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About the Health Information and Quality Authority

The Health Information and Quality Authority (HIQA) is an independent authority
established to drive high quality and safe care for people using our health and social
care services in Ireland. HIQA's role is to develop standards, inspect and review
health and social care services and support informed decisions on how services are
delivered.

HIQA aims to safeguard people and improve the safety and quality of health and
social care services across its full range of functions.

HIQA’s mandate to date extends across a specified range of public, private and
voluntary sector services. Reporting to the Minister for Health and engaging with the
Minister for Children and Youth Affairs, HIQA has statutory responsibility for:

= Setting Standards for Health and Social Services — Developing person-
centred standards, based on evidence and best international practice, for health
and social care services in Ireland.

® Regulation — Registering and inspecting designated centres.

® Monitoring Children’s Services — Monitoring and inspecting children’s social
services.

" Monitoring Healthcare Safety and Quality — Monitoring the safety and
quality of health services and investigating as necessary serious concerns about
the health and welfare of people who use these services.

" Health Technology Assessment — Providing advice that enables the best
outcome for people who use our health service and the best use of resources by
evaluating the clinical effectiveness and cost-effectiveness of drugs, equipment,
diagnostic techniques and health promotion and protection activities.

" Health Information — Advising on the efficient and secure collection and
sharing of health information, setting standards, evaluating information resources
and publishing information about the delivery and performance of Ireland’s
health and social care service.
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Foreword

Cervical cancer is the eighth most commonly diagnosed cancer (excluding non-
melanoma skin cancer) in women in Ireland. There are, on average, 88 deaths from
cervical cancer each year. Data from the National Cancer Registry Ireland (NCRI)
from 2012 to 2014 indicate that, on average, 2,873 women were diagnosed with
cervical carcinoma /n situ and 277 women were diagnosed with invasive cervical
cancer. NCRI data from this period indicate that 1 in 13 women will be diagnosed
with pre-invasive cervical cancer (cervical carcinoma /n situ) in their lifetime (up to
age 74), 1 in 112 will be diagnosed with invasive cervical cancer and 1 in 333 will die
from cervical cancer.

Cervical cancer is associated with persistent infection with human papillomavirus
(HPV). Therefore, there are two complementary approaches to preventing cervical
cancer: primary prevention through vaccination to prevention HPV infection, and
secondary prevention through screening to detect and treat precancerous
abnormalities and early stage invasive cervical cancer. Over the last 10 years,
increasing evidence has become available that, when used as a primary screening
test, HPV testing can improve the accuracy of cervical screening compared with
cytology-based testing for the prevention of cervical cancer.

CervicalCheck— Ireland’s National Cervical Screening Programme, which forms part
of the Health and Wellbeing Division of the Health Service Executive requested that
the Health Information and Quality Authority (HIQA) undertake a health technology
assessment (HTA) of human papillomavirus testing as the primary screening method
for prevention of cervical cancer. Noting the potential of the HTA to impact on a
population of over one million women, CervicalCheck highlighted emerging evidence
of an opportunity to increase the clinical effectiveness and cost-effectiveness of its
organised screening programme. This HTA will provide the evidence to inform
decisions about potential changes to CervicalCheck

Work on the assessment was undertaken by an Evaluation Team from the HTA
Directorate in HIQA. A multidisciplinary Expert Advisory Group was convened to
advise HIQA during the course of the assessment. HIQA would like to thank its
Evaluation Team, the members of the Expert Advisory Group and all who contributed
to the preparation of this report.

r»’[c__’_'fta/

Dr Mairin Ryan

Deputy Chief Executive and Director of Health Technology Assessment
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Advice to the Minister for Health and the National
Screening Service

The Health Information and Quality Authority (HIQA) carried out a health technology
assessment (HTA) of human papillomavirus (HPV) testing as the primary screening
method for prevention of cervical cancer in Ireland, following a request from
CervicalCheck - Ireland’s National Cervical Screening Programme, which forms part
of the Health and Wellbeing Division of the Health Service Executive (HSE).

As economic models incorporate a number of assumptions and depend on the
quality of data available, the results are subject to a degree of uncertainty. Given the
conservative estimates and assumptions that were used in this analysis and arising
from the findings described below, HIQA’s advice to the National Screening Service,
the Health Service Executive (HSE) and the Minister for Health is as follows:

® A change to primary HPV screening followed by liquid-based cytology (LBC)
triage at five-yearly intervals for all eligible women aged 25 to 60 years would
improve the efficiency of the CervicalCheck programme (that is, women would
require fewer lifetime screens to achieve similar benefits). This strategy provides
comparable effectiveness to the current screening programme, and would lead to
a net cost saving of up to €35 million over the first eight years of its
implementation (2018 to 2025). For women who have not been vaccinated
against HPV, this strategy is cost-effective at a willingness-to-pay threshold of
€20,000 to €45,000 per QALY.

®" For women who have only had access to organised screening from age 50,
consideration should be given to extending screening to age 65 years. While not
cost-effective, this would lead to improved clinical outcomes for this group. If
implemented, it would need to be combined with a targeted campaign to
increase the uptake of screening in those aged over 60 years.

® Consideration should also be given to providing three-yearly primary HPV
screening to women aged under 30 years who have not been vaccinated against
HPV. While not cost-effective, this would lead to improved clinical outcomes for
this group. Ongoing evaluation will be required to inform the future screening
and surveillance of these women.

®  Given their lower risk of developing cervical cancer, screening women vaccinated
against HPV at five-yearly intervals may not be cost-effective. However, given the
uncertainty about this cohort, screening at five-yearly intervals should continue
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while giving consideration to increasing the screening interval as evidence
emerges to support the long-term effectiveness of screening women vaccinated
against HPV.

This HTA assessed the impact of changing from the current policy of primary liquid-
based cytology (LBC) screening to a policy of using HPV testing as the primary
screening method. Strategies for triage were assessed along with alternative
screening intervals and age bands.

All strategies were assessed in a cohort of women vaccinated against HPV 16 and
HPV 18 and in an unvaccinated cohort. The HTA examined the clinical effectiveness,
safety and cost-effectiveness of different screening strategies, as well as the
organisational, societal and ethical implications of any changes to the screening
programme.

The key findings of this HTA, which informed and preceded HIQA's advice, were:

® Cervical cancer is the eighth most commonly diagnosed cancer (excluding non-
melanoma skin cancer) in women in Ireland. On average, 2,873 cases of cervical
carcinoma /n situ and 277 cases of invasive cervical cancer are diagnosed each
year. There are on average 88 deaths from cervical cancer each year - the
median age of death is 56 years. The incidence of cervical cancer in Ireland is
increasing and, based on demography alone, is predicted to increase by 18% by
2040. The cumulative lifetime risk (to age 74) of a diagnosis of cervical
carcinoma /n situis 1 in 13, and 1 in 112 for a diagnosis of invasive cervical
cancer. The cumulative lifetime risk of death due to cervical cancer is 1 in 333.

® A cervical screening programme aims to reduce the incidence of, and the
morbidity and mortality from cervical cancer through detection and treatment of
precancerous abnormalities and early stage invasive cervical cancer.

® CervicalCheck — Ireland’s National Cervical Screening Programme began in
September 2008. Women between the ages of 25 and 44 years are offered
screening at three-yearly intervals. Women between the ages of 45 and 60 years
are offered screening at five-yearly intervals. Liquid-based cytology (LBC) to
detect cellular (cytological) abnormalities is used as the primary screening test.
HPV triage of low-grade cytological abnormalities was introduced in May 2015.
Five-year coverage to the end of December 2016 was 79.6%.

®  CervicalCheck currently processes approximately 280,000 smear tests each year.
Between September 2008 and August 2015, it reported 1,082 biopsy-confirmed
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invasive cervical cancers, 41,417 high-grade abnormalities (CIN 2 and CIN 3) and
29,505 low-grade abnormalities (CIN 1).

Certain oncogenic strains of HPV (denoted high-risk HPV or hrHPV) are
associated with an increased risk of developing precancerous abnormalities and
invasive cervical cancer. Preliminary Irish data indicate a crude hrHPV prevalence
of 14.6%. Prevalence of HPV is highest in women under 30 years of age and
decreases with advancing age. The data indicate that 32% of women who test
positive for HPV are positive for HPV 16 and 18, the particular genotypes of HPV
that are associated with 70% of cervical cancers.

Since September 2010, Ireland has had a nationally funded, school-based, girls-
only HPV vaccination programme. The first cohort of vaccinated girls will be
eligible for CervicalCheck screening in 2018-2019.

No cervical screening programme can prevent all cervical cancer cases. Harms
related to taking the screening test sample itself are minimal and short term.
Cervical screening tests are not 100% accurate. Most adverse effects of a
cervical screening programme relate to false negative test results, false positive
test results and overdiagnosis. False negative test results lead to potentially
missed or delayed opportunities to intervene in women with treatable
precancerous abnormalities or early invasive cervical cancer. False positive test
results lead to unnecessary colposcopic examination. Overdiagnosis refers to
identification of precancerous abnormalities that would not otherwise become
clinically significant and may lead to increased surveillance, potentially increasing
stress and anxiety, and or unnecessary treatment. Cervical cancer may develop
in the time between a negative screening test and a woman’s next screening
(interval cancer). This is another potential harm of any cervical screening
programme.

Primary HPV screening may result in worry and anxiety for some women.
Potential issues relate to the fear of testing positive for HPV because of the
possible implications for their health, their relationships and the inability to treat
HPV infection. The informed consent process would have to be carefully
managed to ensure that women are given sufficient information about the new
testing process and its potential risks and benefits in a way they could
understand. Women who test positive for HPV should be reassured about the
meaning of HPV infection and their concerns about transmission allayed as far as
possible.

The diagnostic accuracy of primary HPV and cytology (LBC and conventional
cytology) screening for the prevention of cervical cancer was evaluated. Meta-
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analysis of 23 studies undertaken in industrialised countries using the Hybrid
Capture 2 (HC2) HPV assay indicates that the pooled sensitivity of HC2 in
detecting CIN 2+ and CIN 3+ was 95.2% (CI 92.5-97.1%) and 98.2% (CI
96.7%-99.1%), respectively. These were significantly higher than the diagnostic
accuracy of cytology, where the pooled sensitivity was 75.0% (CI 64.1%-83.3%)
for CIN 2+ and 78.0% (CI 63.5%-88.4%) for CIN 3+. This means that compared
with primary cytology-based screening, primary HPV screening would result in
fewer women receiving a false negative result compared with primary cytology-
based screening.

However, when compared with primary cytology-based screening, primary HPV
screening would result in more women receiving a false positive result. The
pooled specificity of HC2 was significantly lower in detecting CIN 2+ and CIN 3+
at 88.2% (CI 82.9%-92.0) and 87.5% (CI 78.7%-93.2%), respectively compared
with cytology with a pooled specificity of 95.0% (CI 92.2%-96.8%) for CIN 2+
and 95.1% (CI 91.6%-97.3%) for CIN 3+.

The diagnostic accuracy of triage strategies following primary HPV screening was
evaluated based on the synthesis of evidence from 15 studies across eight
randomised controlled trials (RCTs). The RCTs were typically large-scale trials
conducted within population-based cervical screening programmes; seven of the
eight RCTs were conducted in Europe. Five triage strategies were considered: 1)
cytology; 2) partial genotyping for HPV 16 and HPV 18; 3) co-testing with
cytology and partial genotyping for HPV 16 and HPV 18; 4) partial genotyping for
HPV 16 and HPV 18 followed by cytology as a second triage test; and 5) testing
for the p16™%* protein alone or in combination with Ki-67 protein (which have
been identified as surrogate markers of transforming infections). Some of these
strategies appear to be advantageous and long term outcomes on the
development of interval cancers suggest they can be safely used within screening
intervals, typically used in Ireland.

For a cohort of women not vaccinated against HPV 16 and HPV 18, primary HPV
screening followed by liquid-based cytology (LBC) triage (that is LBC testing if the
HPV test is positive) at five-yearly intervals from age 25 to 60 is cost-effective
with an incremental cost-effectiveness ratio (ICER) of €29,788 per quality-
adjusted life year (QALY). This strategy has similar clinical effectiveness and is
cost saving relative to current practice. While a number of other strategies are
more effective, their incremental gain in effectiveness would not be considered
cost-effective for the additional increase in cost.
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For a cohort vaccinated against HPV 16 and HPV 18, none of the strategies
modelled in this HTA (which considered a maximum screening interval of five
years) are considered cost-effective when compared with no screening at a
willingness-to pay threshold of €45,000 per QALY. Of those considered, the
strategy with the lowest ICER (€58,745 per QALY) is primary HPV screening
followed by an LBC triage test at five-yearly intervals from age 25 to 60.

With a maximum screening interval of five years, none of the strategies modelled
in the HPV-vaccinated cohort are cost-effective. However, it must be noted that
there is uncertainty around how vaccinated women will progress through the
precancerous states from HPV infection to cervical cancer. The risk of developing
cervical cancer is assumed to be 70% lower in women vaccinated against HPV 16
and 18. This estimate is very influential on the predicted cases of cervical cancer
within the model and thus whether the modelled strategies are cost-effective. A
policy of continued screening at five-yearly intervals may be reasonable until
further long-term data emerge on the development of cervical cancer in these
women.

As more effective HPV vaccines become available, the risk of cervical cancer may
reduce even further. Given their lower risk of developing cervical cancer, less
intensive screening strategies, which have not been modelled in this evaluation
(which simulated screening intervals up to a maximum of five years), may be
more appropriate for HPV-vaccinated women.

The budget impact analysis shows that when compared with the current cervical
screening programme, changing to primary HPV screening followed by LBC triage
testing at five-yearly intervals from age 25 to 60 would result in a net saving of
€3 million for the cohort of women vaccinated against HPV 16 and 18, up to €32
million for the unvaccinated cohort, and up to €35 million for the whole
CervicalCheck population over an eight-year period from 2018 to 2025.

Two subgroup analyses were conducted at the request of the Expert Advisory
Group. The first considers extending access to screening from age 60 to 65 years
for women who did not have access to organised cervical screening from the age
of 25 years, but who were first offered screening from age 50 (that is, women
who were 50 years of age when CervicalCheck began in 2008). While extending
the screening age is more effective, it is not cost-effective at a willingness-to-pay
threshold of €20,000 to €45,000 per QALY. Given their historic underscreening, it
may be considered appropriate to extend screening to age 65 years for these
women for ethical reasons. However, to ensure the benefits of this additional
screening round are maximised, a targeted campaign to encourage uptake in
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those over 60 would be necessary given the lower uptake of screening in older
women.

The second subgroup analysis considered alternative screening strategies in
unvaccinated women under the age of 30 years in the context of primary HPV
screening and LBC triage at five-yearly intervals being provided from age 30.
Women under 30 years have a high prevalence of both HPV infection and cervical
abnormalities, and there is concern that five-yearly screening could lead to an
increase in interval cancers within this subgroup. While more effective, none of
the strategies that considered an additional screening round (that is, screening at
three-year intervals in women aged less than 30 years) were found to be cost-
effective. If three-yearly screening is provided on clinical grounds, ongoing
evaluation and monitoring of its effectiveness will be required, taking into
consideration the proportion of the population vaccinated against HPV and the
prevalence of HPV infection. Furthermore, both the optimal screening interval
and the surveillance pathways for women who screen HPV-positive, but on triage
have no identified cytological abnormalities (LBC-negative) is unclear and will
require ongoing evaluation.

Adopting primary HPV screening and extending screening to five-yearly intervals
for all eligible women would lead to women having fewer lifetime screens to
achieve similar benefits. Compared with current practice, it is estimated this
strategy will lead to an overall net reduction of 15% in the total number of
cervical screening tests and 16% in colposcopy referrals between 2018 and 2025.
Due to phased implementation, no reduction in routine screening activity would
occur until at least year four. Screening activity would increase in the initial years
due to the surveillance of women identified as HPV-positive, but LBC-negative.

A recommendation to switch from primary cytology screening to primary HPV
screening is in keeping with developments in other high-income countries.
Australia, Italy, Netherlands, New Zealand, Sweden and the UK have all
recommended the implementation of primary HPV screening. Extending the
screening interval to five-yearly is also consistent with recent recommendations
in Australia and New Zealand.

The impact of extending the screening interval from three to five years on
programme coverage is not known. Ongoing audit of coverage and tracking of
non-responders will allow changes in adherence to be identified in a timely
fashion. Switching to primary HPV screening could allow for self-sampling, and
may provide an opportunity to improve screening coverage through an initial
engagement with women who have never attended CervicalCheck or who are
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underscreened because they do not attend at the recommended screening
intervals.

Adoption of primary HPV screening would represent an incremental change with
minimal disruption for CervicalCheck, as the programme is relatively new and has
already implemented many of the necessary requirements for primary HPV
screening. There would be no change to the way the cervical screening sample is
collected. Test processing has already been centralised in a small number of sites
by CervicalCheck which will allow for efficiency gains in high throughput HPV
testing platforms while maintaining sufficient cytology throughput to maintain
staff expertise and for quality assurance purposes.

CervicalCheck uses a comprehensive linked screening registry and a call-recall
based invitation system. It is linked to the national HPV vaccination programme,
with access to the HPV vaccination records of the women eligible for
CervicalCheck. These mechanisms would allow CervicalCheck to develop a
formal, ongoing evaluation process of HPV risk-based screening and would allow
future screening to be tailored to the individual’s risk and screening history,
thereby providing a mechanism to evaluate the effectiveness of the national HPV
vaccination programme.

The proposed changes to the cervical screening programme outlined above, that
is adoption of primary HPV screening followed by LBC triage at five-yearly
intervals for all eligible women aged 25 to 60 years, will increase efficiency (that
is achieve comparable benefits with fewer screenings in a woman'’s lifetime) and
lower costs compared with the current cervical screening programme. This would
free resources for use elsewhere in the healthcare system, allowing for further
increases in overall population benefits.

Cervical screening programmes will need to continue to evolve. Increased
protection through a nonavalent HPV vaccine (that protects against five
additional strains of HPV) will further reduce the risk of cervical cancer in the
population. Increasing evidence on the long-term benefits of HPV vaccination will
potentially allow for longer intervals between screening rounds. Ongoing
advances in HPV testing techniques including in the range of biomarkers that
discriminate between transient acute infection and transforming infection, may
also lead to further refinement in triage strategies.
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Executive Summary HPV HTA

Background and terms of reference

The Health Information and Quality Authority (HIQA) agreed to undertake a health
technology assessment (HTA) in relation to proposed changes to the national
cervical screening programme. The formal request for a HTA was made by
CervicalCheck - Ireland’s National Cervical Screening Programme, which forms part
of the Health and Wellbeing Division of the Health Service Executive (HSE). Noting
the potential of the HTA to impact on a population of over one million women,
CervicalCheck highlighted emerging evidence of an opportunity to increase the
clinical- and cost-effectiveness of its organised screening programme. Irish data
from 2012 to 2014 indicate that the cumulative lifetime risk of a diagnosis (up to age
74) of pre-invasive cervical cancer (cervical carcinoma /n situ) was 1 in 13 and 1 in
112 for a diagnosis of invasive cervical cancer. The cumulative lifetime risk of death
due to cervical cancer was 1 in 333.

Knowledge of the natural history of cervical cancer has increased since the role of
‘oncogenic types’ (so called high-risk human papillomavirus [HPV] or hrHPV
genotypes) as a causative factor in the development of cervical cancer was
confirmed in the 1990s. Cervical cancer is associated with persistent infection with
HPV. There are two complementary approaches for the prevention of cervical
cancer:

1. primary prevention through vaccination to prevent HPV infection,

2. and secondary prevention through screening to detect and treat precancerous
abnormalities.

Since it was established in 2008, CervicalCheck has used primary liquid-based
cytology screening for the detection of precancerous cervical abnormalities and early
stage cervical cancer. Over the last 10 years, evidence has emerged that using HPV
testing as the primary screening method has a higher sensitivity (that is more people
with the disease will have a positive test result) for the detection of precancerous
abnormalities and early stage invasive cervical cancer than liquid-based cytology.
Evidence has also emerged of the potential to increase the screening interval with a
HPV-based testing programme. Technological advances in the methods of detecting
HPV now provide additional information regarding the clinical relevance of a HPV
infection.

A final consideration is the issue of HPV vaccination which reduces the risk of
cervical cancer and decreases the efficiency of cytology as a screening tool in a HPV-
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vaccinated cohort. The first cohort of schoolgirls vaccinated against HPV 16 and HPV
18 in Ireland through the national vaccination programme will be eligible for
CervicalCheck in 2018-2019. As the number of women vaccinated against HPV 16
and HPV 18 increases, vaccinated women will represent a growing proportion of
those eligible for screening through CervicalCheck.

The Terms of Reference agreed between HIQA and CervicalCheck - Ireland’s
National Cervical Screening Programme for this HTA were to:

describe the epidemiology of cervical cancer and HPV in Ireland

examine the current evidence of efficacy and safety for HPV testing as a
primary screening test for the prevention of cervical cancer

review the international cost-effectiveness literature of HPV testing as a
primary screening test for the prevention of cervical cancer

estimate the clinical implications and cost-effectiveness of HPV testing as a
primary screening test for the prevention of cervical cancer, including
potential changes to the sequence of testing, the screening interval and the
exit age compared with the current programme of primary screening with
liquid-based cytology (LBC)

estimate the resource implications and budget impact of HPV testing as a
primary screening test for the prevention of cervical cancer

consider any wider ethical or societal implications that HPV testing as a
primary screening test for the prevention of cervical cancer may have for
women, the general public or the healthcare system

advise on the optimal screening strategy for the prevention of cervical cancer,
based on this assessment.

Methodology

This research was carried out in accordance with HIQA's guidelines for the conduct
of health technology assessments. In summary, the following took place:

The Terms of Reference of the HTA were agreed between HIQA and the
National Screening Service.

An Expert Advisory Group was convened, with representation from health
policy decision-makers, clinicians, patient representation, professional bodies
and national and international experts in cervical screening, health services
research and economic evaluation. An Evaluation Team was appointed
comprising HIQA staff. Professor Deirdre Madden, Faculty of Law, University
College Cork provided the ethical commentary.

Xiii
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= Approaches to the prevention of cervical cancer were identified and
described.

" The burden of precancerous cervical abnormalities and cervical cancer in
Ireland was assessed along with the burden of HPV infection.

® A systematic review and meta-analysis was carried out to summarise the
available evidence on the efficacy of using primary HPV screening as an
alternative to cytology screening for prevention of cervical cancer. A second
systematic review summarised the available evidence on the efficacy of
alternative triage test strategies for women with a positive HPV screening
test.

® A systematic review was undertaken to summarise the available cost-
effectiveness evidence for primary HPV screening for cervical cancer.

® An original economic evaluation was performed to estimate the cost-
effectiveness and budget impact of 32 different screening strategies
compared with current practice.

" A budget impact analysis reporting the incremental costs associated with
changes to the cervical screening programme over an eight-year time horizon
was performed from the perspective of the public health system.

® An analysis of the organisational, social and ethical implications that changing
to primary HPV screening for the prevention of cervical cancer may have was
undertaken with a view to identifying broader considerations that may
influence decision-making.

® Draft versions of the report were reviewed and commented on by the Expert
Advisory Group (which met on four occasions), before a final draft was
submitted to the Board of HIQA for approval.

" The completed assessment was submitted to the National Screening Service,
the HSE and the Minister for Health as advice and published on the HIQA
website.

Technology description

Human papillomavirus (HPV) is a double-stranded DNA virus that infects the skin
and mucous membranes of the upper respiratory tract and the anogenital tract.
There are more than 100 known types of HPV, approximately 40 of which can infect
the genital tract. HPV infection is a sexually transmitted infection. It is extremely
common in young women and men in their first decade of sexual activity, however
approximately 90% of HPV infections resolve spontaneously.

Cervical cancer is associated with persistent infection with ‘oncogenic types’, so
called high-risk HPV (16, 18, 31, 33, 39, 45, 51, 52, 56, 58 and 59). Benign cellular
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changes may occur after an acute HPV infection, the majority of which regress
without any treatment. However, persistent HPV infection may lead to changes in
cervical cells which result in the development of moderate or severe precancerous
abnormalities of the cervix. A proportion of these abnormalities will progress, if not
treated, to cervical cancer over a period of 10 to 20 years.

HPV vaccination

As noted, there are two complementary approaches to the prevention of cervical
cancer: primary prevention through vaccination to prevent infection with HPV, and
secondary prevention through cervical screening to detect and treat precancerous
abnormalities and early stage cervical cancer. In 2010, quadrivalent vaccination
against HPV 6, 11, 16 and 18 was introduced to the Irish national immunisation
schedule for all girls in the first year of second level school or age equivalent. A
catch-up programme targeting girls in sixth year or age equivalent was run from
2011 until 2014. HPV 6 and HPV 11 are associated with approximately 90% of
anogenital wart cases. HPV 16 and HPV 18 are associated with approximately 70%
of squamous cell carcinomas (the most common histological type of cervical cancer
globally and in Ireland). Cervical screening of women who have been vaccinated
against HPV is recommended because the current quadrivalent vaccine does not
protect against cervical cancers caused by other high-risk HPV types. The first cohort
of young women vaccinated against HPV is due to enter the CervicalCheck
programme in 2018-2019.

Cervical screening

Cervical screening is a form of secondary prevention that aims to identify those at
increased risk of developing cervical cancer. Precancerous abnormalities do not
produce symptoms, but can be detected by screening. In contrast, most women with
cervical cancer present with symptoms. The aim of a cervical screening programme
is to reduce the incidence of and morbidity and mortality from cervical cancer
through detection and treatment of precancerous abnormalities and early stage
cervical cancer.

Internationally, organised cervical screening programmes have reduced cervical
cancer incidence and mortality. The reduction in mortality has been shown to be up
to 80% at population level. However, no cervical screening programme can prevent
all cervical cancers and a balance needs to be struck between effectiveness and
efficiency. Cervical screening tests are not 100% accurate and cervical cancer may
develop in the time interval between a negative screening test and the next
scheduled screening. Therefore, cervical screening programmes require regular
defined screening intervals.
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A balance needs to be struck between screening too frequently (over-screening) and
screening too infrequently (under-screening). Over-screening results in both short-
term and long-term effects associated with the cervical screening test, unnecessary
referral to colposcopy, overdiagnosis and unnecessary treatment. Under-screening
results in higher numbers of interval cervical cancer cases and cervical cancer
deaths.

Screening technologies

Cervical screening tests may be broadly classified into those designed to detect
cytological (cellular) abnormalities and those designed to detect HPV infection.
Cervical screening tests may be performed as:

(a) a primary screen,
(b) a primary screen followed by one triage test

(c) or a primary screen followed by multiple triage tests carried out and acted
upon either sequentially or together (co-testing).

The International Agency for Research on Cancer defines triage as ‘the detection of
cases of cervical cancer or of its precursor lesions among women who were initially
found to have an abnormal screening test that requires further evaluation’.

A variety of tests have been used in primary screening and in triage. These can be
broadly divided into three categories: cytology, HPV testing (which includes partial
genotyping for HPV 16 and HPV 18) and molecular biomarkers. Cytology, through
the observation of abnormal cells in a cervical screening test, can identify
precancerous cytological abnormalities or cervical cancer. Conventional cytology,
also known as a Pap test or Pap smear, was developed in the 1920s to identify
invasive cervical cancer. Liquid-based cytology (LBC) was introduced in the mid-
1990s as an improvement on conventional cytology. The presence or absence of
high-risk HPV (hrHPV) in a cervical screening sample can be determined by HPV
testing. While HPV testing can be used to identify HPV infection, it does not provide
information on which hrHPV types are present. The use of partial genotyping for
HPV 16 and HPV 18 potentially provides additional risk stratification for women who
have a positive HPV test, as these genotypes are associated with a higher risk of
developing precancerous abnormalities and cervical cancer compared with other
hrHPV genotypes.

As women who are vaccinated against HPV types 16 and 18 will form an increasing
proportion of the population to be screened over time, the usefulness of partial
genotyping for HPV 16 and 18 will decline as the prevalence of these genotypes
decreases. A disadvantage of HPV testing is that it cannot discriminate between
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acute transient HPV infection and transforming HPV infection (when production of
oncoproteins responsible for abnormal cellular changes begins). New molecular
biomarkers, such as p16™<* protein and Ki-67 protein, have been proposed to
inform triage of women who are positive for HPV. Their detection may improve the
identification of women with transforming HPV infection who are at increased risk of
developing cervical cancer.

Primary screening and triage tests do not provide a diagnosis. Abnormal screening
or triage tests require further assessment in the form of a diagnostic test using
colposcopy, which allows microscopic assessment of the cervix. The ‘gold standard’
for the diagnosis of precancerous abnormalities, pre-invasive cervical cancer or
invasive cervical cancer is the histological examination of biopsies obtained at
colposcopy.

Current screening practice

Since September 2008, CervicalCheck has been available to women aged 25 to 60
years who live in Ireland. Women aged 25 to 44 years are offered screening at
three-yearly intervals and women aged 45 to 60 years are offered screening at five-
yearly intervals. There is considerable variation in cervical screening programmes
between countries. CervicalCheck currently uses primary liquid-based cytology
screening. CervicalCheck introduced HPV testing following treatment in colposcopy in
2012 and since 2015 has used triage with HPV testing when low-grade cytological
abnormalities are detected on primary liquid-based cytology screening. Women with
low-grade cytological abnormalities who are negative for HPV are at a very low risk
of developing severe precancerous abnormalities within the next five years and may
be returned to routine cervical screening. In contrast, women with high-grade
cytological abnormalities are at higher risk of developing severe precancerous
abnormalities and need to be referred to colposcopy.

Burden of disease

Cervical cancer (invasive cervical cancer or invasive cervical carcinoma) is usually
preceded by precancerous abnormalities and pre-invasive cervical cancer (carcinoma
in situ). Between 2012 and 2014, cervical cancer was the eighth most commonly
diagnosed cancer (excluding non-melanoma skin cancer) in women in Ireland. On
average, there were 88 deaths from cervical cancer per year. The median age at
death was 56 years. There has been an overall increasing trend in incidence of
cervical cancer in Ireland with further increases predicted based on changes in
sexual behaviour and demography.

Between 2012 and 2014, there were on average 2,873 cases of cervical carcinoma /in
situ diagnosed per year. The most common age at diagnosis was 25 to 29 years.
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The age-standardised incidence of cervical carcinoma /n situ increased from 48.9 per
100,000 population at risk in 1994 to 107.7 per 100,000 population at risk in 2014.
There were on average, 277 cases of invasive cervical cancer diagnosed per year.
The most common age at diagnosis was 40 to 44 years. In 2012, the estimated
incidence of cervical cancer in Ireland was 15.1 per 100,000 (European age-
standardised rate [EASR]) compared with an incidence of 11.3 per 100,000 in the
European Union 27 (EU-27) member states.

In 2012, the estimated mortality from invasive cervical cancer in Ireland was 4.3 per
100,000 (EASR) compared with the EU-27 mortality of 3.7 per 100,000. The
prognosis for invasive cervical cancer is linked with the stage at diagnosis. The net
five-year age-standardised survival probability was 63.6% for those diagnosed at
stage II disease compared with 21.6% for those diagnosed at stage IV disease. Five-
year survival probability (not age-standardised) for those diagnosed at stage I
disease was 93.9%.

Coverage is a measure of the proportion of the target population screened within a
period and indicates the effectiveness of a screening programme in reaching the
target population. CervicalCheck’s objective is to achieve coverage of 80% or more
over a five-year period. The five-year coverage to 31 December 2016 was 79.6%
with coverage improving over time. Participation was higher in younger than older
women.

On average, in 2015 and 2016, CervicalCheck processed approximately 281,000
smear tests per annum, declining from a peak of almost 367,000 tests in 2013. On
average, between 2012 and 2015, 7.7% of smear tests showed low-grade
cytological abnormalities and 1.6% showed high-grade cytological abnormalities.

When an abnormality is suspected at colposcopy, a diagnostic punch biopsy is
usually performed to confirm the diagnosis histologically. CervicalCheck classifies
histological abnormalities according to cervical intraepithelial neoplasia (CIN)
terminology. In the seven years since CervicalCheck commenced in 2008 (to August
2015), it has detected 1,082 invasive cervical cancer cases, 41,417 high-grade
histological abnormalities (CIN 2 and CIN 3) and 29,505 low-grade histological
abnormalities (CIN 1).

Surgical treatments for CIN 2 and CIN 3 include large loop excision of the
transformation zone (LLETZ), ablation (cold coagulation) and cone biopsy. Between
2014 and 2015, CervicalCheck treated 5,269 women with LLETZ, 1,224 women with
ablation (cold coagulation) and 16 women with cone biopsy. Short-term side effects
following treatment include pain, bleeding and vaginal discharge. Treatment
dependent long-term side effects relate to the impact of treatment on the outcomes
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of future pregnancies and include an increased risk of preterm premature rupture of
membranes, preterm birth, low birthweight, stillbirth and neonatal death.

Treatment for invasive cervical cancer is stage dependent. While early stage disease
(stage IA1) may be managed conservatively, treatment options for more advanced
disease include surgery, radiotherapy and or the combination of chemotherapy and
radiotherapy (chemoradiotherapy). Women who present with metastatic (FIGO stage
IVB) or recurrent disease, are usually symptomatic. They are generally offered
palliative chemotherapy with or without immunotherapy and or individualised
radiotherapy to relieve symptoms and to improve their quality of life.

As noted earlier, certain hrHPV types are associated with an increased risk of
developing precancerous abnormalities and cervical cancer. Preliminary data from
CERVIVA in collaboration with CervicalCheck, indicate a crude hrHPV prevalence rate
of 14.6% in women attending for routine screening. Prevalence is highest (20.4%)
in women under the age of 30 years, and it decreases with advancing age. Of those
testing positive for HPV, the data indicate that 32% are positive for HPV genotypes
16 and 18, the particular genotypes of HPV associated with 70% of cervical cancers.

Clinical effectiveness and safety

Diagnostic test accuracy indicates the performance characteristics of a screening test
and describes how well the test discriminates between those who do, and do not
have the disease. Sensitivity is the ability of a screening test to accurately identify
those who have the disease, that is, the proportion of people with the disease who
have a positive test result. A more sensitive test will result in fewer women receiving
a false negative result. The specificity of a screening test is its ability to correctly
identify those who do not have the disease, that is, the proportion of people without
the disease who have a negative test result. A test with a high specificity will result
in fewer women receiving a false positive result. While it is obviously desirable to
have a test that is both highly sensitive and highly specific, usually this is not
possible, and there is a trade-off to be made between sensitivity and specificity.

No cervical screening programme can prevent all cervical cancer cases. Cervical
screening tests are not 100% accurate. False negative and false positive test results
are potential harms of any screening programme. CervicalCheck may fail to diagnose
women with precancerous abnormalities and cervical cancer as a consequence of
false negative results, leading to potentially missed or delayed opportunities to
intervene in those with treatable precancerous abnormalities or early stage cervical
cancer. These negative screening tests may also provide false reassurance to the
woman. False positive test results lead to unnecessary referral to colposcopy,
overdiagnosis, unnecessary treatment and their associated short-term and long-term
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side-effects. Overdiagnosis refers to the identification of precancerous abnormalities
that would not otherwise have become clinically significant. Overdiagnosis may lead
to increased surveillance, potentially increasing a woman'’s stress and anxiety, and or
unnecessary treatment. Cervical cancer may develop in the time interval between a
negative screening test and the next scheduled screening, which is another potential
harm of any cervical screening programme.

As mentioned previously, there are three grades of CIN: CIN 1, CIN 2 and CIN 3. If
left untreated, CIN can develop into cervical cancer, however it can also regress. It
is not possible to determine which CIN will regress or progress, so currently all CIN
2+ (grade 2 or higher) are treated. As such, CIN 2+ is the clinically relevant point in
the development of cervical cancer that a screening test needs to be able to
accurately detect.

A systematic review was conducted to identify relevant studies about the diagnostic
accuracy of:

®  primary HPV screening
® primary cytology (conventional cytology and liquid-based cytology) screening
® triage strategies following primary HPV screening

in the prevention of cervical cancer.

The diagnostic accuracy of primary HPV and cytology (LBC and conventional
cytology) screening for the prevention of cervical cancer were evaluated. Meta-
analysis of 23 studies undertaken in industrialised countries using the Hybrid Capture
2 (HC2) HPV assay indicate that the pooled sensitivity of primary HPV screening in
the detection of CIN 2+ and CIN 3+ was 95.2% (95% CI: 92.5% to 97.1%) and
98.2% (95% CI: 96.7% to 99.1%), respectively. This was significantly higher than
the pooled sensitivity of primary cytology screening which was 75.0% (95% CI:
64.1% to 83.3%) and 78.0% (95% CI: 63.5% to 88.4%), respectively. Thus,
primary HPV screening using HC2 would result in fewer women receiving a false
negative result, compared with primary cytology screening.

Based on meta-analysis, the pooled specificity of primary HPV screening in the
detection of CIN 2+ and CIN 3+ was 88.2% (95% CI: 82.9% to 92.0%) and 87.5%
(95% CI: 78.7% to 93.2%), respectively. This was lower than the pooled specificity
of primary cytology screening which was 95.0% (95% CI: 92.2% to 96.8%) and
95.1% (95% CI: 91.6% to 97.3%), respectively. Thus, primary HPV screening using
HC2 would result in more women receiving a false positive result, compared with
primary cytology screening. Evidence from long-term follow-up of women who have
undergone primary cytology screening or primary HPV screening has shown that
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over a six-year interval, women with negative primary HPV screening at baseline are
less likely to develop severe precancerous abnormalities than women with negative
primary cytology screening at baseline.

The diagnostic accuracy of triage strategies following primary HPV screening was
evaluated based on the synthesis of evidence from 15 studies across eight
randomised controlled trials (RCTs). The RCTs were typically large-scale trials
conducted within population screening programmes, with seven of the eight RCTs
conducted in Europe. Five triage strategies of interest were considered:

1) cytology;

2) partial genotyping (HPV 16/18);

3) co-testing with partial genotyping (HPV 16/18) and cytology;

4) partial genotyping (HPV 16/18) followed by cytology as a second triage
test; and

5) testing for the p1 protein alone or in combination with Ki-67 protein
(which have been identified as surrogate markers of transforming infections).

6INK4a

All of the considered strategies were carried out on a single cervical screening test.
For all strategies, few comparable trials were available. Some of these strategies
appear to be advantageous and long term data on the development of interval
cancers would suggest they can be safely used within screening intervals typically
used in Ireland.

Economic evaluation

A systematic review was carried out to assess the available evidence on cost-
effectiveness for primary HPV screening as part of an organised screening
programme for the prevention of cervical cancer. Consistent evidence was found
that cervical screening programmes using primary HPV screening are cost-effective
and potentially cost saving when compared with programmes using primary cytology
screening. The studies identified were not considered applicable to CervicalCheck
and or the Irish healthcare system because of differences in the cervical screening
programmes and healthcare delivery costs. Therefore, an economic model specific to
the Irish setting was required due to the lack of applicable published cost-
effectiveness evidence from another setting.

A decision analysis model was built to compare the total net costs and benefits
associated with different HPV-based screening strategies for the prevention of
cervical cancer compared with the current CervicalCheck strategy of primary liquid-
based cytology (LBC) screening followed by triage with HPV. A Markov model
structure based on the natural history of cervical cancer was developed. Model
parameters were derived from CervicalCheck, Irish datasets, peer-reviewed literature
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and expert opinion. Costs and benefits were assessed from the perspective of the
publicly-funded health and social care system. Effectiveness was measured as
quality-adjusted life years (QALYSs) gained for each of the potential screening
strategies. The difference in QALY gains is the most valid way to compare the overall
effectiveness of the alternative strategies rather than the relative number of cancer
cases and cancer deaths. QALYs take into account differences in the quantity and
quality of life and, and so capture, for example, differences in the stage at which a
cancer is diagnosed. Both quantity and quality of life may differ substantially for
those diagnosed with earlier stage disease (stage 1 disease confined to the cervix)
versus advanced disease that has spread to other parts of the body (stage IV).

QALYs also take into account any difference in the duration of survival of those who
die from cervical cancer. QALYs also account for harms due to screening, including
overdiagnosis. Overdiagnosis may lead to a loss of quality of life due to increased
surveillance of CIN 1 (potentially increasing stress and anxiety) and unnecessary
treatment of CIN 2 and CIN 3 lesions. QALY estimates are discounted to reflect
society’s preference for benefits to be realised sooner and undesirable effects to be
realised further into the future.

This HTA considered 32 different screening strategies, including different primary
screening tests (HPV or LBC), triage tests, screening intervals, and screening exit
ages. Triage consisted of a single test, sequential testing or co-testing. Triage tests
consisted of liquid-based cytology (LBC); partial genotyping for HPV 16 and 18; and
dual staining for p16™<*/Ki-67. The prevalence of HPV infection is higher in women
under the age of 30 years than it is in women aged 30 years and older. This may
reduce the clinical effectiveness of primary HPV screening in this age group.
Therefore, one alternative age-based strategy was considered: primary liquid-based
cytology (LBC) screening with HPV triage in women under the age of 30 years with
primary HPV screening with liquid-based cytology triage in women aged 30 years
and over. Finally, given recommendations from the International Agency for
Research on Cancer that cervical screening should be considered for all women aged
25 to 65 years when resources permit, all of the proposed strategies also considered
extending the upper age limit from 60 to 65 years. All strategies were considered for
both unvaccinated and vaccinated cohorts of women. Conventional cytology was not
considered because CervicalCheck has used liquid-based cytology (LBC) since its
establishment in 2008.

The model was used to predict the financial cost, number of lifetime screens,
referrals to colposcopy, cervical cancer cases, cervical cancer deaths, QALYs and life-
years gained (LYG) for each of the 32 proposed strategies in unvaccinated and
vaccinated cohorts. Incremental cost effectiveness ratios (ICERs) were calculated for
each strategy. The total net costs and benefits associated with each of these
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screening strategies were determined by modelling one year’s cohort from age 25
years to end of life.

For the cohort of women who have not been vaccinated against HPV 16 and 18 (the
unvaccinated cohort), CervicalCheck'’s current strategy was more costly and either
less or equally effective, when compared with all other options (apart from
extending the current strategy to age 65 and primary HPV screening followed by
triage comprising co-testing with partial genotyping and p16INK4a/Ki-67 with
screening extended to age 65). Similarly, for the cohort of women who have been
vaccinated against HPV 16 and 18, CervicalCheck’s current strategy was less
effective and more costly compared with all other strategies (apart from extending
the current strategy to age 65 years).

For the unvaccinated cohort, given willingness-to-pay thresholds in the range of
€20,000 to €45,000 per QALY, primary HPV screening with liquid-based cytology
triage at five-yearly intervals from age 25 to 60 years was found to be cost-effective
with an ICER of €29,788 per QALY gained. While this strategy provides comparable
clinical effectiveness to current screening practice, a number of other strategies
were found to be more effective, and would also lead to a reduction in costs
compared with current practice.

For all strategies, extending the screening age to 65 years decreases both the
number of cervical cancer cases and cervical cancer deaths. However, as these
benefits occur far into the future, the effect of discounting means that the number of
QALYS gained is small. Although more effective, the incremental benefit of extending
the screening age is small relative to their incremental cost. As such, this would not
be considered cost-effective when compared with primary HPV screening with liquid-
based cytology triage at five-yearly intervals from age 25 to 60 years. Using the
willingness-to—pay threshold based on QALYs allows for comparison to be made
across the entire health service and identifies when interventions can be considered
good value for money. Applying the willingness-to-pay threshold to guide the choice
regarding the optimal strategy ensures that where the health gains are small,
relative to the increase in costs, this is highlighted and consideration can be given to
redistributing resources to elsewhere within the health system to maximise the
benefit for the entire population.

Two subgroup analyses were conducted at the request of the Expert Advisory Group.
The first considered extending the screening exit age from 60 to 65 years in a cohort
who have not had the benefit of lifetime access to CervicalCheck from the age of 25
years (that is, for women who were 50 years old when CervicalCheck commenced in
2008). This analysis confirmed that extending the upper screening age limit from
age 60 to age 65 years provides a clinical benefit, but is not cost-effective under
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willingness-to-pay thresholds in the range of €20,000 to €45,000 per QALY,
irrespective of when access to organised screening starts (25 or 50 years). Given
their historic underscreening, it may be considered appropriate to extend screening
to age 65 years for these women for ethical reasons. However, to ensure the
benefits of this additional screening round are maximised, a targeted campaign to
encourage uptake in those over 60 years of age would be necessary given the lower
uptake rate of screening in older women.

The second subgroup analysis considered how best to screen women under the age
of 30 years not vaccinated for HPV 16 and 18, in the context of primary HPV
screening followed by liquid-based cytology triage at five-yearly intervals being
adopted from age 30 years. These women have a high prevalence of both HPV
infection and cervical abnormalities, and five-yearly screening may lead to an
increased risk of interval cancers within this subgroup. However, infection is also
more likely to clear spontaneously within this age group, and in the absence of
persistent infection, cytological abnormalities will typically regress.

The optimal screening strategy for this subgroup of unvaccinated women under the
age of 30 years was found to be primary HPV screening followed by liquid-based
cytology triage at five-yearly intervals from age 25 to age 60 years. Providing three-
yearly screening for those aged under 30 (that is, adding one more screening round)
increases the effectiveness of this strategy, but also increases its cost. With an ICER
of €48,501 per QALY, this would not be considered cost-effective under willingness-
to-pay thresholds in the range of €20,000 to €45,000 per QALY. If three-yearly
screening to age 30 is adopted for clinical reasons, ongoing evaluation and
monitoring of its effectiveness will be required, taking into consideration the
proportion of the population vaccinated against HPV and the prevalence of HPV
infection.

Furthermore questions still remain as to the optimal surveillance for unvaccinated
women aged less than 30 years who screen positive for HPV, but negative on liquid-
based cytology triage. Two alternative referral pathways were considered in this
subgroup analysis. In the first, women who were HPV positive at 12 months were
referred directly to colposcopy and in the second, women were only referred to
colposcopy if they tested positive on partial genotyping test for HPV 16 or HPV 18 at
12 months. Both referral pathways lead to similar clinical outcomes and costs. The
requirement for a positive partial genotyping test would reduce the nhumber of
colposcopy referrals in this age group, but lead to repeated annual screening and
thus potentially high levels of anxiety for some women. The efficacy of screening in
this cohort will therefore require ongoing evaluation.
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For the cohort of women who have been vaccinated against HPV 16 and 18, none of
the modelled strategies were considered cost-effective when compared with no
screening at a willingness-to-pay threshold of €45,000 per QALY. The strategy with
the lowest ICER of €58,745 per QALY was primary HPV screening with liquid-based
cytology triage at five-yearly intervals from age 25 to 60 years. Given that
CervicalCheck was only established in 2008 and is thus relatively new, extending
beyond five-yearly screening was considered to be unacceptable at this point, so
longer screening intervals were not included in the model. There is uncertainty about
how women who have been vaccinated against HPV 16 and 18 will progress through
the precancerous states from infection with HPV to invasive cervical cancer. It was
assumed that when compared with unvaccinated women, the risk of developing
cervical cancer is 70% lower in women who have been vaccinated against HPV 16
and 18. This was very influential on the number of cervical cancer cases predicted
by the model and whether or not the modelled strategies were cost-effective. While
screening strategies with longer intervals than those modelled may be more
appropriate for women who have been vaccinated against HPV 16 and 18, a policy
of continued screening at five-yearly intervals may be reasonable until further long-
term data emerge on the development of cervical cancer in these women.

The budget impact analysis was conducted from the perspective of the publicly-
funded health and social care system. The budget impact analysis, over an eight-
year period from 2018 to 2025, of switching from the current strategy to primary
HPV screening with liquid-based cytology triage at five-yearly intervals from 25 to 60
years estimated a net saving of up to €3 million for the CervicalCheck population
who have been vaccinated against HPV 16 and 18, €32 million for the CervicalCheck
population who have not been vaccinated against HPV 16 and 18 and up to €35
million for the entire CervicalCheck population.

Organisational and social implications

A change to the sequence of screening tests and the screening interval used by
CervicalCheck would have implications for women, CervicalCheck, healthcare
professionals, administrative staff, laboratory services and colposcopy services.
However, because CervicalCheck was only established in 2008 and was based on
best international practice at the time, it has an advantage over many other national
cervical screening programmes in that it has fewer legacy issues, minimising the
disruption of the proposed changes.

A change to primary HPV screening would not impact the way the cervical screening
sample is collected. Test processing has already been centralised in a small number

of sites by CervicalCheck. Centralised processing provides efficiency gains, allowing a
high throughput in the HPV testing platforms while also ensuring that there were still
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be sufficient cytology throughput to maintain staff expertise for quality assurance
purposes. Changes in laboratory practices and workloads would need to be
negotiated as part of routine tendering process and should not otherwise have
organisational implications for CervicalCheck.

When combined with liquid-based cytology triage, primary HPV screening would
identify a new cohort for surveillance as those woman who are HPV positive, but
cytology negative, are at increased risk of developing high-grade histological
abnormalities and invasive cervical cancer (CIN 2+). The economic model assumed
that these women would be recalled for surveillance after one year and at that point
a repeat positive HPV test would warrant referral to colposcopy. A switch to primary
HPV screening would have resource implications, including adaptation of literature
and training resources for healthcare professionals and women in relation to the
implications of positive and negative tests. There would also be an increase in the
time taken to explain primary HPV screening to women, to allow informed consent.

Based on current screening uptake rates, adopting primary HPV screening and
extending the screening interval to five-yearly screening for all women is estimated
to result in approximately two fewer lifetime screens (from 8.0 to 5.9) per woman on
average. This would lead to a reduction in CervicalCheck screening activity and
colposcopy referrals and increase the efficiency of the programme (that is women
will require fewer lifetime screens to achieve similar benefits). Due to phased
implementation, no reduction in screening activity would occur until at least year
four, with screening activity in fact estimated to increase in the initial years due to
the surveillance of women identified as HPV positive, but cytology negative. The
budget impact analysis estimated a net reduction of 15% in the total number of
screening tests and a 16% reduction in colposcopy referrals over the eight-year
period between 2018 and 2025. Reduction in screening activity and colposcopy
referrals is predicted for both the cohort of women who have been vaccinated
against HPV 16 and 18 and the unvaccinated cohort, with the reduction being
greater in the latter.

The current waiting time targets for colposcopy appointments are two weeks for an
urgent referral, four weeks for high-grade cytological abnormalities and eight weeks
for low-grade cytological abnormalities. As of June 2016, all colposcopy services
contracted by CervicalCheck met these targets with any excess capacity being used
to support symptomatic services. Despite a predicted increase in colposcopy referrals
in the first three years after implementing primary HPV screening, the availability of
this additional capacity would allow CervicalCheck to continue to meet its waiting
time targets. However, the long-term decrease in numbers of colposcopy referrals
would have funding implications for colposcopy clinics and would potentially free
additional capacity for the management of women attending through symptomatic
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services. An implementation plan will be required for this transitional phase to avoid
excessively large fluctuations in workload due to a change in the screening interval.

It has been speculated that an increase in the screening interval from three to five
years in women between the ages of 25 and 44 years may lead to either reductions
or improvements in the adherence to cervical screening, but there are no published
data available to support this. CervicalCheck provides a quality-assured screening
programme with a comprehensive call-recall based invitation system: women are
sent invitations and reminders for screening visits and there is a facility to track non-
responders. As with any cervical screening programme, the success of CervicalCheck
relies in part on maximising coverage rates. Monitoring of coverage and reporting
against established targets (the current five-year coverage target is @ minimum of
80%) will continue to represent an important performance indicator and will allow
any change in adherence to be detected in a timely fashion should it occur. Primary
HPV screening could be suitable for self-sampling (that is, where the woman takes
the sample herself) and may provide an opportunity to improve coverage through an
initial engagement with eligible women who have never attended CervicalCheck or
who are underscreened because they do not attend at the recommended screening
intervals.

Ethical considerations

Primary HPV screening may result in worry and anxiety for some women. To be able
to provide informed consent, women will need to be given sufficient information
about the new process and its potential risks and benefits in a way they can
understand. There is no treatment for HPV infection which is a potential cause of
distress and anxiety for women. There will be a need to reduce the anxiety and
uncertainty that women may experience as a result of a positive primary HPV
screening test.

The poor specificity (high rate of false positives) of primary HPV screening in the
detection of precancerous abnormalities is a cause for concern. This poor specificity
is due in part to the high rate of HPV infection, particularly in women under the age
of 30 years. Using primary HPV screening alone would result in the unnecessary
referral of women to colposcopy services, causing unnecessary anxiety to women
and placing additional demands on colposcopy services. Therefore, the proposed
screening strategy includes the subsequent triage of women with a positive primary
HPV screening test. In order to alleviate anxiety and to minimise the harms of
screening, women must be fully informed of the implications of false positive test
results, including potential side-effects of colposcopic examination and or treatment
and the implications of false negative test results which may lead to failure to detect
all cases of cervical cancer.
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The relative risk of cervical cancer rises with increasing population density, level of
unemployment and lower educational attainment. There is ongoing concern about
the inequitable burden of cervical cancer among women in lower socio-economic
groups. These women may also be less likely to present for vaccination against HPV
16 and HPV 18 and or attend cervical screening than women in higher socio-
economic groups. A change to primary HPV screening will not change the screening
process from the woman's perspective, therefore it is anticipated that the existing
social inequities will neither increase nor decrease.

The proposed changes to the screening programme will increase efficiency, meaning
women would require fewer screenings to achieve similar benefits. Changing to
primary HPV testing would also lead to lower costs compared with the current
screening programme. This would free resources for use elsewhere in the healthcare
system, allowing for further increases in overall population benefits.

In considering the time interval to be used in the new screening programme, any
potential for an increased rate of undetected cervical cancer must be considered as
well as the importance in maintaining public confidence in CervicalCheck. Other
issues to be taken into account in the decision-making process include safety, public
tolerance and acceptability of change, and the best use of public resources in
population health measures.

Discussion

An optimal cervical screening programme detects and treats as many women
with precancerous abnormalities and early stage invasive disease as possible.
However, no cervical screening programme can prevent all cervical cancers and
a balance needs to be struck between effectiveness and efficiency.

Based on a systematic review of the literature, good-quality evidence was found
to support the effectiveness of primary HPV screening. However, insufficient
data were found to determine the optimal screening programme, particularly in
light of a HPV vaccination programme that will lead to a reduction in the
prevalence of HPV 16 and HPV 18 and the background risk of disease. Evidence
from the cost-effectiveness model supports that a change to primary HPV
screening with liquid-based cytology (LBC) triage at five-yearly intervals for all
women aged 25 to 60 years will lead to improvements in the efficiency of
CervicalCheck.

International context

The finding that primary HPV screening is cost-effective and cost-saving when
compared with primary cytology screening is consistent with the published
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economic literature. A recommendation to switch from primary cytology
screening to primary HPV screening is in keeping with developments in other
high-income countries. Australia, Italy, Netherlands, New Zealand, Sweden and
the UK have all recommended the implementation of primary HPV screening.

In January 2017, the Netherlands was the first country with an organised
cervical screening programme to fully transition from primary cytology screening
to primary HPV screening at five-yearly intervals for women aged 30 to 60 years.
The screening interval is extended to 10-yearly for HPV-negative women aged at
least 40 years. Australia plans to transition to five-yearly primary HPV screening
for women between the ages of 25 and 69 years from December 2017. New
Zealand plans to transition to this strategy in 2018.

In proposing changes to the cervical screening programme, it is important to
also examine the broader context in relation to the history of screening and level
of engagement with primary prevention through HPV vaccination. In contrast to
Ireland where CervicalCheck only began in 2008, there is a long history of
organised cervical screening in the Netherlands, the UK, Australia and New
Zealand where national programmes were established in the 1980s and early
1990s. By comparison CervicalCheck is a relatively new national cervical
screening programme, and potentially a culture of screening is not as well
embedded in the population. However, the coverage rate for CervicalCheck for
the five years to 31 December 2016 is 79.6%. This compares well with coverage
rates achieved elsewhere including Australia (82.7% for the period between
2010 and 2014) and the Netherlands (64% up to 2011 to 2102). In England
reductions in the mortality from invasive cervical cancer of up to 70% have been
observed as a result of a national cervical screening programme. In time, a
similar reduction is expected in Ireland.

Differences remain in the entrance and exit ages to national cervical screening
programmes in high-income countries. In adopting primary HPV screening, Australia
and New Zealand will raise the age at which screening starts to 25 years (from 18
and 20 years, respectively). This is consistent with International Agency for Research
on Cancer recommendations and current practice in Ireland. The Netherlands offers
screening from the age of 30. The screening exit age also differs: it is 69 years in
both Australia and New Zealand while in Ireland and the Netherlands the exit age is
60 years.

HPV vaccination, as a primary prevention for cervical cancer, substantially reduces
the risk of cervical cancer for the individual, and depending on sufficient uptake to
achieve herd immunity, vaccination provides a protective effect at a population level.
Differences in national HPV vaccination policies and uptake rates could influence the
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risk of cervical cancer at a population level. Historic HPV vaccination uptake rates in
Ireland compare favourably with those seen elsewhere. Reported HPV vaccination
rates range from 60% in New Zealand to 85.1% in the UK. The Irish HPV
vaccination uptake rate was 86.9% in the year 2014 to 2015, but dropped to 72.3%
in the year 2015 to 2016. There are reports of a further decline in uptake in 2016 to
2017 due to concerns about vaccine safety following high-profile negative publicity.
Whether uptake will drop further, stabilise at a lower rate, or return to the previous
high uptake rate is unknown.

While international practice in terms of cervical cancer prevention varies, due to
ongoing high uptake of an effective HPV vaccine that will lead to a reduced disease
prevalence, and good evidence to support primary HPV screening as a more
effective screening test, many organised programmes are moving to less intensive
screening based on primary HPV testing.

Future research and developments

Evidence continues to develop on the role of HPV infection and the potential benefits
of HPV vaccination and different cervical screening strategies in the prevention of
morbidity and mortality from cervical cancer.

There is evidence that following a negative primary HPV screening test, the
screening interval can be safely extended to six years. Further evidence has
emerged from a national screening programme that it is safe to extend the
screening intervals up to 10 years in women aged at least 40 years who are HPV
negative. Given that CervicalCheck was only established in Ireland in 2008,
extending the screening interval beyond five years was not considered appropriate
at this time. However, a potential extension of the screening interval should be
considered in the future when a five-yearly screening interval has been successfully
embedded and more evidence becomes available to support an extension to the
screening interval. Irrespective of the strategy adopted, close monitoring of the
number of interval cancers will continue to be required.

There is currently limited evidence about the performance of cytology or HPV testing
in women who have been vaccinated against HPV 16 and HPV 18 and as such have
a substantially reduced risk of cervical cancer. Evaluation of these data as they
become available will help to inform cervical screening programmes regarding the
optimal strategy for vaccinated women. This economic evaluation assumed use of
the bivalent or quadrivalent HPV vaccine, that is, a 70% reduction in the risk of
cervical cancer associated with vaccination against HPV 16 and HPV 18. Future
adoption of the nonavalent HPV vaccine (which protects against five additional
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strains of HPV) will further lower the risk of cervical cancer in vaccinated women and
will require re-evaluation of the potential benefits and harms of cervical screening.

It is noted that the quantity of data available for the various triage strategies was
less than that available for primary HPV screening, with few comparable trials. While
a number of the strategies appear to be advantageous with long term data to
support that they may be safely used within screening intervals typically used in
Ireland, data from ongoing trials will help to further inform the choice of triage test.

Triage strategies have been implemented in national cervical screening programmes
in an attempt to identify women’s individual risk of developing cervical cancer. This
risk-based approach to cervical screening could improve efficiency, but it also
increases complexity making it more challenging to maintain a high-quality screening
programme. CervicalCheck already has a comprehensive linked screening registry
and a call-recall based invitation system in place; both of which are prerequisites for
a risk-based approach to screening. It also has an established link to the national
HPV vaccination programme. This system will allow CervicalCheck to develop an
ongoing evaluation process for HPV risk-based screening, to validate the applicability
of the international data in the Irish setting and the long-term safety of HPV-based
strategies. Linking with the national HPV vaccination programme will also provide an
opportunity to evaluate the effectiveness of the vaccination programme. The first
cohort of schoolgirls vaccinated against HPV 16 and HPV 18 through this programme
will be eligible for CervicalCheck in 2018-2019.

The success of a cervical screening programme depends in part on maximising
participation in screening. In countries with long-established cervical screening
programmes, it is noted that the majority of cervical cancers occur in women who do
not participate in regular screening. Thus switching to primary HPV screening is not
expected to lead to a substantial reduction in cervical cancer rates, unless
participation in screening can be improved. There are limited data regarding
screening participation of women who have been vaccinated against HPV 16 and
HPV 18. These data provide conflicting evidence that attendance is higher and lower
than for unvaccinated women. Moreover, it is not known how extending the interval
between screenings will impact CervicalCheck’s coverage, with speculation that five-
year coverage could either improve or decrease. Ongoing monitoring of
CervicalCheck'’s coverage and also the number of interval cervical cancers observed
with a HPV-based screening programme will therefore be necessary.

Conclusions

Health technology assessment (HTA) supports evidence-based decision-making in
relation to making best use of resources in healthcare services. Measured investment
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and disinvestment decisions are essential to ensure that overall population health
gain is maximised, particularly given constrained healthcare budgets and increasing
demands for services provided.

Bearing in mind the estimates and assumptions that were used in this HTA, the
following conclusions may be drawn.

Evidence from a systematic review of randomised controlled trials carried out as
part of this HTA suggests that primary HPV screening is significantly more
sensitive than primary cytology screening, that is, it will result in fewer women
receiving a false negative result compared with cytology-based screening.
However, it would also result in more women receiving a false positive result,
therefore the triage of women who test positive for HPV is important to identify
those women at higher risk of precancerous abnormalities and early stage invasive
cervical cancer.

An economic evaluation was undertaken in order to determine the cost-effectiveness
and budget impact of changing to primary HPV screening in Ireland. Options for
triage were also assessed along with alternative screening intervals and age bands.
All options were assessed both in a cohort of women vaccinated against HPV 16 and
HPV 18 and in an unvaccinated cohort.

Taking into account the assumptions used in the economic model and the
uncertainty of the parameter values, changing to a strategy of primary HPV
screening followed by liquid-based cytology triage at five-yearly intervals for all
eligible women aged 25 to 60 years would improve the efficiency of the
CervicalCheck programme (that is, women would require fewer lifetime screens to
achieve similar benefits). This strategy provides comparable efficacy to the current
screening programme, and would lead to a net cost saving of up to €35 million over
the first eight years of its implementation (2018 to 2025). For women who have not
been vaccinated against HPV, this strategy is cost-effective at a willingness-to-pay
threshold of €20,000 to €45,000 per QALY.

For women not vaccinated against HPV a change to primary HPV screening followed
by liquid-based cytology (LBC) triage at five-yearly intervals for all eligible women
aged 25 to 60 years would be cost-effective at a willingness-to-pay threshold of
€20,000 to €45,000 per QALY.

For women who have only had access to organised screening from age 50,
consideration should be given to extending screening to age 65 years. While not
cost-effective, this would lead to improved clinical outcomes for this group. If
implemented, it would need to be combined with a targeted campaign to increase
the uptake of screening in those aged over 60 years.
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Consideration should also be given to providing three-yearly primary HPV screening
to women aged under 30 years who have not been vaccinated against HPV. While
not cost-effective, this would lead to improved clinical outcomes for this group.
Ongoing evaluation will be required to inform the future screening and surveillance
of these women.

Given their lower risk of developing cervical cancer, screening women vaccinated
against HPV at five-yearly intervals may not be cost-effective. However, given the
uncertainty about this cohort, screening at five-yearly intervals should continue while
giving consideration to increasing the screening interval as evidence emerges to
support the long-term effectiveness of screening women vaccinated against HPV.
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1 Introduction

1.1 Background to the request

In March 2015 the Health Information and Quality Authority (HIQA) agreed to
undertake a health technology assessment (HTA) in relation to proposed changes to
CervicalCheck — Ireland’s National Cervical Screening Programme. The formal
request for a HTA was made by CervicalCheck, which forms part of the Health and
Wellbeing Division of the Health Service Executive (HSE).

Noting the potential of the HTA to impact on a population of over one million
women, CervicalCheck highlighted emerging evidence of an opportunity to increase
the clinical effectiveness and cost-effectiveness of its organised screening
programme. Irish data from 2012 to 2014 indicate that the cumulative lifetime risk
(up to age 74) of a diagnosis of pre-invasive cervical cancer (cervical carcinoma /in
situ) was over 1 in 13 and 1 in 112 for a diagnosis of invasive cervical cancer. The
cumulative lifetime risk of death due to cervical cancer was 1 in 333.%)

There are two complementary approaches for the prevention of cervical cancer:

1. primary prevention through vaccination to prevent HPV (human
papillomavirus) infection,

2. secondary prevention through screening to detect and treat precancerous
abnormalities.

Persistent infection with HPV is a well-established cause of cervical cancer. Currently,
12 types of HPV are considered by the International Agency for Research on Cancer
(IARC) to be associated with a higher risk of cancer. Of these, HPV types 16 and 18
are responsible for approximately 70% of invasive cervical cancer cases worldwide,
and when combined with five additional oncogenic (cancer causing) types, account
for approximately 90% of invasive cervical cancer cases. A HPV vaccination
programme for girls targeting HPV 16 and HPV 18, as well as two non-carcinogenic
types (HPV 6 and 11), commenced in Ireland in September 2010.

Organised cervical screening programmes have reduced cervical cancer incidence
and mortality.”) Internationally, at population level, up to an 80% reduction in
mortality associated with cervical cancer has been achieved with organised
screening. The level of reduction is related to the coverage of the cervical screening
programme.® Organised screening programmes have been widely implemented in
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high-income countries. However, they vary considerably in their target ages, types
of screening test used, screening intervals and protocols.®

CervicalCheck, Ireland’s National Cervical Screening Programme, commenced in
September 2008 and is aimed at women aged 25 to 60 years. The programme uses
liquid-based cytology as the primary screening test. Eligible women aged 25 to 44
years are offered screening at three-year intervals and women aged 45 to 60 years
are offered screening at five-year intervals.

Over the last decade, evidence has emerged that using human papillomavirus (HPV)
testing as the primary screening method has a higher sensitivity for the detection of
precancerous abnormalities and early stage invasive cervical cancer than liquid-
based cytology. Evidence has also emerged of the potential to increase the
screening interval with a HPV-based testing programme. Technological advances in
the methods of detecting HPV now provide additional information regarding the
clinical relevance of an HPV infection. Another consideration is the issue of HPV
vaccination which reduces the risk of cervical cancer and decreases the efficiency of
cytology as a screening tool in a HPV-vaccinated cohort. The first cohort of
schoolgirls vaccinated against HPV through the national vaccination programme will
be eligible for CervicalCheck in 2018-2019. As the number of vaccinated women
increases, they will represent a growing proportion of those eligible for screening
through CervicalCheck.

In consideration of all of the above factors, other high-income countries such as
Australia, Italy, the Netherlands, New Zealand, Sweden and the UK, which have had
organised cervical screening in place for over 20 years, have recommended changes
to their screening programmes.® All have recommended implementing HPV testing
as the primary screening method. In January 2017, the Netherlands became the first
country with an organised cervical screening programme to fully transition from
primary screening with cytology to HPV testing.® Australia plans to transition in
December 2017 and New Zealand in 2018.) With the transition to HPV-based
testing, both countries will extend their current screening intervals from screening
every two and three years, respectively to screening every five years.

1.2 Terms of reference

This HTA was carried out to assess the impact of changing from a policy of using
liquid-based cytology (LBC) as the primary screening test (hereafter referred to as
primary LBC screening) to a policy of using HPV testing as a primary screening test
(hereafter referred to as primary HPV screening). The sequence of screening tests
including options for triage were assessed along with alternative screening intervals
and age bands, including both for HPV-vaccinated and unvaccinated cohorts.
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Based on the available evidence in this HTA, a decision will be made if there should
be a change in policy from using liquid-based cytology to using HPV testing as the
primary screening method for the prevention of cervical cancer. In consultation with
the National Screening Service, the Evaluation Team developed questions in relation
to the critical information required to inform such a decision. The evidence in this
HTA will inform the decision of the National Screening Service, the Health Service
Executive (HSE) and the Department of Health.

The Terms of Reference were to:

® describe the epidemiology of cervical cancer and HPV in Ireland

® examine the current evidence of efficacy and safety for HPV testing as a primary
screening method for the prevention of cervical cancer

® review the international literature on cost-effectiveness of HPV testing as a
primary screening method for the prevention of cervical cancer

= estimate the clinical implications and cost-effectiveness of HPV testing as a
primary screening test for the prevention of cervical cancer, including potential
changes to the screening interval, age ranges and test sequencing compared
with the current programme of liquid-based cytology screening

® estimate the resource implications and budget impact of HPV testing as a primary
screening test for the prevention of cervical cancer

® consider any wider ethical or societal implications that HPV testing as a primary
screening test for the prevention of cervical cancer may have for patients, the
general public or the healthcare system

® based on this assessment to advise on the optimal screening strategy for the
prevention of cervical cancer.

1.3 Overall approach

Following an initial scoping of the technology, the Terms of Reference of this
assessment were agreed between HIQA and CervicalCheck - Ireland’s National
Cervical Screening Programme.

HIQA convened an Expert Advisory Group comprising representation from relevant
stakeholders including the Department of Health, the National Cancer Control
Programme, National Cancer Registry, the National Screening Service, clinicians and
nurses with specialist expertise, a representative of a patient organisation and
international experts. The role of the Expert Advisory Group was to inform and guide
the process, provide expert advice and information, and to provide access to data
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where appropriate. A full list of the membership of the Expert Advisory Group is
available in the acknowledgements section of this report.

The Terms of Reference of the Expert Advisory Group were to:

= contribute to the provision of high-quality and considered advice by HIQA to the
Minister for Health

= contribute fully to the work, debate and decision-making processes of the group
by providing expert guidance, as appropriate

" be prepared to provide expert advice on relevant issues outside of group
meetings, as requested

® provide advice to HIQA regarding the scope of the analysis

® gsupport the Evaluation Team led by HIQA during the assessment process by
providing access to pertinent data, as appropriate

" review the project plan outline and advise on priorities, as required

" review the draft report from the Evaluation Team and recommend amendments,
as appropriate

= contribute to HIQA’s development of its approach to HTA by participating in an
evaluation of the process on the conclusion of the assessment.

HIQA appointed an Evaluation Team comprising staff from the Health Technology
Assessment Directorate to carry out the assessment. Professor Deirdre Madden,
Faculty of Law, University College Cork provided the ethical analysis.

The Terms of Reference of the HTA were reviewed by the Expert Advisory Group at
the initial meeting of the group. Draft findings regarding the clinical and cost-
effectiveness of HPV testing as a primary screening method for the prevention of
cervical cancer were discussed at subsequent meetings of the Expert Advisory Group
along with considerations regarding the organisational, social and ethical implications
of a change to the cervical screening policy. Draft versions of the report were
circulated on several occasions to the Expert Advisory Group with amendments
made, as appropriate. This final draft was submitted to the Board of HIQA for
approval. The completed assessment was submitted to the National Screening
Service, the HSE and the Minister for Health as advice and published on HIQA’s
website.
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2 Description of the technology

Cervical cancer is associated with persistent infection with oncogenic types of human
papillomavirus (HPV). The natural history of cervical cancer in immunocompetent
women is one of a very slow progression from infection to pre-cancer to invasive
cancer. The long period of time between pre-cancer and cancer (10 to 20 years)
offers opportunities to screen, detect and treat precancerous abnormalities thereby
avoiding progression to invasive cancer.

Given the aetiology and natural history of cervical cancer, there are two
complementary approaches for its prevention:

1. primary prevention through vaccination to prevent HPV infection

2. secondary prevention through screening to detect and treat precancerous
abnormalities and early stage invasive cervical cancer.

Tests used in cervical screening include those designed to identify precancerous
abnormalities and early stage invasive cervical cancer, and those intended to detect
the presence of HPV infection. This chapter will provide an overview of the principles
of screening and a brief description of the screening technologies used for the
prevention of cervical cancer. HPV vaccination is discussed in terms of its relevance
to the prevention of cervical cancer. An overview of current Irish and international
policies for the prevention of cervical cancer is also provided.

2.1 Screening

Screening is a form of secondary prevention. Its aim is to reduce the impact of a
disease or injury that has already occurred. A cervical screening programme aims to
reduce the incidence, morbidity and mortality from cervical cancer through early
detection and treatment of precancerous abnormalities and early stage invasive
cervical cancer. Vaccination, and its relevance as a primary preventive measure for
cervical cancer, is discussed in Section 2.2.

Screening is typically applied to a large, apparently healthy population at risk for a
given disease. Population-based cancer screening programmes allow systematic
testing of a defined population, who have no symptoms of the disease and who may
feel otherwise healthy for precancerous abnormalities and cancer. In contrast to
opportunistic testing, organised screening programmes can achieve greater equity in
screening access and are a more efficient use of healthcare resources by ensuring
that all individuals at risk are targeted within the most appropriate timeframe.® The
European Code Against Cancer advocates participation in organised screening
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programmes for bowel, breast and cervical cancer. They highlight that in addition to
improving equity of access and efficient use of healthcare resources, organised
screening programmes provide better conditions for ensuring that quality assurance
guidelines for screening are followed in order to achieve the greatest benefit with
the least harm.® In 2004, the International Agency for Research on Cancer (IARC)
estimated that well-organised cervical screening programmes incorporating cytology-
based screening at three-to-five year intervals for women aged 35 to 64 years would
reduce the incidence of cervical cancer by at least 80% among those screened.®

Screening tests are not 100% accurate. Coupled with the fact that the disease could
develop at any time, this means that screening programmes require regular defined
screening intervals. Screening intervals are based on a balance of over- and under-
screening to minimise any associated risks or harms. Although screening can reduce
the risk of developing or dying from a disease, it does not guarantee that the
disease will not occur or, that if it occurs, it can be cured.?

Interval cancers are those that develop in the interval between routine screenings
for that cancer. In the context of cervical screening, a woman is considered to have
an interval cancer if a primary cervical cancer is diagnosed within three and a half
years of her last negative screening test when on three-yearly screening interval, or
within five and a half years if on a five-yearly screening interval.*") Screening may
result in overtreatment, that is, where precancerous abnormalities are identified and
treated when, in the absence of treatment, they would never have developed into
invasive cancer.

There is also a risk that screening will identify abnormalities which do not require
treatment but which warrant surveillance, potentially contributing to stress and
anxiety. Furthermore, there is a risk of both false negative and false positive test
results with any screening programme. False negative test results may cause women
and clinicians to be falsely reassured that no precancerous changes exist. False
positive test results can lead to unnecessary referral and possible overtreatment.
Ethical considerations in relation to screening are discussed in detail in Chapter 7.

The key features of any screening programme are that:

® jt identifies individuals at sufficiently high risk of disease for whom further
investigation or direct therapy is warranted. Typically, a positive screening test is
a precursor to a confirmatory diagnostic test

" it is systematically offered to a target population who are asymptomatic and have
not sought medical attention for the disease of interest

" the benefits outweigh the harms.®
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The extent to which harms outweigh benefits is subject to a variety of factors
including the characteristics of the screening test, the prevalence of disease in the
screened population, and the risk of disease progression if untreated. The
effectiveness of a cervical screening programme to reduce the incidence and
mortality of cervical cancer depends then on a range of factors including the:

®  participation rate

® gsensitivity of the screening test

® compliance with follow up

" gsensitivity of triage and diagnostic work-up

® natural history of the disease (rate of onset of precancerous abnormalities,
progression and regression rate of precancerous abnormalities, distribution of
sojourn times)

® screening policy (target age group, screening interval, clinical thresholds for
follow up and treatment)

= efficacy of treatment of screen-detected abnormalities.*?

For many diseases, factors such as test accuracy, prevalence and disease
progression may vary with age. Important considerations in the design of any
screening programme therefore include:

® the age at which screening should start (sufficient prevalence of the condition to
justify screening)

® the age at which screening should stop (insufficient prevalence, low risk of
disease progression, or limited benefit due to life expectancy)

® which test or tests to use in screening (diagnostic test accuracy)

® the interval between screening rounds (risk of disease progression, diagnostic
test accuracy).

Diagnostic test accuracy reflects the performance characteristics of a screening test
and describes how well the test discriminates between those who do, and do not
have the disease. To determine the accuracy of a new test, its performance must be
compared with that of a ‘gold standard’ diagnostic test, which in the case of cervical
cancer is by histological* confirmation of one or more diagnostic punch biopsies
obtained during colposcopy. As illustrated in Table 2.1, individuals are classified
according to whether the screening test is positive or negative, and whether the
‘gold standard’ is positive (disease present) or negative (disease absent).

i Histology is the study of the microscopic structure of tissues.
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Table 2.1 Relationship between a screening test result and the
occurrence of disease

True disease status*

Disease present Disease absent
Test result | Positive True positive (group a) False positive (group b)
Negative | False negative (group c) True negative (group d)

X As determined by the ‘gold standard’ diagnostic test

Sensitivity is the ability of a screening test to accurately identify those who have the
disease, that is, the proportion of the people with the disease who have a positive
test result. As per Table 2.1, sensitivity is calculated as a/(a+c). The specificity of a
screening test is its ability to correctly identify those who do not have the disease,
that is, the proportion of the people without the disease who have a negative test
result. As per Table 2.1, specificity is calculated as d/(b+d). While it is desirable to
have a test that is both highly sensitive and highly specific, this is not usually
possible and there is a trade-off between sensitivity and specificity. Changing the
cut-off point between a positive and negative screening test result changes its
sensitivity and specificity.

2.1.1 Screening technologies

A range of tests have been used in cervical screening programmes. Traditional
screening tests are designed to identify precancerous abnormalities and invasive
cervical cancer. Newer screening tests are designed to detect the presence of certain
subtypes of the HPV virus which are necessary for the development of most cervical
cancers. The various screening tests are described in this chapter, while their clinical
performance (sensitivity and specificity) is assessed in detail in Chapter 4. The
epidemiology of cervical cancer is discussed in detail in Chapter 3, however it is
important to note that not all histological subtypes of cervical cancer can be
prevented by screening.

Cytology screening is most effective against squamous cell carcinoma of the cervix
and is less protective against precursors of adenocarcinoma, which are difficult to
detect as well as difficult to treat.*® Squamous cell carcinoma of the cervix is the
most common histological type of invasive cervical cancer; accounting for over 76%
of invasive cervical cancers diagnosed in Ireland between 1994 and 2012.
Adenocarcinoma accounted for just over 15% of cases. Currently, screening does
not protect against rarer types of invasive cervical cancer such as neuroendocrine
cervical cancers.
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2.1.1.1 Conventional cytology

Conventional cytology for the identification of invasive cervical cancer was developed
in the 1920s by Papanicolaou and Babes.® The test was subsequently refined for
use in identifying high-grade precancerous abnormalities. Cytology aims to identify
the presence of a cervical abnormality through the observation of abnormal cervical
cells in the test sample. Further diagnostic tests are required to confirm if the
abnormality is a precancerous or cancerous one.

The test, also known as a Pap test or Pap smear, is carried out by scraping the
cervix with a spatula to collect a cell sample. The area on the cervix which
represents the site where most cervical cancers and abnormalities are detected is
called the transformation zone and it is important that cells from this area are
sampled. The exfoliated cells are smeared onto a glass slide and fixed using alcohol
or a specially formulated fixative spray to prevent air drying which obscures cellular
detail and hinders interpretation. The slide is then sent to a pathology laboratory for
staining and microscopic assessment. The smear test is regarded as a safe
procedure. Adverse events are limited, with some women experiencing discomfort or
minor bleeding that resolves spontaneously.

In the laboratory, the pathologist classifies the result based on the appearance of
the cells, in particular the nuclei. The terminology has changed over the years with
the description of these abnormal cells as dyskaryosis, dysplasia or squamous
intraepithelial lesions. A number of cytological classification systems have been
developed over the last 60 years, including; the Papanicolaou system (1954), World
Health Organization terminology (1973), the British Society for Clinical Cytology
(BSCC) classification (1986) and the Bethesda System (1988).(9) These classification
systems have been modified in line with increasing understanding of the relationship
between precancerous abnormalities and invasive cervical cancer. The current
classification systems partially map onto each other (Table 2.2). The Bethesda
system is used in most countries, apart from the UK which uses the BSCC
classification. CervicalCheck — Ireland’s National Cervical Screening Programme
currently uses the Bethesda system to classify cytological findings and cervical
intraepithelial neoplasia (CIN) terminology to classify histological findings.

As noted, the epidemiology of cervical cancer is discussed in detail in Chapter 3.
However, to provide context for how the results of the diagnostic tests are reported,
a brief summary of the pathological changes are also included here to aid clarity.

Squamous cell abnormalities occur in the ectocervix, the vaginal section of the
cervix, which is covered by squamous epithelium. Glandular abnormalities occur in
the endocervical canal which is lined by columnar or glandular epithelium. Most
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cervical cancers develop from abnormal epithelial changes which arise in an area of
the cervix called the transformation zone. Where these abnormal changes arise in
squamous epithelium, they are reported as cervical intraepithelial neoplasia (CIN).
The degree of CIN is determined by the location within the epithelium of these
abnormal cells. CIN 3 refers to abnormal cells present throughout the full thickness
of the epithelium; CIN 2 if the abnormal cells are present in two thirds of the
epithelium; and CIN 1 if they are present in the lower one third only. Less
frequently, the abnormalities arise in glandular epithelium. These cases are reported
as cervical glandular intraepithelial neoplasia (CGIN) or Adenocarcinoma in Situ
(AIS). Findings from the histological examination of biopsy specimens obtained in
colposcopy are reported in terms of the degree of CIN in the tissue.

The diagnostic test accuracy of conventional cytology has been evaluated in a
number of studies and summarised by the IARC.) The reported sensitivity in the
detection of CIN 1+ ranged from 40% to 86%, and the reported specificity ranged
from 62% to 98%. A high specificity indicates a good ability to accurately exclude
those that do not have disease (that is, few false positives); however, the moderate
sensitivity reported indicates a lower ability to accurately detect abnormalities, and a
higher likelihood of false negatives. Screening using conventional cytology therefore
involves rescreening at regular intervals to increase the likelihood of detecting
precancerous abnormalities during the long pre-invasive stage of squamous cell
carcinoma on the cervix.

10
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Table 2.2 Conversion table for different cytological classification systems® 1)

WHO terminology

BSCC classification

Bethesda system

Negative

Negative for intraepithelial lesion or malignancy

Inadequate

Unsatisfactory for evaluation

Benign cellular changes

Borderline nuclear abnormalities
(includes koilocytosis)

Atypical squamous cells of undetermined
significance (ASC-US)

Atypical glandular cells (AGC) (specify
endocervical, endometrial or not otherwise
specified)

Atypical squamous cells, cannot exclude HSIL
(ASC-H)

Mild dysplasia

Mild dyskaryosis

Low-grade squamous intraepithelial lesion (LSIL)

Moderate dysplasia

Moderate dyskaryosis

High-grade squamous intraepithelial lesion (HSIL)

Severe dysplasia

Severe dyskaryosis

HSIL

Carcinoma in situ

Severe dyskaryosis/query
squamous cell carcinoma

Query squamous cell carcinoma

Endocervical dysplasia

Borderline nuclear abnormalities
(glandular)

Atypical glandular cells (AGC)/ Atypical glandular
cells favouring neoplastic process (AGH)

Adenocarcinoma in situ

Query glandular
neoplasia/adenocarcinoma in
situ (AIS)

Query glandular neoplasia/adenocarcinoma in situ
(AIS)

WHO: World Health Organization

11
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2.1.1.2 Liquid-based cytology

Liquid-based cytology (LBC) was introduced in the mid-1990s as a means to improve
cytology test performance. The sample is collected in a similar manner to that for
conventional cytology but using a brush instead of a spatula. LBC eliminates the
need for bedside preparation of the cytological specimen. Instead, the head of the
brush containing the cells is broken or rinsed into a vial containing liquid
preservative solution. The sample is then sent to a specially equipped laboratory for
processing, using one of the commercially available LBC systems. Two of the most
widely used and best-characterised systems are ThinPrep® and SurePath™. These
use different technical methods for processing the cells before they are placed on a
slide. ThinPrep® uses a cell filtration system to eliminate contaminating cells,
whereas SurePath™ uses density gradient centrifugation; in each case the separated
epithelial cells are ultimately transferred to a glass microscopic slide for review by a
cytologist. 1014

Suggested benefits of LBC over conventional cytology include

® a more representative transfer of cells from the collection device to the glass
slide,

® uniform spread of epithelial cells in a thin layer facilitating microscopic
interpretation,

= fewer unsatisfactory cytology specimens, availability of residual cellular
material for making additional glass slides or subsequent molecular testing
(for example HPV testing),

® and potential for automation including the use of automated image analysis.

Automated image analysis allows the cytologist to be directed to the area on the
slide that is most likely to contain abnormal cells, reducing both the time to read a
slide and, potentially, detection error.® ¥ While there is evidence of fewer
unsatisfactory samples and a 30% reduction in the average duration of microscopic
interpretation, a 2008 systematic review by Arbyn et al. concluded that LBC is
neither more sensitive nor more specific than conventional cytology.™®

The use of LBC in lieu of conventional cytology has been assessed in a number of
economic analyses with cost-effectiveness dependent on the inadequacy rates for
conventional cytology and the relative cost of LBC technology. LBC systems typically
require proprietary sampling tools, fixatives, and preparation devices which increase
the unit cost of tests compared with that of conventional cytology. In a systematic
review of the economic literature, Mendes et al. reported that LBC was
recommended in 18 of 27 economic analyses, eight recommended conventional
cytology, and findings from one study was equivocal.*> The comparative

12
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effectiveness of cytology and HPV testing as a primary screening tool is assessed in
Chapter 4.

2.1.1.3 HPV testing

There are over 100 different types of HPV, about 40 of which are found to infect the
genital tract. Some of these, collectively referred to as the ‘oncogenic types’, have
been linked to the development of precancerous abnormalities and invasive cervical
cancer. Infection with HPV is necessary, but not sufficient for the development of
invasive cervical cancer. Benign cellular changes (see Table 2.2.) and mild low-grade
cytological abnormalities may occur after an acute HPV infection, but approximately
90% will regress without any treatment.!® However, persistent HPV infection may
lead to high-grade cytological abnormalities, a proportion of which will progress, if
not treated, to invasive cervical cancer over a period of 10 to 20 years.

Twelve HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59) are considered by
the International Agency for Research on Cancer (IARC) to be carcinogenic (class I)
and associated with a higher risk of progression to malignancy; these are often
referred to by the acronym, ‘*hrHPV".*”) HPV 16 and HPV 18 are associated with
approximately 70% of squamous cell carcinomas.*® When combined with HPV 45,
they are associated with approximately 85% of adenocarcinoma cases.**) HPV 16,
HPV 18 and HPV 45 combined with four additional oncogenic types (31, 33, 52, 58)
account for approximately 90% of all invasive cervical cancer cases.®” HPV 66 is
classified as probably carcinogenic (Group 2A) by the IARC, while 12 other types are
considered possibly carcinogenic (Group 2B).*” The association between HPV
infection and invasive cervical cancer is discussed in more detail in Section 3.6 of
Chapter 3.

The HPV genome can be accessed from exfoliated cells. This allows HPV testing to
be performed on cells from a cervical sample collected using a specific swab or on
the residual cells of a LBC sample.®® A conical brush is used to collect a sample of
cells from the outer opening of the cervix at the transformation zone, similar to the
practice with LBC. Once a sample has been retrieved, the specimen is transferred to
a collection tube and then transported to a laboratory where it can be stored for a
number of months. The ThinPrep® LBC test currently used by CervicalCheck is
suitable for residual testing for HPV. HPV testing is suitable for self-sampling, which
can be useful in resource-constrained settings to improve uptake in populations with
low uptake or that are otherwise hard-to-reach.®

There are a number of different methods available for HPV testing. The two most
common are nucleic acid amplification techniques (NATs) and signal amplification. In
the case of the latter, RNA probes are used to hybridise the viral deoxyribonucleic

13
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acid (DNA). The HPV RNA/DNA hybrids are then identified by a secondary capture
system which ultimately yields a light signal (recorded in relative light units [RLUs]),
the intensity of which relates to the viral load. The standard cut-off used is one RLU.
Nucleic acid amplification techniques are heterogeneous in respect of the
amplification chemistry, the particular HPV gene targeted, the molecule amplified
(DNA or RNA) and the detection range (HPV type-specific or broad spectrum).?

The Hybrid Capture 2 (HC2) HPV DNA assay (Qiagen), which uses signal amplification,
was the first to become commercially available.®? It identifies 13 HPV types (16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68). The GP5+/6+ PCR-enzyme
immunoassay (EIA) is a nucleic acid amplification assay that identifies 14 HPV types
(the same types targeted by HC2, plus HPV 66). These and other first-generation HPV
assays detect HPV in aggregate (pooled positive or negative finding) and do not
specify the particular genotype or genotypes detected.

The HPV E6, E7 mRNA assay is an in vitro diagnostic test to detect precancerous
changes in cervical cells. Following HPV infection, overexpression of the E6, E7 viral
oncogenes which produce the oncoproteins responsible for the abnormal cellular
changes are a key feature of neoplastic progression. The test is conducted using
residual cellular material collected during LBC screening. The test provides both a
quantitative measure of the expression of the E6 and E7 oncogenes, and the
proportion of cells exhibiting neoplastic change. Genetic information is transferred by
messenger RNA (mRNA) to the cellular sites of protein synthesis.*® The presence of
mRNA transcripts of the E6 and E7 oncoproteins can be detected by reverse-
transcriptase PCR or nucleic acid sequence—based amplification, with higher mRNA
expression being associated with increasing disease severity.¥

There is evidence that tests to identify HPV mRNA have a similar sensitivity and may
have a higher specificity than HPV DNA tests.®® The APTIMA HPV assay targeting
E6/E7 mRNA of HPV has been fully validated and, once longitudinal data are
available, can be considered as acceptable for primary screening.®®

In 2009, an international expert committee proposed criteria for the validation of
HPV assays in the context of primary screening for cervical cancer. It required that
new tests should be highly reproducible and at least as accurate as the HC2 or
GP5+/6+ PCR-EIA assay (defined as a relative sensitivity and specificity of >0.90
and >0.98, respectively to detect CIN 2+in a screening cohort aged 30 or older).*”
A 2015 review identified at least 193 commercial HPV tests, representing a more
than 50%growth in number compared with 2012. Despite the exponential growth
rate, only 35% of the tests were identified as having performance evaluations
published in peer-reviewed literature.® Only a limited number of these tests are
considered clinically validated for use.*”

14
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HPV testing is indicated for primary cervical screening in selected age groups, in
triage of women with borderline or low-grade cytological abnormalities, and as
follow up to the treatment of high-grade histological abnormalities (so called ‘test of
cure”).®® CervicalCheck introduced HPV testing post treatment at colposcopy in 2012
and has used HPV testing in the triage of low-grade cytological abnormalities since
May 2015. In both these scenarios, HPV testing differentiates between those that
do, and do not have HPV. Women who are HPV negative following assessment in
colposcopy are at very low risk of developing invasive cervical cancer during the next
three years and can be returned to routine screening in three years (see Appendix

1).

In primary screening, there is strong evidence that compared with cytology, HPV
testing is associated with a higher sensitivity for CIN 2+ and CIN 3+ and that the
cumulative incidence of CIN 3+ in the second round of screening is significantly
lower in HPV-negative compared with cytology-negative women.®® Other reported
advantages for HPV testing compared with cytology include higher reproducibility,
and ability to be easily automated and centralised, which facilitates laboratory
specimen throughput and quality assurance.®” The efficacy and safety of HPV
testing both as a primary screening test is reviewed in detail in Chapter 4.

2.1.1.4 HPV partial genotyping

While HPV DNA tests can be used to identify HPV infection, they do not provide
information on which HPV types are present. The use of genotype-specific
information for HPV potentially provides additional risk stratification in HPV-positive
women due to the marked difference in risk of precancerous abnormalities and
invasive cervical cancer with the various HPV types. This is of particular relevance in
the detection of HPV types 16 and 18, as prognostic studies have shown that they
are associated with a higher risk of developing high-grade histological abnormalities
than other oncogenic HPV types. %32

Novel HPV tests, with the capacity for concurrent or reflex partial genotyping, have
been developed that detect the main HPV genotypes and distinguish those such as
HPV 16 and HPV 18 which are associated with highest oncogenic potential. As with
the HPV screening tests described in Section 2.1.1.3 above, only a limited number of
the available tests are considered clinically validated for use.!”> For example, the
Roche Cobas 4800 HPV test is a quantitative test that specifically identifies HPV 16
and HPV 18, while concurrently detecting the presence or absence of 12 additional
HPV genotypes (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68).

Use of partial genotyping is indicated in the triage of women who are HPV-positive
and cytology-negative. Positivity for either HPV 16 or HPV 18 may warrant an earlier
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referral to colposcopy because of the higher risk associated with these genotypes. As
women who are vaccinated against HPV types 16 and 18 will form an increasing
proportion of the screened population over time, the utility of HPV 16 and HPV 18
genotyping will decline as the prevalence of these genotypes decreases.

Full genotyping HPV DNA tests are also commercially available, which allow all of the
hr-HPV genotypes to be distinguished in a single test.> These are not currently
used in screening applications, and may be more suitable for use in vaccine
development and epidemiological studies.

2.1.1.5 Molecular biomarkers

As noted in Section 2.1.1.5, HPV testing is indicated for triage of low-grade
cytological abnormalities. However, while the tests can indicate the presence of HPV
and potentially the specific HPV genotype, they cannot distinguish between transient
acute infection of minor clinical relevance and transforming infection. When used as
a triage tool for women with low-grade cytological abnormalities, a substantial
proportion of women are still referred unnecessarily to colposcopy. New molecular
biomarkers have therefore been proposed for the management of HPV-positive
women.

Following HPV infection, overexpression of the E6and E7 viral oncogenes which
produce the oncoproteins responsible for the abnormal cellular changes are a key
feature of neoplastic progression. The activation of E6 and E7 can be detected
indirectly by identifying the accumulation of the p16™* protein in the cell. This
p16™4 protein has been identified as a surrogate marker of transforming infection.
In normal cells it is expressed at a very low level and is almost undetectable by
immunochemistry; in dysplastic cells (see Table 2.2), it is strongly overexpressed
with upregulation of the protein reported to be significantly correlated with the
increasing severity of the abnormalities. Use of p16™<* protein may help improve
selection of women positive for HPV who are at higher risk of progression to invasive
cervical cancer. P16™%* has been reported to be a sensitive and specific biomarker
of high-grade squamous cell and glandular cell abnormalities (AGH and AIS).®® The
Ki-67 protein has also been identified as a proliferation marker. Combined
p16™K*/Ki-67 cytology can increase the specificity of diagnosis of high-grade
squamous cell and glandular cell abnormalities compared with HPV tests alone.®¥
For women with low-grade cytological abnormalities, p16™<** immunocytochemistry
has been found to have improved accuracy (similar sensitivity, higher specificity) in
the triage of ASCUS and in the detection of high-grade histological abnormalities
(such as CIN 2+) compared with HPV testing, and to be more specific, but less
sensitive in triage of low-grade cytological abnormalities (such as LSIL]).%
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Although not used in cervical screening programmes at present, p16™<*/Ki-67
staining may be adopted in the future. These tests may be used as a primary
screening test, in combination with, or as a replacement for other triage tests (for
example, HPV testing or repeat cytology) to guide colposcopy or biopsy referral in
women who have had a positive or equivocal primary screening test. Of note,
however, combined use of p16™¢* and the Ki-67 counterstain may result in
differences in the sensitivity and specificity to that reported for p16™¢* in isolation,
and in the absence of validation studies should not be considered interchangeable.
The CINtec p16™* cytology test, upon which evidence of p16™* as a triage test
following primary HPV screening is based, has been replaced by the CINtecPLUS test
kit which allows for dual staining for the proliferation marker, Ki-67.3>

2.1.1.6 Colposcopy

Colposcopy is a procedure to examine an illuminated, magnified view of the cervix
and the tissues of the vagina and vulva for evidence of abnormalities. Solutions such
as normal saline, dilute acetic acid and Lugol’s iodine are applied in sequence to the
cervical epithelium. Abnormalities are graded according to acetowhiteness, margins,
blood vessels, and iodine uptake. The assessment relies on pattern recognition to
differentiate between normal and abnormal tissue, as well as between grades of
abnormality. It facilitates the collection of colposcopically directed biopsies to
confirm the presence or absence of a precancerous abnormalities or invasive cervical
cancer, as well as colposcopically directed treatment.® When an abnormality is
suspected at colposcopy, a diagnostic punch biopsy is recommended to confirm the
diagnosis histologically.

The use of colposcopy in primary screening has typically been as a tool to guide
collection of cytology specimens. Constraints to its use as a primary screening tool
include the absence of evidence that it contributes to improved cervical screening test
quality (when used in conjunction with cytology), high cost relative to cytology
obtained through conventional smear taking, resource constraints in terms of the
availability and accessibility of adequately trained colposcopists, and low specificity due
a lower ability of colposcopy to detect glandular abnormalities.® Studies evaluating the
diagnostic test accuracy of colposcopy are subject to substantial bias, as the ‘gold
standard’ test is an examination of histology. As the histological samples are collected
during colposcopy, it is not possible to get a fully independent assessment.

Indications for colposcopy include: a positive screening test result; a suspicion
regarding the appearance of the cervix on clinical examination; the presence of
clinically apparent leukoplakia; and an increased risk of invasive cervical cancer. Risks
associated with colposcopy include psychological distress, which is typically short term,
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and physical effects including pain, bleeding and vaginal discharge which may be
associated with ablation or excisional treatment performed during colposcopy.®

Quality assurance of colposcopy services is essential to ensure optimal management
of women with detected smear test abnormalities and to assure accurate diagnosis
and effective treatment. CervicalCheck - Ireland’s National Cervical Screening
Programme publishes an annual report which confirms their adherence to stated
organisational and clinical quality assurance standards that are compliant with
internationally agreed best practice (www.CervicalCheck.ie).(*V

2.1.2 Sequence of tests

A primary screening test is not designed to provide a diagnosis, but rather to identify
potential cases which require further testing. Cytology is used to identify cellular
abnormalities. The presence or absence of precancerous abnormalities or invasive
cervical cancer is generally confirmed through histology review of biopsies taken
during colposcopy. HPV testing, on the other hand detects the presence of HPV
infection. The presence of HPV infection is distinct from the identification of
precancerous abnormalities or invasive cervical cancer. Hence, further testing is
required to determine if infection with HPV has led to the development of cytological
abnormalities and, if so, to determine if they are precancerous abnormalities or
invasive cervical cancer.

Screening may be based on a single or multiple tests. In most cervical screening
programmes, a single primary test is used followed by a triage test. For example,
the primary test may be cytology which can be followed by repeat cytology, HPV
testing, or both for those with low-grade cytological abnormalities. Those with high-
grade cytological abnormalities are referred immediately to colposcopy. For the
triage group, a second positive test would indicate the need for referral to
colposcopy. Repeat cytology requires the woman to make a second visit and may
result in substantial loss to follow-up, whereas HPV testing as a triage test can be
carried out on residual cell matter from the original LBC sample.®® As noted in
Section 2.1.1.3, women with low-grade cytological abnormalities who are HPV
negative are at very low risk of developing CIN 3 within the next three years and
may be returned to routine screening. Similarly, concerns about overdiagnosis with
primary HPV testing (due to its lower cross-sectional specificity for high-grade
abnormalities compared with cytology) can be managed through triage of HPV-
positive women with cytology, partial genotyping or potentially use of a molecular
biomarker such as p16™%*/Ki-67. Both the primary and triage test can be
undertaken using the same sample, so only one visit is required by the woman.
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Women who are referred to colposcopy either enter surveillance for a period or
return to routine screening, depending on the clinical findings and the results of HPV
testing and histopathology. For example, surveillance is indicated for women
identified as having CIN 1 at colposcopy. These women are offered combined
cytology and HPV testing at 12 months (in the colposcopy clinic). If hrHPV is
detected or the cytology indicates high-grade abnormalities, these women will have
repeat colposcopy and treatment, if required.”

2.2 Vaccination

HPV infection is commonly found in the anogenital tract of men and women with and
without clinical abnormalities. The aetiological role of HPV infection among women
with invasive cervical cancer is well established, as HPV infection is thought to cause
the vast majority of cervical cancer cases. Persistent HPV cervical infection results in
cervical morphological changes ranging from normal findings to various stages of
precancerous abnormalities to invasive cervical cancer.®’

HPV vaccines that prevent against certain high-risk strains of HPV are now available
and have the potential to reduce the incidence of cervical and other HPV-related
cancers. Worldwide, HPV 16 and 18 contribute to 70% of squamous cell carcinoma
cases'® with HPV 31, 33, 35, 45, 52 and 58 accounting for an additional 20% of all
cases of squamous cell carcinoma. HPV 16, HPV 18 and HPV 45 are associated with
approximately 85% of adenocarcinoma cases.® The burden of HPV infection in
Ireland is discussed in Chapter 3.

2.2.1 Vaccines

As of February 2016, two vaccines are licensed and marketed for use in Ireland to
prevent HPV infections: a bivalent vaccine Cervarix®, produced by GlaxoSmithKline
(licensed in September 2007) which contains HPV 16 and 18 antigens;®® and a
quadrivalent Gardasil®, produced by Sanofi Pasteur MSD (licensed in September
2006) which contains HPV 6, 11, 16 and 18 antigens.®® A summary of the key
characteristics of these vaccines including the indications for which they are
currently licensed is included in Table 2.3.

In June 2015, the European Medicines Agency approved a nonavalent vaccine
produced by Sanofi Pasteur MSD, Gardasil 9® that is directed against nine HPV types
(6, 11, 16, 18, 31, 33, 45, 52 and 58). It is indicated for prevention of the following
conditions associated with the nine HPV sub-types: cervical, vulval and vaginal
cancers and precancerous abnormalities in girls, and prevention of anal cancers and
anogenital warts in both girls and boys.“*? These nine HPV types are associated with
almost 90% of precancerous abnormalities and invasive cervical cancers.
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Table 2.3 Summary of key characteristics of the licensed HPV vaccines
available in Ireland, Cervarix® and Gardasil®

Characteristic Cervarix® Gardasil®
Manufacturer GlaxoSmithKline Sanofi Pasteur MSD
Antigens Bivalent vaccine Quadrivalent vaccine
HPV types 16, 18 HPV types 6,11,16,18
Population Girls and boys =9 years Girls and boys >9 years

Therapeutic
Indications

Prevention of Premalignant anogenital Premalignant anogenital
the following (cervical, vulval, vaginal (cervical, vulval, vaginal and
conditions and anal) lesions anal) lesions

causally related ;| cancer Cervical cancer

to certain

oncogenic HPV Anal cancer Anal cancer

types

Prevention of anogenital
warts (condyloma
acuminata) causally related
to specific HPV types

YReference: Summary of Product Characteristics — www.medicines.ie accessed 01/09/2016% 39
http://www.hse.ie/eng/health/immunisation/hcpinfo/guidelines/chapter10.pdf“?

2.2.2 Efficacy and safety

A high concentration of antibodies to the bivalent and quadrivalent vaccines up to 10
years post-vaccination and a strong anamnestic response post booster with the
quadrivalent vaccine indicate that antibodies to HPV vaccines are likely to persist for
decades.** **) Evidence of a sustained reduction in the prevalence of HPV 16 and 18
has been reported in population-level studies of partly vaccinated cohorts.**%®) A
2015 systematic review by Drolet et al. found that in countries with female
vaccination coverage of at least 50%, the prevalence of HPV 16 and 18 infections
decreased by 68% (RR 0.32, 95% CI: 0.19 to 0.52) among girls aged 13 to 19 years
between the pre- and post-vaccination periods.*¥ Scottish population-level data
have demonstrated a decline in the prevalence of HPV genotypes 16 and 18 in both
vaccinated and unvaccinated women in women aged 20 to 21 years.*> Evidence of
cross-protection against other HPV virus genotypes has also been found with
significant reductions recorded in HPV genotypes 31, 33 and 45.44
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The efficacy of HPV vaccination in protecting against cervical abnormalities has been
demonstrated. Compared with non-vaccinated women, a Danish study showed that
those vaccinated had statistically significant reductions in risk of up to 60% for
atypical squamous cells of undetermined significance (ASCUS) or worse, and up to
an 80% reduction in risk of high-grade histological abnormalities.*” Similarly a
Belgian study found that compared with non-vaccinated women, vaccination was
associated with significant protection versus the HPV types included in the vaccines,
as well as cytological and histological precancerous abnormalities associated with
HPV 16 and HPV 18. Vaccine efficacy is noted to decline with increasing age. This
may be explained by an increasing likelihood of pre-vaccination exposure to HPV.“*®

There is also evidence that vaccination has a protective effect against cervical
abnormalities and anogenital warts at a population level.*”? Scottish population-level
data demonstrate a reduction in diagnoses of CIN 1 (RR 0.71, 95% CI: 0.58 to
0.87), CIN 2 (RR 0.5, 95% CI: 0.4 to 0.643) and CIN 3 (RR 0.45, 95% CI: 0.35 to
0.58) in both vaccinated and unvaccinated women aged 20 to 21 years associated
with high uptake of the HPV vaccine during a catch-up campaign.*® Similarly, the
impact of a population-wide girls-only quadrivalent vaccination programme has been
demonstrated in Australia, where a national vaccination programme began in 2007
for girls aged 12 to 13 years (with catch-up provided to age 26 until December
2009). By 2011, a 93% reduction in anogenital wart diagnoses (in women up to 21
years of age)®® and a 38% reduction in the incidence of high-grade histological
abnormalities (in girls less than 18 years of age) were observed.®Y The 82%
reduction in anogenital wart diagnoses observed in heterosexual men was attributed
to herd immunity.®® Evidence of protection against anogenital warts through herd
immunity has also been observed in other population studies with female vaccination
rates of at least 50%.*?

Data on the safety profile of the quadrivalent vaccine (Gardasil) have been reviewed
by the World Health Organization (WHO) Global Advisory Committee for Vaccine
Safety (GACVS) and by the European Centre for Disease and Control (ECDC) who
have concluded that it is generally safe and well tolerated.®% *® In common with
most vaccines, the most frequent reported side effects are mild, temporary reactions
including local redness and or swelling at the point of injection, headache, nausea
and fever. No deaths have been attributed to the vaccine, and while serious
incidents have been reported occurring weeks and months after vaccination, no
causal relationship has been established.

The European Medicines Agency (EMA) reviewed the possibility of a link between
HPV vaccines (Cervarix®, Gardasil/Silgard® and Gardasil 9®) and two rare
conditions; complex regional pain syndrome (CRPS) and postural orthostatic

21



Health Technology Assessment (HTA) of human papillomavirus testing as the
primary screening method for prevention of cervical cancer
Health Information and Quality Authority

tachycardia syndrome (POTS). Symptoms of CRPS and POTS may overlap with other
conditions, making diagnosis difficult in both the general population and vaccinated
individuals. The EMA review highlighted that both are rare conditions that also occur
in non-vaccinated individuals: available estimates suggest that in the general
population around 150 girls and young women per million aged 10 to 19 years may
develop CRPS each year, and at least 150 girls and young women per million may
develop POTS each year. The review highlighted that they had ‘found no evidence
that the overall rates of these syndromes in vaccinated girls were different from
expected rates in these age groups, even taking into account possible
underreporting’. On the basis of this review, the EMA concluded in January 2016,
that the evidence does not support a causal link between the vaccines and
development of CRPS or POTS.*%

2.2.3 Relevance to screening

Vaccination is a primary preventive approach whereby it is intended to prevent HPV
infection from occurring in the first place. Given the link between HPV infection and
cervical cancer, women who have been vaccinated have a substantially reduced risk
of developing HPV infection and, consequently, of developing cervical cancer.
However, screening will remain necessary even for vaccinated women, as the
current vaccine does not cover all virus types that can lead to cervical cancer and
may not be effective in those exposed to HPV prior to vaccination.

As discussed in Section 2.1, a key principle of any screening programme is that the
benefits outweigh the harms. The ratio of benefits to harms are impacted by the
prevalence of disease, as a reduced prevalence implies that fewer women will
benefit from screening which lowers the benefit to risk ratio. A screening programme
tailored to an unvaccinated cohort may not be optimal for a vaccinated cohort. A
variety of factors need to be considered, such as the efficacy of vaccination, duration
of effect, and the uptake rate. Ongoing high uptake of an effective vaccine will lead
to reduced disease prevalence, suggesting potential for a less intensive screening
programme.

2.3 Current practice

Practices in terms of cervical cancer prevention vary across countries and may be a
reflection of local conditions regarding disease prevalence, uptake of vaccination and
screening, and laboratory infrastructure.

2.3.1 Ireland

At present there are organised national programmes for HPV vaccination and
cervical screening in Ireland.
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2.3.1.1 Screening

CervicalCheck- Ireland’s National Cervical Screening Programme, became available
to more than 1.1 million women aged 25 to 60 years living in Ireland on 1
September 2008. It provides a comprehensive call-recall based cervical screening
programme to an eligible population of 1.2 million women.®> The programme
comprises primary screening, HPV triage, colposcopy, and treatment and follow up
of precancerous abnormalities. Those diagnosed with invasive cervical cancer are
referred for treatment within the symptomatic services.

Access to CervicalCheck is provided through primary care and secondary care (public
gynaecology, sexually-transmitted infection [STI] and genitourinary medicine [GUM]
services). A smear taker must be a medical doctor or a registered general nurse and
adhere to CervicalCheck quality assurance standards. The majority (98.7% in
2015)®% of smear tests are undertaken in primary care, with 93.6% of these
provided though GP practices.®®

Smear Test (liquid-based cytology)

Liquid-based cytology (LBC), based on the ThinPrep® cell filtration system, is
currently used as the primary screening test by CervicalCheck. The smear test is
collected as described in Section 2.1.1.2, and sent to a specially equipped laboratory
for processing. The collection medium is retained for residual testing (reflex HPV
testing of low-grade cytological abnormalities), where necessary. Current screening
intervals are as follows:

" aged 25 to 44 years — three-year screening interval
® aged 45 to 60 years — five-year screening interval.

Two smear test results with routine screening recommendations are required before
moving to a five-yearly screening interval or completing screening. Annual screening
from the age of 20 years is offered to women with an increased risk of cancer
because they are either HIV-positive, are receiving regular dialysis, or have had an
organ transplant and require immunosuppressant medications. Women aged greater
than 60 years who have never had a smear test can also avail of CervicalCheck.
Women aged 65 years or older entering CervicalCheck require a single normal smear
test to complete screening.

A sample pathway which outlines what happens when no abnormalities, low-grade
cytological abnormalities and high-grade cytological abnormalities are detected is
included in Figure 2.1. Complete details of the CervicalCheck screening process chart
are included in Appendix 1.
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HPV triage (reflex HPV testing)

In May 2015, CervicalCheck commenced HPV testing in the triage of women with
persistent low-grade cytological abnormalities (ASCUS and LSIL).®”) As noted, the
collection material from the original smear test is retained for residual testing, so
triage testing can proceed without the woman being recalled for an additional
smear. The test result indicates the presence or absence of HPV, with no differential
diagnosis provided. Women with low-grade cytological abnormalities who are HPV-
positive are referred for colposcopy. Women with low-grade cytological abnormalities
who are HPV-negative are returned to routine screening. Triage of low-grade
cytological abnormalities with HPV testing allows for expedited referral to colposcopy
of women who may require treatment. It also reduces the requirement for repeat
smear tests in women who are HPV-negative because these women can be
reassured that the low-grade cytological abnormalities detected in the smear test are
not considered clinically significant.

HPV testing in colposcopy

Combined LBC and HPV testing has been provided following treatment (so called
‘test of cure’) in CervicalCheck colposcopy clinics since 2012.%”) The Hybrid Capture
2 (HC2), Qiagen Inc. was used initially.®> Since May 2015, the Aptima HPV assay
[Hologic] and the cobas® HPV test [Roche Molecular Diagnostics] are used for all
HPV testing.®”

Combined LBC and HPV testing is offered six months after treatment for CIN 2+.
Repeat colposcopy is recommended for women with LSIL or a high-grade cytological
abnormality on LBC or a positive HPV test. Women with normal (negative) cytology
or ASCUS and a negative HPV test are discharged from colposcopy with a
recommendation for a repeat smear test in 12 months’ time. At this time, women
with normal cytology, ASCUS or LSIL and a negative HPV test are discharged from
colposcopy and returned to routine screening. All other test results require re-
referral to colposcopy.

The addition of HPV testing to LBC has also informed the management of women
with persistent low-grade cytological abnormalities who historically were managed
with six-monthly LBC and, or colposcopy. Women with CIN 1 who do not require
treatment are offered LBC and HPV testing in colposcopy in 12 months’ time. At this
time, women with high-grade cytological abnormalities on LBC or a positive HPV test
are referred for repeat colposcopy. In contrast, women with normal (negative)
cytology, ASCUS or LSIL and a negative HPV test are discharged from colposcopy
and returned to routine screening. This contrasts with pre-HPV triage policies which
necessitated annual surveillance smear tests for up to 10 years.
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Figure 2.1 Sample pathway which details what happens when no
abnormalities, low-grade cytological abnormalities and high-
grade cytological abnormalities are detected

f Pool of healthy women for
'L routine cervical screening
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screening Liguid-based cytology
test
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Key: CIN — cervical intraepithelial neoplasia; HPV — human papillomavirus; LBC — liquid-based cytology.
Notes: HPV test is an adjunct to LBC when low-grade cytological abnormalities are detected (ASCUS or LSIL).
Surveillance implies repeat cytology at 12 months.

2.3.1.2 Vaccination

Ireland has a nationally funded, school-based, girls-only HPV vaccination
programme. This programme commenced in 2010 with a three-dose schedule of the
quadrivalent vaccine (Gardasil®) for girls in first and second year of second level
schools and age-equivalent girls attending special schools or who were home

25



Health Technology Assessment (HTA) of human papillomavirus testing as the
primary screening method for prevention of cervical cancer
Health Information and Quality Authority

schooled. A catch-up programme targeting girls in sixth year in second level schools
and for age-equivalent girls (date of birth 1 September 1993 to 31 August 1994)
attending special schools, home schooled, Youthreach, and community training
centres was provided from September 2011 and repeated for girls in sixth year in
2012 and 2013. Since September 2014, the programme has targeted girls in first
year only.®®

The current Irish national immunisation guidelines recommend a two-dose schedule
for those aged nine to less than 15 years and three doses for those aged 15 years
and older.®® Uptake of the vaccine has been consistently high in Ireland with an
86.9% uptake for the two-dose schedule reported among girls in the first year of
second level school (typically 12 to 13 years old) in the 2014 to 2015 academic year.
There was some evidence of regional variation in uptake (77.4% to 90.8%) among
the HSE’s nine community healthcare organizations (CHOs), with eight achieving the
target of at least 80% uptake. Uptake ranged from 75.1% to 96.9% in HSE Local
Health Offices; with 30 of 32 local health offices reaching the target of at least 80%
uptake.®?

Final uptake figures for the 2015-2016 HPV vaccination programme are not yet
available. However, preliminary figures indicate a significant decline in uptake with
approximately 5,000 fewer girls receiving the vaccine (equating to an approximate
70% uptake) compared with 2014-2015. This decline is attributed to concerns about
HPV vaccine safety following high-profile negative publicity. As noted in Section
2.2.2, the possibility of a link between HPV vaccines and two rare conditions
complex regional pain syndrome (CRPS) and postural orthostatic tachycardia
syndrome (POTS) was reviewed by the European Medicines Agency (EMA). The
review process which ran from 13 July 2015 to 12 January 2016 concluded that a
causal link with HPV vaccination has not been established.*® A related decline in
HPV vaccination rates due to local safety concerns was documented in a nhumber of
other countries including Denmark where rates declined from 81% (3-dose
schedule),® to 24%.%? However, high vaccination rates have been maintained
elsewhere including Northern Ireland. The annual HPV vaccine coverage for 12 to 13
year olds in Northern Ireland (based on a two-dose schedule) by June 2015 was
86.8%. %

Due to differences in the recommended HPV schedule and differences in the delivery
of the two-dose schedule, vaccination uptake rates from other countries are not
directly comparable. Nonetheless, vaccination uptake rates in the UK have been
broadly comparable to those achieved in Ireland, with uptake rates of greater than
80% consistently achieved.®® Countries that have a school-based HPV vaccination
programme have reported higher vaccine uptake rates.®¥
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As noted, Ireland’s current vaccination programme is based on the quadrivalent
vaccine that protects against HPV 16 and HPV 18, thereby only protecting against
approximately 70% of cervical cancer cases. Screening for cervical cancer is
therefore still recommended for vaccinated cohorts. The first cohort of vaccinated
girls (that is, those vaccinated as part of the catch-up programme in 2011) will be
eligible for CervicalCheck in 2018-2019.

2.3.2 International practice

International practice in cervical screening and HPV vaccination varies considerably.
As approaches to cervical cancer prevention are affected by disease prevalence, this
overview focuses on countries with similar disease prevalence and health systems to
Ireland as they represent suitable comparisons.

2.3.2.1 Screening

The International Agency for Research on Cancer (IARC) and the 2008 European
guidelines for quality assurance in cervical screening recommend that screening
programmes should be organised and population-based with a defined target
population and screening interval. This should include organised quality assurance at
all levels and organised monitoring and evaluation of programme effectiveness over
time.®® ® The National Health Service (NHS) Cervical Screening Programme in
England was established in 1988. This long-established cervical screening
programme has led to a reduction in cervical cancer mortality rates. In 2015, it was
estimated that screening prevents 70% of all cervical cancer deaths in England.(®® It
was estimated that this would increase to 83% if all eligible women attended
screening regularly. Between 1989 and 2009-2010, the incidence rate of cervical
cancer in England decreased by over a third (from 15.0 to 9.8 per 100,000 female
population).(®”

A survey of the quality assurance and organisation of cervical screening programmes
in Europe published in 2015 indicated that organised screening was available in 20
of the 29 countries that provided data with screening in the remaining countries
limited to opportunistic screening. The recommended screening interval ranged from
one year (Austria, Czech Republic, Germany) to five years (Estonia, Finland,
Netherlands and Romania). While the target screening age ranged from 17 years
(Lichtenstein) to 70 years (Latvia). In seven countries, the screening interval is age
or test-dependent. Differences in age range and screening intervals translate to a
large difference in the total number of screening tests a woman will receive in her
lifetime. Primary screening was predominantly via cytology (conventional cytology:
9; LBC: 7; combination of both: 5), although a number of countries had started to
implement primary HPV screening.
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With the exception of seven countries that reported not using any HPV testing, the
majority reported using HPV testing as triage for cytological abnormalities and, or
following treatment for CIN 2+ (so-called ‘test of cure”). While quality assurance
programmes for screening are implemented in the majority of countries, there is
variation in how quality-assurance, monitoring and evaluation are undertaken.®® A
brief sample of historical and current cervical cancer incidence rates, mortality rates
and how cervical screening is implemented in European countries is provided in
Table 2.4 below.

There is a long history of national cervical screening programmes in countries such
as the Netherlands, the UK, Australia and New Zealand. Organised screening
commenced in the 1980s in the Netherlands, 1988 in England, 1990 in New Zealand
and 1991 in Australia. In contrast, CervicalCheck which commenced in Ireland in
2008 is a relatively new national screening programme. The proportion of women in
the target population actually screened within the recommended interval (that is, its
coverage) is the main determinant of the success of the programme. The most
recent (to 31 December 2016) CervicalCheck five-year coverage compares well with
that observed elsewhere (79.6% versus 82.7% in Australia (2010-2014) and 64% in
the Netherlands).®®®7% As evident in Table 2.4, incidence of and mortality from
cervical cancer have declined in European countries due to long-established
screening programmes, and rates are lower than those currently seen in Ireland.
Similar trends have been seen elsewhere. 2012 GLOBOCAN data indicate age-
standardised incidence and mortality rates of 5.5 and 1.6 per 100,000 population,
respectively in combined Australia and New Zealand figures, compared with 13.6
and 3.3 per 100,000 in Ireland.”"

In response to the introduction of HPV vaccination and publication of high-quality
evidence that HPV-based screening provides improved protection against invasive
cervical cancer, several countries are transitioning to primary HPV screening. In
January 2017, the Netherlands became the first country with an organised cervical
screening programme to fully transition from primary cytology screening to primary
HPV screening. Australia and New Zealand have recommended the implementation
of primary HPV screening, and intend to transition in December 2017® and in
2018, respectively. Both countries also intend to extend their current screening
intervals from two (Australia) and three years (New Zealand) to five years.

It is anticipated that cervical screening programmes will continue to evolve given
ongoing advances in HPV testing techniques, including in the range of biomarkers
that discriminate between transient acute infection and transforming infection.
Further evidence of long-term population-level benefits of HPV vaccination and the
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duration of protection afforded by a negative primary HPV screening test are likely to
lead to ongoing refinements in cervical screening programmes.

2.3.2.2 Vaccination

In 2006, Austria issued recommendations for a national HPV vaccination programme
of girls.””? It was the first European country to do so, but the programme was not
publicly funded until 2014. A survey of the quality and organisation of HPV
vaccination programmes in 34 European Union and European Free Trade Agreement
countries was conducted between May 2012 and March 2014. Sixteen of the 27
countries that responded had organised programmes, while the remaining countries
reported opportunistic vaccination only. Eleven of the organised programmes were
school-based. The target age for organised programmes was 10 to 14 years. Nine
countries provided a time-limited catch-up vaccination programme to vaccinate older
girls who may have still benefited from vaccination.!”) Details of the HPV vaccination
programme in a small sample of European countries are provided in Table 2.4.

In the UK, a national HPV vaccination programme with the bivalent vaccine
commenced for girls aged 12 to 13 years in 2008.”% The programme switched to
using the quadrivalent vaccine in 2012.® In England in 2015-2016 the uptake rate
of a two dose course was 85.1%.® In 2010 the Netherlands commenced a national
HPV vaccination programme for girls using a bivalent vaccine.’” In 2014, the uptake
rate of a three dose course was 61%."”) In 2010, Ireland commenced a national
vaccination programme using a quadrivalent vaccine.”® The uptake rate of a two
dose course was 86.9% in 2014-2015,% falling to 72.3% in 2015-2016.%

The implementation of publicly-funded national school-based programmes of HPV
vaccination for girls started in Australia and Canada in 2007.%®% Community-based
vaccination for all females up to age 26 years was also provided in Australia until the
end of 2009.%% 8% In 2008, New Zealand implemented a national HPV vaccination
programme with the quadrivalent vaccine and offered it to girls and young women
up to 20 years of age.®® In 2014, the uptake rate of a three dose course by the
2001 birth cohort was 60%.®

In most European countries, universal HPV vaccination of girls and boys (gender-
neutral vaccination) is not currently recommended.® Austria was the first European
country to recommend a national universal gender-neutral HPV vaccination
programme in 2013.®Y A publicly-funded programme was implemented the
following year with the HPV vaccine being offered to boys and girls between the
ages of nine and 12 years.® Since then, policy-makers in Australia, New Zealand,
Canada and the US have also recommended universal gender-neutral HPV
vaccination. Australia extended the national HPV vaccination programme to include
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boys aged 12 to 13 years in 2013®® with a catch-up programme available for boys
aged 14 to 15 years in 2013 and 2014.®? In 2015, the reported uptake rate of a
three dose course was 77.8% in girls and 67.0% in boys.®” In January 2017,
vaccination of girls, boys, young women and young men age nine to 26 years with
the nonavalent vaccine was introduced in New Zealand.®"

The results of cost-effectiveness studies of universal HPV vaccination vary depending

on vaccine coverage, vaccine price, time horizon, discount rate and types of HPV-
related cancers included in the analysis. ! 8889
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Table 2.4 Summary of the burden of cervical cancer and cervical cancer prevention strategies in a selection of

Country

Italy

Netherlands

Northern
Ireland

European countries

Disease burden: cervical cancer Cervical screening programme‘? HPV
vaccination*(73

1.9

28.3 (1953-1957)

16.4-18.2 (1975-1977)
8.3 (1994-1997)

11.7 (1976-1977)

7.1 (1989-1992)

8.2 (1993-1997)
12.4 (1963-1966)

7.9 (1993-1997)

10.6

6.8
13.6

6.7

6.8

7.1

8.5
8.9

7.6

1.9
3.3

1.5

1.6

1.8

23-65

25-65
25-60

25-64

30-60

25-64

# Oldest available incidence per 100,000 estimates from IARCs Cancer Incidence in Five Continents

¥Age-standardised rate per 100,000 obtained from GLOBOCAN 201279

3 (23-49)
5 (50-65)
3
3 (25-44)
5 (45-64)
3

3 (25-49)
5 (50-64)

Triage, ToC,
Pr-Exit
Triage

Triage®”, ToC

Primary
Screen (5
yearly),
Triage, ToC
Primary
Screen (5
yearly)$®)
ToC
Triage, ToC

12

11-14
12-13

11

13

12-13

12-13
12-13
12
12-13

" Vaccination introduced as part of an organised programme: Denmark (10/2012); Italy (between 07/2007-11/2008); Netherlands (2009); UK (09/2008). HPV vaccination included in the
immunisation schedule in France in 2007, but is not part of an organised vaccination programme.
§ Screening at 10-yearly intervals for women aged >40 years following a negative HPV test.

Key: CC — conventional cytology; HPV — human papillomavirus; LBC - liquid-based cytology; PR-Exit — programme exit; ToC — ‘test of cure’."% 992
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2.4 Discussion

The aim of a cervical screening programme is to reduce the incidence, morbidity and
mortality from cervical cancer through early detection and treatment of
precancerous abnormalities and early stage invasive cervical cancer. In 2004, the
International Agency for Research on Cancer (IARC) estimated that well-organised
cervical screening programmes incorporating cytology-based screening at three to
five year intervals for women aged 35 to 64 years would reduce the incidence of
cervical cancer by at least 80% among those screened. The acknowledged role of
persistent infection with HPV in the development, maintenance and progression to
cervical cancer, together with technological advances in the methods of detecting
HPV, and introduction of a national HPV vaccination programme in 2010 provides a
rationale for potential changes to CervicalCheck.

CervicalCheck, which commenced in September 2008, provides a comprehensive,
quality-assured cervical screening programme for women aged 25 to 60 years.
Consistent with IARC recommendations, screening is at three-yearly intervals for
women aged 25 to 44 years and at five-yearly intervals for those aged 45 to 60
years. Current screening comprises primary screening with liquid-based cytology
(LBC) and, since May 2015, HPV triage of low-grade cytological abnormalities. Over
98% of screening tests are undertaken in primary care, predominantly through GP
practices. Both the primary and triage tests are completed using a single smear test.

Persistent infection with HPV is a necessary, but not sufficient requirement for the
development of cervical cancer. As such, the primary prevention of cervical cancer is
vaccination against HPV. The current, national vaccination programme is based on a
two-dose schedule of the quadrivalent vaccine that protects against HPV 16 and HPV
18. Worldwide, HPV 16 and HPV 18 contribute to 16% to 32% of low-grade
abnormalities, 41% to 67% of high-grade abnormalities, and to 70% of squamous
cell carcinoma cases.*® Screening for cervical cancer is therefore still recommended
for vaccinated cohorts. However, it is noted that a decline in the prevalence of
precancerous abnormalities due to vaccination will lead to a decline in the probability
that a woman who tests positive actually has the disease (a decrease in the positive
predictive value of LBC).. In Ireland, the first cohort of girls vaccinated against HPV
(as part of the catch-up programme in 2011) will be eligible for CervicalCheck in
2018-2019.

Cervical screening programmes in developed countries vary in their
recommendations for the age range and frequency of screening. While cytology
(conventional cytology or LBC) is currently used as the primary screening test in the
majority of the countries, HPV testing is increasingly being adopted as part of
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population-based screening programmes. High-income countries such as Australia,
Italy, the Netherlands, New Zealand, Sweden and the UK have recommended the
implementation of HPV testing as the primary screening method.

HPV testing is indicated for primary cervical screening for selected age groups, in
triage of women with low-grade cytological abnormalities, and as follow up to the
treatment of high-grade histological abnormalities (so called ‘test of cure’). In triage
of low-grade cytological abnormalities, HPV testing differentiates between those that
do, and do not have HPV, allowing those who are HPV negative and at very low risk
of developing cervical cancer for at least five years to return to routine screening.

Developments in the methods of detecting HPV, including developments in HPV
genotyping and detection of transforming HPV infections, together with changes in
the burden of HPV due to vaccination programmes mean that there is an opportunity
to optimise CervicalCheck to ensure its continued success and relevance.

2.5 Key messages

" There are two complementary approaches for the prevention of cervical cancer:
primary prevention through vaccination to prevent infection with the human
papillomavirus (HPV) and secondary prevention through cervical screening.

® Screening aims to reduce the incidence, morbidity and mortality from cervical
cancer through early detection and treatment of precancerous abnormalities and
invasive cervical cancer.

" There is well-documented evidence of a reduction in the incidence of and
mortality from cervical cancer with long-established cervical screening
programmes. For example, the National Health Service (NHS) Cervical Screening
Programme in England was established in 1988.The incidence rate of cervical
cancer in England decreased by over a third in the 20 years since the
establishment of the programme. It is estimated that this screening programme
prevents 70% of all cervical cancer deaths.

®  Screening tests are not 100% accurate which, coupled with the fact that the
disease could develop at any time, means that screening programmes require
regular, defined screening intervals. The intervals are based on a balance of
over- and under-screening to minimise any associated risks or harms.

®  Screening tests may be broadly classified as those designed to identify
precancerous abnormalities or invasive cervical cancer (cytology tests) and those
designed to detect the presence of the HPV virus, persistent infection with which
is @ necessary pre-requisite for the development of cervical cancer.

®  Screening tests do not provide a diagnosis, but rather identify potential cases
which require further testing. Histological review of biopsies obtained via
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colposcopy is the ‘gold standard’ diagnostic test for precancerous abnormalities
and invasive cervical cancer.

On 1 September 2008, CervicalCheck — Ireland’s National Cervical Screening
Programme became available to more than 1.1 million women aged 25 to 60
years living in Ireland. Women between the ages of 25 and 44 years are offered
screening at three-yearly intervals. Women between the ages of 45 and 60 years
are offered screening at five-yearly intervals.

Liquid-based cytology to detect cellular abnormalities is used as the primary
screening test by CervicalCheck. Co-testing with HPV post treatment at
colposcopy was introduced in 2012. HPV triage of low-grade cytological
abnormalities was introduced in May 2015.

Since September 2010, Ireland has had a nationally funded, school-based, girls-
only HPV vaccination programme. The first cohort of vaccinated girls will be
eligible for CervicalCheck in 2018-2019.
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3 Burden of disease

Cervical cancer, also known as cervical carcinoma, is defined by its location. Cancers
of the cervix uteri refer to those situated in the lower constricted part of the uterus
or neck which connects the uterus to the vagina.®®® Invasive cervical cancer is
usually preceded by precancerous abnormalities and pre-invasive cervical cancer
(carcinoma /n situ). Microscopically, this is characterised by abnormalities which
progress from abnormal cervical cells (low-grade or high-grade on cytology or CIN or
CGIN on histology) to invasive cervical cancer. When abnormal squamous cells (CIN
3) or abnormal glandular cells (AIS) occupy the full thickness of the epithelium, but
they do not extend beyond or invade the basement membrane they are described as
/n situ. Cervical carcinoma /n situ includes cervical intraepithelial neoplasia 3 (CIN 3)
and adenocarcinoma /n situ (AIS). This chapter describes the burden and
epidemiology of cervical carcinoma /n sitv and invasive cervical cancer in Ireland in
terms of incidence, mortality and treatment. Infection with ‘oncogenic’ subtypes ‘so
called hrHPV' is associated with virtually all cases of cervical cancer. A number of
cofactors are also implicated in the progression to cervical cancer. The prevalence of
HPV infection and its distribution by cytological finding is discussed in the latter part
of the chapter.

3.1 Incidence

In Ireland, cervical cancer was the eighth most commonly diagnosed cancer in
women between 2012 and 2014 (excluding non-melanoma skin cancer).®® Cancer is
the second most common cause of death in Ireland. Invasive cervical cancer was the
twelfth most common cause of cancer death for women in Ireland between 2011
and 2012.6%

Within a European context, the estimated incidence of cervical cancer varies widely. In
2012, the estimated incidence in Ireland was 15.1 per 100,000 (European age-
standardised rate [EASR]), compared with the EU27 incidence of 11.3 per 100,000.6>
Highest rates were recorded in Romania (34.9 per 100,000 EASR), with lowest rates in
Switzerland (4.2 per 100,000 EASR), Malta and Finland. Ireland is ranked eighteenth
within Europe (40 countries) in terms of cervical cancer incidence.®”

CervicalCheck, Ireland’s National Cervical Screening Programme, commenced in
September 2008. Prior to this, the Irish Cervical Screening Programme (ICSP)
operated as a pilot programme in Counties Limerick, Clare and North Tipperary from
2000.¢°® ICSP Phase One covered nine percent of the eligible population nationally.
Opportunistic cytology screening was also common. Nationally, up to 250,000 smear
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tests were screened every year, of which 22,000 were carried out as part of the
ICSP Phase 1 programme.®”

Between 1994 and 2014, a total of 38,448 cases of cervical carcinoma /n situ were
diagnosed in Ireland. For the period 2012 to 2014, there were on average of 2,873
cases per year. There was an upward trend in the incidence of cervical carcinoma /n
situin Ireland with age-standardised rates increasing from 48.9 per 100,000
population at risk in 1994 to 107.7 per 100,000 population at risk in 2014 (Figure
3.1). The average incidence in the last three years of reporting (2012 to 2014) was
115.1 per 100,000 population at risk, corresponding with a cumulative lifetime risk of
diagnosis of cervical carcinoma /n situ (to age 74) of, 1 in 13 women.

Figure 3.1 Age-standardised incidence rates of cervical carcinoma in situ*
per 100,000 population at risk by year of diagnosis, Ireland
1994 - 2014
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Data: National Cancer Registry Ireland, age-standardised to the European Standard Population (1976)

* Cervical carcinoma in situ corresponds with cervical intraepithelial neoplasia III (CIN 3) and adenocarcinoma in situ (AIS)

There was a marked increase in the reported incidence of cervical carcinoma /n situ
after 2008. This coincided with the introduction of CervicalCheck, and the high
profile death in 2009 of a celebrity in the UK from invasive cervical cancer, publicity
from which led to increased cervical screening uptake, particularly amongst those
who were screening-naive.®® Of note, these figures are based on incidence data for
cervical carcinoma /n situ provided by the National Cancer Registry in Ireland
(NCRI). They differ from CervicalCheck treatment data (Section 3.3) as they do not
include other conditions treated at colposcopy services such as CIN 2. The changes
in method of presentation (for example, symptomatic, screen-detected) are
discussed in Section 3.1.4.
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Between 1994 and 2014, a total of 4,955 cases of invasive cervical cancer were
diagnosed in Ireland. AlImost 98% of these were regarded as a first significant
tumour. Between 2012 and 2014, there were on average 277 cases diagnosed per
annum. The age-adjusted rate of invasive cervical cancer has increased slightly over
time. The average incidence in the last three years of reporting (2012 to 2014) was
11.5 per 100,000 population at risk, corresponding with a cumulative lifetime risk of
diagnosis (to age 74) of 1 in 112 women. Although there was some year-to-year
variation, there was an overall slight increasing trend over time (Figure 3.2). When
broken down into thirty-year age bands, this trend was mirrored in the 30 to 59 year
old age group. There was less evidence of variation in those aged under 30 and over
60 years, but these age groups accounted for fewer cases.

Figure 3.2 Age-standardised incidence rates of invasive cervical cancer
per 100,000 population at risk by year of diagnosis, Ireland
1994 - 2014
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A 2014 cancer projections report, predicted that the numbers of invasive cervical
cancers in Ireland would increase by 77 to 88% between 2015 and 2040.%
Changing sexual behaviour and an increase in the prevalence of HPV were believed
to be the most important factors influencing these trends.®® However, these
projections did not take the impact of CervicalCheck and the inclusion of HPV
vaccination of schoolgirls in the national immunisation programme into account, and
are well above those predicted based on demography alone which estimate an 18%
increase in cases of cervical cancer by 2040.°%) A rise in the reported incidence of
cancer is expected at the beginning of an organised screening programme due to
detection of prevalent cases. The incidence of invasive cervical cancer should
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however reduce over time due to the earlier detection and management of
precancerous abnormalities and early stage invasive cancer as a result of well
organised screening.

3.1.1 Age profile

Cervical carcinoma /n situ and invasive cervical cancer is predominantly a disease of
younger women. The average annual number of cases of cervical carcinoma /n situ
by age at diagnosis for the period 1994 to 2013 is shown in Figure 3.3. The most
common age at diagnosis was between 25 and 29 years.

Figure 3.3 Average annual number of cases of cervical carcinoma in situ *
by age at diagnosis, 1994 to 2013
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* Cervical carcinoma /n situ corresponds with cervical intraepithelial neoplasia III (CIN 3) and adenocarcinoma in situ (AIS)

The average annual number of cases of invasive cervical cancer by age at diagnosis
for the period 1994 to 2013 is shown in Figure 3.4. The most common age at
diagnosis was between 40 and 44 years.
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Figure 3.4 Average annual nhumber of cases of invasive cervical cancer by
age at diagnosis, 1994 to 2013
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3.1.2 Geographic distribution

The relative risk of cervical cancer increases with increasing population density, level
of unemployment and lower educational attainment.” Areas of highest relative risk
of cervical cancer are concentrated around Dublin, along Wexford’s east coast and
west into the midlands. Lower relative risks have been observed in the south-west of
Ireland, Mayo and Donegal.!®® Based on NCRI data from 2008 to 2012, the age-
standardised rates of cervical cancer were significantly higher in urban than in rural
populations (1.21; 95% CI: 1.09 to 1.35).

Globally there is a marked socio-economic gradient whereby those with lower socio-
economic status have a higher incidence of cervical cancer.®®?) Information on
deprivation index (SAHRU) was available for almost 93% of cervical cancers
diagnosed in Ireland between 1994 and 2012. For those for whom the SAHRU
deprivation score (based on the 2002 census) was known, 17% had a score of one
(least deprived) and 40% a score of five (most deprived).(!%? Data from 2008 to
2012 indicate that age-standardised rates increased linearly with increasing levels of
deprivation, with rates of cervical cancer noted to be twice as high in the most
deprived compared with the least deprived stratum (2.23; 95% CI: 1.88 to 2.64).(1%%
Urban populations showed stronger evidence of disparities in incidence by level of
deprivation.*%)
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3.1.2 Anatomical sites and histological types

The cervix or cervix uteri forms the lower third of the uterus, projecting into the
upper portion of the vagina. It runs through the endocervical canal which connects
the vagina with the uterine cavity. The endocervical canal is lined by columnar or
glandular epithelium. The ectocervix, which is the vaginal section of the cervix, is
covered by squamous epithelium. The junction where these meet is called the
squamocolumnar junction (SCJ).% The location of the SCJ is not constant and
changes with the changes which occur in the volume of the cervix in response to
hormonal stimulation.!?) After menopause it can be found at the endocervical canal
following its retreat from the ectocervix. The transformation zone is the area
between the original and new SCJ and is the area where the majority of
precancerous abnormalities are detected (Figure 3.5).(%
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Figure 3.5 Location of the squamocolumnar junction and the
transformation zone
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FIGURE 1.7: Location of the squamocolummnar junction (SCT) and transformation zone; (a) before menarche; (b) after
puberty and at cardy reproductive age; (c) in a woman in her 30s; (d) in a penmenopausal woman; (e)

in 3 postmenopausal woman.

Reproduced with permission from Sellors J.W. and Sankaranarayanan R. Colposcopy and Treatment of Cervical Intraepithelial
Neoplasia. A Beginner’s manual. Lyon, France, IARC Press, 2003, http://screening.iarc.fr/doc/Colposcopymanual.pdf
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Data from the NCRI show that microscopic verification was available for all but one
of the 32,993 cases of cervical carcinoma /n situ diagnosed between 1994 and 2012.
Ninety-eight percent of cases were squamous cell in origin with the remainder being
adenocarcinoma (1.5%) or unspecified (0.5%).

Data from the NCRI show that microscopic verification was available for more than
98% of the 4,394 cases of invasive cervical cancers diagnosed between 1994 and
2012. Squamous cell carcinoma was the most common histological type followed by
adenocarcinoma (see Figure 3.6). Others included sarcomas, basal cell, unspecified
or other cancer or carcinomas.

Figure 3.6 Histological types of invasive cervical cancer by year of
diagnosis, 1994 to 2012
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Data courtesy of National Cancer Registry, Ireland

Rates of invasive squamous cell carcinoma and invasive adenocarcinoma
standardised to the European 1976 standard population are shown in Figure 3.7.
These mirrored the overall age-standardised rate of invasive cervical cancer in this
period. Peaks in the rates are seen in 2009 following the introduction of
CervicalCheck in 2008.
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Figure 3.7 Incidence of invasive squamous cell carcinoma and invasive
adenocarcinoma by year of diagnosis, 1994 to 2012
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Histological data courtesy of National Cancer Registry Ireland, age—standardised to the European Standard Population
(1976)

Age-standardised rates of invasive adenocarcinoma have increased throughout
Europe, with increases ranging from 0.5% to greater than or equal to 3% per
annum.%) The year-on-year fluctuation in age-standardised rates of invasive
cervical cancer in Ireland can be seen in Figure 3.7. Squamous cell carcinomas
constitute most cases of invasive cervical cancer where there is poor population
coverage with cervical screening.!% 1% Cervical screening is associated with a
reduced risk of both squamous cell carcinoma and adenocarcinoma, but the
reduction is significantly greater for squamous cell carcinoma than it is for
adenocarcinoma.!®” The relative proportion of adenocarcinoma increases when an
organised cervical screening programme is in place because to date organised
cervical screening programmes have been better at detecting exocervical than
endocervical abnormalities. (1% 17)

3.1.3 Method of presentation

Between 1994 and 2012, NCRI data indicate that 68.4% of the 32,993 cases of
cervical carcinoma /n situ presented through screening, 13.6% presented with
symptoms and the method of presentation was unknown in the remainder (Figure
3.8). Symptoms can include abnormal vaginal bleeding (intermenstrual bleeding,
post-menopausal bleeding or post-coital bleeding) and vaginal discharge. The
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number of cases of cervical carcinoma /n situ presenting through screening
increased in the year following implementation of CervicalCheck in 2008 (Figure
3.8).

Figure 3.8 Number of cervical carcinoma in situ * by reason for
presentation, 1994 to 2012
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* Cervical carcinoma /n situ corresponds with cervical intraepithelial neoplasia III (CIN 3) and adenocarcinoma in situ (AIS)
Following the introduction of CervicalCheck in September 2008, women outside the ages of 25 to 60 years had open access to
CervicalCheck (organised screening). In these women, it is thought that a proportion of cases of cervical carcinoma /n situ
which were classified as detected through ‘opportunistic’ or ‘unspecified’ screening were in fact detected through
CervicalCheck.

Between 1994 and 2012, the majority of the 4,394 cases of invasive cervical cancer
cases presented with symptoms (Figure 3.9). Symptoms included abnormal vaginal
bleeding, vaginal discharge, pelvic pain or discomfort during intercourse. The
method of presentation was unknown in approximately 8% of cases and a small
number of cases (n=5) were detected at autopsy. The number of cases of invasive
cervical cancer presenting through screening increased in the year after the
implementation of CervicalCheck in 2008 (Figure 3.9).
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Figure 3.9 Number of invasive cervical cancers by reason for presentation,
1994 to 2012*
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*Following the introduction of CervicalCheck in September 2008, women outside the ages of 25 to 60 years had open access to
CervicalCheck (organised screening). In these women, it is thought that a proportion of cases of invasive cervical cancers which
were classified as detected through ‘opportunistic’ or ‘unspecified” screening were in fact detected through CervicalCheck.

3.1.4 Stage and grade at presentation

Cervical cancer is staged clinically according to the International Federation of
Gynecology and Obstetrics (FIGO) classification system (see Appendix 2). Staging is
based mainly on the findings on physical examination and tests such as cystoscopy,
sigmoidoscopy and MRI. The stage of cervical cancer depends upon the size of the
tumour, invasion of surrounding tissues, lymph node status and metastases. Staging
is not based on findings at the time of surgery. The stage of a cervical cancer is
important for determining treatment options and indicating prognosis.®® The
findings at surgery may change the treatment plan, but they do not change the
staging. Cervical cancer can also be classified using the American Joint Committee
on Cancer (AJCC) TNM system classification system. This is based on three factors:

®  The extent of the primary tumour (T).
®  Whether the cancer has spread to nearby lymph nodes (N).
®  Whether the cancer has metastasised to distant parts of the body (M).
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Table 3.1 Cervix uteri cancer staging

FIGO stage Primary tumour Nodes Metastases
Stage 0 Tis* NO MO
Stage 1 T1 NO MO
Stage IA Tla NO MO
Stage IA1 Tlal NO MO
Stage IA2 T1a2 NO MO
Stage IB T1ib NO MO
Stage IB1 Tib1l NO MO
Stage IB2 T1b2 NO MO
Stage 11 T2 NO MO
Stage IIA T2a NO MO
Stage IIA1 T2al NO MO
Stage ITIA2 T2a2 NO MO
Stage IIB T2b NO MO
Stage III T3 NO MO
Stage IIIA T3a NO MO
Stage IIIB T3b Any N MO
T1-3 N1 MO
Stage IV
Stage IVA T4 Any N MO
Stage IVB Any T Any N M1

Staging key adapted from American Joint Committee on Cancer Staging Manual
*carcinoma /n situ

In Ireland, between 1994 and 2012, over 43% of invasive cervical cancers were
FIGO stage I at diagnosis, 14% were stage II, 21% were stage III and almost 10%
were stage IV at diagnosis. The remaining 12% were recorded as unknown, not
applicable, no evidence of a primary tumour or the primary tumour could not be
assessed (Figure 3.10). Treatment of invasive cervical cancer, particularly in early
stages differs with stage and substage. Table 3.2 provides a breakdown of the
summary stages of invasive cervical cancer presenting between 1994 and 2012 in
Ireland.
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Figure 3.10 Staging distribution of invasive cervical cancer in Ireland by year of diagnosis, 1994 to 2012
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Table 3.2 Staging distribution of invasive cervical cancer cases by year of diagnosis, 1994 to 2012

1994 1995 1996 1997 1998 1999 2000 2003 2004 2005 2006
0 0 0 1 1 1 2 7 1 7 12
I 15 13 5 1 6 4 3 3 2 1 0
IA 11 9 5 9 8 11 17 8 13 12 11 14 19 14 18 15 12
IA1 9 21 14 18 13 17 17 19 14 26 27 24 36 26 53 37 57 30
IA2 13 7 18 9 14 18 8 6 7 10 6 7 8 9 7 10 15 10 10
IB 16 29 47 28 36 30 48 30 40 38 46 41 44 58 45 74 60 68 55
IB1 1 2 2 5 3 5 4 11
1B2 0 2 3 2 0 0 0 3
II 3 3 1 4 1 2 4
I1IA 12 7 6 4 5 10 6 10 3 8 8 2 6 8 9
IIB 21 13 13 16 15 14 26 25 21 21 21 22 23 30 21 37 34 28 29
I1I 6 6 4 6 2 3 7 4 4 3 1 3 2 5 4 3 2
ITIA 1 2 3 3 5 3 5 2 2 2 1 1
I1IB 25 30 36 33 28 21 29 32 39 46 35 63 47 56 50 54 62 53 63
v 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
IVA 5 5 3 6 7 2 4 11 9 13 11 14 13 11 14 12
IVB 9 5 7 9 8 8 5 12 10 8 13 24 11 26 22 27 24 17 29
Unstagable under AJCC 0 0 2 2 2 1 1 3 2 0 3 5 3 1 5 3 2 0 1
Guidelines
Missing / Unknown 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 4 2 2

Notes: *Stage X — Primary tumour cannot be assessed.

Data courtesy of National Cancer Registry Ireland

48




Health Technology Assessment (HTA) of human papillomavirus testing as the
primary screening method for prevention of cervical cancer
Health Information and Quality Authority

Tumour grade is a description of the tumour based upon its microscopic appearance
and the degree to which the tumour cells are differentiated. Typically tumours are
graded into four groups. Grade one is typically well-differentiated with grade four
being undifferentiated. During the period 1994 to 2012, the majority of invasive
cervical cancers were grade two or three on diagnosis (Figure 3.11).

Figure 3.11 Tumour grading for invasive cervical cancer by year of
diagnosis, 1994 to 2012
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3.2 CervicalCheck service use and burden of precancerous
abnormalities

CervicalCheck, Ireland’s National Cervical Screening Programme, was introduced in
September 2008.

Coverage, a key performance indicator for CervicalCheck, is a measure of the
proportion of the target population screened within a period and indicates the
effectiveness of the screening programme in reaching the target population. Women
who have had a total hysterectomy do not form part of the target population. The
objective is to achieve coverage of 80% or more over a five-year period. In the first
five years of CervicalCheck to August 2013, 74.7% coverage of the target population
was achieved?®In the five-year period to the end of August 2014 77.0% coverage
of the target population was achieved.®® This increased to 78.7% at the end of
August 2015.19 The five-year coverage to 31 December 2016 was 79.6%,
reflecting improving coverage over time with CervicalCheck approaching its goal of
80% or more coverage over a five-year period.®® Younger women were more likely
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to participate in screening: between 2014 and 2015, 85.9% of 25 to 29 year olds
screened compared with 68.7% of 55 to 59 year olds.!?

Figure 3.12 details the number of unique women screened and the number of
screening tests (taken in all settings including colposcopy) processed by
CervicalCheck between 2009 and 2016. Smear tests are taken in primary care, public
gynaecology, STI and GUM services and colposcopy services. The proportion of
satisfactory or adequate smear test results (2008 to 2015) ranged from 98.0% to
99.5%.

Figure 3.12 Number of unique women screened and total number of
screening tests processed by CervicalCheck* per year, 2009

to 2016
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Data courtesy of CervicalCheck.
*Smear tests taken in all settings, including colposcopy

In the early years of CervicalCheck the number of smear tests substantially
exceeded the number of women screened. There were a number of reasons for this.
Laboratories reported high rates of low-grade cytological abnormalities (>13%) in
the early years of CervicalCheck, but reported rates have since declined. Between
2014 and 2016 the combined reported rate for atypical glandular cells of
undetermined significance (ASCUS) and low grade squamous intra-epithelial lesion

50



Health Technology Assessment (HTA) of human papillomavirus testing as the
primary screening method for prevention of cervical cancer
Health Information and Quality Authority

(LSIL) was 6.1%-6.9% with the AGC (borderline glandular) rate less than 0.2%.%°
The management of these low-grade cytological abnormalities was more
conservative between 2008 and 2011 than it is currently. ASCUS or LSIL results were
followed up with a repeat smear test in six months. Two successive normal results
were required at six-month intervals before return to routine screening.®> However,
CervicalCheck adopted HPV triage (reflex HPV testing) for low-grade cytological
abnormalities in May 2015 which allows the expedited referral of HPV-positive
women to colposcopy.'?) As noted in Section 2.3.1.1, this use of HPV triage reduces
the requirement for repeat tests in women who are HPV-negative and who can be
reassured that the cytological abnormalities detected in the smear test are not
considered clinically significant. Contributing also to the reduction in the total
number of screening tests processed was the introduction in 2012 of HPV testing
post treatment in CervicalCheck colposcopy clinics. This allowed HPV-negative
women to be discharged to routine screening in three years (rather than returning
for annual surveillance tests).

In recent years, the number of smear tests taken in settings other than colposcopy
has exceeded the number of women screened by two to three percent.*®) Reasons
for this include repeat smear tests because of unsatisfactory or inadequate results.

A breakdown of cytology results from CervicalCheck is given in Table 3.3. When the
most recent three screening years are considered (September 2012 to August 2015),
of the results reported as satisfactory, on average 90.7% were reported as having
‘no abnormality detected’, 7.7% of smear tests showed low-grade cytological
abnormalities and 1.6% showed high-grade cytological abnormalities. These results
included smear tests taken in colposcopy (unrelated to screening).
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Table 3.3 Cytology results of satisfactory smear tests, 2008 to 2015

2008- 2009- 2010- 2011- 2012- 2013- 2014- |

2009 2010 2011 2012 2013 2014 = 2015
No abnormality 240,074 261,314 282,736 314,476 316,116 284,764 260,748
detected
Low grade
ASCUS 26,091 27,913 30,964 25,497 12,695 12,619 11,582
AGUS 1,923 - - - - - -
AGC (borderline ) 1239 ) 697 719 366
glandular) !
AGC (atypical 26 1,949 - 1211 - - i
glandular cells) ! !
LSIL 11,338 10,289 13,102 12,860 10,944 12,048 11,806
High grade
ASC-H . 7 2,093 2,026 1,344 1,439 1,290
HSIL (moderate) 2,545 1,737 1,941 1,683 1,559 1,960 1,813
HSIL (severe) 1,46(C 1,303 2,229 1,870 1,812 1,931 1,780
Query invasive
squamous 32 23 26 10 32 33 39
carcinoma
AGC (atypical
glandular cells- 4 168 ) ) ) 54
favour
neoplastic)
Query glandular
neoplasia /(AIS)/ - 39 42 26 53 58 49
adenocarcinoma
Total 283,491 304,578 334,540 359,659 345,252 315,571 289,527

Data acquired from CervicalCheck annual reports®® 109 110, 112-115)

Key: AGC — atypical glandular cells; ASCUS — atypical squamous cells of undetermined significance; AGUS — atypical glandular
cells of undetermined significance; AIS — adenocarcinoma in situ; ASC-H — atypical squamous cells, possibly high-grade lesion;
HSIL - high-grade squamous intra-epithelial lesion; LSIL — low-grade squamous intra-epithelial lesion.

As previously noted, LBC is the primary screening method currently used by
CervicalCheck. Certain types of cytological abnormalities are followed by colposcopy
and microscopic evaluation of cervical tissue, as appropriate in order to identify
precancerous abnormalities and invasive cervical cancer.!V

Nationally 15 colposcopy services work within CervicalCheck. Each colposcopy
service is delivered by a multidisciplinary team based in a public acute hospital. The
number of colposcopy appointments offered per year is shown in Figure 3.13.
Between September 2014 and August 2015 a total of 92,153 colposcopy
appointments were offered to women.!1®) A quarter (n=22,700) of these were first
appointments and 72.9% of women attended. In contrast, 56.9% of women offered
follow-up appointments attended. Between September 2008 and August 2015, the
average attendance at first appointments and follow-up appointments were 72.1%
and 54.7%, respectively.
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Figure 3.13 Number of colposcopy appointments offered, 2008 to 2015
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The reduction in the number of follow-up colposcopy appointments seen since 2013-
2014 follows the introduction of HPV testing post treatment by CervicalCheck in
2012 (see section 2.3.1.1). This is used in combination with cytology results to
identify those who are suitable for discharging to routine screening.

Additional capacity within the colposcopy services contracted to CervicalCheck has
been used to support the symptomatic services usually provided by the gynaecology
services. The colposcopy services therefore process referrals from both
CervicalCheck and the symptomatic services. Referrals for clinical indications include
abnormal vaginal bleeding or an anatomical abnormality of the cervix.®® In the
fourth year of CervicalCheck (2011-2012) 17.2% of referrals were for clinical
indications!® increasing to 32.8% in the seventh year (2014-2015).

Colposcopy, which allows microscopic assessment of the cervix, facilitates the
management of women with abnormal smear test results. When an abnormality is
suspected at colposcopy, it is considered good practice to confirm the diagnosis with
biopsy where possible.®® The ‘gold standard’ for the diagnosis of precancerous
abnormalities and invasive cervical cancer is the histological examination of
diagnostic punch or biopsies obtained at colposcopy.

Diagnostic biopsies are used to sample a portion of the abnormal area whereas
excisional biopsies remove the abnormal area entirely. Other biopsies may also be
performed — for example to excise polyps.
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The number of biopsies performed each year is shown in Figure 3.14. These figures
are inclusive of those referred for clinical reasons (as explained above) and those
who presented through the screening service.

Figure 3.14 Number of biopsies performed, 2008 to 2015
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Data acquired from CervicalCheck annual reports(®®: 10 110, 112-115)

Between September 2008 and August 2015 there were 336,916 attendances at
colposcopy, 108,094 of which were first appointments. Over 134,000 (134,361)
biopsies were performed (first appointments and follow-up appointments). During
this period CervicalCheck detected 1,082 invasive cervical cancers, 41,417 high-
grade histological abnormalities (for example, CIN 2, CIN 3) and 29,505 low-grade
histological abnormalities (for example, CIN 1)1%

Histology results for those with a satisfactory biopsy at the first visit to colposcopy
are shown in Figure 3.15.

54



Health Technology Assessment (HTA) of human papillomavirus testing as the
primary screening method for prevention of cervical cancer
Health Information and Quality Authority

Figure 3.15 Histology results for those with a satisfactory biopsy at first
visit to colposcopy, 2008 to 2015
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3.3 Treatment
3.3.1 Treatment of precancerous abnormalities

CervicalCheck aims to detect and treat women with precancerous abnormalities and
early stage invasive cervical cancer. As noted in Chapter 2, CervicalCheck classifies
histological abnormalities according to CIN terminology (see Chapter 2, Table 2.2).
CIN describes squamous cell abnormalities which are classified histologically into
low-grade abnormalities (CIN 1) and high-grade abnormalities (CIN 2 and CIN 3).
CIN 3 is also called carcinoma in situ. CGIN (glandular cervical intraepithelial
neoplasia) describe glandular cell abnormalities which are also classified into low-
grade abnormalities and high-grade abnormalities; CGIN 3 is also called
adenocarcinoma in situ (AlS).

Cold coagulation, large loop excision of the transformation zone (LLETZ), needle
cone biopsy and cold knife cone biopsy are conservative methods of treatment of
high-grade histological abnormalities.*”” LLETZ and cone biopsy completely remove
the high-grade abnormality (includes the transformation zone). A cone shaped
wedge of cervical tissue is removed at a cone biopsy, hence the name. LLETZ and
cold coagulation techniques are usually carried out under local anaesthesia in
colposcopy clinics. Cold knife cone biopsy requires general anaesthesia.!*”)
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Between 2014 and 2015, CervicalCheck treated 5,269 women with LLETZ, 1,224
women with ablation (cold coagulation) and 16 women with cone biopsies. Ninety
seven percent of treatments were performed as outpatient procedures under local
anaesthetic, exceeding the CervicalCheck target of 90%.

A UK observational study, nested within a RCT, of 751 women who attended
colposcopy reported that 53% of women who had a punch biopsy reported pain and
46% reported vaginal discharge.!'® Of women treated by LLETZ, 67% reported
pain and 63% reported vaginal discharge. The frequency of bleeding was similar in
the biopsy (79%) and LLETZ groups (87%). Women treated by LLETZ reported
bleeding and vaginal discharge of significantly longer duration than other women.
The duration of pain was similar in both groups. After-effects were also reported by
women managed solely by colposcopic examination.!!®) Variation in practice
regarding administration of local anaesthetic may mean that the findings of this
study are not applicable to women treated in CervicalCheck where it is standard of
care for local anaesthetic to be administered prior to a biopsy procedure. It is
important to ensure that women are fully informed about after-effects. This may
help to alleviate anxiety and provide reassurance, thereby minimising the harms of
screening.!*®)

Referral to colposcopy for evaluation because of an abnormal smear test may be
distressing for women. A Dutch prospective study conducted between 2006 and
2008 assessed the effects of colposcopy referral on women'’s generic health-related
quality of life (HRQoL) and anxiety levels.!!¥) A reference group (n=706) comprising
women participating in cervical screening, but who were not referred to colposcopy
completed a questionnaire for comparison. The HRQoL and anxiety outcomes of the
colposcopy group (n=152) were ascertained from questionnaires completed prior to
colposcopy and at one, three and six months after colposcopy. One hundred and
thirty women were included in the analysis of which 108 completed all four
questionnaires. In the pre-colposcopy questionnaire, there was a significant
difference (p<0.001) in mental HRQoL and screen-specific anxiety levels compared
with the reference group; physical HRQoL scores did not differ. The negative effect
on mental health decreased over time and had disappeared by six months after
baseline. Overall, HRQoL improved in the colposcopy group and a clinically
significant reduction in anxiety (p<0.001) occurred over time, irrespective of the
grade of CIN detected. The authors concluded that anxiety, not the physical burden
of colposcopy and treatment was most bothersome to women and that
gynaecological management had a reassuring effect and led to reduced anxiety
levels over time.
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LLETZ and cold knife biopsy are associated with an increased risk of preterm
premature rupture of membranes, preterm birth and low birthweight.*'”) These
complications are associated with an increased risk of stillbirth and neonatal
death.*2% Cold knife conisation is also associated with an increased rate of
caesarean section due to cervical stenosis.!'”) A case-control study nested in a
record linkage cohort study in England reported that the risk of preterm birth
appeared to be minimally affected by small excisions. Excisional treatment was
defined as LLETZ, laser excision, knife cone biopsy or cone excision not otherwise
specified.(*?)) However, excisions with a depth greater than 15mm were associated
with a doubling of the risk of preterm and very preterm births.*?) Laser ablation
does not impact on obstetric or neonatal outcomes. 17 129

3.3.2 Treatment of invasive cervical cancer

Squamous cell carcinoma is the most common histological type of invasive cervical
cancer in Ireland. Between 1994 and 2012, it accounted for over 76% of invasive
cervical cancers while adenocarcinoma accounted for just over 15%. Invasive
cervical cancer is staged clinically according to the FIGO classification system (see
Appendix 2). The stage of cervical cancer depends upon the size of the tumour,
invasion of surrounding tissues, lymph node status and metastases. Risk assessment
of a tumour incorporates the size of the tumour and depth of its invasion,
histological genotype, stage, lymph node status and lymphovascular space
involvement.?? Primary treatment is stage dependent and may consist of surgery,
radiotherapy or a combination of chemotherapy and radiotherapy.*?? Management
and treatment are recommended by a multidisciplinary team based on the stage,
age and general health of the individual woman.

Early stage disease (FIGO stage IA1) may be managed conservatively with cone
biopsy. Treatment options for women with FIGO stage IA2 to IVA include surgery,
radiotherapy or the combination of chemotherapy and radiotherapy
(chemoradiotherapy). Surgical treatment options for women with stage IA2 include
radical hysterectomy and pelvic lymphadenectomy, large cone biopsy or radical
trachalectomy and pelvic lymphadenectomy. Surgical treatment options for women
with stage IB1, IB2 and IIA include radical hysterectomy and pelvic
lympadenectomy. Surgery is the preferred treatment option in young women with
stage IA2 and IB1 because it confers the benefit of conserving ovarian function, thus
avoiding early menopause.® Radical trachelectomy is an alternative to radical
hysterectomy for women with stage IB1 who wish to preserve fertility. Radical
trachelectomy involves vaginal resection of the cervix, the upper vagina and the
medial portions of the cardinal and uterosacral ligaments and prophylactic cervical
cerclage. Radical hysterectomy involves the en-bloc removal of the uterus, cervix,
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parametrial tissues and upper vagina. This is usually combined with pelvic
lymphadenectomy.

Women with stages IB2, IIA2 to IVA are generally treated with chemoradiotherapy.
(83,%8) Surgery is not offered first-line to women with stage IB2, IIA2 to IVA because
of the risk of positive margins and positive lymph nodes, however it may be offered
as adjuvant therapy where there is evidence of residual disease. (1% 123
Radiotherapy to the cervix is given by external beam radiotherapy or brachytherapy.
Brachytherapy involves delivering short wave radiotherapy into the uterus via the
vagina. Women who present with metastatic or recurrent cervical cancer are
commonly symptomatic.(!??) They are generally offered palliative chemotherapy with
or without immunotherapy and or individualised radiotherapy to relieve symptoms
and to improve their quality of life.?? Depending on previous care and the presence
of central versus noncentral disease, treatment may include exenteration with or
without intraoperative radiotherapy, radical hysterectomy in carefully selected
patients or brachytherapy. Complications associated with advanced cervical cancer
include pain, lymphoedema, fistulae, thrombosis, haemorrhage and renal failure.%®
Renal failure due to bilateral ureteric obstruction may require nephrostomy or
ureteric stent placement.

The types and numbers of treatments performed for precancerous abnormalities and
invasive cervical cancer by CervicalCheck between September 2008 and August 2015
are presented in Table 3.4. LLETZ was the most commonly performed treatment
each year accounting for over 84% of procedures per annum.

Table 3.4 Treatments offered through CervicalCheck, 2008 to 2015
Treatment 2008-

2009
LLETZ 4,326 6,591 6,190 7,236 5,702 5,674 5,269
Ablation 353 893 661 758 910 927 1,224
Cone biopsy 27 32 29 40 42 36 16
Hysterectomy - 30 52 74 64 80 51
Trachelectomy - - - 1 1 8 -
Total 4,706 7,546 6,932 8,109 6,719 6,725 6,560

Data acquired from CervicalCheck annual reports(®® 10% 110, 112-115)
Key: LLETZ - large loop excision of the transformation zone

According to NCRI data, since the year 2000 the proportion of women receiving
different forms of treatment for invasive cervical cancer has been relatively stable
(Table 3.5). Between 2000 and 2012, 63.3% received tumour-directed surgery,

39.8% received for chemotherapy or immunotherapy and 55.1% received
radiotherapy. Of interest are the combinations of therapy used for individual women
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with invasive cervical cancer. In the five years from 2008 and 2012, 39.7% of
women had surgery alone, 20.2% had chemoradiotherapy and 15.9% had all three
therapies.

Table 3.5 Treatment of invasive cervical cancer, 2000 to 2012

Tumour-directed Chemo or Radiotherapy*
surgery** immunotherapy*
2000 116 77 103
2001 107 78 106
2002 128 94 117
2003 127 78 128
2004 127 82 101
2005 155 119 152
2006 135 94 130
2007 192 119 155
2008 163 115 150
2009 240 136 182
2010 208 126 183
2011 232 106 170
2012 181 105 161

*Within a year of diagnosis

$ Surgeries for invasive cervical cancer include procedures such as LLETZ and cone biopsies as well as more extensive
procedures such as hysterectomies.

Data courtesy of NCRI

According to Hospital Inpatient Enquiry (HIPE) data, between 2005 and 2014 there
were 9,658 inpatient admissions and daycases where invasive cervical cancer was
the principal diagnosis. This equated to an average of 966 admissions per year. Just
over half were for women in the 35 to 55 year age group. St Luke’s Hospital and St
James’s Hospital (and specifically, St Luke’s Radiation Oncology Unit in St James’s
Hospital since 2010) accounted for the largest number, together accounting for over
40% of all admissions and daycases.

Complications of treatment for invasive cervical cancer depend on the treatment
modality used. Broadly speaking, complications impacting on quality of life can be
categorised as: lymphoedema; bladder dysfunction and other urologic complications;
bowel dysfunction and other gastrointestinal problems; sexual dysfunction; and
psychosocial problems.?? Treatment of advanced cervical cancer can lead to
bladder dysfunction, detrusor overactivity, fistula, and hydronephrosis.?>
Chemotherapy can result in toxicity-related adverse reactions although these may be
short-term. Radiation therapy is associated with haemorrhagic cystitis, ureteric
stenosis, low-compliance bladder, and fistula.*>® When multiple treatment
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approaches are used in combination, there may be a higher risk of long-term
complications. 2%

3.4 Mortality

The estimated annual age standardised mortality rate from invasive cervical cancer
in 2012 was 4.3 per 100,000 in Ireland.®> This was higher than the average annual
rate for the 27 European Union member states (EU-27) which was 3.7 per 100,000
in 2012. The estimated age-standardised mortality rate from invasive cervical cancer
in 40 European countries ranged from 14.2 per 100,000 (Romania) to 0.7 per
100,000 (Iceland) in 2012.°*) Ireland was ranked eighteenth.®>

According to data from the Central Statistics Office (CSO), between 2007 and 2014,
there were 707 deaths in Ireland from invasive cervical cancer, an average of 88
deaths per year. The median age at death from invasive cervical cancer in Ireland is
56 years.!?®) The annual number of deaths in women aged less than 50 years
ranged from 21 to 35. This represents between 25% and 38% of all deaths from
invasive cervical cancer.

Mortality rates for invasive cervical cancer, standardised to the European Standard
population (ESP 1976) are shown in Figure 3.16. Although there has been year-on-
year fluctuation, there has been no significant change in mortality between 2007 and
2014. Based on data from 2012 to 2014, the cumulative lifetime risk of death due to
cervical cancer (to age 74) was 1 in 333 women.
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Figure 3.16 Age-standardised mortality rates of invasive cervical cancer
per 100,000 population by year of death in Ireland (2007 to

2014)
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Data acquired from CSO, standardised to the European Standard Population (1976)

In Ireland, mortality rates from invasive cervical cancer increased in the late 1960s
and the early 1970s.® Rates subsequently declined somewhat, however average

mortality rates for invasive cervical cancer in the last five years are approximately

60% higher than in the early 1950s.°% Relatively little change in the mortality rate
from invasive cervical cancer has been seen in recent years.®®® When stratified by

age at time of death, mortality rates are higher in women aged 50 years and over

compared with younger women (Figure 3.16).

3.5 Survival

Based on data from the EUROCARE-5 study, the five-year relative survival for
European women diagnosed with invasive cervical cancer between 2000 and 2007
was 62%.1%”) Survival was lowest in Eastern Europe (57%), particularly in Bulgaria
and Latvia (51%) and highest in Northern Europe (67%). Norway had the highest
five-year relative survival at 71%. Ireland ranked 21 out of 28 countries with a five-
year survival of 58.9%.2”) Across Europe, the study reported improvements in the
age-standardised five-year relative survival from 61% (in 1999 to 2001) to 65% (in
2005 to 2007), although it noted that exceptions to this trend were observed in
Scotland and Ireland where a statistically significant reduction in five-year survival
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was observed.!*”) In Ireland, five-year relative survival for these two periods were
reported as 64% and 55%, respectively.(!?”)

The NCRI have estimated five-year survival using a cohort method (1994—-1998,
1999-2003, 2004-2008) and a hybrid method (2009-2013). While relating to
different time periods, in contrast with the EUROCARE-5 study data, five-year
survival was estimated to have improved over time in Ireland from 56.3% in 1994 to
1998 to 61.0% in 2009 to 2013 (Figure 3.17).1%® The estimated trends in survival
are clearly sensitive to the methodology used which may indicate that net five-year
survival has remained largely static over the last 20 years.

Figure 3.17 Age-standardised net five-year survival for invasive cervical
cancer in Ireland (1994 to 2013)
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Percent
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Net five year survival

Figures acquired from NCRI , age-standardised

Age-standardised five-year relative survival in European women diagnosed with
invasive cervical cancer between 2000 and 2007 reduced with advancing age.!*)
Five-year relative survival in 15 to 44 year olds was 81%, but fell to 34% in those
women aged 75 years and over at the time of diagnosis.***

This pattern was also observed in NCRI-calculated age-specific five-year relative
survival for the time period 2008 to 2012 (Figure 3.18).?®) Those in the 15 to 44
year age group had a net five-year survival of 83.5%, whereas those aged 75 years
and older at the time of diagnosis had a net five-year survival of 30.7%.
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Figure 3.18 Net five-year survival for invasive cervical cancer by age, 2008
to 2012
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The reduction in survival rates with increasing stage is well recognised.*®) NCRI age-
standardised relative five-year survival calculations for the time period 2008 to 2012
are shown in Figure 3.19.(1%®) Net five-year survival for those diagnosed at stage 1I,
III and IV disease were 63.6%, 47.8% and 21.6%, respectively. Note age-
standardised survival is unavailable for stage I as there were insufficient deaths in
some age groups to allow age-standardisation calculations to be made. The five year
(un-standardised) survival for stage I disease was 93.9%.
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Figure 3.19 Net five-year survival for invasive cervical cancer by stage,
2008 to 2012
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3.6 Risk factors for cervical cancer

Human papillomaviruses (HPVs) are small non-enveloped DNA viruses which may be
classified into cutaneous and mucosal HPVs. There are more than 100 genotypes of
HPV — each genotype acts as an independent infection!®® and are designated as low
or high risk depending on their propensity to cause cancer (be ‘carcinogenic’).*3? As
noted in Chapter 2.1.1.3, twelve HPV genotypes (16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59) are considered by the IARC to be carcinogenic (class I) and associated
with a higher risk of progression to cancer; these are often referred to by the
acronym, *hrHPV".(1”) Of these, HPV 16 and HPV 18 are responsible for approximately
70% of invasive cervical cancer cases,*? and when combined with five additional
oncogenic genotypes (31, 33, 45, 52, 58) account for approximately 90% of invasive
cervical cancer cases.®® HPV 66 is classified as probably carcinogenic (Group 2A) by
the TARC while 12 other genotypes are considered possibly carcinogenic (Group
2B).(7

HPV is a sexually transmitted infection, with skin-to-skin genital contact sufficient for
transmission.**? Infection is extremely common in young women in their first
decade of sexual activity.(!%) The majority (more than 90%) clear the infection
spontaneously.® Cervical cancer arises when HPV is transmitted, the virus persists,
persistently infected cells progress to precancerous abnormalities and finally to
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invasive cervical cancer.%) Most cervical infections are cleared or suppressed within
one to two years of infection. The half life of HPV infection is estimated to be eight
to ten months for high-risk genotypes and approximately half that for infection with
low-risk genotypes.(*® Persistent infections and precancerous abnormalities arise
from less than 10% of new infections and are usually established within five to ten
years. (109

HPV is necessary for the development of invasive cervical cancer, however other
cofactors influence progression from cervical HPV infection to invasive cervical
cancer. Established cofactors include co-infection with HIV, tobacco smoking, long-
term hormonal contraceptive use, and high parity.(:*¥ Co-infection with herpes
simplex virus type-2 (HSV-2), Chlamydia trachomatis, immunosuppression, and
certain dietary deficiencies are other probable cofactors.*3® The prevalence of HPV
infection is discussed in Section 3.6.1 followed by a description of established
cofactors in the development of invasive cervical cancer.

3.6.1 Burden of HPV in women

HPV infection may lead to the development of cervical cytological abnormalities
ranging from low-grade cytological abnormalities to high-grade cytological
abnormalities to invasive cervical cancer. The prevalence of HPV rises with
increasing grade of cytological abnormality. The following three subsections (3.6.1.1
to 3.6.1.3) present more detailed international and national data on the prevalence
of HPV (specifically the prevalence of hrHPV) in women with normal (negative)
cytology, low-grade abnormalities, high-grade abnormalities and invasive cervical
cancer, respectively. Data in subsection 3.6.1.2 and subsection 3.6.1.3 are based on
both cytological studies and histological studies. Also included, where available, are
data from partial genotyping studies indicating the prevalence of individual hrHPV

genotypes.

Although certain HPV genotypes are potentially oncogenic, most women infected
with one of these genotypes experience a transient infection and do not develop
precancerous abnormalities or invasive cervical cancer.

3.6.1.1 Prevalence of HPV with normal cytology

According to a 2010 report of the Catalan Institute of Oncology, global prevalence of
HPV with normal (negative) cytology is estimated to be 11.4% (95% CI: 11.3 to
11.5).43% prevalence of HPV is estimated to be higher in developing regions (14.3%)
than in developed regions (10.3%). European prevalence of HPV is estimated to be
9.7% (95% CI: 9.6 t0 9.9), ranging from 22.3% in Eastern Europe to 7.3% in
Western Europe.*3¥ Prevalence in Northern Europe is 10.8% (95% CI: 10.6 to 11.0).
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Prevalence is highest in women under the age of 25 years.3¥ A meta-analysis of 194
studies which included just over a million women with normal cytology from 59
countries was published in 2010. :*> Globally, the crude and adjusted prevalence of
HPV were estimated to be 7.2% and 11.7% (95% CI: 11.6 to 11.7), respectively
Seventeen percent of these studies were population-based surveys, 33.0% were from
routine screening programmes, 23.2% were case-controls studies, and 26.2% were
other types of cross-sectional studies with convenience sampling. Most women
(76.3%) were in routine cervical screening programmes which were not necessarily
population-based. 13> In Europe, adjusted prevalence of HPV was estimated to be
14.2% (95% CI: 14.1 to 14.4)..*> Prevalence of HPV was highest in Eastern Europe
(21.4%) and lowest in Southern Europe (8.8%).>> Adjusted prevalence of HPV in
Northern Europe, which included studies from Ireland, the UK, Sweden, Norway,
Lithuania, Finland and Denmark, was 10.8% (95% CI: 9.8 to 10.2).:3® However,
intercountry and intraregional heterogeneity in prevalence of HPV was observed. HPV
16 was the most frequently observed genotype worldwide accounting for over 22% of
HPV infections.!3> Worldwide, a peak in HPV infection was observed in women under
the age of 25 years. Thereafter, it declined to a plateau.*>® In over half of all regions,
a second peak in age distribution was observed at 45 years or older. One hundred and
thirty-six studies provided type-specific HPV data. Worldwide, the five most prevalent
genotypes were HPV 16 (3.2%), HPV 18 (1.4%), HPV 52 (0.9%), HPV 31 (0.8%), and
HPV 58 (0.7%).(13)

Similar trends were found in a large meta-analysis published in 2007.(*® This
included 78 published studies of almost 158,000 women with normal cytology,
conducted worldwide. Globally, estimated crude and adjusted prevalence of HPV
were 10.0% and 10.4% (95% CI: 10.2 to 10.7), respectively.*® Prevalence of HPV
was highest in women under the age of 25 years and decreased thereafter. However
in certain regions, of which Europe was one, a second prevalence peak was
observed in women aged 45 years and over.*® Europe was well represented in this
analysis, constituting over 44% of study participants. Europe was divided into
Eastern (Russia), Northern (Denmark, Sweden and UK) Southern (Greece, Italy and
Spain) and Western Europe (Belgium, France, Germany and Netherlands). Adjusted
prevalence of HPV decreased with decreasing latitude. It ranged from 29.1% (95%
CI: 23.3 to 34.4) in Eastern Europe to 6.8% (95% CI: 5.7 to 7.2) in Southern
Europe.(136) The adjusted prevalence of HPV in Northern Europe was estimated to be
7.9% (95% CI: 7.4 to 8.4).13% Forty-eight studies provided genotype-specific HPV
data. HPV 16, 18, 31, 58 and 52 accounted for half of all HPV infections. HPV 16 was
the most prevalent genotype, followed by HPV 18.(3®

The UK-based ARTISTIC trial recruited 24,510 women aged 20 to 64 years who
presented for routine screening in Greater Manchester.3”) Overall, prevalence of
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HPV (13 hrHPV genotypes) was 15.6%. Prevalence of hrHPV in those with normal
cytology was 10.4%. HPV positivity rates increased with increasing grade of
cytological abnormality.(3”)

A population-based study of women aged 20 to 64 years who attended cervical
screening in Northern Ireland between February and December 2009, was published
in 2013.3®) The crude prevalence of any hrHPV was 18.1%. This increased with
increasing grade of cytological abnormality. In those with normal cytology, crude
prevalence was 13.2% (95% CI: 12.7 to 13.7). Prevalence of hrHPV in those with
normal cytology was 13.2% (95% CI: 12.7 to 13.7). Prevalence of hrHPV was
highest in those aged between 20 and 24 years (33.3%) and reduced with age to a
prevalence of 5.3% in those aged 55 to 64 years. HPV 16 was the most common
genotype identified. The five most common high-risk types were 16, 31, 51, 59 and
derived 52.8 Prevalence of multiple hrHPV genotypes in those with normal cytology
was 3.7%.1%® Younger women were more likely to be positive for multiple hrHPV
genotypes than older women.

A study of prevalence of HPV in the cervical screening population in the Republic of
Ireland was published in 2007.%39 Data were obtained from 996 women aged 16 to 72
years (mean age 35 years) who were opportunistically screened by their general
practitioner.39 Cytological abnormalities were reported in 11.1% of smears tested.:>
The overall prevalence of HPV (all genotypes) was 19.8%. It was 11.4% (101/886)
with normal cytology and 100% with moderate (n=9) or severe (n=11) dyskaryosis
(BSCC classification, see Chapter 2, Table 2.2).%*% Prevalence of HPV decreased
significantly from 31% in women under the age of 25 years to 4% in women over the
age of 50 years (p<0.0001).** High-risk HPV (hrHPV) genotypes accounted for 74%
of HPV genotypes detected. HPV 16 (20%) and HPV 18 (12%) were the most
prevalent hrHPV genotypes identified, followed by HPV 66, 33, 53, 31 and 58.

Similar, but slightly higher prevalence of HPV was reported by a study which
included data from opportunistic and organised screening in Northern Ireland and
the Republic of Ireland.:*® Between 2006 and 2009, samples were obtained from
sites in Dublin, Galway and Antrim, not all of which were obtained through
population-based screening. Following the commencement CervicalCheck in 2008,
an additional 1,000 specimens were recruited through the CervicalCheck and The
National Cancer Screening Services Board (NCSSB). The study population ranged
from 17 to 89 years of age. Crude hrHPV prevalence rate in the study population
was 19.2% (614/3193). It was 17.3% (487/2811) in the 25 to 60 year age cohort.
The European age-standardised rates for the study population and the 25 to 60 year

§ The assay used to detect HPV in this study used multiple type probes to detect HPV 52 infection. This limited
the test’s ability to discriminate HPV status in the presence of HPV 33, 35 and 58. Thus, the genotype is derived
as positive if co-infection with HPV 33, 35 and 58 is not present.
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age cohort were 19.7% and 15.7%, respectively.®** Prevalence of HPV was highest
in younger age groups (44.4% in women under the age of 25 years and 34.1% in
women aged 25 to 29 years). It decreased with increasing age (8.7% in women
aged 50 to 54 years).(1*?

Prevalence of hrHPV in women with normal cytology was 12.6% (95% CI: 11.6 to
13.6); (9 and was higher in women aged under 30 years (26.5% [95% CI: 23.7 to
29.4]) compared with those aged 30 years and older (8.5% [95% CI: 7.5 to 9.5]) in
women 30 years or older.*® When data were analysed according to the four
provinces of Ireland, inter-region differences in prevalence were observed. Ulster
(North) had the highest crude prevalence of hrHPV (21.2%). Connaught (West) had
the lowest crude prevalence of hrHPV (14.6%). Munster (South) and Leinster (East)
had similar crude prevalence of hrHPV (19.4% and 19.2%). HPV genotyping was
performed on specimens that tested positive for hrHPV DNA (n=614). Thirty-five
genotypes were detected in this study with HPV 16 the most prevalent (29.0%)
genotype detected. It was followed by HPV 31/HPV 52 (12.2%), HPV 18 (11.6%),
HPV 51 (11.4%) and HPV 39/HPV 66 (9.1%).1*Y HPV 16 was the most prevalent
genotype identified in each region. Co-infection with low-risk HPV genotypes was
identified in 45.3% of hrHPV positive samples; infection with multiple HPV genotypes
was found in 56.5 to 58.5% of samples.*?

The Irish Cervical Screening Research Screening Consortium, CERVIVA, is a
multidisciplinary research consortium which focuses its research efforts on
addressing some of the key national and international health service and population
health challenges relating to cancer of the cervix. An observational study which is
currently being conducted by CERVIVA in collaboration with CervicalCheck aims to
evaluate and compare different strategies for the triage of women with a hrHPV
DNA/HPV mRNA positive primary screening test.* The cohort comprises women
attending CervicalCheck for a routine smear test. A residue of each smear sample is
retained for hrHPV DNA and hrHPV mRNA testing. Baseline population prevalence of
hrHPV DNA and hrHPV mRNA will be determined. The study is on-going and the
results are yet to be published. However, preliminary data have been released to
inform this HTA.*? To date, 4,500 women aged 23 to 60 years have been recruited
(median age 38 years [IQR 32-45 years]). Analysis was conducted on 3,222
samples. The rate of hrHPV mRNA positivity was lower than the rate of hrHPV DNA
positivity, but this difference was not significant. For clarity, only the hrHPV DNA
results are presented here. The prevalence of hrHPV was 14.6%. The genotype-
specific prevalence of hrHPV (cobas® 4800 HPV test) is shown in Table 3.6.
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Table 3.6 Genotype specific prevalence of hrHPV by DNA testing!*"

Age (years HPV 16 (% HPV 18 (% hrHPV *(%

<30 9.2 2.2 20.4
30 to 39 3.5 1.0 10.8
40 to 49 2.0 0.5 5.9
50 years and older 1.5 0.8 5.3
Total 3.6 1.0 14.6

*hrHPV includes a pool of 12 genotypes (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68)

Women under the age of 30 years were significantly (p<0.0001) more likely to test
positive for hrHPV DNA than women aged 30 years or older. Consistent with the results
of other studies, hrHPV DNA positivity rates decreased with increasing age. Women
aged 30 to 39 years were at a higher risk of testing positive for hrHPV DNA than
women aged 50 years or older. Overall, partial genotyping indicated that 3.6% were
positive for HPV 16, 1.0% were positive for HPV 18 and 9.9% were positive for at least
one of the 12 other hrHPV genotypes tested. Cytology results were available for 1,973
study participants. Those with normal cytology accounted for 93.9%. The overall
prevalence of hrHPV with normal cytology was 8.9% and varied by age, ranging from
21.5% in those aged less than 30 years to 6.9% in women aged 30 years or older.

In summary, currently there are no published national data of prevalence of hrHPV in
women aged 25 to 60 years with normal cytology attending organised screening in
Ireland. Early data from the CervicalCheck CERVIVA report a prevalence of hrHPV of
8.9% with normal cytology.**? This is consistent with data from meta-analyses which
report that the mean age-adjusted prevalence of hrHPV with normal cytology ranges
from 7.9%1*® to 10.8% > in Northern European populations. The UK-based
ARTISTIC trial, reported a prevalence of hrHPV of 10.4% in women aged between 20
and 64 years with normal cytology.*”” While hrHPV prevalence data for those with
normal cytology reported in the aforementioned CERVIVA study are lower than that
reported in other Irish studies (which ranged from 11.4% in the Republic of
Ireland®3? to 13.2% in Northern Ireland®*®), these data are not directly comparable
due to differences in study designs, study age participants and HPV detection
methods. Irish data indicate that prevalence of hrHPV in women with normal cytology
is highest in those aged less than 30 years, and that it decreases with increasing age.

3.6.1.2 Prevalence of hrHPV in borderline and low-grade
abnormalities

This section considers the prevalence of hrHPV in borderline and low-grade
abnormalities. Given the propensity of hrHPV to cause invasive cervical cancer,
infection with hrHPV genotypes can manifest as abnormal cytological changes in
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cervical cells. These early cytological changes, referred to as borderline or low-grade
abnormalities may regress spontaneously or persist and develop into high-grade
abnormalities which in turn may progress to invasive cervical cancer. Therefore,
prevalence of hrHPV would be expected to increase with increasing grade of
cytological abnormality.

According to a 2010 report of the Catalan Institute of Oncology, global prevalence of
HPV 16 and 18 genotypes in LSIL is estimated to be 24.3% (95% CI: 23.6 to
25.0).3% European prevalence is estimated to be slightly lower (23.9%) with
evidence of regional variation. Prevalence ranges from 32.6% in Eastern Europe to
20.8% in Western Europe. Northern Europe (which includes Ireland) has an
estimated prevalence of 30.3% (95% CI: 27.6 to 33.1).3" HPV 16 and 18
genotypes are estimated to contribute to 16 to 32% of LSIL.(!3%

A meta-analysis published in 2009 by Arbyn et al. compared prevalence of hrHPV in
ASCUS and LSIL.**®) On average, 43% (95% CI: 40 to 46) of ASCUS (range 23% to
74%) and 76% (95% CI: 71 to 81) of LSIL (range 55% to 89%) were hrHPV
positive.*®

The UK-based ARTISTIC trial, reported rising rates of HPV positivity with increasing
grade of cytological abnormality.*” The ARTISTIC study used the BSCC classification
system which classifies ASCUS as a borderline nuclear abnormality and LSIL as mild
dyskaryosis (see Chapter 2, Table 2.2). The prevalence of hrHPV in borderline nuclear
abnormalities and mild dyskaryosis were 31% and 70%, respectively.(3”

A population-based study of women aged 20 to 64 years who attended cervical
screening in Northern Ireland , reported that 7.3% of samples had low-grade
abnormalities.(**® Of these, 68.8% were hrHPV positive. HPV 16 was the most
prevalent HPV genotype detected in low-grade abnormalities.**®

A study conducted in the Republic of Ireland of 996 women aged 16 to 72 years who
were opportunistically screened by their general practitioner, reported that 11.1% of
samples had a cytological abnormality.(*3® Just over 87% (96/110) of samples with
a cytological abnormality had a positive result for HPV. HPV 16 was the most
prevalent genotype in samples with mild, moderate or severe dyskaryosis (BSCC
terminology, see Chapter 2, Table 2.2).

A study which included data from opportunistic and organised screening in Northern
Ireland and the Republic of Ireland included women between the ages of 17 and 89
years.1*® ASCUS was detected in 5.8% of samples and LSIL was detected in 3.9%
of samples.*® Prevalence of hrHPV in ASCUS samples was 56.8% (95% CI: 50.8%
to 62.7%).M% It was 71.2% in women under the age of 30 years and 47.3% in
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women aged 30 years or older.(:*? In LSIL samples, the prevalence of hrHPV was
83.2% (95% CI: 77.7% to 88.7%). It was 90.2% in women under the age of 30
years and 76.6% in women aged 30 years or older.(*?

In May 2015 HPV triage testing commenced in CervicalCheck laboratories.*!?) Smear
test samples reported as ASCUS or LSIL are reflex tested for the presence of hrHPV
genotypes. Between 1 June 2015 and 31 July 2016, a total of 278,172 screening tests
were carried out in non-colposcopy settings.!*¥ ASCUS and LSIL were reported in
3.4% (n=9,308) and 2.8% (n=7,813) of samples, respectively.!*" A small number of
ASCUS and LSIL samples (n=(6+8)=14) had an indeterminate hrHPV test result or
were not tested for hrHPV. The crude prevalence of hrHPV was 38.5% and 71.1% in
ASCUS and LSIL samples, respectively. The crude prevalence of hrHPV in ASCUS and
LSIL samples was highest in women under the age of 30 years. (Table 3.7).
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Table 3.7 Prevalence of hrHPV in ASCUS and LSIL samples in non-
colposcopy settings, 1 June 2015 to 31 July 2016

<20 3 1 (33.3)
20 - 24 24 18 (75.0)
25 - 29 2,596 1,583 (61.0)
30 - 34 1,807 811 (44.9)
35 - 39 1,631 490 (30.0)
40 - 44 1,372 319 (23.3)
45 - 49 982 177 (18.0)
50 - 54 452 100 (22.1)
55 - 59 253 50 (19.8)
60 - 64 128 27 (21.1)
65 - 69 45 8 (17.8)
70 - 74 12 1 (8.3)
>= 75 3 0 (0.0)

<20 0 0 (0.0)

20 - 24 35 28 (80.0)
25 - 29 3,367 2,733 (81.2)
30 - 34 1,687 1,184 (70.2)
35 - 39 1,120 710 (63.4)
40 - 44 773 466 (60.3)
45 - 49 485 249 (51.3)
50 - 54 193 99 (51.3)
55 - 59 106 59 (55.7)
60 - 64 31 17 (54.8)
65 - 69 13 4 (30.8)
70 - 74 2 2 (100.0)
>=75 1 1 (100.0)
Total 7,813 5,552 (71.1)

Data provided by CervicalCheck
The number positive are the number with ASCUS or LSIL who tested positive for hrHPV. The % calculation provided in brackets

after this is the prevalence of hrHPV within that age band. For example, 1,583, or 61% of the 2,596 25 to 29 year olds with
ASCUS were hrHPV positive.

Prevalence of hrHPV shown in Table 3.8 were obtained from screening tests taken in
colposcopy settings and are not segregated by test purpose. They include women
tested after treatment for high-grade abnormalities and those who are untreated

72



Health Technology Assessment (HTA) of human papillomavirus testing as the
primary screening method for prevention of cervical cancer
Health Information and Quality Authority

and typically present with persistent low-grade abnormalities. Smaller numbers of
ASCUS and LSIL results were obtained from these tests. Overall crude prevalence of
hrHPV in 1,348 ASCUS samples was 44.4% while it was 72.0% in 2,506 LSIL
samples. This was similar to the overall crude prevalence of hrHPV in the LSIL
samples taken in non-colposcopy settings (71.1%).
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Table 3.8 Prevalence of hrHPV in ASCUS and LSIL samples in colposcopy,
1 June 2015 to 31 July 2016

< 20 2 0 (0.0)

20-24 28 9 (32.1)
25-29 325 102 (31.4)
30 - 34 306 137 (44.8)
35-39 240 123 (51.3)
40 - 44 184 94 (51.1)
45 - 49 111 61 (55.0)
50 - 54 71 36 (50.7)
55 -59 49 24 (49.0)
60 - 64 21 9 (42.9)
65 - 69 8 1 (12.5)
70 - 74 3 2 (66.7)
>=75 0 0 (0.0)

Total 1,348 598 (44.4)

<20 2 2 (0.0)

20 - 24 52 43 (82.7)
25 - 29 609 481 (79.0)
30 - 34 613 449 (73.2)
35 - 39 383 254 (66.3)
40 - 44 294 202 (68.7)
45 - 49 223 149 (66.8)
50 - 54 158 103 (65.2)
55 - 59 105 75 (71.4)
60 - 64 44 31 (70.5)
65 - 69 19 13 (68.4)
70 - 74 4 2 (50.0)
>=75 0 0 (0.0)

Total 2,506 1,804 (72.0)

Data provided by CervicalCheck

Preliminary data from an observational study being undertaken by CERVIVA in

collaboration with CervicalCheck, to evaluate and compare different strategies for
the triage of women with HPV/mRNA positive primary screening tests, have been
made available to inform this HTA.(*?) Cytology results were available for the first
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1,973 study participants enrolled in the study. A total of 1.5% and 3.6% of samples
were reported to have ASCUS and LSIL, respectively. The prevalence of hrHPV in
samples with ASCUS and LSIL was 56.7% and 70.4%, respectively. It was higher in
women under the age of 30 years than it was in older women. Of note, as this study
is nested within CervicalCheck, these data are also captured within the triage data
reported above. Partial genotyping from 1,000 samples indicate that 12.5% (95%
CI: 1.6 to 38.3) of ASCUS samples (2/16) were positive for HPV 16, none (95% CI: 0
to 20.6) were positive for HPV 18 (0/16) and 44% (95% CI: 19.8 to 70.1) were
positive for other hrHPV genotypes (7/16). Partial genotyping of LSIL samples that
were positive for HPV DNA indicated that 20% (95% CI: 8.4 to 36.9) were positive
for HPV 16 (7/35), 2.9% (95% CI: 0.1 to 14.9) were positive for HPV 18 (1/35), and
43% (95% CI: 26.3 to 60.6) were positive for other hrHPV genotypes (15/35). At
this point, the number in the cohort with ASCUS and LSIL is small (16 and 35,
respectively) and the estimates are subject to substantial imprecision.

A prospective study conducted by CERVIVA in collaboration with CervicalCheck,
between October 2008 and July 2011 investigated hrHPV DNA testing and
p16™MK*/Ki-67 staining in the detection of CIN 2+ in women referred to colposcopy
with repeat ASCUS and LSIL.* The study comprised 471 women who attended
their first colposcopy visit at a Dublin centre. HPV DNA was positive in 50.5% of
ASCUS referrals and 71.7% of LSIL referrals.(*

A population based study conducted in Northern Ireland which was published in
2015, aimed to identify the HPV genotypes predominating in histological
precancerous abnormalities and invasive cervical cancers in women attending
screening services.*® Of the 1,830 eligible samples, 68.0% tested positive for HPV,
95.2% of which tested positive for hrHPV. The prevalence of hrHPV in CIN 1
samples was 48.1%.

In summary, triage data from CervicalCheck, indicate a crude prevalence of hrHPV of
38.5% with ASCUS.**¥ This prevalence is lower than that observed in two published
Irish studies, however these are not directly comparable due to differences in the
study populations. Preliminary data from CERVIVA in collaboration with
CervicalCheck, indicate a crude prevalence of hrHPV of 56.7%. However, ASCUS was
reported in only 30 smear tests. The Irish data indicate a higher prevalence that the
UK-based ARTISTIC trial which reported a prevalence of hrHPV of 31% with
borderline nuclear abnormalities (see Chapter 2, Table 2.2). The UK data were based
on women aged 20 to 64 years. The difference in prevalence of HPV persisted when
Irish data were restricted to women aged 20 to 64 years. The data are not directly
comparable due to differences in HPV detection methods and classification systems.
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Published Irish hrHPV prevalence data for LSIL ranges from 71.1% to 83.2%. Data
from CervicalCheck, comprising triage date for women with LSIL identified from
primary LBC-based screening indicate a crude prevalence of hrHPV of 71.1%. This is
consistent also with the preliminary data from the CERVIVA study which is nested in
CervicalCheck and which reports a crude prevalence of 70.4% (based on small
numbers). These data are also broadly consistent with prevalence of hrHPV reported
by the UK-based ARTISTIC trial**”) and the meta-analysis published by Arbyn et al.
in 2009.%

3.6.1.3 Prevalence of hrHPV with high-grade abnormalities and
invasive cervical cancer

This section considers the prevalence of hrHPV in high grade abnormalities and
invasive cervical cancer. According to a 2010 report of the Catalan Institute of
Oncology, global prevalence of HPV 16 and 18 genotypes in high-grade
abnormalities and invasive cervical cancer is estimated to be 51.1% (95% CI: 50.3
to 51.9) and 70.9% (95% CI: 70.3 to 71.5), respectively.*¥ European prevalence
of HPV 16 and 18 in high-grade abnormalities and invasive cervical cancer is
estimated to be 53% (95% CI: 51.9 to 54.1) and 74.5% (95% CI: 73.4 to 75.5),
respectively.:3¥ HPV 16 and 18 are estimated to contribute to between 41% and
67% of high-grade abnormalities.*3%

The UK-based ARTISTIC trial reported prevalence of hrHPV of 86% and 96% for
moderate and severe dyskaryosis (BSCC classification, see Chapter 2, Table 2.2),
respectively.3)

A population-based study of women aged 20 to 64 years who attended cervical
screening in Northern Ireland reported that1.3% of samples had high-grade
abnormalities.**® Of these, 68.8% were hrHPV positive.*® HPV 16 was the most
prevalent HPV genotype detected in high-grade abnormalities.

Preliminary data from an observational study by CERVIVA in collaboration with
CervicalCheck, which is currently in progress, reported HSIL in 0.9% (95% CI: 0.5 to
1.4) of cytological samples.(**? hrHPV positivity rate in HSIL samples was 83.3% (CI
58.6 to 96.4). However, this prevalence estimate must be viewed with caution given
the small numbers (n=15).

A study to examine the effect of age on genotype-specific risk of high-grade
histological abnormality was conducted in Northern Ireland.**” The study population
consisted of 18,416 women aged between 18 and 65 years who attended for routine
screening in the Western Health and Social Care Trust area between February and
October 2011. A total of 866 women underwent HPV triage because of borderline
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nuclear abnormalities or mild dyskaryosis (see Chapter 2, Table 2.2). Overall, 60.5%
were positive for hrHPV.2*”) The prevalence fell from 82.1% in women aged less
than 25 years to 33.9% in women aged 45 years or older.**” Of the 60.5% who
were hrHPV positive on testing, HPV 16 was the most prevalent genotype detected
(27.7%), followed by HPV 18 (9%) with twelve other hrHPV accounting for
63.4%.1*") Regardless of age, the relative risk of CIN 2+ on histology was
significantly greater in women with HPV 16 and or HPV 18 infection (2.23) compared
with women without HPV 16 and or HPV 18 infection (0.45). In women under the
age of 30 years, the risk of CIN 2+ associated with HPV16 infection was significantly
greater than the risk of CIN 2+ associated with HPV18 infection and the non-
HPV16/18 genotypes (1.74 versus 1.03 and 0.58, respectively). In women aged 30
years or older, HPV18 infection presented the greatest risk of CIN 2+ (3.03).

A population based study conducted in Northern Ireland aimed to identify the HPV
genotypes predominating in histological precancerous abnormalities and invasive
cervical cancers in women attending screening services.*® Prevalence of hrHPV
with CIN 2 was 65.9%. It was 81.3% with CIN 3 and 92.2% with squamous cell
carcinoma. The five most prevalent genotypes detected across all histological
abnormalities, in descending order were HPV 16, 31, 52, 18 and 33.(1%®) Prevalence
of hrHPV with adenocarcinoma was reported to be 64.3%.*® However, as only 14
cases of adenocarcinoma were included, the study is likely underpowered to
investigate this. The number of genotypes detected decreased with increasing age,
with 51% of all HPV infections in women aged 25 to 29 years. (1)

A study of the genotype-specific prevalence of HPV with CIN 3 and invasive cervical
cancer was conducted in England, Scotland, Wales and Northern Ireland.**® Over
2,000 histological specimens of CIN 3 and over 1,200 histological specimens of
invasive cervical cancer were tested for HPV. Most (81.6%) invasive cervical cancers
with known morphology were squamous cell carcinoma. This was followed by
adenocarcinoma (17.2%) and adenosquamous carcinoma.!*® The age and country-
weighted prevalence of hrHPV in invasive cervical cancers was 95.8%. (4
Heterogeneity was observed between countries. In women aged 30 years or
younger, 90.6% of CIN 3 specimens were positive for at least one hrHPV
genotype.1*®

In summary, published data for Ireland are limited to one cytological study
conducted in Northern Ireland and one cytological study conducted by CERVIVA in
collaboration with CervicalCheck. The former reported a prevalence of hrHPV of
68.8%. Preliminary data from CERVIVA, based on small numbers, indicate a crude
prevalence of hrHPV of 83.3% HSIL. The UK-based ARTISTIC trial reported a higher
prevalence of HPV (86% in moderate dysplasia and 96% in severe dysplasia (BSCC
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classification, see Chapter 2, Table 2.2). However, it is difficult to compare studies
which use different cytological classification systems.

3.6.2 Co-factors for cervical cancer

HPV has been established as a worldwide cause of invasive cervical cancer (both
squamous cell carcinoma and adenocarcinoma).(*** % However, many women who
are infected with HPV do not develop invasive cervical cancer suggesting there are
other factors at play.:>" HPV is a sexually-acquired infection and factors such as age
of sexual debut and lifetime number of partners are linked to the likelihood of
becoming infected with HPV.(*Y) The International Collaboration of Epidemiological
Studies of Cervical Cancer combined data from twelve epidemiological studies and
found the relative risk of both squamous cell carcinoma and adenocarcinoma
increased with increasing number of sexual partners, younger age at first
intercourse, increasing parity, younger age at first full term pregnancy, and
increasing duration of oral contraceptive use.!%” The IARC define tobacco smoking,
in utero exposure to diethylstilbestrol, combined oral contraceptives and HIV-1 as
carcinogenic agents in invasive cervical cancer.*>® These are addressed in further
detail below.

Current smokers have a significantly increased risk of developing squamous cell
carcinoma when compared to women who have never smoked (RR 1.60; 95% CI:
1.48 to 1.73).(¥ This risk increases with the number of cigarettes smoked per day
and younger age at smoking initiation.(*>® A lesser risk has also been observed for
women who smoked previously (RR 1.12; 95% CI: 1.01 to 1.25).1% Women who
have ceased smoking for a minimum of ten years have half the risk of developing
high-grade abnormalities and squamous cell carcinoma than current smokers. >
Heavy smoking has also been associated with an increased risk of CIN 3 in women
with persistent hrHPV infection.**> Smoking may also play an independent role in
cervical carcinogenesis.™®" Smoking prevalence in Ireland has declined in recent
years. In the twelve months to March 2016, prevalence among persons aged 15
years and over was 18.9% compared with an average of 25% in the period from
2002 to 2006. The prevalence is higher in males (21.2%) than females (16.7%), and
is highest in those aged 25 to 44 years (23.9%). Rates of smoking increase with
increasing levels of deprivation and are highest (22.7%) in those classed as working
class (C2 and DE groups).

Among current users of combined oral contraceptives, the risk of invasive cervical
cancer increased with increasing duration of use (RR for five or more years’ use
versus never use, 1.90; 95% CI: 1.69 to 2.13).1°® Risk declined after use ceased,
and by ten or more years had returned to that of never users. A similar pattern of
risk was seen in women who tested positive for hrHPV.(>®
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In utero exposure to diethylstilbestrol (DES), a synthetic oestrogen hormone
previously prescribed to prevent complications of pregnancy, has also been linked to
several adverse outcomes including increased risks of clear cell adenocarcinoma of
the cervix and vagina.®**” It was widely prescribed between 1938 and 1971 before it
was banned when its use was linked to cancer.

Invasive cervical cancer is an AIDS-defining condition.*® The relationship between
HIV and HPV, and HIV and invasive cervical cancer is complex.>® The natural
history of HPV infection is altered by HIV, creating a more aggressive phenotype.**?
HPV is reportedly more prevalent and more likely to become a persistent infection in
those who are HIV-positive.(**? In a cross-sectional study of 321 HIV-positive
women in an Irish setting, 28.7% had cytological abnormalities.*®? Over half
(51.1%) were positive for HPV. Those with a CD4 count of less than 200 x 10%L
were more likely to be positive for hrHPV than those with a higher CD4 count.*®"

3.7 Discussion

The age-standardised incidence of both cervical carcinoma /n situ and invasive
cervical cancer is increasing in Ireland. The increase is more pronounced in the
former with a sharp increase seen in the reported incidence of cervical carcinoma /in
situ following the commencement of CervicalCheck in 2008. This peak was observed
in those presenting specifically through CervicalCheck. The same degree of increase
was not observed in invasive cervical cancer. This was perhaps influenced by the
preponderance of women who present symptomatically with invasive cervical cancer.
Further increases in numbers of invasive cervical cancer cases, beyond the increases
expected due to demographic changes are predicted.

Invasive cervical cancer is a disease of younger women. In Ireland, cervical
carcinoma /n situ is most commonly diagnosed at 25 to 29 years while invasive
cervical cancer is most commonly diagnosed at 40 to 44 years. Regional variation in
relative risk of invasive cervical cancer exists. The global trend of increased
frequency in lower social strata is also demonstrated in the Irish population, with
higher proportions of invasive cervical cancer observed in those with a higher
deprivation index.

Squamous cell carcinoma is the most common histological type of invasive cervical
cancer in Ireland. Between 1994 and 2012, it accounted for over 76% of invasive
cervical cancers while adenocarcinoma accounted for just over 15%. This ratio is
similar to that seen internationally where squamous cell carcinoma account for
approximately 80% of cases.(1%” Squamous cell carcinoma account for most cases of
invasive cervical cancer in poorly-screened populations.(!%) The relative proportion
of adenocarcinoma increase when an organised cervical screening programme is in
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place because to date organised cervical screening programmes have been better at
detecting exocervical than endocervical abnormalities.®® HPV genotypes detected
in adenocarcinoma are the same as those detected in squamous cell carcinoma
which suggests that screening for HPV might have a beneficial impact on both
histological subtypes of cervical cancer.*>?

Five-year survival rates for invasive cervical cancer in Ireland have changed little in
20 years. Ireland ranks 21st of 28 European countries in terms of survival, with five-
year survival rates of 57.7% and 61.3% reported for the periods 1994 to 1999 and
2008 to 2012, respectively.*?”) The observed reduction in survival seen in Europe
which accompanies advancing stage and age at diagnosis is replicated in Ireland’s
population.

Preliminary data from the CERVIVA study indicate an overall crude prevalence of
hrHPV of 14.6% in those attending organised screening. National and international
data on prevalence of HPV are also available by grade of cytological abnormality
(normal cytology, low-grade and high-grade abnormalities and invasive cervical
cancer). In Europe, there is evidence of regional variation in age-adjusted
prevalence of HPV with normal cytology and estimates range from 8.1% to
14.2%.(13% 135 Based on the results of studies from a combination of opportunistic
and organised screening, the prevalence of hrHPV with normal cytology in Ireland
(including Northern Ireland) is estimated to be 12.6%.1%% 19 Other data suggest
that the prevalence of hrHPV in Northern Ireland is slightly higher at 13.2%.(%®
Preliminary data from the CERVIVA collaboration indicate a crude prevalence of
8.9% in those with normal cytology. While it is inappropriate to draw direct
comparisons, rates are broadly consistent with those from the organised screening
service in the UK where the prevalence of hrHPV with normal cytology is estimated
to be 10.4%. 3"

Prevalence of hrHPV rises with increasing grade of cytological abnormality.
Internationally, hrHPV DNA is detected in half of ASCUS and AGUS abnormalities, in
20 to 50% of low-grade abnormalities and in 70 to 90% of high-grade abnormalities.
(133) pyblished data from the Republic of Ireland and Northern Ireland report
prevalences of hrHPV of 38.5%, 50.5% and 56.8% with ASCUS and 71.1% and
83.2% with LSIL.(0 1% 162) Again, these data are derived from a mixture of
opportunistic and organised screening services. Preliminary crude data from
CERVIVA indicate a prevalence of hrHPV of 56.7% and 70.4% with ASCUS and LSIL,
respectively for women attending routine screening. The prevalence is higher in
women aged less than 30 years compared with those aged 30 years or older.
Worldwide, HPV 16 is the most prevalent genotype in normal cytology, low-grade
abnormalities, high-grade abnormalities and invasive cervical cancer.* Data
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indicate that HPV 16 is the most prevalent genotype in Ireland.*% 19 The
distribution in Ireland of other prevalent genotypes varied between studies, although
similarities were seen. Whilst HPV 18 is the second most prevalent genotype found
in invasive cervical cancer in developing regions, it is the fifth most prevalent in
high-grade abnormalities, the ninth in low-grade abnormalities and the third in
normal cytology.** Preliminary partial genotyping data from the CERVIVA study
indicate that for women attending routine screening in Ireland, 32% of those testing
positive for HPV are positive for HPV 16 and 18. Although study numbers are small,
CERVIVA data indicate an increasing prevalence of HPV 16 with increasing grade of
cytological abnormality. Crude prevalence of HPV16 increases from 2.3% with
normal cytology to 52% with high-grade abnormalities. In summary, while there are
no published HPV prevalence data in women attending CervicalCheck, limited data
are available from a number of sources including triage data from CervicalCheck and
data from CERVIVA. These data are broadly consistent with the prevalence data
reported in the UK-based ARTISTIC trial.

As noted in Chapter 2, in September 2010, quadrivalent HPV vaccination against
HPV 6, 11, 16 and 18 was introduced to the national immunisation schedule for all
girls in first year of second level school or age equivalent with a catch-up
programme the following year. Although the first vaccinated cohort will not be
eligible for CervicalCheck until 2018-2019, reductions in the prevalence of HPV 6, 11,
16 and 18 may be expected. In developed countries with a vaccine coverage of at
least 50%), meta-analysis reported that the prevalence of HPV 16 and 18 significantly
reduced in girls aged 13 to 19 years along with HPV 31, 33 and 45 suggesting some
degree of cross-protection. (%3

HPV is a sexually-acquired infection and factors such as age of sexual debut and
lifetime number of partners are linked to the likelihood of becoming infected with
HPV. Infection is extremely common, with the majority (more than 90%) of
infections clearing spontaneously within one to two years of infection. Persistent
infection is necessary for the development of invasive cervical cancer, however other
cofactors including tobacco smoking, long-term use of combined oral contraceptives,
high parity and immunosuppression, including infection with HIV, influence
progression from HPV infection to invasive cervical cancer.
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3.8 Key messages

®  Cervical cancer is the eight most common invasive cancer in women in
Ireland. Although year-on-year variation occurs, the incidence rate of
invasive cervical cancer in Ireland has increased in the last decade.

= A total of 38,448 cases of cervical carcinoma /n situ were diagnosed in
Ireland between 1994 and 2004. The commonest age at diagnosis
was 25 to 29 years. Between 2012 and 2014, there were, on average
2,873 cases of cervical carcinoma /n situ diagnosed each year.

® Between 1994 and 2014, a total of 4,955 cases of invasive cervical
cancer were diagnosed in Ireland. The commonest age at diagnosis
was 40 to 44 years. For the period 2012 to 2014, on average, 277
cases of invasive cervical cancer were diagnosed each year.

®" There were on average 88 deaths from invasive cervical cancer per
year in Ireland between 2007 and 2014. Invasive cervical cancer
accounted for 2.3% of cancer-related deaths in women. The median
age of death was 56 years.

® On average, CervicalCheck processed approximately 281,000 smear
tests per annum in 2015 and 2016, declining from a peak of almost
367,000 tests in 2013.

® CervicalCheck had a five-year coverage of 79.6% (goal = 80%) to the
end of December 2016.

" Between 2012 and 2015, on average 7.7% of smear tests each year
showed low-grade abnormalities and 1.6% showed high-grade
abnormalities.

®  Since CervicalCheck commenced in 2008, it has detected 1,082
invasive cervical cancers, 41,417 high-grade histological abnormalities
and 29,505 low-grade histological abnormalities (August 2015).

®  Prognosis is linked with stage at diagnosis of invasive cervical cancer.
In Ireland, between 2008 and 2012 the net five-year age-standardised
survival probability for those diagnosed at stage II was 63.6%
compared with 21.6% for those diagnosed at stage 1V. Five-year
survival probability (not age-standardised) for those diagnosed with
stage I was 93.9%. Treatment for invasive cervical cancer is stage
dependent. On average each year, 162 women undergo surgery for
invasive cervical cancer, 102 receive chemotherapy/immunotherapy
and 141 are treated with radiotherapy.
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Certain oncogenic strains of HPV (denoted hrHPV) are associated with
an increased risk of developing precancerous abnormalities and
invasive cervical cancer. Preliminary data from CERVIVA in
collaboration with CervicalCheck, indicate a crude hrHPV prevalence of
14.6%. Prevalence is highest under the age of 30 years and decreases
with advancing age. Of those testing positive for HPV, partial
genotyping data indicate that 32% are positive for HPV subtypes 16
and 18 (the particular subtypes associated with 70% of cervical
cancers).
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4 Clinical effectiveness and safety

Persistent infection with hrHPV genotypes can lead to the development of invasive
cervical cancer. The absence of HPV infection indicates a low risk of developing
cervical cancer while the presence of HPV infection is a potentially useful tool in
screening for cervical cancer. In line with the agreed scope of the health technology
assessment (HTA), this chapter examines the current evidence of effectiveness and
safety of using HPV testing as the primary screening test for the prevention of
cervical cancer. It also considers the effectiveness of various triage testing strategies
for women with a positive HPV test result.

As described in Chapter 2, screening is a form of secondary prevention. Its aim is to
reduce the impact of a disease or injury that has already occurred. Cervical
screening aims to reduce the incidence, morbidity and mortality from cervical cancer
through early detection and treatment of precancerous abnormalities and invasive
cervical cancer. Following a positive screening test, women are referred to
colposcopy for diagnostic testing. As screening tests are not 100% accurate, there
will be some women who, following a positive screening test, will be referred
unnecessarily for diagnostic testing as they do not have precancerous abnormalities
or invasive cervical cancer. This is called a ‘false positive’ result. There will also be
some women who will receive a negative test result when in fact they do have
precancerous abnormalities or invasive cervical cancer; this is called a ‘false
negative’ result.

Diagnostic test accuracy reflects the performance characteristics of a screening test
and describes how well the test discriminates between those who do, and do not
have the disease. Sensitivity is the ability of a screening test to accurately identify
those who have the disease, that is, the proportion of people with the disease who
have a positive test result. A more sensitive test will result in fewer women receiving
a false negative result. The specificity of a screening test is its ability to correctly
identify those who do not have the disease, that is, the proportion of people without
the disease who have a negative test result. A test with a high specificity will result
in fewer women receiving a false positive result. While it is obviously desirable to
have a test that is both highly sensitive and highly specific, usually this is not
possible, and there is a trade-off to be made between sensitivity and specificity.

As described in Chapter 3, following persistent infection with oncogenic HPV
genotypes, abnormal growth of intraepithelial precancerous cells may occur in the
surface layers of the cervix. This is termed cervical intraepithelial neoplasia (CIN).
There are three grades of CIN: CIN 1, CIN 2 and CIN 3. If left untreated, CIN can
develop into invasive cervical cancer, however it can also regress. It is not possible
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to determine which CIN will regress or progress, so currently all CIN 2+ (grade 2 or
higher) are treated. Thus CIN 2+ is the clinically relevant point in the development
of invasive cervical cancer that a screening test needs to be able to accurately
detect.

4.1 Primary screening test
4.1.1 Search strategy

This assessment used two recent systematic reviews by the Belgian Health Care
Knowledge Centre, KCE, published in 2015%%% as a basis for our systematic reviews
of the clinical literature. Their searches were completed in October 2013. The first
search compares the accuracy of HPV testing with cytology as the primary screening
test for cervical cancer. The second search considers triaging for women identified
as HPV-positive in a primary screening test and is presented in Section 4.2.

The systematic literature search comparing primary HPV testing with cytology
published by KCE in 2015 was the latest update in a series of systematic reviews.
The original systematic review was published in 2007.%%> The KCE search of
PubMed and EMBASE was updated to the end of January 2016 using the same
search strategy. Full details of the search are provided in Appendix 3. The PICOS
(Population, Intervention, Comparator, Outcomes, Study design) analysis used to
formulate the search is presented in Table 4.1.

The studies included by KCE and the updated search studies were reviewed
according to our inclusion and exclusion criteria. This was carried out independently
by two researchers and any disagreements were resolved through discussion. The
quality of the included studies (KCE and updated search) was assessed
independently by two researchers. Any disagreements were resolved through
discussion, using the quality assessment of diagnostic accuracy studies 2 (QUADAS-
2) checklist.(**® Data extraction from all studies (KCE and updated search) was
performed independently by two researchers and any disagreements were resolved
through discussion.
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Table 4.1 PICOS analysis for identification of relevant studies for
primary screening with HPV or cytology testing

Population Women aged 18 to 70 participating in a cervical screening
programme who were not being followed up for previous
cytological abnormalities

Intervention HPV test, Cytology test (conventional or liquid-based)
Test thresholds (Cytology- ASCUS or worse, HC2 - >1pg/ml)

Comparator 'Gold standard’ application of colposcopy and or biopsy on at
least all cytology- and HPV-positive samples

Outcomes Accuracy parameters (sensitivity, specificity, positive
predictive value, negative predictive value)
Disease threshold (CIN 2+, CIN 3+)

Study design Observational studies using concomitant cervical cytology
and HPV testing
RCTs where women were assigned to either cytology
testing, HPV testing or both

Key: ASCUS - Atypical squamous cells of undetermined significance; CIN - cervical intraepithelial neoplasia; HC2 - Hybrid
Capture 2 HPV assay; HPV — human papillomavirus; RCT — randomised controlled trial.

Note: The test thresholds for cytology-ASCUS or worse and HC2>=1mg are the standard cut-offs and currently in use in the
Irish national cervical screening programme, CervicalCheck.

Note: To reduce the complexity of this chapter and aid in clarity, only accuracy results for sensitivity and specificity are
presented.

4.1.2 Results

The following section presents the results from the studies identified as part of the
updated systematic search along with the original studies. A synthesis of the
evidence is presented in Section 4.1.3. For ease of reading, 95% confidence
intervals are referred to as confidence intervals (CI) throughout this chapter.

Eleven additional studies were identified in the extension of the systematic review
from October 2013 to January 2016. The original KCE systematic review**® included
60 studies of which nine were randomized controlled trials (RCTs) and 51 were
cross-sectional studies. The updated review contains 71 studies.

In the original systematic review, large variation in the sensitivity in studies
conducted in developing countries was observed. The inter-study variation was
much lower in studies conducted in industrialised countries and non-significant in
studies conducted in China. In industrialised countries, the pooled sensitivity of the
Hybrid Capture 2 (HC2) HPV assay (Qiagen) in detecting CIN 2+ was 96% (CI: 95-
98%, n=18 studies), and the pooled specificity was 91% (CI: 89-91%, n=18
studies), whereas the pooled sensitivity for detecting CIN 2+ across all locations was
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91% (CI 89-93%, n=41 studies) and the pooled specificity was 89% (CI 87-90%,
n=41 studies). Given this substantial geographic variation, this HTA will consider
studies conducted in industrialised countries.

A large number of different HPV tests are currently available, however, the most
commonly used test was the Hybrid Capture 2 (HC2) HPV assay (Qiagen), with a
smaller number of studies investigating other HPV tests (Cobas® 4800, PreTectTM
HPV Proofer, Aptima®, Amplicor®, Linear array®, qPCR HBRT-H14, HPV 9G DNA
chipTM). Apart from the HC2, no test was considered in more than four studies.
Given the large number of studies within the review, to reduce potential variation
between studies, this HTA will further restrict the analysis to studies which
considered HC2 only as the HPV test.

Twenty-three of the 71 studies within the review met these additional criteria. The
characteristics of these studies are given in Table 4.2. Details of the studies excluded
from the review and the reason for their exclusion are provided in Appendix 3.

The included studies comprised 22 cross-sectional studies and one randomised
controlled trial (RCT).(*6”18) Of the 23 studies, five were conducted in the UK, (/%174
179, 189) three in Germany,(17® 180183 three in France,!’% 171 18D three were multi-
country studies across western and eastern Europe’” 18 and across Canada and
the US,%® two were conducted in Italy,*®> 8 and one each in Norway, 18
Switzerland,*”) Taiwan,{®*? Chile,*”> Japan,!’® Canada'’®*” and Russia.(!%”)

Seven of the studies compared HPV testing with liquid-based cytology (LBC),¢”: 174
176,179, 181, 185, 186) 14 compared HPV testing with conventional cytology, (168 169 172,173,
175,177, 178, 180, 182-184, 187-189) \y hjle the remaining two included subgroups comparing
HPV testing with both LBC and conventional cytology.(”% 171)

The total sample size in the included studies ranged from to 2311%® to 25,577.(177)

The majority of the populations included within the studies are representative of
routine screening populations. Two studies,!8% 18”) considered populations that
potentially had a higher risk of cervical cancer. Nygrad et al.(8? included women
who had previously received an unsatisfactory cytology result, while the study by
Shipitsyna et al.*®”) included women who were screened while attending routine
gynaecological clinics. The two studies by Ronco et al.(!85 189 reported the results of
the same study, but the first only included women aged less than 35 years and the
second only included women aged over 35 years. In the evidence synthesis section,
these two studies were treated as one study, combining the results. The studies by
Ronco et al.(8> 188 jncluded two trial arms, one where samples were tested using
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both HPV testing and LBC, and a second arm which used only conventional cytology;
only results from the first arm of the trial were included in this analysis.

The reported sensitivity of HC2 ranged from 68.8%1%®) to 100%(17% 188 189) £ CIN
2+ and 95.2% 173 to 1009174 176 180, 187, 189) £or CIN 3+, This was higher than the
reported sensitivity of the cytology tests, which ranged from 34.4%> to 100%18>
for CIN 2+ and 38.9% 7 to 100%18> 187: 189 for CIN 3+. The reported specificity of
HC2 ranged from 43.0%%”) to 100%"% for CIN 2+ and 15.9%%® to 100%"* for
CIN 3+. The reported specificity of the cytology tests varied widely ranging from
62.0%% to 98.7%17 for CIN 2+, and from 76.6%%) to 98.6% "> for CIN 3+.

The prevalence of HPV in screened women varied from 5%17% 173, 180, 183) ¢4
83%.8) No relationship was evident between the reported prevalence of HPV in
screened women and the resulting sensitivity values. However, studies that reported
a high prevalence of HPV had lower specificity values than studies that reported low
prevalence of HPV.

The quality of all 23 studies was assessed using the QUADAS-2 checklist (see Table
4.3). Seven studies were assessed as having a low risk of bias across all
domains. 170 171, 175-177, 179, 183) Fjye were rated at a higher risk of bias regarding
patient selection with either the age range not being representative of routine
screening populations(!”3 185 188) or the population likely to be at a higher risk of
cervical cancer than the general population.!®? 18" Three were assessed as being at
a higher risk of bias regarding the reference standard, where the colposcopists were
not blinded to the HPV test results.1%% 172 181 Ty studies were rated at a higher
risk of bias regarding the reference standard, flow and timing. Specifically, in Nygard
et al.('®#) the baseline outcomes included any additional women diagnosed with CIN
2+ within three years of follow up. The study by Cuzick et al. which was published in
20137 did not consider women with normal (negative) cytology who were HPV
negative for further investigation. Overall, the quality of the studies was rated as fair
to good.
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Table 4.2 Characteristics of studies retrieved from industrialised countries comparing the accuracy of HPV
testing using HC2 with the accuracy of cytology-based testing as the primary screening test for cervical

cancer.

ﬂ -~

Bigras
20051167

Cardenas-
Turanzas
2008168

Cuzick
2013174

Switzerland

US, Canada

Taiwan

France

France

UK

UK

UK

Cross
sectional
(n=1,533)
Cross
sectional
(n=835)
Cross
sectional
(n=10,014)
Cross
sectional
(n=2,281)
Cross
sectional
(n=1,785)
Cross
sectional
(n=10,358)
Cross
sectional
(n=2,612)
Cross
sectional
(n=5,984)

Prevalence
of HPV

59%

8%

11%

15%

20%

5%

5%

15%

HPV test
(s)

HC2

HC2

HC2

HC2

HC2

HC2

HC2, Sharp

HC2, BD
HPV,
Cobas®,
Abbott
Realtime,
Aptima®,

LBC

CC

CC

CC, LBC

CC, LBC

CC

LBC

Outcomes reported

HPV test Cytology HPV Test Cytology

CIN 2+: 97.6%
CIN 3+: 98.3%

CIN 2+: 68.8%

CIN 2+: 85.1%

CIN 2+: 100%

CIN 2+: 96.0%

CIN 2+: 96.7%
CIN 3+: 97.1%

CIN 2+: 85.7%
CIN 3+: 95.2%

CIN 2+: 97.5%
CIN 3+: 100%

CIN 2+: 58.5%
CIN 3+: 57.6%

CIN 2+: 44.0%

CIN 2+: 81.9%

CIN 2+: 68.1%
CC, 87.8% LBC

CIN 2+: 85.4%
CC, 78.0% LBC

CIN 2+: 83.3%
CIN 3+: 82.6%

CIN 2+: 80.9%
CIN 3+: 82.4%

CIN 2+: 85.4%
CIN 3+: 85.2%

CIN 2+:
CIN 3+:

CIN 2+

CIN 2+:

CIN 2+:

CIN 2+:

CIN 2+:
CIN 3+:

CIN 2+:
CIN 3+:

CIN 2+:
CIN 3+:

43.0%
42.4%

1 93.3%

89.7%

86.1%

82.0%

95.7%
95.5%

95.6%
95.4%

100%
100%

CIN 2+: 78.2%
CIN 3+: 77.6%

CIN 2+: 94.0%

CIN 2+: 98.6%

CIN 2+: 95.3%
CC, 93.1% LBC

CIN 2+: 91.8%
CC, 89.5% LBC

CIN 2+: 96.7%
CIN 3+: 96.5%

CIN 2+:
CIN 3+:

95.5%
95.2%

CIN 2+:
CIN 3+:

95.3%
95.0%
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Ferreccio Chile Cross 11% HC2 CC CIN 2+: 94.8% CIN 2+: 34.4% CIN 2+: 90.3% CIN 2+: 98.7%
2013179 sectional CIN 3+: 96.3%  CIN 3+:38.9%  CIN 3+:89.9%  CIN 3+: 98.6%
(n=8,265)
Iftner Germany Cross 6% HC2, AHPV LBC CIN 2+: 95.6%  CIN 2+: 48.9% CIN 2+: 94.7%  CIN 2+: 98.4%
sectional CIN 3+: 100% CIN 3+: 53.5% CIN 3+: 94.3%  CIN 3+: 98.2%
(n=9,451)
Ikenberg Multi Cross 11% HC2 CC CIN 2+: 96.1% CIN 2+: 68.5% CIN 2+: 89.9% CIN 2+: 95.4%
201377 (Belgium,  sectional
France, (n=25,577)
Germany,
Italy,
Spain)
Inoue Japan Cross 11% HC2 CC CIN 2+: 89.8% CIN 2+: 81.9% CIN 2+: 90.7% CIN 2+: 93.9%
2006178 sectional CIN 3+:96.7%  CIN3+:90.2%  CIN 3+:90.1%  CIN 3+: 93.4%
(n=8,156)
Kitchener UK RCT (n= 13% HC2 LBC CIN 2+: 93.4% CIN 2+: 95.0% CIN 2+: 88.9% CIN 2+: 90.3%
2014179 21,910) CIN 3+: 97.0%  CIN 3+:97.4%  CIN 3+: 88.2%  CIN 3+: 89.6%
Luyten Germany cross 5% HC2 CcC CIN 3+: 100%  CIN 3+: 50.0%  CIN 3+: 95.2%  CIN 3+: 98.3%
200989 sectional
(n=16,724)
Monsonego Bar:lale= Cross 16% HC2, HPV- LBC CIN 2+: 96.7%  CIN 2+:69.1%  CIN 2+: 86.4%  CIN 2+: 91.9%
201181 sectional AHPV CIN 3+:95.3%  CIN3+:73.3%  CIN 3+:84.9%  CIN 3+: 90.8%
(n=4,429)
Nygard Norway Cross 35% Amplicor®, CcC CIN 2+: 94.4% CIN 2+: 69.4% CIN 2+: 73.1% CIN 2+: 96.6%
20140182 sectional HC2, Proofer
(n=19,065)
Petry Germany Cross 5% HC2 CC CIN 2+: 97.8% CIN 2+: 43.5% CIN 2+: 95.3% CIN 2+: 98.0%
2003183 sectional CIN3+:97.3%  CIN3+:46.0%  CIN3+:952%  CIN 3+: 98.0%
(n=7,908)
Ratnam Canada Cross 45% HC2 CC CIN 2+: 85.0%  CIN 2+: 56.0%  CIN 2+: 58.0%  CIN 2+: 62.0%
200084 sectional
(n=407)
Ttaly cross 7% HC2 LBC CIN 2+:97.3%  CIN2+:73.9%  CIN 2+:93.2%  CIN 2+: 94.8%
2006a18% sectional CIN 3+: 97.4%  CIN 3+: 81.5%  CIN 3+:93.0%  CIN 3+: 94.7%
(n=16,255)
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Italy Cross 14% HC2 LBC CIN 2+: 97.7% CIN 2+: 100% CIN 2+: 86.5% CIN 2+: 91.7%
sectional CIN 3+: 92.8% CIN 3+: 100% CIN 3+: 86.0% CIN 3+:
(n=5,860) 91.2%
Shipitsyna I USSE] concomita 8% HC2 CC CIN 2+: 100% CIN 2+: 83.3%  CIN 2+:92.6%  CIN 2+: 97.8%
2011187 nt testing CIN 3+: 100%  CIN 3+:100%  CIN 3+:92.4%  CIN 3+: 97.4%
(n=778)
Syrjanen Russia, Cross 83% HC2 CC CIN 3+: 96.6% CIN 3+: 74.2% CIN 3+: 15.9% CIN 3+: 76.6%
2002188 Belarus, sectional
Latvia (n=231)
Szarewski UK concomita 17% HC2 CC CIN 2+: 100% CIN 2+: 81.0% CIN 2+: 84.5% CIN 2+: 96.2%
2007189 nt testing CIN 3+: 100% CIN 3+: 81.0% CIN 3+: 85.0% CIN 3+: 96.0%
(n=920)

Key: AHPV- Aptima® HPV; BD HPV- Becton-Dickinson HPV; CC- conventional cytology; CI- confidence interval; CIN — cervical intraepithelial neoplasia; HBRT-H14-Hybribio Real-time 14 High-risk
HPV;HC2 - Hybrid Capture 2 HPV assay; HPV — human papillomavirus; LBC — liquid-based cytology; LSIL- low-grade squamous intraepithelial lesion; RCT- randomised controlled trial.

Note: Studies may have included study arms comparing additional HPV tests, however only HC2 outcomes are shown in the table.

Note: All cytology results presented use the standard threshold of ASCUS+ and all HC2 results presented use the standard threshold of >1pg/ml, all extracted data represent the crude values.
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Table 4.3 Risk of bias appraisal of the included studies of primary screening tests — QUADAS-2(15%)

Domain 1: Patient Domain 2: Index Test(s) | Domain 3: Reference Domain 4:

Selection Standard Flow and

Timing

A. Risk B. Concerns | A. Risk of B. Concerns | A. Risk of B. Concerns | A. Risk of

of Bias regarding regarding regarding IETS
applicability applicability applicability

Bigras 2005(1¢7) Low Low Low Low Low Low Unclear
Cardenas-Tuanzas Low Low Low Low Low Low Unclear
200818
Chao 2008169 Low Low Low Low High Low Low
Clavel 200179 Low Low Low Low Low Low Low
Coste 20037V Low Low Low Low Low Low Low
Cuzick 2003172 Low Low Low Low High Low Low
Cuzick 2008173 Low High Low Low Unclear Low Low
Cuzick 2013174 Low Low Low Low Low Low High
Ferreccio 201379  |ow Low Low Low Low Low Low
Iftner 201507 Low Low Low Low Low Low Low
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Ikenberg 201377)  Low Low Low Low Low Low Low
Inoue 200673 High Low Low Low Low Low Low
Kitchener 201479 |ow Low Low Low Low Low Low
Luyten 2009189 Low Low Low Low Unclear Low Low
Nygard 201482  High High Low Low Low Low High
Monsonego Low Low Low High Low Low
201181 Low

Petry 2003183 Low Low Low Low Low Low Low
Ratnam 20001'%%  Low Low Low Low Unclear Low Unclear
Ronco 2006a‘'®>  Low High Low Low Low Low Unclear
Ronco 2006b'%®)  |ow High Low Low Low Low Low
Shipitsyna High Low Low Low Unclear Low Low
201187

Syrjanen 2002(138) | ow Low Low Low Unclear Low Low
Szarewski Low Low Low Low Low Unclear Low
200789

Note: The two Ronco studies report results of the same study, but the first only includes women aged less than 35 years and the second only women aged over 35 years.
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4.1.3 Evidence synthesis

For the test accuracy for primary screening for CIN 2+ and CIN 3+, the sensitivity
and specificity of HC2 and cytology (conventional cytology and LBC) testing were
computed using the data from randomized controlled trials (RCTSs) or cross-sectional
studies where concomitant testing was applied. As previously mentioned, there is
evidence to suggest that studies conducted in China and in developing countries are
not comparable to those from industrialised countries. As such, only studies
conducted in industrialised countries were included in the meta-analyses. For the
meta-analyses, a Bayesian bivariate, random effects approach was used.**® The
bivariate random effects model accounts for the bivariate nature of sensitivity and
specificity as well as the within-study and between-study variability.**) Analyses
were carried out in Rstudio Version 0.99.893(1% using the bamdit package (version
2.0.1).499

Twenty-two studies (n=19 from KCE, n=3 from updated search) were available for
inclusion in the meta-analysis of the accuracy of HC2; 20 for CIN 2+ and 15 for CIN
3+. Eight of the included studies compared HC2 HPV testing with LBC (n=8 CIN 2+;
n=6 CIN 3+), 16 compared it with conventional cytology (n=14 CIN 2+; n= 9, CIN
3+). Twenty-two studies compared HC2 HPV testing with combined cytology which
included LBC and conventional cytology (n=20 CIN 2+; n=15 CIN 3+). Two of the
studies included a LBC arm and a conventional cytology arm. The results from these
two studies were combined to give overall cytology outcomes. A summary of the
results of the meta-analyses are given in Table 4.4. The forest plots of the meta-
analyses are shown in Figures 4.1 to 4.8.

The pooled sensitivity of HC2 in detecting CIN 2+ and CIN 3+ was 95.2% (CI 92.5-
97.1%) and 98.2% (CI 96.7%-99.1%), respectively. This is significantly higher than
the pooled sensitivity of cytology compared with either LBC (CIN 2+: 83.7% [CI
62.2-94.8%]; CIN 3+: 85.0% [CI 53.2%-96.9%]) or conventional cytology (CIN 2+:
70.5% [CI 58.2-80.7%]; CIN 3+: 71.9% [CI 53.6%-85.7%]).

The pooled specificity of HC2 in detecting CIN 2+ was 88.2% (CI 82.9%-92.0%)
and CIN 3+ was 87.6% (CI 78.7%-93.2%). This is lower than that of the cytology
tests. It is evident from the forest plots (Figure 4.1 and 4.2) for HC2 that two studies
in particular, Bigras et al.(**”) and Syranen et al.®®) have specificities that are
unusually low compared with the other included studies. Exclusion of these studies
had only a minor impact on the pooled specificity, indicating that these studies were
not particularly influential.
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Table 4.4

Results of the meta-analysis

Primary Outcome | Sensitivity (95% CI) Specificity (95% CI) No. of
screening studies
test

CIN 2+ 95.2% (92.5%-97.1%) 88.2% (82.9%-92.0%) 20
HC2

CIN 3+ 98.2% (96.7%-99.1%) 87.6% (78.7%-93.2%) 15

CIN 2+ 83.7% (62.2%-94.8%) 92.9% (83.5%-97.2%) 8
LBC

CIN 3+ 85.0% (53.2%-96.9%) 92.6% (75.5%-98.2%) 6

CIN 2+ 70.5% (58.2%-80.7%) 95.8% (92.8%-97.6%) 14
CC

CIN 3+ 71.9% (53.6%-85.7%) 96.3% (92.1%-98.2%) 9
Combined | CIN 2+ 75.0% (64.1%-83.3%) 95.0% (92.2%-96.8%) 20
cytology
(LBC &
CC) CIN 3+ 78.0% (63.5%-88.4%) 95.1% (91.6%-97.3%) 15

Key: CC- conventional cytology; CI-confidence interval; CIN — cervical intraepithelial neoplasia; HC2 - Hybrid Capture 2 HPV
assay; LBC — liquid-based cytology.
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Figure 4.1 Sensitivity and specificity of HC2 in detecting CIN 2+
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Figure 4.2 Sensitivity and specificity of HC2 in detecting CIN 3+
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Figure 4.3 Sensitivity and specificity of liquid-based cytology in
detecting CIN 2+
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Compared with conventional cytology, the pooled sensitivity of LBC appears higher
for both CIN 2+ (83.7% [CI 62.2%-94.8%] versus 70.5% [CI 58.2%-80.7%]), and
for CIN 3+ (85.0% [CI 53.2%-86.9%] versus 71.9% [CI 53.6%-85.79%]), although
the confidence bounds are wide and overlap. The specificity on the other hand
appears lower for LBC compared with conventional cytology for both CIN 2+ (92.9%
[CI 83.5%-97.2%] versus 95.8% [CI 92.8%-97.6%]) and CIN 3+ (92.6% [CI
75.5%-98.2%] versus 96.3% [CI 92.1%-98.2%]). For the most part, the LBC
studies were conducted more recently than the conventional cytology studies.
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Figure 4.4 Sensitivity and specificity of liquid-based cytology in

detecting CIN 3+
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Two studies in the meta-analysis of conventional cytology, Ferreccio et al.(*”> and

Ratnam et al.,*®® reported unusual results for the detection of CIN 2+ (Figure 4.5).
Ratnam et al.3% is not an influential study and its exclusion had minimal impact on
the pooled specificity. However, Ferreccio et al.!”* reported an unusually low
sensitivity (34.4%) in the detection of CIN 2+ and may represent an outlier.

Exclusion of this study leads to a significantly higher pooled sensitivity of 73.0% (CI

61.7%-82.2%) for CIN 2+.
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Figure 4.5 Sensitivity and specificity of conventional cytology in

detecting CIN 2+

Cardenas-Turanzas 2008
Chao 2008

Clavel 2001

Coste 2003

Cuzick 2003

Cuzick 2008

044[023,067]
082[072,0.89]
068[0.54,0.80]
085[072,093]
0.83[0.74,090]
0.81[0.67,090]

Ferreccio 2013 P 034[026,044]
lkenberg, 2013 071[064,077]
Inoue 2006 082[0.74,088]
Nygard 2013 069[067,071]
Petry 2003 b 043[0.30,058]
Ratnam 2000 N 056[0.39,071]
Shipitsyna 2011 F 083[0.44,099]
Szarewski 2007 081[060,092]
Pooled Sensitivity 070[058,081]
T T T
0.00 0.25 0.50
Sensitivity
Cardenas-Turanzas 2008 094[092,095]
Chao 2008 0.99[0.98,0.99]
Clavel 2001 0.95[0.94,0.96]
Coste 2003 0.92[0.90,0.93]
Cuzick 2003 0.97[0.96,0.97]
Cuzick 2008 0.96[0.95,0.96]
Ferreccio 2013 099[098,099]
lkenberg, 2013 0.95[0.95,095]
Inoue 2006 0.94[0.93,0.94]
Nygard 2013 0.97[0.97 ,0.97]
Petry 2003 0.98[0.98,0.98]
Ratnam 2000 0.62[0.57 ,0.67]
Shipitsyna 2011 0.98[0.97,0.99]
Szarewsk 2007 096[095,0897]
Pooled Specificity 096093 ,088]
T T T
0.00 0.25 0.50 0.75 1.00
Specificity

100



Health Technology Assessment (HTA) of human papillomavirus testing as the
primary screening method for prevention of cervical cancer

Health Information and Quality Authority

Figure 4.6 Sensitivity and specificity of conventional cytology in detecting

CIN 3+
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The pooled estimates for sensitivity and specificity of the cytology tests when
presented as a combined result lie between those estimated for LBC alone and those
estimated for conventional cytology alone (Figure 4.7 and 4.8). The pooled
sensitivity was 75.0% (CI 64.1%-83.3%) for CIN 2+ and 78.0% (CI 63.5%-88.4%)
for CIN 3+. The pooled specificity was 95.0% (CI 92.2%-96.8%) for CIN 2+ and
95.1% (CI 91.6%-97.3%) for CIN 3+. Similar to the analysis of conventional
cytology, the study by Ferreccio et al.(!” reported an unusually low sensitivity in the
detection of CIN 2+ (see Figure 4.7) and may represent an outlier. Exclusion of this
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study leads to a significantly higher pooled sensitivity of 76.4% (CI 67.1%-84.0%)
for CIN 2+.

Figure 4.7 Sensitivity and specificity of cytology (including both liquid-
based cytology and conventional cytology) in detecting CIN 2+

Bigras 2005 P 059[048,069]
Cardenas-Turanzas 2008 } | 0441023 ,067]
Chao 2008 ] 082[072,089]
Clavel 2001 H—a—o 0.81[0.73,087]
Coste 2003 = 082[072,089]
Cugzick 2003 = 083[074,090]
Cuzick 2008 ] 081[067,090]
Cuzick 2013 e 1.00[0.91,1.00]
Ferreccio 2013 P 034[025,043]
Iftner 2015 = 049[039,059]
lkenberg, 2013 —=— 071[064 ,077]
Inoue 2006 F—=— 082[074,088]
Kitchener 2014 HE 095[093,097]
Monsonego 2011 = 069[060,077]
MNygard 2013 HEH 069[067,071]
Petry 2003 P 043[0.30,058]
Ratnam 2000 P 056[039,071]
Ronco 2006 —a— 0.84[0.76,089]
Shipitsyna 2011 I | 083[044 ,099]
Szarewski 2007 e 081[060,092]
Pooled Sensitivity et 075[064 ,083]
T T T T 1
0.00 0.25 0.50 0.75 1.00
Sensitivity
Bigras 2005 = 0.78[0.76,080]
Cardenas-Turanzas 2008 = 094[092 095]
Chao 2008 L 092[098 ,099]
Clavel 2001 " 094[093,094]
Coste 2003 =1 0.91[0.90,092]
Cuzick 2003 " 097[096,0097]
Cuzick 2008 al 096 [095,096]
Cuzick 2013 o 095[095,096]
Ferreccio 2013 L] 099[0.98,099]
Iftner 2015 L] 0.98[0.98,099]
lkenberg, 2013 " 0.95[0.95,095]
Inoue 2006 L 0.94[0.93,094]
Kitchener 2014 L] 0.90[0.90,091]
Monsonego 2011 ] 092[0.91,093]
Nygard 2013 - 0.97[0.97,097]
Petry 2003 L] 098[098,098]
Ratnam 2000 — 0.62[0.57,067]
Ronco 2006 L 0.94[0.94  094]
Shipitsyna 2011 =l 0.98[0.97,099]
Szarewsk 2007 i 096 [095,097]
Pooled Specificity - 095[092,097]
I T T T : 1
0.00 0.25 0.50 0.75 1.00
Specificity

102



Health Technology Assessment (HTA) of human papillomavirus testing as the
primary screening method for prevention of cervical cancer

Health Information and Quality Authority

Figure 4.8 Sensitivity and specificity of cytology (including both liquid-
based cytology and conventional cytology) in detecting CIN 3+
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4.1.4 Applicability of evidence

The results of this meta-analysis confirm that HPV screening is more sensitive than
cytology (LBC or conventional cytology) for detecting CIN 2+ and CIN 3+, but is
significantly less specific, meaning that there would be more false positive results. This
is consistent with the results of previous meta-analyses.?® 1% With the exception of
the sensitivity of the HC2 test in the detection of CIN 3+, all analyses were subject to
statistically significant levels of heterogeneity. A random effects approach, which is
more appropriate when high level of heterogeneity exist, was therefore used in the
analysis.

Across all analyses, the correlation between sensitivity and specificity is not statistically
significant in any comparison. This supports the point that the same threshold, that is
how the tests define a positive and negative result, is used in all studies. The included
studies were all conducted in industrialised countries; the population were
representative of general screening populations; and the studies were typically large
and of good quality. All cytology performed within CervicalCheck- Ireland’s National
Cervical Screening Programme uses LBC with all laboratory services centralised to
three laboratories. A subgroup analysis using only studies that compared HC2 and LBC
resulted in minor changes to the estimated sensitivity and specificity of the HC2 test,
and supports the finding that the HC2 test is substantially more sensitive and less
specific than LBC for CIN 2+ and CIN 3+.

The HC2 HPV assay was the first to become commercially available and is the most
commonly reported assay in the literature. In 2009, an international expert
committee proposed criteria for the validation of HPV assays in the context of
primary screening for cervical cancer. It required that new tests should be highly
reproducible and at least as accurate as HC2.?” A review in 2015® identified five
HPV assays (Aptima, Abbott RealTime, BD Onclarity, Cobas 4800, PapilloCheck) that
fulfilled these criteria and four (Cervista, GP5+/6+, gPCR, MALDI-TOF) that partially
fulfilled these criteria. Since May 2015, CervicalCheck has used the Aptima assay and
the Cobas 4800 assay for all HPV testing.®® As such, there is no evidence to suggest
the outcomes reported here would differ from those obtainable in CervicalCheck.

Another way to consider the accuracy of the tests is to look at the positive predictive
value (PPV): the proportion of women with a positive test who actually have the
disease; and negative predictive value (NPV): the proportion of women with a
negative test who are actually free of the disease. These predictive values vary
according to the underlying prevalence of the disease; as prevalence of disease in a
population approaches zero, the PPV of a test approaches zero. Conversely, as
prevalence approaches 100%, the NPV of a test approaches zero (that is all negative
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results will be false negatives). The more sensitive a test is, the higher its NPV will
be, while the more specific it is, the higher its PPV will be.(*V)

Assuming an overall prevalence of 1.6% for CIN 2+ and 1.0% CIN 3+ for women
aged 25-60 years in Ireland,®® 112199 the PPV of HC2 for CIN 2+ and CIN 3+ is
11.8% and 7.6%, respectively compared with a PPV of cytology (LBC and cytology)
of 19.9% and 14.2% for CIN 2+ and CIN 3+, respectively. The corresponding NPV
of HC2 is 99.91% and 99.98% for CIN 2+ and CIN 3+, respectively compared with a
NPV for cytology of 99.57% and 99.76% for CIN 2+ and CIN 3+, respectively.

The meta-analysis presents data for a general screening population, without
widespread HPV vaccination. There is currently limited evidence about the
performance of cytology or HPV testing in vaccinated cohorts. A Scottish study
compared the performance of three HPV tests (Abbott RealTime, Aptima, BD
Onclarity) in vaccinated and unvaccinated women aged 20 to 21 years.!!*> As
expected, there was a reduced prevalence of HPV in the vaccinated cohort; however,
the overall prevalence of HPV in the vaccinated cohort was significantly lower when
estimated using Aptima compared with the two DNA-based assays (RealTime and BD
Onclarity). This indicated the performance of the HPV tests may be differentially
affected in a vaccinated cohort.**)

Palmer et al.**® compared the cytology performance of vaccinated and unvaccinated
women aged 20 to 21 years, who had both cytology and histology records, in routine
screening in Scotland. As expected, vaccination was associated with a reduction in all
grades of cytological abnormalities. The sensitivity and specificities did not differ
between the vaccinated and unvaccinated cohorts for either CIN 2+ or CIN 3+. The
PPV for CIN 2+ was as expected lower in the vaccinated cohort; however, the PPV for
CIN 3+ was similar in both the vaccinated and unvaccinated cohorts.

The systematic review has demonstrated that, at baseline, HPV testing is more
sensitive in detecting CIN 2+ and CIN 3+ than cytology. However, this does not
necessarily mean there will be a reduction in the incidence of cervical cancer in the
long term when compared with cytology-based screening. Evidence from long-term
follow up of women with a negative screening result has shown that a negative HPV
test carries a lower risk of developing both CIN 3+ and invasive cervical cancer than
a negative cytology test result.?® 1%/1%8) Arbyn et al.!®® considered the results of the
second round of screening in four trials. Despite different follow-up policies for
screen-positive women, a consistent reduction in the incidence of CIN 3+ was found
among women who had a HPV-negative result compared with those who had a
negative cytology result on the first round screening. This suggests there may be
earlier detection of CIN 3+ through HPV-based screening.
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A European study*®® which included 24,295 women across six countries found the
cumulative incidence rate of CIN 3+ after six years among women negative for HPV
at baseline to be 0.27% (CI 0.12% to 0.45%). This was considerably lower than
among women with negative cytology results (0.97% [CI 0.53% to 1.34%]). Follow
up from four European RCTs(**”) conducted in Sweden (Swedescreen), the
Netherlands (POBASCAM), UK (ARTISTIC), and Italy (NTCC), which included
176,464 women aged 20 to 64 years and who were followed for a median of six and
a half years, found the cumulative incidence of invasive cervical cancer in women
with negative screening tests at entry was 8.7 per 100,000 (CI 3.3 to 18.6) at five
and a half years for women who were screened with HPV-based testing compared
with 36.0 per 100,000 (CI 23.2 to 53.5) for women who had cytology-based
screening.

4.2 Triage strategies

The systematic review in Section 4.1 has demonstrated that HPV-based screening is
more sensitive compared with cytology screening in the detection of CIN 2+ and CIN
3+. However, its low specificity means that using HPV testing as the only screening
test would lead to large numbers of women unnecessarily referred to colposcopy
clinics. Therefore the triage of women with a HPV-positive screening test result is
important. CervicalCheck currently uses LBC as the primary screening test and in
May 2015, HPV triage testing commenced for women with a cytology result of
ASCUS or LSIL. This section will consider the evidence for triaging strategies for
women who screen HPV positive.

4.2.1 Search strategy

A recent systematic review, by the Belgian Health Care Knowledge Centre (KCE)
published in 2015(**) was used as the basis for this systematic review of triaging
strategies of women with a HPV-positive primary screening test result. The KCE
search was completed in October 2013. The Evaluation Team updated this search in
PubMed and EMBASE to April 2016 using the same search criteria. Full details of the
search strategy are provided in Appendix 3 of this document. The PICOS
(Population, Intervention, Comparator, Outcomes, Study design) analysis used to
formulate the search is presented in Table 4.5.
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Table 4.5 PICOS analysis for identification of relevant studies for triaging
women with a HPV-positive screening test

Population Women participating in a cervical screening programme who
had a positive primary HPV screening test result.

Intervention Reflex testing with cytology, HPV testing, HPV genotyping,
p16™“* p16™*/Ki-67 immunocytochemistry and or
combinations of these.

Comparator Gold standard application of colposcopy and or biopsy on at
least all cytology- and HPV-positive samples.

Outcomes Cross-sectional and longitudinal accuracy to detect
histologically identified disease (CIN 2+, CIN 3+) and
referral rate for colposcopy.

Study design Follow up of randomised controlled trials comparing
different triage algorithms for HPV-based primary screening.

Key: CIN — cervical intraepithelial neoplasia; HPV — human papillomavirus.

The KCE-included studies and the updated search studies were reviewed according
to the stated inclusion and exclusion criteria. This was carried out by two
researchers independently and any disagreements were resolved through discussion.
The quality of all studies was assessed independently by two researchers, with
disagreements being resolved through discussion, using the quality assessment of
diagnostic accuracy studies (QUADAS-2) checklist.(*® Data extraction from all
studies (KCE studies and updated search) was performed independently by two
researchers, with disagreements being resolved through discussion.

4.2.2 Results

Ten studies were included in the 2015 KCE review. Four additional triage studies
were identified in the updated systematic review.(”® 199201 One additional study
from the UK-based ATHENA trial was identified after the completion of the
systematic review.?® Characteristics of these 15 studies are included in Table 4.6.
The 15 studies were based on eight RCTs. These RCTs were as follows:

= NCTT (New Technology in Cervical Cancer)®® trial, conducted in nine
population-based cervical screening programmes in Italy, in which women aged
25 to 60 years who were attending for a new routine cervical screening episode
were randomly assigned to either conventional cytology, HPV-based screening
alone, or HPV-based screening in combination with LBC.

= ARTISTIC (A Randomized Trial In Screening To Improve Cytology)?®’® trial, a
randomised comparison of combined HPV and LBC testing compared with LBC
alone in primary cervical screening. It included 25,410 women aged 20-64 years
undergoing routine cervical cytology screening in Greater Manchester.
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= ATHENA (Addressing the Need for Advanced HPV Diagnostics)®®? trial was
specifically designed to evaluate primary screening with the Cobas® HPV test in
women aged 25 years or older in the US and to evaluate different triage
strategies for HPV-positive women.

® PROHTECT-3 (PRotection by Offering HPV TEsting on self-sampled Cervico-
vaginal specimens Trial-3)*°? trial which recruited 46,001 registered non-
attendees of regular cervical screening programme from the year 2007, who
lived in four regions of the Netherlands.

= POBASCAM (population-based screening study Amsterdam)®®® trial included
44,938 women aged 29 to 61 years who were randomised to either a
conventional cytology—based control arm, or an intervention arm, in which
women were managed on the basis of cytology plus the results of HPV tests
(both scored blinded for each other).

= Public Health Trial Finland®®? trial invited 108,327 women aged 25 to 65 years
for organised cervical screening in nine Finnish municipalities. They were
individually randomly assigned to either the primary HPV-testing group, followed
by cytology triage or to the primary conventional cytological screening group.

= Swedescreen®®) trial, a population-based RCT of primary screening with HPV
testing that was conducted within the Swedish organised screening programme.
A total of 12,527 women, aged 32 to 38 years, who lived in one of five Swedish
cities participated. Women were randomly allocated to either the intervention
arm (in which a Pap smear and HPV testing were performed on the baseline
screening samples) or the control arm (in which only a Pap smear was
performed, and the frozen samples were stored for future use).

" VUSA-screen (Vrije Universiteit Medical Centre-Saltro)®®> trial, a population-
based study designed to evaluate the effectiveness of the combination of
cytology screening and HPV testing using HC2. The study was carried out in The
Netherlands in the setting of the regular Dutch screening programme that invites
women aged 30 to 60 years to be screened every five years.

Of these eight RCTs, a number had multiple publications and nested studies that
reported outcomes of triaging strategies. The NTCC trial, conducted in Italy, had five
publications reporting on three nested substudies as part of this RCT. (3> 18> 186, 200,
296) The ARTISTIC trial, conducted in the UK had two publications, ”* 2°”) and the
ATHENA trial, conducted in the US had three publications.(?°% 292 208) Each of the
remaining RCTs, PROHTECT-3, conducted in the Netherlands,**® Public Health Trial
Finland,®®¥ Swedescreen®? and VUSA-screen, conducted in the Netherlands,?
had one publication which reported on the outcomes of triage strategies.

The most commonly used HPV test was the Hybrid Capture 2 (HC2) HPV assay
(Qiagen). This was used in four RCTs (NTCC, ARTISTIC, Public Health Trial Finland
and VUSA-screen). The GP5+/6+ PCR-enzyme immunoassay was used in three trials
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(PROHTECT-3, POBASCAM and Swedescreen). The UK-based ATHENA trial, mostly
used the Cobas® HPV test, but a number of other HPV tests were also used. The
results were not disaggregated by the HPV test used.

In total, five different triaging strategies of interest are considered within these
studies; these are outlined in Figures 4.9 to 4.13. In all strategies, both the primary
and subsequent triage tests could be undertaken using the same sample, so only
one screening visit was required by the woman. The most common triaging strategy
was primary HPV testing followed by cytology triage testing, used in 11 studies.®”
179, 185, 186, 199, 200, 202-205, 207) Three different triage strategies that used partial
genotyping for HPV 16 and HPV 18 were considered. In the first strategy considered
in four studies, all women positive for either HPV 16 or HPV 18 were referred to
colposcopy; G% 179204 205) the second variation, which was included in five studies,
added an additional triage cytology test where women positive for all three tests
were referred to colposcopy; 3% 201 202,204, 205 3 g the final variation considered in
four studies was co-testing with partial genotyping for HPV 16 or HPV 18 plus
cytology at the triage stage with a positive result on either triage test leading to a
colposcopy referral.G% 202209 The fifth strategy of interest was the use of p16™* or
the combined p16™X*3/Ki-67 dual stain; this was reported in three papers;(20% 204 208)
however, two of these papers®®* 2% were reporting the same study with longitudinal
outcomes reported in the later paper.

Figure 4.9 Strategy 1: Primary HPV testing followed by triage with

cytology
Negative N Not referred to
- colposcopy*
Cytology
— Refer to
colposcopy

Note: cytology triage may be completed using the same screening sample, so only one screening visit is required by the
woman.
Some or all of these women may have undergone colposcopy and biopsy in the included RCTs.

HPV positive
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Figure 4.10 Strategy 2: Primary HPV testing followed by triage with
partial genotyping for HPV 16 and HPV 18

Not referred to
colposcopy*

Negative —

Genotyping HPV

HPV positive 16/18

Refer to
colposcopy

Note: partial genotyping for HPV 16 and HPV 18 may occur concurrently with HPV testing. The diagram represents the decision
process leading to referral to colposcopy. Both tests may be completed using the same screening sample, so only one
screening visit is required by the woman. Some or all of these women may have undergone colposcopy and biopsy in the
included RCTs.

Figure 4.11 Strategy 3: Primary HPV testing followed by triage with
sequential partial genotyping for HPV 16 and HPV 18 and cytology

Not referred
Negative to
< colposcopy*

Not referred
Negative [

HPV Genotyping
positive HPV 16/18

colposcopy

-
o
*

Refer to

colposcopy

Note: partial genotyping for HPV 16 and HPV 18 may occur concurrently with HPV testing; the diagram represents the decision
process leading to referral to colposcopy. Both the primary screening test and the triage tests may be completed using the
same screening sample, so only one screening visit is required by the woman.

Some or all of these women may have undergone colposcopy and biopsy in the included RCTs.
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Figure 4.12 Strategy 4: HPV primary testing followed by co-testing triage
with partial genotyping for HPV 16 and HPV 18 and cytology
triage

Negative for Not referred to
both colposcopy*

Positive on Refer to
either colposcopy

Note: partial genotyping for HPV 16 and HPV 18 may occur concurrently with HPV testing; the diagram represents the decision
process leading to referral to colposcopy. Both the primary screening test and the triage tests may be completed using the
same screening sample, so only one screening visit is required by the woman.

Some or all of these women may have undergone colposcopy and biopsy in the included RCTs.

Co-test Genotyping
HPV positive HPV 16/18
and Cytology

Figure 4.13 Strategy 5: Primary HPV testing followed by p16™*

INK4a/Ki-67 (dual stain) triage

or pl16

Not referred to

Negative colposcopy*

p16|NK4a or

HPV positive

p16'NK4a/Ki-67
Refer to
colposcopy

Note: Both the primary screening test and the triage tests may be completed using the same screening sample, so only one
screening visit is required by the woman.
Some or all of these women may have undergone colposcopy and biopsy in the included RCTs.

A total of 15 studies were included in the analysis of triage strategies. Sample sizes
ranged from 364 participants to 40,901.%°Y All of these studies included women
attending for routine cervical screening. However, the age range of women recruited
by Verhoef et al.**® was higher than the age range in other studies. Verhoef et
al."*reported a median age of 42 years and an interquartile range of 38 to 48
years. Women recruited by Wright et al.®®® were younger than expected for routine
cervical screening. A quarter of the women were between 25 and 29 years. Five
studies reported longitudinal outcomes. (186 199 201, 203, 205)
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Of the 15 studies identified, three ©% 17297 were rated at low risk of bias across all
four domains (see Table 4.7). Eleven were rated at a higher risk of bias regarding
patient selection, (199 200) (35, 206) (31, 185, 186, 202-205) Bjinding of colposcopists to HPV
status was not ensured in both Carozzi studies,®> 2% and in four of the remaining
studies it was unclear whether blinding of HPV status was ensured.(1% 20320 Ty
studies were at high risk of bias in domain 2 (index test). Verhoef et al.**® used
self-sampling for the primary test, with physician samples taken for triage testing
and to confirm the primary test result. Wright et al.®**? included a number of
different HPV tests, but disaggregated results were not presented. One study
had a high risk of bias in the flow and timing domain as samples were stored for up
to five years before testing. Overall, the quality of the studies was rated as fair to
good.

(202)
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Table 4.6 Summary characteristics for studies of HPV triaging strategies

Randomised Study HPV-test (s)- primary Relevant triage strategy (ies)
Control Trial test, sample size
Count
NTCC (Italy) *Bergeron Baseline HC2 (n=1,261) Cytology
20154 and 3 year
Carozzi Baseline HC2 (n=1,137) p16™“* (at a threshold of 1+ cells)
20084
Carozzi Baseline HC2 (n=1,137) p16™MKA
2013G% and 3 year
Ronco Baseline HC2 (n=16,255) LBC
200618
Ronco Baseline HC2 (n=5,924) LBC
2006b™®®  and 1 year
ARTISTIC (UK) Kitchener  Baseline HC2 (n=18,386) Cytology
2009¢%7
*Kitchener Baseline HC2 (n=21,910) 1.LBC
2014479
2. Partial genotyping for HPV 16/18
ATHENA (US) Castle Baseline Amplicor, Linear Array and 1. Cytology
201167 Cobas (ThinPrep) (n=7,823) 2. Partial genotyping for HPV 16/18+
3. Co-testing (partial genotyping for HPV 16/18 plus cytology)
with referral if positive for either triage test
4. Co-testing (partial genotyping for HPV 16/18 plus cytology)
with referral only if positive for both triage tests
*Wright 3 year Mostly Cobas, but other HPV  Co-testing (partial genotyping HPV for 16/18 & LBC)
2015 tests used as well
(n=40,901)
*Wright Baseline Cobas (n=7,727) 1. LBC
201639 2. p16™*¥/Ki-67 (at a threshold of 1+ cells)

3. Co-testing (LBC plus partial genotyping for HPV 16/18)
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PROHTECT-3 (The P a'Ziile=
Netherlands) 2015099

POBASCAM (The
Netherlands)

Dijkstra
2013¢%)

Public health Trial
Finland (Finland)

Leinonen
2013

Swedescreen Naucler
VUSA-screen (The B:ij[GElps
Netherlands) 201209

1-2 years

4 year

Baseline

Baseline

3 year

HPV (GP5+/6+) (n=364)

GP5+/6+-PCR EIA (n=1,100)

HC2
(n=2,574)

PCR GP5+/GP6+
(n=6,089)
HC2 (n=1,303)

with referral only if positive for both tests
4. Co-testing (LBC plus partial genotyping for HPV 16/18)
with referral if positive for either test
5. Co-testing (p16™“**/Ki-67 and partial genotyping for
HPV 16/18) with referral only if positive for both tests
6. Co-testing (p16™*/Ki-67 and partial genotyping for
HPV 16/18) with referral if positive for either test

Cytology

1. Conventional cytology

2. Co-testing (conventional cytology plus partial genotyping
for HPV 16/18)

1. Cytology

2. HPV partial genotyping for HPV 16/18

3. Co-testing (cytology and partial genotyping for HPV
16/18) with referral only if positive for both tests

4. Co-testing (cytology and partial genotyping for HPV
16/18) with referral if positive for either test
No relevant strategy combinations

1. Cytology

2. Partial genotyping for HPV 16/18
3. Co-testing (cytology & partial genotyping for HPV 16/18)

*Studies identified in the updated search. Note the cross sectional outcomes for Carozzi 2013 are the same as Carozzi 2008.

Note: The Kitchener 2014 paper is an update of Kitchener 2009 with the same cohort of women, thus only Kitchener 2014 values are used in the evidence synthesis.
Note: Test thresholds were: Cytology- ASCUS or worse; HC2 - >1pg/ml; p16INK4A - 1+ cells.
Key: CC- conventional cytology; CIN — cervical intraepithelial neoplasia; HC2 - Hybrid Capture 2 HPV assay; HPV — human papillomavirus, LBC- liquid-based cytology.
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Table 4.7 Risk of bias assessment of the included triage studies— QUADAS-2(15®)

Domain 1: Patient Domain 2: Index Domain 3: Reference Domain 4: Flow and Timing
Selection Test(s) Standard
A. Risk | B. Concerns B. Concerns A. Risk B. Concerns A. Risk of bias
of bias | regarding regarding of bias regarding
applicability applicability applicability
*Bergeron 2015(2% Low High Low Low Low Low Low
Carozzi 2008(%® Low High low  Low High Low Low
Carozzi 20136 Low High Low Low High Low Low
Castle 201169 Low Low low  Low Low Low Low
Dijkstra 2013(%% Low High Low Low Unclear  Low Low
Kitchener 2009¢°”) Low Low Llow  Low Low Low Low
*Kitchener 201479 Low Low low  Low Low Low Low
Leinonen 2013%% Low High low  Low Unclear  Low Low
Naucler 2009¢? Low High low  Low Low Low Low
Rijkaart 20122 Low High low  Low Unclear  Low Low
Ronco 2006a!% Low High Low Low Low Low Unclear
Ronco 2006b(*8®) Low High low  Low Low Low Low
*Verhoef 2015(1°Y Low High High  Low Unclear  Low Low
*Wright 2015?00 Low Low Low High Low Low Low
*Wright 2016302 Low High low  Low Low Low High

*Studies identified in the updated literature search.
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4.2.3 Evidence synthesis

All retrieved studies assessed triage strategies for women who underwent a primary
HPV screening test. However, seven of the studies® 199 200: 203-206) 5}y jncluded
women who had a positive primary HPV test result. The reported sensitivity and
specificity of these studies can be considered as the conditional outcomes given a
positive primary HPV test result. For the remaining studies, 3% 31+ 179, 185, 186, 201, 202, 207)
the reported test accuracies should be considered as the sensitivity and specificity
for the whole test strategy (primary test plus triage test). Data for the screening
strategy as a whole is preferable as this provides direct evidence for the
effectiveness of the particular screening strategy of interest.

Each of the five strategies of interest is considered separately. Baseline and
longitudinal outcomes are presented. Where sufficient comparable data were
available, a meta-analysis was carried out using the same methodology as described
in Section 4.1; that is, a Bayesian bivariate, random effects approach.**® The
bivariate random effects model accounts for the bivariate nature of sensitivity and
specificity as well as the within-study and between-study variability.**? Analyses
were carried out in Rstudio Version 0.99.893(1% using the bamdit package (version
2.0.1).4%3) Where insufficient (less than three)**? studies of comparable data were
available, a narrative summary of the results is presented.

4.2.4 Baseline outcomes

This section considers the baseline screening accuracy of the five triage strategies of
interest. The longitudinal outcomes (over a timeframe of one to four years) of the
five triage strategies are considered in Section 4.2.5.

4.2.4.1 Strategy 1: Primary HPV testing followed by triage with
cytology

Six randomised controlled trial (RCT) study datasets considered baseline accuracies
of primary HPV testing followed by triage with cytology (Table 4.8).( 179 186, 200, 202,
209 However, not all six studies are directly comparable. In two of the studies, only
women who had a positive HPV test had their disease status confirmed by the ‘gold
standard’ (histological examination of diagnostic biopsies). In the remaining four
studies, all women who had the primary test and the triage test had their disease
status confirmed by the ‘gold standard’.

The forest plots of the four comparable studies are shown in Figures 4.14 to 4.15. It
is clear from the forest plots that the sensitivity and specificity reported by Wright et
al. and Castle et al.,®% 292 poth of which are from the US-based ATHENA trial, are
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considerably lower than those reported in the other two studies. The likely reasons
for this are discussed in Section 4.3. These differences suggest that pooling of these
studies is not appropriate.

Table 4.8 Baseline results for primary HPV testing followed by cytology
triage

Referral Sensitivity (95% CI) | Specificity(95%

to (01 )
colposcopy

Castle 12.0% of CIN 2+ Strategy 52.6% (47.6%-57.6%) 90.1% (89.4%-

20112 B 90.7%)
screened
CIN 3+ Strategy 52.8% (46.6%-58.9%) 89.3% (88.6%-
26.8% of 90 00/0)
triaged '
(G ) 4.9% of CIN 2+ Strategy 88.4% (85.0%-91.1%) 96.7% (96.5%-
2014479 Biir] 97.0%)
screened CIN 3+ Strate 94.3% (90.6%-96.7) 96.0% (95.8%-
38.7% of gy 270 .07 . 96.30/3) .070
triaged '
2.8% of CIN 2+ Strategy 81.4% (73.4%-87.4%) 97.6% (97.4%-
total 97.8%)
screened
CIN 3+ Strategy 82.7% (70.3%-90.6%) 97.4% (97.2%-
31.2% of 97 60/0)
triaged '
12.1% of CIN 2+ Strategy  46.5% (41.7%-51.3%) 89.9% (89.1%-
total 90.6%)
screened
CIN 3+ Strategy  48.3% (42.3%-54.3%) 89.2% (88.5%-
25.9% of 89.9%)
triaged
G N 2.8% of CIN 2+ 85.6% (76.6%-92.1%) 65.9% (63.1%-
2015°9 BT Conditional 68.6%)
screened
o CIN 3+ 88.1% (74.4%-96.0%) 64.0% (61.2%-
37.7% of Conditional 66.7%)
triaged
L GLELN NR of total  CIN 2+ 97.6% (94.0%-99.1%) 65.6% (63.6%-
2013%Y === Conditional 67.4%)
3*.3'5°/:’1 of  CIN3+ 95.2% (86.9%-98.4%) 62.9% (61.0%-
triage Conditional 64.8%)

Key: CIN — cervical intraepithelial neoplasia; CI-confidence interval.

Note: Strategy refers to the entire screening strategy HPV test followed by the triage test(s) with the reported sensitivity and
specificity representing the entire screening population. Conditional outcomes represent the outcomes for the triage test(s) for
the population who were screened positive on the primary HPV screening test. All extracted data represent the crude values.
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Figure 4.14 Sensitivity and specificity of primary HPV testing followed
by cytology triage in detecting CIN 2+

Castle 2011 —— 053[048,058]
Ronco 2006 —_— 081[0.73,0.87]
Kitchener 2014 i 088[085,091]
Wright 2016 —— 046[042,051]
| | | | |
0.00 0.25 0.50 0.75 1.00
Sensitivity
Castle 2011 - 090[089,091]
Ronco 2006 | 098[097,098]
Kitchener 2014 n 097[096,0.97]
Wright 2016 - 090[089,091]
| | | | |
0.00 0.25 0.50 0.75 1.00
Specificity
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Figure 4.15 Sensitivity and specificity of primary HPV testing followed by
cytology triage in detecting CIN 3+

Castle 2011 —— 0531047 ,059]
Ronco 2006 —_— 083[070,091]
Kitchener 2014 —lH 0941091,097]
Wright 2016 —— 048[042,0.54]
| T T T |
0.00 025 0.50 075 1.00
Sensitivity
Castle 2011 - 089[0.89,0.90]
Ronco 2006 | 097[097,098]
Kitchener 2014 u 096[096,096]
Wright 2016 - 089[088,090]
| T T T |
0.00 025 0.50 075 1.00
Specificity

4.2.4.2 Strategy 2: Primary HPV testing followed by triage with partial
genotyping for HPV 16 and HPV 18

There were three RCTs which considered the baseline accuracy data for primary HPV
testing followed by triage with partial genotyping for HPV 16 and HPV 18, see Table
4,9.60.179,: 209 11 two of the studies, all women received both the primary test and
triage test®® 179 whereas in the other study only women who had a positive HPV
test were subjected to the triage test.?®® For the two studies which reported the
accuracy estimate for this strategy, the values would suggest that primary HPV
testing followed by triage with partial genotyping for HPV 16 and HPV 18 is less
sensitive, but more specific than HPV testing followed by cytology triage.®% 179
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There were insufficient studies (two studies) to conduct a meta-analysis for this

strategy.

Table 4.9 Baseline results for primary HPV testing followed by triage

with partial genotyping for HPV 16 and HPV 18

Study Referral to w Specificity
colposcopy (95% CI) (95% CI)

12.3% of CIN 2+
total Strategy
screened
27.6% of CIN 3+
triaged Strategy
(e S8 4.5% of total  CIN 2+
201417%) WIS Strategy
28.8% of
triaged CIN 3+
Strategy
00 NR of total CIN 2+
201320 W Conditional
70% of
triaged CIN 3+
Conditional

51.8%
(46.8%-56.8%)

59.5%
(53.4%-65.4%)

56.4%
(52.3%-60.3%)

67.8%
(62.5%-72.8%)

89.8%
(84.3%-93.5%)

92.1%
(82.7%-96.6%)

Key: CI-confidence interval; CIN — cervical intraepithelial neoplasia; NR — not reported.

89.7%
(89.0%-90.3%)

89.2%
(88.5%-89.9%)

96.8%
(96.6%-97.0%)

96.3%
(96.1%-96.6%)

31.4%
(29.6%-33.3%)

30.6%
(28.8%-32.4%)

Note: Strategy refers to the entire screening strategy HPV test followed by the triage test(s) with the reported sensitivity and

specificity representing the entire screening population. Conditional outcomes represent the outcomes for the triage test(s) for

the population who were screened positive on the primary HPV screening test. All extracted data represent the crude values.

4.2.4.3 Strategy 3: Primary HPV testing followed by sequential triage
with partial genotyping for HPV 16 and HPV 18 and cytology

The first variation on partial genotyping for HPV 16 and HPV 18 used an additional

cytology triaging step for those found positive for HPV 16 and HPV 18. Three studies

reported baseline outcomes for this strategy; with Castle et al.*® and Wright et
al.?% reporting the accuracies of the full strategy at baseline. For these studies, the
values would suggest that primary HPV testing followed by triage with partial
genotyping for HPV 16 and HPV 18 and cytology is less sensitive, but more specific
than HPV testing followed by cytology triage. There were insufficient studies
providing data on the full strategy (two studies) to conduct a meta-analysis.
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Table 4.10 Baseline results for primary HPV testing followed by
sequential triage with partial genotyping for HPV 16 and
HPV18 and cytology

Study Referral to Sensitivity (95% | Specificity (95%
colposcopy CI) CI)

4.3% of total CIN 2+ 30.0% 97.0%
screened Strategy (25.6%-34.8%)  (96.6%-97.4%)
fr'igz‘éc‘l’f CIN 3+ 34.1% 97.8%
Strategy (28.16%-40.2%)  (97.4%-98.1%)
4.4% of total CIN 2+ 26.4% 96.9%
screened Strategy (22.4%-30.9%)  (96.4%-97.2%)
(o)
,?r'iz é‘éc‘l’f CIN 3+ 31.0% 96.5%
Strategy (25.7%-36.9%)  (96.1%-96.9%)
=00 (<3 Y NR of total CIN 2+ 87.4% 72.1%
7113 k)5l screened Conditional  (81.5%-91.6%) (70.3%-73.8%)
FE N I\ 3+ 87.3% 69.6%
triaged

Conditional  (76.9%-93.4%)  (67.8%-71.4%)

Key: CI-confidence interval; CIN — cervical intraepithelial neoplasia; NR-not reported.

Note: Strategy refers to the entire screening strategy HPV test followed by the triage test(s) with the reported sensitivity and
specificity representing the entire screening population. Conditional outcomes represent the outcomes for the triage test(s) for
the population who were screened positive on the primary HPV screening test. All extracted data represent the crude values.

4.2.4.4 Strategy 4: HPV primary testing followed by co-testing triage
with partial genotyping for HPV 16 and HPV 18 and cytology

The second variation on partial genotyping for HPV 16 and HPV 18 used co-testing
with cytology at the triage stage with a positive result in either triage test leading to a
colposcopy referral. This was considered in three studies, see Table 4.11. Baseline
results were reported by Castle et al.,*® Leinonen et al.?®® and Wright et al.?° For
the two studies which reported the accuracy estimate for the strategy, the values
would suggest that primary HPV testing followed by triage with partial genotyping for
HPV 16 and HPV 18 and cytology has a similar sensitivity, but is less specific than HPV
testing followed by cytology triage. Two studies®” 2% reported baseline outcomes for
this strategy also considered the two other partial genotyping strategies, that is partial
genotyping for HPV 16 and HPV 18 only as a triage test, and sequential triage testing
with partial genotyping for HPV 16 and HPV 18 followed by cytology triage for those
found to be positive for HPV 16 or HPV 18. There were insufficient studies providing
data on the full strategy (two studies) to conduct a meta-analysis. For both studies,
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across the three strategies trialled, the highest sensitivity was reported with co-testing
(women with a positive result for either triage test being referred to colposcopy) and
the highest specificity for sequential testing (women with a positive cytology result
who were initially found to be positive for HPV 16 or HPV 18 referred for colposcopy).

Table 4.11 Baseline results for primary HPV testing followed by co-testing
triage with partial genotyping for HPV 16 and HPV 18 and cytology

Study Referral to
colposcopy

Sensitivity
(95% CI)

Specificity(95%
CI)

20.1% of CIN 2+ 74.5% 82.7%
total Strategy (69.9%-78.6%) (81.8%-83.6%)
screened CIN 3+ 78.2% 81.9%
448% of G i o
triaged (72.7%-82.8%) (81.0%-82.7%)
20.2% of CIN 2+ 66.7% 82.5%
total Strategy (62.0%-71.1%)  (81.6%-83.3%)
screined CIN 3+ 72.8% 81.7%
e SUAlRDy  (67.1%-77.8%)  (80.8%-82.5%)
Leinonen R\¥o RG] CIN 2+ 100% 24.9%
20134 WERE I Conditional  (97.8%-100%)  (23.2%-26.7%)
76.7% of
triaged
CIN 3+ 100% 23.9%
Conditional

(94.3%-100%)  (22.2%-25.6%)
Key: CI-confidence interval; CIN — cervical intraepithelial neoplasia; HPV — human papillomavirus; NR-not reported
Note: In this strategy a positive result in either test warranted a referral to colposcopy.

Note: Strategy refers to the entire screening strategy HPV test followed by the triage test(s) with the reported sensitivity and
specificity representing the entire screening population. Conditional outcomes represent the outcomes for the triage test(s) for
the population who were screened positive on the primary HPV screening test. All extracted data represent the crude values

4.2.4.5 Strategy 5: Primary HPV testing followed by p16™*? or
p16™¥4?/Ki-67 (dual stain) triage

The fifth strategy of interest was the use of p16™%* or p16™<*/Ki-67. The baseline
screening results for this were reported in two papers. 2% 209 Wright et al.(?%%
considered p16™<*?/Ki-67 dual stain while Carozzi et al.*®® considered p16™<*
testing only. It is important to note that the study by Carozzi et al®® which
considered p16™¢* did not use the current commercially available test, CINtec PLUS,
which allows for dual staining for the proliferation marker, Ki-67, the processing of
which can be automated. Therefore, it may be difficult to apply the evidence for
p16™MK* to the Irish screening programme or to compare it with the evidence for
p16™K4a/Ki-67 dual stain.
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Only one study considered triaging with p16™<*¥/Ki-67. Wright et al. considered
three different options for triaging with p16™*/Ki-67, that is where it was
considered:

1) on its own

2) with partial genotyping for HPV 16 and HPV 18 where women were
referred to colposcopy only when both triage tests were positive

3) with partial genotyping for HPV 16 and HPV 18 where women were
referred to colposcopy when either triage test was positive.

The lowest sensitivity was reported for the second option with a sensitivity of just
35.5% (95% CI: 31.0% to 40.2%) for detection of CIN 2+ and 44.4% (95% CI:
38.5% to 50.5%) for CIN 3+, with the highest sensitivity reported for the third
option that is a sensitivity of 74.3% (95% CI: 69.9% to 78.3%) for the detection of
CIN 2+ and 80.8% (95% CI: 75.6% to 85.2%) for CIN 3+.

Table 4.12 Baseline results for primary HPV testing followed by p16™*4?

/Ki-67 triage
Study | Strategy | Referral to m Sensitivity Specificity
colposcop 95% CI 95% CI

WEEHE p16™“9/K 12.1% of CIN 2+ 63.1% 89.6%
i-67 total Strategy (58.3%-67.6%) (88.9%-90.3%)
screened CIN 3+ 69.7% 88.8%
28.4% of Strategy (63.9%-75.0%) (88.0%-89.5%)
triaged
Co-testing 5.2% of CIN 2+ 35.5% 96.6%
with HPY  total Strategy (31.0%-40.2%) (96.1%-97.0%)
16/18 screened CIN 3+ 44.4% 96.3%
referral 11.1% Strategy (38.5%-50.5%) (95.8%-96.7%)
. triaged
only if
positive
for both
tests
Co-testing 20.6% of CIN 2+ 74.3% 82.5%
with HPV  total Strategy (69.9%-78.3%) (81.6%-83.4%)
16/18 screened CIN 3+ 80.8% 81.6%
referral if  44.1% of Strategy (75.6%-85.2%) (80.7%-82.5%)
positive triaged
for either
test

Key: CI-confidence interval; CIN — cervical intraepithelial neoplasia; HPV — human papillomavirus.

Note: Strategy refers to the entire screening strategy HPV test followed by the triage test(s) with the reported sensitivity and
specificity representing the entire screening population. All extracted data represent the crude values.
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Carozzi et al.?% reported outcomes for the use of p16™€*, see Table 4.13. The
baseline sensitivity for detection of CIN 2+ was 88% (CI 80%-94%) and for CIN 3+
was 91% (CI 77%-97%) with a specificity of 61% (CI 57%-64%) for CIN 2+ and
59% (CI 55%-63%) for CIN 3+. The study only included women with a positive
primary HPV test. Thus, the accuracies reported reflect the use of p16™* as a
triage test of women who screened HPV positive.

Table 4.13 Baseline results for primary HPV testing followed by p16INK4a

triage
Referral to Outcome Sensitivity Specificity
colposcopy (95% CI) (95% CI)
Carozzi NR of total screened | CIN 2+ 88% (80%- 61% (57%-
| 2008(2%9) | 43.4% of triaged Conditional 94%) 64%
CIN 3+ 91% (77%- 59% (55%-
Conditional 97%) 63%)

~ Key: CI-confidence interval; CIN — cervical intraepithelial neoplasia; HPV — human papillomavirus; NR-not reported.

Note: Conditional outcomes represent the outcomes for the triage test(s) for the population who were screened positive on the
primary HPV screening test. All extracted data represent the crude values.

4.2.5 Longitudinal outcomes

The longitudinal outcomes for all five strategies have been considered in a number
of studies, see Table 4.14. Five studies report the longitudinal accuracy of HPV
testing followed by cytology triage (Strategy 1) over a timeframe ranging from one
to four years. While these included differing methods, overall the longitudinal
outcomes suggest that the accuracy of this strategy remains high compared with
baseline screening (see Table 4.8 for baseline values), with a high sensitivity and
high specificity maintained for both CIN 2+ and CIN 3+ over a typical screening
interval.

Only the study by Rijkaart et al.?®> considered the longitudinal outcomes of HPV
primary testing followed by triage with partial genotyping for HPV 16 and HPV 18 at
three years (Strategy 2). Comparing these with the baseline outcomes reported by
Leinonen et al.®® in Table 4.9 (which also only considered those with a positive
primary HPV test result), the longitudinal sensitivity is significantly lower, but the
specificity is significantly higher.

For Strategy 3, HPV testing followed by sequential triage with partial genotyping for
HPV 16 and HPV 18 and then cytology, the three-year sensitivity outcomes reported
by Wright et al.®® are significantly higher than the baseline outcomes reported by
both Castle et al.*® and Wright et al. (2015) in Table 4.10.°°V) As all three studies
are from the ATHENA trial, the sensitivity would be expected to be lower at follow
up, as it includes cases diagnosed within the three years following baseline
screening. In contrast, three year follow-up data reported by Rijkaart et al.
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(2012)?%) indicate a slight reduction in both sensitivity and specificity compared
with the baseline screening results reported by Leinonen et al. (2013).%%)

The four year follow-up outcomes for HPV primary testing followed by co-testing
triage with partial genotyping for HPV 16 and 18 plus cytology were considered by
Dijkstra et al. (Strategy 4).1%°® Comparing these outcomes to Leinonen et al.(?%%
(Table 4.11) the longitudinal sensitivity is lower; however, the specificity is higher.

For the fifth strategy, longitudinal outcomes were only available for p16™%*  These
are the three-year follow up to the Carozzi et al. 2008 paper.?®® For both CIN 2+
and CIN 3+, there was a reduction in the sensitivity value compared with baseline
(Table 4.13), indicating disease development in women with a negative triage test at
baseline.

Table 4.14 Longitudinal results by triage strategy for primary HPV testing

Study Length of Sensitivity Specificity
follow up (95% CI) (95% CI)
Strategy 1: Primary HPV testing followed by cytology triage

Ronco 1 year CIN 2+ 80.0% (67.6%-  95.3% (94.7%-
2006b*¢) Strategy 88.4%) 95.8%)

CIN 3+ 81.2% (57.0%-  94.8% (94.2%-

Strategy 93.4%) 95.3%)
Bergeron 3 years CIN 2+ 67.4% (52.5%- 68.0% (65.1%-
20159 Conditional 80.1%) 70.9%)

CIN 3+ 61.5% (40.6%-  67.1% (64.1%-

Conditional 79.8%) 69.9%)
Dijkstra 4 years CIN 2+ 66.0% (59.6%-  81.4% (78.0%-
2013 Conditional 71.9%) 84.4%)

CIN 3+ 75.4% (67.9%-  78.0% (74.6%-

Conditional 81.7%) 81.1%)
Rijkaart 3 years CIN 2+ 62.7% (56.2%-  89.1% (86.4%-
2012 Conditional 68.8%) 91.4%)

CIN 3+ 70.6% (62.7%-  85.6% (82.8%-

Conditional 77.4%) 88.1%)
Verhoef 1-2 years CIN 2+ 75.6% (66.7%-  78.5% (73.6%-
20151% Conditional 84.4%) 83.3%)

CIN 3+ 77.4% (67.0%-  73.8% (68.9%-

Conditional 87.8%) 78.8%)
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Strategy 2: Primary HPV testing followed by triage with partial genotyping for

HPV16 and 18

3years CIN 2+ Conditional 58.6% (52.1%- 74.5% (70.8%-
64.9%) 77.8%)

CIN 3+ Conditional  65.4% (57.4%- 72.5% (69.0%-
72.7%) 75.8%)

Strategy 3: Primary HPV testing followed by sequential triage with partial
genotyping for HPV 16 and 18 and then cytology

Wrighzt . 3year CIN 2+ Strategy 69.1% (63.7%- 94.0% (93.8%-
2015201 74.4%) 94.3%)

CIN 3+ Strategy 76.1% (70.3%-  93.5% (93.3%-
81.8%) 93.8%)
Rijkaart 3years CIN 2+ Conditional 81.5% (75.9%-  66.6% (62.8%-
20120209 86.1%) 70.3%)
CIN 3+ Conditional  87.4% (81.1%-  63.2% (59.5%-

91.9%) 66.7%)

Strategy 4: HPV primary testing followed by co-testing triage with partial
genotyping for HPV 16 and 18 plus cytology

DiJ'kStzra 4 years CIN 2+ Conditional  90.3% (85.7%- 57.6% (53.3%-
20139 93.5%) 61.7%)

CIN 3+ Conditional  96.6% (92.3%-  53.6% (49.7%-
98.5%) 57.5%)

Strategy 5: Primary HPV testing followed by p16™¥* triage

o1 - 1lPLESEE 3 years  CIN 2+Conditional ~ 75.6% (63.5-87.7) 61.8% (58.7%-
64.7%)

CIN 3+Conditional  82.4% (67.8-97.0) 59.1% (56.2%-
62.0%)

Key: CIN — cervical intraepithelial neoplasia; CI-confidence interval; HPV — human papillomavirus. ; NR-Not Reported

Note: Strategy refers to the entire screening strategy HPV test followed by the triage test(s) with the reported sensitivity and
specificity representing the entire screening population. Conditional outcomes represent the outcomes for the triage test(s) for
the population who were screened positive on the primary HPV screening test. All extracted data represent the crude values.

4.2.6 Applicability of the evidence

The question of how best to manage women who screen HPV positive has been
considered in a number of large-scale, good-quality randomised controlled trials
(RCTs). These have been conducted within routine population screening
programmes in settings similar to that of CervicalCheck - Ireland’s National Cervical
Screening Programme. Baseline outcomes and follow up of up to four years have
also been reported for the triage strategies.
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Five triage strategies of interest were considered:

1) cytology;

2) partial genotyping (HPV 16 and 18) only;

3) partial genotyping (HPV 16 and 18) followed by cytology as a second triage
test;

4) co-testing with partial genotyping (HPV 16 and HPV 18) plus cytology;

5) and, testing for the p16™* protein alone or in combination with Ki-67
protein (dual stain) which have been identified as surrogate markers of
transforming infections.

No one study compared all five triage strategies, and apart from those studies that
used cytology alone as a triage test, there were insufficient studies to allow for a
meta-analysis of the results.

Four studies reported comparable sensitivity and specificity values for the detection
of CIN 2+ and CIN 3+ following primary HPV testing with cytology triage testing.
However, the sensitivity values varied widely with two studies by Castle et al.®? and
Wright et al.®®°® reporting much lower sensitivity than that reported by either
Kitchener et al.*” or Ronco et al..(18> 186)

Both Castle et al.®® and Wright et al.®?®? were nested sub-studies of the US-based
ATHENA trial. The reported sensitivity of cytology when used as a standalone
primary test at 51.5% (CI 46.8% -56.2%) for the detection of CIN 2+ and 53.3%
(CI 46.8% -56.2%) for the detection of CIN 3+ was substantially lower in the study
by Castle et al.*” than would be expected in Ireland. For the study by Wright et
al.,‘®% cytology was only applied as a triage test so it is not possible to investigate
its accuracy as a primary screening test, although the Evaluation Team acknowledge
that the sensitivity values for cytology when used a triage test are indeed lower than
observed elsewhere.

Longitudinal outcomes at three years for the ATHENA trial were reported by Wright
et al. 2016./%%2 The baseline accuracy for cytology as a primary test was reported as
49.9% for CIN 2+ and 52.2% for CIN 3+ across the 40,901 eligible samples. It is
not clear why the cytology sensitivity values are so low in the ATHENA trial. Austin et
al.®®) discussed possible reasons for this and noted that when comparing the
laboratory performance to other US laboratories, the ratio of atypical squamous cell
to squamous intraepithelial lesion (ASC/SIL) would indicate a suboptimal screening
sensitivity and speculated that this may be due to cytotechnologist workload.

Computer-assisted imaging for LBC was not used in the ATHENA trial,®®® which
relied instead on manual reading of LBC images. The implications of this on the test
sensitivity are unclear with a systematic review*?) finding conflicting evidence on the
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effect of computer-assisted imaging on the accuracy estimates. As the cytology
results in the ATHENA trial are considerably lower than those expected in Ireland,
with evidence of suboptimal laboratory performance, data on triage options from this
study, which included cytology, were not used to inform the estimates in the
economic model.

For the remaining strategies, the available evidence is limited, and in some cases is
restricted to one or two studies. The evidence was not sufficient for comparison
across studies and also did not allow for comparisons between strategies.
Longitudinal outcomes were available for all triage strategies apart from triaging
with p16™K*/Ki-67 but, as with the baseline results, there were insufficient studies
available for a meta-analysis. The question of which of these triage strategies is
optimal from a clinical perspective remains unclear.

CervicalCheck - Ireland’s National Cervical Screening Programme currently uses
primary testing with LBC followed by HPV triage testing. A 2013 Cochrane review??
reported a sensitivity of HC2 in the triage of ASCUS or worse cytology results of
90.4% (CI 88.1% -92.3%) for the detection of CIN 2+ and 93.7% (CI 90.4% -
95.9%) for CIN 3+. They found a specificity of 58.3% (CI 53.6% -62.9%) for the
detection of CIN 2+ and 52.3% (CI 45.7% -58.7%) for CIN 3+.

Ireland has a nationally funded, school-based, girls-only HPV vaccination programme
that commenced in 2010. The current vaccination programme is based on the
quadrivalent vaccine that protects against HPV 16 and 18, thereby protecting against
approximately 70% of cervical cancer cases. The first cohort of vaccinated girls will
be eligible for CervicalCheck in 2018-2019, and uptake rates for the vaccination
programme have been high (86.9% in 2014 to 2015, although unofficial figures
indicate a reduced uptake of approximately 70% in 2015 to 2016). Early indications
are that the current uptake rate for 2016 to 2017 is also low relative to historical
uptake rates in Ireland. In the context of a reducing background risk of disease, due
to a reduction in the prevalence of HPV, HPV-based screening programmes may be
more efficient.

4.3 Safety

In making any screening decision, the benefits and risks must be considered.
Cervical screening cannot prevent all cervical cancers, however it is considered
effective at reducing the incidence of and morbidity and mortality from cervical
cancer. For example, evidence of reduction in mortality is available from the National
Health Service (NHS) Cervical Screening Programme in England. In a case-control
study published in 2016, screening records were used to compare mortality from
cervical cancer over a 15-year timeframe in women who were regularly screened by
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the programme with unscreened or minimally screened matched controls. Based on
existing uptake, screening was estimated to prevent 70% of all cervical cancer
deaths; however, it was noted that if everyone attended screening regularly, 83% of
deaths could be prevented.®®,

Harms related to the primary screening test itself are considered minimal. HPV
testing uses the same procedure for collecting cervical cell samples as that used in
the current screening programme. Some women may experience discomfort or
minor bleeding following a smear test, but these resolve spontaneously. Women
may also suffer anxiety while waiting for a repeated smear test in the case of an
inadequate sample. Other potential harms include the worry and anxiety that some
women may experience with the knowledge of a HPV-positive status, although this
distress typically does not persist.**") An Irish qualitative study questioned women in
a colposcopy clinic who had recently been tested for HPV (both HPV-positive and
negative test results) following treatment for CIN or a diagnosis of low-grade
cytological abnormalities.®? This study concluded that in such a setting, the
emotional impact of HPV testing was modest. Ethical issues are discussed further in
Chapter 6.

For women who have precancerous abnormalities or invasive cervical cancer, the
effects of screening are primarily positive. This includes the potential for improved
clinical outcomes and fertility sparing for women in whom invasive cervical cancer is
detected at an early stage. Treatment of precancerous abnormalities is less invasive
than treatment of invasive cervical cancer and results in fewer side effects. As
primary HPV testing has been shown to lead to a reduced incidence of invasive
cervical cancer, switching to primary HPV testing has the potential to improve these
benefits. However, there is also a potential for adverse consequences.

For women who do not have precancerous abnormalities or invasive cervical cancer,
the benefits of screening are limited to a sense of reassurance that they are at low
risk of disease. The negative effects of screening are particularly associated with
false positive test results and referrals to colposcopy clinics. A false positive test
occurs when a women without precancerous abnormalities or invasive cervical
cancer has a positive result and is referred to colposcopy. This can lead to worry and
distress associated with additional unnecessary diagnostic procedures required to
confirm an initial positive HPV test result. Colposcopy is associated with adverse
effects such as pain, bleeding and vaginal discharge. Higher rates of all these
adverse effects are reported in women who require a biopsy at colposcopy
compared with women who require colposcopic examination only.!®)

Large-scale screening programmes carry the risk of overdiagnosis and unnecessary
treatment, which can occur when a detected precancerous abnormality lacks the

129



Health Technology Assessment (HTA) of human papillomavirus testing as the
primary screening method for prevention of cervical cancer
Health Information and Quality Authority

potential to progress to invasive cervical cancer or when death from other causes
occurs before the cervical cancer presents clinically. In both instances, overdiagnosis
would occur and the woman would be treated with no survival benefit.

It is not currently possible to discriminate between high-grade abnormalities that will
develop into invasive cervical cancer and those that would regress if undetected.
Finding the former may extend some women’s lives, but finding the latter will
increase the number of women who are overdiagnosed and receive unnecessary
treatment. The harms associated with unnecessary treatment include both the risks
from the treatment procedure and the potential longer-term risks of treatment. As
noted in Section 3.3, cold coagulation, large loop excision of the transformation zone
(LLETZ), laser cone biopsy and cold knife cone biopsy are conservative methods of
treatment of high-grade abnormalities. LLETZ and cold knife biopsy are associated
with an increased risk of preterm pre-labour rupture of membranes, preterm birth
and low birth weight.!”) These complications are associated with an increased risk
of stillbirth and neonatal death.*?% Cold knife conisation is also associated with an
increased rate of caesarean section due to cervical stenosis.*'”

A case-control study nested in a record linkage cohort study in England reported that
the risk of preterm birth appeared to be minimally affected by small excisions.
Excisional treatment was defined as LLETZ, laser excision, knife cone biopsy or cone
excision not otherwise specified.**!) However, excisions with a depth greater than
15mm were associated with a doubling of the risk of preterm and very preterm
births.*? Cold coagulation®®? and laser ablation!” 12 do not impact on obstetric
or neonatal outcomes.

As HPV testing is more sensitive than cytology, it results in more positive screening
results, with strategies that include HPV testing compared with strategies that use
cytology alone. As a result, strategies that include HPV testing are likely to lead to
increased surveillance and overdiagnosis. However, combining a primary HPV test
with cytology triage increases the specificity and avoids some of the excess false
positive results. It is worth noting that women aged less than 30 years are
potentially at a higher risk of adverse harms from HPV-based screening. As the
prevalence of HPV is much higher in women in this age group, the potential for
precancerous abnormalities to regress is higher, and women within this age group
are more likely to be affected by adverse pregnancy outcomes compared with those
over 30 years.

A false negative result occurs when precancerous abnormalities or invasive cervical
cancer are present but the test result is reported to be normal. This leads to false
reassurance. Of note, it is recognised and accepted that false negative results will
occur even as part of an organised cervical screening programme. As the sensitivity
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of HPV testing is higher than cytology testing, switching to a primary HPV test is
likely to lead to a decrease in the number of false negative results, potentially
reducing the false negative rate and improving safety in this regard.

4.4 Discussion

This chapter reviewed the evidence for the clinical effectiveness and safety of HPV
testing as a primary screening method for the prevention of cervical cancer. It also
considered the evidence for possible triaging strategies for women with a positive
primary HPV screening test result.

This systematic review updated a 2015 publication by the Belgian Health Care
Knowledge Centre (KCE) which identified 60 relevant studies comparing primary HPV
screening with cytology testing. The updated review retrieved an additional 11
studies. When restricted to those studies conducted in industrialised countries and
that used HC2 as the HPV test, a meta-analysis of 23 studies found higher sensitivity
for HPV testing, but lower specificity compared with both LBC and conventional
cytology. Evidence from long-term follow up of women with either a negative
cytology test result or a negative HPV screening test result has shown that a
negative HPV test result carries a lower risk of developing both CIN 3+ and invasive
cervical cancer over six years.(1%®

The low specificity of HPV testing means that using it as a standalone screening test
would lead to large numbers of women unnecessarily referred to colposcopy clinics.
Use of a triage test is necessary to ensure efficiency and to minimise adverse effects
by reducing the numbers of unnecessary referrals. Despite the high sensitivity of
HPV testing, a small number of women who develop CIN 3+ may receive a false
negative result when tested with a HPV test, who could have received a positive
result if tested using cytology screening.(®*®)

Another way to consider the accuracy of the tests is to look at the positive predictive
value (PPV) and negative predictive value (NPV); that is the proportion of women
with a positive test who actually have the disease, and the proportion of women with
a negative test who are actually free of the disease. These predictive values vary
according to the underlying prevalence of the disease, as prevalence of disease in a
population approaches zero, the positive predictive value (PPV) of a test also
approaches zero. Conversely, as prevalence approaches 100%, negative predictive
values (NPV) approach zero (that is, all negative results will be false negatives). The
more sensitive a test is, the higher its NPV will be, while the more specific it is, the
higher its PPV will be.*!)
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Assuming an overall prevalence of 1.6% for CIN 2+ and 1.0% CIN 3+, for women
aged 25 to 60 years in Ireland,®® 11219 the PPV of HC2 for CIN 2+ and CIN 3+ is
11.8% and 7.6%, respectively compared with a PPV for cytology (LBC and
conventional cytology) of 19.9% and 14.2% for CIN 2+ and CIN 3+, respectively.
The corresponding NPV for HC2 is 99.91% and 99.98% for CIN 2+ and CIN 3+,
respectively compared with a NPV for cytology of 99.57% and 99.76% for CIN 2+
and CIN 3+, respectively. The higher NPV for HPV testing means that there is a
greater confidence that a negative screen means an individual does not have the
disease, however the lower PPV means that a triage test must be used to avoid
over-referral. In the context of increasing numbers of women vaccinated the
prevalence of CIN 2+ and CIN 3 + will decrease leading to a decreasing PPV and
higher NPV values for both tests.

The 2015 systematic review by KCE identified 10 relevant studies that compared
strategies for triaging women identified as HPV-positive during primary screening.
Our updated review retrieved an additional five studies. Fifteen studies, based on
eight RCTs, were included. Five triage strategies of interest were considered:
cytology; partial genotyping (HPV 16 and 18) only; partial genotyping (HPV 16 and
18) followed by cytology as a second triage test; co-testing with partial genotyping
(HPV 16 and 18) plus cytology; and testing for the p16™%* protein alone or in
combination with Ki-67 protein (dual stain).

For all strategies, there were few comparable trials available; however, all were
high-quality RCTs conducted within large-scale screening programmes and, with the
exception of the ATHENA trial, all trial results would be considered clinically
applicable to CervicalCheck — Ireland’s National Cervical Screening Programme.
Some of these strategies appear to be advantageous over primary screening with
HPV testing only and longitudinal outcomes would suggest they can be safely used
in a typical screening interval of three to five years. Only triaging options where all
tests are performed on a single screening sample were considered. More complex
triaging strategies involving reflex testing, requiring women to return for a repeat
screening sample, were not considered.

Harms related to the primary screening test itself are mild, and most adverse effects
in a cervical screening programme will be due to those from overdiagnosis and over
treatment. Women under 30 years of age are potentially at a greater risk of harm
due to the higher prevalence of HPV within this age group. The optimal screening
strategy for these women may be different to that for women aged 30 years or
older.

The evidence collated within this chapter on the diagnostic test accuracies for both
the primary screening test and triage screening tests were used, where deemed
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sufficiently applicable, to underpin the economic modelling in Chapter 5 which
evaluates the relative cost-effectiveness and resource implications of a range of
cervical screening strategies for both unvaccinated and vaccinated cohorts.
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4.5 Key messages

A systematic review was undertaken to identify relevant studies of the diagnostic
accuracy of HPV and cytology (LBC and conventional cytology) testing for the
prevention of cervical cancer, considering both primary screening and triage
screening for HPV-positive women.

Twenty-three studies were included in the evidence synthesis of the diagnostic
accuracy of HPV testing as a primary screening test.

Based on evidence from industrialised countries only, the pooled sensitivity of the
Hybrid Capture 2 (HC2) HPV assay in detecting CIN 2+ and CIN 3+ were 95.2%
(CI 92.5-97.1%) and 98.2% (CI 96.7%-99.1%), respectively. This is significantly
higher than cytology (LBC and conventional cytology) where the pooled
sensitivity was 75.0% (CI 64.1%-83.3%) for CIN 2+ and 78.0% (CI 63.5%-
88.4%) for CIN 3+. Thus, using HC2 as a primary screening test would result in
fewer women receiving a false negative result, compared with cytology-based
testing.

The pooled specificity of HC2 was significantly lower in detecting CIN 2+ and CIN
3+ at 88.2% (CI 82.9%-92.0) and 87.5% (CI 78.7%-93.2%), respectively,
compared with cytology with a pooled specificity of 95.0% (CI 92.2%-96.8%) for
CIN 2+ and 95.1% (CI 91.6%-97.3%) for CIN 3+. Thus, using HC2 as a primary
screening test would result in more women receiving a false positive result,
compared with using cytology-based testing.

Assuming an overall prevalence of 1.6% for CIN 2+ and 1.0% CIN 3+ for women
aged 25 to 60 years in Ireland, the positive predictive value (PPV) of HC2 is
11.8% for CIN 2+ and 7.6% for CIN 3+. This compares with a PPV of 19.9% for
CIN 2+ and 14.2% for CIN 3+ with cytology (LBC and conventional cytology).
The corresponding negative predictive value (NPV) for HC2 is 99.91% for CIN 2+
and 99.98% for CIN 3+ compared with a NPV for cytology of 99.57% for CIN 2+
and 99.76% for CIN 3+.

Fifteen studies across eight RCTs were included in the evidence synthesis of the
diagnostic accuracy of different triage strategies following primary screening with
HPV testing. The RCTs were typically large-scale trials conducted within
population screening programmes with seven of the eight RCTs conducted in
Europe.

Five triage strategies of interest were considered: 1) cytology; 2) partial
genotyping (HPV 16/18); 3) co-testing with partial genotyping (HPV 16/18) plus
cytology; 4) partial genotyping (HPV 16/18) followed by cytology as a second
triage test; and 5) testing for the p16™** protein alone or in combination with
Ki-67 protein which have been identified as surrogate markers of transforming
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infections.

® For all strategies, few comparable trials were available. Some of these strategies
appear to be advantageous and longitudinal outcomes would suggest they can
be safely used within a typical screening interval.

® The question of which strategy is optimal in the Irish context (particularly in light
of the HPV vaccination programme which will lead to a reduction in the
prevalence of HPV and a reducing background risk of disease) still remains.

® No cervical screening programme can prevent all cancers. Harms related to
obtaining the screening test itself are minimal and short term. Most adverse
effects of a cervical screening programme relate to false negative test results,
false positive test results and overdiagnosis. False negative test results lead to
false reassurance and potentially missed or delayed opportunities to intervene in
those with treatable precancerous abnormalities or early invasive cancer. False
positive test results lead to unnecessary colposcopic examination. Overdiagnosis
refers to identification of abnormalities that would not otherwise become clinically
significant. Overdiagnosis may lead to increased surveillance, potentially
increasing stress and anxiety, and or unnecessary treatment.
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5 Economic evaluation

As determined in the review of clinical effectiveness, human papillomavirus (HPV)-
based screening programmes can offer advantages over cytology-based screening
programmes. This chapter reviews the existing evidence on the cost-effectiveness of
HPV testing as a primary screening method to prevent cervical cancer and describes
an economic model to assess the cost-effectiveness of a number of potential
different screening strategies in Ireland.

5.1 Review of published literature

A systematic review was carried out to assess the available cost-effectiveness
evidence for HPV testing as the primary screening method for cervical cancer and to
inform the economic analysis of a cervical screening programme in Ireland. Studies
were included in the review if they compared the costs and consequences of using
HPV testing with liquid-based cytology (LBC) as the primary screening method in an
organised screening programme. A total of six relevant studies were identified.

5.1.1 Search strategy

A number of systematic reviews of the economic literature on HPV testing as a
primary screening method have recently been published. However, none of these
were considered to adequately address the terms of reference for this HTA. It was
considered more appropriate to create a new search rather than to update any of
the existing reviews. A search was carried out to identify published economic
analyses evaluating HPV testing as a primary screening method for prevention of
cervical cancer. The search for economic evaluations was carried out in MEDLINE,
EMBASE, and the health technology assessment (HTA) database maintained by the
National Health Service (NHS) Centre for Reviews and Dissemination. The review
was carried out in accordance with national guidelines on the retrieval and
interpretation of economic evaluations of health technologies.?'¥

Studies were included if they evaluated HPV screening as the primary test with LBC
as the triage test in either vaccinated or unvaccinated cohorts within an organised
screening programme. Studies that did not include a comparison of LBC with HPV
triage testing were excluded, along with studies that assessed HPV vaccination
alone, at risk populations (HIV-infected or immunosuppressed), or only conventional
cytology. The search strategy was applied from 2008 (as studies conducted prior to
this time period would be of limited applicability to the current Irish situation) to the
end of January 2016. Two additional studies, which were published following
completion of the systematic review, were identified prior to completion of the HTA.
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Both related to changes to national cervical screening programmes and were thus
highly relevant to this HTA. The findings of these studies were added to the review.

5.1.2 Results

A total of eight relevant studies were identified (see Table 5.1).(10 164 175, 215-219) 1,

the following section, costs reflect those quoted in the original studies with 2015
Irish Euro equivalent prices reported in parentheses. The quality of the cost-
effectiveness studies were assessed using the International Society for
Pharmacoeconomics and Outcomes Research questionnaire to assess the relevance
and credibility of modelling studies.??® All eight studies included were found to be of
good quality.
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Table 5.1 Economic evaluations of HPV testing as a primary screening test in cervical screening programmes

Screening

Population

Analysis Details

Clinical & QALY

Costs

(Alberta) IHE
2009

Strategies

1) CC (base case)

2) CC with HPV triage

3) As for 2, but no
HPV triage if <30

4) LBC with HPV
triage

5) As for 4, but no
HPV triage if <30

6) HPV with LBC
triage

7) If age <30, LBC
no triage, if 230
HPV and LBC
triage

Screening intervals 1,
2 & 3 years; 21
strategies in total.

Cohort of
girls aged 12,
followed until
80 years of
age.

Does not
include
vaccinated
cohort.

Country: Canada
(Alberta)

Model Type:
Markov cohort
simulation model
Perspective:
Payer

Discount rate:
5% costs, 3%
benefits

Time Horizon:
Life time (80
years old)

Outcomes

LBC with HPV triage:
Total QALYs per
woman (discounted)
26.484 1Yr,

26.480 2Yr,

26.479 3Yr.

LBC with HPV triage
(no HPV triage <30):
Total QALYs per
woman (discounted)
26.481 1Yr,

26.478 2Yr,

26.477 3Yr

HPV with LBC triage:
Total QALYs per
woman (discounted)
26.423 1Yr,

26.422 2Yr,

26.421 3Yr

If <30 LBC no triage,
if 230 HPV and LBC
triage:

Total QALYs per
woman (discounted)
26.442 1Yr,

26.440 2Yr,

26.437 3Yr

HPV tests considered

Costs included
screening, diagnosis,
treatment and
palliative care. LBC:
$22.00, HPV test:
$40.76

LBC with HPV triage,
total lifetime cost per
woman : $2,071 1Yr,
$1,884 2Yr

$1,754 3Yr

LBC with HPV triage
(not HPV triage <30)
total lifetime cost per
woman.

$1,877 1Yr,

$1,715 2Yr,

$1,601 3Yr

HPV with LBC triage
total lifetime cost per
woman: $2,028 1Yr,
$1,932 2Yr,

$1,862 3Yr

If <30 LBC no triage,
if 230 HPV and LBC
triage total lifetime
cost per woman.
$1,438 1Yr,

Switching from annual
CC to annual LBC with
HPV triage would cost
$127,076/QALY.

The economic analysis
indicated that a strategy
of 3-yearly screening
with CC of women aged
18 to 69 years with HPV
triage for women aged
> 30 years, (option 3)
provided the best value
for money, and would
save $16,078 per
additional QALY saved
compared with annual
CC.

Additional effectiveness
can be achieved by
employing LBC as the
primary screening test.
However the additional
costs were considered
too expensive and not
good value for money.
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(HC2 & AMPLICOR)

$1,362 2Yr,
$1,303 3Yr
(CAN $ 2007,
discounted)

KCE 2015 1) Cytology with HPV | Cohort Country: A change to primary | Switching to HPV HPV as a primary test
triage 3 yrs modeled Belgium HPV screening at 5- | testing would lead to a | dominates in the base
(current practice) | from age 30 | Model Type: year intervals would | cost saving of €14 case as it is both more
2) HPV with cytology | to 104. Markov lead to 2,878 million. This is mainly | effective and less costly.
triage 5 yrs Perspective: (discounted) due to the extension
Note: Health care payer | additional life years of the screening
Cytology includes the Flemish Discount rate: gained, a reduction interval from 3 years
current mix of LBC and | region is the | 3% cost, 1.5% of 95 cervical cancer | to 5 years.
CC testing; this varies | only region health outcomes deaths and 240
per region in Belgium - | with a formal | Time Horizon: cancer cases Base case analysis
mainly LBC, but some | screening Lifetime prevented. cost of HPV test: €35.
conventional cytology. | strategy in Cytology cost: €50.35
Belgium (primary or follow-up
(women test) Costs do not
aged 25-64 include additional cost
years). for LBC as this is
charged to the patient.
(Belgium € 2014)
MSAC 2013 1) CC with IARC age | Vaccinated Country: LBC (including LBC (including manual | All HPV strategies found
Lew 2017* range and and Australia manual and and automated)- to be more effective and
intervals (3-yearly | unvaccinated | Model Type: automated)- unvaccinated cost-effective than CC.
in women age 25- | cohorts Dynamic strategies could be strategies lead to a HPV strategies predicted
49 years, 5-yearly | included, transmission and | either more or less range of $10.3 million | an 8-18% decrease in
in women aged from age 10. | Markov models effective than current | increase to $50.2 cervical cancer mortality

50-64 years);

2) Manually-read LBC
with IARC age
range and
intervals;

3) Automated image-

Perspective:
Health services
Discount rate:
5% for costs and
effects

Time Horizon:

practice with
strategies for
unvaccinated ranging
from a 7% increase
to 14% decrease in
cancer mortality, and

million cost saving,
vaccinated $8.5 million
increase to $47.8
million cost saving,
compared to current
practice, for the

and $33.8M-$52.8M
health system saving.

Primary HPV testing with
either cytology triage or
partial genotyping
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read LBC with
IARC age range
and intervals;

4) HPV primary
testing with LBC
triage

5) HPV primary
testing with partial
HPV genotyping

6) Co-testing HPV
with LBC

Current practice:

18-20 to 69 years
screened every 2 years
using conventional
cytology, with no HPV
triage.

All strategies were
varied by:
-invitation system
-slower and faster
uptake at 25
-alternative HPV triage
algorithms

-exiting testing

-5 and 6 yearly
screening for HPV
strategies

132 strategies
considered in total.

to 84 years

vaccinated strategies
ranging from a 6%
increase to 14%
decrease. Strategies
that increased
effectiveness
generally involved
HPV triage testing.

HPV - all strategies
involving 5-yearly
screen (25-64 yrs)
predicted to be more
effective than current
practice; -
unvaccinated
strategies led to a
range of 8%-36%
decrease in cancer
mortality, vaccinated
8% to 29% decrease
compared to current
practice.

LYS were considered
a more valid
outcome measure as
there were issues
with QALY estimates;
the outcomes for the
main analysis were
expressed in LYS.

female Australian
population in 2015. All
manual read strategies
were cost saving.
Strategy variants
without HPV triage for
women with low-grade
cytology were
predicted to be most
cost saving (3-23%
and 3-26% in
unvaccinated and
vaccinated).

Primary HPV +
cytology triage: Cost
savings compared to
current practice
ranged from $39.3M
to $58.5M, and from
$44.2M to $60.6M, in
unvaccinated and
vaccinated.

Primary HPV + partial
genotyping: Cost
savings compared to
current practice
ranged from $33.8M
to $52.8M, and
$41.7M to $58.5M, in
unvaccinated and
vaccinated.

Primary HPV +
cytology co-testing:

associated with both the
most effective and least
costly strategies overall’

Overall, for cost saving
strategies, relative cost
savings compared with
current practice were
predicted to be slightly
higher in vaccinated
compared with
unvaccinated cohort,
varying from 1-30%
(saving of $1.2-66.8M
pa) in unvaccinated and
from 1-36% (saving of
$1.4-65.8M p.a.) in
vaccinated cohort.

Cost savings of $50M pa
for a strategy of 5-yearly
HPV screening with
partial genotyping within
current programme
were estimated for a
cohort offered
vaccination, and $41M
for an unvaccinated
cohort.

140




Health Technology Assessment (HTA) of human papillomavirus testing as the primary screening method for prevention of cervical cancer
Health Information and Quality Authority

Cost differential
compared to current
practice ranged from a
$2.3M increase to
$23.6M decrease, and
$1.4M decrease to
$24.7M decrease, in
unvaccinated and
vaccinated.

($AUS 2013)

Kitchener
(NIHR) 2014

1) Current practice:
LBC with HPV
triage (3 yrs 25-
49, 5yrs 50-64)

2) HPV with LBC
triage (3
alternative triaging
follow-up
strategies)

3) Co-test LBC and
HPV

Three screening

intervals:

1) 5yrs

2) 6yrs

3) 6yrs25-49 & 10
yrs 50-64

Two age variations for

options 1 & 2 (1

follow-up strategy

only)

1) Primary LBC 25-
29, primary HPV

Vaccinated
and
unvaccinated
cohorts.

Modelled
cohort
representativ
e of
ARTISTIC
trial
population at
enrolment:
women aged
20-64 years.

Country: UK
Model Type:
Three
components:
dynamic model of
HPV transmission
and vaccination,
‘natural history
model’ of CIN and
invasive cervical
cancer - Markov
multicohort model
of cervical
screening.
Perspective:
Health services
Discount rate:
3.5% costs and
effects

Time Horizon:
Lifetime

Unvaccinated cohort
(total discounted
LYS):

1) 26.2307

2) 26.2302-26.2323
3) 26.2309-26.2322

Vaccinated cohort
(total discounted
LYS):

1) 26.2366

2) 26.2362-26.2369
3) 26.2364-26.2370

LYS main outcome,
QALYs secondary
outcome

Effectiveness data
based on ARTISTIC
trial LBC versus LBC
+ HPV test (RCT).
Evaluated over 2
screening rounds, 3
years apart.

Unvaccinated cohort
lifetime cost per
woman:

1) £159

2) £128-£161

3) £144-£167

Vaccinated cohort life
time cost per woman:
1) £129

2) £97-£118

3) £110-£128

(UK £ discounted,
2010 Financial year)

Primary HPV screening
more effective and cost
saving compared with
current practice for a
number of potential
strategies in both
unvaccinated and
vaccinated cohorts.

Most of the primary HPV
strategies examined
where HPV was used as
the sole primary test
were cost saving in both
unvaccinated and
vaccinated cohorts
under baseline cost
assumptions, with a 7—
18% reduction in annual
screening-associated
costs in unvaccinated
cohorts and a 9-22%
reduction for vaccinated
cohorts.
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>30

2) Primary LBC 25-
34, primary HPV
>35

HC2 test only.

van Rosmalen
2012

1) Cytology testing
with cytology triage

2) HPV testing with
cytology triage

3) Cytology testing
with HPV triage

For each of these 3
strategies a varied
number of screening
rounds (3-10 per
lifetime), time intervals
(3-10yrs), age at
screening (starting at
age 25,27,30,32) and
cytology test type (LBC
or CC) were modelled.
Strategies 1 & 2 both
included 4 alternative
triaging algorithms.

Women who
have not
been invited
for HPV
vaccination

Country: The
Netherlands
Model Type:
Markov
Perspective:
Societal

Discount rate:

3% costs and
effects

Time Horizon:

Lifetime

For the programmes
which are considered
efficient, QALY gains
for HPV followed by
CC ranged from 695

to 1,006, per
100,000 for CC

followed by HPV they
ranged from 501 to

618 per 100,000

QALYS (discounted).

Base-case analysis
assumed sensitivity
and specificity were
the same for CC and

LBC.

For the programmes
which are considered
efficient, the costs
ranged from
€3.1million to
€14.6million for HPV
followed by CC. For CC
followed by HPV they
ranged from
€1.8million to
€2.4million.

Lab costs of LBC
€33.72, HPV lab test
costs: €33.87.

Results were sensitive
to the costs of the HPV
test.

(Dutch Euros 2010)

The efficient screening
programmes using
primary HPV screening
with CC triage, ICERs
range from €9,558 to
€122,508/QALY
comparing consecutive
programmes on the
efficient frontier. Primary
CC screening with HPV
triage was only cost-
effective with a
threshold below €7,000
per QALY gained.

For women aged 32
years or younger,
primary cytology
screening is more cost-
effective than primary
HPV testing.

All cost-effective
programmes used CC
instead of LBC.

Increasing the interval
between screening
rounds and changing to
HPV as the primary test
can improve the
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effectiveness and
decrease the costs of
cervical cancer
screening.

Vijayaraghavan | 1) LBC Cohort aged | Country: US Total outcomes per Total costs per ICER per QALY relative
2010 2) LBC + HPV triage 13 followed Model Type: strategy: strategy: to no screening/previous
3) HPV + LBC triage for their Markov 1) 28.6623 Quality- | 1) $88,162 strategy
4) Cotesting lifetime. HPV | Perspective: adjusted life 2) $88,221 1) $19,321
(simultaneous HPV | vaccination Payer expectancy 3) $88,226 2) $19,376/$21,304
+ LBC) was not Discount rate: (QALE) 4) $88,303 3) $18,980/4$2,618
5) Cotesting (HPV + considered. Not stated 2) 28.6651 QALE 5) $88,340 4) $18,903/$17,204
LBC)+ HPV 16/18 Time Horizon: 3) 28.6670 QALE 6) $88,407 5) $19,092/$34,074
genotyping triage Lifetime 4) 28.6714 QALE 6) $19,420/$33,807
6) HPV + HPV 16/18 5) 28.6725 QALE (US $ 2007)
genotyping triage 6) 28.6745 QALE Use of HPV genotyping
to triage all high-risk
Screening interval: HPV genotyping HPV-positive women
2-yearly if LBC primary strategies prevented every 3 years had an
test (Strategies 1&2); 51-73 deaths per ICER of $34,074 per
3-yearly if included 100,000 women QALY gained compared
HPV test as primary screened compared to HPV and LBC co-
test (strategies 3-6) to LBC followed by screening.
HPV triage and 4-26
Strategies only apply deaths compared to
to over 30, under 30 co-screening with
biennial LBC. LBC and high-risk
HPV.
Lew 2016 Current practice (CP): | Unvaccinated | Country: New 12 out of 16 primary | Compared to CP, As the majority of
LBC (+ HPV triage for | cohort and Zealand HPV strategies primary HPV testing options considered were
age 30+) 3 yearly age | cohort Model Type: predicted a decrease | with cytology triage both cost-saving and
20-69 offered Dynamic (of 2-20% in cervical | predicted a 3-12% more effective, ICERs
16 alternative vaccination transmission and | cancer incidence and | decrease in costs. were not presented. The
strategies including (54% Markov models mortality compared Strategies based on authors concluded that
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four main options:

1) HPV + LBC

2) HPV genotyping
with LBC triage

3) Co-testing LBC and
HPV, no triage

4) Co-testing LBC and
HPV with HPV
genotyping triage

Each with 4 variations

1) 5-yearly 25-69,

immediate risk (HPV

positive and LBC

negative or positive

for non HPV 16/18

HPV type, but positive

for low-grade

cytology) co-test at 12

months

2) 5-yearly 25-69,

immediate risk

colposcopy referral

3) 3-yearly LBC <30,

immediate risk co-test

at 12 months

4) 3-yearly LBC age

<30, immediate risk

colposcopy referral.

uptake),
aged 20-84

Perspective:
Health services

Discount rate:

3.5%

Time Horizon:

until 84 years

with CP.

Partial genotyping
strategies were
associated with a (1-
16%) relative
decrease in cancer
incidence and
mortality compared
with non-partial
genotyping
strategies.
Co-testing strategies
were associated with
a (<1-3%) relative
decrease compared
with non-co-testing
strategies.

HPV and cytology co-
testing predicted a 12—
26% increase in costs.

(New Zealand $
2017/18)

primary HPV screening
with partial genotyping
would be more effective
and less costly than the
current cytology-based
screening programme, in
both unvaccinated women
and cohorts offered
vaccination.

Abbreviations: CC — conventional cytology; CEA - cost-effectiveness analysis; HPV — human papillomavirus; IARC — International Agency for Research on Cancer; ICER — incremental cost-
effectiveness ratio; LBC — liquid-based cytology; LYS — life years saved; QALE — quality-adjusted life expectancy; QALY - quality-adjusted life year; US — United States.
*The economic evaluation in MASC 2013%% was subsequently amended and published by Lew et al. in 2017¢t%)
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5.1.3 Overview of studies

A 2009 Canadian HTA report compared six alternative screening strategies with their
current standard of annual conventional cytology for women aged 18 to 69 years.
The six alternatives included:

1. conventional cytology with HPV test as triage;

conventional cytology with HPV test as triage for those aged over 30 years
only;

LBC with HPV triage;

HPV with LBC triage for those aged over 30 years only;

HPV with LBC triage;

and age-dependent testing comprising primary test of LBC with no triage for
those aged under 30 years and a primary test of HPV with LBC as a triage for
those aged over 30.2'”

N

o kAW

Each of these strategies was considered over one-, two- or three-yearly screening
rounds; with a total of 21 strategies considered. The study estimated the cost and
quality-adjusted life years (QALYs) gained for each of the 21 different strategies.
The effects of vaccination for HPV were not included.

Uptake of screening varied by age and was estimated as ranging from 58% to 65%
for annual screening, based on uptake data from the existing programme. It was
assumed that uptake rates would increase if screening intervals were lengthened;
with coverage rates for three-yearly screening ranging from 73% to 87%. A discount
rate of 5% for costs and 3% for benefits was applied and the analysis was
undertaken from the payer perspective. The costs per screening test were CAN$22
(€17.01) for LBC and CAN$40.76 (€31.51) for HPV, respectively and included
processing costs (labour, equipment and supplies), but not administration of the
tests. Costs included in the analysis covered screening, diagnosis, treatment and
palliative care. Switching from the current strategy of annual screening with
conventional cytology to LBC with HPV triage was estimated to cost an additional
CAN$127,076 (€98,249) per QALY gained.

The authors concluded that a strategy of three-yearly screening of women aged 18
to 69 years with conventional cytology, and HPV triage test for women aged over 30
years with atypical squamous cells of undetermined significance (ASCUS) detected
on cytology provided best value for money as it was both less costly and more
effective than the current practice. Although additional effectiveness could be
achieved by employing LBC as the primary screening test, the additional costs over
conventional cytology were considered too expensive. As of 2011, the current
practice in Alberta is LBC with HPV triage.**") Women are screened annually for their
first three screening tests, and if these are clear then the frequency changes to
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three-yearly screening. Women are recommended to start screening at age 21 or
three years after becoming sexually active (whichever is later) and to continue
screening until age 69.(2%?

A 2015 Belgian HTA compared primary HPV testing every five years with cytology
triage with existing standard of care (cytology as a primary screening test every
three years with HPV triage).(**¥ A time-dependent state transition model was
developed following a cohort of women from age 30 for their remaining lifetime. The
model was used to estimate the cost per life year gained. A discount rate of 3% was
applied to costs and 1.5% to benefits and the study was undertaken from the
perspective of the healthcare system. The effects of vaccination for HPV were not
included. The coverage rate for screening was assumed to be 60% in the base case.
Cytology comprised the current mix of conventional cytology and LBC, which varied
by region and mostly comprised LBC; however, only the cost of conventional
cytology was included in the model. The cost for analysing the cytological screening
test was €50.35 (€52.87) as per the current reimbursement value; the cost of
performing the primary HPV test was assumed to be €35 (€36.75). The analysis
concluded that HPV as the primary screening test dominates as it would avoid more
cervical cancer deaths and be less costly than the existing standard of care.
Screening strategies in Belgium vary by region, with only the Flemish region having
an organised screening programme.

In 2013, the Medical Services Advisory Committee in Australia published an
extensive evaluation of cervical screening strategies including a total of 132 different
strategies.!% 21 The base case comparator used was the current practice of two-
yearly screening with conventional cytology starting at age 18 to 20 years until
exiting screening at age 69 years. The main strategies considered were the current
strategy, but using the recommended International Agency for Research on Cancer
(IARC) age and screening intervals (three-yearly screening age 25-49, five-yearly
screening age 50-64 years), LBC (manual or automated) with IARC age range and
screening intervals, HPV testing with LBC triage (five-yearly age 25-64), HPV testing
with partial HPV genotyping, and co-testing with HPV and LBC (five-yearly age 25-
64). Variations on the strategies included changes to the invitation system, slower
and faster rate of uptake at age 25, alternative HPV triage algorithms and exit
testing. All strategies were considered in both vaccinated and unvaccinated cohorts.
A discount rate of 5% was applied to both costs and benefits. They considered a
range of uptake rates, with variations incorporated due to two different reminder
systems, two different call-recall scenarios and slow and fast uptake of initial
screening. Uptake rates varied by age and were based on the current uptake rates in
Australia. LBC (including manual and automated)-strategies were found to be both
more or less effective than current practice, depending on the strategies included in
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the model, with strategies for unvaccinated women ranging from a 7% increase to
14% decrease in cervical cancer mortality, and strategies for vaccinated women
ranging from a 6% increase to 14% decrease in mortality. Strategies that increased
effectiveness generally involved HPV triage testing. All HPV testing strategies
involving five-yearly screening were predicted to be more effective than current
practice. Compared with current practice, strategies in the unvaccinated cohort lead
to an 8% to 36% decrease in cervical cancer mortality and strategies in a vaccinated
cohort lead to an 8% to 29% decrease in cancer, and leading to a $33.8M to $52.8M
(€21.8M to €34.1M) health system saving overall. Overall, for cost saving strategies,
relative cost savings compared with current practice were predicted to be slightly
higher in vaccinated compared with unvaccinated cohorts. On the basis of the
recommendations in this report, the Australian government has announced plans to
change its screening programme. Women aged 25 to 74 years (both vaccinated and
unvaccinated) will be invited for screening at five-year intervals with HPV testing
used as the primary screening test and LBC as triage.3?

Kitchener et al. evaluated the cost-effectiveness of a number of different screening
strategies for the prevention of cervical cancer focusing on combinations of LBC and
HPV primary testing in a 2014 UK National Institute for Health Research (NIHR)
report.(”g) The base case comparator of current practice was LBC with HPV triage,
with women screened three-yearly from ages 25 to 49 and five-yearly from aged 50
to 64 years. The main strategies considered were primary screening with HPV with
LBC triage, and co-testing with LBC and HPV. Three different alternative triaging and
follow-up strategies were considered for the primary HPV with LBC triage option,
including partial genotyping. Additional variations to the strategies were also
considered, with three alternative screening intervals (five-yearly, six-yearly and six-
yearly from age 25 to 49 and 10-yearly from age 50 to 64) and two age variations to
the strategies where women aged less than 30 or 35 years had primary testing with
LBC rather than HPV for the strategies with a primary screening test of HPV. Both
vaccinated and unvaccinated cohorts were considered. The analysis used a
combination of a dynamic model of HPV transmission and vaccination, a ‘natural
history model’ of cervical intraepithelial neoplasia (CIN) and cervical cancer, with a
Markov multi-cohort model of cervical screening. The study was conducted from the
perspective of the publicly funded healthcare system and a discount rate of 3.5%
was used for both costs and outcomes. The model includes age- and interval-specific
uptake rates for screening based on registry data. Compared with current practice
most of the HPV screening strategies predicted an equivalent or small improvement
in cervical cancer incidence or mortality. Most of the primary HPV strategies
examined where HPV testing was used as the sole primary test were cost saving in
both unvaccinated and vaccinated cohorts. Under baseline cost assumptions they
resulted in a 7 to 18% reduction in annual screening-associated costs in
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unvaccinated cohorts and a 9 to 22% reduction for vaccinated cohorts. In January
2016, the UK National Screening Committee (NSC) recommended that the UK should
adopt HPV testing as the primary screening test.(?*®

A 2012 report by Van Rosmalen et al. evaluated the cost-effectiveness of three main
cervical screening strategies in the Netherlands:

1. cytology with cytology triage;
2. HPV testing with cytology triage;
3. and cytology with HPV triage.

Both LBC and conventional cytology were considered separately for each
strategy.®'> A large number of alternatives were considered: the number of
screening rounds was varied from three to 10 per lifetime; the time interval was
varied from three to 10 years; four different ages were considered for starting
screening (25, 27, 30 and 32 years); and four alternative triaging algorithms were
considered. The effect of HPV vaccination was not considered. The analysis used a
Markov model (MISCAN). Costs were from the societal perspective and a discount
rate of 3% was applied to costs and benefits. A screening uptake rate of 80% was
assumed. For the programmes that were considered efficient, QALY gains for
primary HPV testing followed by conventional cytology triage ranged from 695 to
1,006 QALYs, and for primary conventional cytology testing followed by HPV triage
they ranged from 501 to 618 QALYs gained. For the programmes that were
considered efficient, the programme costs ranged from €3.1 million (€4 million) to
€14.6 million (€19 million) for primary HPV testing followed by conventional cytology
triage. For primary conventional cytology testing followed by HPV triage, the costs
ranged from €1.8 million (€2.3 million) to €2.4 million (€3.1 million). Laboratory
costs were assumed to be €33.72 (€43.78) for LBC and €33.87 (€43.97) for HPV;
results were sensitive to the costs of the HPV test. All cost-effective programmes
used conventional cytology instead of LBC. The authors concluded that increasing
the interval between screening rounds and changing to HPV as the primary test can
improve the effectiveness and decrease the costs of cervical screening.

A 2010 report by Vijayaraghavan et al. evaluated the cost-effectiveness of six main
screening strategies compared with no screening in the US.*®) In all six strategies,
women aged less than 30 years received biennial LBC. For women aged 30 years
and over, the following options were considered: LBC every two years; LBC with HPV
triage every two years; HPV with LBC triage every three years; co-testing with LBC
plus HPV every three years; co-testing with LBC plus HPV every three years with
HPV 16 and HPV 18 partial genotyping triage; and HPV every three years with HPV
16 and HPV 18 partial genotyping as a triage test. The effect of HPV vaccination was
not considered. The analysis used a Markov model. Costs were from the payer
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perspective and it was unclear what discount rate or screening uptake was used. All
options were considered cost-effective compared with no screening. The authors
considered HPV 16 and HPV 18 partial genotyping strategies to be the most
effective, preventing between 51 and 73 deaths per 100,000 women screened when
compared with LBC followed by HPV triage, and preventing between four and 26
deaths when compared with co-testing with LBC and HPV. When compared with
primary HPV and LBC co-testing, use of HPV partial genotyping to triage all women
every three years positive for high-risk HPV (hrHPV) resulted in an ICER of $34,074
(€36,744) per QALY gained.

A 2016 New Zealand study compared 16 alternative screening strategies with their
current standard of three-yearly liquid-based cytology with HPV triage (triage applied
only to women over 30) for women aged 20 to 69 years. The 16 alternatives
included: HPV with LBC test as triage; HPV partial genotyping with LBC a triage test;
co-testing with LBC and HPV with no triage and co-testing with HPV with LBC with
partial genotyping as a triage test.(*!®) Each strategy considered four alternatives:

1. five-yearly screening from age 25 to 69 with co-testing in 12 months for
women at intermediate risk (HPV positive and LBC negative or positive for
non-HPV 16 and 18 HPV type and positive for low-grade cytology);

2. five-yearly screening from age 25 to 69 with immediate referral to colposcopy
for women at intermediate risk;

3. three-yearly screening from age 20 to 30 and five-yearly screening until age
69 with co-testing in 12 months for women at intermediate risk;

4. and three-yearly screening from age 20 to 30 and five-yearly screening until
age 69 with immediate referral to colposcopy for women at intermediate risk.

This gave a total of 16 alternative strategies considered. All strategies were
considered for both an unvaccinated cohort and a cohort who had been offered
vaccination. The study estimated the cost, life years gained and cancer incidence
and mortality for each of the 16 different strategies. Screening uptake varied by age
and ranging from around 55% to 85% for three-year coverage, based on uptake
data from the existing programme, it was assumed that lengthening the screening
intervals would increase coverage. A discount rate of 3.5% for costs and benefits
was applied and the analysis was undertaken from the payer’s perspective. The
costs per screening test were NZ$31.10 (€18.34) for LBC and NZ$35.00 (€20.64) for
HPV, respectively. Costs included in the analysis covered screening, diagnosis,
treatment and palliative care. Switching from the current strategy (three-yearly LBC
with HPV triage [triage applied only to women over 30] for women aged 20 to 69
years) to five-yearly HPV partial genotyping with LBC triage and co-testing at 12
months for women at intermediate risk was estimated to save NZ$1.3million
(€0.77million) per annum and to lead to a 15% reduction in cancer mortality in

149



Health Technology Assessment (HTA) of human papillomavirus testing as the
primary screening method for prevention of cervical cancer
Health Information and Quality Authority

unvaccinated women. In a cohort offered vaccination it was estimated to lead to a
saving of NZ$3.2million (€1.89million) per annum and to lead to a 12% reduction in
cancer mortality. The authors concluded that a primary HPV screening with partial
genotyping would be more effective and less costly than the current cytology-based
programme in both unvaccinated women and cohorts offered vaccination.

5.1.4 Quality of included studies

The cost-effectiveness studies were assessed using the International Society for
Pharmacoeconomics and Outcomes Research questionnaire to assess the relevance
and credibility of modelling studies.*?® Relevance was assessed on the grounds of
the study population, characteristics of the intervention, outcomes measured and the
overall study context. The credibility of the results was considered using criteria
related to the design, validation and analysis methods, the quality of the data used,
as well as how the results were reported and interpreted, and whether the authors
had any conflicts of interest. All eight included studies were found to be of good
quality. Reporting was generally adequate and considered to be fair and balanced.

5.1.5 Applicability of the evidence

Consistent evidence was found in all eight economic evaluation studies that using
HPV testing as the primary screening test with cytology triage is cost-effective (or in
some cases cost saving) compared with use of cytology as the primary screening
test in the prevention of cervical cancer. There was no consistency however in what
the optimal screening strategy should look like, with variation in the triaging options,
screening frequency and age intervals between studies. This is consistent with the
findings in the broader economic literature of HPV testing. In 2015, a systematic
review of model-based cervical screening evaluations was published by Mendes et
al.®) Although the primary objective of the review was to assess the type of models
used in the economic evaluations, they did note that 15 of the 17 studies, that
compared HPV to cytology-based testing as a primary screening test, considered
HPV testing to be a cost-effective alternative.

In the 2009 Canadian study, none of the options considered reflect the current
practice in Ireland of five-yearly screening for women aged between 45 and 60
years; the maximum screening interval assessed was three-yearly.*'” 1t is difficult
to interpret how these findings would relate to the Irish screening service. The effect
of strategies on vaccinated cohorts was also not considered.

In contrast to the other studies included in this review of the economic literature,
the 2015 study by the Belgian HTA agency, KCE, evaluated a limited number of

alternative strategies.*¥ One of the key difficulties in applying the evidence from
this study to Ireland is the cytology comparator. The cytology comparator used in

150



Health Technology Assessment (HTA) of human papillomavirus testing as the
primary screening method for prevention of cervical cancer
Health Information and Quality Authority

the base case included a mix of both conventional cytology and LBC, representing
current standard of care in Belgium, rather than LBC only as is used in Ireland. The
costs of cytology were not readily available and a number of assumptions about the
costs of the LBC test were made which may have led to an underestimate of the true
LBC costs. Furthermore, there is currently no national screening programme in place
in Belgium with organised screening only in the Flemish region, where there is a
policy of three-yearly cytology screening for women aged 25 to 64 year. In other
regions screening is opportunistic.

The 2013 Australian study included a large number of comparisons and considered
the effects in both vaccinated and unvaccinated cohorts.!?) The base case
comparator of two-yearly screening using conventional cytology for women aged 18
to 69 years is not however a strategy that would be considered in the Irish context.
The current screening programme in Ireland is considerably less intensive than the
base case considered in the Australian study and comprises three-yearly screening
from ages 25 to 44 years and then five-yearly screening from age 45 to 60 years.
The International Agency for Research on Cancer (IARC) recommended frequencies
and age intervals of three-yearly screening from ages 25 to 49 years and five-yearly
screening from age 50 to 64 years were evaluated in this report. These frequencies
and intervals are also marginally more intensive than what is currently in place in
Ireland and would result in approximately two or three additional screenings over
each woman’s lifetime. For these reasons, the comparisons in this study are not
reflective of the situation and comparators of interest in Ireland.

The 2014 study by Kitchener et al. for the National Institute for Health Research in
the UK included a large number of comparisons and the strategies considered
were similar to those in place and being considered in Ireland. Similar to Ireland, the
UK has an organised call-recall screening programme and universal HPV vaccination
of 12 year old girls; uptake of both screening and vaccination are similar for the two
countries. The discount rate for costs and health outcomes was 3.5%, which is lower
than the 5% rate that is used in Ireland. Using a lower discount rate is likely to
overestimate the benefits and costs, thus making it difficult to anticipate the effect
this would have on the cost-effectiveness in the Irish settings. Also, similar to the
Australian study the age ranges for the screening intervals are from 25 to 49 years
and 50 to 64 years in contrast to the age ranges in Ireland of three-yearly from 25
to 44 years and then five-yearly from 45 to 60 years.

The 2012 Dutch study by Van Rosalmen et al.®**> was conducted from a societal
perspective and used a discount rate of 3%. A HPV-vaccinated cohort was not

considered in this model and it is unclear whether the current Irish strategy was
considered, as although they adjusted the number of screening rounds, it is not
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clear how this was done. For example, whether screening rounds were always
evenly distributed or whether, as is the case in Ireland, shorter intervals could be
followed by longer intervals. Thus the results from this study are difficult to apply to
the Irish setting.

The 2010 study by Vijayaraghavan et al. compared a number of LBC and HPV
screening options in the US.*!®) The frequency of screening in all options considered
was at most three-yearly, which is shorter than that currently used in Ireland. The
effect of vaccination was not considered and the study was not considered in the
context of an organised call-recall screening programme. The discount rate was not
stated and it appears that discounting was not applied to the analysis. Also it was
difficult to rule out bias due to conflicts of interest as all authors received fees from
one of the test manufacturers. For these reasons the results from this study are not
applicable to the Irish setting.

The 2016 New Zealand study‘®'® considered alternative screening strategies similar
to those being considered in Ireland. However, the current screening programme in
Ireland is less intensive than the base case considered in the New Zealand study,
which comprises three-yearly liquid-based cytology with HPV triage (triage applied
only to women over 30) for women aged 20 to 69 years. Combined with the lower
discount rate used (3.5% versus 5% in Ireland), the findings of the study may not
be applicable to the Irish setting.

There has been no published cost-effectiveness literature on HPV testing as a
primary screening strategy in Ireland. In 2015, Agapova et al.**¥ considered the
long-term costs of introducing HPV testing in the surveillance of women post
treatment for cervical cancer in Ireland. Co-testing with HPV and LBC was found to
be cost saving over a 12-year period, compared with LBC only.

5.1.6 Conclusions

Few economic evaluations comparing primary HPV screening with primary LBC
screening for prevention of cervical cancer have been published. While consistent
evidence was found that cervical screening programmes using HPV testing as the
primary screening test are cost-effective and potentially cost saving when compared
with programmes using cytology as the primary screening test, it is not possible to
determine the optimal screening strategy from the available literature. The identified
economic evaluations are quite heterogeneous in terms of the strategies considered,
the inclusion of vaccinated cohorts and discount rates used. The variation in
strategies considered is particularly important, as no study that considered a
strategy which reflects the current cervical screening programme in place in Ireland
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was found. Ireland has already adopted LBC testing and has a less intensive
screening programme than many of the alternatives considered in the literature.

Given differences in healthcare delivery costs and screening programmes
considered, it was not possible to determine the optimal screening strategy for
Ireland based on the available literature. A de novo economic evaluation was
therefore required to inform decision-making.

5.2 Health-economic analysis

In the absence of applicable published cost-effectiveness evidence from another
setting, an economic model was developed specific to the Irish setting.

5.2.1 Overview of the economic model

A decision analysis model was built to compare the costs and benefits associated
with different HPV-based primary screening strategies for the prevention of cervical
cancer compared with the current strategy of primary LBC followed by triage with
HPV in Ireland. The objective of the economic evaluation was to aid decision-making
by estimating the total net costs and benefits of each of the different HPV-based
primary screening strategies compared with both the current strategy and
alternative LBC-based screening strategies.

5.2.2 Study objective

The purpose of this HTA was to examine the cost-effectiveness and budget impact
of changing from LBC to HPV testing as the primary screening test for prevention of
cervical cancer in Ireland. As part of the HTA, we also considered potential changes
to the screening interval, age ranges and test sequencing compared with the current
screening programme. Specifically, strategy options included different combinations
of two primary screening tests (HPV and LBC), four triage tests (HPV, LBC, partial
genotyping for HPV 16 and HPV 18, and p16™X*/Ki-67 dual staining), two screening
intervals and two different screening age ranges. The options were all considered in
the context of both women vaccinated against HPV (Ireland’s current HPV
vaccination programme) and unvaccinated women.

5.2.3 Type of economic evaluation

A cost-utility analysis was undertaken in which effectiveness was measured as
quality-adjusted life years (QALYSs) gained for each of the potential cervical screening
strategies and compared across competing alternatives. Cervical screening strategies
were also compared in terms of additional outcomes such as, life years gained and
cervical cancer mortality.
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5.2.4 Study perspective

Costs and benefits were assessed from the perspective of the publicly-funded health
and social care system. Only direct medical costs were included. Indirect costs such
as decreased productivity associated with morbidity, treatment or death, or out-of
pocket expenses incurred by women attending screening or diagnostic testing were
excluded. Adoption of this perspective is consistent with national guidelines.®%®

5.2.5 Technology

The assessed technology was screening strategies which included HPV as a primary
screening method for the prevention of cervical cancer as part of a national
screening programme. See Chapter 2 for a more detailed description of the
technology.

5.2.6 Choice of comparators

Currently, CervicalCheck - Ireland’s National Cervical Screening Programme, uses
LBC as the primary screening test for the prevention of cervical cancer. Screening is
offered at three-year intervals for those aged 25 to 44 years, and at five-year
intervals for those aged 45 to 60 years. The LBC test is followed by a HPV triage test
if low-grade cytological abnormalities (ASCUS or LSIL) are detected on the cytology
specimen. As noted, the purpose of this HTA was to examine the potential impact of
changing from LBC to HPV testing as the primary screening test, and to also
consider potential changes to the screening interval, age ranges and test
sequencing.

To include all potential options was not feasible for this HTA as the number of
strategies would run into the thousands. It was important that the subset modeled
included the most relevant and important options necessary to inform decision-
making in relation to the national programme, CervicalCheck. This section lists the
32 included strategies in the economic modelling, along with a brief rationale for the
included and excluded options.

5.2.6.1 Rationale for included options

The absence of HPV infection has been shown to be a valuable marker of a low risk
of disease. As documented in Chapter 4, HPV testing is more sensitive than cytology
as a primary screening method, with evidence also that following a negative primary
HPV screening test there is a low risk of developing cervical carcinoma in situ or
invasive cervical cancer (CIN 3+) in the next six years. Extending the screening
interval to a five-yearly screening interval for all ages was considered in the
evaluation.

154



Health Technology Assessment (HTA) of human papillomavirus testing as the
primary screening method for prevention of cervical cancer
Health Information and Quality Authority

The current cervical screening programme includes women aged 25 to 60 years. The
International Agency for Research on Cancer (IARC) recommended age intervals
include women up to the age of 65 years.® Extending the screening age in-line with
the IARC recommendations was also considered in this evaluation.

As documented in Chapter 3, the prevalence of HPV and abnormal cytology are very
high in the 25 to 29 age group. However, in the majority of cases, the infection will
clear spontaneously, and in the absence of persistent infection, cytological
abnormalities will typically regress. Use of a HPV test in such a group may lead to
unnecessary colposcopy referrals, psychological distress and the possibility of
overdiagnosis and treatment. To allow for a different testing strategy for younger
women, a strategy that offers LBC primary testing to those aged less than 30 years
and HPV primary testing to those aged 30 years and over was included.

In 2010, the HSE began a HPV school immunisation programme for girls in their first
year of secondary school (age 12-13 years), with a catch-up programme offered
from 2011 to 2013 for those in 6th year. This latter cohort will enter CervicalCheck in
2018-2019. The current vaccine immunises against HPV 16 and HPV 18. Worldwide,
these strains contribute to 16% to 32% of low-grade abnormalities, 41% to 67% of
high-grade abnormalities, and 70% of cervical cancer. It is expected that these
vaccinated women will have a lower prevalence of HPV at all ages. Data from the
CERVIVA collaboration estimates that, across all age groups, approximately 70% of
women who are infected with any of the 14 oncogenic HPV genotypes detected by
the commercially available HPV test kits are infected with at least one of the 12
other high-risk HPV (hrHPV) types (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and
68).(1*Y) Therefore, use of HPV tests in vaccinated women aged less than 30 years is
not anticipated to lead to excessive or potentially inappropriate referrals.

Currently the primary screening test in Ireland is LBC followed by a HPV triage test.
When changing the primary test to HPV it becomes necessary to change the triage
test. Chapter 4 of this report considers the available clinical evidence to support
alternative triaging strategies. Evidence was available to support seven triaging
strategies, that is, HPV primary testing followed by:

1. LBGC;

2. partial genotyping for HPV 16 and 18;

3. sequential testing of partial genotyping for HPV 16 and 18 followed, if
positive, by LBC;

4. co-testing with partial genotyping for HPV 16 and 18 plus LBC;

p16MK*2/Ki-67;

6. sequential testing of partial genotyping for HPV 16 and 18 followed, if
positive, by p16™<*/Ki-67;

Ul
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7. and co-testing with partial genotyping HPV 16 and 18 plus p16™%*/Ki-67.

Table 5.2 includes a summary of the strategies that were included in the economic

model.

Table 5.2 Summary of strategies included in the economic modelling

Strategy

Current LBC followed by HPV triage for (ASCUS or LSIL) every 3 years ages 25- | 1
strategy 44, every 5 years ages 45-60
Changing HPV followed by LBC triage for (HPV positive) every 3 years ages 25- 2
primary 44, every 5 years ages 45-60
screening test HPV followed by partial genotyping 16/18 triage for (HPV positive) 3
every 3 years ages 25-44, every 5 years ages 45-60
HPV followed, if positive, by sequential testing of partial genotyping for | 4
HPV 16/18 followed, if positive, by LBC every 3 years ages 25-44, every
5 years ages 45-60
HPV followed, if positive, by co-testing partial genotyping 16/18 and 5
LBC, every 3 years ages 25-44, every 5 years ages 45-60
HPV followed by p16 NK2,/Ki-67 triage for (HPV positive) every 3 years 6
ages 25-44, every 5 years ages 45-60
HPV followed, if positive, by sequential testing of partial genotyping for | 7
HPV 16/18 followed, if positive, by p16 NK4‘3‘/ Ki-67 every 3 years ages
25-44, every 5 years ages 45-60
HPV followed, if positive, by co-testing partial genotyping 16/18 and 8
p16 N*2/Ki-67, every 3 years ages 25-44, every 5 years ages 45-60
Changing to HPV followed by LBC triage for (HPV positive) every 5 years ages 25-60 | 9
five-yearly
screening HPV followed by partial genotyping 16/18 triage for (HPV positive) 10
interval every 5 years ages 25-60
HPV followed, if positive, by sequential testing of partial genotyping for | 11
HPV 16/18 followed, if positive, by LBC, every 5 years ages 25-60
HPV followed, if positive, by co-testing partial genotyping 16/18 and 12
LBC, every 5 years ages 25-60
HPV followed by p16™<*/Ki-67 triage for (HPV positive) every 5 years | 13
ages 25-60
HPV followed, if positive, by sequential testing of partial genotyping for | 14

HPV 16/18 followed, if positive, by p16™<*/Ki-67 every 5 years ages
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25-60
HPV followed, if positive, by co-testing partial genotyping 16/18 and 15
p16™MK*/Ki-67, every 5 years ages 25-60
Option for Under age 30: LBC followed by HPV triage for (ASCUS or LSIL); 30 16
differential years and over: HPV followed by LBC triage for (HPV positive), every 3
strategy by years age 25-44, every 5 years age 45-60
age
Extending to Extending to age 65: all options 1-16 with upper age-limit extended to | 17-32
age 65 age 65

Note: All options were considered for both vaccinated and unvaccinated cohorts.
Key: ASCUS - atypical squamous cells of undetermined significance; HPV — human papillomavirus; LBC — liquid-based cytology;
LSIL - low-grade squamous intraepithelial lesion.

5.2.6.2 Rationale for excluded options

Conventional cytology is not currently in use in Ireland; all primary screening
currently performed uses liquid-based cytology (LBC). The sensitivity and specificity
of conventional cytology and LBC are comparable.® LBC, however, offers benefits
including fewer unsatisfactory cytology samples, uniform spread of epithelial cells in
a thin layer facilitating microscopic interpretation, availability of residual material for
molecular testing, and potential for automation including automated image analysis.
Switching back to conventional cytology was not considered a strategy of interest in
Ireland.

Self-sampling as a screening method has been shown to be effective in settings
where there is not easy access to an organised screening programme,®*® as an
alternative for women who do not regularly attend screening,® or as a strategy to
improve low-uptake rates.®?”) However, where resources are available, the benefits
are limited. Given Ireland already has an organised population-level screening
programme with a high-uptake rate, there is likely to be little benefit to reorganising
the screening programme to be based around self-sampling.

Co-testing using both LBC and HPV as the primary screening test would have
benefits in potentially increasing the sensitivity compared with using either test
alone. These would be offset by the considerable increase in resources required and
a reduction in specificity. As both tests have been shown to be effective as a primary
screening test, the increases gained in co-testing are likely to be small relative to the
increase in resources required. When comparing it with the list of proposed
strategies, co-testing was deemed not to be a feasible strategy for implementation.
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There are a number of molecular surrogate markers, which have been suggested as
potential options for use as a triage test. The research into these is currently limited
with few high-quality studies that consider the longer term outcomes of their use.

There is evidence that following a negative screening test, the screening interval for
HPV-based screening programmes can be safely extended to six-yearly intervals,**”
with further evidence emerging of the safety of extending even further (up to 10
years) in women aged over 40.* Given that CervicalCheck commenced in
September 2008, and is still relatively new, extending beyond five-yearly intervals
was considered to be unacceptable at this point. However, given that CervicalCheck
already uses a comprehensive linked screening registry and call-recall based
invitation system, adoption of further risk-based screening tailored to the individual’s
risk and screening history is something that can be adopted in the future. This is
particularly important as further evidence emerges of the applicability of the
international data in the Irish setting and the long-term safety of HPV-based
strategies.

In a partly vaccinated cohort, overall prevalence of HPV 16 and HPV 18 infections is
lower than in a pre-vaccination cohort. Therefore unvaccinated women in a partly
vaccinated cohort are at a lower risk of acquiring HPV infection due to herd
immunity. This indirect protective effect of vaccination will be limited at first, but is
expected to rise over time. Within the context of a vaccinated cohort, it may be
appropriate to delay the commencement of organised screening. Although the
uptake rate of HPV vaccine has been historically high in Ireland (86.9% in 2014 to
2015), the latest figures indicate a reduced uptake rate of 72.3% in 2015 to
2016.%® Early indications suggest that the uptake rate for 2016 to 2017 has
declined further. In the context of an uncertain vaccination rate, it was considered
not appropriate to consider delaying the screening age from 25 to 30 for all women.

Basic triaging algorithms are mapped out in Figures 5.1 to 5.8. These pathways only
include those aspects that differed between strategy options. It was assumed that
once referred to colposcopy, there were no changes to the current pathways and
current practice for inadequate samples would not change.

Primary HPV screening allows women to be stratified according to risk, based on the
presence or absence of HPV infection (Figures 5.2 to 5.8). In the pathway, only
women with a positive primary HPV test undergo triage. As outlined in Figures 5.2 to
5.8, women with a positive triage test (or in the case of strategies with sequential
triage tests, women whose final triage test is positive) are referred to colposcopy.
Women whose triage test is negative are recalled in one year for a repeat HPV test.
It is assumed that two positive HPV tests taken one year apart are suggestive of
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persistent infection. Women with evidence of persistent HPV infection are referred to
colposcopy, irrespective of the triage test findings.

While the pathways reflect the process as a series of sequential steps, in practice
some of the steps occur simultaneously. For example, both primary and triage
testing can be applied to a single sample based on one screening visit. Therefore, in
the event of the initial test being positive, there is no need for the woman to return
for a second test to be collected. Likewise, as outlined in Chapter 2, certain HPV test
kits with the capacity for partial genotyping can be used to report HPV findings in
aggregate (pooled positive or negative finding for all hrHPV) and to specifically
identify HPV 16 and 18, while reporting the presence or absence of the additional
hrHPV genotypes as a pooled result.

Figure 5.1 Pathway for current screening practice
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Both primary and triage testing is applied to a sample based on one screening visit.
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Figure 5.2 Pathway for primary HPV testing followed by triage with LBC
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Both primary and triage testing is applied to a sample based on one screening visit.
* If HPV positive at one-year follow-up, refer to colposcopy, irrespective of the triage test results.
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Figure 5.3 Pathway for primary HPV testing followed by triage with
partial genotyping for HPV16/18
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Both primary and triage testing is applied to a sample based on one screening visit.
* If HPV positive at one-year follow-up, refer to colposcopy, irrespective of the triage test results.
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Figure 5.4 Pathway for primary HPV testing followed by triage with
sequential testing of partial genotyping HPV 16/18 and, if

positive, LBC
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* If HPV positive at one-year follow-up, refer to colposcopy, irrespective of the triage test results.
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Figure 5.5 Pathway for primary HPV testing followed by co-testing with
partial genotyping and LBC triage
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Both primary and triage testing is applied to a sample based on one screening visit.
* If HPV positive at one-year follow-up, refer to colposcopy, irrespective of the triage test results.
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Figure 5.6 Pathway for primary HPV testing followed by triage with
p16™¥*/Ki-67
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Both primary and triage testing is applied to a sample based on one screening visit.
* If HPV positive at one-year follow-up, refer to colposcopy, irrespective of the triage test results.
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Figure 5.7 Pathway for primary HPV testing followed by triage with
sequential testing of partial genotyping HPV 16/18 and, if

positive, p16™**?/Ki-67
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Both primary and triage testing is applied to a sample based on one screening visit.

* If HPV positive at one-year follow-up, refer to colposcopy, irrespective of the triage test results.
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Figure 5.8 Pathway for primary HPV testing followed by co-testing with
partial genotyping and p16™**?/Ki-67 triage
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Both primary and triage testing is applied to a sample based on one screening visit.
* If HPV positive at one-year follow-up, refer to colposcopy, irrespective of the triage test results.

5.2.7 Target population

The target population of a cervical screening programme in these pathways was all
women (both vaccinated for HPV and unvaccinated) aged 25 to 65 years in Ireland
with an intact cervix (that is, who have not undergone hysterectomy). Screening for
women who are at increased risk (due to renal failure, renal dialysis, HIV-positive or
pre and post organ transplant) was not considered within this evaluation.

5.2.8 Time horizon

The average cost and clinical benefit per woman for each of the screening strategies
was estimated by modelling one year’s cohort from age 25 years to end of life.
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5.2.9 Outline of the model structure

A Markov model structure was developed based on the natural history of cervical
cancer. In a Markov model it is assumed that a woman is always in one of a finite
number of distinct health states. All events are represented as transitions between
states with transition probabilities dictating the likelihood of moving from one state
to another in a specified time (cycle length). The model structure was based on the
German cervical screening model.?*” The model structure was adapted to match
Irish epidemiology, clinical practice and screening patterns, and to enable greater
flexibility in setting screening strategies. An outline of the model is given in Figure
5.9.

The model considered a cohort of women who moved in annual cycles through the
different health states. The possible states included healthy individuals, those with
HPV, with CIN 1, CIN 2, CIN 3, cervical cancer (separated into FIGO stage I, stage
I1, stage III and stage IV) and death (cancer-related and all-cause). States were
also included to represent women undergoing treatment (CIN 2, CIN 3, FIGO stage
I, stage II, stage III and stage IV), women under increased surveillance (HPV
positive, CIN 1 or post treatment for CIN 2 or CIN 3) and women who were no
longer part of the routine screening programme (post hysterectomy for non-cervical
cancer and cervical cancer survivors) (see Figure 5.9). Separate states were not
included for subtypes of HPV (HPV 16-positive, HPV 18-positive, positive for other
high-risk HPV), or cervical cancer subtypes (squamous cell carcinoma,
adenocarcinoma). The model instead considers the average pathway through the
CIN states (or low and high-grade lesions) from HPV infection through to the
development of invasive cervical cancer. During any cycle women could transition
from any state to the deceased state due to other causes (that is, all cause
mortality), and women could transition from any state where they did not have
cervical cancer to the non-cervical cancer hysterectomy state (benign hysterectomy).

Vaccinated women were modeled separately, where the lower transition probabilities
from no HPV infection to HPV infection reflected their reduced risk of developing
HPV and cervical cancer. Following treatment of precancerous abnormalities, women
return to the healthy state and were considered at risk of further HPV infection; it
was assumed that there was no reduced risk, or immunity, to developing HPV
infection following clearance of HPV.

We assumed that precancerous CIN states were only detectable through screening,
but that cancer FIGO stages I to IV could be detected both through the onset of
symptoms and screening.
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Figure 5.9 Diagram of model structure
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The cohort was modelled from age 25 to death. Transitions between states were
defined by annual transition probabilities derived from the literature and calibrated
to fit Irish data on both age-specific cancer incidence from the National Cancer
Registry Ireland (NCRI) and age-specific prevalence of HPV from CERVIVA, in
collaboration with CervicalCheck. The initial transition probabilities used were taken
from the literature of previously calibrated models of the natural history of cervical
cancer. Goodness-of-fit was measured using a least squares method to both the
estimate of prevalence of HPV and incidence of cervical cancer. Transition
probabilities were adjusted individually, and allowed to vary within age groups. The
final set was chosen to ensure the best fit balancing between the overall fit to both
parameters and the age-specific fit. The full model was developed in TreeAge Pro
Version 2016 and validated using a basic model developed in Microsoft Excel 2010.

Quality-adjusted life years (QALYs) from age 25 to death were based on age-specific
quality of life for a healthy population, and reduced quality of life by using temporary
disutilities for women under surveillance for CIN 1, in treatment for CIN 2, CIN 3,
and cervical cancer and for women post-treatment for cervical cancer. Death was
assumed to have zero QALYs.

5.2.10 Model outputs

The outputs of the model included the number of screens, colposcopy referrals,
cancer cases, cancer deaths, total costs, life years and quality-adjusted life years
(QALYs) for each of the strategies modelled. Summary measures included the
discounted incremental cost-effectiveness ratio (ICER), and plots of the cost-
effectiveness plane, cost-effectiveness acceptability curve and the expected value of
perfect information.

The discounted ICER presents the additional costs divided by the additional benefits
of one intervention relative to another. The ICER is typically considered in the
context of a willingness-to-pay threshold, which represents the maximum a decision-
maker is willing to pay for a unit benefit, such as a life year gained or a quality-
adjusted life year gained. With the exception of a current agreement for
pharmaceuticals,>% there is no stated threshold in Ireland below which a
technology is automatically considered cost-effective and reimbursed. In previous
evaluations, willingness-to-pay thresholds of between €20,000 and €45,000 per
QALY gained have typically been used as reference points, per national HTA
guidelines.®*® Willingness-to-pay thresholds above €100,000 per life year gained
were not evaluated in this study.

Cost-effectiveness acceptability curves (CEACs) are used as a method for
summarising information on parameter uncertainty in cost-effectiveness analyses. A
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CEAC shows the probability that an intervention is cost-effective compared with the
modelled alternatives for a range of willingness-to-pay thresholds.*V

The expected value of perfect information (EVPI) represents the amount a decision-
maker should be willing to pay to eliminate uncertainty about which intervention is
the best option.(®*? As with the CEAC, the EVPI is calculated for a range of
willingness-to-pay thresholds. The EVPI is an evaluation of how much the decision
maker should be prepared to pay for perfect information, that is, to eliminate
decision uncertainty.

5.2.11 Sensitivity analysis

A probabilistic model of 10,000 iterations was used that explicitly took into account
the uncertainty in the model parameters, which were varied simultaneously within
the model. All of the key parameters were varied within plausible ranges of values.
Where possible, ranges were derived from published evidence. If published evidence
was limited or unavailable, plausible ranges were derived with the support of the
Expert Advisory Group. As the structure of the economic model presented here is
inherently stochastic, the outputs were equivalent to a multivariate probabilistic
sensitivity analysis.

A univariate sensitivity analysis shows how influential each parameter is by itself and
how sensitive the results are to fluctuations in each parameter value. Given the
uncertainty around the parameters themselves, it is important to understand how
this translates into uncertainty about the results. Deterministic sensitivity analysis
was used to examine this, where each parameter in turn was fixed at its upper and
lower bounds, while all the other parameters were held constant at their ‘best
estimate’ or baseline value.

5.2.12 Budget impact analysis

The budget impact analysis was conducted from the perspective of the publicly-
funded health and social care system. The analysis reports the annual cost of the
modelled cervical screening programmes. As with the cost-effectiveness analysis,
indirect costs due to decreased productivity associated with disease or death, or out-
of pocket expenses incurred by women attending screening or diagnostic testing
were not included. Costs used in the budget impact analysis were the same as those
used in the economic analysis. A budget impact analysis is inclusive of value-added
tax (VAT), where applicable.®®*> VAT applies to non-oral medications and to
equipment when calculating amortised capital costs. The cost for screening tests
therefore includes VAT at 23% on consumables.
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5.2 Model parameters

The economic model required a range of input parameters that describe the cervical
screening programmes; the risk of developing HPV, CIN and cervical cancer; the
diagnostic test accuracy of the screening strategies; the associated costs of
screening; further testing and treatment, and the impact this has on outcomes in
terms of survival and morbidity. The purpose of this section is to provide details on
the values used for the key parameters. As the model was probabilistic, parameters
generally have a base-case value and an associated range or distribution of values.

The overall benefits and costs of competing cervical screening programmes were
calculated by performing 10,000 model simulations. Randomly sampled individual
parameter values were used in each simulation. Summarising across simulations
provides an estimate of overall average costs and benefits, as well as the uncertainty
associated with these values.

5.3.1 Discount rate

Discounting reflects a societal preference for benefits to be realised in the present
and costs to be experienced in the future. Discounting facilitates comparison
between costs and benefits that occur at different times. Costs and benefits were
discounted at the rate of 5% as set out by the Department of Finance.*?® The
discount rate was fixed in the main analysis and varied from 1.5% to 6% in a
univariate sensitivity analysis to illustrate the impact of discounting.

5.3.2 Epidemiological measures

A variety of epidemiological parameters were required to model the incidence of HPV
infection, progression and regression to CIN, incidence of cervical cancer, efficacy of
the various screening strategies, and outcomes for those with cervical cancer.

Natural history parameters for the infection of HPV, and progression and regression
of CIN 1, CIN 2, CIN 3 and cervical cancer were defined by annual transition
probabilities derived from the literature and calibrated to Irish data from the NCRI
and CERVIVA, in collaboration with CervicalCheck (Table 5.3). The current vaccine
immunises against HPV 16 and 18. Worldwide these strains contribute to 16% to
32% of low-grade abnormalities, 41% to 67% of high-grade abnormalities, and 70%
of cervical cancer. Thus, it was assumed that not only is the incidence of HPV
different in HPV-vaccinated women, but also progression to pre-cancerous lesions
and from pre-cancerous lesions to invasive cervical cancer.

171



Health Technology Assessment (HTA) of human papillomavirus testing as the primary screening method for prevention of cervical cancer

Health Information and Quality Authority

Table 5.3 Natural history model parameters

Transition

\ Point Estimate (95% CI) [age range]

Fom  yo  ynvaccnatedcohort

Reference
Vaccinated cohort

No lesion, HPV-negative No lesion, HPV-positive 0.0382 (0.005-0.101) [24-29] 0.0115 (0.0015-0.0303) [24-29]
0.012 (0.001-0.031)[30-39] 0.0036 (0.0003-0.0009)[30-39]
0.009 (0.001-0.025)[40-44] 0.0027 (0.0003-0.0075)[40-44]
0.016 (0.002-0.042) [45-49] 0.0048 (0.0006-0.0126) [45-49] (229,233,
0.022 (0-0.06) [55+] 0.0066 (0-0.018) [55+] 234)
No lesion, HPV-positive No lesion, HPV negative 0.126 (0.068-0.197)[all ages] 0.088 (0.048-0.138) [all ages] (217)
CIN1 0.045 (0.013-0.092)[all ages] 0.018 (0.0052-0.0368)[all ages] (217)
CIN 2 0.0057 (0.0003-0.017) [25-34] 0.0057 (0.0003-0.017) [25-34]
0.0145 (0.001-0.045)[35+] 0.0145 (0.001-0.045)[35+] 217)
CIN1 No lesion, HPV-negative 0.325 (0.237-0.42) [all ages] 0.13 (0.095-0.168) [all ages] (217)
No lesion, HPV-positive 0.112 (0.058-0.181)[all ages] 0.034 (0.017-0.054)[all ages] @17)
CIN 2 0.1 (0.05-0.165) [all ages] 0.04 (0.02-0.066) [all ages] @17)
CIN 2 No lesion, HPV-negative 0.12 (0.064-0.191) [all ages] 0.036 (0.019-0.057) [all ages] (233)
No lesion, HPV-positive 0.13 (0.073-0.202)[all ages] 0.039 (0.022-0.061) [all ages] (233)
CIN 1 0.15 (0.087-0.226) [all ages] 0.045 (0.026-0.068) [all ages] (233)
CIN 3 0.3 (0.215-0.391) [all ages] 0.090 (0.065-0.117) [all ages] (233)
CIN 3 No lesion, HPV-negative 0.002 (0-0.015) [all ages] 0.001 (0-0.009) [all ages] (217)
No lesion, HPV-positive 0.05 (0.017-0.1) [all ages] 0.03 (0.01-0.06) [all ages] (235)
CIN1 0.069 (0.029-0.126) [all ages] 0.041 (0.017-0.076) [all ages] (235)
CIN 2 0.069 (0.029-0.126) [all ages] 0.041 (0.017-0.076) [all ages] (@35)
Cancer FIGO I 0.034 (0.008-0.077) [all ages] 0.02 (0.005-0.046) [all ages] (233)
Cancer FIGO I Cancer FIGO II 0.148 (003_033) [all ages] (217)
Cancer FIGO II Cancer FIGO III 0.293 (0.09-0.55) [all ages] No Change (217)
Cancer FIGO III Cancer FIGO 1V 0.397 (016'067) [a” ages] (217)
Non symptomatic Symptomatic
Cancer FIGO I Cancer FIGO I 0.09 (0.04'0.15) [a” ages] No Change (233)
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Cancer FIGO II

Cancer FIGO II

0.14 (0.03-0.31) [all ages]

Cancer FIGO III

Cancer FIGO III

0.37 (0.16-0.67) [all ages]

(233)

Cancer FIGO IV

Cancer FIGO IV

0.56 (0.42-0.69) [all ages]

(233)

(233)

Key: CIN — cervical intraepithelial neoplasia; FIGO — Féderation International de Gynecologie et d'Obstetrique; HPV — human papillomavirus.
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As the model follows a hypothetical cohort of women aged 25 years moving through
different health states, the baseline rates in a number health states were required. It
was assumed at the start of the model that women were only in one of nine states
(no HPV infection, HPV infection, undetected CIN 1, undetected CIN 2, undetected
CIN 3, undiagnosed cancer stage I, undiagnosed cancer stage II, undiagnosed
cancer stage III and undiagnosed stage IV). These values were derived from the
literature using observed Irish data, where available, and adjusted within plausible
ranges when calibrating the model (Table 5.4). The effect of changes in the baseline
rates was considered in the univariate sensitivity analysis where the baseline values
were varied according to the confidence intervals specified in Table 5.4.

Table 5.4 Baseline model parameters

Start prevalence Point estimate Point estimate
for women aged Unvaccinated cohort | Vaccinated cohort Reference
25 (95% CI) (95% CI)

HPV infection 0.35 (0.279-0.36) 0.23 (0.184-0.238) CERVIVA
Undetected CIN 1 0.03604 (0.018-0.079) 0.024 (0.012-0.052) (236)
Undetected CIN 2 0.0103 (0.006-0.022) 0.007 (0.004-0.014) @39
Undetected CIN 3 0.0062 (0.004-0.026) 0.004 (0.003-0.017) (236)
Undiagnosed FIGO 0.0001 0.000066
stage I (0.00001-0.00012) (0.000008-0.000082) NCRI
Undiagnosed FIGO | 0.000006 0.000004
stage II (0.0000007-0.000007) (0.0000005-0.0000046) | NCRI
Undiagnosed FIGO | 0.00002 0.000014
stage III (0.000003-0.000026) (0.000002-0.000017) NCRI
Undiagnosed FIGO | 0.000005 0.000003
stage IV (0.000006-0.0000056) (0.0000004-0.000004) NCRI

Key: CIN — cervical intraepithelial neoplasia; FIGO — Féderation International de Gynecologie et d’Obstetrique; HPV — human
papillomavirus; NCRI — National Cancer Registry Ireland.

Figure 5.10 and Figure 5.11 show how the estimated values from the model
compared with the observed incidence of cervical cancer and prevalence of HPV in
Ireland in 1994-2000. This was before the introduction of organised screening;
however when calibrating the model, this HTA assumed that on average 10% of the
population were availing of opportunistic screening. Comparing the observed cancer
incidence rates to those estimated from the model, and using the current female
population numbers, the model underestimates the total numbers of cancer cases by
5% (14 cases) and the total HPV-infected cohort by 7% (11,000 women). However
as is shown in Figures 5.10 and 5.11, the estimated prevalence of HPV for all age
groups is within the confidence limits. For the incidence of cervical cancer, the most
variation was seen between the observed and modelled values in the cohort of
women under the age of 40 years, with an overestimate in the 25 to 29 year old
group and an underestimate in the 35 to 39 year old group. The model also appears
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to underestimate incidence of cervical cancer in women aged over 55. Figure 5.12
and Figure 5.13 show the fit for the vaccinated cohort. For the incidence of cervical
cancer, the model was calibrated to estimate a drop of 70% in the observed
incidence of cervical cancer and a drop of approximately a third in the prevalence of
HPV compared with an unvaccinated cohort.

Figure 5.10 Comparison of modeled estimates and observed cancer
incidence for an unvaccinated cohort
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* Incidence data (1994-2000) courtesy of the NCRI.
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Figure 5.11 Comparison of modeled estimates and observed HPV
incidence for an unvaccinated cohort
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* HPV prevalence based on preliminary data from the CERVIVA collaboration in combination with CervicalCheck. Data for those
aged <30 years comprise those aged 23 to 29.

Figure 5.12 Comparison of modeled estimates and an estimated 70%
reduction in cancer incidence for a vaccinated cohort
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* Incidence data (1994-2000) courtesy of the NCRI.
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Figure 5.13 Comparison of modeled estimates and observed prevalence
of HPV excluding HPV 16 and HPV 18, for a vaccinated cohort
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* HPV prevalence based on a 30% reduction on the preliminary data from the CERVIVA collaboration in combination with
CervicalCheck. Data for those aged <30 years comprise those aged 23 to 29.

Women with abnormal pathology who are referred for colposcopy have a higher risk
of developing cervical abnormalities again following discharge from colposcopy. To
account for this increased risk, the observed prevalence of HPV by age group from
women discharged from colposcopy (which was higher than that predicted by the
model) was used as the prevalence of HPV for the first year after discharge from
colposcopy. These were then included as a subgroup within the calibration model
with the prevalence of HPV following discharge from colposcopy, dependent on age,
where transitions beyond the first year were the same as in the entire population. As
these were then built into the calibration model, any change to the transitions
probabilities when investigating the fit automatically adjusted the transition
probabilities following discharge from colposcopy. Once the model was calibrated,
these were then extracted.

Mortality was modelled based on both mortality from cervical cancer and mortality
from all other causes. Cervical cancer mortality by stage at diagnosis was based on
the survival data reported by the NCRI for the 2008-2012 cohort of cervical cancer
patients (Table 5.5). These were converted into annual mortality rates and applied in
each annual cycle of the model. Due to the small number of deaths from cervical
cancer in a number of age groups beyond the first year, the data were not robust
enough to reliably estimate age-specific mortality rates by cancer stage beyond the
first year. For all other causes of mortality, data were taken from the Irish life tables.
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All-cause mortality was assumed to be comparable to mortality from all causes other
than cervical cancer. Age-specific hysterectomy rates for women without cervical
cancer were based on 2014 rates from HIPE.

Table 5.5 One-year cervical cancer mortality by age and stage at diagnosis,
and overall cervical cancer mortality at years two to five

25-44 45-55 55-65 65-74 75+

FIGO I (1 year mortality) 0.006 0.016 0.011 0.011 0.011
FIGO II (1 year mortality) | 0.017 0.045 0.070 0.115 0.115
FIGO III (1 year mortality) | 0.106 0.139 0.222 0.309 0.254
FIGO IV (1 year mortality) | 0.448 0.538 0.345 0.618 0.793
Overall
2 year mortality 0.045 0.062 0.092 0.173 0.188
3 year mortality 0.093 0.169 0.185 0.313 0.427
4 year mortality 0.064 0.100 0.160 0.210 0.266
5 year mortality 0.101 0.190 0.219 0.366 0.427

Source: National Cancer Registry Ireland data.

Data from the clinical effectiveness review in Chapter 4 were used to define the
diagnostic test accuracy of the different strategies. A summary of the par