmes do not currently exist in a coun-
try or region, decision-makers should review the relevant policy on cervical cancer screening
taking into account the Council Recommendation on Cancer Screening (Annex 2), the European
Guidelines for quality assurance in cervical cancer screening, second edition, and the present
Supplements (see also Annex 1) (VI-A).Sect2:3

In countries or regions in which population-based cervical screening programmes using cytology
primary testing are currently established, decision-makers should consider whether implementa-
tion of HPV primary testing in existing programmes would improve the balance between harm
and benefit, and if so, integrate the change into the comprehensive cancer control programme
(see also Suppl. 1, Rec. 1.1 and 1.36) (VI-A).Sect23

Quality-assured process of screening programme implementation

2.4

2.5

2.6

If a decision is made to implement HPV primary testing in an existing population-based cervical
screening programme, comprehensive planning, feasibility testing and pilot programmes should
be conducted prior to routine implementation to ensure that an appropriate balance between
harm and benefit is achieved in the transition to HPV primary screening, including effective and
efficient use of resources (see also Annex 1) (VI-A).Sect2:3.1

If a decision is made to implement a population-based cervical screening programme in a coun-
try or region previously lacking such a programme, special attention must be paid not only to
selecting the method of primary testing (cytology or HPV testing), but also to testing and devel-
oping the capacity for a population-based approach to programme implementation including

building up comprehensive quality assurance (see also Rec. 2.4 and Annex 1 and 2) (VI-A).5ect
2.3.2

The introduction of new population-based screening programmes should be coordinated by a
unit with a comprehensive mandate and sufficient autonomy and resources to ensure that the
European quality assurance guidelines are followed and that international experts familiar with
the process and determinants of successful programme implementation can be consulted (see
also Annex 1) (VI-A).Sect2:33

22 sect (superscript) after each recommendation in the list refers the reader to the section/s of the Supplements
dealing with the respective recommendation.

Rec (superscript) throughout the supplement refers to the number of the recommendation dealt with in the pre-
ceding text.
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Population-based approach to cervical cancer screening

2.7

2.8

2.9

2.10

2.11

2.12

2.13

e Avoiding financial barriers to participating in screening

Screening should be free of charge or subject to only a limited charge for women who attend,
regardless of whether cytological or HPV screening is offered (1-A).Sect2.4.1

e Personal invitation letters

Personal invitation letters to participate in screening should include a scheduled appointment
(date, time and place) and instructions about how to change the appointment if necessary
(l_A)'Sect2.4.2

e Personal reminders

Women who do not attend screening should receive a personal reminder (1-A). The reminder
should be sent by letter and should include a scheduled appointment (date, time and place) and
instructions about how to change the appointment if necessary (I11-A).Sect 2:4.3

A second personal invitation reminder should be sent if there is no response to an initial
reminder (1-B).Sect2.4.3

Personal invitation reminders may also be delivered by telephone call, provided women who are
not reached by telephone are sent a reminder letter (1-B).Sect2:4:3

e Self-sampling

Piloting self-sampling for women who did not participate in primary HPV screening despite a
personal invitation and a personal reminder is recommended, provided it is conducted in an
organized, population-based screening programme with careful monitoring and evaluation of
the aimed performance and outcomes (see Rec. 2.8 — 2.11 and Suppl. 1, Rec. 1.32 and 1.36)
(l_A)_Sect2.4.4

Prior to rollout towards national implementation, a self-sampling pilot project should demon-
strate successful results compared to clinician-based sampling (positivity rate, positive
predictive value of a positive test result, and cost-effectiveness). The pilot should also demon-
strate that key organizational problems, such as the appropriate screening interval and compli-
ance with invitation and management protocols for women with positive test results, have been
adequately resolved (111-D).Sect24.4

Monitoring cervical cancer screening performance

2.14

2.15

2.16

2.17

Monitoring of population-based cervical screening programmes should include the performance
parameters defined in the European guidelines for quality assurance in cervical cancer screen-
ing (Suppl. 2, and Chap. 2 and 7 of the second edition) (VI-A).Sect26

Programmes should achieve an invitation coverage of 95% (acceptable level) (111-A); >95% is
desirable (111-A).Sect26.1

Programmes should achieve an examination coverage of 70% (acceptable level) (111-A);
>85% is desirable (VI-A).Sect2.6.1

Programmes should achieve a participation rate of 70% (acceptable level) (111-A), >85% is
desirable (VI-A).Sect2.6.1
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2.1 Introduction

The Council Recommendation on Cancer Screening (Council of the European Union 2003) (Annex 2)
and the second edition of the European Guidelines for quality assurance in cervical cancer screening
(Arbyn et al. 2008) provide recommendations on the most effective and appropriate approach for
screening to reduce cervical cancer incidence and mortality. Despite agreement across the EU on the
importance of these European recommendations, population-based cervical screening programmes
have yet to be established or fully implemented in several EU Member States. Moreover, additional
evidence on the suitability of novel cervical screening methods has emerged since publication of the
second edition of the European Guidelines in 2008. In particular, human papillomavirus (HPV) primary
testing has been evaluated in large randomized trials (see Suppl. 1, Table 1), providing sufficient
evidence for new initiatives in the EU member states to implement and improve cervical cancer
screening programmes. At the same time, vaccination against the oncogenic HPV types (hrHPV) that
are responsible for a large proportion of cervical cancer incidence has been integrated into the cancer
control programmes of many EU member states (see Suppl. 3). These developments underline the
importance of establishing and improving population-based cervical cancer screening programmes in
the EU, taking into account the new developments.

The graded recommendations printed at the front of the present supplement and the additional
guidance provided in the main text focus on strategies to improve the population basis that is crucial
to effective monitoring, evaluation and other aspects of quality assurance of any cervical cancer
screening programme, irrespective of the method of primary testing. A new set of key performance
indicators particularly relevant to primary HPV screening is also provided in the present supplement;
and the process by which effective implementation of new population-based screening programmes,
or improvements in existing programmes can be assured is highlighted (see also Annex 1 in the cur-
rent Supplements volume). The issues covered are deemed by the authors and editors to be particu-
larly relevant to the new EU Member States from Central and Eastern Europe, many of which have not
yet established fully functional population-based cervical screening programmes despite resident
populations with the highest cervical cancer incidence and mortality rates in the EU (Ferlay et al.
2013; Anttila et al. 2013). The guidance provided in the present Supplement is also highly relevant to
current initiatives in ‘old’ EU member states, some of which, like France and Germany, are currently
navigating the transition from opportunistic to population-based cervical cancer screening pro-
grammes and are considering whether to integrate HPV primary testing into the statutory screening
programme (Republic of France 2014, Seifert & Klug 2014) or, like England, Finland, Italy, Sweden
and the Netherlands are in the process of integrating HPV primary testing into existing population-
based screening programmes previously based solely on cytology (see also Public Health England
2015). Many of the graded recommendations in the present supplement are applicable to cervical
screening employing any evidence-based test and are therefore complementary to the recommenda-
tions in Supplement 1 dealing with quality assurance of screening based on HPV primary testing.

2.2 Defining evidence-based policies

Several fundamental issues must be considered when organizing population-based cervical screening
programmes, including programmes using new evidence-based screening methods (Table 2.1). The
key issues include the availability and accuracy of the necessary epidemiological data on which the
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decision to begin screening is based; the definition of screening methods and policies based on
relevant information on the health-economic and quality-of-life aspects; and the establishment of the
legal framework for the overall population-based activity, including monitoring and regular linkage
with relevant data sources. The availability of essential demographic data to identify the target popu-
lation and establish a reliable invitation system must be carefully assessed; and the availability and
accessibility of quality-assured primary testing, diagnostic and treatment services must be verified
(Anttila et al. 2008). A careful planning period should precede the introduction of a new or modified
screening programme. During this period, the feasibility of the above and other aspects essential to
comprehensive quality assurance of the entire screening process should be carefully examined, in
order to make any necessary modifications and improvements prior to large scale implementation (see
Annex 1) (Lynge et al. 2012; von Karsa et al. 2013). New programmes and modifications of existing
programmes should be introduced gradually, to permit demonstration of sufficient quality and
efficiency to ensure that the balance between benefit and harm of routine screening services is
appropriate (von Karsa 2014b).

The evidence-based recommendations and other guidance in the present supplement are relevant to
current efforts in the EU member states to integrate HPV primary testing into population-based
cervical screening programmes. Practical experience in the implementation of efficacious HPV primary
screening is only available from a limited number of trials (Ronco et al. 2014); at the same time there
is evidence of adverse effects of unnecessarily intensive screening policies (such as an excess of
diagnosis of cervical intraepithelial neoplasia [CIN], and false-positive test results) (see Suppl. 1, Sect.
1.2). Furthermore, current management protocols for women with a positive HPV primary test result
vary between countries, and there is insufficient evidence to recommend a single approach for all
settings (see Suppl. 1, Sect 1.3.5). Therefore, when planning implementation of HPV-based screening,
careful attention must be paid to monitoring and evaluation of the service, and to ensuring an
adequate balance between effectiveness, costs, and adverse effects (see Annex 1 and Suppl. 1, Rec.
1.34 and 1.36). For the same reasons, like cervical screening based on cytology, HPV primary
screening is only recommended in organized, population-based programmes (see Suppl. 1, Rec 1.1).

Table 2.1. Key steps in developing policies for population-based cervical screening
programmes using a novel test

1. A consensus-building and planning period to carefully examine the evidence and feasibility of all
programme components. For novel methods of primary testing for cervical abnormalities, both
the pre and post-HPV-vaccination era should be taken into account.

2. Assuring the availability and accuracy of the epidemiological data in the target population to
assess the burden of HPV-related disease.

3. Definition of screening methods and policies based on information about relevant resources,
economic aspects, and quality-of-life issues.

4. Establishment of the legal framework for the population-based activity, including regular linkage
of individual screening data with data from other relevant sources for quality assurance and con-
tinuous quality improvement, including monitoring and evaluation.

5. Establishment of an effective invitation system.

6. Quality assessments of available services, and systems planned and developed for quality-assur-
ed primary testing, rapid diagnostic referral and treatment of women with detected lesions.

7. Inclusion of all organizational elements in the planning process and piloting and gradual intro-
duction of a new programme or a modification of an existing programme to ensure that adequate
performance and quality of all components is demonstrated prior to full national or regional roll-
out.
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2.3 Organization of screening

Key elements of organized, population-based screening programmes include (see also Annex 1; Arbyn
et al. 2008; Anttila et al. 2013; von Karsa et al. 2014a):

¢ A defined screening policy, including screening test, interval, and target population

e An autonomous, accountable team responsible for programme coordination and provision and
guality of the screening services

e A call-recall system for inviting all eligible women to attend screening and for recall of women to
repeat examinations or to additional examinations to assess abnormalities detected in screening

e Effective and appropriate detection, diagnosis and treatment services
0 Primary testing
Secondary testing and referral for colposcopy

Diagnostic confirmation

O O O

Treatment services
0 Post-treatment follow-up

e Quality assurance of all steps in the screening process and in all phases of programme implemen-
tation

e Centralized data systems to include: list of target population, data on performed screenings,
management recommendations, assessment, and final diagnosis

¢ Regular monitoring based on the centralized data systems

e Screening databases linked to population, cancer, mortality, and vaccination databases and to
other relevant registers in health services. These results should be used to prepare regular evalu-
ation reports of the screening programme outcome. The reports should be made available as early
as possible to stakeholders and to screened populations.

In accordance with the Council Recommendation on cancer screening (Annex 2) and the second
edition of the European Guidelines and its supplements, and irrespective of the method of primary
testing (cytology or hrHPV assay) cervical cancer screening should always be performed in an
organized, population-based screening programme with comprehensive quality assurance covering all
steps in the screening process (VI-A).Re¢ 21 The population-based approach is recommended because
it provides the organisational framework for effective quality assurance, and for improving the equity
and accessibility of screening programmes through personal invitation of each eligible woman in the
target population to attend screening (von Karsa et al. 2008).

If organized, population-based cervical screening programmes do not currently exist in a country or
region, decision-makers should review the existing policy on cervical cancer screening taking into
account the Council Recommendation on Cancer Screening (Annex 2), the European Guidelines for
quality assurance in cervical cancer screening, second edition, and the present supplements
(VI-A).Rec 22 In countries or regions in which population-based cervical screening programmes using
cytology primary testing are currently established, decision-makers should consider whether introduc-
tion of HPV primary testing in existing programmes would improve the balance between harm and
benefit, taking into account the recommendations in Supplement 1, and, if so, integrate the change
into the comprehensive cancer control programme (see also Suppl. 1, Rec. 1.1 and 1.36) (VI-A).Rec
23 Irrespective of whether or not cervical screening programmes are already implemented in a
country, preparation and planning for introduction or improvement of any cervical screening pro-
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gramme should include a careful assessment of the economic aspects of HPV-based and cytological
screening and of possible future HPV vaccinations (see Suppl. 1, Rec. 1.36; and Suppl. 3).

Effective, population-based organization is crucial in HPV primary screening because of the risk of high
costs and adverse effects due to the potential for overdiagnosis and overtreatment in the absence of
appropriate policies and protocols (see also Suppl. 1, Sect.1.2, Rec. 1.1 and 1.34). Non-population-
based, ie opportunistic screening lacks the organizational infrastructure for effective quality assurance
including strict monitoring and evaluation of the screening process and rapid response to any detected
need for improvement of the service (Anttila et al. 2015). If an organized programme is not yet
operational, or if an existing programme is being modified to introduce HPV primary screening, a
careful planning phase and piloting is recommended to demonstrate satisfactory performance of all of
the above-mentioned programme elements (see also Sect. 2.2 and Annex 1). Pilot studies or
programmes can be randomized or non-randomized, depending on the programme or modification of
a programme that is being introduced (Anttila et al. 2008). Randomized health-services studies
(Hakama, Malila & Dillner 2012) or large-scale randomized controlled trials (RCTs) with relevant
outcome analyses may also be conducted to obtain information otherwise obtained through piloting.
In addition to organizational aspects, such as changes in laboratory systems, integration of screening
services within existing health care services, legal issues, data sources, and registers, pilots can also
provide information relevant to validity issues in the diagnostic and clinical service, information
relevant to acceptance, health behaviour, and the effect of the screening programme on quality of life
in the target population. Of prime importance is the availability and sustainability of adequate human,
financial, and technical resources to ensure that the programme achieves an appropriate balance
between benefit and harm (Annex 1) (Lynge et al. 2012, von Karsa et al. 2013).

It is also important to consider both the advantages and the potential problems of basing cervical
cancer screening programmes on primary testing for HPV rather than cytology testing, including, for
example the conversion of substantial capacity for cytology services in existing programmes. If, as is
recommended in Suppl. 1, Rec. 1.36, health economic factors are taken into account in decision
making, and adequate measures are taken to assure correct use of an HPV primary test in cervical
cancer screening programmes, most scenarios for cervical cancer screening under the conditions
expected in the EU member states will favour population-based programmes based on HPV primary
testing (see Suppl. 1, Sect. 1.8). In HPV-based programmes, the volume of cytology testing and
cytopathology resources required for effective cervical screening programmes will be substantially
reduced because cytology will only be required in management of women with a positive HPV primary
test (see Suppl. 1, Rec. 1.14 and 1.24). The significantly lower requisite capacity for high quality
cytopathology laboratories for cervical screening based on HPV primary testing may be decisive in
overcoming barriers to successful implementation of population-based programmes in countries or
regions currently lacking sufficient capacity for cytology primary testing.

If a decision is made to move to HPV primary screening in a setting with an established cytology-
based programme, cytology will move from being a primary test to being part of the diagnostic work-
up, and therefore the type and volume of work will change: for example, a much higher proportion of
slides will show abnormalities. In addition, it is important that cytologists do not lose specificity
despite awareness that slides are from HPV-positive women (‘HPV-informed’ cytology). Cytopatholo-
gists and pathologists interpreting slides from HPV-positive women will require special training,
appropriate quality control, and careful monitoring of the predictive value of cytology triage. The cost
per participating woman of HPV testing need not exceed that of conventional cytological screening,
especially when the cost of cytological screening is higher than in low-resource settings.

The quality assurance and organization of HPV testing facilities also requires attention (see also Suppl.
1, Rec. 1.35). Due to greater automation in laboratory processing and reading than in cytology
screening, HPV testing can yield highly reproducible results with substantial economies of scale.
Laboratory size and volume are also relevant for quality and the requisite centralization of facilities will
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generally result in fewer laboratories compared with cytology-based screening. The respective
consequences must be taken into account in the organization of services.

Any cervical screening programme based on HPV primary testing requires a clear protocol for man-
agement of HPV-positive women (see Suppl. 1, Rec. 1.11-1.13). This is particularly important with
HPV screening in order to avoid high costs and a high level of adverse effects. Protocols must also
cover the different situations in which the HPV test is positive but the cytology test or colposcopy is
negative (see Suppl. 1, Rec. 1.16, 1.20, 1.21, 1.23, 1.24, 1.28). It is advisable that the frequency of
referral for management (triage, repeat tests, colposcopy, biopsy) does not increase substantially with
HPV-based screening compared with conventional screening. If conventional screening has never
been evaluated and it has occurred with very short intervals, the cumulative burden of recommenda-
tions and assessments with organized HPV screening should decrease. Several new triage procedures,
such as molecular markers and HPV genotyping, are currently being evaluated, but the available
evidence is not sufficient for them to be recommended. Therefore, it is important that protocols for
management of women with positive HPV tests are regularly reviewed (see Suppl. 1. Rec. 1.22). It
should be kept in mind that an organized, population-based programme provides the organizational
framework for successful implementation of updated evidence-based management protocols, and that
new protocols should not be adopted until they have been validated (von Karsa et al. 2014a).

Policy makers should also be aware that the experience in Europe shows that successful implementa-
tion of population-based cancer screening programmes requires long-term political commitment, and
sustainable resources (Annex 1) (Lynge et al. 2012). In a fully established programme, the proportion
of the expenditure devoted to quality assurance should be no less than 10-20%, depending on the
scale of the programme (von Karsa et al 2013). In the initial years, this proportion may be substantial-
ly higher due to the low volume of screening examinations compared with the situation after complete
rollout of a nationwide programme. When resource limitations are a particularly strong barrier to
programme implementation (eg, in several countries in Central and Eastern Europe, see Sect. 2.3.3)
programme planning and management should focus on what is essential and sustainable, keeping in
mind that quality-assured programme implementation involves phased rollout, generally over a
number of years, therefore avoiding a sharp rise in expenditure. If, despite geographically phased
rollout, adequate resources are not available to invite all the age groups in the target population at
the intended screening interval, the age range, and hence the number of lifetime tests, should be
limited initially. Subsequent assessments should be used to learn how the available resources can be
used in the most cost-effective manner. Otherwise, the lack of adequate resources is likely to result in
inferior quality and coverage, with unacceptable consequences for the balance between benefit and
harm, and for cost-effectiveness.

2.3.1 Screening in EU countries with organized, population-based
programmes

Countries that have already established well-organized, population-based screening programmes with
comprehensive quality assurance as recommended in the second edition of the European Guidelines
are well-prepared to follow through on the essential policies and organization of cervical cancer
screening mentioned above (see Anttila et al. 2009). Despite this favourable situation, implementation
of HPV primary screening in these countries also requires adequate development of all of the elements
of organized, population-based screening (see Sect. 2.2) and all of the key policies mentioned above
and in Suppl. 1 (see Rec. 1.1 — 1.36; Sect. 1.3 - 1.5, 1.7 and 1.8).

In addition, any country implementing organized, population-based HPV primary screening should

take action to discourage non-organized screening activities in asymptomatic women, in order to
minimize the potential adverse effects and to optimize cost-effectiveness (Anttila et al. 2008). Oppor-
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tunistic screening is associated with underuse of screening capacity in a sizeable proportion of the
target population, and too intensive screening in the rest of the population. Unnecessary screening in
some women will increase adverse health effects and will have a negative impact on cost-effective-
ness, in addition to promoting inequity due to lack of coverage of other women in the target popu-
lation (Arbyn et al. 2008; see also Anttila et al. 2013). The potential for negative effects of opportun-
istic screening that is not controlled by the quality assurance of an organized programme is pronounc-
ed with HPV primary screening (see Suppl. 1, Sect. 1.2). To avoid side-effects that would result from
unnecessarily aggressive management of HPV-positive women, it is also essential to include manage-
ment of women with positive test results, and diagnostic work-up within the scope of services organ-
ized by a population-based screening programme. Decision-makers and responsible authorities should
ensure that adequate resources are provided for the sustainability of appropriate diagnostic services
for symptomatic women.

For the above reasons, if a decision is made to implement HPV primary testing in an existing popula-
tion-based cervical screening programme, comprehensive planning, feasibility testing and pilot pro-
grammes should be conducted prior to routine implementation to ensure that an appropriate balance
between harm and benefit is achieved in the transition to HPV primary screening, including effective
and efficient use of resources (see also Annex 1) (VI-A).Re¢24 The responsible coordinator preparing
a pilot programme should identify and highlight the changes in organization required, among other
things, for the conversion from a cytology-based system and for optimal organization of HPV primary
testing. Pilot projects also provide the opportunity to clarify the costs of routine implementation. In
countries in which significant volumes of screening tests are performed outside organized, population-
based programmes (e.g. in Finland or parts of Italy) the capacity should be redirected to more cost-
effective use in organized, population-based screening.

2.3.2 Screening in EU countries with opportunistic policies

If a decision is made to implement a population-based cervical screening programme in a country or
region previously lacking such a programme, comprehensive, planning, feasibility testing and piloting
must not only take into account the selected method of primary testing (cytology or HPV testing).
Special attention must also be paid to testing and developing the capacity for a population-based
approach to programme implementation including building up comprehensive quality assurance for all
steps in the screening process and for coordination, training, monitoring and supervision, and
evaluation of the programme (see also Annex 1 and 2) (VI-A).Rec 25 Although the same principles of
comprehensive quality assurance described in the Council Recommendation (Annex 2) and the second
Guidelines edition apply in any setting, implementing a population-based screening programme for the
first time in any country requires significant effort over a period of up to several years due to the lack
of population-based infrastructure for programme monitoring, evaluation and management, and the
lack of experience in the complex process of coordinating other aspects of programme implementation
(see Annex 1) (von Karsa et al. 2008, see also Anttila et al. 2013).

The capacity for testing and treatment in the health care system is usually sufficient, and in a number
of countries there is even excess capacity reflecting inefficient use of available resources (Anttila et al.
2009). However, if the testing and diagnostic services used in the screening programme are not well
organized, then cervical screening can substantially increase overall costs and adverse effects,
particularly if screening is based on HPV primary testing. Under such conditions, achievement of the
intended impact of screening would be unlikely. Of prime importance is not only the planning and
piloting of the invitation system and the information provided to ensure that all eligible women are
able to make an informed decision about participation. Considerable attention must also be paid to
organization and quality assurance of laboratory and other diagnostic services, including mandatory
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protocols for sample-taking, testing, and triage procedures, and for management of HPV-positive
women, including systematic fail-safe mechanisms to ensure that all women with positive test results
are followed up (see Suppl. 1, Rec 1.34 and 1.35). Systems for comprehensive registration,
monitoring, and evaluation must also be developed and tested and modified, if necessary to achieve
optimal performance. All related services, including those that occur outside the planned programme,
should be reviewed in terms of adherence of the medical professionals and the screened population to
the recommended screening policies and professional guidelines. Nationwide rollout of a population-
based screening programme should not begin until piloting has demonstrated that screening
performed according to the adopted programme policies achieves key targets of quality and efficiency
and is accepted by the population (see Annex 1) (see also von Karsa et al. 2012 and von Karsa et al.
2014b).

2.3.3 Screening in Central and Eastern Europe

Pilot programmes in the 'new' member states that acceded to the EU after 2003 have often
encountered barriers in organizing screening. For example, understanding of the concept of screening
has been limited in the population and among medical professionals (Todorova et al. 2009;
Valerianova et al. 2010), attendance has been low (eg only 15-40%) (Anttila & Ronco 2009; Kivistik
et al. 2011; Nicula et al. 2009), and performance suboptimal (Ronco et al. 2009). Systematic quality
assurance, including the responsibilities of the professionals involved, may be poorly defined if not
lacking throughout the complex screening process (Anttila et al. 2013). In many new EU member
states, a substantial but ill-defined amount of opportunistic screening is conducted (Veerus et al.
2010) and linkage between screening participation and outcome is generally not available (Anttila et
al. 2010). Consequently, the impact of large numbers of samples taken outside the organized, popula-
tion-based programme has not been evaluated. Moreover, in many cases the same professionals
participating in the programme also take samples outside the programme. But they do not inform
women adequately about the opportunities and risks of participating in the screening programme; nor
do they take into account the full screening history and relevant management protocols. A special
problem is that in some settings very large numbers of cervical samples are taken for cytological
analysis, but the methods used for processing the slides are neither validated nor recommended by
the European guidelines. (von Karsa et al. 2012). The substantial shortcomings prevent or severely
limit any impact of these extensive efforts on the burden of cervical cancer in the population, as
reflected in the high rates of cervical cancer incidence and mortality in these countries, despite
consumption of considerable health resources (Anttila et al. 2009, see also Anttila et al. 2013).

Some new EU member states have sufficient, or even excess capacity for delivering screening services
(Anttila & Ronco 2009), whereas others lack capacity. For the former group of countries, the chal-
lenges to improve the conventional programmes and to introduce novel tests are the same as de-
scribed above for countries with organized, population-based programmes based on cytology (Sect.
2.3.1). Due, however, to lack of experience and infrastructure for population-based screening, dedi-
cated coordination of efforts to develop viable pilot projects for population-based cancer screening
frequently lacks adequate, sustainable support (Anttila et al. 2013). The experience in the new EU
member states therefore demonstrates the importance of a lesson learned in the cancer screening
networks originally established in the Europe Against Cancer programme: the introduction of new
population-based screening programmes should be coordinated by a unit with a comprehensive
mandate and sufficient autonomy and resources to ensure that the European quality assurance
guidelines are followed and that international experts familiar with the process and determinants of
successful programme implementation can be consulted (see Annex 1) (VI-A).Rec2.6
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2.3.4 HPV vaccination and screening programmes

The evidence on which the current European recommendations for quality assurance in cervical
cancer screening are based was obtained in populations that have not been immunized en masse with
preventive HPV vaccines, i.e. populations from the pre-vaccination era. HPV vaccines are already in
general use in several EU member states (see Suppl. 3). Vaccination of young cohorts that have not
been infected with HPV will have an important impact on the future burden of HPV infections and
corresponding disease, and therefore also on the performance and impact of cervical screening
programmes (Franco et al. 2006; Kiviat, Hawes & Feng 2008; Lynge et al. 2009; Meijer et al. 2008;
Ronco & Giorgi-Rossi 2008). Direct evidence of the cost and effectiveness of different screening
protocols in vaccinated women is currently lacking, however, making this subject a high research
priority. Mathematical modelling can provide relevant information, and randomized controlled
screening trials conducted among vaccinated women are also likely to be informative.

Based on current knowledge, even in countries where mass vaccination of young cohorts is
implemented, effective screening will need to continue for both vaccinated and unvaccinated women
(Arbyn et al. 2010; Bosch et al. 2008; Lynge et al. 2009). Screening of women inoculated with the
currently available bivalent or quadrivalent vaccines will be necessary because of the vaccines'
incomplete protection against cervical cancer (see Suppl. 3). Due to unavailability of sufficient
evidence, the present supplements do not include recommendations tailored to the needs of
vaccinated women. This topic should be addressed in future editions of the European Guidelines.
Given the potential of linkage between screening and vaccination data to reduce the requisite future
volume of cervical cancer screening, register-based data collection on vaccinations, and development
of procedures to permit linkage of screening and vaccination data in the management of screening
programmes should not be delayed (Anttila et al. 2015). This capacity should be used to reduce harm
by avoiding unnecessary screening examinations and may also be used to improve primary prevention
of cervical cancer through more effective monitoring of HPV vaccination.

2.3.5 Screening of HIV-positive women

Cytopathological and histopathological lesions of the cervix are 5-6 times more common among HIV-
positive than among HIV-negative women (Holmes et al. 2009; Russomano et al. 2008). Of HIV-
positive women, 15-20% have CIN lesions. In addition, the prevalence of vulvovaginal dysplasia is 5—
7 times higher in this group than in the female population as a whole (Chiasson et al. 1997; Ellerbrock
et al. 2000).

In HIV-positive women, histopathological changes progress and recur after treatment more often than
among other patients. CIN lesions recur in 40-60% of HIV-positive women irrespective of the
treatment methods used. Antiviral medication increases the spontaneous regression of CIN lesions
among HIV-positive women and improves the permanent effects of treatment (Heard et al. 2002;
Holcomb et al. 1999; Lima et al. 2009; Russomano et al. 2008; Spitzer 1999; Wright, Jr. et al. 1994).

HIV-positive women should have primary cervical screening and repeat testing at shorter intervals
than the general female population. In the case of routine screening, experts currently recommend bi-
annual cytology during the first year after HIV diagnosis and, if the results are normal, subsequent
annual screening (Kaplan et al. 2009). One study including 1534 HIV-positive women reported that a
2-yearly screening interval would be safe and that no benefit resulted from an initial routine screening
by colposcopy (Kitchener et al. 2007). It should also be noted that even mild cytopathological changes
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often indicate CIN lesions in HIV-positive patients; hence these women should have colposcopy even
if only one cervical smear indicates the presence of an abnormality (Kaplan et al. 2009; Spitzer 1999;
Wright, Jr. et al. 1996).

Experts recommend similar use of HPV testing in HIV-negative and HIV-positive women. Similar
protocols can also be used for management of CIN lesions in HIV positive women. It is very important
to take the likelihood of compliance with management recommendations into account (Massad et al.
2004). Colposcopic examinations for HIV-positive women should be centralized in units with special
expertise in the treatment of HIV infections.

2.4  Strategies to optimize coverage and
participation

Coverage of cervical cancer screening has been reported to vary from 10% to 79% in EU Member
States, reflecting not only differences in key factors that impact directly on uptake, such as type of
organisation, communication, and methods of invitation, but also differences in the status of
programme implementation, eg: piloting, rollout ongoing, or rollout complete (Anttila et al. 2009).
Differences in uptake have been related to age/birth cohorts, and the difficulty of reaching women in
less advantaged socioeconomic groups, immigrants, and other specific population groups (Lancuck,
Patnick & Vessey 2008; Lancucki et al. 2010; Rodvall et al. 2005). The more recent studies describe a
declining trend in uptake by younger women. These figures indicate in broad terms variations in the
perceptions and understanding of screening that influence the level of acceptance by the target
population, decision-makers, and medical professionals. The variations also relate to different models
of service provision, and to differences in the type, sample taker, and earlier patterns of use of
screening services, as well as the availability of screening outside official programmes. The number of
lifetime screens offered also may have an effect on uptake. It should be kept in mind that most
studies examining methods to improve coverage have involved cytological screening programmes.
Findings are not available that would shed light on the question of whether participation in a routine
HPV screening programme may depend on the same factors that affect conventional programmes, but
it is plausible to assume both types of programme are similar in this regard. An important difference is
the opportunity to increase screening participation and coverage through appropriate integration of
self-sampling into the process of HPV primary testing (see Sect. 2.4.4).

Irrespective of any strategies adopted to ensure that cervical cancer screening is fully accessible to all
eligible women (for key strategies see Sect. 2.4.1-2.4.3) good knowledge of and strong support for a
screening programme by the health care providers in the area served by the programme is of prime
importance. By providing balanced information to women and encouraging them to consider the
information provided about attending screening and adhering to relevant policies on follow-up and
treatment in the event that abnormalities are detected, local health care providers can help to ensure
that many women can make an informed decision. That is key to promoting high compliance
throughout the entire screening process.
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2.4.1 Reduction or elimination of participation fee

Financial incentives for patients are effective in improving use of preventive services such as screening
(Stone et al. 2002). Financial interventions such as reducing patient payments or co-payments are
effective in increasing participation in cervical screening. Hence, screening should be free of charge or
subject to only a limited charge for women who attend, regardless of whether cytological or HPV
screening is offered (1-A).Rec27

2.4.2 Personal invitation letter with appointment time, date and
place

A personal letter of invitation is the recommended method for increasing attendance and coverage of
cervical screening (1) (Black, Yamada & Mann 2002; Buehler & Parsons 1997; Pierce et al. 1989;
Segnan et al. 1998; Torres-Mejia et al. 2000). Invitation letters that contain a scheduled appointment
(date, time, and place) are more effective than invitations with open appointments (1) (Everett et al.
2011, Jepson et al. 2000, Giorgi-Rossi et al. 2012, see also Camilloni et al. 2013). Coordination of
information campaigns and tailored information in the invitation letter are helpful. Personal invitation
letters to participate in screening should therefore include an appointment (date, time and place) and
instructions on how to change the appointment if necessary (1-A).Rec2:8

Using a personalized invitation from the woman'’s primary health care provider increases compliance
with screening in settings that rely predominantly on GPs as the point of contact for outpatient
services (11) (Bowman et al. 1995, de Nooijer et al. 2005). However, the overall participation rates
reported in the retrieved studies were limited (<50%).

2.4.3 Personal reminder

Overall, reminders to non-attending women appear to be effective at increasing screening partici-
pation and hence also coverage (Kupets & Covens 2001, Stone et al. 2002, Yabroff, Mangan &
Mandelblatt 2003) (1). Both telephone reminders, and reminder letters are effective (Stone et al.
2002, Yabroff, Mangan & Mandelblatt 2003; Everett et al. 2011; Acera et al. 2014) (1) and reminder
letters with a scheduled appointment are likely to be more effective than open reminder letters
(Wilson & Leeming 1987) (see also sect. 2.4.2) (11).Rec 2° For women who are invited but do not
attend, one reminder letter (Burack et al. 1998; Eaker et al. 2004; Hermens et al. 2000; Kupets &
Covens 2001) or a reminder by telephone (Eaker et al. 2004; Broberg et al. 2013) has been recom-
mended. Two reminders, first by letter and then by telephone are also an option (Eaker et al. 2004).
Attendance after a reminder letter was at 16% (increase in overall coverage, 9.2%; 95% confidence
interval [CI], 7.9-10.9%, compared with those who did not receive a reminder). Attendance after a
telephone reminder was available from a sample of non-attenders: 41% (gain in coverage, 31.4%;
95% CI, 26.9-35.9%). The cumulative attendance after these two interventions was reported at
approximately 50% among those who had not attended after the initial invitation letter (Eaker et al.
2004). Increased attendance based on this strategy has been demonstrated also in a trial in the USA
(Vogt et al. 2003) (I). In addition, among those who attended in the telephone-reminder arm, the
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frequency of cytological abnormalities and precancerous lesions was increased, indicating a good
response in a population at higher than normal risk (Eaker et al. 2004).

Three other RCTs have also evaluated the effect of telephone reminder versus invitation by a letter
only or with a reminder by letter (Vogt et al. 2003; Oscarsson et al. 2007, Heranney 2011); and a
review has been published by Giorgi Rossi et al. (2012). Based on the three first trials, Giorgi-Rossi
concluded that the trials have shown a positive effect of a telephone reminder in the uptake of
cervical screening (Giorgi Rossi et al. 2012; see also Camilloni et al. 2013). However, in the French
RCT the uptake after a telephone reminder was only modest, 6.3% (95% Cl: 5.6—7.0%) at 8 months,
and not statistically significantly different from that following a reminder letter (Heranney et al. 2011).
There are examples, however, of programmes where this reminder strategy has not worked well
(Stein et al. 2005; Haguenoer et al. 2014) indicating that a programme needs to tailor its overall
strategy to an acceptable level of attendance and coverage with the help of appropriate studies to
determine the reasons for low attendance, and to test effective interventions.

In conclusion, personal reminder letters with a scheduled appointment (date, time and place) and
instructions on how to change the appointment, if necessary, should be sent to non-attending women
(1-A).Rec 29 A second personal invitation reminder should be sent if there is no response to an initial
reminder (1-B).Rec 210 personal invitation reminders may also be delivered by telephone call, provided
women who are not reached by telephone are sent a reminder letter (1-B).Re¢2-11 However, telephone
reminders may require more resources than other strategies; hence more investigations on this topic
are needed. Programmes may also consider other e-based mailing methods for reminders and primary
invitation than letters, for example, via mobile phones. Pilot studies should be conducted prior to
adoption of new invitation and reminder methods to ensure their feasibility and effectiveness.

2.4.4 Self-sampling

There is sufficient evidence from randomized studies that offering self-sampling for HPV testing is an
effective method to increase attendance and coverage of screening compared with standard recall
letters to non-responders, re-inviting them to attend for clinician-based sampling (Pap test) (1) (Giorgi
Rossi et al. 2011; Go6k et al. 2010 and 2012; Piana et al. 2011; Szarewski et al. 2011; Virtanen et al.
2011; Wikstrom et al. 2011; Broberg et al. 2014; Haguenoer et al. 2014; Cadman et al. 2014).
However, the possibility of selection bias and survey instrument measurement error may have led to
overestimation of women’s favourable opinions about self-sampling. No data are available yet on the
impact on further prevention of cervical cancers by means of self-sampling versus other strategies to
increase participation and coverage. A self-sampling option may increase screening coverage, but
anxieties of women about screening must still be addressed (V) (Giorgi Rossi et al. 2014; Virtanen et
al. 2014).

In a trial in the Netherlands, a self-sampling invitation as a second reminder increased participation by
approximately 27% among women who had not attended after receiving a primary invitation and a
reminder letter (GOk et al. 2010). The control group, although small, received a second reminder
letter; attendance was increased by 16% among them (p < 0.001). Self-sampling also reached
women with increased risk of precancerous lesions. In the study, self-sampling responders who had
not participated in the previous invitational round of screening had an increased risk of detected CIN2
and CIN3+, compared to self-sampling among women who had been screened in the previous round
(Gok et al. 2010).

Previous experience in trials also demonstrates that the number of women with missing information
about further assessment and treatment is a potential problem that should be clarified before routine

84 European guidelines for quality assurance in cervical cancer screening Second edition Supplements



S

implementation of self-sampling (Haguenor et al. 2014 and Cadman et al. 2014). Restricting self-
sampling to organized, population-based screening programmes with comprehensive quality assur-
ance will help to minimize adverse effects and avoid potential excessive cost increases. Hence, self-
sampling outside organized population-based screening programmes is not recommended.

As explained in Suppl. 1, Sect. 1.7, the sensitivity of HPV testing on self-collected samples taken for
cervical screening is lower than on clinician-collected samples. For this reason, and also because of
the heterogeneity in results between studies, self-sampling should not be the primary option for
women participating in cervical cancer screening. The clinical accuracy of HPV testing performed on
self-samples taken to obtain material for HPV primary screening is sufficient, however, to conduct
organized, population-based pilot programmes for women who have not attended screening despite a
personal invitation and a personal reminder (see also Rec 2.8-2.13 and Suppl. 1, Rec 1.32).

To improve participation and coverage, piloting self-sampling for women who did not participate in
primary HPV screening despite a personal invitation and a personal reminder is recommended,
provided it is conducted in an organized, population-based screening programme with careful
monitoring and evaluation of the aimed performance and outcomes (see Suppl. 1, Rec. 1.32 and 1.36)
(1-A).Rec 212 prigr to rollout towards national implementation, a self-sampling pilot project should
demonstrate successful results compared to clinician-based sampling (positivity rate, positive
predictive value of a positive test result, and cost-effectiveness); the pilot should also demonstrate that
key organizational problems, such as the appropriate screening interval and compliance with invitation
and management protocols for women with positive test results, have been adequately resolved
(III-D).Re°2'13

2.5 Communication

Recommendations on awareness, communication and dissemination of information about cervical
cancer screening have been published in the second Guidelines edition (Giordano et al. 2008). A key
challenge for screening programmes implementing HPV primary testing will be developing ways of
communicating accurate information about benefits and the associated risks that help women to
understand the relevant and interrelated issues of cervical cancer prevention and control through
screening and vaccination. Appendix 2, Sect. 1.2.4 of the second edition includes key messages about
cervical cancer and HPV that explain, among other things: the causal role of HPV in cervical cancer,
the common sexual transmission of HPV, possible uses of HPV testing in cervical cancer screening,
and the importance of continuing cervical cancer screening after introduction of HPV vaccination.
Updated guidance including information about HPV vaccination, HPV testing and the implications of
positive or negative test results is a priority for future updates of the European Guidelines. A recent
example of information designed to inform women and the general public about HPV primary
screening is available on the website of the NHS Cervical Cancer Screening Programme in England
(Public Health England 2015).

European guidelines for quality assurance in cervical cancer screening Second edition Supplements 85



2.6 Evaluation and monitoring

Principles of information systems, and the importance of continuous evaluation and monitoring of
cervical cancer screening, have been described previously (Anttila et al. 2008; 1ARC 2005; Ronco, von
Karsa & Anttila 2008). These principles of quality assurance apply equally to screening based on
cytology or HPV primary testing. Evaluation and monitoring should cover all services in the screening
process, including clinical services that that are not directly managed by the programme (Anttila et al.
2008). HPV primary screening can markedly increase rates of referral for repeat testing or diagnostic
work-up, unless appropriate protocols are adhered to; monitoring is therefore particularly important to
control human and financial costs.

As indicated in Sect. 2.3 and in the second Guidelines edition, evaluation requires outcome
information reflected in cervical cancer incidence and mortality, as well as process information. The
latter includes information about performance of screening tests and the treatment burden, not only
in the screened population, but also the entire target population (ie including women examined
outside the programme and non-attenders). In addition, studies on behavioural aspects, quality of life,
and potential harms should be systematically conducted. Population-based cervical screening
programmes should therefore be monitored using performance parameters defined in the European
Guidelines (current Suppl. 2, and Chap. 2 and 7 of the second edition) (VI-A).Rec2.14

The design of data input formats and tables for monitoring HPV primary screening (cf A and B Tables
in Chap. 2 of the second edition) depends greatly on how HPV testing is integrated into a screening
programme, and on the protocols adopted. Given the current diversity in the development of HPV
primary screening protocols, and management protocols for women with a positive HPV primary test
result (see Suppl. 1, Sect. 1.3-1.5) and the rapid evolution of relevant knowledge, further work is
required to develop standard monitoring tables and data input formats for HPV primary screening
programmes. In the meantime, the tables in the second edition of the European Guidelines can serve
as examples that may be adapted to the conditions in pilot studies and in the preparation of rollout of
successfully piloted HPV primary screening programmes. Some of the current A and B tables are
generic and can already be applied to screening based on HPV primary testing without or with only
minimum modification. These include the following tables; they may also be used separately for
programmes piloting or implementing HPV primary screening in middle aged or older women, and
cytology-based screening in younger women (see Suppl. 1, Rec. 1.2 - 1.7):

Table A1 Definition of the target population
Table A2 Mode of invitation

Table B1 Invitations, coverage by invitation, and status of target population in the cervical cancer
screening programme in the year

Table B5. Number of women referred for colposcopy in the cervical cancer screening programme in
the year

Note: for HPV primary testing.: the breakdown by cytology applies to the result of the
triage test. Women can also be referred as a result of the overall "cytology triage"” process
but without having abnormal cytology. For example, those who are positive at 1-year HPV
test repeat. Also indicate no. of women referred without cytology triage, if any.

Table B6. Compliance with referral for colposcopy in the cervical cancer screening programme in the
year
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Note: for HPV primary testing.: the breakdown by cytology applies to the result of the
triage test. Women can also be referred as a result of the overall "cytology triage" process
but without having abnormal cytology. For example, those who are positive at 1-year HPV
test repeat. Also indicate no. of women referred without cytology triage, if any.

Table B7. Cytological and histological results of women who had colposcopy in the cervical cancer
screening programme in the year

Note: for HPV primary testing.: the breakdown by cytology applies to the result of the
triage test. Women can also be referred as a result of the overall "cytology triage" process
but without having abnormal cytology. For example, those who are positive at 1-year HPV
test repeat. Also indicate no. of women referred without cytology triage, if any.
Compute PPV broken down by reason of referral.

Table B8. Women with histologically confirmed CIN or invasive cancer by age group in the cervical
cancer screening programme in the year

Table B9. Treatment performed for CIN/Invasive Cancer in the cervical cancer screening programme
in the year

2.6.1 Key performance indicators

Performance indicators using standard definitions must be used to continuously measure the quality of
the screening process and to assess its potential longer-term impact. The second Guidelines edition
(Chap. 7) recommended three groups of performance parameters for monitoring population-based
cervical screening programmes):

O screening intensity
0 screening test performance
o diagnostic assessment, treatment, and post-treatment follow-up.

Some parameters require adaptation to changes in the screening protocol. An outline is presented
here of the parameters that should be changed when primary HPV testing is used in cervical
screening. A review is recommended after more experience has accumulated in practical
implementation.

If HPV primary screening and cytology-based screening are implemented for women in different age
ranges, the respective indicators that are specific to HPV and cytology screening should always be
calculated separately. The other indicators should be calculated jointly, and separately, to monitor
performance overall, as well as in the respective programmes.

Due to limited available information from screening programmes in Europe, achievable and desirable
benchmarks are only provided for three of the following indicators (coverage by invitation, coverage
by examination, and participation rate).

e Screening intensity

The same parameters defined in the second edition, for cervical cancer screening based on cytology
(see Chap. 7 and parameters 1-6 below) can be used for HPV primary screening, taking into account
that different tests are referred to. The recommended interval with cytological screening is 3-5 years.
Since prolonged screening intervals are appropriate with HPV testing, the authors have assumed an
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interval of 5 or 7 years for HPV primary screening; intervals up to a maximum of 10 years would be
compatible with the recommendations in Suppl. 1 (see Rec. 1.8):

Programme extension

Coverage of the target population by invitation

Coverage of the target population by smear tests / HPV primary tests

Compliance with invitation (participation rate)

Smear consumption / HPV primary test consumption

U T o

Incidence of invasive cancer in unscreened and underscreened women in a given interval (3.5
or 5.5 years for cytology-based screening; and 5.5 or 7.5 years for HPV primary screening)

European benchmarks: Note that for three parameters (coverage of the target population by
invitation, coverage by examination; and compliance with invitation [participation rate]) European
standards are now recommended in order to maximize the impact of screening: The feasibility of the
benchmarks has been demonstrated in screening programmes in the EU (Anttila et al. 2009).

e Programmes should achieve an invitation coverage of 95% (acceptable level) (111-A); >95%
is desirable (111-A)-Rec215

For calculation of invitation coverage, the number in the numerator is the number of women
invited during a given time frame. The number in the denominator is the number of women in the
target population during a given time frame.

e Programmes should achieve an examination coverage of 70% (acceptable level) (111-A);
>85% is desirable (VI-A)-Rec2:16

For calculation of examination coverage, the number in the numerator is the number of women
examined during a given time frame. The number in the denominator is the number of women in
the target population during a given time frame.

e Programmes should achieve a minimum participation rate of 70% (acceptable level) (111-A),
>85% is desirable (VI-A). Rec2.17

For calculation of the participation rate, also referred to as 'compliance with invitation' in the
second edition, the number in the denominator is the number of eligible women invited during a
given time frame. The number in the numerator is the number of women invited and screened by
primary testing during a given time frame. It should be noted, however, that some women who
attend screening and require management due to a positive test result may not comply with the
entire management protocol and therefore the entire screening episode may not be completed
despite failsafe procedures. Programmes should monitor and regularly review such cases to
minimize dropouts.

In countries or programmes that only invite non-attenders, invitation coverage and participation rate
should be calculated twice (one rate with only those women actually sent an invitation included in the
respective calculations, and the other rate with the number invited including those actually invited as
well as those not invited because they attended without receiving a prior invitation sent by the
programme).

In countries with programmes based on different tests (eg cytology and HPV primary testing). The
benchmarks should be calculated separately for the different test types. Additional joint calculations
for overall results should be performed with annual data adjusted to the length of the respective
screening interval in order to obtain comparable data.
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e Screening test performance
The key parameters for monitoring HPV screening test performance (see 7-14 below) are conceptually
the same as those recommended for cytology (see second edition, Chap. 7):

0 proportion of women positive at the primary screening test

o rate of referral for triage testing

o referral rate for colposcopy

0 positive predictive value of referral for colposcopy

o test specificity

o0 detection rate of CIN (particularly of CIN2 and CIN3)

o incidence of cancers that are detected in women after a normal primary test result
The latter parameters require linkage with cancer registries. Parameters 7-9 and 14 have been
adapted below to the situation where HPV testing is the primary screening test. The main difficulty in
defining the parameters relates to the adoption of different management protocols for women with
positive screening tests, in various programmes (see Suppl. 1, Rec. 1.14-1.31). The modified param-
eters recommended here and defined in detail in Sect. 2.6.2 assume that HPV is the only screening
test and that cytology triage is performed, as recommended in Suppl. 1. Cytology triage means that
HPV-positive women are tested for cytology, referred to colposcopy if cytology is abnormal, and invit-
ed to repeat testing (HPV test alone or with cytology triage) after some time, if cytology is normal. For
the definition of the following parameters, it is assumed that the cytology triage conducted for all
HPV-positive women is performed as a reflux test on a liquid-based sample, or a conventional smear
is taken together with a sample for HPV testing; and the conventional smear is interpreted if the HPV
test is positive.

7. Distribution of screened women by the results of cytology / HPV primary test result

8. Referral rate for repeat cytology / repeat HPV primary testing

9. Compliance with referral for repeat cytology / HPV primary testing

10. Referral rate for colposcopy in cytology-based / HPV-based screening

11. Positive predictive value of referral for colposcopy after cytology / HPV primary testing

12. Test specificity

13. Detection rate by histological diagnosis

14. Cancer incidence after normal cytology / normal HPV primary test
e Diagnostic assessment, treatment, and post-treatment follow-up
The definitions for these aspects of the parameters remain the same as in the second edition. The
incidence of invasive cancers should be computed for all:

0 invited women

0 women who participated in screening

o women who tested negative for HPV

o women who tested positive for HPV

For HPV primary screening, calculation of compliance to referral for colposcopy should differentiate
between women referred directly and those referred after retesting (see Sect. 2.6.2).
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15. Compliance to referral for colposcopy in cytology-based / HPV-based screening

16. Treatment of high-grade intraepithelial lesions

17. Proportion (%) of women hysterectomised on screen-detected intraepithelial lesions
18. Proportion (%) of women treated on CIN1

19. Incidence of invasive cancer after abnormal cytology

20. Proportion of women with cytology negative for SIL, 6 months after treatment

In conclusion, population-based cervical screening programmes should be monitored using
performance parameters defined in the European Guidelines (current Suppl. 2, and Chap. 2 and 7 of
the second edition) (VI-A).Rec2.14

2.6.2 Definition of key performance parameters

The following key performance indicators are specifically related to primary HPV screening. The
numbering corresponds to the numbering of the analogous key performance indicators in Chap. 7 of
the second edition of the European Guidelines. For the key performance indicators that are essentially
the same regardless of the screening test used, see Sect. 2.6.1.

7 Distribution of screened women by HPV test
result

e Calculate overall and separately for subgroups of
women:

N screened women

o positive for HPV
a. for the regular screening interval and

shorter time periods N screened women

b. attending initial or subsequent screening
round, by method (primary cytology or HPV
screening)

8 Referral rate for repeat testing

° Calcula}te separately for initial and subsequent N screened women
screening advised to repeat test at shorter than
e Triage: of hrHPV+ women: % hrHPV+ women regular interval
who have received the recommended triage test.
Note: repeat testing will be needed for those N screened women

who are hrHPV+ but triage—.

Distribution of triage test results
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9 Compliance with referral for repeat testing

e (Calculate separately for initial and
subsequent screening

N women screened following
recommendation for repeat

N women recommended
for repeat testing

10 Referral rate for colposcopy

o Calculate separately:

a. for women referred immediately
(screen+, triage+) and for those
referred after re-testing (screen+,
triage—, report missing value if repeat
not performed)

b. for initial and subsequent screening

N screened women referred
for colposcopy

N screened women

11 Positive predictive value of
referral for colposcopy

o |f the number of women for whom
colposcopy was performed is not known,
estimate PPV of colposcopy by
calculating PPV of referral to colposcopy
using the number of women referred.

e (Calculate overall and separately by:
a. women referred immediately or after
test repeat
b. histology (CIN1+, CIN2+,
CIN3/AIS+, invasive cancer)
c. initial and subsequent screening

N screened women who had
colposcopy with histologically
confirmed CIN

N screened women who had
colposcopy

15 Compliance with referral for colposcopy

e Calculate separately:
a. by different intervals after referral
(3 months/6 months)
b. for women referred immediately
and for those referred after re-
testing

N screened women actually
undergoing colposcopy

N screened women referred
for colposcopy
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2.7 Checklist for key tasks in implementation
and improvement of population-based
cervical screening programmes

Screening programmes generate a very large volume of health services. Approximately 110 million
women in the EU are in the age range 30-60 years which corresponds to the minimum target age for
cervical cancer screening recommended in the second Guidelines edition. If women outside the
minimum age range who are targeted by existing programmes are considered, then the total
population targeted in the EU is approximately 150 million. Given the very large number of women
involved, even small improvements in the quality, effectiveness and efficiency of the services provided
can have a substantial impact on the overall balance between benefit and harm and the requisite
resources (von Karsa et al. 2008; see also Commission of the European Communities 2008).

The graded recommendations provided in the present supplement underline universal principles and
standards of quality assurance that should be followed in implementing cervical cancer screening
programmes based on HPV or cytology primary testing. Given the complexity of the screening
process, the present recommendations cannot cover all essential aspects. Of great importance are not
only the careful consideration of the content of the other supplements and the previously published
second edition. Successful implementation of any cervical cancer screening programme also requires a
coordinated, comprehensive approach to the overall process of programme planning and
management. To ensure that appropriate steps are taken at the appropriate time, programme
management must not only be aware of the organizational issues described in Sect. 2.3; additionally
relevant clinical, scientific and managerial issues are outlined below in checklist format. Programme
coordinators are encouraged to modify and expand the list to take into account the conditions in their
countries or regions.

Checklist for key tasks in implementation and improvement of population-based cervical
screening programmes

Indicate the status in the brackets [ ] using the following code, or a similar approach:

R-N: reviewed, not relevant R-R: reviewed, relevant

P-O: planning ongoing P-C: planning completed

F-O: feasibility testing ongoing F-C: feasibility testing completed
P-O: piloting ongoing P-C: piloting completed

1. [ ] Definition and adoption of the standard organizational model for implementing cervical
cancer screening (conventional cytology-based and/or HPV primary screening) in the programme
(see current Annex 1 and Sect. 2.3; see also Chap. 2 in the second Guidelines edition).

a. [ ] Coordinator appointed with appropriate mandate and oversight to manage the process
of planning and quality-assured implementation of the programme

b. [ ]Autonomous team with appropriate, sustainable budget provided for the coordinator

o

[ 1 Legal framework established for the smooth functioning of the coordination team.

o

[ 1 Legal framework established for quality-assured programme implementation
i. [ ] Programme coordination and oversight
ii. [ ] Studies to test feasibility

iii. [ ] Pilot studies / programmes
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2.

iv. [ ] Rollout phase
v. [ ] Routine implementation

vi. [ ] Quality assurance including training, documentation, cancer and
screening registration, technical aspects, accreditation, monitoring and
evaluation

[ ] Definition and adoption of the same model as in 1. across the country for cytology and HPV
(if applicable) primary screening.

[ ] Policies and legally binding agreements, official regulations or legislation defined and
adopted to demonstrate appropriate integration of all related health-care services (e.g. tests and
treatments that may have been performed earlier outside the programme) into the services
managed or provided directly by the programme (ie the programme has the mandate, authority
and appropriate budget to manage these):

a. [ ] Who defines and who provides the requisite data to invite the eligible women?

b. [ 1Who takes the samples?

c. [ ]1Who analyses the samples?

d. [ ] Who informs women about the results?

e. [ ]1Who recommends clinical management / makes referrals?

f. [ ] Who coordinates further clinical management?

g- [ ] Who performs colposcopic / histologic diagnosis, treatment / management?

[ 1 Special planning for integrating primary HPV testing into the screening programme (if
applicable). These are important topics from the organizational viewpoint, but also in relation to
efficacy and adverse effect outcomes from longitudinal studies (see Suppl. 1, Sect. 1.2.2 and
1.8).

a. [ ] Process of triaging women with a positive screening test result

i. [ ] triage methods

ii. [ ] management procedure for women with a negative triage test
b. [ 1] Interval for re-testing
c. [ 1] Criteria, based on re-testing results, for:

i. [ ] colposcopy referral

ii. [ ]returnto anormal screening interval

iii. [ ] follow-up after treatment
[ 1 Benchmarks for the respective test (cytology or HPV) defined, taking into account local and
national conditions; and adopted for planning, feasibility testing, and piloting to test
implementation under routine conditions throughout the screening process that includes:
1) information for women and professionals, 2) invitation, 3) performing the screening

examination/test, 4) management of screen positives (ie triage, repeat testing and referral to
colposcopy), 5) treatment and treatment follow-up (see below):

a. [ 1] Sect. 2.6 defines 3 benchmarks with acceptable/desirable levels: 1) coverage by
invitation (95%/>95%), 2) coverage by examination (70%/>85%) and participation rate
(70%/>85%). Are these benchmarks adopted for the programme?

b. [ ] Other benchmarks defined and adopted for the screening process, in addition to those
in 5.a. (for example, documentation of training, or laboratory accreditation/re-accreditation).
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[ 1 Benchmarks defined and adopted for adherence of the medical practitioners and other
staff to the EU guidelines (Suppl. 1 and 2, and second edition).

[ ] Other benchmarks defined and adopted in addition to those in 5.c. for adherence of the
medical practitioners and other staff to national / regional guidelines.

[ 1Benchmarks defined and adopted to demonstrate appropriate perceptions and
understanding by the invited / participating women and the medical professionals and staff
in addition to achievement of appropriate coverage and participation as indicated in 5.a. (eg
proficiency testing).

[ 1Benchmarks defined and adopted to demonstrate that overuse of testing can be / has
been avoided (eg opportunistic/spontaneous testing or testing at shorter intervals or
younger ages than recommended by the programme).?3

[ 1 Benchmarks defined and adopted to demonstrate successful fail-safe mechanisms to
ensure that women with positive tests are managed, and if necessary diagnosed and treated
adequately.

[ 1Benchmarks defined and adopted to demonstrate that women who drop out of the
screening process (management of screen positives, diagnosis and treatment) are dealt with
adequately (see also 5.9.).

[ 1 Benchmarks defined and adopted to demonstrate that the programme policies for
management of screening positives, diagnosis and treatment are adhered to by the health-
care professionals involved (see also 3., 4., and 5.d.).
] Continuous monitoring of performance, and evaluation (see also 7.) of:
[ ] test validity prior to selection
[ ] technical and clinical test performance
[ 1 impacts on cervical cancer incidence and mortality outcomes
[ 1 possible adverse effects
[ ]changesin 6.a. — 6.d. resulting from introduction of HPV primary testing, if appliable
[ ]changesin 6.a. — 6.e. due to introduction of HPV vaccination.
] Additional research needed on organizational and public health aspects, eg:
[ ] self-sampling and other strategies to increase coverage:
[ 1inclusion of 7.a. in outcome and health-economic evaluations
[ ] studies on individual acceptance of invitation and recall

[ ] continuous evaluation of effectiveness.

[ 1 evaluations of possible synergies and possible future integrations between screening
and HPV vaccinations, eg, studies on:

i. [ ]HPV vaccination in women of screening age who tested HPV-negative
(prophylactic) or HPV-positive (therapeutic and prophylactic).

ii. [ ] screening policies among birth cohorts vaccinated en masse at a young
age before contracting HPV.

iii. [ ]how to follow the needs of sceening in birth cohorts not vaccinated en
masse or only partially vaccinated.

23 Note that testing at shorter intervals or younger ages than recommended by the programme may account for a
large proportion of overuse of tests during a round of screening (Antilla et al. 2009).
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Appendix 1

Evidence Assessment:

Clinical Questions, PICOS formulations and conclusions
Clinical question 1

Does an invitation letter increase screening attendance and/or coverage?
(a.1) Whether place, time, and date for the visit was given in the invitation letter
(a.2) Whether place, time, and date was not given in the invitation letter

P: women of screening age
I: invitation letter (place, time, and date)

C: compared with (a) standard cytology programmes with same interventions; (b) no intervention (i.e.
if no invitations done)

O: attendance rate; coverage; smear consumption/use; referral rate; detection rate of CIN2+ lesions;
hrHPV positivity
S: case—control, RCT, pilot studies (all studies)

Results: 3 systematic reviews (Everett et al. 2011; Jepson et al. 2000; and Giorgi Rossi et al. 2012)
were considered: The Cochrane review (Everett et al. 2011) included a meta-analysis of 12 RCTs
(99651 women) showing significantly higher uptake of screening for women who received an
invitation letter than women who received usual care or no invitation (RR= 1.44, 95% CI: 1.24 to
1.67). A meta-analysis of 4 RCTs assessing 2998 women found that women who received letters with
an open invitation had significantly higher uptake of cervical screening than women in the control
group (RR= 1.61, 95% CI: 1.15 to 2.26). Another meta-analysis of 4 RCTs (2342 women) showed
significantly higher uptake of screening among women who received a telephone invitation than in the
control group (RR=2.16, 95% CIl: 1.70 to 2.74). A meta-analysis of two trials assessing 1899
participants found that women who received telephone invitations had a significantly higher uptake of
screening than women who were sent invitation letters (RR = 1.32, 95% CI: 1.15 to 1.53). A meta-
analysis of four trials assessing 4706 participants found that women who were sent letters with a
scheduled appointment had a significantly higher uptake than women who received a letter with an
open invitation to make an appointment (RR= 1.57, 95% CI 1.43 to 1.72) (Everett et al. 2011). No
significant difference between face to face invitations and invitation letters in the coverage of cervical
screening found in a small trial that assessed 123 participants (Hunt et al. 1998).

The systematic review by Jepson et al. (2000) included 22 relevant studies (16 of them included in
Everett et al. 2011) for appointment letter, telephone calls, a reminder letter and physician reminder.
Five RCTs evaluated giving or offering appointments for screening versus a control group, or another
appointment strategy. The scheduled appointment versus control, the open appointment versus usual
care (physician recommendation) and scheduled appointments versus open or flexible appointments
had statistically significant results (RR ranged from to 1.48 to 2.13). 15 studies invited women by
letter (versus no intervention or usual care) to attend for Pap smear. Five showed a significant effect
of the intervention, three showed no effect and for other seven studies RRs were not calculated. One
RCT found that an open appointment at a health clinic was less effective than a letter from a GP in
increasing the uptake of Pap smears.

The systematic review by Giorgi Rossi et al. (2012) (see also Camillioni et al. 2013) is an update of
Jepson et al. (2000) and includes seven studies for appointment and invitation letter in organized
cervical screenings which were already included in the other two reviews. Comparing invitation letter
with telephone call, the pooled analysis of four RCTs assessing 5237 women found heterogeneous
results: women who received telephone invitations had a non- significantly higher uptake (+8%) than
women who were sent invitation letters (letter vs phone: RR = 0.92, 95% CI: 0.68 to 1.23); in two
studies the telephone call was more effective and in another two the invitation letter. A pooled
analysis of 3 trials found that women who received an letter with a scheduled appointment to attend a
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cervical screening programme had 56% increased uptake (95% CI 43-69) compared with women with
an open invitation (Giorgi Rossi et al. 2012). A longer invitation letter versus standard letter showed
no effect on uptake (RR = 1.02, 95% CI: 0.94 to 1.10) (Segnan et al. 1998).

Conclusion: A letter of invitation to screening is effective at increasing attendance and coverage of
cervical screening, and invitation letters with scheduled appointments are more effective than
invitations with open appointments (1).

Clinical question 2

Does a reminder letter increase screening attendance and/or coverage?
(b.1) Whether place, time, and date for the visit was given in the reminder letter
(b.2) Whether place, time, and date was not given in the reminder letter

P: women of screening age
I: reminder letter (place, time, and date)

C: compared with (a) standard cytology programmes with same interventions (with invitation letter);
(b) no intervention (i.e. if no invitations done)

O: attendance rate; coverage; smear consumption/use; referral rate; detection rate of CIN2+ lesions;
hrHPV positivity
S: case—control, RCT, pilot studies (all studies)

Clinical question 3
Does a telephone reminder increase screening attendance and/or coverage?

P: women of screening age

I: telephone reminder (place, time, and date)

C: compared with (a) standard cytology programmes with same interventions (with invitation letter
only); (b) with invitation letter and reminder letter; (c) after invitation letter and one reminder letter
(as the second reminder); and (d) no intervention (i.e. if no invitations done)

O: attendance rate; coverage; smear consumption/use; referral rate; detection rate of CIN2+ lesions;
hrHPV positivity

S: case—control, RCT, pilot studies (all studies)

Results for clinical questions 2 AND 3: In ithe UK, women aged 45-65 with no previous smears
were randomized either to receive an open invitation with two similar reminders (n=125, 122
analyzed), or a letter with a pre-assigned appointment with two similar reminders (n=125, 118
analyzed). Participation rate in the group with pre-assigned appointments in letters increased from
36% after primary invitation to 44% after second invitation and 47% with the third letter. In the
group with open invitations, participation increase from 21% to 28% to 32%, respectively. (Wilson &
Leeming, 1987). In another randomized study from the UK, Stein et al. investigated women who had
not been screened in the previous 15 years despite the automated call-recall system, and found that a
letter from the public health doctor (13/285 attended) was more likely to encourage women to obtain
a cervical smear, than either a telephone call (4/285), a letter from a celebrity (5/285) or taking no
additional action (4/285); although this difference was not statistically significant. (Stein et al., 2005).

In Iceland where 89.3% of eligible women had attended screening during the previous 5 years,
women who had never attended screening were allocated to receive a GP invitation letter, and women
who had attended but not during the preceding 5 years received a usual reminder from the Cancer
Society. The respective uptakes were 10% and 11% (Bergmann et al. 1996).

In Italy, during the first round shortly after the introduction of the organized screening programme,
attendance rates after primary invitation varied between 11.1 and 32.6%, depending on mode of
invitation. A postal reminder was associated with a 6.6% absolute increase in compliance (Segnan et
al. 1998).
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14 RCTs were included in three reviews (Kupets & Covens 2001; Tseng et al. 2001; Yabroff, Mangan
& Mandelblatt 2003). A meta-analysis of 10 RCTs showed that women who received a reminder letter
to attend for cervical screening were significantly more likely to attend (OR = 1.64, 95% CI: 1.49 to
1.80) than those who received routine care (Tseng et al. 2001).

The systematic review of Kupets & Covens (2001) included 4 North American RCTs assessing mailed
patient reminders: only one study reported a significant attendance increase of 10.4% (95%CI 7.6-
13.2) (Somkin et al. 1997). A meta-analysis by Yabroff, Mangan & Mandelblatt (2003) reported the
results of 4 RCTs (including Somkin et al. 1997) showing that both letter reminders and telephone
reminders were effective at increasing cervical screening uptake in comparison with active controls:
from 10.1% (95%CI 7.2-13.0) with letter reminder to 18.8% (95%CI 15.8-21.8) with telephone
reminder (Binstock et al. 1997). A meta-analysis of 16 studies showed that patient reminders
increased the use of cervical cytology screening services: adjusted OR 1.74 (95% CI: 1.58-1.92). It
was not possible to rule out possible overlap of studies included in other reviews (Stone et al. 2002).

In Oregon, a telephone reminder following an invitation letter for women who had not attended for
screening within 6 weeks was more effective than a reminder letter (OR 4.07, 95%CI 2.67-6.20),
while attendance was not significantly higher following a letter reminder compared to usual care (OR
= 1.37, 95% CI: 0.89-2.12) (Vogt et al. 2003). This study was included in a recent HTA report with
two other RCTs. Eaker et al. (2004) compared the reminder letter to non-attenders with no reminder
letter, and the results showed a higher uptake (RR=2.46, 95% CI: 2.15-2.81). The three RCTs
evaluated also the effect of telephone reminder versus only letter invitation (Eaker et al. 2004;
Oscarsson et al. 2007) or letter reminder and the pooled effect was RR= 2.52, 95% ClI: 1.44-4.41. All
showed a positive effect of telephone reminder in the uptake of cervical screening (Giorgi Rossi et al.
2012; Camilloni et al. 2013). A more recent Swedish study randomized 8,000 women with no record of
participation in screening in 6-8 years to a telephone reminder arm or a control group. Participation
during the following 12 months was significantly higher with a telephone reminder than in the control
group: 718 (18.0%) versus 422 (10.6%; RR 1.70, Cl 1.52-1.90) (Broberg et al., 2013).

In a cluster RCT within a local Danish cervical screening programme, 117129 women aged 23-59
years were randomized to receive the standard invitation letter at 3-year interval or two interventions
if non attending screening for the last 5 years: a special personal letter signed by the individual GP
and their GP received a visit from a collegue who facilitated quality enhancements of the screening
programme. The targeted invitation decreased the proportion of women not participating for the last 5
years by 0.87% (95% CI 0.57% to 1.16%), and increased the coverage rate by 1.97% (95% CI
0.03% to 3.91%) during a period of 9 months (Jensen et al. 2009).

In a French RCT, 10662 women aged 25-65 years who had not had a smear test 1 year after the first
invitation had been sent and no smear within the previous 3 years, were randomly allocated to receive
either a new letter with a reply coupon, or a telephone call. Uptake at 8 months was 6.3% (95% ClI:
5.6-7.0%) for telephone calls and 5.8% (95% CI: 5.2-6.4%) for letters. The difference was not
significant (Heranney et al. 2011). In another trial, 6000 unscreened women aged 30-65 years, living
in a French region covered by a screening programme, who had not responded to an initial invitation
to have a Pap smear were equally randomised to three groups: ‘no intervention’; ‘recall’ (women
received a letter to have a Pap smear); and ‘self-sampling’ (women received a self-sampling kit to
return to a centralised virology laboratory for PCR-based HPV testing). There was no appreciable
difference in uptake after 12 months among non-attendees who were randomized to receive a
reminder letter (11.7%) and a control group with no intervention (9.9%; OR 1.20, Cl 0.98-1.47)
(Haguenoer et al. 2014; results by self-sampling are dealt in the PICOS 4 on the Clinical question 4
below).

Within the Finnish cervical screening programme, reminder letters increased participation from 72.6%
(95% CI 72.1, 73.1) to 79.2% (95% CI 78.8, 79.7). Reminder letters with scheduled appointments
resulted in higher increase than open invitations (10 vs 6%). Screening of original non-attendees
increased the yield of CIN3+ lesions by 24% (Virtanen et al. 2014).
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Despite evidence suggesting that the use of letter or physician reminders may have an impact on
cervical screening uptake in young women aged 35 years or younger, a recent systematic review
found insufficient evidence to conclusively determine which interventions are effective (Albrow et al.
2014).

In a Spanish RCT among women aged 60-70 years with no record of cervical cytology over the last 3
years, a personalized letter signed by the patient’s primary care physician and professionals from the
corresponding Public Health Center, with a pre-assigned date for the screening visit, increased
coverage from 51.2% to 76.0%; the same invitation letter plus an informative leaflet on the prevailing
reasons for screening cervical cancer increased coverage from 47.4% to 79.0%; and the same
invitation plus leaflet, complemented by a telephone reminder call 3 days prior to the appointment
date indicated in the invitation letter increased coverage from 44.5% to 74.6% (Acera et al. 2014).

A systematic review of studies assessing the efficacy of interventions to increase participation in
organised population-based screening programs found an effect on participation of reminder letter in
addition to invitation letter vs invitation letter alone, RR 1.71 (95%CI 1.60, 1.83). The effect on
participation of telephone reminder in addition to invitation letter vs invitation letter and reminder
letter was found in four studies out of five, the largest study (Heranney et al. 2011) showing a
modest, non-significant effect (Camilloni et al. 2013).

Conclusions for clinical questions 2 and 3: Reminders by letter or telephone call to non-attenders
are effective at increasing attendance and coverage of screening (I).

A telephone reminder is associated with the largest increase in the uptake of cervical cancer
screening, but reminder letters by mail will be necessary for women without a telephone (1I).

Reminder letters with a scheduled appointment are likely to be more effective than open reminder
letters (11).

Clinical question 4
Does an HPV test with self-sampling increase screening attendance and/or coverage?

P: women of screening age

I: self-sampling

C: compared with (a) standard cytology programmes with same interventions (with invitation letter
only); (b) with invitation letter and reminder letter; (c) with invitation letter and telephone reminder;

(d) after invitation letter and reminder letter (as the second reminder); (e) after invitation and
telephone reminder (as the second reminder); and (f) no intervention (i.e. if no invitations done)

O: attendance rate; coverage; smear consumption/use; referral rate; detection rate of CIN2+ lesions;
hrHPV positivity
S: case—control, RCT, pilot studies (all studies)

Results: In the Italian RCT, a random sample of 2480 non-responder women aged 35-64 years, was
randomly split into four arms: two control groups received standard recall letters to perform either
Pap-test (first group) or human papillomavirus (HPV) test (second group) at the clinic. A third arm
was sent letters offering a self-sampler for HPV testing, to be requested by phone, whereas a fourth
group was directly sent the self-samplers home. Compliance with standard recall was 13.9%. Offering
HPV test at the clinic had a non-significant effect on compliance, relative risk (RR)=1.08; 95%
C1=0.82-1.41. Self-sampler at request had the poorest performance, 8.7%, RR=0.62; 95% CI1=0.45—-
0.86, whereas direct mailing of the self-sampler registered the highest compliance: 19.6%, RR=1.41;
95% CI1%/41.10-1.82. This effect on compliance was observed only in urban areas, Florence and Rome,
RR=1.69; 95% Cl=1.24-2.30, but not in Abruzzo, RR=0.95; 95% CI=0.61-1.50, a prevalently rural
area (Giorgi Rossi et al. 2011).

In RCTs performed in France and the Netherlands, respectively, 9334 women not having had a Pap
test performed after a first individual invitation, and 26409 non-attending women after the first
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invitation and reminder invitation were allocated to receive either a new reminder letter for regular
cytology screening or an HPV self-sampling kit at home. In both studies, the response rate in the
group who received the self-sampling kit was significantly increased compared to the group who
received reminder invitation for Pap test. French: 26.4% vs 7.2%, p < 0.001 (Piana et al. 2011);
Dutch: 30.8% vs 6.5%; p < 0.001 (GOk et al. 2012). Response rates in the English study were
considerably lower: 10.2% in the self-sampling group and 4.5% in the cytology group (Szarewski et
al. 2011).

In the RCT performed in Finland, 8699 women non-attendees after the primary invitation were
randomized to receive either an HPV self-sampling kit by mail or an extra invitation. 25% of non-
attendees after the reminder letter also received the self-sampling kit as a third intervention. Total
attendance increased from 65% to 76% by self-sampling. Combining the interventions (reminder
letter and then self-sampling) increased total attendance from 63% to 78% (Virtanen et al. 2011).

In the Swedish RCT, 4060 women aged 39-60 years who had not attended the organised Pap-smear
screening for 6 years or more were randomised to self-sample vaginal fluid at home or invited to a
midwife reception for cervical smear. The participation rate was 39% in the self-sampling group and
9% in the conventional cytology group (P<0.001). The odds ratio for offering self-sampling and HPV
testing instead of Pap-smear screening for detection of CIN2-3 was 5.42 (95% CI: 1.30-31.8)
(Wikstrém et al. 2011).

In another Swedish population-based, randomized trial of the effectiveness and cost-effectiveness of
different interventions aimed at increasing participation in the cervical cancer screening program in
western Sweden, 8,800 women aged 30-62 were randomly selected among women without a
registered Pap smear in the two latest screening rounds. These women were randomized 1:5:5 to one
of three arms: 800 were offered a high-risk HPV self-sampling-test; 4,000 were randomized to a
telephone call (reported previously, see PICOS to the clinical question 3 above); and 4,000 constituted
a control group (standard screening invitation routine). Results were based on intention-to-treat
analysis and cost-effectiveness was calculated as marginal cost per cancer case prevented. The
endpoint was the frequency of testing. The total response rate in the self-sampling arm was 24.5%
and was significantly higher than in the telephone arm (18%, RR 1.36, 95% CI 1.19-1.57) and the
control group (10.6%, RR 2.33, 95% CI 2.00-2.71). All nine self-sampled women who tested positive
for high-risk HPV attended for a cervical smear and colposcopy. From the health-care sector
perspective, the intervention will most likely lead to no additional cost. The authors concluded that
offering a self-sample for HPV testing as an alternative to Pap smears increases participation among
long-term non-attendees, and that offering various screening options can be a successful method for
increasing participation in this group (Broberg et al. 2014).

In a RCT performed in the UK, 6000 non-attenders were sent an HPV self-sample kit (intervention) or
a further invitation for cytology screening (comparator). 8% returned a self-sample and 5% attended
for cytology, compared with 6% attending for cytology, relative risk 2.25 (95% CI 1.90-2.65). Of
those testing hrHPV positive (13%), 59% subsequently attended cytology screening. Persistent non-
responders to invitations for cervical screening were significantly more likely to respond to a postal
invitation to return a self-collected sample for HPV testing than a further invitation for cytology
screening. However, just over half followed up on this positive HPV result (Cadman et al. 2014).

In a French RCT, 6000 non-responders aged 30-65 years, were equally randomised to three groups:
‘no intervention’; ‘recall’, women received a letter to have a Pap smear; and ‘self-sampling’, women
received a self-sampling kit for PCR-based HPV testing. Participation was higher in the ‘self-sampling’
than in the ‘no intervention’ group (22.5% vs 9.9%, P<0.0001; OR 2.64) and ‘recall’ group (11.7%,
P<0.0001; OR 2.20). In the ‘self-sampling’ group, 320 used the self-sampling kit; for 44 of these
women with positive HR-HPV test results, 40 had the recommended triage Pap smear. The
incremental cost-effectiveness ratio per extra screened woman was 77.8€ and 63.2€ for the ‘recall’
and ‘self-sampling’ groups, respectively, relative to the ‘no intervention’ group. Offering an in-home,
return-mail kit for vaginal self-sampling with a dry swab was more effective and cost-effective than a
recall letter in increasing participation in cervical cancer screening (Haguenoer et al. 2014).
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Conclusion
Offering self-sampling for HPV testing is an effective way to increase attendance and coverage of
screening compared with standard recall letters to non-responders for the Pap test (I).

Clinical question 5
Does invitation via a family doctor increase screening attendance and/or coverage?

P: women of screening age
I: invitation by family doctor endorsement

C: compared with (a) standard cytology programmes with same interventions with invitation by other
authorities; and (b) no intervention (i.e. if no invitations done)

O: attendance rate; coverage; smear consumption/use; referral rate; detection rate of CIN2+ lesions;
hrHPV positivity
S: case—control, RCT, pilot studies (all studies)

Results: The studies considered were a Cochrane review (Everett et al. 2011), a review published in
Health Technology Assessment Database (Jepson et al. 2000) and its update (Giorgi Rossi et al. 2012)
which reported data of 3 RCTSs.

All three reviews included a large RCT which randomized women to receive /1 a personal invitation
letter, signed by the GP, with a prescheduled appointment; 2/ same letter as group 1, signed by the
screening program coordinator; 3/ same letter as group 1, signed by the GP, asking the woman to
contact the screening centre within 3 weeks to arrange an appointment; 4/ a personal invitation letter
with extended text, signed by the GP, with a scheduled appointment. All non-attenders were sent
reminder letters. Compliance at 12 months was 36.1%, 30.9%, 22.7% and 36.7%, respectively. In
comparison with personal invitation letters signed by the woman's family doctor, with pre-allocated
appointments, open invitation and invitation signed by programme coordinator induced significantly
inferior compliance, RR=0.85, 95%CI 0.78-0.93; 0.63, 95%CI 0.57-0.69, respectively (Segnan et al.
1998).

The second RCT included in the reviews randomized women who had not been screened within the
previous 3 years to receive 1/ a mailed educational pamphlet; 2/ a mailed personalised letter inviting
to attend a women's health clinic for a smear; 3/ a mailed personalised letter from the woman's
"regular" general practitioner, advising that she should have a Pap smear; 4/ control group with no
intervention. The respective self-reported 6-month screening attendance rates were 25.9%, 95%ClI
19.2, 32.6; 22.6%, 95%CI 16.2, 29.0; 36.9%, 95%CI 29.8, 44.0; 24.5%, 95%CI 17.7, 31.3.
Attendance rate was significantly higher within the group receiving the physician letter (p=0.012)
(Bowman et al. 1995).

The third RCT randomized women who had not been screened for at least 15 years to receive a
telephone call from a nurse, a letter from a celebrity, a letter from the local cervical screening
commissioner or no intervention. 3-month uptakes were 1.4%, 95%CI 0.38-3.6%; 1.8%, 95% CI
0.57-4.0%; 4.6%, 95% Cl 2.5-7.7%; 1.8%, 95% CI 0.57-4.0%, respectively. There were no
significant differences between groups (Stein et al. 2005).

In the South-Western region of the Dutch national screening programme, women invited by a GP had
an attendance rate of 68.6%, which was 7.9% higher (95%CI 7.5-8.3) than among women invited by
the local health authority (de Nooijer et al. 2005).

Conclusion: A personalized invitation from the woman’s family doctor can increase compliance with
screening (1).
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Clinical question 6

Does payment affect screening attendance and/or coverage?
P: women of screening age

I: invitation by letter, where attendance is (a.1) free of charge and (a.2) with a minimal payment

C: compared with (a) standard cytology programmes with same interventions with invitation but with
a full payment; (b) no intervention (i.e. if no invitations done) and with a full payment; (c) no
intervention with a minimal payment; and (d) no intervention but screening attendance free of charge

O: attendance rate; coverage; smear consumption/use; referral rate; detection rate of CIN2+ lesions;
hrHPV positivity
S: case—control, RCT, pilot studies (all studies)

Results: One systematic review assessing the impact of different methods to enhance participation
rate in cancer screening programs was retrieved. It included 27 studies (RCTs or CCTs) specific on
cervical cytology screening, 3 of which assessed the impact of patient financial incentives. The
adjusted OR for participation was 2.82 (95% ClI: 2.35-3.38). Patients financial incentives (reductions
in patient payment or copayment, direct compensation to patients) were rated as the next most
effective intervention after reorganization of the delivery of preventive services in their ability to
increase participation (Stone et al. 2002). In Japan, 7.8% of women who had not previously
participated in cervical screening indicated self-payment as the reason for non-participation. When
free coupons for cervical screening were given, 43% of women attending private screening used
them. Among 7 motivation categories, the free coupon was the main motivator to attend screening for
4% of women (Kuroki, 2012).

Conclusion: Financial interventions consisting of reductions in patient payments or co-payments are
effective at increasing participation in cervical cancer screening (I).
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Recommendations and conclusions?*

Organization of HPV vaccination

3.1 HPV vaccination is best implemented through organized population-based programmes (111-A).
Sect 3.6

e A population-based programme is likely to achieve higher coverage, less social inequalities
in vaccine uptake, and lower vaccination costs per vaccine (111).5¢ct36

e If a country has started implementation with the opportunistic approach, transition to an
organized, preferably school-based (or other public-service-based) programme is
recommended (111-A).Sect3.6

Target age for HPV vaccination

3.2 The primary target group to consider for routine population-based vaccination is girls at an age
before the onset of sexual activity, usually between 10 and 13 years (1-A).Sect3:2:1

e Targeting older girls and young women with catch-up vaccination at the start of a routine
vaccination programme can accelerate the impact of the vaccination programme (1).5ect32.2

Monitoring and evaluation of HPV vaccination programmes

3.3 Organized, population-based HPV vaccination programmes should have systematic register-
based monitoring of coverage and safety. Long-term evaluation of vaccine safety and
effectiveness is recommended in all countries. Appropriate legal frameworks must be developed,
taking funding and organizational resources into account (VI-A).Sect 33

e Coordination between vaccine evaluation and cancer control programmes is recommended.
It will be critical to assess the impact of the vaccine and its synergies with screening and
health education (VI1-A).Sect33

e Long-term evaluation based on systematic registration of HPV vaccination and linkage
studies using relevant healthcare registries should be used to assess vaccine effectiveness
and safety in various settings. If a country has the capacity, it is desirable that assessment
of vaccine impact include: surveillance for vaccine-related and other oncogenic HPV
infections, precancerous lesions, and HPV-related cancers (VI-A).Sect3:3

e The minimum set of information for monitoring HPV vaccination should include data on
vaccine coverage, monitoring of adverse events following immunisation and, if possible, a
sentinel surveillance of impact on precancerous lesions (VI-A).Sect3:3

3.4 Standard definitions and parameters for coverage of vaccination should be developed and used
in vaccination monitoring (VI-A).Sect3:5

e Age at primary vaccination, age at catch-up vaccination, number of doses by single year of
age and time between doses, and duration of follow-up since offering primary vaccination
should be included in the definitions and performance parameters (V1-A).Sect3:5

Sect (superscript) after each recommendation in the list refers the reader to the section/s of the Supplements
dealing with the respective recommendation.

Rec (superscript) throughout the supplement refers to the number of the recommendation dealt with in the pre-
ceding text.
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Planning, piloting, and modifying HPV vaccination programmes

3.5 Planning and modification of vaccination programmes and policies should take into account local
conditions, including vaccine and vaccination costs and resources required in monitoring,
provision of information, and communication. Pilot studies are recommended to assess how to
improve coverage and public awareness (VI-A).Sect3.6

Procurement

3.6 Decision-makers should be aware of the wide range of prices for HPV vaccines in the EU and

the potential to reduce the overall costs of HPV vaccination programmes by negotiating vaccine
prices that are comparable to the low prices obtained in some EU Member States (VI-A).Sect 3.6

Coverage target for HPV vaccination programmes

3.7

HPV vaccination programmes should aim for a minimum coverage of 70% and preferably >80%
(l 1 |_A)_Sect3.5

e The reported 3-dose coverage of primary vaccination in a population-based vaccination
programme should reach 70% within the first 12 months (111-A). The same coverage
target applies for programmes using a 2-dose schedule (VI-A).Sect3:5

HPV screening and HPV vaccination

3.8

3.9

Vaccination status should be known to screening and vaccination registries for women reaching
the target screening age (VI1-A).Sect33

Planning and research on synergies between HPV vaccination and HPV screening is
recommended to improve the effectiveness and cost-effectiveness of prevention of HPV-related
disease (VI-A).Sect3:3
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IMPLEMENTATION OF VACCINATION AGAINST HPV IN EUROPE @3

3.1 Introduction

Clinical trials have shown human papillomavirus (HPV) vaccines to be safe and highly effective against
anogenital precancerous lesions and persistent infections due to vaccine-related HPV types among
women/adolescents who were not infected by these types at the time of vaccination (ECDC 2012;
WHO 2009a; WHO 2014a; see also EMA 2014a; EMA 2014b). The use of prophylactic HPV vaccines in
pre-adolescent girls and young women for the primary prevention of cervical cancer and some other
HPV-related diseases has been endorsed by the European Medicines Agency (EMA) in 2006 (quadri-
valent vaccine)® and 2007 (bivalent vaccine)?, and by the World Health Organization in 2009 and
2014 (WHO 2009b; WHO 2014b).?” Since then, most European countries have taken initiatives to
decide on policies about whether and how to introduce national HPV vaccination programmes. Impor-
tant issues under consideration are the added value of HPV vaccination compared with cervical
screening programmes; health-economic aspects of the vaccine; target groups for vaccination;
programme organization; and how to monitor the process, safety, and effectiveness of these pro-
grammes. Alternative delivery systems had to be explored, as the generally well established vac-
cination infrastructure for children is less appropriate for reaching the older target group for HPV
vaccination. Policies of individual countries may differ, depending on the extent and effectiveness of
previously existing cervical screening programmes, the organization of health-care delivery, and other
competing health priorities. Much of the evidence for the present recommendations results from the
experience with different vaccination programme approaches and the current state of implementation
in different European Union (EU) countries.

3.2 Target populations for HPV vaccination

3.2.1 Target age for routine vaccination of young girls

To optimize the impact of the prophylactic vaccines on HPV-associated disease in women, the primary
target group to consider for routine vaccination is girls at an age just before the onset of sexual ac-
tivity (and therefore first probable exposure to HPV). In fact, several studies have confirmed that high
rates of HPV infection, especially with HPV 16 and 18, occur during the first few years following the
start of sexual activity (IARC 2007). Therefore, most EU countries have targeted girls aged 11-13
years. Lowering the age of vaccination below this age would not prevent many infections and requires

See summary of product characteristics, accessed 10/04/2015:
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000703/WC500021142.pdf

See summary of product characteristics, accessed 10/04/2015:
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000721/WC500024632.pdf

The 9-valent vaccine that was recommended by the European Medicines Agency (EMA) in March 2015 for the
prevention of diseases caused by nine types of HPV was not considered in the preparation of the present
supplement because at the time of writing and editing the Supplements it was not licensed for use in the EU. See
(accessed 28/05/2015):
http://www.ema.europa.eu/docs/en_GB/document_library/Press_release/2015/03/WC500184898.pdf
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evidence that the vaccine has a long duration of full vaccine efficacy. Younger children, however, have
been shown to have a stronger immunogenic response to HPV vaccines. This prompted some coun-
tries (e.g. Sweden) to start vaccinating girls at the age of 10 years. Expanding the upper age of the
target population above age 13 entails a gradual decrease of the cost-effectiveness of HPV vaccina-
tion, as the proportion of young women with a previous or existing infection increases (Tsu, Murray &
Franceschi 2012; Westra et al. 2011). In conclusion, the primary target group to consider for routine
population-based vaccination is girls at an age before the onset of sexual activity, usually between 10
and 13 years (1-A).Rec3:2

Number of doses and interval for vaccination of young girls:

Until recently, all HPV vaccination programmes have implemented a schedule of three intramuscular
injections. The second injection is given at 1 month or at 2 months after the first injection (for
bivalent and quadrivalent vaccine, respectively) and the third injection at 6 months. Based on new
immunogenicity and safety data, the introduction of a 2-dose schedule has been endorsed by the
WHO, wherein the second dose is given 6 months after the first one, allowing for a maximum interval
of 15 months (WHO 2014b). The 3-dose schedule remains recommended for girls of 15 years or
older. By analogy based on immunogenicity data, the same schedules are applicable to boys. EMA has
also granted marketing authorizations for bivalent and quadrivalent vaccines in the EU for a two-dose
schedule administered by injection at a 6-month interval for girls aged 9-14 and 9-13 vyears,
respectively. If the respective vaccines are administered at an older age, the three-dose schedule
should be used (EMA 2014a, EMA 2014b). Some EU Member States, such as Belgium, France, Italy
and the UK, have already implemented a 2-dose HPV vaccination schedule.

3.2.2 Catch-up vaccination of young women

Targeting older girls and young women with catch-up vaccination at the start of a routine vaccination
programme can accelerate the impact of the vaccination programme through the following mechan-
isms (I1):Rec32

e Clinical trials have shown satisfactory immune response and efficacy against new infection in HPV
16 and 18 DNA-negative women aged 15-26 years (Lehtinen et al. 2012; Mufioz et al. 2010) and,
based on much smaller trials, in the age group 26-45 years (Mufioz et al. 2009; Schwarz et al.
2011).

e Currently available prophylactic vaccines do not improve the outcome of an infection with HPV
vaccine types that are present in the cervix at the time of vaccine administration (Hildesheim et al.
2007). However, for women who were already infected with one of the two oncogenic HPV
vaccine types, clinical trials have also shown that the efficacy of the vaccines against the other
type remains intact (FUTURE Il Study Group 2007; Szarewski et al. 2012). The vaccines also
appear to offer protection against vaccine HPV types to which women were exposed previously
(as shown by corresponding antibody seropositivity) but that were no longer present in the cervix
at the time of first vaccination (DNA-negative women) (Olsson et al. 2009; Szarewski et al. 2012).
A recent meta-analysis of RCTs also showed that young women who were vaccinated at the age
of 16 or older, both HPV naive or not, had a 20% and 46% lower risk of developing any CIN2+
and HPV-related CIN2+, respectively, during 4 years after vaccination, compared to those who
received placebo (Couto et al. 2014).

Country-specific data such as age at onset of sexual activity, age-specific prevalence of HPV
infections, vaccine delivery strategies, and acceptance of vaccination by the target group (and their
parents or guardians) can also be useful to determine the optimal age range for routine vaccination
and catch-up vaccination.
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Although both vaccines appear to be immunogenic and effective in vaccine HPV type-negative women
older than 26 years, the risk of new cervical intraepithelial neoplasia grade 2 or 3 (CIN2/3) among
these women is low, and significant efficacy of the vaccine against CIN2/3 has not been demonstrated
(Castellsague et al. 2011). More data on the impact and health-economic aspects of vaccinating
women older than 26 years are, however, warranted before conclusions can be drawn from a public
health perspective. This applies also to possible synergies between vaccination and screening.

3.2.3 Vaccination of boys

The question of whether boys should also be included in the HPV vaccination target population is a
topic of current debate. National advisory committees of the USA, Canada, and Australia have issued
recommendations to include vaccination of boys in the routine vaccination schedules (CDC 2011b;
NACI 2012; PBAC 2011). Variable fractions of anal, penile, and oropharyngeal cancers, as well as
genital warts, are caused by HPV types included in the bivalent and/or quadrivalent vaccine (Arbyn et
al. 2012). Both vaccines are immunogenic in males, and clinical trials have shown high efficacy of the
quadrivalent vaccine in males against persistent infection with HPV 16 and 18, vaccine type-related
genital warts, and the few anal intraepithelial lesions that were observed in the trials (Giuliano et al.
2011; Palefsky et al. 2011). The quadrivalent vaccine is licensed in boys aged 9 years or older for the
prevention of genital warts, precancerous lesions of the anus and anal cancer (EMA 2014b).
Vaccination of males is expected not only to induce direct benefits to the vaccinated person but also
to reduce the circulation of HPV and the risk of HPV infections in unvaccinated women and men (herd
immunity). However, studies on health-economic aspects showed that the inclusion of boys in an HPV
vaccination programme would not be cost-effective at the vaccine prices included in the evaluation,
and would be worth considering only if vaccine coverage in girls is lower than 30-50% (Brisson et al.
2011; Taira, Neukermans & Sanders 2004). In high-income countries, increasing vaccination coverage
among girls is still the most cost-effective option for decreasing HPV 16/18 infection. If this is not
achievable, then vaccinating boys is justifiable if vaccine cost has at least halved since the introduction
of the programme, because this option would almost double the number of vaccinees (Baussano et al.
2014). Lower cost-effectiveness in males is also driven by the lower HPV-related cancer burden in
men compared with women, with the possible exception of countries in which the incidence of cervical
cancer has been greatly reduced by screening and the incidence of HPV-associated oropharyngeal
cancer is very high.

Further studies are also needed to assess the relevance of male vaccination in specific populations, eg
in HIV-positive men, or men who have sex with men, who have a high burden of anal cancer and, in
contrast to men who have sex with women, would receive little protection from vaccination of girls.

3.3 Quality assurance — safety and programme
monitoring

Clinical trials have shown HPV vaccines to be safe and effective (ECDC 2012; WHO 2008; WHO 2009a;
WHO 2014a; see also EMA 2014a; EMA 2014b)?8. Three randomized controlled trials investigated the

See also footnotes no. 25 - 27 on page 115.
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safety and reactogenicity of HPV vaccines in young adolescent females. Compared with recipients of
placebo in the quadrivalent vaccine studies (Block et al. 2010; Reisinger et al. 2007) or of control
combined hepatitis A and B vaccine in the bivalent vaccine study (Pedersen et al. 2012), HPV vaccine
recipients were more likely to have local injection-site reactions, but were not significantly more likely
to experience serious or systemic adverse events. These findings are consistent with large safety
studies in older adolescent girls and women (WHO 2008). The short (2-3 years) post-marketing
surveillance periods of these vaccines do not permit final assessments of possible rare or long-term
adverse effects.

However, like for all medicines, it is important to continue safety monitoring for HPV vaccines in
general use on a larger scale. Safety monitoring can make use of existing systems and/or involve the
development of specific safety monitoring systems. WHO recommends that all countries should
monitor and investigate adverse events after immunization, through sustainable systems (WHO 2010)
(VI-A).Rec 33 gafety monitoring is mostly done through routine pharmacovigilance systems that
capture adverse events after the administration of medicines and vaccines. For example, in the United
Kingdom adverse events after HPV immunization are monitored through the established Yellow Card
Scheme whereby health-care professionals and the public report suspected adverse events (MHRA
2012). Such systems have not revealed any serious health risks associated with HPV vaccination after
administration of many millions of doses of HPV vaccines in the USA (Slade et al. 2009), Australia
(TGA 2011), or the United Kingdom (MHRA 2012). Post-licensure studies using routinely collected
health-care data, by vaccine manufacturers or health-care providers, can compare adverse events in
vaccinated versus un-vaccinated individuals or cohorts and hence enable the study of any excess of
rare adverse events like auto-immune diseases. The outcomes of post-licensure studies have also
been reassuring (Chao et al. 2012; Gee et al. 2011; WHO 2009a; WHO 2014a). Where feasible and if
resources allow, additional safety monitoring may be valuable. For example, in some settings
pregnancy outcomes after inadvertent vaccination during pregnancy have been investigated (Dana et
al. 2009; HPA 2010).

The population-level impact of a vaccine can be interpreted only if the extent and manner of its use in
the population are known. An important measure in process monitoring of HPV vaccination is
therefore the assessment of vaccine coverage achieved for the target population in a country or
region. WHO recommends collecting coverage data by year of birth and number of administered
doses by single year of age (WHO 2014b; WHO 2010) (VI-A).Rec 33 |n addition to monitoring
population-level coverage, individual vaccination records should be retained to ensure that vaccination
status is known for women reaching the target screening age (V1-A),R¢¢ 38 and any existing practical
and legal barriers to record keeping should be dealt with. This is important because future cervical
screening of women who had access to HPV vaccination will likely benefit from knowledge of
vaccination status. Any efforts to determine vaccine effectiveness against cervical cancer end-points in
countries with less-than-optimal vaccine uptake will require individual-level data on vaccination status
for many years after immunization. Australia has implemented such a registry including individual
vaccination data (IAP 2013). This registry enables the monitoring of coverage data, but it can also be
used to issue reminders in the case of incomplete vaccination courses. The registry will also make it
possible to link the occurrence of HPV-related diseases in screening or cancer registries with individual
vaccination status, in order to evaluate the impact of HPV vaccination in the future.

Although it will take more than two decades before it is possible to monitor the impact of HPV vac-
cination on reducing the number of cervical cancer cases, earlier measurable indicators of the impact
of vaccination will be the prevalence of cervical precancerous lesions, genital warts, and HPV infec-
tions (WHO 2010). If possible, sentinel surveillance of the impact of vaccination on precancerous
lesions should be organized (VI-A).Re¢ 33 Early monitoring will need to focus on young women, and it
will ideally include the ascertainment of HPV type-specific genital infection and vaccination status in
population samples. Surveys could be specifically conducted as population-based studies or also make
use of specimens from sexually transmitted infection testing. Separate assessment of vaccine effec-
tiveness against vaccine types and non-vaccine types (i.e. cross-protection or type replacement) will
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be of value. Studies from the USA and Australia comparing the presence of HPV in similar groups of
young women before and after vaccination have already found significant decreases in the prevalence
of vaccine-related HPV types over time (32% to 13%, USA; 29% to 7%, Australia) (Kahn et al. 2012;
Tabrizi et al. 2012). Both studies also showed herd protection among women who were not vaccinat-
ed. A similar significant decrease in incidence of high-grade cervical lesions among women younger
than 18 years was found in Victoria, Australia, 3 years after vaccination (incidence, 0.42%) compared
with before vaccination (0.80%) (Brotherton et al. 2011). In countries or regions where the quadri-
valent vaccine is in use, incidence of genital warts (clinical manifestations of HPV 6 or HPV 11
infection) could also be used as an early indicator of the impact of HPV immunization on HPV infec-
tions. Ecological data on the impact of the quadrivalent vaccination programme in Australia and
Denmark have reported a rapid decline in genital wart diagnoses in birth cohorts of women targeted
by the programme (Baandrup et al. 2013; Donovan et al. 2011) and men who have sex with women
(Donovan et al. 2011).

Monitoring and long-term evaluation of changes in the epidemiology of severe precancerous lesions
and cancers (end-point indicators) will remain important irrespective of early indicator studies.
Coordination between vaccine evaluation and cancer control programmes is recommended. It will be
critical to assess the impact of the vaccine and its synergies with screening and health education
(VI-A).Ree 33 In countries with established screening programmes, cervical screening data can be
used to generate these end-point indicators. Such monitoring will require linkage of screening and
cancer registries with records of individual vaccination status and screening histories (VI1-A).Rec 3:3
Such conditions are met in Nordic countries (Denmark, Finland, Norway, and Sweden), where vaccine
manufacturers have rolled out Phase IV studies to monitor long-term incidence of precancerous
lesions and cervical cancer after HPV vaccination (Bonanni et al. 2010; Lehtinen et al. 2006; Arnheim-
Dahlstrom BMJ 2013). HPV typing of precancerous lesions and cervical cancers will also be necessary
for effective monitoring and evaluation (ECDC 2008).

In conclusion, organized, population-based HPV vaccination programmes should have systematic
register-based monitoring, including safety, coverage, and long-term evaluation. Appropriate legal
frameworks must be developed, taking the need for adequate funding and organizational resources
into account (VI-A).Re¢ 33 Also, planning and research on synergies between HPV vaccination and
HPV screening is recommended to improve the effectiveness and cost-effectiveness of prevention of
HPV-related disease (VI1-A).Rec 39

3.4 Vaccination programme models — current
policies

In EU Member States, HPV vaccination programmes are implemented in substantially different ways.
This section describes three widely-used models — organized school-based programmes, organized
public-health-institution-based programmes, and opportunistic vaccination programmes. The corres-
ponding settings, achieved coverage, and foreseeable problems are illustrated by the approaches
taken in three large EU Member States.
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3.4.1 Organized school-based model (United Kingdom)

In the United Kingdom, the expert advisory body on vaccinations and immunization, the Joint
Committee on Vaccination and Immunisation (JCVI), stated that HPV immunization would be delivered
most efficiently through schools (JCVI 2008). Since 2008, nearly all areas in the United Kingdom have
consequently delivered HPV vaccination through school-based programmes to the routine cohort of
12-13-year-old girls. Since September 2014, the number of doses of HPV vaccine that the girls will
receive has been reduced from three to two, given at least six months apart. A mixed model including
delivery through schools and primary care (general practitioners) was used for older girls up to age 18
years (catch-up cohort). HPV immunization is free for all girls up to age 18 years.

Annual data for the first 3 years of the HPV immunization programme show that a high uptake has
been achieved. In England by 2010/2011, 66% of 12—20-year-old girls were fully (3-dose) vaccinated
(White & Das 2012). In the routine cohorts, 3-dose coverage within 1 year after the start of the
programme was 80% in 2008/2009, 76% in 2009/2010, and 84% in 2010/2011 (Sheridan et al. 2010;
Sheridan & White 2011; White & Das 2012). The majority of these inoculations were delivered to the
routine cohorts through schools; in 2010/2011, for example, 89% were delivered through schools and
9% through primary care (White & Das 2012).

Coverage (3-dose) achieved in England in catch-up cohorts ranged from 32% to 69% during the first
year of the programme (Sheridan et al. 2010; Sheridan & White 2011; White & Das 2012). Similarly to
the routine cohorts, the majority of inoculations in catch-up cohorts were delivered through schools;
for example, 90% of doses delivered to 15-16-year-old girls in 2009/2010 were delivered through
schools and 8% through primary care (Sheridan & White 2011). Coverage decreased with increasing
target age and was highest in those catch-up cohorts who were still attending compulsory education
(up to age 15 years). Vaccine delivery among 16-17-year-old girls (outside compulsory education)
made greater use of primary care (52% of doses). Areas in which 60% or more of vaccines were
delivered through primary care generally achieved lower uptake than areas in which vaccines were
predominantly delivered through schools. In 16—-17-year-old girls in 2009/2010, only 13% (n=10/78)
of areas with a predominantly primary-care model achieved 3-dose coverage of 50% or more,
compared with 58% (n=36/62) of areas with a predominantly school-based programme (Sheridan &
White 2011).

As for all immunizations in England and other parts of the United Kingdom, individual HPV vaccination
history is documented in primary-care records irrespective of the place at which the vaccine was
administered (Chief Medical Officer 2008). As recommended by the JCVI, surveillance and monitoring
of the impact of HPV immunization is under way (JCVI 2008).

3.4.2 Organized public-health-institution-based model (lItaly)

In Italy, HPV vaccine has been delivered free of charge to 11-year-old girls since March 2007. Since
2008, parents of girls in the 11-year-old birth cohort have been sent individual letters of invitation in
all Italian administrative regions. Some regions also implemented free catch-up vaccination of older
cohorts (up to age 16, 18, or 25 years), and almost all regions offered the vaccine at a reduced price
to women younger than 26 years. The aim was to achieve 95% coverage within the first 5 years after
the start of the programme.

The introduction of the programme was prepared for by training health professionals involved in

vaccination and screening. Teaching tools were designed at the national level and delivered by regions
through local courses. Vaccinations were mostly administered in public health centres that usually
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administer paediatric vaccines and also had previous experience in delivering hepatitis B virus
vaccination to 11-year-old girls and boys. Office-based general practitioners provided only a small
proportion of the inoculations for the 11-year-old girls, but a larger proportion for the catch-up
cohorts.

Vaccination registration with individual identifiers is mandatory, but not all public health centre
providers have electronic registries, and other providers seldom comply with the mandatory reporting
to public health services. Some regions are implementing an integrated information system for
vaccination and screening programmes in order to monitor the effectiveness of both and eventually
permit the application of different screening protocols for vaccinated and non-vaccinated women.

The nationwide coverage for the 1997 birth cohort as of 30 June 2012 was 71% for the first dose and
66% for the third dose, with wide variability between regions (range, 25-89%) (Giambi 2012). Data
are less variable for younger cohorts (first-dose coverage, 69% and 62% for girls born in 1998 and
2000, respectively) (Giambi 2012).

In the 1990s, a similar strategy yielded about 95% hepatitis B virus vaccination coverage for 11-year-
old boys and girls. The achievements with HPV vaccine have been less satisfactory to date, which may
be due to several factors. Hepatitis B virus vaccination was mandatory by law, targeted both sexes,
and faced less opposition by the anti-vaccine groups than HPV vaccination. In addition, HPV vaccina-
tion has not been uniformly endorsed by paediatricians and gynaecologists. Moreover, the price of the
HPV vaccine was high in Italy, and in some regions public providers struggled to guarantee timely
distribution and avoid wastage. Other limitations of HPV vaccination programmes in Italy included
geographical disparities in vaccine provision and in the adequacy of infrastructure (clinics and regis-
tries) and poor information on vaccine delivery outside of the targeted age cohort(s) and outside the
public health sector.

3.4.3 Reimbursed opportunistic model (France)

HPV vaccination was included in the French national immunization schedule in 2007, and it currently
targets 11-to-14-year-old, pre-adolescent girls. A catch-up for older girls and young women up to age
20 years is also recommended.

Given the lack of national or regional HPV vaccination campaigns in France, girls in the targeted
cohorts or their parents have to take the initiative to obtain vaccination. Similarly to other childhood
vaccines, HPV vaccines are mainly administered by office-based general practitioners and paediatri-
cians. For children up to age 6 years, maternal and child health clinics perform an estimated 15% of
vaccinations. Public vaccination centres offer free vaccination for older children and adults. They are
managed by local district authorities, hospitals, or nongovernmental organizations. Decisions about
the organization of clinics and the type of vaccines offered are made by local district authorities,
leading to heterogeneity in the availability and accessibility of the vaccines in the public sector. HPV
vaccinations performed in the office-based sector are reimbursed by the social security scheme at
65% (70% for the clinician’s consultation) for the recommended routine or catch-up target popula-
tions. However, >90% of the population are covered by private health insurance that reimburses the
remaining portion. There is no registration of vaccination status of the targeted population outside of
the vaccination centre or practitioner’s office where it was administered. An evaluation performed on
the National Drug Reimbursement Database has shown that of girls who were aged 14 years in 2007
and 2008, only 33% and 23%, respectively, had received the 3-dose HPV vaccination by the end of
2009 (Fagot et al. 2011).

In conclusion, the HPV vaccine delivery system in France has advantages and limitations similar to the
delivery of other vaccines in the country. Vaccines are widely accessible because any medical practi-

European guidelines for quality assurance in cervical cancer screening Second edition Supplements 121



tioner can prescribe and administer them, and a very high proportion of the target population can
obtain them at no expense. However, the lack of active identification, invitation, and follow-up of the
target population is a substantial impediment to achieving high coverage, and to monitoring HPV
vaccine use. It should also be noted that HPV vaccination is not uniformly endorsed by paediatricians
and gynaecologists in France, and it has only recently been decided to make a transition from the
predominantly opportunistic cervical screening programmes in the country to a population-based
approach (Republic of France 2014).

3.5 State of HPV vaccination implementation in
Europe

Most European countries have national vaccination committees that provide vaccination policy recom-
mendations to the national health authorities. The committees and advisory groups are composed of a
diverse group of paediatricians, epidemiologists, and other experts. In some countries, decisions
about vaccination schedules are made at a subnational level (e.g. Austria, Germany, and Spain); in
others, differences in the implementation of a vaccination strategy may exist at a subnational level
(e.g. Belgium, Ireland, Italy, and the United Kingdom).

To ascertain the state of implementation of HPV vaccination in the 28 EU Member States as well as
Norway and Iceland, we updated a 2009 survey on HPV vaccination that was conducted in a project
(VENICE 2) funded through the European Centre for Disease Prevention and Control (ECDC) (Dorleans
et al. 2010) and a 2012 review by the ECDC (ECDC 2012). The survey explored, among other informa-
tion, the status of introduction of HPV vaccination in these European countries, the respective target
populations, the main modalities of implementation, and, when relevant, the coverage achieved.

The main results are summarized in Table 3.1. As of early 2014, five countries had not yet formulated
a recommendation about HPV vaccination, all of them new Member States that acceded to the EU
after 2003 (Croatia, Cyprus, Estonia, Hungary, and Lithuania). Two countries had issued recommend-
ations but had not yet integrated HPV vaccination into the national immunization schedule (Poland
and Slovakia). The remaining 21 EU Member States as well as Norway and Iceland have started
vaccination campaigns between 2007 and 2013. Table 3.1 shows a substantial heterogeneity in the
target populations for both routine and catch-up vaccination strategies across EU countries. For
routine vaccination, 14 countries have chosen age 12 years (*1 year), and the other countries have
chosen age 11, 13, or 14 years or an age range between 11 and 15 years. Ten countries planned
national catch-up campaigns, and one (Italy) had catch-up campaigns in some regions. The chosen
age ranges for catch-up vaccination were more heterogeneous than those for routine vaccination and
usually started for girls that were 1 year older than the upper limit of the routine vaccination group,
except for Italy and Portugal, where there was a gap of at least 2 and 3 years, respectively. The
upper age limit was mostly between 16 and 18 years, but it was 20 in France and 24 in Romania.

Vaccination is offered free of charge to adolescent girls and young women in the target age groups in
most EU countries (18), is partially reimbursed in Belgium and France, and is paid for completely out-
of-pocket in Austria.

Coverage data are currently available for 13 countries, and comparability between countries is limited
due to the use of different definitions, such as cumulative coverage by birth cohort or coverage during
a certain period of time. Keeping this caveat in mind, however, coverage for 3-dose vaccination of
girls in routine cohorts was generally suboptimal across Europe. It was low in Luxembourg (17%) and
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France (29%), medium in Italy, the Netherlands, Norway, and Slovenia (range, 55—-66%), and high in
Belgium, Denmark, Malta, Spain, the United Kingdom, and Portugal (range, 77-88%). Information on
catch-up vaccination is more limited than for routine vaccination. The highest coverage for catch-up
vaccination was 81%, in Denmark, and this coverage ranged between 29% and 69% in 6 other coun-
tries.

In conclusion, there is a need to improve coverage of HPV vaccination in the EU. HPV vaccination
programmes should aim for a minimum coverage of 70% and preferably >80% (111-A).Re¢ 37 The
reported 3-dose coverage of primary vaccination in a population-based vaccination programme should
reach 70% within the first 12 months (I111-A); the same coverage target applies for programmes
using a 2-dose schedule (VI-A).Re¢ 37 |n addition, standard definitions and parameters for coverage
of vaccination should be developed and used in vaccination monitoring (VI1-A).Re¢ 34 Age at primary
vaccination, age at catch-up vaccination, number of doses, time between doses, and duration of
follow-up since offering primary vaccination should be included in the definitions and performance
parameters (VI1-A).Rec34

3.6 Determinants of success for HPV vaccination
programmes

The determinants of a high uptake of HPV vaccination programmes are multi-factorial. They include
programme characteristics (opportunistic vs organized); cost of the vaccine and vaccination cam-
paigns; quality of advocacy and communication to the public; awareness and acceptance by the target
population and their parents; endorsement by the medical community and other stakeholders; and, in
some instances, the presence of anti-vaccine ideology and activities. The sustainability of the health
budget required for successful implementation of HPV vaccination for prevention of cancer may
depend on collective negotiations with the commercial sector (see for example, van de Vooren, Curto
& Garattini 2014). Decision-makers, policy-makers and programme managers should therefore be
aware of the wide range of prices for HPV vaccines in the EU and the potential to reduce the overall
costs of HPV vaccination programmes by appropriate tendering, and negotiating vaccine prices that
are comparable to the low prices obtained in some EU Member States (VI-A).Rec 36

There are no randomized studies comparing coverage levels by different approaches of HPV vaccina-
tion campaigns. Indirect evidence for the comparison of effectiveness of different programmatic
approaches can be drawn from comparing the coverage obtained by different delivery systems in
industrialized countries across the world. Coverage achieved by opportunistic programmes in Europe
usually has not exceeded 40% (in France, Luxembourg, and Sweden before 2012), although in a
regional programme in Belgium coverage reached 60—70% in certain birth cohorts (Arbyn et al. 2012)
(Table 3.1). In general, organized school-based programmes have yielded high coverage levels,
reaching 3-dose vaccination in >70% of routine target groups (United Kingdom, 80%; Belgium, 83%;
Australia, 73% (I1AP 2013)), although less satisfactory coverage has also been reported (Norway,
63%; Slovenia, 55%). Substantial success has also been noted in some countries with organized
programmes through public health centres (ltaly, 65%; Portugal, 81%) or general practitioners
(Denmark, 79%).

The organized school-based approach has also been shown to ensure a more equitable distribution of

at least routine vaccination among more deprived sections of the population. Coverage among 12-
year-old girls in the most deprived local areas in the United Kingdom reached 83% in 2008—2009,
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compared with a similar 86% in the least deprived areas (Desai et al. 2010). In contrast, for the USA
with an opportunistic vaccination approach (coverage, 32% (CDC 2011a)), it was shown that
coverage was significantly lower in the relatively poorer states than in the wealthier states. For ex-
ample, in 2008 the coverage rate for 3 doses among girls aged 13-17 years was 20% in Mississippi,
compared with 55% in Rhode Island, a wealthier state (Bach 2010; CDC 2010). Social and geograph-
ical disparities in HPV vaccination have been shown to be directly correlated with similar differences in
access to cervical screening. This situation is likely to further exacerbate inequalities in mortality from
cervical cancer; for example, in 2008 the age-standardized cervical cancer mortality rate in Mississippi
was 3.6 per 100 000, compared with 1.8 per 100 000 in Rhode Island (CDC 2009).

Compared with delivery through health centres, however, school-based programmes need logistics
and infrastructure (staff, vaccine storage and delivery routes, data handling) that may not be readily
available, and careful matching of the school timetable with vaccination sessions. The advantages of
school-based programmes are likely to be lower for catch-up vaccination of adolescents who are older
than the compulsory age of education than for routine vaccination of young girls.

In conclusion, planning and modification of vaccination programmes and policies should take into
account local conditions, including vaccine and vaccination costs and resources required in monitoring,
provision of information, and communication. Pilot studies are recommended before and after national
roll-out, to assess how to improve coverage and public awareness (VI1-A).Rec 35

HPV vaccination is best implemented through organized, population-based programmes (111 A); a
population-based programme is likely to achieve higher coverage, less social inequalities in vaccine
uptake, and lower vaccination costs per vaccine (111).Re¢ 31 If a country has started implementation
with the opportunistic approach, transition to an organized, population-based programme, preferably
school-based (or other public-service-based) programme is recommended (111-A).Rec3.1

3.7 Relevant issues for EU countries with high
cervical cancer burden and low screening
capacity

Several new EU Member States are middle-income countries with high cervical cancer mortality rates
due to limited coverage and/or poor performance of cytological screening programmes (Arbyn et al.
2009; Arbyn et al. 2011; Nicula et al. 2009). The decision-making process for the introduction of HPV
vaccination in national immunization programmes is complex, especially in these countries, where
estimated benefits in terms of prevention of cervical cancer (effectiveness) must be weighed against
the still comparatively high cost of the vaccine and the existence of humerous other competing health
needs. Although vaccine costs have fallen substantially in recent years, and the recently recommend-
ed 2-dose vaccination schedule would be less costly than the 3-dose schedule, HPV vaccination still
has a comparatively high cost compared with most routine children’s vaccines. Mathematical models
have shown, however, that the cost-effectiveness of HPV vaccination tends to be largest in countries
with the highest cervical cancer burden. Cost-effectiveness analysis was particularly favourable for
Brazil (Goldie et al. 2007) and Lithuania (Vanagas et al. 2010), countries that have elevated age-
standardized rates of cervical cancer incidence (24.5 and 21.0 per 100 000, respectively) and mortality
(10.9 and 8.3 per 100 000, respectively).
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Romania started introducing HPV vaccination in November 2008. HPV vaccines were administered
through a school-based programme to girls in the 4th grade of school (average age, 10 years). How-
ever, during the first year of implementation only about 2% of the target group received 3-dose vac-
cination (Seme et al 2013). In 2009, the Ministry of Health of Romania implemented large-scale advo-
cacy and communication activities, and training for medical workers and schoolteachers to rebuild
community confidence and interest in HPV vaccination. The Romanian national immunization pro-
gramme became directly involved in the vaccination campaign of girls aged 10 years and a catch-up
programme for girls and young women aged 12-26 years. The vaccination was discontinued at the
end of 2011 due to a negative public reaction, lack of proper communication, and consequent low
coverage of the target population (less than 5%). The programme was launched for the third time in
April 2013 (Seme et al. 2013). Latvia started HPV vaccination, integrated into the national immuniza-
tion schedule, in 2010. Vaccination coverage for three doses was 60.6% in 2011 and 53.4% in 2012.
An EU candidate country, the former Yugoslav Republic of Macedonia, included HPV vaccination in its
national immunization programme starting in November 2009. Coverage for three doses increased
from 37% for the 2009/2010 school year to 67% for the 2010/2011 school year, and then declined to
65% for the 2011/2012 school year (Seme et al. 2013).

3.8 Discussion

As of early 2014, 21 of 28 EU countries, plus Norway and Iceland, have initiated HPV vaccination cam-
paigns. In most of these countries, HPV vaccine is offered free of charge, predominantly through
organized school-based programmes. The success in terms of coverage of the target groups has been
highly variable, ranging from <30% in France and Luxembourg to 80% or more (in Belgium,
Denmark, Malta, Portugal, Sweden, and the United Kingdom). In other EU countries, coverage is not
known and is probably even lower than 30%. Organized, population-based programmes achieved the
best coverage, but access to HPV vaccines has been more equitable in school-based programmes than
in public-health-centre-based programmes. Opportunistic programmes usually achieved low or ill-
defined levels of coverage. Most of the countries chose girls aged between 11 and 13 years as the
routine target group. As expected, vaccination campaigns targeting adolescents posed greater
challenges compared with paediatric vaccination. All EU countries had to put in place a new delivery
infrastructure for HPV vaccine administration, and strengthen community awareness and
dissemination of information on HPV and cervical cancer.

It is important to continue to monitor the safety of HPV vaccines at a population level through routine
pharmacovigilance systems and/or specific post-licensure studies. Results from both have been
reassuring to date. Vaccination coverage of the target populations is an important process monitoring
indicator, and is planned in 17 of the 21 EU countries with HPV vaccination campaigns. Considerable
time will be required to monitor the impact of the vaccines at the population level. Effects on cervical
cancer incidence will typically take two or three decades to be measurable. Early indicators of the
impact of HPV immunization are the prevalence of vaccine-targeted HPV 16 and 18 and their
associated precancerous lesions in vaccinated populations. Several initiatives have been taken to
monitor these indicators, especially in Nordic countries and the United Kingdom. Indirect evidence of
the population-level impact of the HPV vaccines has already been provided through demonstration of
decreases in the prevalence of HPV, the incidence of high-grade cervical abnormalities, and the
incidence of genital warts soon after the introduction of vaccination programmes.
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3.9 Conclusions

The available information on HPV vaccine coverage in many different countries supports the superi-
ority of organized programmes versus opportunistic ones. Comparisons across a few countries suggest
that the coverage achievable by school-based programmes and those organized by other public ser-
vice providers can be similar. Examples of low coverage of population-based programmes also exist,
for reasons that are not fully explained. Coverage in opportunistic programmes tends to be consistent-
ly low, i.e. <40%, and is often ill-reported. In addition to coverage, other aspects including costs of
vaccine and vaccine delivery also need to be taken into account.

Vaccines have been licensed for use in girls as young as 10 years (9 years in some countries) to
prevent cervical precancers and cancers (WHO 2009b). To optimize the impact of HPV vaccines, the
primary target group to consider for routine vaccination is girls at an age just before sexual activity
(and therefore exposure to HPV). Lowering the age of vaccination would not prevent many infections
and should be avoided until there is evidence that the vaccine can offer long-term protection (ECDC
2012).

For many European countries, information about vaccine coverage is not available. Currently available
coverage estimates often apply to programmes of different duration, especially for the catch-up
group, and do not always derive from validated register-based sources. As of 2010, 13 countries
(Denmark, France, Ireland, Italy, Latvia, Luxembourg, the Netherlands, Norway, Portugal, Romania,
Slovenia, Sweden, and the United Kingdom) had reported that there was a national HPV vaccination
coverage monitoring system in place for routine immunization. Five of these countries (France, Italy,
the Netherlands, Norway, and Sweden) reported the existence of systems in place to follow up on
adults/adolescents (ECDC 2012). While it is important to assess coverage, if a country has the
capacity it is also desirable to assess intermediate events (e.g. prevalence of oncogenic HPV infec-
tions, genital warts, screening tests, and precancerous lesions), possible adverse effects and long-
term outcomes. WHO recommends long-term follow-up (e.g. for 10 years) of antibody levels in
vaccinated cohorts (WHO 2006).

For adverse events, standard definitions are provided by WHO (WHO 2005). Standards for allowable
vaccine wastage rates have also been set by WHO (WHO 2003).

There has been wide variation in the readiness to implement well-functioning vaccination programmes
in EU Member States. Countries with limited resources could especially benefit from HPV vaccination,
but there are problems in identifying sustainable working models. In the planning and modification of
vaccination programmes and policies, appropriate analyses of health-economic aspects need to be
included, taking local conditions into account. In addition to HPV vaccination planning, it is essential to
include complementary prevention strategies, notably cervical screening.

Support from stakeholders is essential for the success of any vaccination programme. Effective com-
munication to the public and advocacy are essential to reach high acceptance and to favourably affect
the perceptions of the vaccine in the targeted population of children, and especially their parents. The
most successful methods of communication and implementation of the different programme aspects
can be piloted in restricted regions of a country and then rolled out at the national level.
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Appendix 1: Evidence Assessment

Clinical Questions, PICOS components, results and conclusions

Clinical question 1
Is HPV vaccination efficacious and safe?

P: Girls or young women or women HPV negative at time of vaccination (ATP or naive cohort)

I: HPV vaccination

C: Unvaccinated control group

O1.: Histologically confirmed cervical Intraepithelial Neoplasia (CIN) grade 2-3, Adenocarcinoma in Situ
(AlS), and cervical carcinoma (associated with the HPV types included in the vaccine or not):

02: Oncogenic HPV (vaccine types or other oncogenic types) persistent cervical infection

03: Occurrence of short-term and long-term adverse events either proved to be directly related to
vaccination or not

S: RCTs, Reviews of RCTs

Results: The latest high-quality systematic review (Lu et al. 2011) was considered for efficacy and
safety; the medium-quality review by Malagon et al. (2012) for cross protection and the low-quality
review by Verstraeten et al. (2008) for adverse events related to the AS04 adjuvant. In addition, the
Costa Rica Vaccine Trial (Herrero et al. 2008, Rodriguez et al. 2013) was considered for efficacy and
safety. Reports of the Global Advisory Committee on Vaccine Safety (WHO 2009a, 2014a) were
considered for safety. Reports of European Medicine Agency?® and the World Health Organization
(WHO 2009b) were considered for efficacy and safety.

Lu et al. (2011) included 7 trials enrolling 44142 females. Eligible participants were non-pregnant

women aged 15 to 44 who had 6 or fewer lifetime sexual partners and no history of abnormal Pap
smears. The mean age was approximately 20 years except in one trial it was 34. The trials studied the
bivalent vaccine (containing HPV 16 and 18 VLPs) (2 trials); the monovalent (containing HPV 16 VLPs)
(1 trial) and quadrivalent vaccine (containing HPV 6, 11, 16 and 18 VLPs) (4 trials). All trials used
placebo as the comparator except for two in which all or part of the control group received hepatitis A
vaccine, or placebo plus hepatitis B vaccine. The primary endpoint for efficacy was CIN2+. Partici-
pants were tested for HPV DNA every 6 months and for cytological abnormality every 6 or 12 months.
The length of trials ranged from 26 to 60 months. The results are reported in the tables below.

Efficacy
CIN 2+ CIN 2+ CIN 1+ CIN 1+ CIN 2+ associated
associated associated with | associated associated with HPV
with HPV16 HPV18 with HPV16 with HPV18 31/33/45/52/58
Intention to | 4 trials 28639 3 trials, 28053 4 trials, 21891 | 3 trials, 20885 | 3 trials, 34476
treat participants, participants, participants, participants, participants,
RR=0.47 (95% | RR=0.16 RR=0.43 (95% | RR=0.22 RR=0.79 (95%
CI1:0.36-0.61) (95%Cl:0.08- Cl1:0.33-0.58) (95%Cl:0.10- | CI:0.67-0.92)
0.34) 0.44)
Per 3 trials, 22940 2 trials, 23565 2 trials, 5240 1 trial, 4222 3 trials, 25011
protocol participants, participants, participants, participants, participants,
RR=0.04 (95% | RR=0.10 (95% | RR=0.02 (95% | RR=0.02 RR=0.10 (95%
CI:0.01-0.11) CI1:0.03-0.38) CI1:0.00-0.11) (95% CI1:0.03-0.38)

29

See footnotes no. 25 - 27 on page 115.
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Persistent HPV 16

Persistent HPV 18

Persistent infection with HPV

infection
= 6 months

infection
= 6 months

31.33.45,52 and/or 58

= 6 months

Intention to treat

2 trials, 11964
participants, RR=0.15
(95% C1:0.10-0.23)

2 trials, 12948
participants, RR=0.24
(95% Cl:0.14-0.42)

2 trials, 20524 participants, RR=0.77
(95% CI:0.72-0.83)

Per protocol

3 trials, 14485
participants, RR=0.06
(95% C1:0.04-0.09)

2 trials, 14008
participants, RR=0.05
(95% C1:0.03-0.09)

2 trials, 17372 participants, RR=0.72
(95% CI:0.65-0.79)

In the Costa Rica Vaccine Trial, during the 4-year follow-up among the 2284 women aged 18-25 years
with no evidence of previous HPV exposure, 2.5% in the HPV arm and 4.8% in the control arm were
diagnosed with HSIL, resulting in relative reduction of 49.2% (95%CI 20.3, 68.1). For ASC-US/LSIL
the corresponding figures were 17.2%, 21.0% and 18.1% (95% CI 1.09, 32.2) (Herrero et al. 2008,
Rodriguez et al. 2013).

Safety
Pain at injection site was the most frequently reported AE ranging from 83.0 - 93.4% in vaccine

groups. Headache and fatigue were the most common vaccine-related systemic AEs observed in
approximately 50-60% of all participants. Serious AEs that were judged to be related to injection
included bronchospasm, gastroenteritis, headache, hypertension, injection-site pain, decrease in joint
movement at injection site, hypersensitivity to injection, chills, headache and fever. Among trials
reporting vaccine-related serious AEs, the event rate ranged from 0-0.1%. Overall, No significant
differences between experimental and control groups in the incidence of serious adverse events were
noted in the trials comparing vaccine vs no vaccine: pooled RR (all studies, 43856 participants): 1.00
(95% CI:0.91-1.09) or injection-related serious adverse events: Pooled RR (all studies, 43856
participants): 1.82 (95% CI1:0.79-4.20) (Lu et al. 2011).

Verstraeten et al. 2008 included 18 phase Il and phase Il clinical trials comparing HPV 16/18
vaccination with and without AS04 adjuvants for the incidence of adverse events of potential
autoimmune aetiology.

Pooled RR (AS04/no AS04) of autoimmune events (N=39160)
At least one AE=0.92 (95% CI 0.70-1.22)

Neuroinflammatory overall=0.67 (95% CI 0.006-5.82)
Gastrointestinal overall=0.97 (95% CI 0.37-2.43)
Musculoskeletal overall=1.24 (95% CI 0.62-2.47)

Skin disorders overall=0.92 (95% CI 0.37-2.24)

Thyroid disease overall=0.85 (95% CI 0.57-1.25)

Other overall=0.88 (95% CI 0.28-2.64)

Cross-protective efficacy of the bivalent vaccine (HPV 16 and 18) and quadrivalent vaccine (HPV 6, 11,
16, and 18) against non-vaccine type HPVs

Two clinical trials (FUTURE | and I1) of the quadrivalent vaccine and three (PATRICIA, HPV007, and
HPV-023) of the bivalent vaccine were included in the review by Malagon et al. 2012. Analysis of the
most comparable populations (pooled FUTURE I/11 data vs PATRICIA) suggested that cross-protective
vaccine efficacy estimates against infections and lesions associated with HPV 31, 33, and 45 were
usually higher for the bivalent vaccine than the quadrivalent vaccine.
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Persistent infection with HPV 31:

e Bivalent vaccine: relative risk reduction (RRR)=77.1% [95% CI 67.2 to 84.4]

e Quadrivalent vaccine: RRR 46.2% [95%CI 15.3 to 66.4]; p=0.003)
Persistent infection with HPV 45

e Bivalent vaccine: RRR=79.0% [95%CI 61.3 to 89.4]

e Quadrivalent vaccine: RRR=7.8% [95%CI —67.0 to 49.3]; p=0.0003)
CIN grade 2 or more severe lesion associated with HPV 33

e Bivalent vaccine RRR=82.3% [95%CI 53.4 to 94.7]

e Quadrivalent vaccine: RRR=24.0% [95%CI| —-71.2 to 67.2]; p=0.02)
CIN grade 2 or more severe lesion associated with HPV 45

e Bivalent vaccine: RRR=100% [95%CI 41.7 to 100]

e Quadrivalent vaccine: RRR=-51.9% [95%CI —1717.8 to 82.6]; p=0.04).

Conclusions:

Are HPV vaccines efficacious?

VLP-based prophylactic HPV vaccines are highly efficacious in preventing persistent infection and
cervical diseases (CIN1-CIN3 and adenocarcinoma in situ) associated with vaccine HPV types among
young female adults. The vaccines are safe and generally well tolerated (I). Questions related to
long-term efficacy have yet to be addressed.

/s HPV vaccination safe?

No significant differences between experimental and control groups in the incidence of serious
adverse events were noted in the included trials comparing vaccine vs no vaccine (I.

Clinical Question 2
At what age is the immune response to vaccination highest?

P: Girls or women at different age range at time of vaccination: 9-11, 12-13 year old girls, or older
girls and women

I: HPV vaccination (3 doses)

C: Unvaccinated control group

O: HPV antibodies level

S: RCTs, Reviews of RCTs

Results: An analysis of the combined immunogenicity database of phase 2/3 studies submitted to
regulatory agencies, including data from 12343 subjects aged 9-26 years found that age at
vaccination was inversely proportional to the vaccine-induced anti-HPV response (Giuliano et al.
2007). 3 prospective trials compared the immune response to vaccination between early adolescent
girls and young women (10-14 or 10-15 vs 15-25 or 16-23 years). Both age groups achieved >99%
seroconversion for HPV 16 and 18, and geometric mean titres (GMT) measured 1 month after the
completion of the vaccination regimen were 1.7-2 times as high in the younger age group (Block et al.
2006, Pedersen et al. 2007, Sow et al. 2013).

Conclusion: Immunogenic response to vaccination in early adolescent girls (10-15 years) is non-
inferior to that in young women (15-25 years). HPV vaccination during early adolescence is highly
immunogenic (I).
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Clinical question 3

What are the determinants of successful HPV vaccination programmes?

P: Girls at vaccination target- and catch-up age for HPV vaccination
I: Organised vaccination programmes using
(a) school-based setting,
(b) health institution-based setting and
(c) reimbursement approach (on-demand)
C: Vaccine available at full cost
O: Coverage in target age groups
S: All studies Comparison between countries using different settings as described above.

Results: No studies comparing organized vaccination programmes with vaccination at full cost were
available. Three cross sectional surveys assessing coverage of school-based vaccination programmes
in adolescents aged 12 to 18 years were considered: two were conducted in Australia (Reeve et al.
2008; Watson et al. 2009) and one in the UK (Brabin et al. 2008). The uptake for the first dose was
70-89%; for the second dose it was similar or lower: 64-88% and for the third dose 55-79%. The UK
study reported a significantly lower vaccine uptake in schools with a higher proportion of girls from
ethnic minority groups (P<0.001 for trend) or girls with entitlement to free school meals (P=0.029 for
trend). The main reasons for parents refusing initial consent was lack of familiarity with the vaccine
and concerns about vaccine safety, especially long term.

Organized vs opportunistic vaccination programmes were compared based on data from national
monitoring reports. Coverage was highly variable, ranging from less than 30% to 80% or more. At the
lower end of the range the programmes were relying on opportunistic vaccination. The highest rates,
of 80% or more, were reported in countries or regions with population-based vaccination programmes
providing the vaccine free of charge, either school-based like in the UK (Dorleans et al. 2010) and
Sweden (Folkhalsomyndigheten 2014), organized through public health centres as in Portugal
(Dorleans et al. 2010), Malta (Farrugia Sant'‘Angelo 2014) and Belgium (Arbyn et al. 2012) or
organized through general practitioners as in Denmark (Sander et al. 2012).

Conclusion: The determinants of successful HPV vaccination programmes in terms of coverage
include: population-based programme, free of charge vaccine, either school-based or organized
through public health centres or general practitioners. (V).
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Stockholm statement on
successful implementation of
population-based

cancer screening programmes

A multidisciplinary group of scientists and professionals experienced in implementation and quality
assurance of cancer screening programmes and in development of scientific advice on health policy
met at a pan-European workshop in Stockholm from 7 to 9 February 2011. The workshop was
organized by the European Science Advisory Network for Health (EuSANH, www.EuSANH.eu). The list
of experts attending the workshop is provided in this annex. The experts reviewed the available
evidence on implementation and quality assurance of cancer screening programmes with a focus on
organization and reduction of barriers to participation. After comprehensive discussion, the experts
reached the following, mutually agreed conclusions:?

Any policy decision in Europe to implement a cancer screening programme should take into account
European Union (EU) recommendations and guidelines based on the available evidence and the
experience in Europe in implementing population-based cancer screening programmes. Key references
in this regard are the Council Recommendation of 2 December 2003 on cancer screening of the
Council of the European Union [1], the European guidelines for quality assurance in breast, cervical
and colorectal cancer screening [2—-4] and recent reports dealing with the implementation of cancer
screening programmes in the EU [5-7]. These references recognize that societal values in addition to
professional, technical and scientific standards are of prime importance in any decision to implement
cancer screening programmes. Furthermore, there is no doubt that the population-based approach to
programme implementation as recommended by the Council of the EU and the European guidelines is
more equitable, more effective and more cost-effective than an opportunistic approach. The latter
usually leads to overuse of health resources by a portion of the target population with lower cancer
risk, and underuse by less advantaged groups with higher cancer risk.

The experience in Europe shows that successful implementation of population-based cancer screening
programmes requires long-term political commitment, a comprehensive quality management
programme and sustainable resources. In a fully established programme, the proportion of the
expenditure devoted to quality assurance should be no less than 10-20%, depending on the scale of
the programme. In the initial years, this proportion may be substantially higher due to the low volume
of screening examinations compared with the situation after complete rollout of a nationwide
programme. This investment is cost-effective and will save lives.

Once the political decision has been taken to establish a population-based cancer screening pro-
gramme, a competent programme coordinator should receive the mandate to manage the entire
process of programme implementation, beginning with a planning phase and followed by feasibility
testing, piloting and, depending on the interim results, subsequent gradual rollout of a programme
fulfilling the principles and standards recommended in the Council Recommendation [1] and the
European guidelines [2—4] and relevant national standards and guidelines. The coordinator should be
provided with sufficient organizational and financial resources to effectively manage the screening
programme and take further decisions as necessary. These decisions should enable the coordinator

1 The present statement summarizes key results of the workshop. A more detailed report has been published
elsewhere [8] and is reproduced with permission of Elsevier in the second part of this annex.
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and the coordination team to establish the screening programme in the respective health services
context, taking into account the need for the professional and organizational management to control
the quality of the entire screening process, including informing and inviting the target population,
performance of the screening test, diagnosis, therapy and subsequent care. The existing expertise in
Europe in implementation of population-based cancer screening programmes should be available for
exchange of information and experience, such as through the European cancer screening networks
and the European guidelines development activities coordinated by the International Agency for
Research on Cancer (IARC, www.iarc.fr), and related initiatives such as the European Partnership for
Action Against Cancer (EPAAC, www.epaac.eu).

Additional tools, including computerized information systems and accessible registries, are necessary
for the management of effective and efficient screening services (e.g. for call and re-call systems and
fail-safe procedures in follow-up of participants with abnormal test results). They are also needed to
monitor and evaluate the performance and the outcome of the screening programme, e.g. through
linkage of individual data on cancer occurrence and morbidity, screening history, diagnosis and
treatment.

Furthermore, key performance and quality indicators of the screening process must be recorded and
monitored and the results must be analysed and used for quality management processes. Monitoring
and evaluation reports must be published regularly to inform the public and decision makers and to
permit timely modification of programme policy, if necessary. The experience of EUSANH in developing
advice for health policy making, taking into account not only scientific and professional but also
societal aspects, could play an important role in this regard in the future.
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List of Abbreviations

AGC atypical glandular cells (according to the terminology of the Bethesda
System, version 2001, specify endocervical, endometrial or not otherwise
specified) 3°

AIS adenocarcinoma in situ 3
ASC-H atypical squamous cells, high-grade squamous lesion cannot be excluded *
ASC-US atypical squamous cells of undetermined significance (according to the

terminology of the Bethesda System, version 2001) °

CANCON European Guide on Quality Improvement in Comprehensive Cancer Control
CDC Centers for Disease Control

Cl confidence interval

CIN cervical intra-epithelial neoplasia

DRR detection rate ratio

ECDC European Centre for Disease Prevention and Control
EMA European Medicines Agency

EPAAC European Partnership for Action Against Cancer

EU European Union

GLP good laboratory practice

HC2 Hybrid Capture® 2 High-Risk HPV DNA Test™

HPA Health Protection Agency

HPV human papillomavirus

hrHPV high-risk HPV type

HSIL high-grade squamous intra-epithelial lesion

IARC International Agency for Research on Cancer

JCVI Joint Committee on Vaccination and Immunisation
1AP Immunise Australia Program

See also Table 2 in Annex 2 of Chap. 3 in the second edition of the European guidelines for quality assurance in cervical
cancer screening; and Solomon D, Davey D, Kurman R, Moriarty A, O'Connor D, Prey M, Raab S, Sherman M, Wilbur D,
Wright T & Young N for the Forum Group Members and the Bethesda 2001 Workshop (2002) The 2001 Bethesda
System: Terminology for Reporting Results of Cervical Cytology. JAMA. Vol 287, no. 16, pp. 2114-2119.
doi:10.1001/jama.287.16.2114. Epub 2002 Apr 24.
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ABBREVIATIONS

LBC

LSIL

MHRA

NACI

NPV

NTCC

PBAC

PCR

PICOS

PPV

RCT

RLU

TGA

WHO

liquid-based cytology

low-grade squamous intraepithelial lesion3!

Medicines and Healthcare products Regulatory Agency
National Advisory Committee on Immunization
negative predictive value

New Technologies for Cervical Cancer Screening
Pharmaceutical Benefits Advisory Committee
polymerase chain reaction

Population, Intervention, Control, Outcome, Study design
positive predictive value

randomized controlled trial

relative light units

Therapeutic Goods Administration

World Health Organization

31 see footnote no. 30 on page 166.
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