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Overview

This document contains an independent scientific assessment of the expected benefits of three national
population screening programmes (BowelScreen, BreastCheck, CervicalCheck), using international best
estimates where available, with appropriate caveats and including critical background where appropriate.
The document also explores visual and data-driven methods for conveying this information. The chief aims
of this undertaking were as follows:

1. To use international data to model the progression of disease in societies without screening
programmes v the progression where screening programmes operate.

2. To base findings, where possible, on data around the cancers for which we have screening
programmes in Ireland (cervical, bowel, and breast).

3. To communicate the data in a simple format, eg table or flow diagram / graphic.

4. To show outcomes in a communicable way, whilst also noting the caveats that apply to the outcomes.

Note: This version also contains two additional appendices pertaining to technical aspects of the CervicalCheck screening programme;
the first concerning how age profile and HPV vaccination status will likely affect interpretation of future results and the second
considering the Irish framework of expedited re-testing of HPV positive results on programme efficacy. Where relevant, results from
these analyses have been incorporated into the main text.
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Introduction and

report framing

The objective of screening is to identify
individuals amongst the ostensibly well who

are in fact suffering from disease, so that their
condition can be treated before it advances.
National and regional screening programmes
follow the guidelines laid down by the WHO in
1968 [1], so that maximum efficacy and benefit
can be derived. Screening has existed for various
diseases for many decades, but organised
programmes are a more recent development. The
objective of this report is primarily to ascertain
the expected impact of screening programmes,
using most current international data and best
evidence, and how this information might be
communicated.

There are a number of caveats to the data
presented here - firstly, many screening
programmes predate modelling of their efficacy,
and this means that in some instances,
programmes were initiated before their expected
benefit was quantified. In addition, in several
programmes, diagnostic approaches and disease
treatment have evolved greatly, which confounds
simple measures of benefit. In other cases, the
epidemiological nature of the disease itself has
changed with time. In respective sections, this
has been alluded to where relevant.

Finally, the information presented here is
provisional, and subject to change as new
information becomes available. The rationale

for various estimates are given in the relevant
sections, but it is important to note that

these numbers will likely change as new
evidence emerges, and treatment options and
the underlying patterns of disease change.
Nevertheless, the estimates presented here
should remain relatively stable for the foreseeable
future, and assumptions and limitations are clearly
stated for clarity.

A note on figures and colour
coding

All figures in his report are provided as prototypes
for conveying screening information, and should
be considered illustrative.



Section 1

Cervical cancer screening

Overview

Cervical cancer screening has been incredibly
effective at reducing both cervical cancer
incidence and associated death rates. While
there is great variation in methodology across

the world, national screening programmes have
reduced cancer mortality rates have reduced by
greater than 80% in countries with established
national programmes [2-4]. Historically, this has
been achieved by cytology-centric methods, such
as liquid based cytology (LBC), but the advent of
human papilloma virus (HPV) reflex methods have
revolutionised cervical cancer screening, allowing
for greater stratification of potential cases [5-7].

Cervical cancer itself arises due to uncleared HPV
infections by high-risk strains, typically transferred
during sexual contact. HPV affects the vast
majority of sexually active unvaccinated adults

at some point in their life-time, and for most

the infection clears itself. For a small minority,

this does not occur, and the net result can be
cervical cancer. HPV rates vary markedly with age
cohort, and younger women are far more likely

to have an active infection [8] than older women.
Concurrently, HPV vaccination is a relatively new

intervention, but one that already has shown
dramatic impact at lowering HPV infection rates,
with early adopters such as Australia projected
to be cervical cancer free by 2040 [9]. This reality
means that HPV infection rates and consequently
cervical cancer instances should decrease
dramatically in vaccinated cohorts, in which case
HPV-mediated screening modalities promise
improved detection [7].

The natural history of HPV is complicated, and
infection rates vary markedly by country and
cohort. The Cochrane collaboration estimate that
a pooled average of 2% of women screened will
have a cervical intra-epithelial neoplasia (CIN)
grade 2 or higher, and other estimates suggest
that over 8% of the screened population will have
an active HPV infection at the time of screening
[8]. As there are many different screening
modalities possible, this report uses data from
the 2018 modelling study from US Preventive
Services Task Force [10], validated against the
SEER database, applied to the current and
previous Irish CervicalCheck screening schema.
Potential detrimental effects of over-screening
were taken from a recently published model [7] for
illustration.
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Table I: Estimated Life-time cervical cancer incidence per 1,000 women

No screening 18.86 Reference value Reference value Reference value
LBC screening 2.34 87.6% 1.6% 61
Reflex screening 0.83 95.6% 1.8% 55

Absolute baseline risk in absence of screening: ~1.87% - Table values rounded to one decimal place

Benefits of screening — reduction in life-time instances of
cancer

Table 1 lists the estimated impacts of CervicalCheck on cancer incidence, including calculations of relative
and absolute risk reduction (RRR/ARR), as well as number needed to treat (NNT) for no screening, LBC
screening, and current Irish reflex screening. Figure 1 depicts this graphically.
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Table 2: Life-time cervical cancer deaths per 1,000 women

No screening 8.34 Reference value Reference value Reference value
LBC screening 0.76 90.9% 0.8% 132
Reflex screening 0.25 97.0% 0.8% 124

Absolute baseline risk in absence of screening: ~0.83% - Table values rounded to one decimal place




Benefits of screening — reduction in cervical cancer deaths

Table 2 lists the estimated impacts of CervicalCheck on cancer deaths, including calculations of relative
and absolute risk reduction (RRR/ARR), as well as number needed to treat (NNT) for no screening, LBC
screening, and current Irish reflex screening. Figure 2 depicts this graphically.

Figure 3: The expected humber of true positive cases (detected abnormalities), false negative
cases (missed abnormalities), and false positive cases for 1,000 women with (a) LBC screening
(b) HPV testing with LBC reflex. Numbers have been rounded to the nearest whole person here,
full details in table Ill. Note that this diagram only shows general case presuming non-expedited
re-testing. See table below and appendices for in depth discussion.
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LBC only 49(3.5-6.7) 95.1(93.1-97.0)
HPV test only* 2.0(1.9-2.1) 98.9 (98.0-101.0)
HPV / LBC reflex (no retesting) 6.4 (5.1-8.0) 9.6 (9.4-9.8)

HPV / LBC Co-test* 0.5 (0.3-0.7) 184.4 (181.8-188.0)

CervicalCheck modalities (

HPV primary testing with expedited re-testing of HPV+ / LBC- results)

Pessimistic HPV clearance rate 0% p/a)

HPV / LBC reflex (Expedited re-testing, 2.2 (2.1-2.3) 28.2 (27.9-28.5)
Optimistic HPV clearance rate 70% p/a)
HPV / LBC reflex (Expedited re-testing, 2.2(2.1-2.3) 63.5 (63.1-63.8)

* HPV testing is not performed in isolation due to potential over-detection. Co-testing is not recommended due to
the high false positive rate. Both included here for completeness and purposes of comparison. The Irish schema for
CervicalCheck uses an expedited re-testing framework, where false positives depend on HPV clearance rates; an
optimistic (70% HPV clearance per year) and pessimistic (0% clearance) scenario are modelled here. See appendix 2

for further details.



Table 3 depicts the likely detrimental impacts

of screening modalities, estimated from recent
modelling studies for a typical population [7].
The chief concern of over-screening is needless
colposcopies, and to a lesser extent the potential
for missed CIN2+ cases. The previous and
current Irish schema outcomes are depicted in
figure 3. Note that this will also change with age-
cohort and HPV vaccination status, as outlined

in appendix 1. Ireland also uses an expedited
re-testing schema, where HPV positive cases are
re-tested on a yearly basis. The false positive rate
thus depends on the rate of HPV clearance. This
is considered in appendix 2.

The estimates given in this section have a number
of limitations that must be considered in usage
and extrapolation. These are namely:

e Estimates assume a roughly constant rate
of HPV infection, and a steady proportion
of CIN2+ cases in the general screening
population. This will likely change with time
as HPV vaccination rates increase, so these
estimates will need to be revised in future as
more women are protected from HPV. This is
considered in appendix 1.

¢ These models hinge on a steady state of
CIN2+ cases in the general population, in
the order of 2%. This varies by subgroup,
as indeed does HPV infection. The
numbers here only reflect the general case,
and caution should be urged in making
inferences from this for any particular
subgroup. Appendix 1 outlines some of the
considerations required.

e US Taskforce data was validated with
US SEER data, and there may be some
differences in the epidemiology of HPV
between Ireland and the USA, and even
variations within Ireland. If these are
substantial, then estimates might require
revision.

e Expedited retesting accuracy depends on the
clearance rate of HPV in a given cohort. This
is considered in appendix 2 in detail, but it
is important to note that this does not affect
estimates of false negative results.



Section 2

Advanced colorectal cancer

screening

Overview

The chief advantage of colorectal cancer
screening is that it has the potential to prevent
advanced colorectal cancers (CRCs). This is
because the vast majority of CRCs originate
from polyps, which if located an be removed

via colonic polypectomy before they become
malignant.[11-12]. Historically, fecal occult blood
tests were used to detect bleeding indicative

of polyps in the colon, but these suffered the
drawback of having only middling sensitivity and
specificity. Accordingly, the Irish programme
now uses Fecal Immunochemical Test Screening
(FIT), as this offers superior performance without
the drawbacks associated with both fecal occult
blood tests or the invasiveness of colonoscopy.

Evidence for the efficacy of colorectal screening
is strong, and the US Preventive Services Task
Force recommends screening from age 50 to

75 [13]. Taiwan has employed a FIT screening
programme since 2004, which has been well
studied with ample follow-up [14-16]. In this
analysis, we shall use the results of a recent
prospective cohort study in Taiwan of nationwide
biennial FIT screening, involving 5,417,699
eligible subjects to ascertain likely benefits of
screening in terms of lives saved, and advanced
CRCs circumvented due to screening [16]. It
should be noted that in Taiwan, the programme
enrols citizens aged from 50 to 74, whereas
Ireland currently screens from 60 to 69 inclusive,
though results should be broadly similar, and are
discussed overleaf.

Table 4: Life-time incidence of advanced colorectal cancer per 100,000 people

No screening 75.7

Reference value

Reference value Reference value

FIT screening 50.0 (48.7-53.0)

34% (30-35.7%)

0.03% (0.02-
0.03%)

3891 (3704-4405)

Absolute baseline risk in absence of screening: ~0.076% - Table values rounded to one decimal place (except ARR, to
two). Figures given in brackets are calculated 95% confidence intervals for estimates when available.
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Benefits of screening — reduction in instances of advanced
colorectal cancer

Table 4 lists the estimated impacts of BowelScreen on advanced cancer incidence, including calculations
of relative and absolute risk reduction (RRR/ARR), as well as number needed to treat (NNT) for no screening
and FIT screening. Figure 4 depicts this graphically.

Table 5: Life-time incidence of advanced colorectal cancer per 100,000 people

No screening 41.3 Reference value Reference value Reference value
FIT screening 24.8 (23.5-26.4) 40% (36.1-43.1%) | 0.02% (0.01- 6061 (5618-6711)
0.02%)

Absolute baseline risk in absence of screening: ~0.076% - Table values rounded to one decimal place (except ARR, to two).
Figures given in brackets are calculated 95% confidence intervals for estimates when available.
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Figure 5: The projected
mortality of advanced
colorectal cancer in the
absence of screening
(41.3 deaths per 100,000
people) and with a FIT
screening regimen akin
to the existent Irish
system (24.8 deaths per
100,000 people). Note
that the scale above
has been set per 10,000

people for visual clarity. With
screening

Without
screening

Colorectal cancer (CRC) mortality per 10,000 people

L N N N

Benefits of screening —
reduction in instances of
advanced colorectal cancer

Table 5 lists the estimated impacts of
BowelScreen on deaths due to CRC, including
calculations of relative and absolute risk reduction
(RRR/ARR), as well as number needed to treat
(NNT) for no screening and FIT screening. Figure
5 depicts this graphically.

Limitations and caveats

The estimates given in this section have a number
of limitations that must be considered in usage
and extrapolation. These are namely:

¢ The analysis presented here presumes that
colorectal cancer rates in Ireland are broadly
similar to that in Taiwan. There is significant
variation worldwide in how cancer rates are
reported, and up-to-date Irish information
is not readily available, and this may skew
analysis. However, the projected absolute risk
reduction ratio will likely be the same, and
figures can be readily updated if more recent
Irish data becomes available.

0
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The absolute risk reduction calculated

here factors in a Bayesian correction factor
for self-selection in the screened and
unscreened cohorts. While differences were
minimal with the crude rates, this should give
a better assessment of the direct impact of
screening itself, without the confounding
influence of attending versus non-attending.

e |t is worth noting however that risk factors

for colorectal cancer include diet, and
socioeconomic factors likely will play into
this, which could further skew the results
across different social groups.



Breast cancer screening might be perhaps the
best known cancer screening programme in
the world, but it has long been contentious [17],
and there is ongoing academic debate about
its utility [18-19]. There are myriad reasons for
this contention, and from an evidence-based
medicine perspective, breast screening is
surprisingly divisive.

In the last decade, a number of studies have
yielded evidence congruent with breast cancer
screening reducing breast cancer mortality by
upwards of 25% [20-21]. On the face of it, this
might seem to suggest a demonstrable efficacy
due to breast screening. But there are sources

of unavoidable ambiguity. Mammographic
techniques have evolved rapidly in the past
decades, so too have breast cancer therapies

- this leads to a confounding influence that is
difficult to untangle, and in reality means that
ascertaining the impact of screening as an
intervention is surprisingly convoluted, especially
as screening does not seem to directly reduce all-
cause mortality, a point of contention to critics of
the undertaking [22].

12

Different research groups tend to draw
diametrically opposed conclusions — in 2020
alone, several studies [23-26] found evidence
suggesting a strong positive impact of screening
on mortality due to breast cancer. However,
other authors claimed that the ostensible benefit
of screening could be entirely explained by

the uptake of new adjuvant therapies [27], and
even arguments that breast screening should

be terminated on that basis. There are known
detrimental effects to breast cancer overscreening
[22], but similarly polarised conclusions on how
drastic these are.

This report cannot hope to make a determination
as to the correct interpretation of the available
conflicting data. There is also some evidence that
the benefits and risks differ greatly by age, and
that selective screening of high-risk women might
be more beneficial than age-based screening
protocols. For the purposes of this report, the
most comprehensive, impartial, and thorough
source for the assessment of the efficacy of
breast cancer screening again comes from the
US preventative task force report (2016) [21].
Accordingly, that is the primary data source for
the findings listed overleaf.



Figure 6: The projected
mortality of breast
cancer in a 10-year
interval for different age
cohorts in the absence
of screening (see table
6 for specific cohorts)
and with a screening
regimen (also consult
table 6.). Note that these
cohorts do not reflect
the Irish screening
profile (ages 50-69),
which is shown in figure
7 for clarity.
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Figure 7: The projected
mortality of breast cancer
in a 10-year interval for
the cohort eligible for
screening in Ireland, in
both scenarios with an
absence of screening
(5.8 deaths per 1,000
women over 10 year
interval) and with a
screening regimen (4.5
deaths per 1,000 women
over a 10 year interval).
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Benefits of screening —
reduction in breast cancer
mortality

Figure 6 depicts the mean reduction in mortality
with different age cohorts, not all of whom

(ages 39-49 and ages 70-74) are applicable to
BreastCheck, but are included here for ease of
review. It is also worth noting that the relative risk
reduction of these two cohorts crosses both sides
of unity, which might suggest the intervention

is useless or even detrimental, despite the
seemingly positive result the figure might imply.
Full details are given in table 6, for clarity,
including estimates of relative and absolute

risk reduction (RRR/ARR), as well as number
needed to treat (NNT) for no screening and for
mammography.

Figure 7 depicts the reduction in breast cancer
mortality for the age cohort relevant to the

Irish screening programme (age 50-69), and

as can be seen from table 6, the relative risk
reduction in this cohort is below unity, implying
that screening here is associated with a better
outcome for patients. Crucially though, the
contentions mentioned in the introduction still
apply, and it is difficult to draw a firm inference
from this correlation alone, as it may be spurious
or associated with improved treatments, as some
authors contest.

Limitations and caveats

The estimates given in this section have a number
of limitations that must be considered in usage
and extrapolation. These are namely:

¢ As discussed in the section overview, there
are hugely conflicting views on breast cancer
screening, and it is still unclear whether
screening itself is cause of improvement, or
whether this is due to improved treatments -
or a combination of the two.

e Quoted mortality rates were ascertained
using the US Taskforce’s “long accrual”
method, which counts all breast cancer
cases contributing to breast cancer deaths.

e The caveat from the US Taskforce is vital
to keep in mind: “Most trials used imaging
technologies and treatments that are now
outdated, and definitions of advanced breast
cancer were heterogeneous. Studies of
effectiveness based on risk factors, intervals,
or other modalities were unavailable or
methodologically limited.” Accordingly,
caution must be exercised when citing breast
cancer screening statistics.

Table 6: Mortality rates from breast cancer in a 10-year interval

39-49 36 (29-43) 33 (27-36) 8.3% 0.3% 333

(-2% - 25%) (-%0.1 - 0.9%) | (111 - Infinity)
50-59 54 (50-58) 46 (37-52) 14.8% 0.8% 125

(8% - 32%) (0.2% - 1.8%) |(56-617)
60-69 65 (52-81) 44 (35-54) 33% 2.1% 47

(17% - 46%) (1.1% - 3%) (33 -90)
70-74 62 (48-80) 50 (32-79) 20% 1.2% 81

(-28% - 49%) (-0.2% - 3%) (83 - Infinity)
50-69 58 (55-62) 45 (39-52) 22% (10%- 1.3% 78
(Irish case) 32%) (0.6% -1.9%) |(B4-172)

Table values rounded to one decimal place (except ARR, to two). Figures given in brackets are calculated 95%
confidence intervals for estimates when available. Entries in red are not used in Irish screening, but are included solely

for completeness.
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All data in this report is for guidance only, and should not be taken as legal or medical guidance on its own
merit. Estimates in this work are subject to revision as improved data becomes available, and are subject to
the limitations discussed herein.
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Appendix 1

Simulated estimation of likely age-related
impacts on veracity of cervical screening results

December 9th 2022

Overview

This document contains an independent scientific assessment of how age-related human papillomavirus
virus (HPV) infection is likely to impact outcomes of cervical screening. This report also quantifies how
wide-spread vaccination against HPV will impact interpretation of screening results. The chief aims of this
undertaking were as follows:

1. To use international data to ascertain how HPV infection varies in different age cohorts, and to quantify
likely differences in age-mediated HPV prevalence.

2. To ascertain the robustness of the Irish screening modality (HPV primary testing with reflex cytology) to
vary levels of cohort baseline HPV infection.

3. To also simulate the impacts of HPV vaccination on screening profiles, and to further ascertain the
robustness of future Irish screening in the scenario of high vaccine uptake.

4. To contrast this with alternative modalities, namely co-testing approaches.

Contents of this report

Introduction and report framing 18
Section 1: Objective and outline 18
Section 2: Methodology 19
Section 3: Results 22
Section 4: Conclusions 26
Section 5: Disclaimer 26
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The objective of screening is to identify
individuals amongst the ostensibly well who

are in fact suffering from disease, so that their
condition can be treated before it advances.
National and regional screening programmes
follow the guidelines laid down by the WHO in
1968 [1], so that maximum efficacy and benefit
can be derived. Cervical screening is a lifesaving
endeavour, with many possible modalities. All of
these have proven hugely successful in saving
lives and reducing the burden of disease [2-4].
Maximising the efficacy of screening programmes
will save further lives in future.

The natural history of cervical cancer is complex,
but almost always stems from the progression
of HPV infection. Several factors influence the
prevalence of HPV in a population cohort, with
age an important consideration. Concurrently,
HPV vaccination has proven extraordinarily
effective at preventing infection. This report
aims to determine how HPV prevalence impacts
interpretation of Irish screening, gauging its
robustness to differing levels of infection, and
future vaccine impacts. There are many caveats
to this analysis; the epidemiological nature of
cervical disease is complex, changing with time.
Available data is often noisy too. In respective
sections, this has been alluded to where relevant.
Finally, information presented is provisional,
subject to change as new information becomes
available. Rationales for various estimates are
given in the relevant sections, but it is important
to note that these numbers will likely change as
new evidence emerges. Nevertheless, estimates
presented here should remain relatively stable
for the foreseeable future, and assumptions and
limitations are clearly stated for clarity.
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Programmes of cervical cancer screening have
hugely decreased the incidence of cervical cancer
in regions with screening programmes, and have
consequently reduced associated death rates.

In countries with estimated national screening
programmes, cervical cancer deaths have
dropped by over 80% regardless of methodology
implemented [2-4]. These methodologies vary
significantly throughout the world; the oldest and
most widespread implementations are cytology-
centric methods, chiefly liquid based cytology
(LBC) approaches. In the last decade, improved
methods for detecting human papillomavirus virus
(HPV) have proven a huge boon to cervical cancer
screening, allowing for greater stratification of
potential cases [5-7]. This is chiefly because
cervical cancer itself almost always arises due

to uncleared HPV infections by high-risk strains,
typically transferred during sexual contact.

Before the advent of HPV vaccination, the

vast majority of sexually active unvaccinated
adults could be expected to endure infection at
some point in their life-time. In most instances,
infection clears itself, but for a small minority the
infection progresses and the net result can be
cervical cancer. While vaccination is a relatively
new intervention, it has already shown dramatic
impact at lowering HPV infection rates, with
nations such as Australia projected to be cervical
cancer free by 2040 [9]. As HPV infection rates
and resultant cervical cancer instances should
decrease dramatically in vaccinated cohorts, it
has been shown that HPV-mediated screening
modalities promise improved detection [7].

A future without cervical cancer is of course the
motivating goal of screening and vaccination
programmes, but at this juncture it is crucial that
screening programmes are robust to trends even in
the absence of screening. This is especially important
when HPV rates vary markedly with age cohort,

and younger women are far more likely to have an
active infection [8] than older women. It is therefore
important to ascertain how informative results from
screening are likely to be as HPV incidence changes.
The objective of this short report is to quantify the
projected performance of screening in Ireland with
varying population age profiles.



Section 2: Methodology

HPV incidence calculations

HPV infection rates vary markedly by country
and cohort, and even detection methodology.
The evidence to date strongly suggests that
HPV infection peaks before 30, though slightly
different trends emerge in various data sets. For
the purposes of this investigation, we initially
restricted analysis to sets prior to widespread
coverage of the HPV vaccine. On current
estimates from USA and European data, we
expect a global average of approximately 8.4% of
the total screened population to have active HPV
infection at the time of screening [7,8]. For this
report, it was crucial to further stratify this figure
by age cohort.

This figure varies quite substantially in different
reports. Smith et al [10] looked at multiple studies
to ascertain the prevalence of HPV in different
studies across Europe. Their data, alongside their
weighted best fit line, is shown in figure 1, below.
It is important to note, however, that there are a
number of caveats regarding data inclusion. In
this work, studies included not only results from
national screening programmes but also specific
results from sexual infection clinics and also
particular high-risk populations. These results

are likely to produce high (or in some cases low)
outliers which can skew analysis.

Figure 1: Estimation
of HPV prevalence
with age derived
from multiple O
Western European
studies reproduced
from Smith et al
[9]. Note that this
work included self-
reported studies
and STI clinic
cohorts. See text 0
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To try and derive an age-specific HPV incidence
rate not unduly skewed by outliers, the inclusion
criteria employed involved limiting studies to
those taken solely from Europe-based screening
programmes. Furthermore, the analysis only
considered studies with some degree of age
stratification. This resulted in 16 applicable
studies [11-27] included to reduce bias and
influence of outliers. These studies were
undertaken in various cities throughout Belgium,
Denmark, France, ltaly, the Netherlands, and the
United Kingdom between 1992 and 2005. Data

The raw data points and the resulting best

fit line with confidence bounds are depicted
above in figure 2. Note that the fit is only
phenomenological; it allows bounds estimates,
but is not presented as mechanistic. In reality,
the true fit is likely more complex but an exact
relationship is hard to ascertain due to the noise
associated with the raw data. Nevertheless, the
approximate linear relationship should suffice for
simulation purposes. Stratified HPV prevalence
bands by age cohort are given in table 1.

from these studies was then taken, and weighted
according to the number of study participants and
smoothed, so that a linear regression could be fit

with 95% confidence intervals.

Table 1: Derived estimates of HPV prevalence and 95% confidence intervals used in simulations
herein. The bounds are derived from the 95% confidence intervals of the weighted results of the 16

included studies

20-24 8.9-194 16.6 (13.8-19.3)
24-29 9.1 -28.0 14.9 (12.0-17.9)
30-34 5.0-15.0 13.3 (10.1-16.5)
35-39 2.5-19.8 11.6 (8.2-15.0)
40-44 1.8-14.0 10.0 (6.4-13.6)
45-49 3.0-16.0 8.3 (4.5-12.1)
50-54 2.0-134 6.7 (2.7 -10.7)
55-59 1.5-14.5 5.0(0.8-9.3)
60-64 1.8-8.0 3.3(0.0-7.8)
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CIN prevalence calculations

In principle, cervical intraepithelial neoplasia
(CIN) rates can vary by age. The Cochrane
collaboration estimate that a pooled average of
2% of women screened will have a cervical intra-
epithelial neoplasia (CIN) grade 2 or higher [8].
The variation of this with age, however, is harder
to quantify. CIN grades 2 and 3 can also be
identified as High Grade Squamous Intraepithelial
Lesion (HSIL) cases. One 2010 review [28] found
conflicting results between studies for both CIN2,
CIN3, and HSIL identification throughout Europe.
The results of this review work for both HSIL and
CIN classifications in various European studies
are given in figure 3 overleaf to illustrate the
spread.

While the data in this review suggests variation

in CIN grades 2 and 3, it also includes studies
from non-representative cohorts which obscures
the data. A more recent review [29] looked at
cervical lesions worldwide, stratifying cohorts

by under and over the age of 30. There was also
high variation in this analysis, and no clear trends.
Part of this is the complex nature of HPV’s natural
history, with lesions more likely to regress in
younger women which confounds analysis.

Accordingly, while it is likely that CIN rates
differ with age too, the precise trend is hard
to ascertain, and is offset by the reality that

persistent lesions will be more common in older
women, even if they are intrinsically more likely
to materialise in younger women. In the absence
of clear data on this question, this report makes
the simplification of presuming that CIN 2 / CIN
3 incidence is approximately the same in all age
cohorts. This is taken as a prevalence of 2%, in
line with Cochrane estimates [8]. It is worth noting
that increased vaccination will drive this down
substantially, but at this juncture we estimate in
the absence of vaccination.

Modelling approach

Simulation in this work proceeds with a Markov
chain type model previously established in
literature [7]. For the basis of comparison, the
impact of age-varying HPV infection on false
positive / negative detection rates under the
Irish CervicalCheck schema (HPV-reflex) were
determined in models implemented in MATLAB
(2020 release). We then ran the same simulation
under the presumption of 80% vaccination to
probe future trends. Finally, this was contrasted
to a HPV / LBC co-test approach to gauge the
robustness of these modalities.

Figure 3: Estimations of (a) CIN2, CIN3, and (b) equivalent HSIL measurements across Europe

from Ting et al [28].
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Section 3: Results

Simulating the impact of age-specific HPV
incidence under CervicalCheck approach

Table 2 gives the estimated number of correct
results (both positive and negative), false positives
(incorrect detection of CIN grade 2 or 3), and

false negatives (missing of CIN 2 or 3) per 1,000
women under the Irish CervicalCheck schema.
The percentages of false positive and negative
results expected with this modality are given in
figure 4 overleaf.

Note that as depicted in figure 4, the false
negative rate does not change with HPV / age
cohort, and is insensitive to this property. The
false positive rate (false detection of CIN2 or CIN3
is slightly sensitive to the age-specific prevalence,
as depicted in the blue line above, but this
variation is relatively minor; in the cohort with the
highest incidence of HPV, the relative risk increase
in detecting a false positive compared to global
average is 75%, but this translates as an absolute
risk increase of only 0.72%. This suggests that
the Irish CervicalCheck screening modality is
relatively robust to HPV incidence.

Table 2: Derived estimates of HPV prevalence and 95% confidence intervals used in simulations
herein. The bounds are derived from the 95% confidence intervals of the weighted results of the 16
included studies.

All ages screening 984.1 (982.1-985.6) 9.6 (9.3 -10.0) 6.4 (5.1 - 8.0)
20-24 976.8 (976.2 - 977.2) 16.8 (14.8-18.7) 6.4 (5.1 - 8.0)
25-29 978.3 (977.5 - 978.9) 15.3 (13.2 - 17.5) 6.4 (5.1 - 8.0)
30-34 979.8 (978.7 - 980.5) 13.9 (11.5 - 16.3) 6.4 (5.1 - 8.0)
35-39 981.2 (980.0 - 982.2) 12.4 (9.8 - 15.0) 6.4 (5.1 - 8.0)
40-44 982.7 (981.2 - 983.9) 11.0 (8.2 - 13.8) 6.4 (5.1 - 8.0)
45-49 984.2 (982.5 - 985.6) 9.5 (6.5 - 12.5) 6.4 (5.1 - 8.0)
50-54 985.6 (983.6 - 987.2) 8.1 (4.9-11.3) 6.4 (5.1 - 8.0)
55-59 987.1 (984.9 - 988.9) 6.6 (3.2 - 10.1) 6.4 (5.1 - 8.0)
60-64 988.6 (986.2 - 989.6) 5.1 (2.4 -8.8) 6.4 (5.1 - 8.0)

22



Figure 4: False result rates (positive and negative) as a percentage of total screened population,

stratified by age cohort. Results suggest that reflex

screening is entirely robust to false

negative results with HPV prevalence / age cohort, and relatively robust to false positive results

with HPV prevalence / age cohort.
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Note that as depicted in figure 4, the false
negative rate does not change with HPV / age
cohort, and is insensitive to this property. The
false positive rate (false detection of CIN2 or CIN3
is slightly sensitive to the age-specific prevalence,
as depicted in the blue line above, but this
variation is relatively minor; in the cohort with the
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highest incidence of HPV, the relative risk increase
in detecting a false positive compared to global
average is 75%, but this translates as an absolute
risk increase of only 0.72%. This suggests that
the Irish cervical screening modality is relatively
robust to HPV incidence.



HPV prevalence. The false positive rates have
some intrinsic dependence on infection rate

by age cohort, but this is even more minimal
than previously. The relative risk increase in

false positive rates at most is 11.6% relative

to baseline, which translates as a minuscule
absolute risk increase of 0.05% for false
positives. We may conclude that reflex screening
(CervialCheck’s modality) is robust to even future
vaccine trends.

Screening efficacy with HPV vaccination

Results in the prior section assume no
vaccination, but this will change as HPV is
steadily eradicated by vaccine programmes.
Using 29 distinct models of vaccine efficacy
[7,30], 80% vaccine uptake corresponds to
a reduction in HPV incidence by 93% (95%
confidence bounds between 90% and 100%
reduction). This can be factored into the
simulation to produce table 3.

In this instance, a broadly similar trend
appears to that in table 2 and figure 4. Again,
the false negative rate remains insensitive to

Table 3: HPV reflex test performance at 80% vaccine coverage, derived from multiple models of
vaccine efficacy as detailed in the literature [7,30].

All ages screening 995.2 (994.4-996.3) 4.3 (3.7-4.8) 0.5(0.0-0.8)
20-24 994.7 (993.9 -996.3) 4.8 (3.7-5.3) 0.5(0.0 - 0.8)
25-29 994.8 (994.1 - 996.3) 4.7 (3.7-5.1) 0.5 (0.0 - 0.8)
30-34 994.9 (994.3 - 996.3) 4.6 (3.7 - 4.9) 0.5 (0.0 - 0.8)
35-39 995.0 (994.4 - 996.3) 4.5 (3.7 - 4.8) 0.5(0.0-0.8)
40-44 995.1 (994.6 - 996.3) 4.4 (3.7 - 4.6) 0.5 (0.0 - 0.8)
45-49 995.2 (994.8 - 996.3) 43(B3.7-4.4) 0.5(0.0-0.8)
50-54 995.3 (994.9 - 996.3) 4.2 (3.7 -4.3) 0.5 (0.0 - 0.8)
55-59 995.5 (995.1 - 996.3) 4.1 (3.7-4.1) 0.5 (0.0 - 0.8)
60-64 995.6 (995.2 - 996.3) 4.0 (3.7 - 4.0) 0.5 (0.0 - 0.8)




Contrast with age-specific HPV incidence
under HPV / co-testing approaches

For context, it is worthwhile to contrast HPV-
reflex screening as used in Ireland to co-testing
approaches, such as those used in regions

of the United States [7]. For simplicity, we
consider a scenario where a positive HPV test

is considered grounds for a colposcopy. This is
not recommended, but we can quantify how this
would impact results to contrast this with Irish
results. Pivoting on the assumption of no vaccine
uptake, Table 4 showcases this impact.

What is immediately apparent in this table is a
marked dependence of test interpretation on
screening results under co-testing modalities.
The Cochrane review [8] implied that HPV testing

resulted in less false negatives than traditional
LBC screening, which is true. However, Table

4 showcases why a HPV only or strict co-

testing modality [7] is problematic - it results in

a large number of women getting unnecessary
colposcopies. In the base case, the translates to
a relative risk increase of 927% for a colposcopy
(absolute risk increase: 8.9%) and this worsens
with increasing HPV infection; in the 20-24 cohort,
this manifests as an absolute risk increase of over
15.6% relative to HPV reflex screening. This thus
illustrates why a simple positive on a HPV test is
intrinsically misleading, especially in cohorts with
higher infection rates.

Table 4: Co-testing interpretation is largely affected by HPV prevalence

All screening 98.6 (97.6-100.6) 2.0(2.0-2.0)
20-24 172.9 (149.4 - 197.5) 2.0(2.0-2.0
24-29 157.5 (133.1 - 183.9) 2.0(2.0-2.0
30-34 143.0 (115.9 - 171.2) 2.0(2.0-2.0)
34-39 127.6 (98.8 - 157.6) 2.0 (2.0-2.0)
40-44 113.1 (82.5 - 144.9) 2.0(2.0-2.0
45-49 97.6 (65.3 - 131.3) 2.0(2.0-2.0)
50-54 83.1(49.0 - 118.5) 2.0(2.0-2.0
55-59 67.7 (31.8 - 105.8) 2.0(2.0-2.0)
60-64 52.3 (24.6 - 92.2) 2.0 (2.0-2.0)




The results of this simulation report suggest the
following conclusions:

While higher levels of HPV prevalence in
younger cohorts can increase the rate of
false positives, the Irish cervical screening
reflex approach is quite robust to these
impacts, and performs well even under high
baseline HPV rates.

Even in a future with high HPV vaccine
uptake, the Irish screening modality should
remain robust and screeners can have a high
level of confidence in results even as HPV
incidence drops substantially. This suggests
that the screening approach used in Ireland
is both robust and future-proof.

By contrast, co-testing or HPV only
approaches result in an unacceptably high
level of false positives, especially in high
incidence populations.

The estimates given in this section have a
number of limitations that must be considered in
usage and extrapolation. These are namely:

The epidemiology of HPV infection varies
hugely in different studies. While a weighed
approach was employed here from European
data, this may be affected by outliers and
ideally Irish screening data could in future be
used to improve national estimates.

These models hinge on a steady state of
CIN2+ cases in the general population, in
the order of 2%. This is likely to vary by
subgroup, but clear trends were impossible
to ascertain given the wide-range in HSIL

/ CIN2 / CINS estimates. Accordingly,
estimates here must be treated with caution
and foreknowledge that divergent CIN rates
would impact the analysis.

Vaccine uptake will also likely different across
subpopulations, and will change in younger
cohorts first. This has not been simulated for
brevity here, but can be included in future
analysis if required.
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All data in this report is for guidance only, and
should not be taken as legal or medical guidance
on its own merit. Estimates in this work are
subject to revision as improved data becomes
available, and is subject to the limitations
discussed herein. In the current state, this
document is confidential and preliminary, and not
designed for public consumption.
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Appendix 2

Expedited retesting in cervical screening:
a modelling analysis
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Overview

This document is an analysis of false positive and negative rates in cervical screening considering the
effects of expedited retesting on human papillomavirus (HPV) positive patients within the screening cycle.
The purpose of this analysis is to ascertain the effective false positive and negative rate per screening cycle,
including expedited retesting of HPV positive women.
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Cervical cancer screening is a powerful tool that
has been incredibly effective at reducing both
cervical cancer incidence and associated death
rates from cervical cancer. There is currently
great variation in implementation methodology
across the world, and national screening
programmes have reduced cancer mortality by
greater than 80% in countries with established
national programmes [2-4]. Historically, screening
for cervical abnormalities was performed

with cytology-centric methods, such as liquid
based cytology (LBC), but the advent of human
papilloma virus (HPV) reflex methods have
revolutionised cervical cancer screening, allowing
for greater stratification of potential cases [5-7].

This is highly pertinent, as cervical cancer itself
arises due to uncleared HPV infections by high-
risk strains, typically transferred during sexual
contact. While HPV affects the vast majority of
sexually active unvaccinated adults at some point
in their life-time, for most the infection clears
itself. For a small minority, this does not occur,
and the net result can be cervical cancer. HPV
rates vary markedly with age cohort, and younger
women are far more likely to have an active

infection [8] than older women. Concurrently, HPV
vaccination is a relatively new intervention, but
one that already has shown dramatic impact at
lowering HPV infection rates, with early adopters
like Australia projected to be cervical cancer free
by 2040 [9]. This reality means that HPV infection
rates and consequently cervical cancer instances
should decrease dramatically in vaccinated
cohorts, in which case HPV-mediated screening
modalities promise improved detection [7].

Typically, a pooled average of 2% of women
screened nationally are expected to have a
cervical intra-epithelial neoplasia (CIN) grade 2 or
higher, and other estimates suggesting over 8%
of the screened population will have an active
HPV infection at the time of screening [8].0Of the
many screening modalities possible [10], HPV-
reflex screening is currently employed in Ireland.
This has several advantages over conventional
LBC approaches, as it can drastically reduce false
positives by an order of magnitude [7], greatly
reducing the number of women who needlessly
receive an invasive biopsy. There has been some
concerns, however, that such an approach can
marginally increase the number of false positives
detected, as shown in Table 1.

Figure 1: The expected number of true positive cases (detected abnormalities), false negative
cases (missed abnormalities), and false positive cases for 1,000 women with (a) LBC screening
(b) HPV testing with LBC reflex. Numbers have been rounded to the nearest whole person here,
full details in table I. Figure reproduced from a prior HSE Square Hammer report (June 2021)

(a)

LBC testing
(1000 women)

CIN2+
(20 women)

Normal cells
(980 women)

True Positive
(15 women)

False Positive
(95 women)

False Negative
(5 women)

True Negative
(885 women)
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(b)

Reflex testing
(1000 women)

CIN2+
(20 women)

Normal cells
(980 women)

False Positive
(10 women)

True Positive
(14 women)

False Negative
(6 women)

True Negative
(970 women)



Table I: Test statistics for LBC and HPV-reflex modalities

LBC only

4.9 (35-6.7)

95.1 (93.1-97.0)

HPV / LBC reflex

6.4 (5.1-8.0)

9.6 (9.4-9.8)

Change in relative risk between
modes

+30.6% (Increase)

-89.9% (Decrease)

Change in absolute risk between
modes

0.15% (Increase)

-8.55% (Decrease)

*Table 1: Test statistics in a typical population assuming an HPV incidence of 8.4% and a CIN2+ incidence of 2%. The
last two rows yield the relative and absolute risk changes in moving from LBC to HPV-reflex modalities.

Table II: Estimated Life-time cervical cancer incidence per 1,000 women

No screening 18.86 Reference value Reference value Reference value
LBC screening 2.34 87.6% 1.6% 61
Reflex screening 0.83 95.6% 1.8% 55

Values taken from US Task force report [10]
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Figure 2: CervicalCheck screening algorithm
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Motivation of this report: Expedited retesting and screening

The screening algorithm is given in figure 2. There is however a subtle nuance to screening that will impact
the raw false positive / negative results reported in table 1; expedited retesting. Women who are HPV
positive are reflex tested with LBC for CIN2+, with CIN2+ women being biopsied. Women who are HPV
positive but negative for CIN2 are invited back for an expedited retest at 12 months, within the screening
cycle. The purpose of this report is to estimate how much this will change the CIN2+ detection statistics
within a screening cycle.



HPV infections are typically transient, and the
majority regress in time. For expedited retesting,
there are several aspects that need to be
considered. Firstly, we need to estimate the HPV
regression rate for a typical infected woman
within 12 months from initial screening. We also
need to consider the expedited retest scenario
where a woman with CIN2+ tested positive

for HPV but initially received a false negative
CIN2+. This will reduce the net false negatives
per screening cycle, but will also act to increase
the net false positive rate per cycle as persistent
HPV+ women who have not fully recovered will
still require a biopsy. This section lays out the
framework for this analysis.

The rate of HPV regression is critical to answering
the motivating question of this report. HPV
clearance rates vary by patient age and HPV
subtype, but we can broadly estimate general
cases from literature. Approximately 70% of HPV
infections are cleared within one year, and 90%
within 2 years [11,12]. In this analysis, we shall
use this point estimate for the optimistic scenario,
and also consider a pessimistic scenario with 0%
HPV clearance after 12 months.
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Broadly speaking, the modelling approach
employed follows that outlined previously [7]
with some important modifications. The required
modifications and model assumptions for
expedited retesting were as follows:

1. All HPV positive, CIN2- cases were subjected
to an additional test 12 months after the initial
screening round.

2. In the optimistic scenario, HPV clearance was
70%. In the pessimistic, it was 0%.

3. While missed CIN2+ can and does regress in
most cases, in this model the conservative
approach was taken by assuming that any
initially missed CIN2+ 12 months on remains.

4. A typical population of 1,000 women was
assumed, with 2% global CIN2+ incidence
and a HPV infection rate of 8.4%. This varies
by age group in reality (see square hammer
report August 2021) but national averages
were employed in this simulation.

5. The model tabulated the net false negatives
and false positives per screening cycle (3
years / 5 years depending on age group and
all figures are relative to this cycle time.



Section 3: Results

Table Il shows the projected outcomes for HPV reflex testing with expedited retesting, as well as naive
reflex testing. Figure lll depicts the percentage improvement relative to LBC baseline.

Table lll: Test statistics for LBC and HPV-reflex modalities

LBC Screening 4.93.5-6.7) 95.1 (93.1-97.0) ~90.0%
(Reference value for

comparison)

HPV / LBC reflex (No 6.4 (5.1-8.0) 9.6 (9.4-9.8) ~98.4%
retesting)

HPV / LBC reflex 2.2 (2.1-2.3) 63.5 (63.1-63.8) ~93.4%

(Retesting, Pessimistic:
0% HPV clearance)

HPV / LBC reflex 2.2 (2.1-2.3) 28.2 (27.9-28.5) ~96.9%
(Retesting, Optimistic:
70% HPV clearance)

Figure 3: Percentage improvement (measured as reductions) in (a) false positive results and (b)
false negative results of HPV-reflex screening modalities relative to LBC method comparison.

(a) False positive reduction (a) False negative reduction

Percentage improvement (%)
Percentage improvement (%)

-40

No retest Pessimistic  Optimistic No retest Pessimistic  Optimistic
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Expedited retesting markedly reduces the
rate of false negatives relative both to naive
HPV-reflex and to LBC only approaches.
For a typical population, the expected false
negative rate is an effective 2.2 per 1,000
women screened. This result is agnostic to
whether pessimistic (0% HPV clearance) or
optimistic (70% HPV clearance) is assumed.

Expedited retesting does however reduce
one of the advantages of naive HPV reflex
screening, resulting in a significantly higher
false positive rate. This is dependent on

the HPV clearance rate, but even under the
pessimistic 0% annual clearance assumption,
the false positive rate of expedited retesting
is still below that of conventional LBC.

Accordingly, it is reasonable to conclude that
expedited HPV screening is superior to LBC
in all aspects, superior to naive HPV-reflex
screening in terms of false negative rates,
and inferior to naive HPV-reflex screening
from a false positive rate perspective.

The current Irish implementation of
CervicalCheck is thus expected to have an
effective false negative rate rounded to an
integer of 2 missed CIN2+ cases per 1,000
women per round of screening, and 18
correctly detected CIN2+ cases per 1,000
women per round of screening presuming
a CIN2+ prevalence of 2% in line with
international estimates for pool western
populations.
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The estimates given here have a number of
limitations that must be considered in usage and
extrapolation. These are namely:

Estimates assume a mean rate of HPV
infection, and a steady proportion of CIN2+
cases in the general screening population. In
reality this is likely to vary by subpopulations,
but should suffice for the estimates for a
national screening population. See prior
screening reports on HPV incidence by age
for more information.

These models hinge on a steady state of
CIN2+ cases in the general population, in

the order of 2%. This varies by subgroup,

as indeed does HPV infection. The numbers
here only reflect the general case, and
caution should be urged in making inferences
from this for any particular subgroup.

If full subgroup data is desired, the appended
transition probabilities are appended in the
supplementary material at the end of this
document, and can be readily updated for
any desired population whose infection
parameters are known.



All data in this report is for guidance only, and
should not be taken as legal or medical guidance
on its own merit. Estimates in this work are
subject to revision as improved data becomes
available, and is subject to the limitations
discussed herein.
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A transition markov chain model for expedited
retesting with algebraic notation for transition
probabilities is available here. The following
abbreviations are used in that diagram for clarity.

Parameter Symbol
Incidence of CIN2+ in a given p
population

Incidence of HPV in a given h
population

Proportion of CIN2+ cases %

attributable to HPV

HPV clearance rate (annual) r

Sensitivity of HPV test for HPV Snh
Specificity of HPV test for HPV Sph
Sensitivity of LBC test for CIN2+ Snl
Specificity of LBC test for CIN2+ Spl
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