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1. Lay Summary
PSA, or ProstateSpecific Antigen, is a protein made by the prostate gland. A PSA
test is a simple blood test that measures the level of this protein. While high PSA
levels can be a sign of prostate cancer, they can also be caused by other conditions.
This is why PSA screening, although a useful tool, involves a complex discussion

about its overall benefits and risks.

Screening for prostate cancer can help save lives, but it can also cause harm, such

as overdiagnosis. This means finding and treating slogrowing cancers that

would never have caused harm during a man
can lead to unnecssary worry and treatment, as well as taking healthcare

resources away from patients who would benefit more. The cosdffectiveness of

screening varies across different population groups, depending on their risk and

how aggressive their cancer is.

Regardless of the age or risk level of the men being screened, we found that

complex screening approaches-such as testing men once and then inviting them

to repeat screening after one or more years-did not improve cost-effectiveness.

This is because PSAisot a very accurate predictor of

naturally change with age.

For the general male population in England, screening may reduce deaths from
prostate cancer, but this benefit comes with a high level of overdiagnosis. this

population group, PSA screening ignlikely to be costeffective overall.

As with the general population, the costffectiveness of screening men wittany
family history of breast, prostate, or ovariancancers is unlikely be costeffective

and also result in overdiagnosis.

Screening all merand menwith a family history (which includes around one third
of all men) would require a lot of resources. A large share of those resources would
be spent on men who are overdiagnosed and therefore do not benefit from
screening. These resources could be spent on providing better diagnostand

better treatment.

It is very uncertain whether screening men of Black ethnicityis cost effective and

it also carries the risk of overdiagnosisThis group would benefit from having
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better data on how cancer develops, progresses, and what is expected
participation rate in screening would be for this population group.Because this
group is relatively small, the overall impact on national healthcare resources

would be limited.

Screening men with confirmed BRCA gene mutations is cesffective and comes

with a high level of certainty. This remains true even if screening continues into

older ages. While overdiagnosis is still a concern, the benefits of screening are

clearer becaug pr ost ate cancer I n this group ten
important to note that this study did not look at whether testing for the BRCA gene

itself is costeffective—that would require separate researchand that the study

assumed that screening, idgnostic, and treatment data retrieved from general

population with cancer would be applicable to BRCA carriers as well
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2. Key Messages

Benefits vs. Harms of PSA Screening

PSA screening may help reduce prostate cancer deaths. However, ir-80% of
screendetected cases, it identifies slonwgrowing cancers that would never have
caused harm. This leads to unnecessary treatment for patientsjay cause side

effects and anxietyand also result insubstantial costs for the healthcare system.
Comparison of Screening Strategies

Oneoff PSA screeninggenerally generates less costs and more benefits per
screening conducted thanrepeated screening. Strategies that involve screening
once and then reinviting only those with elevated PSA levels for further screening

were not found not to be costeffective in full incremental analyses.
Methodologicaland dataissues

The natural history of prostate cancer is subject to considerable uncertainty,
which strongly influences probabilistic results. There is substantial data
uncertainty, specifically around populations of Black ethnicity and younger or
older groups. Furthermae, the choice of reference case (i.e., the modelling
methods) has a critical impact on coseffectiveness outcomes and, consequently,

on potential implementation decisions
Screening Men at General and Familial Risk

For both men at general risk and those with a family history of prostate cancer,
screeningis not costeffective with the decision threshold of £20,000 per quality
adjusted life year (QALY)Screeningwould also involve high resource use and

many cases of overdiagnosis.
Screening Men of Black Ethnicity

The costeffectiveness of screening Black men remains uncertain. This is because
data used in the model for this population are either applied from populations at
general risk (e.g. survival by age and stagey are based on the US populatio(e.g.
relative risk of aggressive cancer) Screening in this group may lead to greater
reductions in mortality but still carries a risk of overdiagnosis. Its success will

depend on high uptake and clear communication of risks. Given the relatively
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small population size, the resource impacf{and so the impact of screening on
population mortality) would be limited. Decisions on screening in this group

should be supported by better data.
Screening Men with BRCA Mutations

Screening men with a confirmed BRCA gene mutation is likely to be cadtective
under decision threshold of £20,000 per QALYThese men are at higher risk of
developing aggressive cancers, making the benefits of screening clearer.
Although overdiagnosis is still a concern, the healthcare resources required to

screen this group are relatively low.

However, this conclusion is reached by applying data on costs, utilities, and cancer
survival by stage for BRCA carriers from the generaisk population. This is
because there are no data on prostate cancer screening, diagnosis, and treatment
in the BRCApopulation.
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3. Background

In November 2023, SCHARR was approached by the UK National Screening
Committee (NSC) to reassess the cesffectiveness ofprostate cancerscreening
for men at both average and high risk. The NSC sought strategic health economics
support to advance its aim of reducingprostate cancermortality by improving

diagnosis, treatment, and prevention pathways.

Rapid advancements irprostate cancerdetection and treatment have widened the
gap between existing evidence and the realities of clinical and policy decision
making. This presents growing challenges for clinicians, commissioners, and

policymakers alike.

In response, SCHARProposed developinga bespoke health economics model to
inform strategic decisionrmaking by the NSC. This work leveraged SCHARR's
experience with microsimulation models developed for other cancers, which were
adapted to simulate the natural history ofprostate cancer The model was
designed to generate policyrelevant evidence and supportthe prioritisation of

future research inprostate cancerscreening.
The initial work tasks werestructured into two phases:

Phase 1: Adaptation and <calibration of SCHARR’
reflect the natural history of prostate cancer This phase focused on evaluating the
cost-effectiveness of ondime PSA screening in men at average risk, and

separately, a onetime screening for highrisk men, analysed as singlage cohorts.

Phase 2: 1) Assessment of the coseffectiveness of PSAased screening in men
aged 45-70, with screening intervals stratified by individual risk profiles derived
from initial PSA levels, age, ethnicity, and family history2) Evaluation of cost
effectiveness of Stokholm3 algorithm for men with the Charlson comorbidity

score of below 3

The Phase 1 report was submitted to the NSC in October 202Based on the
findings from Phase 1 and feedback from the NSC expert group, the Phase 2
analysis was refined to address identified constraints and improve alignment with

policy needs.
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This Phase 2 report presents the full modelling methodology and describes the

updates and enhancements made following the completion of Phase 1.

In Phase 2, the research team recalibrated the model to improve its fit to
epidemiological data. The team then conducted analyses of single PSA screening
at different ages and subsequently evaluated the cosffectiveness of repeat PSA

testing at the mostcost-effective ages identified.

Next, the team assessed the cosffectiveness of riskstratified screening, in
which invitations for repeat testing were determined by the PSA results from the

initial screening round.

Finally, the research team explored the feasibility of modelling the Stockholm3
algorithm. However, accurate simulation of this intervention required more
detailed data than were available in published sources. The team contacted the
corresponding authors of the Stockholm3 trials (see the Conceptual Modelling
section); however, due toconfidentiality of Stockholm3 data andthe imposed
restrictions on sharing modelling outcomes the UK NSC and the research team

jointly decided to exclude Stockholm3 from thecurrent evaluation.

14



4. Definitions ofmodelling outcomes

The model structure represents the natural history of prostate cancer, with
additional modules for symptomatic diagnosis and screening diagnosis layered

on top.

Parameters describing disease onset and progression are used as model inputs
and are calibrated to current epidemiological data (see Calibration section).
Stage and agespecific survival are also included as model inputs (see Survival

section).

The model produces outputs including cancer incidence, canceelated deaths,

and total deaths.
4.1 Predictions of benefits of screening

The model is a stageshift model, meaning that the benefits of screening arise
from detecting cancer earlier- before it progresses to more advanced stages with
higher stagespecific mortality. In other words, screening leads to earlier
diagnosis for somemen in the model, resulting in improved survival, since late

stage cancers generally have lower survival rates than eartage cancers.
Consequently, screening benefits are reflected through:

1 A shift in the stage distribution at diagnosis (a higher proportion of early
stage cancers), and

1 A reduction in prostate cancer deaths.

The model predicts:

1 Life years saved (LYS)

1 QALYs

1 Distribution by stage and grade at diagnosis

1 Number of deathsoccurred over a specified time horizon.

4.2. Predictions of screening related harms

The model represents how prostate cancer develops over time and how
screening can change its course by detecting cancer earliest concept known as

a stage shift. Screening benefits some men by identifying cancer before it
15



progresses to more advanced, hardeto-treat stages. However, not everyone
benefits equally. Some cancers grow so slowly that they would never have
caused symptoms or death, and older men may die from other causes before

cancer becomes lifehreatening.

The model also captures the potential harms of screening, focusing on two main
types:

1T Fal se positives, where the test suggest:
1 Overdiagnosis, where real cancers are found but would never have

caused harm during a man’s | ifeti me.

Al t hough the model does not simul ate every
up pathway after diagnosis, it assigns average costs based on the cancer stage,

age, and time since diagnosis; utilitiesi.e. HRQoL values) based on stage at

diagnosis, and an annual probability to die from cancer based on age, stage at

diagnosis, and time from diagnosis.

Importantly, the impact of cancer diagnosison HRQoLcaptures the negative
impact of screening and negative impact of cancer diagnosis in generi&len
diagnosed with prostate cancer experience a reduction in HRQoL due to both the
physical and emotional burden of the disease, as well as treatmerdlated side
effects such as erectile dysfunction, urinary incontinence, fertility loss, pain,

bleeding,infection, and other complications that reduce wellbeing.

As a result, some men experience lower quality of life without living any longer
illustrating that screening, while beneficial for some, can also cause harm for

others.

False positive diagnosis

Screening may result in falsgositive diagnoses, meaning that prostate cancer is
diagnosed in men who, in reality, do not haveancer. In the model, men with
false-positive diagnoses experience a decrement in HRQoL due to the
psychological and physical impact of the diagnostic process, but they cannot die

from prostate cancer.
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Overdiagnosis

Not all cancers lead to cancerelated death. Some cancers would remain

undetected throughout a patient’s | ifeti me

cause no symptoms or harm. These are defined as overdiagnosed cancers.
In the model, overdiagnosiss the model output andis estimated as:

(Incidencein screeningarm —incidencein standard care arm)/number of screen

-diagnosedcancers

This means that overdiagnosed cases in the modegpresent the proportion of
allscreend et ected cancers that would not have <c
lifetime,and t hey wi loverdiagnoskdt decétruoases” and “f &

positive cases

HRQoL decrements

Each individual in the model has an assigned HRQoL value derived from HSE
data, reflecting age, ethnicity, indices of multiple deprivation, and other relevant

factors.

1 Men undergoing biopsy experience a temporary decrement in HRQoL to
capture the negative impact of this invasive procedure.

1 Men diagnosed with prostate cancer experience an additional HRQoL
reduction, which is greater for more advanced disease stages.

1 All men with diagnosed cancer receive an HRQoL decrement, regardless

of whether the cancer is overdiagnosed.

For further details on the HRQoL impacts of screening, see Section 5.10: Utilities.
4.3. Predictions of resource uaad costsn screening

The model also estimates:
1 Screening costs,
1 Diagnostic costs associated with followup of screenpositive cases, and
1 Treatment costs for all diagnosed cancers.

Resource use predictions include:

1 Number of PSA invitations and tests,

17



1 Number of multiparametric magnetic resonance imaging (mpMRI) scans,
and

T Number of biopsies required for followrup of screenrpositive cases.

4.4. Predictions of cost effectiveness of screening

Predictions of the costeffectiveness of screening are primarily based on the

incremental net monetary benefit (NMB), calculated as:

l ncrement al NMB = (Il ncrement al QALYs x Thr
It is interpreted as follows:

Positive values (above 0): the intervention is coséffective

Negative values (below 0): the intervention is not coseffective

The decision thresholds of £20,000 per QALYs was used in the model. The choice

of the threshold was based on the previous NICE evaluations of screening

technologieswith the assumptions that lower thresholds should be used in

models with higher uncertainty, such as screening models.

Incremental NMB was selected as the primary health economic outcome instead
of the incremental costeffectiveness ratio (ICER) due to the high modelling
uncertainty in the natural history disease models. This approach allows
uncertainty to be incorporated not only in the mean values of the summary
measures (i.e. mean ICERs and mean NMBs in probabilistic analyses) but also in
their credible intervals, which is more straightforward to estimate for NMB than
for ICER.
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5. Summary ofmethodologicalchangesin phase 2work

This section provides a brief overview of the key methodological changes in
modelling the natural history of prostate cancer and screening. For a more
detailed description of the methods, please refer to the relevant sections of the

report.

1. Distribution of Prostate Cancer by Age and Stage
In Phase 1, agepecific incidence rates by stage were sourced from Public
Health England, based on data from 20:2014. In Phase 2, the incidence
by stage was assessed by combiningore recent data from NHS Digital
(2021) and CMA Stage (201:32021).

2. Survival by Age and Stage
In Phase 1, the assumption of 100% survival for stages 1 and 2 hindered
effective extrapolation beyond the 5year period. In Phase 2, survival
estimates for stages 1 and 2 were derived from the ProtecT trial, which
provided 15 years of followrup data.Cancerspecific mortality across all

stages was extrapolated ovea 70-year horizon.

3. Gleason Grade Group (GGG) Distribution
In Phase 1, the GGG at cancer onse&ts based on GGG #ie time of
diagnosis In Phase 2, data on GGG progression over timere usedto
recalculate the proportion of patients with GGG1 at the time of cancer

onset.

4. Costs
Costs were extrapolated over a lifetime to align with survival and
surveillance extrapolations. Palliative care costs were attributed not only
to prostate cancerdeaths but also to deaths from other causesnd were

readjusted by age

5. Utilities by Stage
For calculating utility multipliers, Phase 2 used the recent EEPRU report
by Alava (2022) as the referace population, replacing the Halth Survey
for England - HSE(2018) reference values Thisapproachaligns with
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NHSD utility values reported for 2022. The utility multipliers were

separated into those for the first year and subsequent years.

. Prostate -specific antigen (PSA) Accuracy

Unlike Phase 1, Phase 2 accounted for the agsated increase in PSA
values inboth non-cancer and cancer populationsin Phase 2, test
positivity was determined by whether an individual's PSA level-
modelled as a function of age and disease stateexceeded the PSA
threshold.

. Knowledge of Breast Cancer Gene BRCA Status
In Phase 1, screening iBRCA1 and BRCAZ2 carriers assumed their BRCA
status was known. Phase 2 introduced a probability model for the

likelihood of BRCA status being known by a given age.

. Simulated population

For the Phase 2 analysis, the simulated population was based on a
combined dataset from the HSE 2018 and 2019, rather than using the HSE
2018 population alone.Considering that someprostate cancercases have
avery long sojourn period, the age of the simulated population to
reconstruct natural history was lowered from 30 years to 20 years to

have a longer burn out period for the model.
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6. Modelling methods

6.1. Generalapproach tomodeldevelopment
The model development dividel the approach into two parts: conceptual model

development and mathematical model development.

6.1.1. Conceptual modelling

The conceptual modelling approach followed the guidance for economic

evaluation of complex interventions and public health modellingby Squires

(2016)[1] and used problemstructuring methods within a stakeholder

participative process. Stakeholders were classified into three groups: people

benefiting from the intervention (lay audience and patient representatives,
“customers”), p e o p Iryeof thennterwdntioms énd itha systeme del i v
within which the intervention acts (general practitioners [GP$ and diagnostic
experts,, afidapedpe rw#th’ the power to approve or cancel the

i ntervention (the UK National Scatatieee ni ng Co
of all these groups were invited to the stakeholder meetings in May 2023to

conceptualise modelling of the naturahistory of prostate cancet

The stakeholders who both accepted the invitations and participated in the
stakeholder meetings in the Phase 1 worlare listed in Table 1. The minutes from

the stakehol ders meetings, along with th
detailing how stakeholder input was incorporated into the model), are provided

in Supplementaryl.

For the Phase 2 work, the iterative approach to conceptuahtion was undertaken
with the stakeholders who provided feedbackon the core modelling assumptions
indicated in Table1. This feedback was mainly collected through email exchanges,
but also through several one-to-one meetings when required. Additionally,
several meetings were held with the developers of the Stockholm3 algorithmDr
Vigneswaran, Dr Palsdottir, and Dr Goversto discuss data access and the use of
the algorithm in the modelling work. The Stockholm3 algorithm was excluded
from the list of interventions due to limitations in the published data, as agreed

during discussions with the National Screening Committee.
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N  Name and position Phase 1 Phase 2

1 | Prof.Hashim Ahmed, Chair in Urology (Clinical) Meeting X
Department of Surgery & CancgeFaculty of
Medicine at Imperial College London

2 Prof.Jim Catto, NIHR Research Professor, Profess Meeting Meetings,
Surgery at the University of Sheffield and an emaik
Honorary Consultant Urological Surgeon at Sheffig
Teaching Hospitals NHS Trust.

3 | William Cross, Consultant Urologist, Leeds Teachij Meeting X
Hospitals NHS Trust, in Leeds
4 | DrHelen Hanson, Joint Lead Consultant Cancer | Meeting X
Genetics
5 | Amy Rylanceprostate cancetJK Meeting X
6 | Natalia Nororiprostate cancetUK Meeting X
7 | ProfDerek Rosario, Sheffield Teaching Hospital X Meetings,
emaibk
8 | Prof Adam Brentnall, Queen Mary University Lond( X Emails
9 | Prof Allan Hackshaw, Professor of Epidemiology & X Emails
Medical Statistics at University College London
10 | Prof. Chris Hyde, The University of Exeter Meetings,
emails
11 | Dr Hari Vigneswaran, Karolinska Institute (for X Meetings,
Stockholm3 algorithm) emails
12 | Dr Thorgerdur Palsdottir, Karolinska Institute (for | X Meetings,
Stockholm3 algorithm) emails
13 | Dr Tim Govers, CEO Medip Analytics (for Stockhol| X Meetings,
algorithm) emails

6.1.2. Mathematical modelling
The model isan individual-level model that simulates people with individual
characteristics defining their risks. The model was parametrised by combining
different parametrisation strategies: targeted literature searches reviewing
reference lists of the published models, stakeholder inquiries, and calibration

(described separately below).
Model parametrisation

The initial targeted literature search for the model parametersin the Phase lwas
conducted byaninformation specialist and a project modeller (AR).
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Following an initial scoping search for relevant clinical guidelines, targeted
searches were conducted using MEDLINE and Embase to identify literature
around prostate cancer (including synonyms such as neoplasms, tumours,
carcinoma, etc.) in relation to each of the relevant risk factors and swgroups

(BRCAZ2, family history, ethnicity etc.)

Database searches used a combination of controlled vocabulary (MeSH/Emtree)
and free text terms, with a focus on specificity over sensitivity; the aim was not to
identify every relevant study, but to find the best available data for the purpose of

model paameterisation.

Methodological filters were applied to the searches in order to prioritise review
level evidence; however, where no previous reviews were retrieved, or those
available were judged to be of questionable quality, primary evidence was
considered. No date or gographical limits were applied to thesearches,but

evidence was given preference on the basis of date, study size, and location.

Initial search results were sifted and selected by the information specialist. Key
characteristics of candidate studies for possible inclusion were extracted to a

spreadsheet for a final decision to be made by the modellers.

The other parameters (e.g.costs, utilities) were informed by a targeted literature
search conducted by AR and verified byM. For the Phase 2 work, additional data
identification and extraction for missing values were carried out.The key
parameter sources were presented to the stakeholderéTable 1) and updated

based on their feedback.
Model coding

The mathematical model was constructed using R programming language
(version 4.3.2). It utilised functions from previous SCHARR cancer models (MiMiC
Bowel and MiMiGBlaky), supplemented with new code and adaptations to meet

the model's specific requiremens.
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6.2. Model Structure
The model centres on the natural history disease (NHD) modules f@rostate
cancer, positing that certain risk factors influence cancer onset. Included risk
factors are age, Black (higher risk) or Asian (lower risk) ethnicity, familial history

of breast, ovarian, omprostate cancer, and being a BRCA1 or BRCA2 carrier.

At the start of each simulated cyclethe individual probability of cancer onset is
estimated for each person based on these risk factors. Each person is then
assigned to one of three mutually exclusive states: no cancer, cancer (itlkose

who had cancer onset), or noaprostate cancerdeath (i.e., othercause mortality).

Individuals diagnosed with cancer are assigned a GGG (1, 2, 3, or 4/5) at the time
of onset, influenced by factors such as age, ethnicity, and BRCA status. It is
assumed that older age, Black ethnicity, and BRCA mutations are associated with
an increased sk of being allocated a higher GGG at cancer ongadlidated by the

stakeholders during the Phase 1 work)

GGG affects the progression time of undiagnosed cancer through stages 1 to 4. The
progression time is sampled from a Weibull distribution, with the assumption of
perfect correlation—individuals who progress rapidly from stage 1 to 2 will
similarly progress quickly through subsequent stages. The impact of GGG on
progression time is modelled through multipliers, with values less than 1 for
individuals with higher GGG compared to those with GGGL1.

The next step is determining the stage of the disease and who receives a cancer
diagnosis. In a norscreening scenario, patients receive a clinical diagnosis
through symptomatic presentation, with diagnosis probabilities increasing in
more advanced canceistages. Diagnosed patients may die from cancer, and all
individuals have a probability of dying from other causes. Death from
undiagnosed cancer is assumed only for individualwith stage 4 cancer and aged
70 years or above. Clinically diagnosed patient®tflow a treatment pathway that
includes costs, utility reductions, and reduced survival compared to the general

population, with different stages having associated quality of life and costs.
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The screening module integrates with the natural history modelindividuals
diagnosed through screening follow a diagnostic pathway, and if they test positive,

they incur annual treatment expenses and associated disutilities.

Finally, model outcomes are gathered, including costéife-years saved (LYS),
QALYSs, resource use, and cancer cases. Hgifle correction and discounting are
applied to costs, QALYs, and LYS, and incremental results are estimated. The
model operates in probabilistic and deterministic modes, which can run with
different populations varied by demographic characteristics (age, BRCA mutation,
ethnicity, and familial risk) to analyse the impact of the PSA test. The functional
order of the modelling processes dring each cycle is shown in Figure 1, and the
NHD part of the model is illustrated inFigure 2.

CAIdzNBE MY CdzyOaz2ylf 2NRSWN2RE dAXKBdzZYRKGA{AKS LINER)
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HSE population: age, sex (males), IMD, 850, ethnicity, weighting

\ 4

Assign BRCAL,2 status and link the status to the HSE data

\ 4
( )

Assign breastprostate, andovarian cancer familial risk (based on BRCA status) and
link the status to the HSE data

\ S
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Calculate age when the familial history of cancer becomes known

\ 4

Calculate age when the BRCA status becomes known

\ 4

Calculate individual PSA values by age and stage (no cancer, low grade, high grad:
overp e r s ldetimes
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Sample individualtransition probabilities based on individual

v

Sample model state: No cancer, canc@ther cause(or
undiagnosed)mortality

If prostate
canceronset

Assign GGG

v

Assign t to progression across the stages for undiagnosed cancer

Sample symptomatic detection

Sample screening detection [if run in screening mode]

Diagnosed

Not Diagnosed

Sampleprostate cancermortality

Assign costs

Assign utilities
Record outcomes
v

Update age and individual risks
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3. Model Population
6.3.1. Baselinphenotypiccharacteristics

The model baseline population is composed of individuals from the HSE 2018 and
HSE 2019, an annual survey which is designed to provide a snapshot of the
nati on’ s h ghelearl2018 was selecied ds It ig the most recent dataset
that included population baseline quality of life values. Individuals aged under 20
were excluded from the model. The individual phenotypic attributes extracted
from HSE for use in the model inclded age, ethnicity, EuroQot 5 Dimensions
(EQ5D-3L), and indices of multple deprivation (IMD) quintile (a measurement of
socioeconomic deprivation). The survey weights have been calculated by the HSE
to enable adjustment of the sample so that it matches national population
estimates of age, correcting for nofresponse, and theeby making the sample

more representative of the English population.
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6.3.2 Missingdata for phenotypiccharacteristics

In the Phase 2 work, the HSE 2018 dataere supplemented with HSE 2019, to
provide a larger initial sample. The EE€D scores, which were not present in HSE
2019, were imputed from HSE 2018. Rather than imputing each aspect of health
individually: mobility, self-care, usual activities, pain and angty, instead an

i ndi vi diDadore svas Er€ derived and then this score was imputed.

Imputation is a method to replace missing data values with an estimate. The
process used multiple imputation by chained equations (MICE) with the MICE
package in R, using predictive mean matching as the imputation method. It works
by predicting a value forthe missing data point using a regression model, then
identifying a few observed cases with similar predicted values, and randomly
selecting one to replace the missing value. The estimates were based on large
number of characteristics available in both HE 2018 and 2019, includingbody
mass index smoking status, alcohol consumptioand IMD quintile. The mean EQ
5D scores between HSE 2018 and 2019 were compared to ensure that the

imputation was realistic.

Values were missing for some of the variables in some individuals. There were a
small number of missing values for ethnicity, as well as a number of missing EQ
5D values. These were both addressed in the imputation process. This process
used the same HSEharacteristics to impute the EQ5D scores from HSE 2018 to
2019.

In addition to this, HSE 2018 and 2019 reported age in-ear categories rather
than as a continuous variable. To impute continuous age values, we used data from
HSE 2014 (the last year with continuous age reporting) as a reference. Instead of
randomly sampling from a uniform distribution within each age band, as was done

in Phase 1, we used HSE 2014 to inform the imputation process in Phase 2. This
process also involved creating a new variable in HSE 2014 cf/@ar age categories
based on the continuous HE 2014 age variable to match those in later years. The
characteristics used in the imputation were sex, IMD quintile, ethnicity, height,
weight, and the categorical age variable. This allowed us to impute continuous
ages for HSE 2018 and 2019, with checks to ensure they remained within their

respective age categories.
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6.3.3 Selecting the target population

All imputations for missing values were conducted before subsetting the HSE
2018 and 2019 population to the target population. Selecting the population by

sex (males only)aged over 20resulted in a sample of 6,217 men.

6.4. Risk Factors for cancer onset

The risk factors incorporated into the model include a range of variables, such as
the presence of BRCA1 or BRCA2 mutations, familial predisposition to prostate,
breast, or ovarian cancers, ethnicity, and age. The risk pfostate canceronset at

various ages is derived from calibration and is elaborated upon in the

corresponding section below.
6.4.1 Ethnicity

Ethnicity data are available for the HSE populatioff] . In the HSE, ethnicity is self
reported, meaning individuals identify their own ethnic background. The survey

uses a standard set of nationally recognised categories, including:

1 White (British, Irish, Gypsy or Irish Traveller, Other White)

1 Mixed/Multiple ethnic groups (White and Asian, White and Black African,
White and Black Caribbean, Other Mixed)

{1 Asian/Asian British (Indian, Pakistani, Bangladeshi, Other Asian)

1 Black/Black British (Caribbean, African, Other Black)

1 Other ethnic group (Chinese, Arab, Any other)

In the model, the Black population is defined in alignment with the HSE
classification, as the model is based on HSE population characteristics. The model
does not explicitly account for differential cancer risk among mixed ethnic groups,
as the proportions of specific combinations (e.g., White and Asian, White and

Black, or other) are not available.

Research conducted by PereZornago et al (2017)[3] using UK Biobank data
indicates notable disparities in cancer incidence hazard ratiofHR) across ethnic
groups. Specifically, compared to individuals of white ethnicity, those dBlack
ethnicity exhibited a HR of 2.61, 95% CI (2.103.24), while individuals of Asian
ethnicity demonstrated a HR of 0.62, 95% CI (0.470.83)[3]. These HRs were
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estimated using minimally adjusted Cox regression models. The ethnicity
categories in that study correspond closely to those used in the current model,

with the Black population defined separately from Mixed ethnic backgrounds.

The authors also reported an HR of 0.95 (95% CI: 0.55.64) for individuals of
Mixed ethnicity. However, this subgroup represented only 0.7% of the study
population, corresponding to just 13 prostate cancer cases. Given this very small
sample size, the reslting uncertainty is substantial, and there is no evidence of
elevated prostate cancer risk in this group. Therefore, the Mixed ethnicity

category was not modelled separately in the current analysis.

6.4.2. BRCAL or BRCA2 mutations
The HSE dataset does not contain genetic information.

Actual BRCAL1,2 status allocation

Data on the frequency of BRCA1 and BRCA2 mutations were sourced from NHS
England estimates, validated by consultant geneticist Dr Helen Hanson. Each
individual in the HSE dataset was randomly assigned a binary category for BRCA1
or BRCA2 mutations (1 for laving the mutation, O for not), based on the
prevalence rates (1 in 381 for BRCAL and 1 in 277 for BRCA2) and assuming
independence of risk4] .

Casecontrol studies included in the review of Nyberg et all (2022), provideodds
ratios (OR)for prostate cancerassociated with these mutationgthe study reports
relative risk but as it was clarified with the authors actually provides odds ratios
instead): OR of 2.12 95%CI (1.054.30) for BRCA1 andOR of 5.83 95%CI (3.64
9.32) for BRCAZ5] . For the use in the model, the HR were calibrated to predict the
reported OR for the incidence of thd’C as it is reported by Nyberg et a(2022).
TheseHR .42, 95%CI (1.93; 3.05) for BRCAL and 4.45, 95%@l31; 4.59) for
BRCA 2)were used in the model as the assumedaétual’ relative risk of prostate
cancer in the population. Based on feedback from DrHanson (see the
stakehol de itwds als assumedtm) having both mutations does not

increase cancer risk beyond the highesisk associated with BRCA1 or BRCAZ2.

The HR for prostate cancerdue to BRCA mutations is not modifiable, as it is an

inherited genetic risk. However, the impact of age should be considered when
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informing this parameter. Prospective studies often report "known" rather than
“actual’ relative risks due to selection criteria and observation periods. For
instance, Nyberg et al. (2024p] found higher risks for BRCA mutations in
individuals under 65 years compared to those over 65years, driven by
prospective observational studies. This reflects the earlier onset of cancer in

individuals with genetic risks.
Known BRCAlgtatus

Knowledge of BRCA1,2 mutation status tends to increase with age. To estimate the
probability of individuals knowing their BRCA1,2 status at a given age (assuming
they are carriers) we used data from a study by Forde et al. (202®), which
examined the uptake of presymptomatic genetic testing among relatives of
individuals with confirmed BRCA mutations in West Englanfé]. Agespecific
probabilities of BRCA testing(Table 2) were derived from the study and used to
calculate cumulative probabilities of BRCA status awareness by age, based on the

following assumptions:

T The probability of knowing one-38 BRCA

was assumed to be equal to those under 29;

1 Cumulative probabilities for the 30-39 and 4049 age groups were set
egual to the respective grouplevel probabilities reported in Forde et al.
(2020)[6];

T For individuals aged 50 and above, the cumulative probability of knowing

S

one’s genetic status was assumed to mat

those aged 5659.

1 The age of knowing ons BRCA status was sampled using uniform
distribution within the allocated age group, based on cumulative

probabilities.

It should be noted that, due to the rapid rise in genetic testing uptake in recent
years, these estimates likely underestimate current levels of BRCA1/2 status

awareness.
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Age groups Number of | Number of people Probability Agein Cumulative
in the people in | tested pre of being g[] probabilities
study, the age symptomatically tested model, in the

years group years | model

<18 101 33 0.32673

18-28 376 91 0.24202 20-29 | 0.25996
29-39 519 143 0.27553 30-39 | 0.27553
40-49 567 185 0.32628 4049 | 0.32628
50-59 470 166 0.35319 50- 0.35319
60+ 521 157 0.30134

6.4.3. Family History of prostate, breast, and ovarian cancers
HSE does not contain any information about family history of prostate, breast, or
ovarian cancers.Although family history can be defined in several ways, for the
purposes of this model it was defined as having one or more firgtegree relatives
previously diagnosed with any of these cancers. While familial risk is
heterogeneous, no prior studies havewaluated the costeffectiveness of screening
in men with familial risk considered as a single group. Therefore, in this model,
familial risk was defined broadly as having a firstdegree relative diagnosed with

breast, ovarian, or prostate cancer at any age or stage.

Family history of cancers is also correlated with BRCA mutations; this means that
family history should not be allocated randomly in the population when BRCA
mutations are randomly allocated and that we need to inform the model with the
data on lifetime diagnosis of cancers in the presence and absence of BRCA
mutations. Family history is correlated with age; however, it would be incorrect

to model individual risk levels changing over time due to changes in family history,
when in fact it is the knowledge abut familial risk that changes, not the risk itself.
Instead, two different family history variables were modelled corresponding to
true family history and known family history, with true family history used to
influence the modelled natural history of prostate cancerand known family

history used to calculateprostate cancerrisk in risk -stratified screening.
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Actualfamilial risk allocation

True familial risk for all three cancers is allocated the following way. Firstly, we
estimate the lifetime risk of cancers in general population (15.3% fobreast, 2%
for ovarian, 17.9% forprostate cancel) and in population with BRCA mutations
(70.26% for breast, 28.37% forovarian, and 46.95% forprostate cancerbased on
Petrucelli et al (updated 2023)[7]). Since part of the risk in general population is
still attributed to BRCA mutations, we calibrated the lifetime risk irthe non-BRCA
population by using a synthetic population with the risk in BRC#oositive people
asadeterministic value and predicting the general population values as reported
in the review. The calibrated lifetime cancer probability values for norBRCA
carriers are: prostate cancerfor men 0.17895; ovarian for women 0.0197; breast

cancerfor women 0.1525.

Secondly, we calculated ira similar way the probability of a person havinga
mutation conditional on the BRCA mutation in their relatives. If an index person
(a person from HSE population) has mutation, each of their relatives hasa 0.5
probability of also having a mutation. If the index case has no mutation, the
probability for their relatives to have a mutation is lower than the average
prevalence of the mutation. To estimate this probability, we calibrated it using
fitting approach to predict the total prevalence of BRCA mutations in the
population. The calibrated parameter of probability to havea BRCA mutation if

one of the first-degree relatives has no mutation is 0.00413478.

Thirdly, we calculated the lifetime probability of having at least 1 relative with
cancer conditional on having or not havinga BRCA mutation. To do thiswe
assumed the average number ofsldegree relatives for each HSE person (2.7 first
degree relatives i.e.parents and siblings]8], half of those are males and half are

females.

The probability to have a familial history based on a BRCA status for a person in

HSE was calculatedh the following way:
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Where N of relatives number of relatives of the relevant sex (1.35 for males and

females), P of cancer/BRC#orobability of a relative to have cancer conditional that

they havea BRCA mutation, P of cancer/no BRArobability of a relative to have

AAT AAO AT 1 AEOEIT AT OEAO OEAU AT160 EAOA "2
The calculated probabilities to have familial history for three cancers based on the

BRCA status of a person in HSite reported in Table 3.
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Cancers Probability of the lifetime Probability of the lifetime risk of
risk of having at least 1 having at least 1 relative with

relative with cancer if HSE = cancer if HSE person has no BRC/
person has BRCA mutation mutation

Breast 0.5028 0.2027
Ovarian 0.194%6 0.02P
Prostate 0.404 0.2351

Cancer risk based on familial history

Severalreviews reported asimilar increase inprostate cancerrisk associated with
a family history of the diseas¢3, 9, 10]. A more recent systematic review by Perez
Cornago et al. (2017) estimated the HR for individuals with a family history of
prostate cancer(compared to those without) as 1.94 95%CI (1.7742.13)[11].

For breast cancer a systematic review and metanalysis by Ren et al. (2019)
found that having a firstdegree relative with femalebreast cancerwas associated
with a RR of 1.18 (95% CI: 1.1:21.25). To estimate the effect of a family history of
breast canceron the risk of prostate cancer we used a lognormal distribution
calibrated to reflect this risk relationship. The calibrated parameterswere log
mean = 0.1687, log standard deviation = 0.004797, corresponding to a mean HR
of 1.2344[12] .

There was no highquality data available on the familial risk ofprostate cancer
among relatives of individuals with ovarian cancer However, BeebeDimmer

(2020)[13] reported a combined prostate cancerrisk estimate for relatives of
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individuals with breastor ovarian in a USbased population, with a reported RR of
1.47 (95% CI: 1.43-1.50). Using this, we again applied a lognormal distribution
and calibration approach to estimate the risk ofrostate cancerconditional on
having a relative with ovarian cancer The calibrated parameters were: log mean
= 1.2395, log standard deviation = 0.006221, yielding a mean HR of 3.45401

Known familial risk

The data on the correspondence of true familial history and known familial history
by age is not available. Thus, the assumption was made that the age impact on the
known familial history is similar to that for colorectal cancer in the MiMiCBowel
model, which was obtained from UK Biobanld4]. This does not mean that the
familial risk of prostate cancer was based on colorectal cancer data, but that the
correlation of having familial history of cancer and knowing about their familial
history of cancer for prostate cancer was estimated using theotorectal cancer
trends. The impact of age in the model was estimated through fitting a linear
model to all data points between the 3640 and 66-70 age groups from the UK
Biobank data (Figure 3). Known family history was assigned to a subset of the
individuals with true family history, corresponding to the age at which a risk
model might be used to estimate cancer risk (ranging between age 30 and 70,
depending upon model user input). It was assued that by the age 70 yearsll

people with familial risk were aware oftheir risk status.
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6.5. Risk factors for progression of undiagnosed cancer

In the model, it was assumed that characteristics such as age, Black ethnicity, and
BRCA 12 carrier status influence not only the onset of cancer but also its
progression. The impact of these risk factors on the progression of undiagnosed
cancer was modelled through the GGG pathway. Specifically, tie for each factor
was used to determine an individual's likelihood of being assigned to a higher GGG
category at the time of cancer onset. For patients who developed cancer, a GGG
value was sampled at the tine of onset, with the assumption that the GGG would
remain unchanged thereafter. TheHRs were treated as norcumulative, meaning
that if multiple risk factors applied to an individual in the HSE dataset, only the
highest associated risk was considered. For example, a Black BRCA carrier would
have the RR for BRCA carriers, rather than for &k ethnicity. This assumption
was introduced after testing showed that multiplyingHRs (as is done for cancer
onset) led to unrealistic outcomes. Altalculatedprobabilities were subsequently

normalised to ensure they summed to 1.
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6.5.1. Allocation of GGG by age

To estimatethe GGG distribution at the time of onsewvas based on data from the
NHS Digital (2020)[15] (Table 4).

In the model, data fromTable 4 were used to calculate the probabilities of having
agespecific GGG. It was assumed thptostate cancerwith an onset at age 20
would have the same GGG distribution as at age 35. Simrestate canceronset
among nonBRCA carriers and those without familial risk at age 20 is rare, this
assumption does not significantly impact the model. For all other ages, the
probabilities were recalculated under the assumption that cancers classified as
"unknown" grade had an equal likelihood of being GGGHL The data were also
adjusted with the analysis of Sheridan (2008) surveying stage T1c patiernis].
The update was conducted to match GGG distribution at the time of onset and not
the diagnosis since it is likely that there are more lowergrade tumours in
undiagnosed cancer. Sheridaet al. (2008) followed up the patients for 5 years
and reported that 18.7% of patients in GGG1 progressed to higher groups. The
values were adjused by assuming that 18.7% of cancers diagnosed as high grade
were low grade at the time of onset and that unknown GGG cases are equally
distributed across the GGGIiable 5.

It was noted by the clinical experts that since thsedata are from 2020 it could
possibly be affected by the Covid pandemidowever, no older data could be
identified.
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Gleason Grade Groups
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Age, lower bound, years 1 ‘ 2 ‘ 3 ‘ 4&5 Unknown
35* 33.3% 38.5% 5.1% 7.7% 15.4%
45 30.7% 39.5% 12.4% 10.8% 6.5%
50 27.0% 41.3% 10.0% 15.8% 5.8%
55 25.5% 36.9% 13.0% 17.9% 6.7%
60 22.2% 33.5% 15.0% 21.9% 7.4%
65 19.4% 34.2% 15.1% 23.0% 8.3%
70 14.5% 28.3% 17.3% 27.8% 12.2%
75 11.5% 25.6% 15.5% 27.6% 19.7%
80 5.4% 10.4% 8.1% 21.6% 54.5%
85 1.7% 3.5% 2.4% 8.5% 83.9%
90 0.5% 0.5% 0.3% 2.5% 96.3%
c4EEO EO A Ai T AETAA Ai EI 00 AO NAIE® &® HI O4
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Gleason Grade Groups

Age, years 1 2 3 4 &5

20 0.55 0.15 0.06 0.24

35 0.55 0.15 0.06 0.24

40 0.50 0.42 0.02 0.05

45 0.45 0.38 0.09 0.07

50 0.42 0.40 0.06 0.13

55 0.40 0.35 0.10 0.15

60 0.38 0.32 0.12 0.19

65 0.35 0.33 0.12 0.20

70 0.32 0.27 0.15 0.27

75 0.30 0.27 0.14 0.29

80 0.30 0.27 0.14 0.29

85 0.30 0.27 0.14 0.29

90 0.30 0.27 0.14 0.29

100 0.30 0.27 0.14 0.29
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6.5.2. Allocation of GGG by ethnicity

In the model, the probability of being in one of the GGQ&ategories is also
dependent on Black ethnicity status. The model assumes that the probabilities to

be allocatedto each GGG for ethnicitiesther than Blackare the same as for White
ethnicity. The RR of being in GGG2 vs GGG1 and in G&E&3GGG1 fothe Black
population are informed through the US crossectional study using Medicare

data (Navarro et d. 2022)[17]. This study reported that people of Black ethnicity

were 76% more likely to be diagnosed with a Gleason grade score of 7, as opposed

to 6 (OR = 1.-22.80),and weére 78% more likely ® Be diagnosed

with a Gleason grade score of & 0 (OR3 ,= 95% -E£48). Wel. 21
considered that this correspondso GG@ and GGG, respectively.

In the model, these values were used to first calculate the probabilities of being in
GGG 2 and higher GGG categories for the fBliack population, using population
weights for both non-Black and Black groups in the HSE, as well as a matrix of GGG
probabilities by age. For example, the probability of being in GGG 2 by age for the

non-Black population was calculated as follows:

0 00 Q@

0 i1t ARG - .
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Then, the RR of GGG=2for Black versus nonBlack individuals was applied to the
matrix of GGG probabilities for the norBlack population to calculate the weighted
risk for Black ethnicity. All probabilities were normalised to ensure they summed
to 1.

6.5.3. Allocation of GGG by BRCA status

For people with BRCA mutations, the model uses the RR of being in GG&V3
GGG lbased orthe random effecs model in the systematic review of Nyberg et

al. (2022)[5]: 1.59, 95%CI (1.022.49) and 4.94, 95%CI (3.546.96) for BRCA1
and BRCAZ2 carriersrespectively. It was assumed that the increased risk of a
higher GGG for BRCA mutations does not vary with age, as applying the RR already
resulted in a nearzero probability of being classified as GGG 1 for BRCAL carriers.
All the transition probabilities were normalised to 1 to avoid implausible
(negative) transition probabilities.
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6.6. Naturalhistory ofprostate cancer

The natural history module of the model relies upon cancer onset, cancer

progression, and cancer survival.
6.6.1. Probability of cancer onset

Cancer onset is dependent on age, BRCA mutation, ethnicaétgd true familial risk
(i.e., the other genetic mutations), as described in the previous sections. For binary
characteristics (BRCA1, BRCAZ2, familial history), the individual valweas 1 for an
individual possessing those characteristics, and 0 for an individual not possessing
the characteristics, with the population mean value representing the proportion

of people with the characteristic in the population.

Considering the nonlinear relationship between age and the diagnosed incidence
of cancers, the relationship between the age, other risk factarand the risk of
cancer onset was modelled using multiplications of thélR (where age impact is
informed by the calibration while impact of other factors directly by dataas

describedabove). The risk by age isssessed as:
I QHBOQ OQQ
Where age20y z risk of prostate canceronset for20-yearsolds.

The HR impacting disease onset by demographic factors was multiplied by the
probability of cancer onset for a white man without familial history and BRCA

mutations.
6.6.2. Time of progression across TNM stages

The allocation of cancer stages according to the TNM categories is conducted in

the model probabilistically by sampling the time required to reach each stage from

a distribution with a calibrated mean. This time was stochastically drawn from a

Weibull distr i buti on, with considerations for the

shape (k), and computed scale (lambda).

0 OadOQG——r 5
Ona a7

It was assumed that the mean time of progression across the stagesimrter in

higher GGG. This was implemented in the model by adjusting the mean time for
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people in GGG -5 with the calibrated multipliers, which are lower than 1 (the
multiplier for the GGG1) for GGG-8 and are lower in higher GG&compared to
lower GGG. These assumptions mean that on averagmpulation groups with a
higher probability of having ahigh GGG (Black and BRCAZ, carriers) will have

more aggressive cancer that will progressnore quickly across stages 1 to 4.

People of Black ethnicity and BRCA/ 2 carriers, on average, are diagnosed with
more advanced cancers, resulting in lower survival rates compared to individuals

of other ethnicities or non-carriers of the BRCA 12 mutation.
6.6.3. Survival

Net survival is presented in the available datasets and is used as an estimate of the
cancerspecific survival of cancer patients compared with the background
mortality that patients would have experienced if they had not been diagnosed
with cancer. Net survival is therefore the probability of survival solely from the
risk of death from cancer. The majority of datasets use the PohBerme estimator

of net survival, which accounts for informative censoring bias. Occasionally, net
survival greater than 100%can occur if the survival experience in cancer patients
due to cancerrelated risk is greater than the survival experience of the general

population, for instance due to improved health monitoring or lifestyle changes.

Several sources of survival information were available and contained different

stratifications of the population and differential follow-up durations, Table6. The
PHE dataset was selected as the most informative data sourdkis is discussed

further in the following section.
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Adults diagnosed between 2013

Details

and 2017 and followed up to
2018

Survival by age and stage, provided g
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Comments

years 1 and 5.

Predicted survival by age only at 10
years.

PHE19]

Adults diagnosed 2014 to 2018
and followed up to 2019

Survival by age and stage, provided g
years 1, 2, 3, 4, 5. Missing data for
years 25 for stage 1 784, stage 2 65
74 and 7485.

Get Data OuR0]

Staging is not according to TNM stag
I-IV. There would be large uncertainty
in mapping the stages to the TNM
scale.

NHS DigitdP1] Most recent data from NHS Survival by age in table 1, survival by
digital. Cancer Survival in stage in table 2. No dual stratification
England, cancers diagnosed 207 of survival present.
to 2020, followed up in 2021

PHECRUIRR2] 10-year cancer survival by stage| Difference in population (East of

for patients diagnosed in the Eas
of England, 2007 to 2017

England as opposed to England).

Data availability

Pyl tean

The PHE dataset provides the net survival at years 1, 2, 3, 4, and 5 stratified by age
and stagewith data summarised inTable 7. This dataset was therefore used for
the extrapolation of the net survival for stages 3 and 4. It is notethowever that

the data for stages 1 and 2 was incomplete. Additionally, the net survival for stages
1 and 2 was predominantly above 100%, even at later time points for these stages,
which made any attempt at net survival extrapolation result in net survivhequal

to, or greater than 100%. Therefore, the PHE dataset was not used for the

modelling of net survival in stages 1 and 2.
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Time since diagnosis (years)

1 2 3
1 1554 99.7 99.8 99.8 99.7 99.3
5564 100.2 100.4 100.6 100.6 100.5
6574 100.4 100.7 101.1 101.4 101.9
7584 101.6
8599 103.6 105.6 104.2 102.4 97.7
2 1554 100.1 100 100.1 100.3 100.2
5564 100.2 100.3 100.5 100.7 100.6
6574 100.6
7584 101.5
8599 101.9 103.4 100.5 101.3 92.7
3 1554 99.8 99.8 99.3 99 97.8
5564 100.2 100.1 99.7 99.2 98.4
6574 100.4 100.3 99.7 99.1 98.6
7584 100.9 100.5 99.8 98.8 97
8599 100 97.9 90.7 87.1 78.8
4 1554 93.2 80.4 70.5 61.9 56.7
5564 94.1 83.6 73.4 64.9 58.8
6574 91.1 80 70.1 61.5 54.7
7584 84 69 58.5 50.6 43.4
8599 70 51.6 41.5 33.9 271

, ACA @A O ET OAA ET AEAAOA A1 OOEAO xEOE | EOOET ¢ AAOAS
The ONS dataset provided-land 5year net survival stratified by age and stage,

with data summarised inTable 8. This dataset was used for comparison and to
supplement data for the groups with missing net survival for yeard and5 in the

PHE dataset. The ONS dataset also provided 10 year predicted survival stratified

by age (not stage)this was considered for validation.
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Time since diagnosis (years)

Stage Age 1 5

1 1554 99.6 99.1
55-64 100.1 100.3
6574 100.4 101.4
7584 101.3 101.5
8599 103.1 91.6

2 1554 100.0 100.2
55-64 100.2 99.8
6574 100.5 101.6
75-84 101.1 102.0
8599 100.3 89.7

3 1554 100.0 96.9
55-64 100.3 98.6
6574 100.4 98.2
7584 100.5 95.8
8599 99.4 71.2

4 1554 92.8 54.1
55-64 93.2 554
6574 90.7 54.3
7584 83.2 42.0
8599 67.9 24.8

Survival in stages 1,2

The assumptions on survival in stages 1 and 2 changed in the Phase 2 work based
on the consultations with the clinical experts and the NSC feedback. Since the ONS
dataset had a maximum of two followup times, and resulted in extrapolated net
survival closeto 100% irrespective of follow-up time since diagnosis (considering
100% survival at the longest followup time of 5 years in ONS and PHiatasets),
alternative data sources were used for stages 1 and 2. The longest folloyy data
were available from the ProtecT trial conducted in the UK in 19992009,
including 82,429 men aged 5069 years. In the ProtecT trial, net survival was
reported at 10 and 15 years. The reported 1fear survival rates in ProtecT trial

were: Stagel —98% and Stage 2—95%][23]. Considering the data limitation, the
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modelling assumptions considered that theprostate cancerspecific survival in
stages 1 and 2 is agedependent, however, for stages 3 and 4, survival is

stratified also by both ageand stage
Extrapolation of survival

Given that the available data for stages 1 and 2, and stages 3 and érenonly

available up to 15 and 5 yeargespectively, parametric modelling was employed
to extrapolate the survival to the lifetime horizon of the model. In all modelling,
net survival above 100% was capped at 100%considering that in the model

cancerspecific mortality and other-cause mortality are simulated separately.

For stages 1 and 2, data re especially limited, with only three data points (time
0, 10,and 15 years). Therefore, an exponential model was used to extrapolate the
survival as this is the simplest of the standard survival parametric models, with

only one parameter to fit. The exponential is defined as
Yo A@b_
Where"Y0 is the net survival at time@and _ the rate parameter.

The exponential model assumes the instantaneous risk of death (hazard) is
constant. This is a fairly strong assumptiorbut due to the limited data, alternative

models which relax this assumption and have a greater number of parameters
could not be used as the associated parameter uncertainty would have been

considerable.

For stages 3 and 4, there were an increased number of data points and thus a
Weibull model, which permits monotonically increasing or decreasing hazards,
was used. The Weibull model can be defined as

0 .

“Y‘ A D G A
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Wherei '@y &di @ ¢ade'@he model parameters.

In order to fit the above models, a nofinear least squares optimisation was used
via the NLSpackage in R. It is noted that the models were féd directly to the net
survival values, not individual patient data (which were not available)therefore,
the uncertainty in the model parameters is associated with the uncertainty in the

model fit, not variation in the population.
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Point estimates of the model parameter(s) were output for use in the base case.
To facilitate the resampling of the model parameters in the probabilistic
sensitivity analysis, the parameter variance/covariance matrices were also
output. Resampling of modéparameters for the probabilistic sensitivity analysis
was conducted using a multivariate normal distribution, centred at the model
parameter point estimates, and variance/covariances output from the model fit.
The survival curve was then regenerated aceding to the exponential or Weibull

models accordingly for use within the probabilistic sensitivity analysis.

Considering that survival analysis was based only on fivgear data for stages 3,4,
several scenario analyses were conducted around survival (see section

“Description of screening scenari os
Probability of death

Based on this the probability of dying due to cancer was calculated from the

survival data as follows:
Cancer_mort(age, stage, year) z {Cancer_surv(age, stage, year) / Cancer_surv(age, stage;ipar

It was assumed that the probability of dying from cancer beyond0 years post
diagnosis was 0Based on the calibration fit (see the Calibration section), the base
case analysis in the model used only 1$ear survival data. This approach assumes
that men with prostate cancerwho do not die from the disease within 15 years of
diagnosis are subsequently at risk of dying only from other causes. Lifetin{é0

years) extrapolation of survival was explored in scenario analyses.
Mortality from other causes

Cancer mortality was subtracted from allcause mortality to retrieve other-cause

mortality.
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6.7. Calibration and validation of the model

6.7.1. Calibration parameters
The following parameters related to NHD were calibrated:

1. Probability of cancer onset at ag0 years for nonBlack, no family history
and non-BRCA carrier (P.onset).

2. Coefficient defining the impact of age on cancer onset (C.onset.age).

3. Annual probability of symptomatic diagnosis at four different stages
(P.sympt.diag).

4. Coefficient for annual decrement in symptomatic presentation aftethe age
of 70 (Symp.decr).

5. Probability to die undiagnosed after age @ years (P.urdiag.dead).

6. Mean time of progression across the stages for undiagnosed cancer and
shape of the Weibull distribution for those patients who had GGGL1.¢g for
progression from stage 1 to stage 2: Mean.t.Stl.Stll and shape.t.Stl.Stll).

7. Coefficients adjusting the means for progression for GGG2 to GGG 5
compared to GGG1 (k.WB.GGG.2, Kk WB.GGG.3, k.WB.GGG.4.5).

6.7.2. Calibration targets

The current care arm parameters of themodel were calibrated to the current

epidemiological data:

1 Incidence ofprostate cancerin England by age;

1 Incidence ofprostate cancerin England by age and stages 1 to 4;

1 Mortality by age;

1 GGQyy age and stage.

This means that clinical diagnosis in the current care arm represents a composite
outcome of three groups: men diagnosed through the symptomatic pathway for
prostate cancer, those who underwent PSA testing due to suspicion of other
diseases, and those iddified through opportunistic screening. The model was not
calibrated to retrospective data for pragmatic reasonsnd to avoid potential data
conflicts - specifically, inconsistencies that can arise when combining data sources

from different time periods, & well as to be able to reconstruct current care

47



scenario because the uptake with opportunistic screening in England is unknown

and fluctuates through years

Incidence of PC

Agespecific incidences have been sourced from NHS Digital, using the Cancer
Registration Statistics for England in 20184] (Table 9). As advised by the
stakeholders Prof. H. Ahmed, Prof. J. Cattoand Prof. W. Cross), the incidence by
age was used until age 75 years, then the average incidence betweenrll® was
used for the 75100 age group. The model assumed an increase in cancer onset by

age andadecrease in clinical diagnosis from age 75 years.
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HAwyneo
Age at diagnosis, Prostate canceiincidence rate = 95% Confidence Interval
lower bound, years
35 0.4 0.2 0.9
40 55 4.5 6.8
45 22.9 20.8 25.1
50 90.4 86.2 94.7
55 244.2 2370 251.6
60 406.8 396.6 417.1
65 7190 704.9 733.4
70 8510 835.2 867.0
75 9490 928.5 969.8
8090 714.0 683.6 744.6

Distribution ofprostate canceby age and stage

The Phase 1 work included ge-specific incidence rates by stage sourced from
Public Health England from 2012 to 2014To provide a more recent distribution

of stages, that captures the uptake with opportunistic screening, the following two
sources were combined(Table 10) in the Phase 2 work based on the feedback

from stakeholders and the Mitional Screening Committee:

1 NHS Digital (2021): Reports incidence rates for early (stages 1/2) and late

(stages 3/4) cancers by age.
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1 CMA Stage (20132021): Used to further refine the distribution by TNM

stages.

The missing stage at diagnosis was assumed to be equally distributed across the
four TNM stages. This modelling assumption was supported by consultations with
clinical experts (see Supplementary |) and is consistent with approaches adopted
in other well-established CISNET modelf25-27].

The updated data distribution reports a higher proportion of earlystage cancers
(stages 1/2) in younger age groups compared to the previously used dataset for t
Phase 1, supporting the assumption thathe introduction of opportunistic

screening mayhaveimproved earlier diagnosis ofprostate cancer
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NHS digital (2021) Adjusted by CMA stage (2013/2021)  Proportion of cases by

stage

Age, Stage | Stage | Total N Stage 1 | Stage 2 | Stage | Stage | Sta | Sta | Sta | Sta
years | 1,2 34 of cases 3 4 ge | ge | ge |ge

30to

34 - - - - - - -

35to 45 22 18 16
39 4 2 6 3 1 1 1 % % % %
40 to 51 25 13 11
44 37 12 49 25 12 6 6 % % % %
45 to 49 24 15 13
49 197 75 272 132 65 40 35 % % % %
50to 46 22 17 15
54 733 344 1,077 493 240 184 160 % % % %
55to 43 21 19 17
59 1,808 1,004 2,812 1,215 593 537 467 % % % %
60 to 40 20 21 19
64 2,683 1,772 4,455 1,803 880 947 825 % % % %
65 to 38 18 23 20
69 3,587 2,814 6,401 2,410 1,177 1,504 1,310 % % % %
70to 33 |16 |27 |23
74 3,947 | 4,011 7,958 2,652 1,295 2,144 1,867 % % % %
75to 31 15 29 25
79 3,025 | 3,588 | 6,613 2,033 992 1,918 | 1,670 | % % % %
80 to 21 10 37 32
84 946 2,068 3,014 636 310 1,105 963 % % % %
85to 15 7% | 42 36
89 303 1,080 1,383 204 99 577 503 % % %
90 9% | 4% | 46 40
and 70 460 530 47 23 246 214 % %

over

Mortality by age
Age-specific mortality rates have been sourced from NHS digital data for 2020
(Table 11).
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Age at diagnosis, lower bound, yeal Rate, mean Confidence interval
50 2.5 1.9 3.3

55 7.4 6.2 8.7

60 21.0 18.8 234
65 51.5 47.7 55.5
70 95.5 90.3 100.8
75 178.4 169.9 187.1
80 322.0 308.3 336.2
85 631.1 605.3 657.8
90 1058.1 1009.7 1108.2

Gleason Grade Group by stage and age

The Get Data Out dataset from the National Cancer Registration and Analysis
Service 2020 was used to obtain the incidence rates o&6GGby age and stage.
However, the staging system used in this daset was localised, locally advanced
and metastatic. The dataset documentation offered a loose conversion of this
staging system to stages+1V. According to this conversion, localise@quatesto

stages HI and locally advancedequatesto stages IIHV (Table 12 and Table 13),

while metastatic equatesto stage IV. The Get Data Out dataset did not have a
breakdown of GGG for metastatic canceso locally advanced has been used for

stages Ill and IV.
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Ageat diagnosis Grade Group 1 Grade Group 2 Grade Group 3 Grade Group 4 & 5

Age 0659 4.3 52 11 0.5

Age 60669 63.2 821 248 18.0
Age 7074 68.9 1065 45.6 374
Age 7579 571 1089 509 45.8
Age 80+ 13.6 188 103 178
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Age at diagnosis | Grade Group 1 Grade Group 2

Grade Group 3 Grade Group 4 & 5

Age 0059 06 12 09 0.9

Age 6069 06 26.9 213 293
Age 7074 4.7 393 39.7 5838
Age 7579 4.7 36.9 363 62.7
Age 80+ 4.7 76 10.0 206

To avoid a conflict with the NHS Digital source for the GGG distributions by stage,
we calculated the probability of being in different GGG for each stage using
weighted averages [able 14). For stages 1 and 2, the average proportion of
patients in each GGG at diagnosis in the localised stage was used for age groups
30-59 and 60 and above. For stages 3 and 4, the average proportion of patients in
each GGG at diagnosis in the locally advancedge for ages 6679 was applied
across all agesFor stage 4, it was assumed that no patients have GGG 1. These

assumptions were informed and validated by the stakeholders.
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Grade Group 1

Grade Group 2

Grade Group 3

Grade Group 4&5

Stage 1 & 0.265354 0.411662 0.169918 0.153066
Stage 3 0.027632 0.285581 0.269377 0.4174D
Stage 4 0 0.293696 0.277032 0.429272

Sojourn time

In the model, sojourn time is defined as the period during which cancer is
asymptomatic yet detectable through screening, specifically the interval from
cancer onset to symptomatic detection. This predicted sojourn time was
compared to the secondary analyis of the CAP randomised controlled trial
(Martin, 2024)[28] . For the cohort aged 50 to 54 years, the mean sojourn time was
reported in this analysis to be 12.1 years (95% CI 12-12.2 years), while for those
aged 65 to 69 years, it was 15.3 years (95% CI 1515.3 years). This evaluation
demonstrates that sojourn time increases with age, implying that cancer
progresses more slowly in older individuals. However, stakeholders challenged

this assumption, noting that higher grades of GGG are positively correlated with
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age and that higher GGG is associated with more rapid cancer progression.
Consequently, upon the stakeholders' recommendations, the model was
calibrated to a mean sojourn time for 5669-year-olds reported in the trial with a
wider confidence interval of +10%: 13.4 years (95% CI 12.06.4.74). The
stakeholders also indicated that the sojourn time measured in the CAP trial may
not be entirely accurate for the population of England, suggesting that prioritising
GGG as a calibration target would be more beneftthan relying solely on sojourn

time.

6.7.3. Calibratiorapproach
The model was calibrated usinghe Metropolis-Hastings algorithm (MHA).
MetropolisHasting algorithm: general approach

The general calibration approach using the MHA involves a systematic process of
estimating the parameters of a model, particularly in Bayesian inference. The
process begins with the selection of an initial parameter value, followed by
generating a proposalfor a new parameter value based on a defined proposal
distribution and the step size. The acceptance of this new value is determined by
comparing the likelihood of the proposed value to the current value, adjusted for
the proposal distribution's characteristics. Specifically, if the proposed value
yields a higher likelihood, it is accepted with a probability of 1; if it results in a
lower likelihood, it is either rejected or accepted with a lower probability (called
“jumps”) . Thi s i t ea ahbin ofepargmeter camples thatr e at e s
converge to the target distribution, allowing for the estimation of the parameters'

posterior distributions and their associated uncertainties. Calibration is achieved

by using these samples to refine model predictions,nsuring that the model

reflects the observed data.

The initial step size in the calibration was set to 20% of the parameter valueghe
step size wagesetto 10% when calibration chains broke and weregestarted from

the last accepted parametersThe maximum step size waslsoreduced from the
original value based on the acceptance rate (after the fir§t000 warming-up runs,
each 500 cycles the step was reduced 10% if the acceptance rate was less than
10%).
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The proposal parameter set in calibration was always accepted if the proposal
parameter set had higher likelihood than the current parameter setin addition,
the calibration used a dynamic probability to accept parameters with lower
likelihoods based on a probability to accept such parameters aftest warmup
period of 0.1 and the difference in likelihoods of less than 10% (i,ehat likelihood
did not decreaseby more than 10%).

Addressing the limitations of the Metropelasting algorithm

The MHA has some limitationsCalibration theory says that if the MHA is run for
sufficient iterations, it will fully explore the parameter space. This approach
though, is computationally expensive since simulation of the population with rare
events (such as cancer) requires substantial running time. With limited processing
time, there is a risk that the parameter space is not adequately explored. That is
to say that onecannot be sure that if convergence is achieved, there are no other

alternative accepable parameter regions.

To minimise the risk, the parameter space was first explored by running a random
calibration with the Latin Hypercube SampleThis method includes determining
the number of required samples of parameters (n), assigningprobability density
function to each parameter, dividing the distribution into n intervals and
randomly drawing from each tinterval for each calibration parameter.The Latin
Hypercube Sample with 100,000 random samples generat® a nearrandom
sample of parameter values from a multidimesional distribution. In the Phase 2
work, four parameter sets with the highest likelihood from the initial calibration
were used as starting points for recalibrating the model, setting up three
independent MHA chains. This approach was taken in light of updates to some

calibration targets and changesn the population age structure.

Goodness of fit (GOF)

Log-likelihood was used as a goodnessf-fit measure. Since the model is run with

a population who are all of the same age, the number of events at each age are
dependent and represent events in time. Thus, lelikelihood was calculated asa

lifetime outcome. Lower weights were used for all calibration target40.3 of the
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original value) except for the total incidence and mortality as the data with the

assumed highest accuracy.
Exploration of the population size to run in the calibration

When determining the required sample size, the complexity of models plays a
crucial role, as more complex models generally require larger sample sizes. A
common rule of thumb for model calibration is to have at least 10 data points per
parameter to ensure reasonable accuracy in estimating model parameters
(Steyerberg, 2019]29]. The sample size is also influenced by how well the model
fits the data. In Bayesian calibration, smaller sample sizes can suffice if the priors
are informative (Jalal, 2017)30].

In the Prostate.mic model, 17 parameters need to be calibrated. Based on the rule
of thumb, a population of 10,000 would provide 170 data points, which should be
adequate for estimating incidence, mortality, and incidence by stage (but not by
age). However this sample size may not be sufficient to predict rare events

observed in the calibration targets.

To determine the sample size needed to predict rare events, smaller population
sizes were compared to a "true" population of 1 million. We calculated the
maximum error (standard error, SE) in predicting likelihood for fitting the
incidence, incidence by sige, and mortality (i.e.the maximum error for any of the
targets), using the ZXmillion-person simulation as a benchmark. The same
simulations were run 100 times to account for the stochastic nature of the process,

and the mean errors were calculatedFigure 4).

As illustrated in the figure below, a sample size of over 20,000 yields a mean SE
within 5%.
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Sample Size

While the sample size of 20,000 people was decided to be appropriate to predict
the log-likelihood within the SE of 0.05, additional comparison on the parameter
distributions retrieved with the larger population samples (100,000) and smaller
population samples (50,000 and 20,000) were conducted. No difference in
calibrated distributions of parameters were observed by the sample siz&he
smaller population size 0f50,000 men was used for the model warm up with the

final calibration running the population of 200,000 men.
Priors and parameters sampling

The mean time for cancer progression across the stages and the shape parameter
of the Weibull distribution were sampled from a normal distribution, with left
truncation at zero. All other parameters, including probabilities, were sampled
from a beta distribution. Weak priors were set upin the Phase 2 calibration work

for the following:

1 The symptomatic presentation rate for each more advanced stage must be
at least equal to that of the previous stage.

1 The probability of symptomatic diagnosis is set at more than 0.2 for Stage
1, between 0.05 and 0.3 for Stage 2, between 0.2 and 0.7 for Stage 3, and

less than 0.5 for Stage 4.
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1 The mean progression time across stages and the shape parameter of the
Weibull distribution increase with advancing stages.
91 Prostate cancerprogresses more rapidly with higher GGG, meaning that

the multipliers for higher GGG are smaller for more advanced GGG

compared to less advanced groups.

6.7.4. Calibration outcomes

Initially, posterior samples were to be weighted using normalised importance

weights, defined as the likelihood of each parameter set divided by the sum of all

likelihoods. However, the effective sample size (ESSwhich reflects the number
of independent samples effectively contributing to the posterio—was found to be
very small when applying tempering. This indicates that only a few samples

carried disproportionately high weights.

Given the extremely low ESS, importance weightingas adjusted asotherwise it
would have further reduced sample diversity and potentially introduced bias into
the posterior estimated31, 32]. Instead, we opted to explore the posterior

distribution visually, as recommended by Fan and Sisson (201f3], examining

how the likelihood varied across the parameter space (Supplementary A). Based

on this inspection, wecalculated probabilities after applying a temper factor, to
have a 0.99 probability of having sampled parameters with a likelihood above-
2 000 to approximate the posterior
similar to approximate Bayesian computation (ABC) as it uses a likelihood coff
to keep the parameter dtothedatd3B]lhat ar e

The model predictions fited better to the calibration targets in the Phase 2 work
(with the updated inputs) compared to Phase 1 workSimilar to Phase 1, e
model overpredicted mortality; however, this difference was smaller.The fit to
data with the random draw of 10 parameters from 100 with the bestfit is
presented below (Figures 5ad), with the sojourn time in the bestfit parameters

predicted in the range 0f9.4-11.2 years.
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6.7.5. Calibrated parameters

The two bestfit calibrated parameters with the similar likelihood (and so the

largest probabilities to be sampled in the probabilistic analysisiare reported in
Table15.
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Parameter Parameter Name Best fit 1, p=0.34 Best fit 2, p=0.16
Probability of cancer onset at age 3®hite, no P.onset 0.00011 0.00016
BRCA carrier and no familial history

Coefficient in the equation on probability of C.onset.age 1.148 1.148
prostate canceonset by age (i.e., a risk at age X

P.onset *C.onset.age” (age-20)

Annual probability of being symptomatically or | P.sympt.diag_Stl1 | 0.008 0.007
opportunistically diagnosed at stage 1

Annual probability of beingof being P.sympt.diag_St2 | 0.055 0.083
symptomatically or opportunisticallydiagnosed at

stage 2

Annual probability of beingof being P.sympt.diag_St3 | 0.514 0.250
symptomatically or opportunisticallydiagnosed at

stage 3

Annual probability of beingof being P.sympt.diag_St4 | 0.833 0.608
symptomatically or opportunisticallydiagnosed at

stage 4

Probability to die undiagnosed after aged¥ears | P.ungiag.dead 0.058 0.123
Coefficient for annual decrement inlinical Symp.decr 0.799 0.803
diagnosis rateafter age of D (multiplier)

Mean time of progressionfrom stage 1 to stage 2| Mean.t.Stl.Stll 27.549 40.253
(for those with GGG 1)

Mean shape for Weibull distribution time from shape.t.Stl.Stll 2.640 18.837
stage 1 to stage 2 (for those with GGG 1)

Mean time of progressionfrom stage 2 to stage 3| Mean.t.Stll.Stlll 14.337 14.566
(for those with GGG 1)

Mean shape for Weibull distribution time from shape.t.Stll.Stlll 3.250 3.311
stage 2 to stage 3 (for those with GGG 1)

Mean time of progressionfrom stage 3 to stage 4| Mean.t.Stlll.StIV 4.634 6.401
(for those with GGG 1)

Mean shape for Weibull distribution timef shape.t.Stlll.StIV 8.133 7.601
progressionfrom stage 3 to stage 4 (for those

with GGG 1)

63



Coefficient adjusting the means for progression | k WB.GGG.2 0.543 0.526
for GGG2 compared to GGG1

Coefficient adjusting the means for progression | k WB.GGG.3 0.511 0.355
for GGG3 compared to GGG1

Coefficient adjusting the means for progression | k WB.GGG.4.5 0.506 0.350
for GGG4_5 compared to GGG1

6.8. Modelling screeningathway
The pathway to screening diagnosis is presented in Figu@ The model assumes
that individuals in the target population are invited to participate in screening
through mailed invitations. Those who accept the invitation attend screening at
their local GP practice, where the procedure is carried out by a nurse.
If the PSA test result is positive, the individual is referred for a mulparametric
MRI (mpMRI). If thempMRI result is positive, the individual is then referred for a
biopsy. A positive biopsy result leads to treatment and surveillance.
The cohort of individuals with positive biopsy results consists of:

9 True positives, including both those with lifethreatening prostate cancer
and those who are overdiagnosed (i.e. cancers that would not have
become clinically significant), and

1 False positives, referring to individuals with benign conditions or
diseases other than prostate cancer who are incorrectly diagnosed as
having the disease.

The treatment and surveillance components of the model are not simulated
explicitly. Instead, each individual diagnosed with cancer is assigned
corresponding costs, survival estimates (by age, stage, and years since
diagnosis), and HRQoL decrements. Thettier are represented as stagespecific
multipliers applied to baseline HRQoL values from the neancer population. The
model assumes no difference in treatment opost-diagnosissurveillance costs
based on the route to diagnosis. Differences between screeletected and
symptomatically detected cases arise from the higher proportion of eartgtage
cancers among screeitletected cases, which are less costly to treat and

associated with higher survival rates.
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6.8.1.Sensitivity and specificity of the PSA test

Most of the literature on this topic focuses on the accuracy of the PSA test in
symptomatic populations. Consequently, despite its age, data from the PCPT trial

[34] were utilised, as the results from symptomatic and screening populations

differ significantly. For instance, a systematic review and metanalysis of

symptomatic individuals found a sensitivity of 0.93 (95% CI 0.880.98) at a PSA

t hr es h @hgbnL[85]. Inxontrast, Ankerst et al. (2014) reported calculated

thresholds of 0.184 and 0.374 for lowgrade and highgrade prostate cancer,
respectively[34]. The PCPT trial is considered more reliable because PSA testing

was conducted in healthy men, and biopsie

conclusion, enabling a more accurate comparison.

The PCPT report by Ankerst et al. (201434] does not provide sensitivity
estimates stratified by age, nor does it offer information on how individual PSA
values change with age in men with or without prostate cancer. As a result,
applying fixed test accuracy values directly in the model would overtik the
potential impact of age on test sensitivity. Moreover, using flat sensitivity values

would not adequately inform a model simulating riskstratified screening.

To address this, the base case analysis used direct data from the PCPT trial on the
distribution of men without confirmed cancer, with low-grade cancer, and with
high-grade cancer by PSA levélTable 16). Since the mean age in the PCPT trial
was 62, and test sensitivity varies with age, individualevel PSA values at age 62
were extrapolated to younger and older ages. This was done by applying an annual
rate of change in PSA levels derived from Reza et @020), which reported an
increase in PSA from 1.47 at age 62 to 3.05 over a-26ar period[36]. The change

in the PSA levels by age in 100 randomly selected men is reported on thgure 7.
Based on expert input fromthe clinical expert Dr Derek Rosario, this ageelated
trend was assumed to apply to men without cancer, as well as those with leand
high-grade cancer in the base case analysis. A scenario analysis was also
conducted under the assumption that the ageelated PSA trend appgks only to

men without cancer.
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For stage 4 prostate cancer, the test was assumed to be significantly more
sensitive, based on the premise that most patients at this stage would develop
symptoms within a year and could therefore be considered symptomatic. To
reflect this, data from Zhenget al. (2020) were used, which reported a test
sensitivity of 0.973 for stage 4 cancer at a PSA threshold of 4 ng){87]. It was
assumed that, by this stage, few patients would still have PSA levels between 3

ng/ml and 4 ng/ml, making the 0.973 estimate a reasonable proxy.
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Threshold Nocancerstate Lowgrade @ancer High-grade cancer
0.9 0.4 0.271 0.169
1.9 0.318 0.3 0.228
2.9 0.125 0.123 0.1+
3.9 0.029 0.031 0.075
4.9 0.065 0.113 0.1+
5.9 0.0 0.047 0.118
6.9 0.012 0.010 0.051
10 0.015 0.015 0.051
Total 1 1 1

6.8.2. Sensitivity and specificity of the mpMRI

The sensitivity and specificity for thempMRI and biopsy were based on a paper
by Ahmed et al. (2017)38]. This can be seen iiable 17.
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Sensitivity Specificity

mpMRI 0.88 (0.840.91) 0.45 (0.390.51)
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6.8.3. Sensitivity and specificity of the LATP Biopsy
In the original modelling plan, TRUS biopsy was assumed to be the method used
for following up screenpositive and symptomatic cases. However, after
consultations with stakeholders, who indicated that LATP biopsy is increasingly
replacing TRUS biopsy in tB UK, and considering the data presented in the
National prostate cancer Audit[39], it was decided to use LATP biopsy in the

model instead.

We used two systematic reviews by Goldberg et al. (202@0] and Kanagarajah
et al.,, (2023)41] to extract the detection rate for "anyprostate cancet' and
"Clinically significant prostate cancer (C
LATP studies, respectively. The "Clinicall
+ 4)" is prostate cancer in GGG2+. We usdtt Ahmed et al. (2017) PROMIS
trial [38] to assess the sensitivity of TRUS biopsy for these cancers. We adjusted
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the sensitivity of LATP biopsy using the proportional differencen the detection
rates and assumed that the higher detection rate is only related to different
sensitivities. This assumptionis fixed as we have no data to inform otherwise. We

assume that he specificity of the LATP biopsy is equal to specificity of TRUS
biopsy (Table 18).
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Sensitivity GGG1 Sensitivity GGG2+ = Specificity

LATP Biopsy 0.52 (0.460.60) 0.85 (0.780.93) 0.98 (0.961)

6.84. Screening uptake

The basecase screening uptake was used from the CAP trial: 36% for the PSA test
and 85% for the follow up biopsy28]. It was assumed that mpMRI will have the
same uptake as the biopsy. When evaluation considered the net benefit of
screening, 100% uptake was considered as well as 100% folleup.

6.9. Modelling diagnostic pathwayor patients diagnosed outside of

organised screening

The diagnostic pathway for symptomatic and opportunistic cases was informed
by previous decision models onprostate cancer screening (Keeney et al.,
2022[42], NICE Guidelines oRG 202143]).

In the model, the diagnostic process for patients diagnosed outside the organised
screening programme was not modelled explicitly. Instead, data on average
resource use (Figure 8) were used to calculate and assign the mean diagnostic
costs for all patientsdiagnosed through symptomatic or opportunistic pathways.

These diagnostic costs are reported in the section on Diagnosis Costs.
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6.10. Utilities

The methodology for calculating individual utility values and the decrement in
util ity due t o age was detail ed i n

Characteristics by Age” section.
6.10.1. Utility multipliers

In determining the utility multipliers associated with prostate cancerdiagnoses,
we referred to the 2024 NHS Cancer Quality of Life Surdy]. This entailed
examining EQ5D scores across stages-4 for prostate cancer(48,063 patients),
and a collective group of cancers (190,464 patientsyollected at 18 months since
diagnosis The weighted average utilities were computed as follows: 77.83, 95%
Cl (77.42 78.26) for prostate cancer
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Utility multipliers for prostate cancer by stage were calculated starting with
evaluation ofyear 1 utilities, reflecting the assumption that these are lower than
in subsequent yearsand that 18-months utilities will represent utilities at year 2

in the model. Specifically, the firstyear multiplier was derived from the difference

in QALYs between the first and second years (0.98), as reported by Noble et al.
(2020)[45]. Then, utilities for 70-year-old men from the EEPRU report by Alava et
al. (2022)[46] (0.841) were used as reference values for the general population
without prostate cancer Using ths reference value, utility multipliers for stages 1

to 4 were calculated separately for the first year and the following year8ased on
consultations with the clinical expert Derek Rosario, who suggested that utilities
in the year 1 may not be different for patients with prostate cancer compared to
the following years, we applied flat utility values by stage in the base case scenario,

and utilities adjusted by year since diagnosis in the scenario analyses.

This approach updates the methodology from the Phase 1 report, where utilities
from the HSE 2018 dataset were used as reference values, leading to multipliers
above one for early prostate cancer Recognising potential populatiorwide
changes in utility values, particularly postCOVID19, and the improbability of
prostate cancerdiagnosis increasing population utilities, we adopted the more

recent EEPRU reference values.
The derived utility values are presented inTable 19.
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Calculated multipliers, Calculated
year 1(scenario only  multipliers,
years 2 and

Reported Utilities, NHS Cancer Quality of Life

Survey (2024) further
All cancers Prostate Prostate Prostate
1 76.18 (76.01;76.37) | 80.51 0.94 (0.94;0.95) 0.96
(0.95;0.96)
2 73.97 (73.75;74.20) | 80.56 0.94 (0.94;0.95) 0.96
(0.95;0.96)
3 73.74 (73.50;73.99) | 77.59 0.91 (0.90; 0.91) 0.92 (0.92;
0.93)
4 69.02 (68.66;69.39) | 69.72 0.82 (0.81; 0.82) 0.83 (0.82;
0.84)
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The impacts of disease on utilities are assumedtolastv er t he pati ent s’

while the patient receivessurveillance and cancer impacts survival.
6.10.2. Utilitydecrements

Those who undergo a biopsy experience a small temporary utility decrement. This
utility decrement is 0.013 based on Kasivisnathan et al. (201B)7]. This is a
comparison between baseline and 24 hours after the procedure. By 30 days post
intervention, the HRQoL has more than fully recovered. On the other hand, Li et al.
(2019)[48] a systematic review on the disutility associated with cancer screening
programmes, found that there was no disutility ofprostate cancer screening,
based on two previous studies. Taking this into accourand that the longest side
effects related to biopsy reported in the ProtecT trial lasted 5 daysthe utility
decrement period of biopsy was 1 weekThe utility decrement was applied for
both screendiagnosed and symptomatically diagnosed patients in the first year of

their diagnosis.

6.11.Costsestimation
6.11.1. Diagnosis costs
The unit costs for screening and symptomatic diagnosis and surveillance costs are

available inTable 20 and, where relevant, inflated to 2022/23 costs.

PSA test cost

The PSA test cost was based on Mowatt et al., (20148)], which is the study used
by the NICE guidelines (201950]. This cost was inflated from 2009/10 price year
to the 2022/23 price year using PSSRU.

MP-MRI cost
The costs were based on Mowatt et al. (2013%9] and inflated to 2022/23 costs.

The total mpMRI cost was calculated as3.6.01
Transperineal biopsy cost

The cost of transperinealbiopsy was based orthe calculation used in Nicholson

et al. (2015)51], combining a biopsy and histopathology cosfThetransperineal

biopsy cost was based on outpatient procedurefor a LATP from the NHS

reference costs of £1,18 (2022/ 2023). The histopathology part of this cost was

based on an estimate from a laboratory manager at the Department of Cellular
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Pathology at the North Bristol NHS Trust (NCCC, 20182] . This was then inflated
to 2022/ 2023 costs.
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Items Unit Costs (uninflated), GBP Inflated Costs, GBP
PSA Test Cost 591 7.81
Practice Nurse Consultation | 12.00 15.86
PSA Total 17.91 23.67
MP-MRI Total 239.06 316.01
Transperineal Biopsy Cost 1,138 1,138
Histopathology Cost 112.79 137.89
Biopsy Total 1,250.79 1,275.89
DRE Total 49.00 49.00
GP Consultation Cost Total 49.00 49.00
4EA | ACAIBQE®RI % 2AAOARC AIZAD AN ADEAZALGE O BDERA N 6 QE A
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6.11.2. Symptomatidiagnosiscosts

The symptomatic diagnosis costs are a weighted average of diagnostic procedures
that people receive. The proportions are infable 21. When using the NPCA, the

most recent annual report in which the data vere available was use{39].

The cost of primary care diagnosis for symptomatic patients was based on
resource use from NPCA and Merriel et al. (20289, 53]. The NPCA was used as
the main source, as it is based on more recent data. Merriel et al.(20233] relies
on older sources, so it was only used in caseghere the NPCA did not report, or
had low completeness of dataCombining these proportions with the unit costs

from Table 20 gives an estimated cost of symptomatic diagnosis of £1,520.

73

—
(@}
b1



ClL oS {RYLII2YlI a0 5AF3Ay2aAa tNRLR2Nb2Y A

Diagnostic Test Proportion Source

PSA Test 0.84 Merriel et al., (2024p3]
mpMRI 0.62 NPCA Annual Report (2019)
Biopsy 0.96 NPCA Annual Report (20%]
GP Visit 1 Assumption

DRE 0.62 Merriel et al., (2024p3]
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6.11.3. Additionakcreeningcosts
In addition to the diagnostic screening costs, there is also a cost of an invite to the
PSA test, which was estimated as £9.17 based on the invitation costs for bowel
cancer screeningb5]. These costs included invitation letters, reminder letters for
non-responders, helpline services, postage, staff time, and overheads. Given that
establishing an organised screening programme entails substantial fixed and

operational costs, and that NHS ovéeads are generally estimated to be

comparable to direct costs, this assumption was considered reasonable.
6.11.4. Surveillanceosts

Surveillance costs involve monitoring for those who have already received radical
treatment for their prostate cancer NICE guidelines (20214 3] recommend that
PSA levels are checked for all people withrostate cancerwho are having radical
treatment no earlier than 6 weeks after treatment, at least every 6 months for the
first 2 years, and then at least once a year after tHdB8]. So, these costs were
calculated based on PSA test cost. Average surveillance costs were based on those
who receive treatment at each cancer stage from Wills et al., (2038%]. The
surveillance costs were added from year Zased on the proportion of patients
who received treatment.These costs remain the same from year 4 onward$able

22).
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Year Stage 1 (£) Stage 2 (£) Stage 3 (£) Stage 4 (£)
Year 2 17.90 32.48 36.27 23.67
Year 3 17.90 32.48 36.27 23.67
Year 4 8.95 16.24 18.13 11.84

6.11.5. Activesurveillancecosts

Active surveillance involves monitoring those with cancerwho do not receive
immediate treatment, based on the NICE guidelines (2021) protocol for active
surveillance[43]. In the first year, this involves a PSA test every 3 to 4 montles
DRE at 12 months and mmpMRI at 12 to 18 months. In year 2 and afterwards
PSA test is conducted every fhonths, and a DRE is conducted every 12 months.
The cost of a DRE is considered to be the cost of a GP appointment. Average active
surveillance costs were based on thoseho do not receive treatment from Wills

et al., (2024)56]. The active surveillance will be costedup o t he deah i ent ' s
from other causes or the year of cancer death (and so the assumed cancer
progression or relapse).The costs remain the same from year 3 onwardslable

23.
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Year Stage 1 (£) Stage 2 (£) Stage 3 (£) Stage 4 (£)
Year 1 82.02 41.40 30.86 65.93
Year 2 256.49 129.48 96.49 206.18
Year 3 59.93 30.25 22.55 48.17

6.11.6. Treatmentosts
To estimate the stage costs, Wills et al. (2024) was ugé6]. The paper estimates
the costs of initial cancer treatment based on stage at diagnos@onsidering that
the model does not explicitlysimulate different follow -up strategies, we used the

average cost for the whole cohort, regardless of whether they received treatment
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or not. The costs in this paper were assigned using NHS reference costs from
2017/18. Therefore, the costs were inflated to 2022/23 figures using the PSSRU
(Table 24).

ClLoaYNRHA U C SUDEFOORBGAT y20 AyOfdzRAY I dzLIRF GSR {

Stage Cost (£) (2017/2018) Inflated costs (£) (2022/2023)
1 2,216 2,482
2 4,335 5,062
3 5,179 6,047
4 2,629 3,070
Unknown 2,216 2,482

These costs reported by Wills et al. (2024%6] were only applied for the first year
of treatment. Therefore, we used Noble et al. (202()5], which is a study based
on the ProtecT trial to extrapolate the costs from the first year to year 10. It was
assumed that beyond year 1Qthe annual costs are equal to thse of year 10 for all

living patients. We assume that stagel and 2 follow the same trend over time.

However, based on recommendations from clinicians, it was suggested that stage
3 and 4 treatment costs have changed dramatically in recent years due to new
innovative therapies. This change in systemic antiancer therapies (SACTS) is
supported by the Natbnal prostate cancer Audit (NPCAJ39, 54], in which
apalutamide and enzalutamide now take up a much larger proportion of cancer

treatment compared to just a couple of years ago.

Based on this, the SACT costs were recalculated for stageand 4. These costs
were based on a Resource Impact Template (RIT) of Enzalutamide from NICE,
NPCA, Wills et al.(2023B9, 54, 56, 57]and the British National Formulary (BNF).
SACTs were assumed to all be supplied alongside AdTsible 25).
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Treatment Treatment Cost Treatment = Cycle length
(€3] Distribution
ADTs 944 100% As long as NICE R[57]
receiving
treatment
Docetaxel + @CSF| 1613 37% 18 months NICE RIT, B[, 58]
Enzalutamide 35,551 37% 36 months BNF, NICE R5V, 59]
Apalutamide 35,555 26% 20.5 months BNF, Agarwal et al.,
(2019]60, 61]

, ACAT Az COEOEOE . AOEIT 122 RA0RDORAI ADDRAD) 4A1 Bl AOAS
These calculated costs were the weighted by the percentage of peoplevho
receivetreatment in stages 3 and 4. This was based on Wills et al. (2024) of 1.8%

and 28% for stages 3 and 4, respectively56].

Table 26 shows the estimated cost of SACTs for the average person in stage 3 and

4 by year.

ClF oHEYSE £ Odzt  GSR { !/ ¢ O2aida F2N) adl3iSa o FyR

Stage Year 1 (£s) Year 2 (£s) Year 3 (£s)
Stage 3 431 372 254
Stage 4 6703 5781 3947

As the initial Wills et al. (2024)]56] costs being used already included SACT costs,
these had to be subtracted from the initial costs for the first year. In the case of
stage 3, so few peopleeceived SACTs as treatmenthat these costs did not affect
the overall costs. However, a portion of stage 4 costs were subtracted to account
for the existing stage 4 costsThis portion was based on an estimatreading from
Figure 3 in Wills et al. (2024) of the SACTs for all tumours in stage 4.

Figures 9 & 10 show costs over time for each stage. These costs were then

combined with the average surveillance and active surveillance cosits Table 27.
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Year Stage 1 Stage 2 Stage 3 Stage 4
Year 1
Year 2 541.94 707.64 1156.25 6341.48
Year 3 323.60 563.98 911.35 4323.08
Year 4 305.02 528.10 616.00 352.00
Year 5 287.28 491.93 572.79 330.07
Year 6 249.28 414.41 480.19 283.08
Year 7 244.21 404.08 467.85 276.81
Year 8 201.14 316.23 362.91 223.55
Year 9 230.02 375.14 433.28 259.27
Year 10 onwards 207.22 328.64 377.72 231.07

6.11.7. Palliativeare costs

In addition to this, patients were also assigned palliative care costs in the year of

death. This is because Wills et al. (202f56] does not include palliative care costs

in their cost estimations. The palliative costdn the Phase 1 report were only

assigned toprostate cancerdeaths and were based on Round et al. (201%$2],

which models the estimated costs of enaf-life care for various cancers, including

prostate cancerin 2013/14 prices. However, in the Phase 2 work, palliative care

costs were assigned to botlprostate cancerand non-prostate cancerdeaths based

on data from Diernberger et al (2023)[63] . These costs were inflatedrom 2017

to 2022/ 2023 figures (Table 28). These costs were assumed to equate to roughly

12 monthsof careand alsoassumed to encompass any cancer recurrence.
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Original palliative care costs, : Palliative care costs inflated to 2022/2023,

Age Non-PC death| PC Death Non-PC death PC Death
60-64 12,490 15,915 15,072 19,206
65-69 12,160 13,342 14,675 16,101
70-74 10,901 12,835 13,155 15,489
7579 10,783 12,720 13,012 15,350
80-84 10,028 10,920 12,101 13,178
85-89 8,993 9,039 10,853 10,908
90+ 8,374 8,187 10,105 9,880

TACHiAapT OOAOA AAT AAO
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7. Model Validationand technical characteristics
7.1. Internalvalidation

Internal validation included code verification, data verification, and validation of
model predictions against expected outcomesCode verification for the NHD
model was conducted independently by LM, AR, and MBata verification was
performed by MH, with the checks detailed in SupplementaryB. Internal

validation of model predictions was carried out by DPand is reported in

SupplementaryCand D.
7.2. Externalalidation

The model was validatedto the intervention and control arms from the CAR64]
and ERSP(@55] trials, by running the simulation with deterministic parameters.
To address stochastic uncertainty in the model, the simulation was run with a

population of 10 million people.

7.2.1.CAP trial

The model s screening arm was designed to

the CAP trial. In the CAP trial, men aged 50 to 69 years from participating general
practices were randomised, with screening offered to men in the intervention
arm. The median age at screening among attendees was 59 years, so the model

simulated a single screening event at age 59 to align with this.

Men with PSA |l evels =23. 0 ngcomlransteetal e
ultrasound—guided biopsy. AsmpMRI was not part of the CAP trial protocol, the
model similarly assumed that all men with elevated PSkvels underwent biopsy
directly. PSA and biopsy uptake rates were based on CAP trial data: 36% and 85%,

respectively.

Although the CAP trial used TRUS, the current model usé&\TP biopsy. To
reconcile this difference, biopsy accuracy in the model was adjusted based on data
from Ahmed et al. (2017), assuming 30% sensitivity for longrade and 70%

sensitivity for high-grade cancerqexcept for those withstage 4 cancer]38].
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7.2.2.ERSPC

The ERSPC represents a pooled analysis of several screening programmes, each
with different designs, making it challenging to replicate precisely in a model.
Most centres invited men aged 5569 years for PSA screening, with a mean age at
first screening of 62 years. The typical protocol involved two screening rounds

with a 4-year interval, using a PSA threshold of 3.0 ng/in

However, screening intervals, age ranges, and diagnostic follewp procedures
varied across countries. Following a positive PSA test, participants typically
underwent DRE, TRUS, and systematic prostate biopsies. AlthougipMRI was
not part of the ERSPC protocol, the model assumed the combined diagnostic
accuracy of DREand TRUS to be equivalent tanpMRI to simplify the modelling

(with 100% uptake, considering no data on uptake for these testwere reported).

Biopsy procedures also evolved during the tria-from sextant biopsies to 16-12
core protocols.Biopsy accuracy was assumed to be similar to that in the current
model. PSA and biopsy uptakerates were assumed to be 64% and 86%,
respectively, based on average uptake rates reported across ERSPC centres.
Where specific uptakedata for follow -up procedures was unavailable, the same

uptake rate as for biopsy was assumed.
7.2.3. Model predictions

The model predictedprostate cancerdeaths as a proportion of those diagnosed in
the non-screening arm, higher than in the CAP dat§4]. The modelhowever
accurately predicted the impact of screening on altause mortality (calculated as
the difference in average life years between the nscreening and screening arms
for ages 59 to 74 years) {able 29).
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Reporting from T1/T2 cancers in Prostate cancedeaths Difference inall-
no screening arm, in no screening, % causemortality in
% of all cancers from diagnosed (in 14 14 years in

years of follow up) Screening vs no
screening arms, per
1,000 people

Model prediction, 54.7% 15% 0.24
deterministic parameters

CAP trigl64] 60.0% 10.7% 0.23, 95%CI (0;0.46

¢l oofgS / 2YLI NRAaz2y (2 (K8 aw{ &Sl NEARE 68 650 FZEE 20

Outcome Model prediction, ERSPC ddi@5]
deterministic
parameters
Cumulative incidence of prostate cancer at 23 yeq 1.31 1.30; 95% ClI, 1.26 t
of the follow up, rate ratio 1.33
Rate ratio of prostate cancer mortality reduction | 0.87 0.87; 95% ClI, 0.80 t
with screening at 23 years of follow up 0.95

The predictedrate ratio for cumulative incidence ofprostate cancercases in the

model was similar to one reported inthe ERSPC dataith 23 years of the follow

up (Table30)[65, 66]. Similarly, and despite differences in predictions of prostate
cancer deaths compared to the CAP triathe model s p r e d therelatieen o n
difference in prostate cancerdeaths wasidentical to the ESRPG@rial with 23 years

of the follow up.

7.3. Determining the characteristics of the simulations
7.3.1. Addressing stochastic uncertainty
The number of simulated patients was determined using a graphical approach to
assess thestabilisation of key outcomes, specifically incremental costs and
incremental LYS. This approach was used to minisg stochastic uncertainty
associated with random sampling. Differences in incremental outcomes across
population samples were compared to the outcomes estimated for the entire

England male population, assumed to be approximately 30 million. The figures
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below present the plots used to evaluate outcome stability and guide the choice of
an appropriate sample size. Based on this assessment, a minimum population size
of 5 million was defined for the modelto be used in the base case analysiwith

10 million preferred) . However,due to the high computational burden of running
such a large population,a smaller population of 1 million men was usedin

scenario analysesand probabilistic analyses
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7.3.2 Assessing convergenogprobabilistic sensitivity analysis
Probabilistic sensitivity analysis quantifies parameter uncertainty in decision
making by sampling parameters from their respective probability distributions,
rather than relying solely on mean or median values/Vhilst literature and Health
Technology Assessment (HTA) bodies recommend a "sufficient number" of
simulations or running until "convergence," a precise definition of convergence is

often lacking[67].

Given our need to model large populations and multiple subgroups, and to account
for the stochastic nature of the model, we determined the minimum number of
required probabilistic runs through visual inspection of convergence plots. These

plots showed the point at which the resultsstabilised for general population

0é

screening in two age groups (60 and 62 years). Based on this visual assessment,

750 probabilistic runs were deemed appropriate for our analysis.
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7.3.3 Approach to running the deterministic analysis anababilistic
sensitivity analysis
To evaluate riskstratified screening in the general population as well as in
subgroups with low representation (e.g. individuals of Black ethnicity comprising
approximately 4% of the total population, and BRCA mutation carriers around 1
in 200), the model required a substantial level of complexity. This led to the

following key limitations in model execution:

1. The model is stochastic, requiring simulation of a large number of
individuals to adequately capture stochastic uncertainty. This demands

significant computational capacity.

2. To ensure sufficient representation of highrisk subgroups, each subgroup

needed to be simulated separately.

3. There are issues on applying discounting at the time of each intervention
since this require each intervention to be evaluated separately and creates

mul tiple standard of care’” comparator

times.
The consequences of these limitations are the following

1 Significant time was required to set up and run each analysis to properly

address model uncertainty.

1 A fullincremental analysis could not be conducted, since each intervention

was compared only to* st a n d a r dhther than to @ane arother.

To address these limitations while meeting the project's requirement to simulate
multiple analyses across different population groups, the following approach was

adopted:

1. In the base case, sing a cohort of 5 million individuals, each intervention
was evaluated separately against a nscreening scenario, with discounting
applied (a) from the cycle of the youngest age across all interventions, and
(b) from the cycle in which each intervention began. This allowed to

estimate an impact of the selected approach to discounting.
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2. High-risk subgroups (men of Black ethnicity BRCA1/2 carriers, and those
with a family history) were simulated also using a cohort of 5 million
individuals to ensure sufficient representation. For this, the men with
relevant characteristics were sample with replacement from the original

HSE population.

3. Scenario analyses and probabilistic sensitivity analyses were conducted
using a cohort size of 1 million individuals to balance computational
efficiency and statistical robustness. For probabilistic analysis all
parameters were varied simultaneously unless they were set up as
constants. The constant parameters included discounting and uptake rate.
No structural uncertainty was included into the probabilistic analysis. The
calibrated parameters were used in probabilistic analysis as correlated

parameter sets
7.3.4. Description of screening scenarios

All organised screening scenarios were compared against the standard of care.
The standard of care was selected as the sole comparator because reconstructing

a true no screening” scenario was not f ea:

given the availabe data.

In this context, cancer cases detected in the standard care arm represent a mix of
cases identified through symptoms, PSA testing performed during investigations
for other conditions (i.e. incidental findings), and opportunistic screening.
Modelling the canparator arm as a combined group of cancers detected under
the standard of care is not expected to substantially affect the coestfectiveness
outcomes. This is because, in the model, average costs, utilities, and survival are
assigned to each detected caer case instead of pathwayspecific follow-up
strategies; consequently, the overall impact reflects the mean outcomes across

these diagnostic pathways.

The decision to include only one comparaterthe standard of care—was also
driven by practical considerations. Model |
have required calibration to preePSA era data, which are outdated (see the

calibration section). Moreove, the absence of reliable information on
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opportunistic screening uptake makes it difficult to accurately construct either a

no screening” or a current care” scenari
deemed the most informative comparator, as it best represents the current real

world context.

To explore the potential net benefit of screening that is, whether screening

could be costeffective under ideal conditions- we conducted both deterministic
and probabilistic analyses assuming a perfect uptake rate. In this scenario, we
assumed 100% paticipation across the entire screening and diagnostic pathway,

not just full acceptance of the initial screening invitation.

It is important to note that the results f
not be interpreted as evidence that screening is cosffective. Rather, they
indicate that costeffectiveness could be achieved in theory, under ideal but
unrealistic conditions. In practice, such universal participation is unattainable;
therefore, final conclusions about coseffectiveness should be drawn from

analyses using realistic uptake rates.

The description of the model set ups are described in the Supplementary sections
E-G.

Single screening scenarios

To explore the potential for costeffective screening, we first modelled single
screening at different ages for each population subgroup: the general population,
men of Black ethnicity men with familial risk, and BRCA carriers. For the general
population, single screening was evaluated at ages 50, 55, 58, 60, 62, 65, 68, 70,
and 72 years. For men with familial riskmen of Black ethnicity and BRCA carriers,

additional single screening scenarios at ages 45 and 48 years were also assessed.

The simulated model outcomes are driven by underlying functions that capture
trends and correlations. Because many model parametersuch as the probability
of cancer onset and progression, PSA values, cancer survival, and otbause
mortality -are correlated with age, the resulting costeffectiveness estimates also
follow an agerelated trend. As is typical in cancer screening models, coest
effectiveness initially improves with increasing screening age, since the

prevalence of undiagnosed disease rises thi age, leading to more true positives
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and fewer false negatives. However, beyond a certain age, ceffiectiveness
begins to decline. This decline occurs because competing mortality risks increase
and the number of overdiagnosed cancers grows accordingly. Therefore,
evaluating single screeningstrategies across different ages helps identify the

turning points at which screening becomes, or ceases to be, castective.
Repeat screening scenarios

Because screening is characterised by a combination of multiple characteristics,
numerous repeat screening strategies could, in theory, be developed and
evaluated in health economic analyses. However, because the mathematical
screening model operates at th individual level, simulates the natural history of
disease, and requires large population sizes to estimate clinical and economic
outcomes, each screening scenario involves substantial simulation time. To
ensure computational feasibility and focus on themost relevant options, the
number of evaluated scenarios was limited to those with the highest likelihood of

being costeffective.

The selection of repeat screening scenarios was guided by the results of the single
screening analyses. Since the NMB from single screening follows a clear trend, we
restricted the youngest and oldest ages for repeat screening invitations to those
that produced the highest NMB in the singlscreening results. This approach
aligns with established modelling practices in other cancer screening models as
repeat screening generally leads to higher costs and smaller incremental benefits

compared with a oneoff screening (e.g., the CAP prostate cancer modéPR]).

Scenario analyses
To evaluate parameter and structural uncertainty, we conductedeveral

scenario and sensitivity analyses:

1. Discount rate 06% applied to effects and3.5% to costs.This scenario explores

methodological uncertainty.

2. Discount rate 0f5% applied to both effects and costsThis scenario explores

methodological uncertainty.
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3. Patients cannot die from cancer before reaching their symptomatic age (lead
time scenario). This scenario explores structural uncertainty; feasibility of this
scenario depends on how likely early diagnosis may result in earlier deaths due to

treatment side effects.

4. Mortality extrapolated up to 70-year timeframe (instead of 15 years in the
baseline). This scenario explores parameter and structural uncertainty,

specifically in survival.

5. Sensitivity defined as a single threshold, assuming PSA values do not change
with age.This scenario explores parameter and structural uncertainty, specifically

in test sensitivity assumptions.

6. Sensitivity adjusted by age only for men without cancemhis scenario explores

parameter and structural uncertainty, specifically in test sensitivity assumptions.

7. Assumes a lower healtirelated utility in the first-year post-diagnosis than in
subsequent years.This scenario explores parameter uncertainty, specifically in

utility assumptions.

8. Scenario with improved fit to observed mortality by adjusting survival data.
This was achieved by applying a multiplier of 0.8 to survival rates between ages
20-70 and 0.5 for all other ages across cancer stages (see Figlfe for the
resulting fit). This scenario is hypothetical and not data driven. It explores impact

of better fit to data (mortality) in the model.

9. Discounting as per suggestions of the Green Book for both costs and effectd
the decision threshold of £15,000 per QALY.This scenario explores
methodological uncertainty (using different reference case to the NICE reference

case).

10. Assuming a higher impact of harms related to cancer diagnosis by lowering the
EQ5D multipliers by 20% for each cancer stag&his scenario is hypothetical and
not data driven. It explores impact of higher diseasassociated harms in the

model.
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11. Exploring survival uncertainty by replacing extrapolated mortality instages3
and 4 for populationaged 75 years old and oldeusing mortality values in the year
five. This scenario explores parameter and structural uncertainty, specifically in

survival.
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8. Modelling results PSA screening with threshold 3ng/ml

8.1. Generapopulation

8.1.1. General populationsingle screening at different ages

As per the study protocol, the initial model runs were conducted for the general
risk population with a single screening round to identify the most coskffective
screening ages. In these scenarios, the standard care option (i.e. no organised
screening) applied discounting from the age of the first screening intervention.
However, because the timing of discounting may affect the NMB, each scenario
was re-evaluated by applying discounting to both the intervention and the
comparator (the standard of care)only starting from the intervention cycle, in
scenarios where the NMB could baffected In these cases, outcomes (LYs and
QALYs), costs, and NMB were recalculated accordinglgoth results of the

evaluation for the NMB are reported.

Screening led to an overall increase in lifetime incidence compared to standard
care, with the magnitude of this increase being greater at older screening ages
(Figure 16). However, screening also reduceprostate cancermortality across alll

scenarios, with the largest reduction observed in the cohort screened around

age 65(Figure 17).
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Screening led to gainsn LYSacross all age groups and increases in QALYs for

those screened before age 70 (Figures).
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Screening increased total cost§Figure 19). As expected, screeningelated costs
decreased with age due to fewer individuals being invited at older ages. In
contrast, diagnostic followup costs for screenpositive cases and incremental

cancer treatment costs generally increased with age, reflectn a higher
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prevalence of undiagnosed cancers in older populatiorend increase in PSA levels

by age
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The incremental NMB of screening was slightly positive in the 550 age group,
and the highestamong those screened at ages 58 and §Bigure 20). The results
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each intervention evaluated separately igure 21).
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However, screening also resulted in substantial overdiagnosis, with rates

increasing at older ages due to competing mortality risk§Figure 22).
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The results from the single screening analyses informed the design of the repeat

screening strategies evaluated in the model.
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8.1.2. General populationtepeatscreeningscenarios

Repeat screening resulted in a negative NMB across all evaluated scenarios, except
for biennial screening at ages 58 and 60 (i.e. two screenimgunds per person),
which yielded asmall positive NMB (Figure 23). When this scenario was rerun
with the discounting starting from the fist cycle of the intervention for both
intervention and comparator arms, the NMB was positive (E7). However, a
substantial proportion of cases in this scenario would be overdiagnoseFigure
24); for biennial screening at ages 58 and 60, the overdiagnosis rate was estimated
at 49%.
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8.1.3. General populationprobabilistic analysis
Probabilistic analysis was conducted for thefollowing scenarios with positive
NMB in deterministic runs: single screening at ages 58 and 60 and repeat
screening at ages 58 and 6QFigure 25) using the base case model inputs and
assumingperfect screening uptaketo evaluate the net impact of screeningThe
results indicated that uncertainty in the natural history parameters specifically
those correlated with age (see Supplementary Gyas the most influential factor
in determining cost-effectiveness, with the costeffectiveness plane(Figure 26a)

showing a split between three parameter spaces similar to the NHD parameters.

Single screening showed an approximately 80% probability of being cost
effective, though thecredible intervals (Crl, the proportion of the probabilistic

runs that included 95% of values)around the NMB were wide. For screening at
age 58, the mean NMB was £87.2 with a 95%I®f -£160 to £319; for screening
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at age 60, the mean NMB was £69 with a 95%I®f -£121 to £250. In contrast,
repeat screening at ages 58 and 60 had a lower probability of cesffectiveness
(57%) and a mean NMB of £18.3 (95% rC -£318 to £304) with the decision
thresholds of £20,000 per QALYFEigure 26b).
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8.1.4. General population: scenario analyses

As described in previous sections of the report (section 7.3.4,) multiple
deterministic scenario analyses were conducted for screening ages where the
base case suggested screening might be potentially cesffective. For single
screening, these included ages 50, 55, 58, 60, and 62 ye@dfgure 27). For repeat
screening, scenarios included biennial screening at ages 58 and 60,
supplementary annual screening at ages 580, screening every 3 years at ages

55-61, and every 5 years at ages 560 (Figure 28).

Applying the Green Bookscenario (i.e. dynamic by time with higher discounting
for costs than effectsand the £ 15000 threshold) showed a positive NMB across
all scenarios.Conversely, applying a higher discount rate of 5% for benefits had
the opposite effect—screening was not coséeffective in any scenario. Assuming
that cancer diagnosis resulted proportionally in higher harms (i.e. impact on
quality of life) in all stages at diagnosis, resulted highly negative NMB. Applying
flat values for cancerspecific mortality in stage 3 and 4 cancers in men older than
70 years (the survival analysis with highest uncertainty) resulted in screening not
be costeffective in any age groupWhen the model did not overpredict mortality,
screening also failed to be coseffective across all scenarios. This suggests that
achieving a better fit to the natural history of the diseaswvill result in lower cost-

effectiveness of screening.

Other model adjustments—such as applying lower utility weights in the first year
after diagnosis (to capture a higher immediate impact), not adjusting test
sensitivity by age, extending mortality extrapolation beyond 70 years (compared
to 15 years in the lase case), and assuming that earlyiagnosed cancers in the
intervention arm would not result in earlier deaths compared to the comparator

arm—had small impact on the NMB.

In all scenarios screening resulted in substantial level of overdiagnosis, which did

not change substantially by scenarios§upplementaryH).
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8.1.5. General population: impact of screening scaled to the
population of England

Impact of screening on the population of England was assessed from perspective
of resource requirements to implement screening and number of cases expected
to be diagnosed through screening as well as expected difference in mortality

between the standard @ care and organised screening scenarios.

As expected, screening of men of average risk substantially increased resource
use. In England, there are approximately 1.98 million men aged 559. Assuming
395,660 men aged 58 are invited for screening, such a programme would result
annually in an estimded 142,854 completed PSA tests, 13,794 followp mpMRI
procedures, and 11,753 biopsies (Figure 29).
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As stated above, it is estimated that 395,660 of men will be invited to start
screening at age 58.tlwas estimated that aver the 15 years following the
implementation of an organised screening programme— started screening
among all 58 y.omen regardless of their risk(and repeating it at age 60— an
additional 4,618 prostate cancer cases are expected to be detected. The
difference in prostate cancer deaths between the organised screening and
standard care arms is projected to reaci53 casesin the 15 years post
implementation of screeningin probabilistic analysis and 240 cases in

deterministic analysis (Figure 30).
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8.2. Menof Black ethnicity
8.2.1. Men of Black ethnicitysingle screening at different ages
Similar to the general population, the initial model runs were conducted fomen
of Black ethnicity with a single screening round to identify the most coseffective

screening ages.

Screening led to an overall increase in lifetime incidence compared to standard
care, with the magnitude of this increase being greater at older screening ages
(Figure 31). However, screening also reducegrostate cancermortality across all

scenarios, with the largest reduction observed in the cohort screened at agé0-

65 years(Figure 32).
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Screening led to gains in LS across all age groups (Figur&3) with the largest
increment observed in ages 5&5 years.
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Smilarly, screening led to increased total costs across all age groups. While cancer
treatment costs were lower when screening occurred before age 60, the high

diagnostic costs associated with followup of false positives and detection of

indolent or slow-progressingcancers offset these savings (Figuré4).
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Incremental NMB was positive for screening at agesnder 65, with the highest
values observed in the 5562 age g r o u 85). THesegsameescenarios
remained costeffective when discounting was applied from the cycle of
intervention implementation for each scenario; additionally, screeningmen of
Black ethnicity at age 65 was also found to be cosgfffective under this approach
(E_i_g 86), though the most costeffective ages remained 55%2 and as expected
the incremental NMBs at later age were higher
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Screening resulted in overdiagnosis amongnen of Black ethnicity, as in the
general population, the rate of overdiagnosis increased with agefrom 15.2% of

screendet ected cases at age 335 to 83% at age
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8.2.2. Men of Black ethnicityrepeat screening scenarios

Repeat screeningvas run for thesingle screening scenarios with largest NMBTl'he
repeat screening resulted in positive incremental NMB across all evaluated
scenarios(Figure 38). The largestincremental NMB was with annual screening at
55-60 years old. Screening in younger groups (<50 years) resulted in much
smaller incremental NMB. Similar to the general population a substantial
proportion of cases would be overdiagnosedHKigure 39); with annual screening
of 55-60-year-old men of Black ethnicity, 44% ofprostate cancercases diagnosed
through screening would be overdiagnosed.
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8.2.3. Men of Black ethnicityprobabilistic analyses
A probabilistic simulation of the Black male population was conducted for three
scenarios (all run with perfect uptake): single screening at ages 40 and 45, and
repeat screening from ages 50 to 62 at fouyear intervals. The NMB was almost
entirely positive for the first two scenarios and centred around zero for repeat
screening (Eigure 40). Similar to the men of general risk, the NMB was split into
several clouds with screening in older ages, reflecting the uncertainty in calibrated

NHD parameters correlated by age (see Supplementary C for this analysis).
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Uncertainty in the natural history parameters had a substantial influence on the
cost-effectiveness of repeat screening but was less impactful for single screening
(Figure 41a). Single screening demonstrated almost 100% probability of being
cost-effective, with an incremental NMB of £124 (95% Cl: £55 to £235) for
screening at age 40, and £259 (95%rC £31 to £518) for screening at age 45[he
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repeat screening showed a meamcremental NMB of £148 (95% Cl: —-£1,137 to
£829).

Although the probabilistic sensitivity analysis indicated a potential for screening
men of Black ethnicity to be costeffective, this evaluation assumed perfect
uptake—an idealised scenario of optimal screening implementation. Therefore, as
with the general population, a further analysis was conducted using uptake rates
observed in the CAP trial.

For single screening, running the model on 1 milliommen of Black ethnicityusing

uptake rates from the CAP trial showed that screening at age 40 resulted in

negativeincremental NMB in most simulation runs. Screening at age 45 produced

results largely centred around zero, with a slight shift towards positive

incremental NMB (Figure42).
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For repeat screening, biennial screening from ages 40 to 58 showed high
uncertainty, with incremental NMB centred around zero. In contrast, biennial
screening from ages 45 to 61 and-¥4early screening from ages 50 to 62 were both

shifted towards positive incremental NMB (Figure 43).
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As seen on the coseffectiveness plane, all scenarios showed relativelpigh
uncertainty in cost-effectiveness results(Figure 44). This contrasts sharply with
the probabilistic analysis assuming perfect uptake, where screening at ages 40 and
45 was costeffective. The findings highlight the critical importance of achieving

high uptake rates in the target population.

Sngle screening at age 4ad only 17% of probabilistic runs showing a positive
incremental NMB (mean incremental NMB: -£6.1; 95% Crl: -£17 to £7).
Confidence in costeffectiveness was also low for screening at age 45, with 66% of

runs positive (meanincremental NMB: £5; 95% Crl:-£26 to £34), Figure 44.

The highest meanincremental NMB and narrowest credible interval were
observed for 4yearly screening from ages 50 to 62. This strategy was cest
effective at the £20,000/QALY threshold in 81% of runs (meamcremental NMB:
£99; 95% Crl:-£121 to £294). Biennial screening from ages 40 to 58 produced a
meanincremental NMB of£36 (95% Crl:-£287 to £303) and was costeffective in
68% of runs, while biennial screening from ages 45 to 61 had a mearcremental
NMB of£87 (95% Crl:-£287 to £395) with 77% of runs positive.
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8.2.4. Men of Black ethnicityscenario analyses

Multiple deterministic scenario analyses were conductedHigure 45) to evaluate

an impact of assumptions onncremental NMB.

For single screening, the NMB was positive in adixcept one (higher impact of

cancer diagnosis on utilities, i.e. higher harms related to screeninggested

scenarios at ages 55 and 58 yearsHigher screeningrelated harms (negative

impact on costeffectiveness) and using the Green Book scenario (positive impact

on costeffectiveness) were the most impactful scenarios on NMB values.
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For repeat screening, none of the programme designs resulted in a positive
incremental NMB overall. However, screening men of Black ethnicity aged 582
once every four years showed positive incremental NMBs in all but two scenarios

(applying a 5% discountrate for effects and higher harms for cancer diagnosis)
(Eigure 46).
Similar to the general population, applying discounting by the approach of the

Green Book and higher screeningelated harms were the most impactful on cost

effectiveness results.
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8.2.5. Men of Black ethnicity: impact of screening scaled to the
population of England

As only 5% of the population in England are Black, and with 2,027,500 men aged
50-55 years reported by the ONS in 2022, it is estimated that inviting to screening
50-yearrol d men of Bl ack ethnicity (from ages
which was seleted as one of the most costffective strategies with lower
resource use) would result in approximately 7,300 PSA screening completed
annually. This would lead to around 790 followup mpMRI scans and 670
additional biopsies each year when the programme iully enrolled (Figure 47).
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Over the 15 years following the implementation of an organised screening
programme — screening men of Black ethnicityaged 50 to 62 every four years
resulted in an additional 571 prostate cancer cases are expected to be detected
when screening every 4 years and,142 addition prostate cancer cases are
expected to be detected when screening every 2 yearshe difference in prostate
cancer deaths between the organised screenirfgr men of Black ethnicityand
standard care arms is projected to reach caseper cohort (or 7 cases in a fully
rolled out programme) in probabilistic analyses and 11 cases in deterministic

analysis after 15 years of follow ugFigure 48).
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8.3. Men with familial risk
8.3.1. Familial risksingle screening at different ages
Similar to other population groups, the initial model runs were conducted for men
with familial risk with a single screening round to identify the most costeffective

screening ages.

The same trend of increase incidence ofprostate cancerby age was observed in
this subgroup, with a substantial increase after the age 62 (Figu#9). Similarly,
there was a reduction in mortality, with the largest reduction observed in the
cohort screened at ages 68 years Eigure 50).
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Screening led to gains irLYSacross all age groups and increases in QALYs for
those screened before age 72 (FigurBl). Screening also increased total costs
(Eigure 52). As expected, screeningelated costs decreased with age due to fewer
individuals being invited at older ages. Cancer treatment costs were lower in those
younger than 58. The diagnostic follomup costs for screenrpositive cases and
incremental cancer treatment costs generally increased with age up to the age 70,
reflecting a higher prevalence of undiagnosed cancers in older populations.
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The incremental NMB of screening was positive in the 552 age group with
discounting applied starting from the same model cycle (Figur3) and in 48-65
group when each intervention was evaluated separatelyHigure 54). However,
this did not change the conclusion on the most cosffective age of screening,
which in both cases was age 60.
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Screening also resulted in substantial overdiagnosis rate with 15% qirostate
cancercases overdiagnosed if men with familial risk are screened at age 45 to 86%

of cases if men are screened at age 72 (Figus).

1
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8.3.2. Familial riskrepeat screening scenarios
The results from the single screening analyses informed the design of the repeat

screening strategies evaluated in the model.

Screening was costffective in some scenarios but not in others. It was cost
effective with annual screening between age55-60, 5860 and 58-62; biennial
screening at ages 5662, 58-60, 5662, 54-62, and 50-62; triennial screening at
ages 5561 and 50-63; screening every 4 years at ages 562; and screening
every 5 years at age$0-60 and55-65 (F_ i g B6). b all scenarios, screening led
to substantial overdiagnosis, with rates ranging from 46% to 63%HK_i g &7). e
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8.3.3. Familial riskprobabilistic analyses

Probabilistic analysis for screening menwho have first degree relatives with

prostate, breast or ovarian cancersvas first conducted assuming perfect uptake

to assess the net impact of screeningdemonstrating consistently that single

screening had higher NMBthan repeat screening Figure 58 and Figure 59).
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Screening men with familial risk at age 40 was not cosdffective (probability of
cost-effectiveness: 0.3%; mearmncremental NMB—-£11, 95% Crl-£19 to —£2). In
contrast, single screening at older ages (50, 58, and 60) showed substantial
uncertainty around costeffectiveness, with small positive meanincremental
NMBs and credible intervals centred around zero, despite #81% of probabilistic
runs vyielding positive incremental NMBs. Specifically, the meanncremental
NMBs (95% Crls) were£5.6 (—£22 to £27), £23 (—£73 to £83), and £15 (—£62 to
£60) for screening at ages 50, 58, and 60, respectivdlgigure 60).

These findings were broadly similar to those for screening the general population
but with slightly reduced uncertainty. Repeat screening strategies were not cost
effective: only 3% of probabilistic runs were positive for triennial screening from
ages 50 b 63 (meanincremental NMB—£96, 95% Crl-£302 to £4), and 18% were
positive for screening once every four years from ages 50 to 62 (mearcremental
NMB-£55, 95% Crl-£241 to £37).

CA g ONB Yy 4¥Zy §ii | N'éwl-éw@l-oumﬁaﬁémﬁmﬁgm YAEALFE
LISNFSOE dzANH]{S aONBSyAy3

Incremental NMB Relative to standard of care

1.1 \ il — ghi
e l\ lL}H /}’V Ml‘ M\W WW‘H ||||" MW KM WW “ i WVHaW
é PV| il I'ﬂlu’ll 'J'l‘ 1

: Ehh' fjh ”‘W'J i M”MAM i ‘*ﬂd;l”““‘ ’|d m‘wvﬂw WWM";' |:|' t| wuvt MWLW (m«ﬂs
é “D? hl{lﬂl"llllll'“ i h”'\l"”'\lil"I\'II'| ll'u‘li | l‘I'" ||||'|"|'|'|'('| V) '||f

I \ I I I \
0 200 400 600 800 1000

Simulation Run

127



CA JEME ONB YSl U¥Zy §Ji I NBa BISYRIUNR oM Ol NB

LISNFSOG dzZLJil 1S NBLISIH

Incremental NMB Relative to standard of care

o
O —
—_ —— Screen 50/62, 4yfinterval
o) —— Screen 50/83, 3y/interval
=
e ° W e \| " il -
@ ’|"J "'MMH”
5 LN AT e i
© o ' '
© (= R
= i
o
=
° o
= o
—_ ol
-'g 1
c
[}
E o
(] o
o @
k=

0 200 400 600

Simulation Run

800

1000

AONBSYAYy IO

128

OYSY @GAGF



“

CA JdNBMR0E0s Sy Saa LIBLFOoBEYSEYRI ODSUIIF 0Af Al
Al t

Incremental Costs (£)

=y
o
o

Probability Cost-Effective

300

200

0.50

0.25

0.00

GAGK Tl YACT NAal> LISNFSOG dzZLiil 1S

Cost-Effectiveness Plane

Strategy

@ NMB_screen_40_single

@ NMB_screen_50_62_4an

@ NMB_screen_50_63_3an
NMB_screen_50_single
NMB_screen_58_single
NMB_screen_60_single

0.000 0.005 0.010
Incremental QALYs

Cost-Effectiveness Acceptability Curve (CEAC)

Strategy

=== Screen_40_Single

=== Screen_50_62_4an

=== Screen_50_63_3an
Screen_50_Single
Screen_58_Single

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
]
1
1
1
1
1
1
1
: Screen_60_Single
1

1

0 10000 20000 30000 40000 50000
Willingness-to-Pay Threshold (E/QALY)

129

w

e

0O



Probabilistic analysis for screening men with familial risk was also performed in
the 58-60 age group, using the uptake rates from the CAP trial. This aimed to
assess the impact of screening under more realistic conditions and to compare it

with repeat screening of men in the general population.

The probabilistic analysis revealed substantial uncertainty in the cost
effectiveness of PSA screening for men with familial risk, even in this most cest

effective deterministic scenario (Figure61l).

While screening had a 78% probability of being coseffective, the 95% Crl was

wide, similar to the alkmen population, with a meanincremental NMB of £59

(95% Crl:—£120to £230; Figure 62). This indicates that, for men with familial risk,

considerable uncertainty remains regarding the coseffectiveness of PSA

screening.
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8.3.4. Familial riskscenario analyses
As in other populations, applyinghigher impact of harms related to cancer
diagnosis (i.e. lower HRQoL values for each cancer stage) ahe& Green Book
approach to discounting costs and effectand using £15,000 decision threshold
had the greatest impact onincremental NMB estimates.
Sensitivity analyses also showed that single screening scenarios were more likely
to result in a positiveincremental NMB compared to repeat screeningFigure 63,
Figure 64). Sngle screening at ages 58 and 60 produced théighest NMB
estimates. Among repeat screening options, screening every four years between
ages 50-62 or every three years between ages 5&3 showed the fewest scenarios

with negative incremental NMB.
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8.3.5. Men with familial risk: impact of screening scaled to the
population of England

In the model, 46.9% of men had at least one firstegree relative with breast,

YSYy éAGK

"TTE OAAT,

ovarian, or prostate cancer by the end of their lifetime. By age 58, the probability

of having such a family history was 0.7776, corresponding to 36% of men aged 58.

This translated to an estimated 142,438 men with known familial risk being

invited to screening at age 58. Annually, this would require inviting approximately
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9,000 men for follow-up mpMRI and performing around 4,500 biopsies
(Fighbre 6
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Over the 15 years following the implementation of an organised screening
programme — screening men with familial risk at age$8 and 60resulted in an
additional 2,170 prostate cancer cases expected to be detectedprobabilistic
analysis The difference in prostate cancer deaths between the organised
screening for men with familial risk and standard care arms is projected to reach
58 casesafter 15 years of follow upin probabilistic analysisand 132 cases in

deterministic analysis (Figure 66).
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8.4. BRCA carriers

As in the other population groups, the initial model runs for BRCA carriers were

conducted with a single screening round to identify the most costffective

screening ages. An increase in incidence rates was observed up to age 72 (Figure

67), with the greatest impact on mortality achieved by a single screen at ages 60
62 (Figure 68).

8.4.1. BRCA carriersingle screening at different ages
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Screening resulted in increments in both LYS and QALYs in all agegyure 69),
and in lower treatment costs with screening before ages 6but higher total costs
in all age groups (Figurer0).

CA JdMBL Yy ONB Y Sy (i FLOS NI, LgSANRyaey ¥ & 1SR OMF S Yy wy 3F | NNRA S NA
ailyRINR 2F Ol NB

0.009
g 0.008
< 0.007
O 0.006
2
S 0.005
" 0.004
>_
= 0.003
£ 0002
2 0.001 I
£ 0.000
c 45 48 50 55 58 60 62 65 68 70 72
Ages, years
mLYS mQALYS

, ACAT AEAA3UAAOONOALCEA] AAREDDOAA 1 EAA UAAOO

CA JWNEBL Yy ONB Y SIF NI EINBMEYIZEY Sa O MY S ¥ wy 3 @ Db INJNR SN

2F Ol NB

40.00

35.00
[&]
< 30.00
?
S 25.00
o
5 20.00
o
»n 15.00
17}
8 10.00
©
5 |I “ I |
0 |
g 0.00 . =
5 55 ls Io !5 58 60 62 65 68 70 72
2  -500

-10.00

B TOTAL COSTS mCancer COSTS mDIAG COSTS = SCREEN COSTS

NMB was positive for single screening conducted before age 68, with the highest
values observed for screening at ages 560 (Figure 71). Modelling each

intervention separately—by applying discounting from the cycle of the first
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intervention for both the screening and naescreening arms—did not change the
conclusions regarding the most coseffective age. However, under this approach,
screening at age 68 was also found to be cesftfective (Eigure 72).
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Similar to other population groups, screening in BRCA carriers led to substantial
overdiagnosis, ranging from 13% with a single screen at age 45 to 79% at age 72
(Figure 73).
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8.4.2. BRCA carriersepeat screening scenarios
Repeat screening was evaluated by modelling various interventionwith age
range of 45 to 68 yearsinformed by the singlescreening analyses Annual
screening of BRCA carriers from ages 45 to 62 emerged as the strategigh
highest net monetary benefit(Eigure 74). All repeat screening scenarios were also

associated with high estimated rates of overdiagnosigfgure 75).
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8.4.3. BRCA carriergrobabilistic analyses
Probabilistic analyses were initially conducted assuming perfect uptake to assess

the net impact of screening while accounting for parameter uncertainty.

The scenarios analysed included single screening at ages 45, 48, 50, and 55, as well

as repeat screening at ages 462 and 50-62 with two -year intervals.

All single-screening scenarios produced positivencremental NMB values Eigure

76). Similarly, all repeatscreening scenarios showedncremental NMB values

above zero Eigure 77).

As shown on the coseffectiveness plane, both single and repeat screening
scenarios with perfect uptake had a 100% probability of being cost effective for
BRCA carriers (with previously detected genetic mutations) at a threshold of
£20,000 per QALY Figure 78). The meanincremental NMBs (95% Crl) for single
screening at ages 45, 48, 50, and S&ere £125 (63; 200), £176 (87;282), £113
(59; 181), and £209 (102; 346), respectively. For repeat screening every four
years, the mearincremental NMBs (95% Crl) were £324 (56584) for ages 4662
and £297 (65-532) for ages 56-62.
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As with PSA screening in the Black population, the cost effectiveness of screening
with perfect uptake for BRCA carriers does not provide sufficient confidence
regarding its potential under realistic uptake levels. Therefore, we also conducted
probabilistic evaluations of repeat screening foprostate canceramong BRCA
carriers using uptake inputs from the CAP trial. The scenarios assessed included
screening every four years from ages 462 and 50-62, as well as the most cost

effective scenario identified n deterministic runs—annual screening from ages 45

to 62.

Applying uptake from the CAP trial in the probabilistic analysis did not change the

conclusion on costeffectiveness of PSA screening in men with established BRCA

status (Figure79).
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All repeat screening scenarios were costffective; however, screening at a4

year interval demonstrated a higher probability of costeffectiveness (100%)

compared to annual screening (97.5%). The mean NMB and 95% Crl w36

(£48; £240) for screening every four years between ages 582, £157 (£53;

£274) for screening every four years between ages 462, and£234 (£2; £466)

for annual screening between ages 4%2 (Figure 80).
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As in other populations, applyinghigher impact of harms (this is however a

hypothetical scenario to demonstrate an impact of harms on the model arttis

8.4.4. BRCA carrierscenario analyses

oAt AGE

scenario isnot supported by data) andthe Green Book approach to discounting

costs and effects had the greatest impact ancremental NMB estimatesHowever,

in contrast to other population subgroups the scenario that preventsthe
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simulated population from dying from cancer diagnosed through organised
screening before reaching their age of diagnosis in the comparator arm (standard
t

of care), [

predicted NMB, especially in singletime screening runs(Figure 81, Figure 82).
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This happens presumably because cancer developed in BRCA carriers was

assumed to be more aggre

ssive in the model.

In single-screening scenarios for those who were screened at age 62 years and

younger and in all repeat screenings all except onerun screening scenarios

resulted in positive incremental NMB.

C A JydaS (i
OF NNX $ N&

“x sA

Age 65

Age 62

Age 60

Age 58

Age 55

Age 50

Age 48

Age 45

-250 -200 -150 -100

-50 100 150

m Basecase

Survival
uncertainty
Higher impact
of harms

H Fitted
mortality
Green Book
scenario

m Utility, Y1

m Sensitivity not
adjusted by age

® Accuracy not
adjusted by age

H Mortality 70
years

H Lead time

m Discount effect
5%
H Discount 5%

, ACAT Ad Kuwhtrtrt

OEOAOEIT A EO OOAA

 OAAT

147

Y2y SitoNg Sy SDSHA NB2ES § O NBE/RIEY I Y

"TTE OAAT,



CAIWMB G Y2y SGibMB 4§y 4§ 06T NANS LIS i waSNS IS NNY 9 NE
B Basecase
|
Annual 55-62 = Survival uncertainty

Every 4y, 50-62

Every 3y, 50-63

Biennial 45-61

Biennial 50-62

Annual 55-60

-1500

'ﬂ1 W1 11 'ﬁ"l 'ﬁ"‘ 'ﬂ'l

-1000 -500

500

o

® Higher impact of
harms

m Fitted mortality

m Green Book scenario

m Utility, Y1

W Sensitivity not

adjusted by age
= Accuracy not

adjusted by age
m Mortality 70 years
m Lead time

H Discount effect 5%

H Discount 5%

1000

, ACAT Ad Kuwhttt

OEOAOGEIT A EO OOAA EI

OEA ' OAAI

148

"TTE OAAT,



8.4.5. BRCA carriers: impact of screening scaled to the population of
England

Biennial screening of BRCA carriers from 45 to Byearswas cost-effective inboth
deterministic and probabilistic scenarios. While annual screening was very cost
effective in deterministic analysis itwould likely incur substantial administrative
burden and could negatively impact uptake—factors not accounted for in the

current model due to a lack of available data.

The resource useper cohort invited to be screened was not substantial
considering the small target population.The probability of a 45year-old man
being a BRCA carrier is only 0.00661. With a reported population of 1.9 million
men aged 4550 years in England, even if all were tested for BRCA status, only
around 2,500 men would be eligible for screening. This wouldresult in
approximately 140 men invited for follow-up after a positive PSA tes87 positive
mpMRIs, and 64 biopsies performed each year, ofhich an estimated41 would

be cancerpositive per cohort screened(Figure 83).
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Over the 15 years following the implementation of an organised screening
programme — screeningBRCA carriers biennially from ages 45 to 6fesulted in
an additional 69 prostate cancer cases expected to be detect@ddeterministic

analyses The difference in prostate cancer deathis 15 years of follow up
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between the organised screening foBRCA carriersand standard care arms is

projected toresult in 0.5 deathsper cohort screened or 4 deaths in a fully rolled

out screening program(Figure 84).
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9. Modelling results: riskstratified screening

The following scenarios were evaluated for the riskstratified screening:
Scenario 1: run for men of general risk and familial risk

Men are invited for screening at age 58. If diagnosed with cancer, they proceed
with treatment and surveillance. If their first PSA test is >=3.5ng/m(The NICE
suggested threshold) but they test negative in the followup tests (MRI and
biopsy) men are invited back at age 60 years. If their PSA is < 3.5ng/ml, they are
not re-invited. The same scenario is conducted with the PSA test threshold of 3

ng/mi
Scenario 2: run for Black and BRCA carriers

Men are invited for screening at age 40. If diagnosed with cancer, they proceed
with treatment and surveillance. If their first PSA test is >=2.5ng/ml but they test
negative in the followrup tests (MRI and biopsy) men are invited back biennially
till age 58. If their PSA at the first test is < 2.5ng/ml, they are not revited. The

same scenario is conducted with the PSA test threshold of 3 ng/ml.
Scenario 3: run for Black and BRCA carriers

Men are invited for screening at age 45. If diagnosed with cancer, they proceed
with treatment and surveillance. If their first PSA test is >=2.5ng/ml but they test
negative in the follow-up tests (MRI and biopsy) men are invited back biennially
till age 61. If their PSA at the first test is < 2.5ng/ml, they are not r@vited. The

same scenario is conducted with the PSA test threshold of 3 ng/ml.
Scenario 4: run for Black and BRCA carriers

Men are invited for screening at age 45. If diagnosed with cancer, they proceed
with treatment and surveillance. If their first PSA test is >=2.5ng/ml but they test
negative in the follow-up tests (MRI and biopsy) men are invited back each 4 years
up to age 61. If their PSA is < 2.5ng/ml, they are not r@vited. The same scenario
is conducted with the PSA test threshold of 3 ng/ml.

To address the impact of discounting, all risk stratified strategies were modelled

with the discounting applied in the first cycle of the intervention
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9.1. Risk stratified screeningr men of average risk
In the deterministic analysis, screening all men at ages 58 and 60 resulted in
greater LYS and QALYSs than reinviting at age 60 only those with PSA levels at age
58 above specific thresholds (either the NICEecommended threshold of
3.5 ng/ ml for this age griskestratifiedscreeBingh g/ ml as
However, the nonrisk-stratified strategy also led to substantially higher
screening, diagnostic, and tratment costs (Figures85 and Figure 86). The rate of
overdiagnosis predicted with these strategies was 49% if everyone is invited to be
screened and 47% if only men with elevated PSA levels are invited the second
time.
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Screening everyone at both age68 and 60) had the highestincremental NMB

when compared pairwise to standard of care, with aimcremental NMB of £17 at

a willingness-to-pay threshold of £20,000 per QALY. This was followed by
reinviting men with PSA >3.5 ng/ ml (£10) a
full incremental deterministic analysis showed thatreinviting with a threshold of

3ng/ml was dominated with a slight negative incremental NMB {£1) relative to

reinviting those with PSA >35ng/ml. Reinviting men with PSA >3 ng/ml was

identified as the most costeffective option on the efficiency frontier, though the

difference between the interventions was small.

In the probabilistic analysis, screening all men using a risktratified approach (i.e.

reinviting at age 60 only those with elevated PSA levels at the initial screen but no

prostate cancer diagnosis) was not more costffective compared to inviting all

men at ages 58 and B(Figure 87). The mean incremental NMB compared to the

standard of carein probabilistic analysis was £14 (95% Crl: —£127 to £129) for

screening all men, £94£65to£81)forre-i nvi t i ng t hose with PSA
recommended by NICE), and £8—£78 to £91) for re-inviting those with PSA

> 3 n gThenluncertainty in costeffectiveness was similar across all three

strategies, with probabilities of being costeffective ranging from 61% to 64%

(Table 31). The results of the deterministic scenario analysis, using the

discounting approach recommended in the Green Book, were broadly consistent

with those observed in the base caselable 32).
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standard increment increment | (standard standard
of care), £ al al of care), of care,

determinis probabilist | determinis probabilist
tic ic ic, mean
analysis), analysis), £ (Crl), p

Standard 44.871

of care £8,157

Reinviting 44.85 £10 £8.9p= £10 £9(-

above £8,225 £17,449 64% 65;81),

3.5ng/ml p=64%

Reinviting 44.8 -£1 -£0.5 p= £9 £8(-

above 3 £8,236 £17,864 49% 78;91),

ng/ml p=61%

Screening 44.879 £7 £5.3 p= £17 £14(-

everyone | £8,286 £17,648 60% 127;149),

p=61%
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9.2. Risk stratified screeninigr men with familial risk
Screening men with familial risk twice at ages 58 and 60 resulted in greater LYS
and QALYs but also higher costs than reinviting at age 60 only those with PSA
levels at age 58 above specific thresholds (either the NIGEcommended
t hreshol d orf t3hi5s naggenlgrfoup o-isk-3tratiied/ ml as u

screening), see Figure88 and 89. The rate of overdiagnosis predicted with these
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strategies was 48.5% if everyone is invited to be screened and 46% if only men

with elevated PSA levels are invited the second time.
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Screening men with familial risk at both ages had the highest incremental NMB
when compared pairwise to standard of care in both deterministic and
probabilistic analyses, with an incremental NMB of £70 (deterministic) and £59
(probabilistic, 95% Crl -£119; £230) at a willingnessto-pay threshold of £20,000
per QALY. This was followed by reinviting men with PSA >3 ng/ml (£41 in
deterministic and £35, 95% Crl-£61;£ 120 i n probabilistic) and
(E37 in deterministic and £32 95% Crl-£72; £137 in probabilistic).
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In the full incremental analysis, screening all men with familial risk at ages 58 and

60 also emerged as the most coseffective strategy in both deterministic and

probabilistic analysesin the base case and Green Book scenarifBable 33 and

Table 34). The probability of organised screening interventions being cost

effective was higher for men with familial risk compared to those at general risk.

However, the credible intervals were wide and included negative values,

indicating substantial uncertainty (Figure 90).
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Scenario Costs, | Effect ICER (to NMB (Full NMB (Full NMB vs
£ standar incremental incremental (standard of standard of
d of deterministic  probabilistic ~ care), care,
care), £ analysis), £ analysis), deterministi  probabilistic,
mean £, p c £ mean £ (Crl),
p
Standard 44.77
of care £ 8,636 7
Reinviting 44.78 £37 £ 32, p=78%/| £37 £ 32 (61;
above £8,704 2 | £12,944 120), p =79%
3.5ng/ml
Reinviting 44.78 | £13080 | £5 £ 3.5, p=71%| £41 £ 35 ¢71;137),
above 3 £8,714 3 p=79%
ng/ml
Screening 44.78 £29 £24,p=78%| £70 £ 59 ¢120;
everyone £8,767 7 | £13,051 230), p=79%
¢ ofYS Loy ONBYB yMiZd vt S (i ONB A 6BYRIUNR 2F OFLNB FyR 230K$
ORSGSN¥YAYAEZ00O dzaAy3d (KS DNBSYy .221 a0Syl NI

Scenario

Effe

ICER (to standard NMB (Full incremental

NMB (standard of

cts of care), £

analysis), £

care) , £

Standard of care | £ 8,646 47.3

77
Reinviting above | £ 8,713| 47.3| £ 7,020 | £ 7 £ 77
3.5ng/mi 87
Reinviting above | £ 8,724 47.3| £ 7,082| £ £ 87
3 ng/mi 88
Screening 473 | £ 7,019 | £ 6| £ 149
everyone £ 96

8,777
9.3. Risk stratified screening for men of Black ethnicity

In the deterministic analysis, screening men of Black ethnicity led to greater LYS
and QALYs across all scenaripsvith and without risk stratification . Expectedly,
the benefit was more pronounced in strategies involving multiple rounds of
screening per individual—i.e. when all men were reinvited regardless of PSA
level—compared to strategies that only reinvited those with elevated PSA results

from the initial round (Figure 91).
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Screening also resulted in higher overall costs. Although earlier screening (i.e.
starting at age 40) reduced treatment costs in some scenarios, total costs

increased due to the added costs of screening and diagnostic procedures (Figure
92).
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Among scenarioswhere screening startedat age 40, screening everyone was the
most costeffective strategy in both deterministic and probabilistic pairwise and
full incremental analysesin the base case and Green book analys@able 3 and
Table ). A single screen at age 40 followed by selective-navitation based on
PSA levels was not costffective in deterministic analysis. In the probabilistic full
incremental analysis, all comparators had a 780% probability of being cost
effective at the NCE threshold (Figure 93). Using a lower PSA threshold of

2.5 ng/ ml l ed to slightly | ower costs comp
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the conclusion that screening everyone remained the most cosffective option.

As in other population subgroups, the differences between strategies were small.

For deterministic scenarios initiating screening at age 45, all strategies were cost
effective compared to standard careTable 37). However, biennial screening of all
men from ages 45 to 61 was the most codffective strategy on the efficiency
frontier in both base case and Green BooKdble 38) scenarios.

In probabilistic analyses for screening strategies starting from the age of 45,
strategies where only men with high PSA levels were invited to the repeat
screening after their first test at age 45 was positive, had negative or low
incremental NMB Eigure 94). Screening once in two or four years from age 45 to
61 had positive incremental NMB, though with wide Crl with around 20% of

probabilistic runs resulting in negative NMB.

Biennial screening from age 45 to 61 emerged as the most cesffective strategy
for Black menin probabilistic analysis. However, the confidence that it is more
cost-effective than quadrennial screening (every four years) for the same age

group is low.
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Scenario

Costs £

Effects

ICER (to
standard of
care) £

NMB (Full
incremental
deterministi

canalysis) £

NMB s
standard of
care),
deterministi
c, £

NMB mean
and 95%Crl
(vsstandard
of care),
probabilistic
,E

Standard of | £5,683 36.176
care
Reinviting £5,721 36.177 | £36,63% -£17.09 -£17.09 40 (70;
above 3 136), p=81%
ng/ml
Reinviting £5,743 36.178| £27,589 -£17 -£17 36 (59;
above 118), p=81%
2.5ng/ml
Screening £5,976 36.196 | £14,906 £100 £100 67 ¢
everyone 113;229),
p=81%
¢l 0EYS Loy ONBSIS yYiz f ST PRRAGISYRBIUNR 2F OF NB |
38 F2NJ NA&]l 40N} aUOFoa2y nn o6RSGSN

Scenario

£ 101

Effec
ts

SGKYyAOAGE

ICER (to standard of

care), £

NMB (Full
incremental

NMB (vs standard of

care), £

analysis), £

Standard of £ 5,806| 42.54

care 4

Reinviting £ 5,844| 4254 | £ 13,9] £ 3| £ 3
above 3 7

ng/ml

Reinviting £ 5,866| 42.54 £ 2 £ 20
above 9| £ 11,288

2.5ng/ml

Screening £ 6,097| 4259 | £ ™| £ 464 £ 465
everyone 4
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Scenario Costs, £ Effects ICER (to standard of NMB (Full NMB (Full NMB (standard of NMB vs standard of
care), £ incremental incremental care), deterministic, care, probabilistic,
probabilistic deterministic = mean £ (Crl), p
analysis), £ analysis), mean £, p
Standard of care £6,678 38.87
Reinviting above £7, £7
| (4an 4561

3ng/mi (4an 4561) £6,719 39.005 | £2,283 p =67% £315 £315 (-53:45), p=67%
Reinviting above -£6, £0.7
3ng/mi (bien 4561) £6,736 38.09 | £17,911 p =15% -£309 £7 (-53;47), p=54%
Reinviting above £5, £5
2.5ng/ml (4an 4561) £6,748 38.9% | £15,716 p=72% £297 £19 (-67:70), p=62%
Reinviting above -£12, £-7
2.5ng/ml (bien 4561) £6,773 38.9%8 | £17,894 p =10% -£304 £11 (-101;72), p=47%
Screening everyone £158, £151
4an, 4561

£6,84 39.006 | £10,849 p =83% -£142 £173 (-197;441), p=819
Screening everyone £4, £ 155

ien 4561

bien 456 £7,032 39.015 | £12,633 p =% -£109 £206 (-377; 583), p=799

163



¢ oyYS Loy ONBHS yYid f S PBRR a0 ISYRBIUNR 2F OFINB YR 20KSNJ AYyiSNWSyosaz2ya gAGK
RA&d02dzysay3dvz YSy 2F .t+0 IR

1 SGKYAORAGG:

Scenario ICER (to standard of care), : NMB (Full incremental NMB (vs standard of care),
analysis), £ £

Standard of care £ 6,759 44.141

Reinviting above 3ng/ml £ 6,80(0 44162 | £ 11 £ 24 £ 2

(4an 4561)

Reinviting above 3ng/ml £ 6,817 44148 | £ 8,1 -£ 4 £ 46

(bien 4561)

Reinviting above 2.5ng/ml | £ 6,829 44150 £ 7] £ 202 | £ 73

(4an 4561)

Reinviting above 2.5ng/ml | £ 6,854 44152 | £ 8, -£ 195 | £ 80

(bien 4561)

Screening everyone 4an, £ 6,965 44.185| £ 41 £ 183 | £ 458

4561

Screening everyone bien £ 7,114 44207 | £ 51 £ 176 £ 634

4561
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9.4. Risk stratified screening for BRCA carriers
Screening of BRCA carriers led to greater LYS and QALYs across all scenarios
compared to the standard care. Similar to the men of Black ethnicity, the benefit
was more pronounced in strategies involving multiple rounds of screening per
individual —i.e. whenall men were reiinvited regardless of PSA level-compared
to strategies that only reinvited those with elevated PSA results from the initial

round (Figure 95).
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Screening also resulted in higher costs in all scenarios, even though the

treatment costs were lower in all evaluated screening programmes (Figur@o).
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For scenarios that initiated screening at age 40, biennial screening from age 40 to
58 was the most costeffective strategy in both deterministic and probabilistic
analysesin the base cas€Table 3) and Green Book {able 40) scenarios A less
cost-effective approach was to screen at age 40 and then reinvite only those above
a pre-defined PSA threshold Eigure 97).

In scenarioswhich started screening at age 45, all strategies were found to be cest

effective compared to standard careX{able41, Figure 98). Similar to the findings

for men of Black ethnicity, biennial screening for all men from ages 45 to 61 was
the most costeffective strategy on the efficiency frontierin both base caseTable
41) and Green Book scenariollable 42).

Overall, for men with an established BRCA status, biennial screening from age 45

to 61 emerged as the most costffective strategy across all scenarios examined.
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Scenario Costs, £ Effects ICER (to standard of NMB (Full NMB (Full NMB (standard of NMB vs standard of
care), £ incremental incremental care), deterministic, care, probabilistic,
deterministic probabilistic = mean £ (Crl), p
analysis), £ analysis), mean £, p
Standard of care £6,892 35.728
Screening at 40 ang £6,901 35.729 £11,046 £8 £ 4, p=78% £8 £4 (5; 15), p=78%

reinviting biennially
till 58 if PSA above 3
ng/ml
Screening at 40 and £6,907 35.729 £9,156 £10 £ 11, p=96% £18 15 (2; 34), p=96%
reinviting till 58 if
PSA above 2.5ng/m

Screening everyong £6,986 35.74 £6,976 £ 158 £ 163, p=100% £176 £ 178 (45; 317)
biennially from 40 p=100%
58
¢l onf¥S LY ONBSIS yYig v ST PaR A OISYRBIUNR 2F OFNB YR 20KSNJ AYGSNWSyoe2ya gAGK 38 =
ICER (to standard of care), : NMB (Full incremental NMB (vs standard of care),
analysis), £

Standard of care £7,016 41.8%

Screening at 40 and £7,025 41.86 £5,202 £18 £18

reinviting till 58 if PSA
above 3 ng/ml
Screening at 40 and £7,031 41.867 £4,275 £20 £38
reinviting till 58 if PSA
above 2.5ng/ml
Screening everyone £7,111 41.87 £2363 £364 £402
biennially from 4058
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NMB (Full
incremental

Scenario

ICER (to standard of NMB (Full
care), £ incremental

NMB (standard of NMB vs standard of
care), deterministic, care, probabilistic,

deterministic
analysis), £

probabilistic
analysis), mean £, p

5

mean £ (Crl), p

Standard of care £8,121 38.38

Reinviting above £8,137 38.%6 | £6,313 £34 £ 28, p=100% £34 £ 28 (7; 51), p=1009
PSA3ng/ml (1/2y,

45-61)

Reinviting above £8,140 38.3%7 | £5,507 £16 £ 13, p=100% £50 £ 41 (13; 73),
PSA2.5ng/ml (1/4y, p=100%

45-61)

Reinviting above £8,147 38.3%7 | £6,291 £6 £5, p=89% £55 £ 46 (12; 82),
PSA2.5ng/ml (1/2y, p=100%

45-61)

Screening everyone| £8,191 38.366 | £5,341 £135 £ 137, p=100% £190 £ 183 (61;319),
1/4y, 4561 p=100%
Screening everyone| £8,239 38.372 | £6,095 £78 £ 70, p=98% £268 £ 252 (63; 448),

1/2y, 4561

p=100%

168



Scenario

OFNB IyR 20KSNJI AYUSNWSyos2ya

ICER (to standard of care), : NMB (Full incremental
analysis), £

gAlK

NMB (vs standard of care),

£

Standard of care £8,176 43.428
Reinviting above PSA
3ng/ml (1/2y, 4561) £
£ 8,] 43.42 3,897 £
Reinviting above PSA
2.5ng/ml (1/4y, 4561) £
£ 8,] 43431 3,252 | £
Reinviting above PSA
2.5ng/ml (1/2y, 4561) £
£ 8,1 43.4%6 3,506| £
Screening everyone 1/4y,
4561 £
£ 8,1 43.465 2,623| £ 3
Screening everyone 1/2y,
41561 £
£ 8,1 43.469 2,964 | £ 4
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10. Discussion andonclusions

10.1. Summary of the Modelling Results

As expected, the coseffectiveness of screening increased with the population's

risk and cancer's aggressiveness. Among the four subgroups analysedll-risk

men, Black men, men with familial risk, and BRCA carriersscreening BRCA

carriers was the most cos-effective. In contrast, screening the altisk population

was associated with the most uncertainty (Figur®9).

The risk stratification based on initial PSA values was not a cesftfective

approach for any of the subgroups. Reinviting all individuals within a given risk

subgroup for repeat testing proved to be more effective than basing repeat tests

on the results d their initial test.
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In all four population groups, applying the Green Book scenarewhere costs
are discounted more heavily than effects, discounting rates vary over time, and
the willingness-to-pay threshold is set at £15,008-made screening appear more
favourable compared with the NICE reference case. Both the choice of
discounting method and the discount rate substantially influenced the cost

effectiveness estimates.

Across all four subgroups, assuming greater harms associated with a cancer
diagnosis (modelled as lower utility values for each cancer stage) made
screening appear substantially less costffective compared with the base case. It
Is important to note that this scenario is hypothetical and does not reflect real

world evidence on the harms of prostate cancer diagnosis.

A series of additional scenarios were explored to assess uncertainty related to
model structure, data inputs, and methodological choices. If the natural history
model was calibrated more closely to key targets (e.g., mortality), screening
became less coseffective relative to the base case. Likewise, lortgrm survival
estimates for stages 3 and 4 were extrapolated from only five years of data;
replacing these extrapolations with a flat annual mortality rate also reduced the

cost-effectiveness of screening

There is ongoing debate about whether the current NICE threshold of £20,000
£30,000 per QALY is too high, with empirical evidence suggesting a value closer
to £15,000 per QALY. Furthermore, screening programmes offered to
asymptomatic individuals are oftenexpected to be evaluated against lower
thresholds than treatments for symptomatic patients. For this analysis, the NICE
reference case with a £20,000 threshold was applied. However, consensus is still
needed on the appropriate discounting approach and co®ffectiveness

threshold for evaluating screening programmes.
General populationGonclusions

Screening men in England may lead to some benefits in mortality reduction but
will also result in substantial overdiagnosis (i.e. detection of cancers that would

not have caused symptoms or death in the absence of organised screening).
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There is considerable uncertainty about whether screening at ages 580 - the
ages with the highest positive NMB in deterministic analysess costeffective,
with a probability below 60%. Offering an initial screen at age 58 and r@viting

only those above the PSA threshold at age 60 did not improve cosffectiveness.

The model assumes a perfect correlation between age and PSA levels; under a
more realistic, imperfect correlation, risk-stratified repeat screening would be
even less coseffective. Likewise, improving model fit to calibration data or
avoiding extrapolation to mortality would reduce NMB and further decrease the
probability that screening is costeffective. Screening all men, irrespective of their
risk profile, would also impose substantial demands on healthcare resources.
Familial risk: Conclusions

The costeffectiveness of screening men with familial risk is highly uncertain,
mirroring findings in the general population. In this subgroup, screening at
younger ages (<58 years) produces lower NMB than screening at ages&&
Using the first PSA resulto guide re-invitation was not cost-effective.

Uncertainty is driven largely by limited evidence on the natural history of
prostate cancer in men with familial risk- including age specific onset and
progression, the relationship between GGG and progression, correlations
between risk factors, and ageand statedependent changes in PSA. Screening
this group would require substantial additional resources, and nearly half of
those resources would not benefit men diagnosed through screening because of
overdiagnosis.

Results in the familiatrisk subgroup were broadly similar to those in all men
(albeit somewhat more favourable) partly because a large share of the general
male population - over one-third of 60-year-olds - was estimated to have at least
one first-degreerelative with breast, ovarian, or prostate cancer. As a result, the
subgroup is not markedly different from the general population.

The PICO for this project defined familial risk as having any firslegree relative
with prostate cancer. Future research should explore whether screening men with
a family history of aggressive disease (e.g., eatbnset cancers) would be cost
effective; however, suitable data to support such analyses are limited and may

require new experimental or observational evidence.
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Men of Black ethnicity: Conclusions
Screening men of Black ethnicity leads to reductions in mortality and increases in
LYS and QALYs, but also increases overdiagnosis. Screening of Black men has
higher probability of cost-effectiveness in probabilistic analyses than screening
men of generalrisk. Nonetheless, substantial uncertainty remains, driven by
assumptions regarding the natural history of prostate cancer, test sensitivity,
screening uptake, and discounting of costs and effects.
The strategy with the most favourable and least uncertain benefiharm profile
was screening every four years between ages 50 and 63creening success,
however, would depend heavily on achieving high uptake and the resources
needed to support this.Feasibility of achieving higher uptake than observed in
experimental studies- 36% in the CAP trial and 27% uptake in a GPased PSA
screening study by Langley at all2025)[68] - should be explored.
Additional uncertainty arises from ethnicity-related assumptions (e.g., how
ethnicity affects disease progression and time to diagnosis). The model also did
not include mixed-race men due to data limitations; for instance, observational
mi xed race’ wi t h-d/hité mixkkd st i ngui

data often categors e
backgrounds. Furthermore, if calibration were improved to better fit mortality or

if alternative survival assumptions were applied, screening would be less cost
effective, as scenario analyses showed

Considering data limitation, it is uncertain whether screening men of Black
ethnicity is cost effective, and it also carries the risk of overdiagnosis. This group
would benefit from having better data on how cancer develops, progresses, and
what is expectal participation rate in screening would be for this population
group. Given the small proportion of Black men in the English population, the
national-level impact of an organised programme on resource use or mortality

would be modest.

BRCA carriers: Conclusions

Screening BRCA carriers is coffective, even when extended to older ages such
as 62 years. Despite the more aggressive nature of prostate cancer in this group,
screening still leads to overdiagnosis, with rates increasing at older screening
ages. Probabistic and sensitivity analyses show high certainty that biennial

screening from age 45 to 61 is coseffective. However, given the small population
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eligible for screening, the overall resource use and impact on national mortality

would be minimal.

This study did not evaluate the coseffectiveness of BRCA testing itself, which
should be examined separately. In addition, because prostate canespecific data
for BRCA carriers are limited, the model assumed similar costs, utilities, and stage
specific survival to those of other groups, adding uncertainty to projections for

this population.

In the model, each individual was assigned BRCA1 and BRCA2 status based on
their familial risk profile and the population prevalence of these mutations;
however, the analysis was conducted for BRCA1 and BRCA2 carriers combined.
Evidence on the impact of BRA1 on prostate cancer onset and progression is
inconclusive. If the analysis were restricted to BRCA2 carriers only, the NMB
would be higher than for the combined BRCA1/2 group, reflecting model
assumptions that BRCA2 carriers have a higher risk of cancenset and more

aggressive disease progression.

10.2. Comparative predictions of overdiagnosis
Overdiagnosis represents one of the principal harms of prostate cancer screening
[69]. However, estimation of overdiagnosisdepends not only on assumptions of
natural history disease of prostate cancer, survival, and competing mortality risk,
but also on definition of overdiagnosis Besides the SCHARR prostate cancer
model, other wellestablished natural history model frameworks include the
CISNET prostate cancer models (PSAPC, MISEGXRD, and SCANS), the CAP
model, and the Karlsson/StockholmProstatamodel [26, 28, 42, 7073].

10.2.1.Description of the models used for comparison
PSAProstate Cancer Mod@FHCRC)
PSAProstate Cancer (PSAPC) model is a microsimulation modigveloped by the
Fred Hutchinson Cancer Research Centre (FHCRICjhe US[27, 72, 74] Itis one
of the earliest CISNET prostate cancer natural history models and primarily used
to explain the PSA screening in U.S. prostate cancer incidence and mortality
trends. PSAP@odel assumel that Gleasson Grade does not changeger time, and
cancer progression is linked to PSA biomarker growth. Model calibration used U.S.

SEER incidence trends before and after the introduction of PSA testing, with the
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ERSPC trial mortality relative risk used for external validation. Model parameters,
including PSA growth rates, screening dissemination, and biopsy compliance are
informed by data from the PCPT and PLCO trials.

MISCANPRO (Erasmus MC)

The microsimulation screening analysis prostate cancer model (MISCAPRO)is

a microsimulation model developed by the Erasmus Medical Centre (Rotterdam
the Netherlands) research team, extended the earlier MISCAN framework
(originally developed for colorectal and breast cancer) to prostateancef25, 69,
75]. The modelevaluates impact ofPSA screeningn prostate cancer incidence
and mortality and was used to reconstruct tothe results of Rotterdam section of
the ERSPC trial and trends in the US populatiofhe latest version oMISCANPRO
allows tumour grade to progress over time. Calibration was based on data from
the ERSP@Rotterdam trial and Dutch cancer registries, targeting agepecific
incidence, stage, and detection rates. In the U.S. version, calibration was
performed to match baseline incidence andPSA testing patterns from SEER data
[73].

SCANS (Michigan)

The SelfConsistency Analysis of Surveillance (SCANB)odel developed by the
University of Michigan, is an analytic mathematical model of prostate cancer
natural history. SCANS conceptualize prostate cancer as a stochastic process
encompassing cancer onset, preclinical detectability, diagnosis, and mortalifjhe
model allows tumour grade to progress over time but does not explicitly link
progression to PSA dynamics. Parameters such as disease progression and
sojourn time are estimated through Bayesian frarawork and parametric fitting
using real world population level data from SEER, ERSPC, and PLCO trials,
enabling projections of incidence, lead time, and overdiagnosis at the population

level.

Karlsson/Stockholm Prostata model

The Stockholm Prostata Model is an individual microsimulation model which was
branched from the FHCRC prostate cancer model by the research team at
Karolinska Institute[71]. The model links PSA growth with prostate cancer

progression and adopts the FHCRC model to the Swedish context using linked
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national registries data (SPBR and PCBaSe). Model calibration was based on
Swedish agespecific stage distributions, survival data, and the ERSPC incidence
rate ratio, while validation reproduced observed Swedish prostate cancer
incidence and mortality trends. The model represents the general male population
in Sweden, simulating individual life histories from age 35 onward. It is primarily

used to evaluate screening strategies for men aged 589 years.

CAPbased UKnodel

The CAPbased UKmodel is an individual microsimulation model based on cluster
randomised trial of PSA testing for prostate canceri.e. the abbreviation -
CAB[42]. Themodel was primarily developed byateam from the Universty of
Bristol to evaluate the costeffectiveness of PSA screening in the UK using data
from CAP and the ProtecT triad. The model extends th&tockholm Prostata Model
[71] described above The model to represent the natural history of prostate
cancer through age and PSAdependent transitions from healthy, screen
detectable, clinically diagnosedto death. Model calibration was performed to UK
Office for National Statistics (ONS) and CAP trial incidence data by age and Gleason

score, with the validation referenced ERSPC and CAP mortality relative risk.

10.2.2.Comparison obverdiagnoss estimationin the models
In the reviewed models, overdiagnosis was generally defined as the detection of
cancers that would not have been diagnosed in the absence of screening. This was
typically reported either as a proportion of all cancer incidence or as a proportion
of screendetected incidence. In the SCHARR model, overdiagnosis was defined as
the proportion of screendetected cases, based on consultations with clinical
experts (see Supplementary I, Phase 2). Because the choice of denominator has a
substantial impact on predided levels of overdiagnosis,Figure 100 presents

results only from models that applied the same definition.

Estimates of overdiagnosis varied widely (682%), both across and within models.
These differences were driven by the epidemiological data used for calibration

and parameterisation, as well as by the assumed screening ages.
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The lowest range of overdiagnosis was predicted by the UK CAP trial when
evaluated over a 10year follow-up period (6-25%). The MISCAN°RO model
showed substantial variation depending on the epidemiological inputs and

screening ages. Its minimum estimatesvere similar to those from the SCHARR

model (e.g., 27% at age 50), although SCHARR predicted higher overdiagnosis at

older ages. On average, MISCAMRO predicted higher overdiagnosis than
SCHARR, although this may reflect differences in screening schedulekich were

not always clearly reported.

In the SCANS analytical model, overdiagnosis following a single screen at age 50

was broadly similar to SCHARR’'s &esti

mat es

PSAPC model, like SCHARR, reported a wide range of estimates, with higher

overdiagnosis at older ges and with more intensive screening. However, the

overall magnitude remained lower than that predicted by SCHARR across all ages.

v A L oA 2 g oA~ A
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SCHARR (age 50-70)w 82%

SCHARR (age 50) 27%

CAP Model (ages 50-70) m 25%
SCANS (age 50) 30%

MISCAN - PRO (US) 42%

MISCAN - PRO (ages 55-75, ERSPm 56%

MISCAN - PRO (Rotterdam)

PSAPC F 65%
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66%

Overdiagnosis average ™ Overdaignosis, max ™ Overdaignosis, min

Overdiagnosis is a modetlependent construct rather than a directly observable

outcome. Differences in model structure, underlying assumptions, definitions,

calibration targets, and assumed screening strategies make results challenging to

interpret and difficult to compare directly across models. Compared with other

models, the SCHARR model predicted similar levels of overdiagnosis to the
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CISNET models for screening at younger ages, but higher levels at older ages.
These differences may reflect variations in modelling assumptionssuch as the
agerelated increase in PSA values in the SCHARR moedel differences in key

parameters, includng agespecific prostate cancer mortality

10.3. Model imitations
The model predictions are subject to substantial uncertainty, primarily due to
limitations in the knowledge of the NHD, as well as test accuracy estimatd$e
model did not incorporate a correlation between ethnicity and familial history
because of no data describing thre#actors correlations: BRCA carrier, familial
history and ethnicity. However, the impact of this limitation was considered to be
minimal in the model, since the RR of Black ethnicityas not adjusted for familial

history in the usedliter ature.

The model calibration could not achieve a simultaneously good fit to all calibration
targets. The scenarios demonstrate that if better fit to mortality is achieved,
screening in all scenarios would be less cost effectivencertainty in the natural
history parameters informed through calibration - specifically, the concentration
of parameter estimates into several distinct regions of the parameter spacded

to the probabilistic NMB results forming multiple clusters. Thilustering became
more pronounced at older screening ages, reflecting using age as a correlated

factor across several model functions.

As itis described above,lte model was calibrated to the standard of care scenario,
in the absence of data on opportunistic screening uptake by age and individual
risk. Calibration results showed that the NHD parameters were split across
several distinct regions of parameter spacewhat impacted probabilistic results

No informative priors were imposed during calibration, except for two

assumptions: that the probability of clinical diagnosis under standard care
increases with cancer stage, and that highegrade cancers (based on GGG) are
more aggressive than lowergrade ones. Considerable uncertainty remains

regarding the true NHD of prostate cancer.

There is also notable uncertainty in how PSA values change with age across

different groups—men without cancer, men with lowgrade cancer, and men with
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high-grade cancer. This includes both general trends in agelated PSA increases

and the specific trajectories of PSA progression by cancer status.

The model assumes that cancer progresses faster in older age. Howeveucm of
the model input data are underrepresented in younger (<55 years) and older (>75
years) age groups. This affects both tridbased and populationlevel data, where
these age groups are less prevalent, resulting in increased uncertainty in model

predictions for these subpopulations.

The model applies flat uptake rate; future model development should incorporate

variable uptake based on results of the previous screening decisions.

There was inconsistency in expert opinion on whetheprostate canceris more
aggressive inmen of Black ethnicity than in other ethnic groups. Phase 1
stakeholder engagement supported the view thatprostate cancer is more
aggressive in this population, and this assumption was incorporated into the
model. However, Phase 2 stakeholders disagreed with this assumption. If the
latter view is correct, the model may overestimate the costffectiveness of
screening inmen of Black ethnicity In such a case, the pdictions for this group
would more closely resemble those for men with familial risk, as both groups

share similar hazard ratios for cancer onset.

The model assumes that the prognosis of prostate cancer in BRCA carriers after
diagnosis depends solely on the stage at which the cancer is detected.
Consequently, costs, utility values, and survival outcomes by stage for BRCA
carriers were assumed to be amparable to those of other subgroups. No evidence

was identified to support alternative assumptions.

10.4. Datalimitationsandrequirements

The model development revealed several important gaps in knowledge about the
natural history of prostate cancer and PSA screening. Addressing these
limitations through future clinical studies would help to reduce modelling
uncertainty and support more informed decisiorrmaking around prostate cancer

screening.

Prevalence of BRCA Mutations in the Population
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The model assumed prevalence rates of 1 in 381 for BRCA1 and 1 in 277 for
BRCAZ2, based on Maxwell et al. (2016) and expert opinion within the reference
group which supported the development of the model. However, in discussion on
the draft model, these egtmates were considered to be too high by some and not
based on the UK population, suggesting prevalence rates of 1 in 1,428 for BRCA1
and 1 in 416 for BRCAZ2, based on UK Biobank data.

The research team acknowledges potential difference in data but also notes that
UK Biobank is not representative of the general UK population, for instance it
underrepresents individuals of Black ethnicity. Since both ethnicity and
BRCAL1/2 mutations are geetically inherited, reliance on Biobank data may

underestimate BRCA mutation prevalence.

Improved estimates of BRCAL1/2 prevalence in a representative UK population

are therefore essential for future research on highisk groups.
Impact of BRCA1 Mutation on Cancer Onset Risk

The model assumed that BRCAL carriers have an increased risk of prostate
cancer onset. However, this assumption was questioned in discussion on the
draft model report. Other cited sources did not find which found significant

association between BRCA1 mutain and prostate cancer incidence.
Data on Black Ethnicity

The model assumed that Black men have a higher probability of presenting with
advanced GGG at diagnosis, andince progression speed in the model is
correlated with GGG a faster disease progression overall. This assumption was
informed by USbased data as no equivalent UK data were identified (see Section
5.5).

However, the higher GGG at diagnosis observed in US studies may reflect health
inequalities rather than biological differences. Therefore, these data may not be

generalisable to the UK context.

There is a clear need for Uispecific data on the Black population, particularly

regarding GGG distribution by age at diagnosis, stage at diagnosis by age,
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incidence-to-mortality ratios, and uptake of and response to opportunistic and

organised screening programmes.
Distribution of GGG by Age in Younger and Older Populations

Clinical experts generally believe that older men have higher GGG scores. In
discussion on the draft model report, it was suggested that national statistics and
CARP trial data support that older men in nescreening arm indeed have a higher
proportion of GGG3-5, but not of GGGXR. Instead, they have a greater proportion

of unclassified grades.

Data on GGG distribution among younger men remain highly uncertain due to

small sample sizes and restrictive trial inclusion criteria.

Future studies, particularly those classifying missing grades and reflecting post
COVID distributions, would help reduce uncertainty in the natural history of

prostate cancer.

Prostate Cancer Incidence by Age and Stage (TNM or Stage kIV

Classification)

Converting between staging systems introduces additional uncertainty. As recent
UK data on ageand stagespecific incidence were unavailable, several
assumptions were required (see Section 5.7). A significant proportion of cancers
were unstaged based onite NHS data. Similar to the CISNET prostate cancer
models and following expert consultation, it was assumed that unstaged cancers
were evenly distributed across the four stages. However, not all experts agreed

with this assumption.

No data specific for prostate cancer were identified to confirm or refute this
approach, highlighting the need for studies examining how missing stage data

could be better classified.
Prevalence of Undiagnosed Prostate Cancer

There are no prostate cancer screening studies using highly sensitive tests to
estimate the prevalence of undiagnosed disease, nor are there largeale
pathology studies. Consequently, the prevalence of undiagnosed cancer, speed of

progression, and rate 6 clinical diagnosis in the absence of screening remain
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uncertain. Although prostate cancer is generally considered a slegrowing
disease, there is disagreement in the modelling studies about the exact rate of

progression and whether it varies by age.
Clinical Presentation Rate and Opportunistic Screening Coverage

In current practice, prostate cancer may be detected incidentally (during
investigation for other suspected conditions), through opportunistic screening,

or following symptomatic presentation. In all cases, men may receive a PSA test.

According to Martins et al. (2018), around 40% of men have had at least one PSA
test, but most of these were performed for reasons other than opportunistic
screening. This implies the difficulty of distinguishing the opportunistic

screening- PSA testing mitiated by the health service when someone presents

for something else and does not have any symptomsrom incidental findings
when someone presents with symptoms but have another disease suspected or
symptomatic patients when someone has a suspected@state cancer and get

the PSA test within the symptomatic pathway. The UK clinical experts also

emphasised that this estimate is imprecise and likely to vary by time and region.

Due to this uncertainty, we were unable to construct a group were tested while
asymptomatic as a consequence stlf-selectionthrough currently available
routes. This was a limitation of the modelled standard care arm against which

organised screening was compared.

While constructing such a scenario could be informative, it would either rely on
outdated pre-PSA data or require detailed information on the proportion of men
undergoing truly opportunistic screening (i.e. without clinical suspicion) by age,
ethnicity, familial risk, or BRCA status. Such data would improve the reliability of

comparator arms in future modelling projects.
Sensitivity of mpMRI

Sensitivity and specificity values for mpMRI and biopsy were based on Ahmed et
al. (2017). As no data were identified describing variation in mpMRI sensitivity

by stage or grade, uniform sensitivity was assumed across all cancers.
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Future clinical data should explore how mpMRI sensitivity varies by stage and

grade to improve model accuracy.
Changes in PSA Levels by Age

No data were found describing changes in PSA levels with age among men
without prostate cancer. Clinical opinions diverged: some experts suggested PSA
increases with age in all men, while others believed this occurs only in men with

cancer.

Some studies also indicated higher PSA levels among Black men, though these

did not simultaneously account for age, stage, and ethnicity.

Further research on PSA trajectories across health states and risk profiles is

needed to support more informed decisioamaking.
Correlations Between Diagnostic Test Accuracies

The model did not incorporate correlations between different diagnostic tests, as
no suitable data were identified. Future studies examining correlations in test
positivity across multiple diagnostic tests would help to improve the realism of

future prostate cancer models.
Screening uptake and screening invitation costs

It is recognised that reatworld screening uptake is likely to be lower than that
observed in clinical trials, and that uptake for repeat screening may differ from
uptake for a single screening round. Uptake by age, ethnicity, and screening

round should therefore be estimated in future trials.

Future studies should also collect data on the resources required to invite each
individual, including indirect costs, reminder systems, and informatiorsupport

infrastructure.

10.5. Future modellingvork based on additional data
Future model updates should incorporate better clinical data to reduce
uncertainty in both the NHD and test accuracy. In particular, the following data

are essential to improve model validity and calibration:
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1.PSA testing uptake : Data on opportunistic PSA test uptake by calendar year,
age, and individual risk factors (e.g., ethnicity, BRCA carrier status, familial risk).

Where possible, access to individudevel GP records should be pursued.

2. Stage and grade at diagnosis: Information on stage at diagnosis and GGG by

year, age, and ideally by risk group.

3. PSA trajectories: Longitudinal data on changes in PSA levels over time in men
without prostate cancer, and those with lowgrade and highgrade diagnosed

cancers.

4. Prognostic data by age: GGG distribution at diagnosis, progression patterns,
and survival outcomes among younger men (<55 years) and older men (>75

years), who are currently underrepresented in existing datasets.

10.6. Futureresearch questions
The current project evaluated three screening strategies: (1) single screening
using a PSA threshold of 3 ng/ ml, (2) repe
and (3) risk-adapted screening, where invitation to repeat testing was based on
the initial PSA result using either the NICErecommended agespecific threshold

or a flat threshold of 3 ng/ ml regardl ess

Although the original proposal included modelling the impact of using the
Stockholm3 algorithm among men with a Charlson Comorbidity Score below 3,
this component was not implemented. The required data were not publicly
available, and the Stockholm3 reseah team only offered data access under
conditions that included a full embargo on research outputsi-uture modelling
guestions may focus on evaluating cost effectiveness of biomarkers in hughkk

groups.

While some riskstratified screening approaches were modelled, the
interventions assessed were not exhaustive. More different risk stratification

strategies can be modelled after consultations with clinical experts.

The literature suggests a number of additional strategies that aim to improve the
diagnostic accuracy of screening. These include consideration of PSA density

alongside PSA level, the use of machine learning algorithms following two annual
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PSA tests, and enhanced triage (e.g. targeted biopsy) based on combined risk

indicators.

Further approaches worth exploring include targeted screening of men with
multiple risk factors—for example, those with both a family history and Black
ethnicity, men with more than one firstdegree relative affected, or thosevho

haverelatives diagnosed at a younger age.

Finally, the costeffectiveness of BRCA testing in men was not evaluated in this
study. This represents an important opportunity for higherrisk groups such as
those with a family history. Future work in this direction should account for the
broader health and economic implications of genetic testing for BRCA status,

including cascade testing in relatives.
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SupplementaryA: Comparison of parameter space for probability of
onset parameter

Some of the parameters fronthe posterior sampleswith high likelihood and so
high probability to be sampled in probabilistic analysis (the parameters closer to
0 on x axes have higher likelihood), were sampled from very distinct parameter
spaces. Such parameters are presented on the Figures below.
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SupplementaryB. prostate cancemodel data verification checks

Comparison of inputs used in the model and reported in the model report and
technical documentation:

1 HSE file size and age limitldentical (correctly excludes individuals under age
20 and identical dataset size)

1 BRCA uptake age Identical (correctly implements agpecific probabilities
from Forde et al. 2020)

1 Family history allocation: Identical (correctly implements neandom
allocation based on BRCA status)

9 Palliative care costs by age and mortality causeldentical (correctly
implements Table 24 values with appropriate inflation)

1 GGG allocation: Fixed (now includes proper values for age 30, same as age 35
in the report)

1 Cancer risk based on familial history HRs Identical (correctly implements
HRs for PC: 1.94, BC: 1.23, OC: 3.45)

91 Familial history probabilities based on BRCA status Identical (Table 3
values correctly implemented)

9 Accuracy of PSA test Identical (sensitivities of 0.214 for GGG1, 0.449 for
GGG25, 0.973 for Stage 4, specificity 0.851)

1 Accuracy of diagnostic MRMRI : Identical (sensitivity 0.88, specificity 0.45)

1 Accuracy of LATP biopsy: Identical (sensitivity 0.52 for GGG1, 0.85 for
GGG2+, specificity 0.98)

9 Utility decrements and multipliers: Identical (correct implementation of
Table 18 values and biopsy decrement)

1 Sojourn time: Identical (correctly calibrated to 13.4 years for@Dyearolds)

Calibration parameters: Identical

Incidence of prostate cancerby age Minor discrepancy (713.5 vs 714 per

100,000 for ages 890+, negligible impact)Corrected.

Incidence by stage and agddentical

Mortality by age: Identical

GGG by age and stageldentical

Inflation and cost calculations Mostly identical with one exception:
0 PSATestcostinflation | dentical (A5.91 Y A7.81
0 Stage costs inflationldentical
0o MP-MRI cost inflation: Discrepancy (report shows £270.25, model

uses £316.011,7% highe). Corrected.

= =

= =4 -4 =

191



SupplementaryC Internal validation of the model

We validated the model with by initially getting someone experienced in
developing economic models in R software (DP), to test the sensitivity of model
outputs to extreme parameter inputs. If the tests looked like they produced results
that could not explaned, they were followed up in detail by a modeller
experienced in this model (LM), as this an efficient use of staff time, given the
model complexity. The face validity of initial results were assessduay LM and DP
and were potential issues were identifiel, we went back through the model to try
to see if these results were logical and if not, we then identified the errors in the
model code. More comprehensive validation checks, e.g. rebuilding the base case
model, were ruled out for this project as giventhie complexity of the model they
could not be feasibly conducted within the timelines of the project.

Extreme parameter input validation tests

We broadly followed the principles of black box checks in Tappenden et[a6] .
We conducted the follow extreme parameter inputs to the test the model as
detailed below.

Table 1. A summary of the black box checks conducted on the MIMfLostate
model

Model test Error Details

identified?
Changed the uptake of No Model results behaved as expected. As mor
PSA screening to 0, 0.25, people where screened, number of identifieg
0.36 (base case) 0.5, 0.75 cancers rose
Changed the sensitivity No Model results behaved as expected. Fewer
and specificity oMP-MRI cancers were identified whelP-MRI
toOand 1 sensitivity and specificity were 0

Many more cancers were identified whémP-
MRIsensitivity and specificity were 1

Changed the sensitivity | No Model results behaved as expected.
and specificity of biopsy Fewer cancers were identified when biopsy
testingto O and 1 sensitivity and specificity were O

More cancers were identified when biopsy
sensitivity and specificity were 1

Changed the utility Yes Life years did not equal QALYs. Error was
estimation so every identified as a small typo in the outcomes
LI GASydQa dzi estimation recording QALYSs in the wrong

all decrements were 0 column. When fixed life years equalled QAL
Set all screening costs to | No Costs behaved as expected, when all scree
£0 and then to £100,000 costs were 0 the only costs remaining were

associated with the treatment of cancers.
When all costs associated with screening
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where £100,000 total costs were substantial
higher than when costs were £0.
We set everyone in the No The model behaved as expected.
model to have: Compared to the base case (where a
1) Neither BCRAL or proportion of people have BCRAL or BCRA
BCRA 2 genes fewer cancer cases were found when no ong
2) BCRAL genes had BCRA genes
3) BCRAZgenes More cancer cases were identified in the
scenarios where everyone either had BCRA
or BCRA2 genes.
We set everyone in the No The model behaved as expected.
?otdel tofhave familial The total incidence of prostate cancer at 80
IStory of: years was higher in both of these scenarios
Breast Cancer, Ovarian than in the base case model.
Cf"tlgce,: g‘gé?tati ctfancer The incidence was higher when the familial
withou mutations history was with BCRA mutations compared
Breast Cancer, Ovarian familial history without BCRA mutations.
Cancer & Prostate cancer
with BCRA mutations
Changed the relative risks| No We compared the results to the base case
of developing cancer model.
ats§[00|alt3eéijl\£thte:hnlc q Setting all risk factorseparately(i.e. one by
fS a UISI hist status an one)to be very harmful made the model
amifial history on behave as predicted with increases in the
developing prostate incidence of cancer
cancer and GGG score to '
be Setting all risk factorseparatelyto be
Verv harmful. 10 protective made the model behave as
ery harmiu, predicted with deceases in the incidence of
Very protective, 0.1 cancer.
Set the mortality from No The model behaved as expected, life
prostate cancer to be 0 expectancy increased when death from
prostate cancer was not possible
PSA, prostate specific antigen; M®RI, multiparametric magnetic resonance imaging;
QALYs, quality adjusted life years

Deterministic r esults checking

The model was run with a single year of screening starting in twgear age bands.

We identified that the incidence of cancer changed unexpectedly when screening
changed over 1Qyear age bands (e.g. between 58 and 60, 68 and 70). Extensive
checks of the moel code were conducted. An error was identified that NICE PSA
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thresholds were being used to determine PSA screening results in the base case
model. This error was addressed in the final version of the model.

Probabilistic results checking

The results of the probabilistic analysis were further examined to assess whether
the observed distribution of predicted NMB on the coseffectiveness planes could
be explained by the NHD parameters. To investigate this, the model was run for
family members using 100 probabilistic simulations for single screening
conducted at ages 46, 48, 50, 52, 54, and 56.

The resulting plots indicate that the influence of NHD parameters is smaller at
younger ages (rather than that these predictions change in a specific age). This is
consistent with expectations, given the exponential relationship between age and
cancer onsé. Additionally, cancer aggressiveness is associated with the GGG, and
the probability of a person having a higher GGG increases with age. Moreover, the
parameters defining cancer aggressiveness appear to cluster into two distinct

regions, further contributing to the observed patterns.

Cost-Effectiveness Plane
150 P
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Incremental Costs (£)
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Incremental Costs (£)
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SupplementaryD. Model checks through scenario analyses
1. Discount rate of 5% applied to effects and 3.5% to costs.

Fig 1a. General population
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Fig 1b. Black population
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2. Discount rate of 3.5% applied to both effects and costs.

Fig 2a. General population

Health Benefits: Scenario vs Baseline
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Fig 2b. Black population
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3. Patients cannot die from cancer before reaching their symptomatic age
(lead time scenario).

Fig 3a General population
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4. Mortality extrapolated up to 70 -year timeframe (instead of 15 years in
the baseline).

Fig 4a General population

Health Benefits: Scenario vs Baseline
General - Mortality 70+
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Fig 4b. Black population
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5. Perfect uptake of screening and diagnostic testing.

Fig 5a General population
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General - Perfect Uptake
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Fig 5b. Black population
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6. Sensitivity defined as a single threshold, assuming PSA values do not

change with age.

Fig 6a General population

0.015

0.010

Increment

0.005

0.000

Health Benefits: Scenario vs Baseline
General - Flat Sensitivity

Screening Strategy

Health Outcome & Type [ LYS.Baseline Increment [l LYS.Scenario Increment [ QALYS Baseline Increment [ll QALYS Scenario Increment

Fig 6b. Black population

0.06

o
=]
r

Increment

o
o
[~

0.00

Health Benefits: Scenario vs Baseline

Black - Sensitivity Ph1

N 9 ) o N IS 9
&° &° &° & &° &° e &° &°
w v ¥ c & @ & & &
& & IS &
¥ F & h'§ ¥
&
<

Screening Strategy

Health Outcome & Type [ LYS.Baseline Increment [l LYS.Scenario Increment [ QALYS.Baseline Increment [Jll QALYS.Scenario Increment

202



7. Sensitivity adjusted by age only for men without cancer.

Fig 7a General population

Health Benefits: Scenario vs Baseline
General - Age-Adj. Sensitivity
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Fig 7b. Black population
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8. Assumes a lower health -related utility in the first -year post-diagnosis
than in subsequent years.

Fig 8a General population

Health Benefits: Scenario vs Baseline
General - Utility Year 1
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Fig 8b. Black population
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9. Scenario with improved fit to observed mortality by adjusting survival
data. This was achieved by applying a multiplier of 0.8 to survival rates

between ages 20z70 and 0.5 for all other ages across cancer stages (see
Figure 12 for the resulting fit).

Fig 9a General population

Health Benefits: Scenario vs Baseline
General - Fit Mortality
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Fig 9b. Black population
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10. Discounting as it is in the Green Book

Fig 10a General population

Health Benefits: Scenario vs Baseline
General - Disc. Greenbook
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Fig 10b. Black population
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Supplementary ESetting up the model to run base case and
deterministic scenarios

El. Base caseenario

E1.1.Single screening at different ages among general risk population
Step 1. Set Up Parameters in run_model.R

Open the script run_model.R and configure the following parameters for the basase
deterministic analysis. These control the model behaviour, population details,
discounting, and simulation settings.

run_mode <"Deterministic" # Run mode: "Deterministic" or "PSA"

cl <1 # Cycle length (in years)

d.c -0.035 # Discount rate for costs

d.e -0.035 # Discount rate for effects

n.t <80 # Number of annual cycles

t.dw <Age# Start of discounting. Start at the cycle when the first screening occur
Lead time <0 # No lead time in base case

mort.limit <-15 # Mortality extrapolated over 15 years (longest time possible)
Utility_adjust < 0 # 0 - no adjustment by year since diagnosis.

pop_run <"all" # Run model for the full population

pop_screen <all" # Screen the full population

wtp <20000 # Willingnesso-pay threshold (£)

nsample <100000 # Sample size of the population

iter_ DA <10 # Number of deterministic iterations

cohort_ age <20 # Starting age of the cohort

Fixed_threshold <1 # Use a fixed casffectiveness threshold

To run the model with perfect uptake to see the net (maximum) costffectiveness of
screening.

These settings define the assumptions for a basmse deterministic run and should be
modified as needed for scenario or sensitivity analyses.

Step 2: Set Up and Run Deterministic Scenarios in run_DA.R

In the script run_DA.R, follow the steps below to prepare, run, and store results for
multiple deterministic scenarios (e.g., different screening start ages).

a) Clear Existing Results

At the top of the script (around line 6), remove any previously stored results to avoid
conflicts or data carryover.

b) Reinitiali se Matrices

¢) Set Screening Scenario Parameters
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Within the loop or in individual runs, set parameters for each scenario:

PSA_age -dge # Start age of screening
scr_frequency <1 # Screening frequency (e.g., annual)
PSA age end - &ge # End age (same as start for dimee screen)

These variables control the timing and frequency of the screening intervention.
d) Run the Model for Each Scenario
Make sure model_output matches the structure expected by the results matrix.

e) Save or Export Results

E1l.2. Repeat screening at different ages among general risk population
Step 1: Set Up Parameters in run_model.R
Identical to E1.1.
Step 2: Set Up and Run Deterministic Scenarios in run_DA.R
Include the most costeffective ages in analysis.

To set uprepeat screening, set scr_frequency (screening frequency) between 1 (annual)
and 5 (once in 5 years).

PSA age_end should correspond to the age of the last screening.

E1.3. Single and repeat screening at different ages amongrisiyh
population

The setup is exactly the same as fdahe general population. Each subgroup needs
to be simulated in turns. To do that onhe script run_model.Rset up population to run
and population to screen to be the same group. For example, for Black ethnicigt up:

pop_run <"Black" # Run model for the full population
pop_screen <'Black" # Screen the full population

All the other script setup should be similar to E1.1. and E1.2.
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E14. Scenarios

For general andhigh-risk sub-groups run the following scenarios:

N Scenario Set up

1 | The model considers that Lead time==1
population in screening arm
will not die from cancer before
reaching their age of
symptomatic (or opportunistic
screening) diagnosis in no
organised screening scenario
2 | Mortality from prostate cancer | mort.limit <-70
is extrapolated over 70 years
(15 years in the base case)
PSA values change by age on
in men without cancer
Survival in the model is Apply a relative risk to the survival curves to fit
readjusted for stage 3,4 mortality data
cancers to fit mortality data
3 | Utilities are assumed to be Utility_adjust==1
lower in the first year since
diagnosis
4 | Higher (5% and 10%) d.c <0.05 # Set discounting for costs
discounting for costs and d.e < 0.05 # Set discounting for effects
effects
5 | Higher (5% and 10%) d.c <0.035 # Set discounting for costs
discounting for effects only d.e < 0.05 # Set discounting for effects
6 | Impact of the start for t.dw setto 1 and run for all comparators; t.dw se
discounting to the cycle of screening implementation for the
screening age when screening changes from-cog
effective to not cost effective
The Green Book (2022) Declining long term discounting rate foosts and
discounting health as in green book
https://www.gov.uk/government/publications/the
greenbook-appraisaland-evaluatiorin-centrat
government/thegreenbook-2020#a6discounting
7 | Impact of uptake Replace uptake parameters with the perfect
uptake (param_space$Uptakp==1)
8
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SupplementaryF. Description of thepopulation parameters

The population used in this analysis is derived from the Health Survey for England
(HSE) 2018 and 2019 data, as described in the main report.

The initial population includes the following variables:

Seriala Unique identifier for each individual.
age_0 Age at the start of the model (20 years).
age: Current age of the individual.

imd: Index of Multiple Deprivation, indicating socioeconomic status (1 to 5
quintiles).

ethnic: Ethnic group of the individual, where Black =2, Asian ==3
EQS5SD A standardsed measure of healthrelated quality of life.

weighting: Survey weights to ensure the sample is representative of the general
population.

Additional Variables and Risk Calculations complementing HSE data:

The initial HSE dataare augmented with several derived variables and risk
calculations through R scripts, focusing on genetic and familial cancer risks.

Lifetime risks and probabilities

Genetic Risk Factors:

I.BRCA1.status Binary variable (O or 1) indicating the presence of a BRCA1
mutation, sampled based on a predefined probability (p.BRCAL).

. BRCAZ2.status Binary variable (O or 1) indicating the presence of a BRCA2
mutation, sampled based on a predefined probability (p.BRCA2).

Familial Cancer History:

Probabilities for familial history of specific cancers are calculated for each
individual, taking into account their BRCA status:

p.i.Famil.BCProbability of familial history of breast cancer.
p.i.Famil.OCProbability of familial history of ovarian cancer.
p.i.Famil.PCProbability of familial history of PC

Based on these probabilities, binary indicators for familial history are then
sampled:
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I.Famil.BC Binary variable (0 or 1) indicating familial history of breast cancer.
I.Famil.OCBinary variable (0 or 1) indicating familial history of ovarian cancer.
i.Famil.PC Binary variable (0 or 1) indicating familial history of PC

Annual prostate cancer Risk:

p.i.PC: Individual annual probability of prostate cancer onset. This risk is
calculated using relative risks associated with various attributes, including BRCA1
status, BRCA2 status, familial history of breast, ovarian, anédG, and ethnic
background (specifically Black and Asian ethnicity). The calculation adjusts for the
population mean of these attributes.

Population Sampling and Subgroup Selection

The R scripts also include functionalities to sample and subset the population
based on specific criteria:

f.pop.set This function samples individuals from the population to achieve a
defined sample size (hsample) and assigns a starting age (cohort_age) to all
individuals in the sampled population. It also reassigns a unique PID (Personal
Identifier) to each person.

f.resample.pop.risk: This function allows for resampling of specific risk groups
from the population, enabling analyses focused on particular cohorts. The
available risk groups are:

"Family": Individuals with a familial history of breast, ovarian, orprostate cancer
(i.Famil.BC=1 or i.Famil.OC=1 or i.Famil.PC=1).

"BRCA1,2"Individuals with a BRCA1 or BRCA2 mutation (i.BRCA1l.status=1 or
I.BRCAZ2.status=1).

"Black": Individuals identified as ethnically Black (ethnic=2).

"high_risk": A broader highrisk group including individuals with familial cancer
history, BRCA mutations, or Black ethnicity.

"all": The entire population without specific risk-group filtering.
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SupplementaryG. Description of the modelling outcomes

All the outcomes are calculated per weighted individual at the model start. This
means that the outcomesecorded during each cycle are dividedy the population
weight. For deterministic runs, the cumulative results are calculated over the
lifetime and averaged across multiple stochastic deterministic cycles. For
probabilistic analysis, the lifetime results are saved for each PSA loop.

The description of the outcomes is reported in the table below.

Outcome in the Description
model
1 TOTAL_COSTS Total costs (sum of treatment, diagnostic, and screening
costs).
2 Cancer_COSTS | Total weighted treatment costs. The palliative care costs

included in treatment costs.

3 DIAG_COSTS Total weighted diagnostic costs for following up screen
positive cases. The diagnostic costs for symptomatic
patients are included into the Cancer_COSTS

4 SCREEN_COSTS | Total weighted screening costs, includes the costs for P
invitations and PSA tests

5 LYS Total weighted LYS (discounted)

6 QALYS Total weighted QALYs (discounted)

7 LYS nd Total weighted LYS (undiscounted)

8 QALYS nd Total weighted QALYs (undiscounted)

9 Stl_SYMPT Weighed cumulative proportion of population diagnosed
with Stage 1 symptomatic cancer

10 St2 SYMPT Weighed cumulative proportion of population diagnosed
with Stage 2symptomatic cancer

11 St3_SYMPT Weighed cumulative proportion of population diagnosed
with Stage 3 symptomatic cancer

12 St4_SYMPT Weighed cumulative proportion of population diagnosed
with Stage 4 symptomatic cancer

13 ALL_incidence Weighed cumulative proportion of population diagnosed
with cancer
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14 Stl_SCRN Weighed cumulative proportion of population diagnosed
with Stage 1 screedetected cancer

15 St2_ SCRN Weighed cumulative proportion of population diagnosed
with Stage screeqletected cancer

16 St3_SCRN Weighed cumulative proportion of population diagnosed
with Stage 3 screedetected cancer

17 St4 SCRN Weighed cumulative proportion of population diagnosed
with Stage 4 screedetected cancer

18 Stl MORT Weighed cumulative proportion of population diagnosed
with Stage 1 cancer and died from cancer

19 St2_ MORT Weighed cumulative proportion of population diagnosed
with Stage 2 cancer and died from cancer

20 St3_ MORT Weighed cumulative proportion of population diagnosed
with Stage 3 cancer and died from cancer

21 St4_MORT Weighed cumulative proportion of population diagnosed
with Stage 4 cancer and died from cancer

22 MORT Weighed cumulative proportion of population died from
cancer

23 GGGl _Sst1 2 Weighed cumulative proportion of population diagnosed
with Stage 1 or 2 cancer having GGGL1

24 GGG2_St1 2 Weighed cumulative proportion of population diagnosed
with Stage 1 or 2 cancer having GGG2

25 GGG3 st1 2 Weighed cumulative proportion of population diagnosed
with Stage 1 or 2 cancer having GGG3

26 GGG45_Sst1 2 Weighed cumulative proportion of population diagnosed
with Stage 1 or 2 cancer having GGG4,5

27 GGG1_St3 4 Weighed cumulative proportion of population diagnosed
with Stage 3 or 4cancer having GGG1

28 GGG2_St3 4 Weighed cumulative proportion of population diagnosed
with Stage 3 or 4cancer having GGG2

29 GGG3_St3 4 Weighed cumulative proportion of population diagnosed
with Stage 3 or 4cancer having GGG3,4

30 GGG45 _Sst3 4 Weighed cumulative proportion of population diagnosed

with Stage 3 or 4cancer having GGG4,5
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31 Invite_PSA Weighed cumulative proportion of population invited to
PSA screening

32 PSA Weighed cumulative proportion of population who
attended PSA screening

33 Positive_PSA Weighed cumulative proportion of population who were
screenpositive

34 Invite. MP-MRI Weighed cumulative proportion of population invited to
PSA screening

35 MP-MRI Weighed cumulative proportion of population who
attended MP-MRIto follow up screen positive test

36 Positive MP-MRI Weighed cumulative proportion of population who were
MP-MRFpositive

37 Invite_Biopsy Weighed cumulative proportion of population invited to
biopsy follow up

38 Biopsy Weighed cumulative proportion of population who
attended biopsy

39 Positive_Biopsy Weighed cumulative proportion of population who were
biopsypositive

40 FP False positive caseasll(with positive biopsy and no cancer

41 FN False negative cases (all who were tested negatively at |
in one of the diagnostic pathway stageispsiesand have
cancer)

42 PC True positiveprostate cancecases
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SupplementaryH. Predictions of overdiagnosis in scenarios

Overdiagnosis — Repeat Screening Strategies
General population * Percentage of screen-detected cancers representing overdiagnosis

Every 5 years 50-60

Ewvery 3 years 55-61

Biennial 58-60

Annual 58-60

0% 10% 20% 30% 40%
Overdiagnosis Rate (%)

50%

Analysis Scenario
Discount Rate 5%

- Discount Rate 3.5%

- Lead Time Bias

- Mortality 70 years

- Perfect Uptake

- Accuracynot adjusted by age
Sensitivity not adjusted by age
Utility Year 1
Green Book Discount
Fitted Mortality

Baseline
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Supplementaryl. Summary ofstakeholdermeetings
Phase 1 Stakeholdeneeting
28/ 05/ 2024 Stakehol der Attendees: Dr Hel
Jim Catto (clinician), Natalia Norori (P
(Prostate Cancer UK)

31/ 06/ 2024 Stakehol der Attendees: Dr Bi l

Ahmed (clinician)

1. Glossary of names:

Helen Hanson: HH

Jim Catto: JC

Natalia Norori: NN
Amy Rylance: AR

Bill (William) Cross: BC
Hashim Ahmed: HA
Olena Mandrik: OM

This document presents stakeholder comments. Please refer to the shared
PowerPoint slides for more context on each topic. Any major changes made since

the meetings have also been highlighted here.
2. Natural history model structure

All stakeholders agreed with the general model structure
3. Modelling prostate cancer risk

HH: most genetic testing is donen the basis of cancer history, so the prevalence

of BRCAL, 2 source we are using might be higher than in reality.

NN: concerned about the quality of ethnicity data from HSE due to mixed black

and black patients sometimes being misreported.

SCHARR changes to the modelling plan. SCHARR made no changes to the
modelling plan, as the HSE includes population weights. Therefore, even if certain

cohorts are underrepresented, the population weights should address any issues.
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4. Disease onset assumptions

HH: having both BRCA1,2 mutations do not increase your probability of cancer. If

you have both mutations, you should be assigned the highest risk of the two.

SCHARR changes to the modelling plan: having both mutations does not
increase ones probability of cancer with the highest RR from BRCA1 and BRCA2

risks assigned.
5. Prostate cancer incidence rate

OM: suggestion is to use the age trend until age 79, then the average incidence for
79 to 100.

There was no objection to this.

AR, NN, JC: increase in cancer rate in older ages but decrease in clinical diagnosis

due to the differences in testing by age.

BC & HA both recommend using 2018 data instead of 2020 data as this is not

contaminated by Covid.
SCHARR changes to the modelling plan:

1) Incidence data for 2018 is going to be used in the model calibration.

2) The incidence by age is going to be used till age 79 years old.

3) The average incidence is going to be used for those who are-I00 years
old.

4) The model will assume an increase in cancer onset by age and decrease in

clinical diagnosis from age 75 years.

6. Stage distribution

BC & HA concerned about the age of this data as it is from 2014. Suggested
alternative sources from the National Prostate Cancer Audit and Caroline Moore

at UCL.

NN: would expect that unknown cancers are distributed equally across stages,
based on data from Wales (to be shared), where they saw a decrease in the

number of unknown cases, and no one stage saw an increase as a result.
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SCHARR changes to the modelling plan: Unknown cancers will be equally re

allocated across stages-4.
7. Gleason grade group distribution by stage and age

AR, JC & NNwere all concerned about the quality of the 2020 data for Gleason
Grade Group (GGG) distribution due to Covid.

Note: The originally presented data on the slide represented GGG distribution
with age adjustments (i.e. subtracting sojourn time reported in CAP from the age
of incidence). This resulted in high proportion of patients with unclassified GGG in

younger patients.

HA & BC GGG 1 percentages will be much lower for locally advanced. GGGL1 in

locally advanced cancer would be lower than 16%.

BC: suggested using only the data for 609 year olds (average), with 13% of
GGGl in stage 3 PC. and for metastatic cancer, GGG 1 should be 0.

BC & HA in the absence of data, it should be ok to assume that the distribution of

the GGG is the same among those aged 80+ as in those agedd/5
SCHARR changes to the modelling plan:

1) The ages used in the GGG onset will be the same as the GGG at diagnosis,
considering that the model will assume no changes in the GGG during
undiagnosed period. However, 2020 data will still be used as no earlier
sources with such detailing of GGG distriliion by age was found.

2) As initially suggested, two targets for GGG by stage and age will be used
informed by the Get Data Out (2023):

a. Localised stage: Stages | and Il

b. Advanced stages: Stages Ill and IV

This data for the calibration target will be modified before using the following

way:
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a. Stages 1,2: Average proportion of patients in GGG at time of diagnosis in
localised stage for ages 3®9 and 60 and above will be used.
Stages 3,4: Average proportion of patients in GGG at time of diagnosis in
locally advanced stage for ages 609 will be used for all ages. For stage 4,

it will be assumed that no patients have GGG 1.

8. Progression of undiagnosed cancer
JC considers using the general sojourn time to be a suitable substitute.

AR: more confident in the Gleason Grade Group being a predictor of progression

that age.

HA & BC do not feel like they can comment whether prostate cancer progresses
slower in older age groups. They suggested to check with Caroline Moore for

potential data on this.

HA: we might be challenged on not modelling grade change over time.

BC. suggested looking at the active surveillance data to inform the change in

progression for the Gleason Grade Group (GGG).
Note:

Patients on active surveillance have change in the GGG, with Richard et al (2020)
for example reporting upgrading of GGG in 16% of patients over one year
(https://www.ncbi.nim.nih.gov/pmc/articles/PMC7654679/). However,
changing the assumption on constanGGG will likely not decrease uncertainty due

to the following reasons:

(a) Patients on active surveillance are mainly symptomatically diagnosed
patients. This means that the change in GGG for these patients will likely be
much quicker than for asymptomatic patients. For example, Bloom at all
report that negative fusion biopsy isassociated with a reduced risk of
Grade Group progression (HR 0.41, 95% ClI 02277, p <0.01)
(https://lwww.auajournals.org/doi/full/10.1016/j.juro.2018.07.051).

(b) Modification of the GGG based on symptomatic patient data will also

assume recalculating the GGG at time of onset considering the sojourn
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time. This could create additional uncertainty due to small number of

patients and a lot of missing values in older age groups.

SCHARR changes to the modelling plan:

1) We decided not to change the assumptions on constant GGG from time of
onset to diagnosis in the GGG.
2) We will use sojourn time for 50-69-year-old reported in the CAP trial as

the calibration target to inform the model.

9. Disease progression assumptions
No comments from stakeholders
10.Survival
No comments from stakeholders
11.Prostate cancer diagnostic pathway
No comments from stakeholder
12.Accuracy of PSA test

All stakeholders concerned about the use of 4 ng/ml as the threshold rather than
3 ng/ml for the PSA test. A number of alternative sources were suggested: NICE
published guidelines, CAP data, IMPACT study.

AR: mentioned that agespecific thresholds might be used in symptomatic cases.
Whereas the 3ng threshold would be applied for norsymptomatic cases.
Suggested that for screening we can use one threshold of 3ng/ml rather than age

specific thresholds.
HA & BC agree with using the threshold of 3ng/ml.

HA: suggests using Prostagram study (UK population) as there is some sensitivity

data for threshold 3, but the study has a small population size of 410 patients.
SCHARR changes to the modelling plan:

Before the second meeting, we adjusted the PSA threshold values to 3ng/ml,
which we will continue to use. Considering no data, we will use the sensitivity of

4ng/ml for Stage 4 patients, retrieved from the symptomatic cohort assuming that
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stage 4 patients would become symptomatic within one year and that there would

not be many patients with the PSA level between-8ng/ml at this stage.

13.Accuracy of Multiparametric magnetic resonance imaging (MRRI) &

Transrectal Ultrasound Scan (TRUS) biopsy

AR: there has been a shift towards an increased use of transperineal biopsies,
instead of TRUS biopsy. However, currently more TRUS biopsies are still being
used. Suggests incorporating transperineal biopsies as well to better reflect future

diagnostic pathways.

HA & BC a lot more people using transperineal biopsy now, so also agree that we

should change to use this.

HA: NICE diagnostic review of transperineal biopsy brought together all the
sources on the sensitivities of thisThey suggest that transperineal biopsies have

a higher accuracy but not clear how much higher.

SCHARR changes to the modelling plan:

Base case will include using the transperineal biopsy instead of the TRUS biopsy.
14. Utility multipliers

JC agreed that generally stage 1 & 2 have little change in the HRQoL.

AR: would have expected a larger fall in HRQoL for those in stage 3. Source of

assumption is not known.

OM: suggested 2 scenarios with utilities: prostate cancer specific utility

multipliers in the base case and general cancer utilities in the scenario.

BC. 5-7 days for biopsy harms seems reasonable, especially transperineal has

fewer harms.

HA: RCTs in the US for TRUS and transperineal biopsies can provide some data on

utilities related to the biopsy.

SCHARR changes to the modelling plan: No changesprostate cancerspecific

utility multipliers will be used in the base case.
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15.Diagnostic costs
AR: more detail is needed on the uptake of these diagnostic procedures.

HA: there is cost data in the NICE diagnostic assessment for transperineal biopsy

published 2-3 years ago which should have recent costs.
16. Treatment costs

AR, NN & JCmore up-to-date sources are needed for costs due to changes in
possible treatments. National Prostate Cancer Audit for treatment allocation was

suggested as a source.

AR: there are new novel hormonal treatments for stage 4 and even stage 3 that

people will continue to receive beyond the first year.

JC:ProtecT trial, in particular, is out of date because it does not include muti

model therapies or hormonals.

HA & BC Extrapolation of standard treatment (surgery, radiotherapy) costs is
reasonable. Additional systemic therapy is very rarely prescribed to Stage 1 or 2
patients. The systemic therapy is assigned to newly diagnosed patients. Up to 60%
of late-stage patierts can get target treatment. National prostate cancer audit data

could be used.
17.Surveillance & palliative care costs

JC people tend to receive active surveillance for their entire lifetime after

diagnosis (50%), or they are treated within 5 years (50%).

BC. surveillance should be distinguished between active surveillance and the
surveillance after the radical treatment. The latter one will be less costlAfter the
radical treatment patients are followed mainly remotely— 6 months PSA for 3

years and then anual PSA for the lifetime.

SCHARR changes to the modelling plan on costs:
1. We will use 5 types of costs:

i Standard treatment costs (surgery, SACT,

radiotherapy)
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1 Systemic Therapy (stage 3, 4, according to the
National Prostate Cancer Audit)
1 Active surveillance costs (those who have no
treatment)
9 Surveillance costs (all alive patients until they
relapse)
1 Palliative care costs.
2. We will recalculate the average annual costs assuming thtie patients
who didn’t receive standard treatment a
37.8%, Stage 268.6%, Stage 3 76.6%, stage 4— 50.4%). The active
surveillance wil/l be costed up to patie
year of cancer death (andso the assumed cancer progression or relapse).
The standard treatment costs will be extrapolated over the time using
ProtecT data. The surveillance costs will be added from year 2, assuming
the proportion of patients who are not on active surveillance. Té systemic
therapy costs will be added to a proportion of patients who are in Stages
3,4 according to the Prostate Cancer Audit.
3. Palliative care costs will be added to each patient dying from cancer to

reflect the last-year/ relapse costs.
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Phase 2 Stakeholdeneeting with Derek Rosario (1)

Meeting summary 20/05/2025

Present: Lena Mandrik, Dan Pollard, Annabel Rayner, Jessica E Forsyth, Maria
Hanini; ROSARIO, Derek (SHEFFIELD TEACHING HOSPITALS NHS FOUNDATION
TRUST)

Presented:

General modelling assumptions

Model structure (NHD)

Modelling prostate cancer risk for onset and progression
Risk factors

Correlations between risk factors

Modelling process (order of events in the model)

Summary of model changes (from Phase 1 to Phase 2)

Suggestions Received:

No objections to the model structure or general assumptions.

Agreement that incorporation of correlations for prevalence of BRCA1/2
status, family history, and ethnicity is limited by data availability.

Agreed with updated data on prostate cancer distribution by age and stage,
based on NHS Digital (2021) and CMA Stage (2023021).

Agreed with revised survival data for stages 1 and 2.

It was noted that mortality in ProtecT may be underestimated due to

underrepresentation of highergrade group (GGG) cancers. It was
suggested to consider PCPT for mortality estimates.

o Note: JF reviewed the PCPT publication, which only reports overall
all-cause mortality and therefore cannot be used to inform net
prostate cancer survival by stage

Survival extrapolation : It was suggested to conduct a scenario analysis
(or consider as a base case) using 3fear cancerspecific mortality (i.e.
assuming individuals who survive 15 years postliagnosis are assumed to
die from other causes).

Agreed with GGG distribution data at onset.
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Agreed with lifetime cost extrapolation and inclusion of palliative care
costs for both prostate cancefrelated and other-cause mortality.
Agreed with updates to the referent population for ECbD based on the
EEPRU report (Alava, 2022). It was suggested to apply a flat multiplier for
year 1 and subsequent years.
Agreed that PSA sensitivity can be based on PSA allocation, and that PSA
values vary with age. It was suggested that the base case should account
for PSA variation in both cancer and noitancer states.
Agreed with BRCA knowledge status estimates. It was acknowledged that
these are likely underestimated due to not accounting for ongoing and
future uptake of genetic testing. It was noted that due to the small size of
the BRCA population, the overall impadas likely negligible.
Agreed with the updated simulated population approach (using HSE 2018
and 2019 data, and starting simulations from age 20).
Calibration : It was suggested that calibration results indicate a good
model fit. It was proposed that the survival scenario limited to 15 years
post-diagnosis could be considered for the base case.
Screening scenarios:
o It was suggested that the current NICE thresholds may lack strong
scientific justification.
o It was proposed that the BRCA population does not need to be
evaluated separately.
o Recommended screening scenarios to evaluate:
m Fixed threshold (3 ng/ml) screening for both average and
high-risk group
m Lower threshold (0.75 or 1.5) screening for highrisk
populations (Black ethnicity, BRCA carriers, family history

m Risk-stratified screening using NICE thresholds
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Phase 2 Stakeholdeneeting with Derek Rosario (2)

Meeting Summary - Clinical Detection Testing Results Review

Date: 04/07/2025
Present: Lena Mandrik, Jessica E Forsyth, Maria Hanini; ROSARIO, Derek
(SHEFFIELD TEACHING HOSPITALS NHS FOUNDATION TRUST)

Presented:
1 Model validation against CAP study data
T Initial model results

Suggestions Received:

1 Model validation: Agreed that CAP study methodology presents
significant limitations for validation purposes.

T Noted that clinical consensus indicates fundamental flaws in CAP
methodology, with strong recommendation that alternative validation
targets should be prioritised.

1 Natural history modelling: Agreed on need for better research to inform
progression rate and other parts of the natural history. Strong emphasis on
data limitations, particularly absence of screening data for older men (70
80 years), which limits the modelling.

1 Screening age recommendations: No objections to agebased screening
logic.

1 Overdiagnosis calculations: Informed that the clinical definition includes
cases that would not result in mortality. Suggested using screetetected
cases as denominator rather than all diagnosed cases, referencing
PROTECT study data showing 9 out of 10 diagnosed but untreated cases
die from other causes.

1 PSAKkinetics integration: Strong support for incorporating PSA trajectory
analysis. Suggested early baseline testing (ages 40, 45, 50) could inform
risk-stratified screening intervals based on PSA kinetics rather than age
alone. PSA at age 40 predicts trajectory with three distingbatterns: flat
curves, slow agerelated increases, and exponential rises.

1 Agreement that higher baseline PSA levels justify more frequent screening

intervals for cost-effectiveness. It was noted that while PSA densishow
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moderate increases in diagnosis, they don't provide clear information
about outcomes or aggressive cancer identification.

Ethnic disparities: Suggested thatprostate canceris more prevalent in
Men of Black ethnicitybut not more aggressiveevidence suggests twice
the incidence and mortality rates but identical mortalityto incidence ratio
for Black and nonMen of Black ethnicity

Uptake: Suggested testing 100% MRI uptake scenarios (realistic uptake
could reach ~98%).

Research gaps. Comprehensive discussion of limitations including lack of
screening data for men aged 7@®0, insufficient natural history data, need
for better PSA kinetics models, and limited understanding of aggressive

cancer identification.
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