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1. Lay Summary 

PSA, or Prostate-Specific 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 slow-growing cancers that 

would never have caused harm during a man’s lifetime. Detecting these cancers 

can lead to unnecessary worry and treatment, as well as taking healthcare 

resources away from patients who would benefit more. The cost-effectiveness 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 PSA is not a very accurate predictor of a man’s risk, and PSA levels 

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. In this 

population group, PSA screening is unlikely to be cost-effective overall. 

As with the general population, the cost-effectiveness of screening men with any 

family history of breast, prostate, or ovarian cancers is unlikely be cost-effective 

and also result in overdiagnosis. 

Screening all men and men with 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 diagnostics and 

better treatment.  

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

it also carries the risk of overdiagnosis. This 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 cost-effective 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 because prostate cancer in this group tends to be more aggressive. It’s 

important to note that this study did not look at whether testing for the BRCA gene 

itself is cost-effective—that would require separate research and that the study 

assumed that screening, diagnostic, 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, in 40–50% of 

screen-detected cases, it identifies slow-growing cancers that would never have 

caused harm. This leads to unnecessary treatment for patients, may cause side 

effects and anxiety and also result in substantial costs for the healthcare system. 

Comparison of Screening Strategies 

One-off PSA screening generally generates less costs and more benefits per 

screening conducted than repeated screening. Strategies that involve screening 

once and then re-inviting only those with elevated PSA levels for further screening 

were not found not to be cost-effective in full incremental analyses. 

Methodological and data issues 

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. Furthermore, the choice of reference case (i.e., the modelling 

methods) has a critical impact on cost-effectiveness 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, 

screening is not cost-effective with the decision threshold of £20,000 per quality 

adjusted life year (QALY). Screening would also involve high resource use and 

many cases of overdiagnosis. 

Screening Men of Black Ethnicity 

The cost-effectiveness 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 stage) or are based on the US population (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 impact (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 cost-effective 

under decision threshold of £20,000 per QALY. These 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 general-risk population. This is 

because there are no data on prostate cancer screening, diagnosis, and treatment 

in the BRCA population.   
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3. Background 

In November 2023, SCHARR was approached by the UK National Screening 

Committee (NSC) to reassess the cost-effectiveness of prostate cancer screening 

for men at both average and high risk. The NSC sought strategic health economics 

support to advance its aim of reducing prostate cancer mortality by improving 

diagnosis, treatment, and prevention pathways. 

Rapid advancements in prostate cancer detection 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, SCHARR proposed developing a bespoke health economics model to 

inform strategic decision-making by the NSC. This work leveraged SCHARR's 

experience with microsimulation models developed for other cancers, which were 

adapted to simulate the natural history of prostate cancer. The model was 

designed to generate policy-relevant evidence and support the prioritisation of 

future research in prostate cancer screening. 

The initial work tasks were structured into two phases: 

Phase 1: Adaptation and calibration of SCHARR’s microsimulation model to 

reflect the natural history of prostate cancer. This phase focused on evaluating the 

cost-effectiveness of one-time PSA screening in men at average risk, and 

separately, a one-time screening for high-risk men, analysed as single-age cohorts. 

Phase 2:  1) Assessment of the cost-effectiveness of PSA-based screening in men 

aged 45–70, with screening intervals stratified by individual risk profiles derived 

from initial PSA levels, age, ethnicity, and family history; 2) 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 2024. Based 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 cost-effectiveness of repeat PSA 

testing at the most cost-effective ages identified. 

Next, the team assessed the cost-effectiveness of risk-stratified 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 to confidentiality of Stockholm3 data and the imposed 

restrictions on sharing modelling outcomes, the UK NSC and the research team 

jointly decided to exclude Stockholm3 from the current evaluation.  
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4. Definitions of modelling 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 age-specific survival are also included as model inputs (see Survival 

section). 

The model produces outputs including cancer incidence, cancer-related deaths, 

and total deaths. 

4.1. Predictions of benefits of screening 

The model is a stage-shift model, meaning that the benefits of screening arise 

from detecting cancer earlier - before it progresses to more advanced stages with 

higher stage-specific mortality. In other words, screening leads to earlier 

diagnosis for some men in the model, resulting in improved survival, since late-

stage cancers generally have lower survival rates than early-stage cancers. 

Consequently, screening benefits are reflected through: 

¶ A shift in the stage distribution at diagnosis (a higher proportion of early-

stage cancers), and 

¶ A reduction in prostate cancer deaths. 

The model predicts: 

¶ Life years saved (LYS) 

¶ QALYs 

¶ Distribution by stage and grade at diagnosis 

¶ Number of deaths occurred 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 earlier - a concept known as 

a stage shift. Screening benefits some men by identifying cancer before it 
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progresses to more advanced, harder-to-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 life-threatening. 

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

types: 

¶ False positives, where the test suggests cancer is present when it isn’t. 

¶ Overdiagnosis, where real cancers are found but would never have 

caused harm during a man’s lifetime. 

Although the model does not simulate every individual’s treatment and follow-

up pathway after diagnosis, it assigns average costs based on the cancer stage, 

age, and time since diagnosis; utilities (i.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 diagnosis on HRQoL captures the negative 

impact of screening and negative impact of cancer diagnosis in general. Men 

diagnosed with prostate cancer experience a reduction in HRQoL due to both the 

physical and emotional burden of the disease, as well as treatment-related 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 false-positive diagnoses, meaning that prostate cancer is 

diagnosed in men who, in reality, do not have cancer. 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 cancer-related death. Some cancers would remain 

undetected throughout a patient’s lifetime in the absence of screening, as they 

cause no symptoms or harm. These are defined as overdiagnosed cancers. 

In the model, overdiagnosis is the model output and is estimated as:  

(Incidence in screening arm – incidence in standard care arm)/number  of screen

-diagnosed cancers 

This means that overdiagnosed cases in the model represent the proportion of 

all screen-detected cancers that would not have caused harm during a patient’s 

lifetime, and they will include “true overdiagnosed cancer cases” and “false 

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. 

¶ Men undergoing biopsy experience a temporary decrement in HRQoL to 

capture the negative impact of this invasive procedure. 

¶ Men diagnosed with prostate cancer experience an additional HRQoL 

reduction, which is greater for more advanced disease stages. 

¶ 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 use and costs in screening 

The model also estimates: 

¶ Screening costs, 

¶ Diagnostic costs associated with follow-up of screen-positive cases, and 

¶ Treatment costs for all diagnosed cancers. 

Resource use predictions include: 

¶ Number of PSA invitations and tests, 
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¶ Number of multiparametric magnetic resonance imaging (mpMRI) scans, 

and 

¶ Number of biopsies required for follow-up of screen-positive cases. 

4.4. Predictions of cost effectiveness of screening 

Predictions of the cost-effectiveness of screening are primarily based on the 

incremental net monetary benefit (NMB), calculated as: 

Incremental NMB = (Incremental QALYs × Threshold) − Incremental Costs 

It is interpreted as follows: 

Positive values (above 0): the intervention is cost-effective 

Negative values (below 0): the intervention is not cost-effective 

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 

technologies with 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 cost-effectiveness 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 of methodological changes in phase 2 work 

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, age-specific incidence rates by stage were sourced from Public 

Health England, based on data from 2012–2014. In Phase 2, the incidence 

by stage was assessed by combining more recent data from NHS Digital 

(2021) and CMA Stage (2013–2021). 

2. Survival by Age and Stage 

In Phase 1, the assumption of 100% survival for stages 1 and 2 hindered 

effective extrapolation beyond the 5-year period. In Phase 2, survival 

estimates for stages 1 and 2 were derived from the ProtecT trial, which 

provided 15 years of follow-up data. Cancer-specific mortality across all 

stages was extrapolated over a 70-year horizon. 

3. Gleason Grade Group (GGG) Distribution  

In Phase 1, the GGG at cancer onset was based on GGG at the time of 

diagnosis. In Phase 2, data on GGG progression over time were used to 

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 cancer deaths but also to deaths from other causes and were 

readjusted by age. 

5. Utilities by Stage  

For calculating utility multipliers, Phase 2 used the recent EEPRU report 

by Alava (2022) as the reference population, replacing the Health Survey 

for England - HSE (2018) reference values. This approach aligns 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. 

6. Prostate -specific antigen (PSA) Accuracy 

Unlike Phase 1, Phase 2 accounted for the age-related increase in PSA 

values in both non-cancer and cancer populations. In Phase 2, test 

positivity was determined by whether an individual's PSA level—

modelled as a function of age and disease state— exceeded the PSA 

threshold. 

7. Knowledge of Breast Cancer Gene (BRCA) Status 

In Phase 1, screening in BRCA1 and BRCA2 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. 

8. 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 some prostate cancer cases have 

a very 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. General approach to model development 

The model development divided 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 modelling by Squires 

(2016)[1]  and used problem-structuring methods within a stakeholder 

participative process. Stakeholders were classified into three groups: people 

benefiting from the intervention (lay audience and patient representatives, 

“customers”), people involved in the delivery of the interventions and the system 

within which the intervention acts (general practitioners [GPs] and diagnostic 

experts, “actors”), and people with the power to approve or cancel the 

intervention (the UK National Screening Committee, “owners”). Representatives 

of all these groups were invited to the stakeholder meetings in May 2023 to 

conceptualise modelling of the natural history of prostate cancer.  

The stakeholders who both accepted the invitations and participated in the 

stakeholder meetings in the Phase 1 work are listed in Table 1. The minutes from 

the stakeholders’ meetings, along with the outputs and impacts (specifically 

detailing how stakeholder input was incorporated into the model), are provided 

in Supplementary I. 

For the Phase 2 work, the iterative approach to conceptualisation was undertaken 

with the stakeholders who provided feedback on the core modelling assumptions 

indicated in Table 1. 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 algorithm—Dr 

Vigneswaran, Dr Palsdottir, and Dr Govers—to 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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¢ŀōƭŜ мΥ {ǘŀƪŜƘƻƭŘŜǊǎ ƛƴŦƻǊƳŜŘ ǘƘŜ ŎƻƴŎŜǇǘǳŀƭ ƳƻŘŜƭ ŦƻǊ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ǎƛƳǳƭŀǝƻƴΦ 

N Name and position  Phase 1 Phase 2 

1 Prof. Hashim Ahmed, Chair in Urology (Clinical) 
Department of Surgery & Cancer ς Faculty of 
Medicine at Imperial College London 

Meeting X 

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

Meeting Meetings, 
emails 

3 William Cross, Consultant Urologist, Leeds Teaching 
Hospitals NHS Trust, in Leeds 

Meeting X 

4 Dr Helen Hanson, Joint Lead Consultant Cancer 
Genetics 

Meeting X 

5 Amy Rylance, prostate cancer UK Meeting X 

6 Natalia Norori, prostate cancer UK Meeting X 

7 Prof Derek Rosario, Sheffield Teaching Hospital X Meetings, 
emails 

8 Prof Adam Brentnall, Queen Mary University London X Emails 

9 Prof Allan Hackshaw, Professor of Epidemiology & 
Medical Statistics at University College London 

X Emails 

10 Prof. Chris Hyde, The University of Exeter  Meetings, 
emails 

11 Dr Hari Vigneswaran, Karolinska Institute (for 
Stockholm3 algorithm) 

X Meetings, 
emails 

12 Dr Thorgerdur Palsdottir, Karolinska Institute (for 
Stockholm3 algorithm) 

X Meetings, 
emails 

13 Dr Tim Govers, CEO Medip Analytics (for Stockholm3 
algorithm) 

X Meetings, 
emails 

 

6.1.2. Mathematical modelling 

The model is an 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 parameters in the Phase 1 was 

conducted by an information 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 sub-groups 

(BRCA2, 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 parameterisation.  

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 geographical limits were applied to the searches, 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 by LM. For the Phase 2 work, additional data 

identification and extraction for missing values were carried out. The key 

parameter sources were presented to the stakeholders (Table 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 MiMiC-Blaky), supplemented with new code and adaptations to meet 

the model's specific requirements.  
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6.2. Model Structure 

The model centres on the natural history disease (NHD) modules for prostate 

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, or prostate cancer, and being a BRCA1 or BRCA2 carrier.  

At the start of each simulated cycle, the 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 (i.e., those 

who had cancer onset), or non- prostate cancer death (i.e., other-cause 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 risk of being allocated a higher GGG at cancer onset (validated 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 GGG1.  

The next step is determining the stage of the disease and who receives a cancer 

diagnosis. In a non-screening scenario, patients receive a clinical diagnosis 

through symptomatic presentation, with diagnosis probabilities increasing in 

more advanced cancer stages. 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 individuals with stage 4 cancer and aged 

70 years or above. Clinically diagnosed patients follow 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 model. Individuals 

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 costs, life-years saved (LYS), 

QALYs, resource use, and cancer cases. Half-cycle 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 during each cycle is shown in Figure 1, and the 

NHD part of the model is illustrated in Figure 2. 

CƛƎǳǊŜ мΥ CǳƴŎǝƻƴŀƭ ƻǊŘŜǊ ƻŦ ǘƘŜ ƳƻŘŜƭƭƛƴƎ ǇǊƻŎŜǎǎŜǎ ōŜŦƻǊŜ ǎƛƳǳƭŀǝƴƎ ǘƘŜ ǇƻǇǳƭŀǝƻƴ ƻǾŜǊ 

ǘƘŜ ƭƛŦŜǝƳŜ όŀύ ŀƴŘ ŘǳǊƛƴƎ ǘƘŜ ǎƛƳǳƭŀǝƻƴ ƻǾŜǊ ǘƘŜ ƭƛŦŜǝƳŜ όōύ 

  HSE population: age, sex (males), IMD, EQ-5D, ethnicity, weighting 

Assign BRCA1,2 status and link the status to the HSE data 

Assign breast, prostate, and ovarian cancer familial risk (based on BRCA status) and 
link the status to the HSE data 

Calculate age when the familial history of cancer becomes known 

Calculate age when the BRCA status becomes known 

Calculate individual PSA values by age and stage (no cancer, low grade, high grade) 
over person’s lifetime 
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                         Sample symptomatic detection 

Sample model state: No cancer, cancer, other cause (or 
undiagnosed) mortality  

Assign GGG  

Assign t to progression across the stages for undiagnosed cancer 

                      Sample screening detection [if run in screening mode] 

Sample individual transition probabilities  based on individual 
risks 

Diagnosed 

If prostate 
cancer onset  

Not Diagnosed 

Sample prostate cancer mortality  

Assign costs 

Assign utilities 

Record outcomes 

Update age and individual risks 
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CƛƎǳǊŜ нΥ {ǘǊǳŎǘǳǊŜ ƻŦ ƴŀǘǳǊŀƭ ƘƛǎǘƻǊȅ ŘƛǎŜŀǎŜ ƛƴ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƳƻŘŜƭ 

,ÅÇÅÎÄȡ 0# ɀ 0ÒÏÓÔÁÔÅ #ÁÎÃÅÒ 
Ô ɀ ÔÉÍÅ ÓÉÎÃÅ ÄÉÁÇÎÏÓÉÓ 
4ÈÅ ÒÉÓË ÆÁÃÔÏÒÓ ÉÎ ÇÒÅÅÎ ÉÍÐÁÃÔ ÂÏÔÈ ÃÁÎÃÅÒ ÏÎÓÅÔ ÁÎÄ 'ÌÅÁÓÏÎ 'ÒÁÄÅ 'ÒÏÕÐ ÁÌÌÏÃÁÔÉÏÎȢ 

6.3. Model Population 

6.3.1. Baseline phenotypic characteristics 

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 

nation’s health. Initially, the year 2018 was selected as it is 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 included age, ethnicity, EuroQol – 5 Dimensions 

(EQ-5D-3L), and indices of multiple 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 non-response, and thereby making the sample 

more representative of the English population.  



28 

 

6.3.2. Missing data for phenotypic characteristics 

In the Phase 2 work, the HSE 2018 data were supplemented with HSE 2019, to 

provide a larger initial sample. The EQ-5D 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 anxiety, instead an 

individual’s EQ-5D score was first 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 for the 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 HSE 2018 and 2019, including body 

mass index, smoking status, alcohol consumption, and 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 HSE characteristics to impute the EQ-5D scores from HSE 2018 to 

2019. 

In addition to this, HSE 2018 and 2019 reported age in 5-year 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 of 5-year age categories 

based on the continuous HSE 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 20 resulted 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 of prostate cancer onset 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 population[2] . 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: 

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

¶ Mixed/Multiple ethnic groups (White and Asian, White and Black African, 

White and Black Caribbean, Other Mixed) 

¶ Asian/Asian British (Indian, Pakistani, Bangladeshi, Other Asian) 

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

¶ 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 Perez-Cornago et al. (2017)[3]  using UK Biobank data 

indicates notable disparities in cancer incidence hazard ratios (HR) across ethnic 

groups. Specifically, compared to individuals of white ethnicity, those of Black 

ethnicity exhibited a HR of 2.61, 95% CI (2.10-3.24), while individuals of Asian 

ethnicity demonstrated a HR of 0.62, 95% CI (0.47-0.83)[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: 0.55–1.64) 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 resulting 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. BRCA1 or BRCA2 mutations  

The HSE dataset does not contain genetic information.  

Actual BRCA1,2 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 having the mutation, 0 for not), based on the 

prevalence rates (1 in 381 for BRCA1 and 1 in 277 for BRCA2) and assuming 

independence of risk[4] . 

Case-control studies included in the review of Nyberg et all (2022), provide odds 

ratios (OR) for prostate cancer associated with these mutations (the study reports 

relative risk but as it was clarified with the authors actually provides odds ratios 

instead): OR of 2.12, 95%CI (1.05-4.30) for BRCA1 and OR of 5.83, 95%CI (3.64-

9.32) for BRCA2[5] . For the use in the model, the HR were calibrated to predict the 

reported OR for the incidence of the PC, as it is reported by Nyberg et al. (2022). 

These HR (2.42, 95%CI (1.93; 3.05) for BRCA1 and 4.45, 95%CI (4.31; 4.59) for 

BRCA 2) were used in the model as the assumed "actual" relative risk of prostate 

cancer in the population. Based on feedback from Dr Hanson (see the 

stakeholders’ section), it was also assumed that having both mutations does not 

increase cancer risk beyond the highest risk associated with BRCA1 or BRCA2. 

The HR for prostate cancer due 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. (2022)[5]  found higher risks for BRCA mutations in 

individuals under 65 years compared to those over 65 years, driven by 

prospective observational studies. This reflects the earlier onset of cancer in 

individuals with genetic risks. 

Known BRCA1,2 status 

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. (2020)[6] , which 

examined the uptake of pre-symptomatic genetic testing among relatives of 

individuals with confirmed BRCA mutations in West England[6] . Age-specific 

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: 

¶ The probability of knowing one’s BRCA status for individuals aged 20–30 

was assumed to be equal to those under 29; 

¶ Cumulative probabilities for the 30–39 and 40–49 age groups were set 

equal to the respective group-level probabilities reported in Forde et al. 

(2020)[6] ; 

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

one’s genetic status was assumed to match the testing probability among 

those aged 50–59. 

¶ The age of knowing one’s BRCA status was sampled using a 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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¢ŀōƭŜ нΥ tǊƻōŀōƛƭƛǝŜǎ ƻŦ ƪƴƻǿƛƴƎ ǘƘŜƛǊ .w/!мκн ǎǘŀǘǳǎ ōŜŦƻǊŜ ǘƘŜƛǊ ŀƎŜΦ 

Age groups 
in the 
study, 
years 

Number of 
people in 
the age 
group  

Number of people 
tested pre-
symptomatically 

Probability 
of being 
tested 

Age in 
the 
model, 
years 

Cumulative 
probabilities 
in the 
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 40-49 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 first-degree relatives 

previously diagnosed with any of these cancers. While familial risk is 

heterogeneous, no prior studies have evaluated the cost-effectiveness of screening 

in men with familial risk considered as a single group. Therefore, in this model, 

familial risk was defined broadly as having a first-degree 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 about 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 cancer and known family 

history used to calculate prostate cancer risk in risk -stratified screening. 
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Actual familial 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% for breast, 2% 

for ovarian, 17.9% for prostate cancer) and in population with BRCA mutations 

(70.26% for breast, 28.37% for ovarian, and 46.95% for prostate cancer based 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 in the non-BRCA 

population by using a synthetic population with the risk in BRCA-positive people 

as a deterministic value and predicting the general population values as reported 

in the review. The calibrated lifetime cancer probability values for non-BRCA 

carriers are: prostate cancer for men 0.17895; ovarian for women 0.0197; breast 

cancer for women 0.1525. 

Secondly, we calculated in a similar way the probability of a person having a 

mutation conditional on the BRCA mutation in their relatives. If an index person 

(a person from HSE population) has a mutation, each of their relatives has a 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 a 

fitting approach to predict the total prevalence of BRCA mutations in the 

population. The calibrated parameter of probability to have a 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 having a BRCA mutation. To do this, we 

assumed the average number of 1st degree 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 calculated in the following way: 

ὖὪὥάὭὰὭὥὰ ὬὭίὸέὶώρ
ρ ὖ έὪ ὧὥὲὧὩὶ

ὄὙὅὃ

  

ὖz έὪ ὶὩὰὥὸὭὺὩί ύὭὸὬ ὄὙὅὃ

ρ
ρ ὖ έὪ ὧὥὲὧὩὶ

ὲέ ὄὙὅὃ

  

ὖz έὪ ὶὩὰὥὸὭὺὩί ὲέὸ ὬὥὺὭὲὫ ὄὙὅὃ 
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Where N of relatives - number of relatives of the relevant sex (1.35 for males and 

females), P of cancer/BRCA ɀ probability of a relative to have cancer conditional that 

they have a BRCA mutation, P of cancer/no BRCA ɀ probability of a relative to have 

ÃÁÎÃÅÒ ÃÏÎÄÉÔÉÏÎÁÌ ÔÈÁÔ ÔÈÅÙ ÄÏÎȭÔ ÈÁÖÅ "2#! ÍÕÔÁÔÉÏÎȢ 

The calculated probabilities to have familial history for three cancers based on the 

BRCA status of a person in HSE are reported in  Table 3. 

 

¢ŀōƭŜ оΥ /ŀƭŎǳƭŀǘŜŘ ǇǊƻōŀōƛƭƛǝŜǎ ǘƻ ƘŀǾŜ ŦŀƳƛƭƛŀƭ ƘƛǎǘƻǊȅ ŦƻǊ ǘƘǊŜŜ ŎŀƴŎŜǊǎ ōŀǎŜŘ ƻƴ .w/! 

ǎǘŀǘǳǎ ƻŦ ŀ ǇŜǊǎƻƴ ƛƴ I{9 

Cancers Probability of the lifetime 
risk of having at least 1 
relative with cancer if HSE 
person has BRCA mutation 

Probability of the lifetime risk of 
having at least 1 relative with 
cancer if HSE person has no BRCA 
mutation 

Breast  0.5028 0.2027 

Ovarian 0.1946 0.0279 

Prostate 0.4044 0.2351 

 

Cancer risk based on familial history 

Several reviews reported a similar increase in prostate cancer risk associated with 

a family history of the disease[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 (1.77–2.13)[11] . 

For breast cancer, a systematic review and meta-analysis by Ren et al. (2019) 

found that having a first-degree relative with female breast cancer was associated 

with a RR of 1.18 (95% CI: 1.12–1.25). To estimate the effect of a family history of 

breast cancer on the risk of prostate cancer, we used a lognormal distribution 

calibrated to reflect this risk relationship. The calibrated parameters were log 

mean = 0.1687, log standard deviation = 0.004797, corresponding to a mean HR 

of 1.2344[12] . 

There was no high-quality data available on the familial risk of prostate cancer 

among relatives of individuals with ovarian cancer. However, Beebe-Dimmer 

(2020)[13]  reported a combined prostate cancer risk estimate for relatives of 



35 

 

individuals with breast or ovarian in a US-based 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 of prostate cancer conditional 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 MiMiC-Bowel 

model, which was obtained from UK Biobank[14] . 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 the colorectal cancer 

trends. The impact of age in the model was estimated through fitting a linear 

model to all data points between the 36-40 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 assumed that by the age 70 years, all 

people with familial risk were aware of their risk status. 
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CƛƎǳǊŜ оΥ DǊŀǇƘ ǎƘƻǿƛƴƎ ƛƴŎǊŜŀǎŜ ƛƴ ŦŀƳƛƭȅ ƘƛǎǘƻǊȅ ƻŦ ŎƻƭƻǊŜŎǘŀƭ ŎŀƴŎŜǊ ƛƴ ǘƘŜ aƛaƛ/ .ƻǿŜƭ 

ƳƻŘŜƭ ǿƛǘƘ ŀƎŜΣ ŦǊƻƳ ¦Y .ƛƻōŀƴƪώмпϐ 

 

 

6.5. Risk factors for progression of undiagnosed cancer 

In the model, it was assumed that characteristics such as age, Black ethnicity, and 

BRCA 1,2 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, the HR 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 time of onset, with the assumption that the GGG would 

remain unchanged thereafter. The HRs were treated as non-cumulative, 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 Black ethnicity. This assumption 

was introduced after testing showed that multiplying HRs (as is done for cancer 

onset) led to unrealistic outcomes. All calculated probabili ties were subsequently 

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

To estimate the GGG distribution at the time of onset was based on data from the 

NHS Digital (2020) [15]  (Table 4). 

In the model, data from Table 4 were used to calculate the probabilities of having 

age-specific GGG. It was assumed that prostate cancer with an onset at age 20 

would have the same GGG distribution as at age 35. Since prostate cancer onset 

among non-BRCA 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 GGG 1-5. The data were also 

adjusted with the analysis of Sheridan (2008) surveying stage T1c patients[16] . 

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 lower-grade tumours in 

undiagnosed cancer. Sheridan et 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 adjusted 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 GGG (Table 5).  

It was noted by the clinical experts that since these data are from 2020 it could 

possibly be affected by the Covid pandemic; however, no older data could be 

identified.  
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¢ŀōƭŜ пΥ DƭŜŀǎƻƴ DǊŀŘŜ DǊƻǳǇ ŘƛǎǘǊƛōǳǝƻƴ ōȅ ŀƎŜΥ ƻǊƛƎƛƴŀƭ Řŀǘŀ 

 Gleason Grade Groups 

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% 

ɕ4ÈÉÓ ÉÓ Á ÃÏÍÂÉÎÅÄ ÃÏÈÏÒÔ ÁÓ ÃÏÕÎÔÓ ÉÎ ÔÈÅÓÅ ÁÇÅ ÇÒÏÕÐÓ ×ÅÒÅ ÖÅÒÙ ÌÏ×Ƞ ÉÔ ÉÓ ÁÌÓÏ ÕÓÅÄ ÆÏÒ ÐÏÐÕÌÁÔÉÏÎ ÉÎ ÔÈÅ 
ÙÏÕÎÇÅÒ ÁÇÅ ÇÒÏÕÐȢ  

¢ŀōƭŜ рΥ DƭŜŀǎƻƴ DǊŀŘŜ DǊƻǳǇ ŘƛǎǘǊƛōǳǝƻƴ ōȅ ŀƎŜΥ ƛƴǇǳǘǎ ǘƻ ǘƘŜ ƳƻŘŜƭ 

 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 GGG categories is also 

dependent on Black ethnicity status. The model assumes that the probabilities to 

be allocated to each GGG for ethnicities other than Black are the same as for White 

ethnicity. The RR of being in  GGG2 vs GGG1 and in GGG3-5 vs GGG1 for the Black 

population are informed through the US cross-sectional  study using Medicare 

data (Navarro et al. 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 = 1.76, 95% CI = 1.29–2.40), and were 73% more likely to be diagnosed 

with a Gleason grade score of 8–10 (OR = 1.73, 95% CI = 1.21–2.48). We 

considered that this corresponds to GGG2 and GGG3-5, respectively. 

In the model, these values were used to first calculate the probabilities of being in 

GGG 2 and higher GGG categories for the non-Black 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''' ςȟÎÏÎ"ÌÁÃËȟÁÇÅ Ø  
ὖ ὋὋὋ ςȟὥὫὩ ὼ

ὙὙ  ȟ ύὩὭὫὬὸὩὶ άὩὥὲ Ὢέὶ ὄὰὥὧὯύὩὭὫὬὸὩὨ άὩὥὲ Ὢέὶ ὲέὲὄὰὥὧὯ
 

 

Then, the RR of GGG 2-5 for Black versus non-Black individuals was applied to the 

matrix of GGG probabilities for the non-Black 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 GGG 2-5 vs 

GGG 1, based on the random effects model in the systematic review of Nyberg et 

al. (2022)[5] : 1.59, 95%CI (1.02–2.49) and 4.94, 95%CI (3.51–6.96) for BRCA1 

and BRCA2 carriers, respectively. 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 near-zero probability of being classified as GGG 1 for BRCA1 carriers. 

All the transition probabilities were normalised to 1 to avoid implausible 

(negative) transition probabilities.  
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6.6. Natural history of prostate 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, ethnicity, and true familial risk 

(i.e., the other genetic mutations), as described in the previous sections. For binary 

characteristics (BRCA1, BRCA2, familial history), the individual value was 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 non-linear relationship between age and the diagnosed incidence 

of cancers, the relationship between the age, other risk factors, and the risk of 

cancer onset was modelled using multiplications of the HR (where age impact is 

informed by the calibration while impact of other factors directly by data as 

described above). The risk by age is assessed as: 

ὶὭίὯ ὥὸ ὥὫὩ ὼ ὥὫᾩςπώ     

Where age_20y ɀ risk of prostate cancer onset for 20-years-olds. 

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 distribution, with considerations for the calibrated mean (μ), calibrated 

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

ὒὥάὦὨὥ  
‘

Ὃὥάάὥρ  
ρ
Ὧ

 

It was assumed that the mean time of progression across the stages is shorter in 

higher GGGs. This was implemented in the model by adjusting the mean time for 
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people in GGG 2-5 with the calibrated multipliers , which are lower than 1 (the 

multiplier for the GGG1) for GGG 2-5 and are lower in higher GGGs compared to 

lower GGGs. These assumptions mean that on average population groups with a 

higher probability of having a high GGG (Black and BRCA 1/ 2, carriers) will have 

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

People of Black ethnicity and BRCA 1/ 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 1/ 2 mutation. 

6.6.3. Survival 

Net survival is presented in the available datasets and is used as an estimate of the 

cancer-specific 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 Pohar-Perme 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 cancer-related 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, Table 6. The 

PHE dataset was selected as the most informative data source; this is discussed 

further in the following section. 
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¢ŀōƭŜ сΥ 5ŀǘŀōŀǎŜǎ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ǎǳǊǾƛǾŀƭ ŀƴŀƭȅǎƛǎ 

Database source Details Comments 

ONS[18]  Adults diagnosed between 2013 
and 2017 and followed up to 
2018  

Survival by age and stage, provided at 
years 1 and 5.  

Predicted survival by age only at 10 
years. 

PHE[19] Adults diagnosed 2014 to 2018 
and followed up to 2019 

Survival by age and stage, provided at 
years 1, 2, 3, 4, 5. Missing data for 
years 2-5 for stage 1 75-84, stage 2 65-
74 and 74-85.  

Get Data Out[20]  Staging is not according to TNM stages 
I-IV. There would be large uncertainty 
in mapping the stages to the TNM 
scale.  

NHS Digital[21] Most recent data from NHS 
digital. Cancer Survival in 
England, cancers diagnosed 2016 
to 2020, followed up in 2021 

Survival by age in table 1, survival by 
stage in table 2. No dual stratification 
of survival present. 

PHE-CRUK[22]  10-year cancer survival by stage 
for patients diagnosed in the East 
of England, 2007 to 2017 

Difference in population (East of 
England as opposed to England).  

Data availability 

The PHE dataset provides the net survival at years 1, 2, 3, 4, and 5 stratified by age 

and stage, with data summarised in Table 7. This dataset was therefore used for 

the extrapolation of the net survival for stages 3 and 4. It is noted, however 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 survival equal 

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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¢ŀōƭŜ тΥ tI9 ƴŜǘ ǎǳǊǾƛǾŀƭ ό҈ύ ŦƻǊ мπр ȅŜŀǊǎ ǎǘǊŀǝŬŜŘ ōȅ ŀƎŜ ŀƴŘ ŘƛǎŜŀǎŜ ǎǘŀƎŜ 

    Time since diagnosis (years) 

Stage Age 1 2 3 4 5 

1 15-54 99.7 99.8 99.8 99.7 99.3 

  55-64 100.2 100.4 100.6 100.6 100.5 

  65-74 100.4 100.7 101.1 101.4 101.9 

  75-84 101.6 . . . . 

  85-99 103.6 105.6 104.2 102.4 97.7 

2 15-54 100.1 100 100.1 100.3 100.2 

  55-64 100.2 100.3 100.5 100.7 100.6 

  65-74 100.6 . . . . 

  75-84 101.5 . . . . 

  85-99 101.9 103.4 100.5 101.3 92.7 

3 15-54 99.8 99.8 99.3 99 97.8 

  55-64 100.2 100.1 99.7 99.2 98.4 

  65-74 100.4 100.3 99.7 99.1 98.6 

  75-84 100.9 100.5 99.8 98.8 97 

  85-99 100 97.9 90.7 87.1 78.8 

4 15-54 93.2 80.4 70.5 61.9 56.7 

  55-64 94.1 83.6 73.4 64.9 58.8 

  65-74 91.1 80 70.1 61.5 54.7 

  75-84 84 69 58.5 50.6 43.4 

  85-99 70 51.6 41.5 33.9 27.1 

,ÅÇÅÎÄȡ  )ÔÅÍÓ ÉÎ ÒÅÄ ÉÎÄÉÃÁÔÅ ÅÎÔÒÉÅÓ ×ÉÔÈ ÍÉÓÓÉÎÇ ÄÁÔÁȢ 

The ONS dataset provided 1- and 5-year net survival stratified by age and stage, 

with data summarised in Table 8. This dataset was used for comparison and to 

supplement data for the groups with missing net survival for years 1 and 5 in the 

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

by age (not stage); this was considered for validation.  

 

  



44 

 

¢ŀōƭŜ уΥ hb{ ƴŜǘ ǎǳǊǾƛǾŀƭ ŦƻǊ ȅŜŀǊǎ м ŀƴŘ р ǎǘǊŀǝŬŜŘ ōȅ ŀƎŜ ŀƴŘ ŘƛǎŜŀǎŜ ǎǘŀƎŜΦ 

    Time since diagnosis (years) 

Stage Age 1 5 

1 15-54 99.6 99.1 

  55-64 100.1 100.3 

  65-74 100.4 101.4 

  75-84 101.3 101.5 

  85-99 103.1 91.6 

2 15-54 100.0 100.2 

  55-64 100.2 99.8 

  65-74 100.5 101.6 

  75-84 101.1 102.0 

  85-99 100.3 89.7 

3 15-54 100.0 96.9 

  55-64 100.3 98.6 

  65-74 100.4 98.2 

  75-84 100.5 95.8 

  85-99 99.4 71.2 

4 15-54 92.8 54.1 

  55-64 93.2 55.4 

  65-74 90.7 54.3 

  75-84 83.2 42.0 

  85-99 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 follow-up times, and resulted in extrapolated net 

survival close to 100% irrespective of follow-up time since diagnosis (considering 

100% survival at the longest follow-up time of 5 years in ONS and PHE datasets), 

alternative data sources were used for stages 1 and 2. The longest follow-up data 

were available from the ProtecT trial conducted in the UK  in 1999–2009, 

including 82,429 men aged 50–69 years. In the ProtecT trial, net survival was 

reported at 10 and 15 years. The reported 15-year survival rates in ProtecT trial 

were: Stage 1 —98% and Stage 2 —95%[23] . Considering the data limitation, the 
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modelling assumptions considered that the prostate cancer-specific survival in 

stages 1 and 2 is age-independent; however, for stages 3 and 4, survival is 

stratified also by both age and stage. 

Extrapolation of survival 

Given that the available data for stages 1 and 2, and stages 3 and 4, were only 

available up to 15 and 5 years, respectively, 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 

cancer-specific mortality and other-cause mortality are simulated separately. 

For stages 1 and 2, data were 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: 

Ὓὸ ÅØÐ‗ὸȟ 

Where Ὓὸ is the net survival at time ὸ and ‗ the rate parameter.  

The exponential model assumes the instantaneous risk of death (hazard) is 

constant. This is a fairly strong assumption, but 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:  

Ὓὸ ÅØÐ
ὸ

ίὧὥὰὩ
ȟ 

Where ίὬὥὴὩ and ίὧὥὰὩ are the model parameters.  

In order to fit the above models, a non-linear least squares optimisation was used 

via the NLS package in R. It is noted that the models were fitted 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 re-sampling of the model parameters in the probabilistic 

sensitivity analysis, the parameter variance/covariance matrices were also 

output. Resampling of model parameters 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 according to the exponential or Weibull 

models accordingly for use within the probabilistic sensitivity analysis.  

Considering that survival analysis was based only on five-year data for stages 3,4, 

several scenario analyses were conducted around survival (see section 

“Description of screening scenarios”. 

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) = 1 ɀ (Cancer_surv(age, stage, year) / Cancer_surv(age, stage, year-1)) 

It was assumed that the probability of dying from cancer beyond 70 years post-

diagnosis was 0. Based on the calibration fit (see the Calibration section), the base 

case analysis in the model used only 15-year survival data. This approach assumes 

that men with prostate cancer who do not die from the disease within 15 years of 

diagnosis are subsequently at risk of dying only from other causes. Lifetime (70 

years) extrapolation of survival was explored in scenario analyses. 

Mortality from other causes 

Cancer mortality was subtracted from all-cause 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 age 20 years for non-Black, 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 after the age 

of 70 (Symp.decr). 

5. Probability to die undiagnosed after age 70 years (P.undiag.dead). 

6. Mean time of progression across the stages for undiagnosed cancer and 

shape of the Weibull distribution for those patients who had GGG1 (e.g., for 

progression from stage 1 to stage 2: Mean.t.StI.StII and shape.t.StI.StII). 

7. Coefficients adjusting the means for progression for GGG2 to GGG 5 

compared to GGG1 (k.WB.GGG.2, k.WB.GGG.3, k.WB.GGG.4.5). 

6.7.2. Calibration targets 

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

epidemiological data: 

¶ Incidence of prostate cancer in England by age; 

¶ Incidence of prostate cancer in England by age and stages 1 to 4; 

¶ Mortality by age; 

¶ GGG by 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 identified through opportunistic screening. The model was not 

calibrated to retrospective data for pragmatic reasons and to avoid potential data 

conflicts - specifically, inconsistencies that can arise when combining data sources 

from different time periods, as well as to be able to reconstruct current care 
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scenario because the uptake with opportunistic screening in England is unknown 

and fluctuates through years. 

Incidence of PC 

Age-specific incidences have been sourced from NHS Digital, using the Cancer 

Registration Statistics for England in 2018[24]  (Table 9). As advised by the 

stakeholders (Prof. H. Ahmed, Prof. J. Catto. and Prof. W. Cross), the incidence by 

age was used until age 75 years, then the average incidence between 75-100 was 

used for the 75-100 age group. The model assumed an increase in cancer onset by 

age and a decrease in clinical diagnosis from age 75 years. 

¢ŀōƭŜ фΥ !ƎŜπǎǇŜŎƛŬŎ ƛƴŎƛŘŜƴŎŜ ƻŦ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƛƴ 9ƴƎƭŀƴŘ όǇŜǊ мллΣллл ǇƻǇǳƭŀǝƻƴύΣ 

нлмуώнпϐ 

Age at diagnosis, 
lower bound, years 

Prostate cancer incidence rate 95% Confidence Interval 

30 0 0 0 

35 0.4 0.2 0.9 

40 5.5 4.5 6.8 

45 22.9 20.8 25.1 

50 90.4 86.2 94.7 

55 244.2 237.0 251.6 

60 406.8 396.6 417.1 

65 719.0 704.9 733.4 

70 851.0 835.2 867.0 

75 949.0 928.5 969.8 

80-90 714.0 683.6 744.6 

 

Distribution of prostate cancer by age and stage 

The Phase 1 work included age-specific incidence rates by stage sourced from 

Public Health England from 2012 to 2014. To 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 National Screening Committee: 

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

(stages 3/4) cancers by age. 
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¶ CMA Stage (2013–2021): 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 I) and is consistent with approaches adopted 

in other well-established CISNET models [25-27]. 

The updated data distribution reports a higher proportion of early-stage cancers 

(stages 1/2) in younger age groups compared to the previously used dataset for t 

Phase 1, supporting the assumption that the introduction of opportunistic 

screening may have improved earlier diagnosis of prostate cancer.  
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¢ŀōƭŜ млΥ 5ƛǎǘǊƛōǳǝƻƴ ƻŦ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ōȅ ŀƎŜ ŀƴŘ ǎǘŀƎŜ ǳǎŜŘ ƛƴ ǘƘŜ ƳƻŘŜƭ 
 

NHS digital (2021) Adjusted by CMA stage (2013/2021) Proportion of cases by 
stage 

Age, 
years 

Stage 
1,2 

Stage 
3,4 

Total N 
of cases 

Stage 1 Stage 2 Stage 
3 

Stage 
4 

Sta
ge 
1 

Sta
ge 
2 

Sta
ge 
3 

Sta
ge 
4 

30 to 
34 

                    
-    

                    
-    

                              
-    

                           
-    

                          
-    

                    
-    

                    
-    

    

35 to 
39 

                      
4  

                      
2  

                               
6  

                            
3  

                            
1  

                      
1  

                      
1  

45
% 

22
% 

18
% 

16
% 

40 to 
44 

                   
37  

                   
12  

                             
49  

                          
25  

                         
12  

                      
6  

                      
6  

51
% 

25
% 

13
% 

11
% 

45 to 
49 

                 
197  

                   
75  

                           
272  

                       
132  

                         
65  

                   
40  

                   
35  

49
% 

24
% 

15
% 

13
% 

50 to 
54 

                 
733  

                 
344  

                       
1,077  

                       
493  

                       
240  

                 
184  

                 
160  

46
% 

22
% 

17
% 

15
% 

55 to 
59 

             
1,808  

             
1,004  

                       
2,812  

                    
1,215  

                       
593  

                 
537  

                 
467  

43
% 

21
% 

19
% 

17
% 

60 to 
64 

             
2,683  

             
1,772  

                       
4,455  

                    
1,803  

                       
880  

                 
947  

                 
825  

40
% 

20
% 

21
% 

19
% 

65 to 
69 

             
3,587  

             
2,814  

                       
6,401  

                    
2,410  

                   
1,177  

             
1,504  

             
1,310  

38
% 

18
% 

23
% 

20
% 

70 to 
74 

             
3,947  

             
4,011  

                       
7,958  

                    
2,652  

                   
1,295  

             
2,144  

             
1,867  

33
% 

16
% 

27
% 

23
% 

75 to 
79 

             
3,025  

             
3,588  

                       
6,613  

                    
2,033  

                       
992  

             
1,918  

             
1,670  

31
% 

15
% 

29
% 

25
% 

80 to 
84 

                 
946  

             
2,068  

                       
3,014  

                       
636  

                       
310  

             
1,105  

                 
963  

21
% 

10
% 

37
% 

32
% 

85 to 
89 

                 
303  

             
1,080  

                       
1,383  

                       
204  

                         
99  

                 
577  

                 
503  

15
% 

7% 42
% 

36
% 

90 
and 
over 

                   
70  

                 
460  

                           
530  

                          
47  

                         
23  

                 
246  

                 
214  

9% 4% 46
% 

40
% 

 

Mortality by age 

Age-specific mortality rates have been sourced from NHS digital data for 2020 

(Table 11). 
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¢ŀōƭŜ ммΥ tǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƳƻǊǘŀƭƛǘȅ ōȅ ŀƎŜ όǇŜǊ мллΣллл ǇƻǇǳƭŀǝƻƴύ 

Age at diagnosis, lower bound, years Rate, mean Confidence interval 

45 0.3 0.1 0.6 

50 2.5 1.9 3.3 

55 7.4 6.2 8.7 

60 21.0 18.8 23.4 

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 of GGG by age and stage. 

However, the staging system used in this dataset was localised, locally advanced, 

and metastatic. The dataset documentation offered a loose conversion of this 

staging system to stages I – IV. According to this conversion, localised equates to 

stages I-II and locally advanced equates to stages III-IV (Table 12 and Table 13), 

while metastatic equates to stage IV. The Get Data Out dataset did not have a 

breakdown of GGG for metastatic cancer, so locally advanced has been used for 

stages III and IV. 

¢ŀōƭŜ мнΥ [ƻŎŀƭƛǎŜŘ ǎǘŀƎŜǎ όLπLLύΣ ƛƴŎƛŘŜƴŎŜ ǊŀǘŜǎ ōȅ DDD ǇŜǊ мллΣллл 

Age at diagnosis Grade Group 1 Grade Group 2 Grade Group 3 Grade Group 4 & 5 

Age 00-59 4.3 5.2 1.1 0.5 

Age 60-69 63.2 82.1 24.8 18.0 

Age 70-74 68.9 106.5 45.6 37.4 

Age 75-79 57.1 108.9 50.9 45.8 

Age 80+ 13.6 18.8 10.3 17.8 
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¢ŀōƭŜ моΥ [ƻŎŀƭƭȅ ŀŘǾŀƴŎŜŘ όǎǘŀƎŜǎ LLLπL±ύΣ ƛƴŎƛŘŜƴŎŜ ǊŀǘŜǎ ōȅ DDD ǇŜǊ мллΣллл 

Age at diagnosis Grade Group 1 Grade Group 2 Grade Group 3 Grade Group 4 & 5 

Age 00-59 0.6 1.2 0.9 0.9 

Age 60-69 0.6 26.9 21.3 29.3 

Age 70-74 4.7 39.3 39.7 58.8 

Age 75-79 4.7 36.9 36.3 62.7 

Age 80+ 4.7 7.6 10.0 20.6 

 

To avoid a conflict with the NHS Digital source for the GGG distributions by stage, 

we calculated the probability of being in different GGGs for each stage using 

weighted averages (Table 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 advanced stage for ages 60-79 was applied 

across all ages. For stage 4, it was assumed that no patients have GGG 1. These 

assumptions were informed and validated by the stakeholders.   

¢ŀōƭŜ мпΥ tǊƻōŀōƛƭƛǘȅ ƻŦ ōŜƛƴƎ ƛƴ DDD ōȅ ¢ba ǎǘŀƎŜǎ 

 Grade Group 1 Grade Group 2 Grade Group 3 Grade Group 4&5 

Stage 1 & 2 0.265354 0.411662 0.169918 0.153066 

Stage 3 0.027632 0.285581 0.269377 0.417410 

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 analysis 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 12.1-12.2 years), while for those 

aged 65 to 69 years, it was 15.3 years (95% CI 15.2-15.3 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 50–69-year-olds reported in the trial with a 

wider confidence interval of ±10%: 13.4 years (95% CI 12.06-14.74). 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 beneficial than relying solely on sojourn 

time. 

6.7.3. Calibration approach 

The model was calibrated using the Metropolis-Hastings algorithm (MHA).  

Metropolis-Hastings 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 proposal for 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”). This iterative process creates a chain of parameter samples that 

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, ensuring that the model 

reflects the observed data. 

The initial step size in the calibration was set to 20% of the parameter values. The 

step size was reset to 10% when calibration chains broke and were restarted from 

the last accepted parameters. The maximum step size was also reduced from the 

original value based on the acceptance rate (after the first 5,000 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 set. In addition, 

the calibration used a dynamic probability to accept parameters with lower 

likelihoods based on a probability to accept such parameters after a warmup 

period of 0.1 and the difference in likelihoods of less than 10% (i.e., that likelihood 

did not decrease by more than 10%).  

Addressing the limitations of the Metropolis-Hasting algorithm 

The MHA has some limitations. Calibration 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 one cannot be sure that if convergence is achieved, there are no other 

alternative acceptable parameter regions.  

To minimise the risk, the parameter space was first explored by running a random 

calibration with the Latin Hypercube Sample. This method includes determining 

the number of required samples of parameters (n), assigning a probability density 

function to each parameter, dividing the distribution into n intervals and 

randomly drawing from each 𝑛th interval for each calibration parameter. The Latin 

Hypercube Sample with 100,000 random samples generated a near-random 

sample of parameter values from a multidimensional 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 changes in the population age structure. 

Goodness of fit (GOF)  

Log-likelihood was used as a goodness-of-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, log-likelihood was calculated as a 

lifetime outcome. Lower weights were used for all calibration targets (0.3 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 stage, and mortality (i.e., the maximum error for any of the 

targets), using the 1-million -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 calculated (Figure 4). 

As illustrated in the figure below, a sample size of over 20,000 yields a mean SE 

within 5%. 
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CƛƎǳǊŜ пΥ aŜŀƴ ǇŜǊŎŜƴǘŀƎŜ ŜǊǊƻǊ ŀŎǊƻǎǎ ŀƭƭ ŎŀƭƛōǊŀǝƻƴ ǘŀǊƎŜǘǎ ǿƛǘƘ ŘƛũŜǊŜƴǘ ǇƻǇǳƭŀǝƻƴ ǎƛȊŜǎ 

 

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 size. The 

smaller population size of 50,000 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 up in the Phase 2 calibration work 

for the following: 

¶ The symptomatic presentation rate for each more advanced stage must be 

at least equal to that of the previous stage. 

¶ 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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¶ The mean progression time across stages and the shape parameter of the 

Weibull distribution increase with advancing stages. 

¶ Prostate cancer progresses 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 (ESS)—which reflects the number 

of independent samples effectively contributing to the posterior—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 weighting was adjusted, as otherwise it 

would have further reduced sample diversity and potentially introduced bias into 

the posterior estimates[31, 32]. Instead, we opted to explore the posterior 

distribution visually, as recommended by Fan and Sisson (2018)[33] , examining 

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

on this inspection, we calculated 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 distribution. This approach is technically 

similar to approximate Bayesian computation (ABC) as it uses a likelihood cut-off 

to keep the parameter draws that are “close enough” to the data[33] .  

The model predictions fitted better to the calibration targets in the Phase 2 work 

(with the updated inputs) compared to Phase 1 work. Similar to Phase 1, the 

model overpredicted mortality; however, this difference was smaller. The fit to 

data with the random draw of 10 parameters from 100 with the best-fit  is 

presented below (Figures 5a-d), with the sojourn time in the best-fit parameters 

predicted in the range of 9.4-11.2 years.  
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CƛƎǳǊŜ рŀΦ tǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƛƴŎƛŘŜƴŎŜ ǊŀǘŜ ƛƴ ǇƻǇǳƭŀǝƻƴ όƎǊŜȅ τƻōǎŜǊǾŜŘΣ ǊŜŘτ ǇǊŜŘƛŎǘŜŘύ 

 

CƛƎǳǊŜ рōΦ tǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƳƻǊǘŀƭƛǘȅ ǊŀǘŜ ƛƴ ǇƻǇǳƭŀǝƻƴ όƎǊŜȅτƻōǎŜǊǾŜŘΣ ǊŜŘτǇǊŜŘƛŎǘŜŘύ 
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CƛƎǳǊŜ рŎΦ {ǘŀƎŜ м ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƛƴŎƛŘŜƴŎŜ ǊŀǘŜ ƛƴ ǇƻǇǳƭŀǝƻƴ όƎǊŜȅ ς ƻōǎŜǊǾŜŘΣ ǊŜŘτ

ǇǊŜŘƛŎǘŜŘύ 

 

CƛƎǳǊŜ рŘΦ {ǘŀƎŜ н ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƛƴŎƛŘŜƴŎŜ ǊŀǘŜ ƛƴ ǇƻǇǳƭŀǝƻƴ όƎǊŜȅ τƻōǎŜǊǾŜŘΣ ǊŜŘτ

ǇǊŜŘƛŎǘŜŘύ 
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CƛƎǳǊŜ рŜΦ {ǘŀƎŜ о ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƛƴŎƛŘŜƴŎŜ ǊŀǘŜ ƛƴ ǇƻǇǳƭŀǝƻƴ όƎǊŜȅ τƻōǎŜǊǾŜŘΣ ǊŜŘτ 

ǇǊŜŘƛŎǘŜŘύ 

 
 

CƛƎǳǊŜ рŦΦ  {ǘŀƎŜ п ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƛƴŎƛŘŜƴŎŜ ǊŀǘŜ ƛƴ ǇƻǇǳƭŀǝƻƴ όƎǊŜȅ τƻōǎŜǊǾŜŘΣ ǊŜŘτ 

ǇǊŜŘƛŎǘŜŘύ 
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CƛƎǳǊŜ рƎ 5ƛǎǘǊƛōǳǝƻƴ ōȅ DDD ŦƻǊ {ǘŀƎŜ мπн ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ όōƭŀŎƪ τƻōǎŜǊǾŜŘΣ ǊŜŘτ 

ǇǊŜŘƛŎǘŜŘύ 

 
 

CƛƎǳǊŜ рƘΦ 5ƛǎǘǊƛōǳǝƻƴ ōȅ DDD ŦƻǊ {ǘŀƎŜ о ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ όōƭŀŎƪ τƻōǎŜǊǾŜŘΣ ǊŜŘτ 

ǇǊŜŘƛŎǘŜŘύ 
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CƛƎǳǊŜ рƛΦ 5ƛǎǘǊƛōǳǝƻƴ ōȅ DDD ŦƻǊ {ǘŀƎŜ п ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ όōƭŀŎƪ τƻōǎŜǊǾŜŘΣ ǊŜŘτǇǊŜŘƛŎǘŜŘύ 

 

 

6.7.5. Calibrated parameters 

The two best-fit calibrated parameters with the similar likelihood (and so the 

largest probabilities to be sampled in the probabilistic analysis) are reported in 

Table 15. 
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¢ŀōƭŜ мрΥ .ŜǎǘπŬǘ ŎŀƭƛōǊŀǘŜŘ bI5 ǇŀǊŀƳŜǘŜǊǎ 

Parameter Parameter Name Best fit 1, p=0.34 Best fit 2, p=0.16 

Probability of cancer onset at age 30, white, no 
BRCA carrier and no familial history 

P.onset 0.00011 0.00016 

Coefficient in the equation on probability of 
prostate cancer onset by age (i.e., a risk at age X = 
P.onset *C.onset.age^ (age X-20) 

C.onset.age 1.148 1.148 

Annual probability of being symptomatically or 
opportunistically diagnosed at stage 1 

P.sympt.diag_St1 0.008 0.007 

Annual probability of being of being 
symptomatically or opportunistically diagnosed at 
stage 2 

P.sympt.diag_St2 0.055 0.083 

Annual probability of being  of being 
symptomatically or opportunistically diagnosed at 
stage 3 

P.sympt.diag_St3 0.514 0.250 

Annual probability of being of being 
symptomatically or opportunistically diagnosed at 
stage 4 

P.sympt.diag_St4 0.833 0.608 

Probability to die undiagnosed after age 70 years P.ungiag.dead 0.058 0.123 

Coefficient for annual decrement in clinical 
diagnosis rate after age of 70 (multiplier) 

Symp.decr 0.799 0.803 

Mean time of progression from stage 1 to stage 2 
(for those with GGG 1) 

Mean.t.StI.StII 27.549 40.253 

Mean shape for Weibull distribution time from 
stage 1 to stage 2 (for those with GGG 1) 

shape.t.StI.StII 2.640 18.837 

Mean time of progression from stage 2 to stage 3 
(for those with GGG 1) 

Mean.t.StII.StIII 14.337 14.566 

Mean shape for Weibull distribution time from 
stage 2 to stage 3 (for those with GGG 1) 

shape.t.StII.StIII 3.250 3.311 

Mean time of progression from stage 3 to stage 4 
(for those with GGG 1) 

Mean.t.StIII.StIV 4.634 6.401 

Mean shape for Weibull distribution time of 
progression from stage 3 to stage 4 (for those 
with GGG 1) 

shape.t.StIII.StIV 8.133 7.601 
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Coefficient adjusting the means for progression 
for GGG2 compared to GGG1 

k.WB.GGG.2 0.543 0.526 

Coefficient adjusting the means for progression 
for GGG3 compared to GGG1 

k.WB.GGG.3 0.511 0.355 

Coefficient adjusting the means for progression 
for GGG4_5 compared to GGG1 

k.WB.GGG.4.5 0.506 0.350 

 

6.8. Modelling screening pathway 

The pathway to screening diagnosis is presented in Figure 6. 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 multi-parametric 

MRI (mpMRI). If the mpMRI 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: 

¶ True positives, including both those with life-threatening prostate cancer 

and those who are overdiagnosed (i.e. cancers that would not have 

become clinically significant), and 

¶ 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. The latter are represented as stage-specific 

multipliers applied to baseline HRQoL values from the no-cancer population. The 

model assumes no difference in treatment or post-diagnosis surveillance costs 

based on the route to diagnosis. Differences between screen-detected and 

symptomatically detected cases arise from the higher proportion of early-stage 

cancers among screen-detected cases, which are less costly to treat and 

associated with higher survival rates.  
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CƛƎǳǊŜ сΦ {ŎǊŜŜƴƛƴƎ ǇŀǘƘǿŀȅ ƛƴ ǘƘŜ ƳƻŘŜƭ 

  

PSA test by a GP practice nurse җ 
threshold   

Follow-up assessment by a subsequent 
triage technology MP-MRI  

 

Confirmative assessment by biopsy  

Treatment/surveillance 

Screening invitation by mail 

If accepts the invitation  

If positive  

If positive  

If positive  
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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 meta-analysis of 

symptomatic individuals found a sensitivity of 0.93 (95% CI 0.88–0.98) at a PSA 

threshold of ≥ 3ng/mL [35] . In contrast, Ankerst et al. (2014) reported calculated 

thresholds of 0.184 and 0.374 for low-grade and high-grade prostate cancer, 

respectively[34] . The PCPT trial is considered more reliable because PSA testing 

was conducted in healthy men, and biopsies were performed at the study’s 

conclusion, enabling a more accurate comparison.  

The PCPT report by Ankerst et al. (2014)[34]  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 overlook the 

potential impact of age on test sensitivity. Moreover, using flat sensitivity values 

would not adequately inform a model simulating risk-stratified 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 level (Table 16). Since the mean age in the PCPT trial 

was 62, and test sensitivity varies with age, individual-level 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 al. (2020), which reported an 

increase in PSA from 1.47 at age 62 to 3.05 over a 20-year period[36] . The change 

in the PSA levels by age in 100 randomly selected men is reported on the Figure 7. 

Based on expert input from the clinical expert Dr Derek Rosario, this age-related 

trend was assumed to apply to men without cancer, as well as those with low- and 

high-grade cancer in the base case analysis. A scenario analysis was also 

conducted under the assumption that the age-related PSA trend applies only to 

men without cancer. 
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CƛƎǳǊŜ тΦ /ƘŀƴƎŜ ƛƴ ǘƘŜ t{! ōȅ ŀƎŜ 

 

 

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 Zheng et al. (2020) were used, which reported a test 

sensitivity of 0.973 for stage 4 cancer at a PSA threshold of 4 ng/ml)[37] .  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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¢ŀōƭŜ мсΥ tǊƻǇƻǊǝƻƴ ƻŦ ƳŜƴ ǿƛǘƘ ŘƛũŜǊŜƴǘ t{! ǊŜǎǳƭǘǎ ƛƴ ǘƘǊŜŜ ƘŜŀƭǘƘ ǎǘŀǘŜǎ ƛƴ ǘƘŜ t/t¢ 

ǘǊƛŀƭώопϐ 

Threshold No cancer state Low-grade cancer High-grade cancer 

0.9 0.409 0.271 0.169 

1.9 0.318 0.392 0.228 

2.9 0.125 0.123 0.154 

3.9 0.029 0.031 0.075 

4.9 0.065 0.113 0.154 

5.9 0.029 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 the mpMRI and biopsy were based on a paper 

by Ahmed et al. (2017)[38] . This can be seen in Table 17. 

¢ŀōƭŜ мтΥ !ŎŎǳǊŀŎȅ ƻŦ ŘƛŀƎƴƻǎǝŎ ƳǇawL  

Test Sensitivity  Specificity  

mpMRI 0.88 (0.84-0.91) 0.45 (0.39-0.51) 

,ÅÇÅÎÄȡ -0Ȥ-2) Ȥ-ÕÌÔÉȤ0ÁÒÁÍÅÔÒÉÃ -ÁÇÎÅÔÉÃ 2ÅÓÏÎÁÎÃÅ )ÍÁÇÉÎÇ 

 

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 screen-positive and symptomatic cases. However, after 

consultations with stakeholders, who indicated that LATP biopsy is increasingly 

replacing TRUS biopsy in the 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. (2020)[40]  and Kanagarajah 

et al., (2023)[41]  to extract the detection rate for "any prostate cancer" and 

"Clinically significant prostate cancer (Gleason≥3 + 4)" reported in TRUS and 

LATP studies, respectively. The "Clinically significant prostate cancer (Gleason≥3 

+ 4)" is prostate cancer in GGG2+. We used the 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 difference in the detection 

rates and assumed that the higher detection rate is only related to different 

sensitivities. This assumption is fixed as we have no data to inform otherwise. We 

assume that the specificity of the LATP biopsy is equal to specificity of TRUS 

biopsy (Table 18).  

¢ŀōƭŜ муΥ !ŎŎǳǊŀŎȅ ƻŦ [!¢t ōƛƻǇǎȅ  

Test Sensitivity GGG1 Sensitivity GGG2+  Specificity  

LATP Biopsy 0.52 (0.46-0.60) 0.85 (0.78-0.93) 0.98 (0.96-1) 

 

6.8.4. Screening uptake 

The base case screening uptake was used from the CAP trial: 36% for the PSA test 

and  85% for the follow up biopsy[28] . 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% follow-up.  

6.9. Modelling diagnostic pathway for patients diagnosed outside of 
organised screening 

The diagnostic pathway for symptomatic and opportunistic cases was informed 

by previous decision models on prostate cancer screening (Keeney et al., 

2022[42] , NICE Guidelines on PC, 2021[43] ).  

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 patients diagnosed through symptomatic or opportunistic pathways. 

These diagnostic costs are reported in the section on Diagnosis Costs. 
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CƛƎǳǊŜ уΥ tǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ŘƛŀƎƴƻǎǝŎ ǇŀǘƘǿŀȅ ƻǳǘǎƛŘŜ ƻŦ ƻǊƎŀƴƛǎŜŘ ǎŎǊŜŜƴƛƴƎ ǇǊƻƎǊŀƳƳŜ 

 

 

 

 

 

,ÅÇÅÎÄȡ $2% ɀ ÄÉÇÉÔÁÌ ÒÅÃÔÁÌ ÅØÁÍÉÎÁÔÉÏÎȟ '0 ɀ ÇÅÎÅÒÁÌ ÐÒÁÃÔÉÔÉÏÎÅÒȟ ÍÐ-2) Ȥ ÍÕÌÔÉÐÁÒÁÍÅÔÒÉÃ ÍÁÇÎÅÔÉÃ 
ÒÅÓÏÎÁÎÃÅ ÉÍÁÇÉÎÇȢ 

 

6.10. Utilities 

The methodology for calculating individual utility values and the decrement in 

utility due to age was detailed in the “Modelling Changes in Phenotypic 

Characteristics by Age” section.  

6.10.1. Utility multipliers 

In determining the utility multipliers associated with  prostate cancer diagnoses, 

we referred to the 2024 NHS Cancer Quality of Life Survey[44] . This entailed 

examining EQ-5D scores across stages 1-4 for prostate cancer (48,063 patients), 

and a collective group of cancers (190,464 patients), collected at 18 months since 

diagnosis. The weighted average utilities were computed as follows: 77.83, 95% 

CI (77.42- 78.26) for prostate cancer.  

PSA test җ 3ng/mL by a GP practice nurse 
(84% of patients) 

Follow-up assessment by a subsequent triage technology (mpMRI ς 62% of patients) and/or 
DRE (62% of patients) 

Confirmative assessment by biopsy (96% of patients) 

Treatment/surveillance 

Addressed to primary care ς 1 GP consultation (100% of patients) 
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Utility multipliers for prostate cancer by stage were calculated starting with 

evaluation of year 1 utilities, reflecting the assumption that these are lower than 

in subsequent years and that 18-months utilities will represent utilities at year 2 

in the model. Specifically, the first-year 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 this reference value, utility multipliers for stages 1 

to 4 were calculated separately for the first year and the following years. Based 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 population-wide 

changes in utility values, particularly post-COVID-19, and the improbability of 

prostate cancer diagnosis increasing population utilities, we adopted the more 

recent EEPRU reference values. 

The derived utility values are presented in Table 19. 

¢ŀōƭŜ мфΥ ¦ǝƭƛǘȅ ƳǳƭǝǇƭƛŜǊǎ 

Stag
es 

  

Reported Utilities, NHS Cancer Quality of Life 
Survey (2024) 

Calculated multipliers, 
year 1 (scenario only) 

Calculated 
multipliers, 
years 2 and 
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 assumed to last over the patients’ lifetime, 

while the patient receives surveillance and cancer impacts survival.  

6.10.2. Utility decrements 

Those who undergo a biopsy experience a small temporary utility decrement. This 

utility decrement is 0.013 based on Kasivisnathan et al. (2018)[47] . 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 of prostate cancer screening, 

based on two previous studies. Taking this into account and that the longest side 

effects related to biopsy reported in the ProtecT trial lasted 5 days, the utility 

decrement period of biopsy was 1 week. The utility decrement was applied for 

both screen-diagnosed and symptomatically diagnosed patients in the first year of 

their diagnosis. 

6.11. Costs estimation  

6.11.1. Diagnosis costs 

The unit costs for screening and symptomatic diagnosis and surveillance costs are 

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

PSA test cost 

The PSA test cost was based on Mowatt et al., (2013)[49] , which is the study used 

by the NICE guidelines (2019)[50] . 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) [49]  and inflated to 2022/23 costs. 

The total mpMRI cost was calculated as £316.01. 

Transperineal biopsy cost 

The cost of transperineal biopsy was based on the calculation used in Nicholson 

et al. (2015)[51] , combining a biopsy and histopathology cost. The transperineal 

biopsy cost was based on outpatient procedures for a LATP from the NHS 

reference costs of £1,138 (2022/ 2023). The histopathology part of this cost was 

based on an estimate from a laboratory manager at the Department of Cellular 



73 

 

Pathology at the North Bristol NHS Trust (NCCC, 2014)[52] . This was then inflated 

to 2022/ 2023 costs. 

¢ŀōƭŜ нлΥ 5ƛŀƎƴƻǎƛǎ ¦ƴƛǘ /ƻǎǘǎ 

Items Unit Costs (uninflated), GBP Inflated Costs, GBP 

PSA Test Cost 5.91 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 

4ÈÅ ,ÅÇÅÎÄȡ $2% Ȥ $ÉÇÉÔÁÌ 2ÅÃÔÁÌ %ØÁÍÉÎÁÔÉÏÎȠ '0 ɀ ÇÅÎÅÒÁÌ ÐÒÁÃÔÉÔÉÏÎÅÒȠ -0Ȥ-2) Ȥ -ÕÌÔÉȤ0ÁÒÁÍÅÔÒÉÃ -ÁÇÎÅÔÉÃ 
2ÅÓÏÎÁÎÃÅ )ÍÁÇÉÎÇ 

6.11.2. Symptomatic diagnosis costs 

The symptomatic diagnosis costs are a weighted average of diagnostic procedures 

that people receive. The proportions are in Table 21. When using the NPCA, the 

most recent annual report in which the data were available was used[39] . 

The cost of primary care diagnosis for symptomatic patients was based on 

resource use from NPCA and Merriel et al. (2024)[39, 53]. The NPCA was used as 

the main source, as it is based on more recent data. Merriel et al.(2024)[53]  relies 

on older sources, so it was only used in cases where the NPCA did not report, or 

had low completeness of data. Combining these proportions with the unit costs 

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

 

 

 

 



74 

 

 

¢ŀōƭŜ нмΥ {ȅƳǇǘƻƳŀǝŎ 5ƛŀƎƴƻǎƛǎ tǊƻǇƻǊǝƻƴǎ 

Diagnostic Test Proportion Source 

PSA Test 0.84 Merriel et al., (2024)[53] 

mpMRI 0.62 NPCA Annual Report (2019) 

Biopsy 0.96 NPCA Annual Report (2020)[54] 

GP Visit 1 Assumption 

DRE 0.62 Merriel et al., (2024)[53] 

4ÈÅ ,ÅÇÅÎÄȡ $2% Ȥ ÄÉÇÉÔÁÌ ÒÅÃÔÁÌ ÅØÁÍÉÎÁÔÉÏÎȠ '0 ɀ ÇÅÎÅÒÁÌ ÐÒÁÃÔÉÔÉÏÎÅÒȠ ÍÐ-2) Ȥ -ÕÌÔÉȤ0ÁÒÁÍÅÔÒÉÃ -ÁÇÎÅÔÉÃ 
2ÅÓÏÎÁÎÃÅ )ÍÁÇÉÎÇ 

6.11.3. Additional screening costs 

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 screening[55] . 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 overheads are generally estimated to be 

comparable to direct costs, this assumption was considered reasonable. 

6.11.4. Surveillance costs 

Surveillance costs involve monitoring for those who have already received radical 

treatment for their prostate cancer. NICE guidelines (2021)[43]  recommend that 

PSA levels are checked for all people with prostate cancer who 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 that[43] . 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., (2024)[56] . The 

surveillance costs were added from year 2, based on the proportion of patients 

who received treatment. These costs remain the same from year 4 onwards (Table 

22). 
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¢ŀōƭŜ ннΥ {ǳǊǾŜƛƭƭŀƴŎŜ /ƻǎǘǎ ōȅ ¸ŜŀǊ ŀƴŘ {ǘŀƎŜ 

Year Stage 1 (£) Stage 2 (£) Stage 3 (£) Stage 4 (£) 

Year 1 0 0 0 0 

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. Active surveillance costs 

Active surveillance involves monitoring those with cancer who 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 months, a 

DRE at 12 months and an mpMRI at 12 to 18 months. In year 2 and afterwards, a 

PSA test is conducted every 6 months, 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 those who do not receive treatment from Wills 

et al., (2024)[56] . The active surveillance will be costed up to the patient’s death 

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 onwards, Table 

23. 

¢ŀōƭŜ ноΥ !ŎǝǾŜ ǎǳǊǾŜƛƭƭŀƴŎŜ Ŏƻǎǘǎ ōȅ ȅŜŀǊ ŀƴŘ ǎǘŀƎŜ 

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. Treatment costs 

To estimate the stage costs, Wills et al. (2024) was used[56] . The paper estimates 

the costs of initial cancer treatment based on stage at diagnosis. Considering that 

the model does not explicitly simulate 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). 

¢ŀōƭŜ нпΥ tǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ǎǘŀƎŜ ŎƻǎǘǎΣ ƴƻǘ ƛƴŎƭǳŘƛƴƎ ǳǇŘŀǘŜŘ {!/¢ Ŏƻǎǘǎ 

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)[56]  were only applied for the first year 

of treatment. Therefore, we used Noble et al. (2020)[45] , 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 10, the annual costs are equal to those of year 10 for all 

living patients. We assume that stages 1 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 anti-cancer therapies (SACTs) is 

supported by the National prostate cancer Audit (NPCA)[39, 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 stages 3 and 4. These costs 

were based on a Resource Impact Template (RIT) of Enzalutamide from NICE, 

NPCA, Wills et al.(2023)[39, 54, 56, 57] and the British National Formulary (BNF). 

SACTs were assumed to all be supplied alongside ADTs (Table 25).  
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¢ŀōƭŜ нрΥ /ƻǎǘ ǇŜǊ ǘǊŜŀǘƳŜƴǘΣ ŎȅŎƭŜ ƭŜƴƎǘƘ ŀƴŘ ǎƻǳǊŎŜ 

Treatment Treatment Cost 

(£) 

Treatment 

Distribution 

Cycle length Source 

ADTs 944 100% As long as 

receiving 

treatment 

NICE RIT[57] 

Docetaxel + G-CSF 1613 37% 18 months NICE RIT, BNF[57, 58] 

Enzalutamide 35,551 37% 36 months BNF, NICE RIT[57, 59] 

Apalutamide 35,555 26% 20.5 months BNF, Agarwal et al., 

(2019)[60, 61] 

 ,ÅÇÅÎÄȡ ".& Ȥ "ÒÉÔÉÓÈ .ÁÔÉÏÎÁÌ &ÏÒÍÕÌÁÒÙȠ 2)4 Ȥ 2ÅÓÏÕÒÃÅ )ÍÐÁÃÔ 4ÅÍÐÌÁÔÅȢ 

These calculated costs were then weighted by the percentage of people who 

receive treatment in stages 3 and 4. This was based on Wills et al. (2024) of 1.8% 

and 28% for stages 3 and 4, respectively[56] .  

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

4 by year. 

¢ŀōƭŜ нсΥ /ŀƭŎǳƭŀǘŜŘ {!/¢ Ŏƻǎǘǎ ŦƻǊ ǎǘŀƎŜǎ о ŀƴŘ п 

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 people received SACTs as treatment that these costs did not affect 

the overall costs. However, a portion of stage 4 costs were subtracted to account 

for the existing stage 4 costs. This portion was based on an estimated reading 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 costs in Table 27. 
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CƛƎǳǊŜ фΥ 9ȄǘǊŀǇƻƭŀǘŜŘ Ŏƻǎǘǎ ŦƻǊ ǎǘŀƎŜǎ м ϧ н 

 

CƛƎǳǊŜ млΥ 9ȄǘǊŀǇƻƭŀǘŜŘ Ŏƻǎǘǎ ŦƻǊ ǎǘŀƎŜǎ о ϧ пΣ ƛƴŎƭǳŘƛƴƎ ǳǇŘŀǘŜŘ {!/¢ǎ 
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¢ŀōƭŜ нтΥ !ƴƴǳŀƭ Ŏƻǎǘǎ ŀǇǇƭƛŜŘ ŦǊƻƳ ǝƳŜ ƻŦ ŘƛŀƎƴƻǎƛǎ 

Year Stage 1 Stage 2 Stage 3 Stage 4 

Year 1 2564.02 5103.40 6508.75 8655.69 

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. Palliative care costs 

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

death. This is because Wills et al. (2024)[56]  does not include palliative care costs 

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

assigned to prostate cancer deaths and were based on Round et al. (2015)[62] , 

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

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

costs were assigned to both prostate cancer and non-prostate cancer deaths based 

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

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

12 months of care and also assumed to encompass any cancer recurrence. 
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¢ŀōƭŜ нуΥ tŀƭƭƛŀǝǾŜ ŎŀǊŜ Ŏƻǎǘǎ ōȅ ŀƎŜ ŀƴŘ ƳƻǊǘŀƭƛǘȅ ŎŀǳǎŜ 

 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  

75-79 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  

,ÅÇÅÎÄȡ 0# ɀ ÐÒÏÓÔÁÔÅ ÃÁÎÃÅÒ 
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7. Model Validation and technical characteristics 

7.1. Internal validation 

Internal validation included code verification, data verification, and validation of 

model predictions against expected outcomes. Code verification for the NHD 

model was conducted independently by LM, AR, and MH. Data verification was 

performed by MH, with the checks detailed in Supplementary B. Internal 

validation of model predictions was carried out by DP and is reported in 

Supplementary C and D. 

7.2. External validation 

The model was validated to the intervention and control arms from the CAP[64]  

and ERSPC [65]  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 reflect the screening protocol used in 

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 levels ≥3.0 ng/mL were offered a standard 10-core transrectal 

ultrasound–guided biopsy. As mpMRI was not part of the CAP trial protocol, the 

model similarly assumed that all men with elevated PSA levels 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 uses LATP biopsy. To 

reconcile this difference, biopsy accuracy in the model was adjusted based on data 

from Ahmed et al. (2017), assuming 30% sensitivity for low-grade and 70% 

sensitivity for high-grade cancers (except for those with stage 4 cancer)[38] .  



82 

 

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 55–69 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/ml. 

However, screening intervals, age ranges, and diagnostic follow-up procedures 

varied across countries. Following a positive PSA test, participants typically 

underwent DRE, TRUS, and systematic prostate biopsies. Although mpMRI was 

not part of the ERSPC protocol, the model assumed the combined diagnostic 

accuracy of DRE and TRUS to be equivalent to mpMRI to simplify the modelling 

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

Biopsy procedures also evolved during the trial—from sextant biopsies to 10–12 

core protocols. Biopsy accuracy was assumed to be similar to that in the current 

model. PSA and biopsy uptake rates were assumed to be 64% and 86%, 

respectively, based on average uptake rates reported across ERSPC centres. 

Where specific uptake data for follow -up procedures was unavailable, the same 

uptake rate as for biopsy was assumed. 

7.2.3. Model predictions 

The model predicted prostate cancer deaths as a proportion of those diagnosed in 

the non-screening arm, higher than in the CAP data[64] . The model however 

accurately predicted the impact of screening on all-cause mortality (calculated as 

the difference in average life years between the no-screening and screening arms 

for ages 59 to 74 years) (Table 29). 

 



83 

 

¢ŀōƭŜ нфΦ /ƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ /!t ǘǊƛŀƭ ƻǳǘŎƻƳŜǎ ώспϐ 

Reporting from T1/T2 cancers in 
no screening arm, 
% of all cancers 

Prostate cancer deaths 
in no screening, % 
from diagnosed (in 14 
years of follow up) 

Difference in all-
cause mortality in 
14 years in 
Screening vs no-
screening arms, per 
1,000 people 

Model prediction, 
deterministic parameters  

54.7% 15% 0.24 

CAP trial[64] 60.0% 10.7% 0.23, 95%CI (0;0.46) 

 

¢ŀōƭŜ олΦ /ƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ 9w{t/ ǘǊƛŀƭ ƻǳǘŎƻƳŜǎ ŀǘ но ȅŜŀǊǎ ƻŦ ǘƘŜ Ŧƻƭƭƻǿ ǳǇ ώссϐ 

Outcome Model prediction, 
deterministic 
parameters 

ERSPC data[65] 

Cumulative incidence of prostate cancer at 23 years 
of the follow up, rate ratio 

1.31 1.30; 95% CI, 1.26 to 
1.33 

Rate ratio of prostate cancer mortality reduction 
with screening at 23 years of follow up 

0.87 0.87; 95% CI, 0.80 to 
0.95 

The predicted rate ratio for cumulative incidence of prostate cancer cases in the 

model was similar to one reported in the ERSPC data with 23 years of the follow 

up (Table 30)[65, 66]. Similarly, and despite differences in predictions of prostate 

cancer deaths compared to the CAP trial, the model’s prediction on the relative 

difference in prostate cancer deaths was identical to the ESRPC trial  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 the stabilisation of key outcomes, specifically incremental costs and 

incremental LYS. This approach was used to minimise 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 model to be used in the base case analysis (with 

10 million preferred) . However, due to the high computational burden of running 

such a large population, a smaller population of 1 million men was used in 

scenario analyses and probabilistic analyses.  

CƛƎǳǊŜ ммΥ 5ƛũŜǊŜƴŎŜ ƛƴ ƛƴŎǊŜƳŜƴǘŀƭ ƻǳǘŎƻƳŜǎ ōȅ ǇƻǇǳƭŀǝƻƴ ǎŀƳǇƭŜΥ ƭƛŦŜ ȅŜŀǊǎ ǎŀǾŜŘ 
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CƛƎǳǊŜ мнΥ 5ƛũŜǊŜƴŎŜ ƛƴ ƛƴŎǊŜƳŜƴǘŀƭ ƻǳǘŎƻƳŜǎ ōȅ ǇƻǇǳƭŀǝƻƴ ǎŀƳǇƭŜΥ ǘƻǘŀƭ Ŏƻǎǘǎ 

 

,ÅÇÅÎÄȡ ÉÎÃÒ ÃÏÓÔÓ Ȥ ÉÎÃÒÅÍÅÎÔÁÌ ÃÏÓÔÓȠ .3 Ȥ ÎÏ ÏÒÇÁÎÉÓÅÄ ÓÃÒÅÅÎÉÎÇȠ  

 

7.3.2 Assessing convergence in probabilistic 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. Whilst 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 results stabilised for general population 

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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CƛƎǳǊŜ моΥ /ƻƴǾŜǊƎŜƴŎŜ ƻŦ ǘƘŜ ǇǊƻōŀōƛƭƛǎǝŎ Ǌǳƴǎ ŦƻǊ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƻŦ слπȅŜŀǊπƻƭŘǎ 

ŎƻƳǇŀǊŜŘ ǘƻ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 

      
,ÅÇÅÎÄȡ .-" ɀ ÎÅÔ ÍÏÎÅÔÁÒÙ ÂÅÎÅУÉÔȠ 03! ÒÕÎÓ ɀ ÐÒÏÂÁÂÉÌÉÓÔÉÃ ÓÅÎÓÉÔÉÖÉÔÙ ÁÎÁÌÙÓÅÓ ÒÕÎȢ 

CƛƎǳǊŜ мпΥ /ƻƴǾŜǊƎŜƴŎŜ ƻŦ ǘƘŜ ǇǊƻōŀōƛƭƛǎǝŎ Ǌǳƴǎ ŦƻǊ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƻŦ снπȅŜŀǊπƻƭŘǎ 

ŎƻƳǇŀǊŜŘ ǘƻ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ  
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7.3.3 Approach to running the deterministic analysis and probabilistic 
sensitivity analysis 

To evaluate risk-stratified 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 high-risk 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 

multiple “standard of care” comparators, each discounted at different 

times. 

The consequences of these limitations are the following: 

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

address model uncertainty. 

¶ A full incremental analysis could not be conducted, since each intervention 

was compared only to “standard of care” rather than to one another. 

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, using a cohort of 5 million individuals, each intervention 

was evaluated separately against a no-screening 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 feasible within the project timeframe and 

given the available 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 comparator arm as a combined group of cancers detected under 

the standard of care is not expected to substantially affect the cost-effectiveness 

outcomes. This is because, in the model, average costs, utilities, and survival are 

assigned to each detected cancer case instead of pathway-specific follow-up 

strategies; consequently, the overall impact reflects the mean outcomes across 

these diagnostic pathways. 

The decision to include only one comparator—the standard of care—was also 

driven by practical considerations. Modelling a “no screening” scenario would 

have required calibration to pre-PSA era data, which are outdated (see the 

calibration section). Moreover, 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” scenario. The standard of care was therefore 

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 cost-effective under ideal conditions - we conducted both deterministic 

and probabilistic analyses assuming a perfect uptake rate. In this scenario, we 

assumed 100% participation across the entire screening and diagnostic pathway, 

not just full acceptance of the initial screening invitation. 

It is important to note that the results from this “perfect uptake” scenario should 

not be interpreted as evidence that screening is cost-effective. Rather, they 

indicate that cost-effectiveness could be achieved in theory, under ideal but 

unrealistic conditions. In practice, such universal participation is unattainable; 

therefore, final conclusions about cost-effectiveness 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 cost-effective 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 risk, men 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 parameters - such as the probability 

of cancer onset and progression, PSA values, cancer survival, and other-cause 

mortality -are correlated with age, the resulting cost-effectiveness estimates also 

follow an age-related trend. As is typical in cancer screening models, cost-

effectiveness initially improves with increasing screening age, since the 

prevalence of undiagnosed disease rises with age, leading to more true positives 
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and fewer false negatives. However, beyond a certain age, cost-effectiveness 

begins to decline. This decline occurs because competing mortality risks increase 

and the number of overdiagnosed cancers grows accordingly. Therefore, 

evaluating single screening strategies across different ages helps identify the 

turning points at which screening becomes, or ceases to be, cost-effective. 

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 the 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 the most relevant options, the 

number of evaluated scenarios was limited to those with the highest likelihood of 

being cost-effective. 

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 single-screening 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 one-off screening (e.g., the CAP prostate cancer model [42] ). 

Scenario analyses  

To evaluate parameter and structural uncertainty, we conducted several 

scenario and sensitivity analyses: 

1.  Discount rate of 5%  applied to effects and 3.5%  to costs. This scenario explores 

methodological uncertainty. 

2.  Discount rate of 5%  applied to both effects and costs. This 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 cancer. This scenario explores 

parameter and structural uncertainty, specifically in test sensitivity assumptions. 

7. Assumes a lower health-related 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 Figure 15 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 effects and 

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 

EQ-5D multipliers by 20% for each cancer stage. This scenario is hypothetical and 

not data driven. It explores impact of higher disease-associated harms in the 

model. 
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11. Exploring survival uncertainty by replacing extrapolated mortality in stages 3 

and 4 for population aged 75 years old and older using mortality values in the year 

five. This scenario explores parameter and structural uncertainty, specifically in 

survival. 

CƛƎǳǊŜ мрΥ Cƛǘ ǘƻ ƳƻǊǘŀƭƛǘȅ ŀƊŜǊ ŀŘƧǳǎǝƴƎ ǘƘŜ ǎǳǊǾƛǾŀƭ ƛƴ ŀ ǎŎŜƴŀǊƛƻ ŀƴŀƭȅǎƛǎ у 
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8. Modelling results: PSA screening with threshold 3ng/ml 

8.1. General population 

8.1.1. General population: single 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 cost-effective 

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 be affected. In these cases, outcomes (LYs and 

QALYs), costs, and NMB were recalculated accordingly. Both 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 reduced prostate cancer mortality across all 

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

age 65 (Figure 17). 

CƛƎǳǊŜ мсΥ tǊŜŘƛŎǝƻƴ ƻŦ ƛƴŎƛŘŜƴŎŜ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǝƻƴΣ ǇŜǊ ǇŜǊǎƻƴ 
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CƛƎǳǊŜ мтΥ tǊŜŘƛŎǝƻƴ ƻŦ ƭƛŦŜǝƳŜ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƳƻǊǘŀƭƛǘȅ ǊŀǘŜ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ 

ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǝƻƴ 

 

,ÅÇÅÎÄȡ 0# ɀ ÐÒÏÓÔÁÔÅ ÃÁÎÃÅÒ 

Screening led to gains in LYS across all age groups and increases in QALYs for 

those screened before age 70 (Figure 18). 

CƛƎǳǊŜ муΥ LƴŎǊŜƳŜƴǘŀƭ [¸{ ŀƴŘ v![¸ǎ ǇŜǊ ǇŜǊǎƻƴ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ ƎŜƴŜǊŀƭ 

ǇƻǇǳƭŀǝƻƴ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 
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Screening increased total costs (Figure 19). As expected, screening-related costs 

decreased with age due to fewer individuals being invited at older ages. In 

contrast, diagnostic follow-up costs for screen-positive cases and incremental 

cancer treatment costs generally increased with age, reflecting a higher 
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prevalence of undiagnosed cancers in older populations and increase in PSA levels 

by age.  

CƛƎǳǊŜ мфΥ LƴŎǊŜƳŜƴǘŀƭ Ŏƻǎǘǎ ǇŜǊ ǇŜǊǎƻƴ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǝƻƴ Ǿǎ 

ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 

 

The incremental NMB of screening was slightly positive in the 55–60 age group, 

and the highest among those screened at ages 58 and 60 (Figure 20). The results 

did not change when discounting was applied at the time of the intervention for 

each intervention evaluated separately (Figure 21). 

CƛƎǳǊŜ нлΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όba.ύ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ ƎŜƴŜǊŀƭ 

ǇƻǇǳƭŀǝƻƴ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 
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CƛƎǳǊŜ нмΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǝƻƴ 

Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜΤ ǎŎŜƴŀǊƛƻ ǿƛǘƘ ŀŘƧǳǎǘŜŘ ŘƛǎŎƻǳƴǝƴƎ 

 

,ÅÇÅÎÄȡ .-" Ȥ ÎÅÔ ÍÏÎÅÔÁÒÙ ÂÅÎÅУÉÔ 

However, screening also resulted in substantial overdiagnosis, with rates 

increasing at older ages due to competing mortality risks (Figure 22). 
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The results from the single screening analyses informed the design of the repeat 
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8.1.2. General population: repeat screening scenarios 

Repeat screening resulted in a negative NMB across all evaluated scenarios, except 

for biennial screening at ages 58 and 60 (i.e. two screening rounds per person), 

which yielded a small positive NMB (Figure 23). When this scenario was re-run 

with the discounting starting from the fist cycle of the intervention for both 

intervention and comparator arms, the NMB was positive (£17). However, a 

substantial proportion of cases in this scenario would be overdiagnosed (Figure 

24); for biennial screening at ages 58 and 60, the overdiagnosis rate was estimated 

at 49%.  

CƛƎǳǊŜ ноΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όba.ύ ǿƛǘƘ ǊŜǇŜŀǘ ǎŎǊŜŜƴƛƴƎ ƛƴ ƎŜƴŜǊŀƭ 

ǇƻǇǳƭŀǝƻƴ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 
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CƛƎǳǊŜ нпΥ hǾŜǊŘƛŀƎƴƻǎƛǎ ǊŀǘŜ ǿƛǘƘ ǊŜǇŜŀǘ ǎŎǊŜŜƴƛƴƎ ƛƴ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǝƻƴ όƛƴŎǊŜŀǎŜŘ 

ƛƴŎƛŘŜƴŎŜ ŘƛǾƛŘŜŘ ōȅ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎŎǊŜŜƴπŘŜǘŜŎǘŜŘ ŎŀǎŜǎύ 

 

,ÅÇÅÎÄȡ !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωόɀϊφ ɉÓÃÒÅÅÎ;ωό;ϊφ;ÁÎɊȠ !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωωɀϊτ 
ɉÓÃÒÅÅÎ;ωω;ϊτ;ÁÎɊȠ !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωόɀϊτ ɉÓÃÒÅÅÎ;ωό;ϊτ;ÁÎɊȠ !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωωɀϊφ 
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ɉÓÃÒÅÅÎ;ωτ;ωύ;χÁÎɊȠ 3ÃÒÅÅÎÉÎÇ ÅÖÅÒÙ ψ ÙÅÁÒÓ ÁÔ ÁÇÅÓ ωτɀϊφ ɉÓÃÒÅÅÎ;ωτ;ϊφ;ψÁÎɊȠ 3ÃÒÅÅÎÉÎÇ ÅÖÅÒÙ ω ÙÅÁÒÓ ÁÔ 
ÁÇÅÓ ωτɀϊω ɉÓÃÒÅÅÎ;ωτ;ϊω;ωÁÎɊȠ 3ÃÒÅÅÎÉÎÇ ÅÖÅÒÙ ω ÙÅÁÒÓ ÁÔ ÁÇÅÓ ωωɀϊω ɉÓÃÒÅÅÎ;ωω;ϊω;ωÁÎɊȠ 3ÃÒÅÅÎÉÎÇ ÅÖÅÒÙ ω 
ÙÅÁÒÓ ÁÔ ÁÇÅÓ ωτɀϊτ ɉÓÃÒÅÅÎ;ωτ;ϊτ;ωÁÎɊȢ 

8.1.3. General population: probabilistic analysis 

Probabilistic analysis was conducted for the following  scenarios with positive 

NMB in deterministic runs: single screening at ages 58 and 60 and repeat 

screening at ages 58 and 60 (Figure 25) using the base case model inputs and 

assuming perfect screening uptake to evaluate the net impact of screening. The 

results indicated that uncertainty in the natural history parameters, specifically 

those correlated with age (see Supplementary C) was the most influential factor 

in determining cost-effectiveness, with the cost-effectiveness 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 the credible intervals (CrI, 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% CrI of -£160 to £319; for screening 
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at age 60, the mean NMB was £69 with a 95% CrI of -£121 to £250. In contrast, 

repeat screening at ages 58 and 60 had a lower probability of cost-effectiveness 

(57%) and a mean NMB of £18.3 (95% CrI: -£318 to £304) with the decision 

thresholds of £20,000 per QALY (Figure 26b). 

CƛƎǳǊŜ нрΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 
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CƛƎǳǊŜ нсΥ /ƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ǇƭŀƴŜ όŀύ ŀƴŘ ŎƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ŀŎŎŜǇǘŀōƛƭƛǘȅ ŎǳǊǾŜ όōύ 

 

 
,ÅÇÅÎÄȡ 1!,9  ȤÑÕÁÌÉÔÙ ÁÄÊÕÓÔÅÄ ÌÉÆÅ ÙÅÁÒÓ 
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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 cost-effective. For single 

screening, these included ages 50, 55, 58, 60, and 62 years (Figure 27). For repeat 

screening, scenarios included biennial screening at ages 58 and 60, 

supplementary annual screening at ages 58–60, screening every 3 years at ages 

55–61, and every 5 years at ages 50–60 (Figure 28). 

Applying the Green Book scenario (i.e. dynamic by time with higher discounting 

for costs than effects and the £ 15,000 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 cost-effective 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 in highly negative NMB. Applying 

flat values for cancer-specific mortality in stage 3 and 4 cancers in men older than 

70 years (the survival analysis with highest uncertainty) resulted in screening not 

be cost-effective in any age group. When the model did not overpredict mortality, 

screening also failed to be cost-effective across all scenarios. This suggests that 

achieving a better fit to the natural history of the disease will 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 base case), and assuming that early-diagnosed 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 (Supplementary H). 
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CƛƎǳǊŜ нтΥ bŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ ƛƴ ǎŎŜƴŀǊƛƻ ŀƴŀƭȅǎŜǎ ŦƻǊ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎΥ  ƎŜƴŜǊŀƭ 

ǇƻǇǳƭŀǝƻƴ 

 
,ÅÇÅÎÄȡ Κυωȟτττ ÔÈÒÅÓÈÏÌÄ ÉÓ ÕÓÅÄ ÉÎ ÔÈÅ 'ÒÅÅÎ "ÏÏË ÓÃÅÎÁÒÉÏ ÁÎÄ Κφτȟτττ ÉÎ ÔÈÅ ÏÔÈÅÒ ÓÃÅÎÁÒÉÏÓȢ 
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CƛƎǳǊŜ нуΥ bŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ ƛƴ ǎŎŜƴŀǊƛƻ ŀƴŀƭȅǎŜǎ ŦƻǊ ǊŜǇŜŀǘ ǎŎǊŜŜƴƛƴƎΥ  ƎŜƴŜǊŀƭ 

ǇƻǇǳƭŀǝƻƴ 

 
,ÅÇÅÎÄȡ Κυωȟτττ ÔÈÒÅÓÈÏÌÄ ÉÓ ÕÓÅÄ ÉÎ ÔÈÅ 'ÒÅÅÎ "ÏÏË ÓÃÅÎÁÒÉÏ ÁÎÄ Κφτȟτττ ÉÎ ÔÈÅ ÏÔÈÅÒ ÓÃÅÎÁÒÉÏÓȢ 
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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 of 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 55–59. Assuming 

395,660 men aged 58 are invited for screening, such a programme would result 

annually in an estimated 142,854 completed PSA tests, 13,794 follow-up mpMRI 

procedures, and 11,753 biopsies (Figure 29). 

CƛƎǳǊŜ нфΥ !ƴƴǳŀƭ ǊŜǎƻǳǊŎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƛƴ 9ƴƎƭŀƴŘ ŦƻǊ ǎŎǊŜŜƴƛƴƎ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǝƻƴ ŀǘ ŀƎŜǎ 

ру ŀƴŘ сл  

 

As stated above, it is estimated that 395,660 of men will be invited to start 

screening at age 58. It was estimated that over the 15 years following the 

implementation of an organised screening programme — started screening 

among all 58 y.o. men 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 reach 153 cases in the 15 years post-

implementation of screening in probabilistic analysis and 240 cases in 

deterministic analysis (Figure 30).  
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CƛƎǳǊŜ олΦ 5ƛũŜǊŜƴŎŜ ƛƴ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƛƴŎƛŘŜƴŎŜ ŀƴŘ ƳƻǊǘŀƭƛǘȅ ōŜǘǿŜŜƴ ǘƘŜ ƻǊƎŀƴƛǎŜŘ 

ǎŎǊŜŜƴƛƴƎ ŀƴŘ ǎǘŀƴŘŀǊŘ ŎŀǊŜ ŀǊƳǎ ŀƳƻƴƎ ŀ ŎƻƘƻǊǘ ƻŦ руπȅŜŀǊπƻƭŘǎ ƛƴǾƛǘŜŘ ǘƻ 

ǎŎǊŜŜƴƛƴƎΦ 
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8.2. Men of Black ethnicity 

8.2.1. Men of Black ethnicity: single screening at different ages 

Similar to the general population, the initial model runs were conducted for men 

of Black ethnicity with a single screening round to identify the most cost-effective 

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 reduced prostate cancer mortality across all 

scenarios, with the largest reduction observed in the cohort screened at ages 60-

65 years (Figure 32). 

CƛƎǳǊŜ омΥ tǊŜŘƛŎǝƻƴ ƻŦ ƛƴŎƛŘŜƴŎŜ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ ƳŜƴ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅΣ ǇŜǊ 

ǇŜǊǎƻƴ 
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CƛƎǳǊŜ онΥ tǊŜŘƛŎǝƻƴ ƻŦ ƭƛŦŜǝƳŜ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƳƻǊǘŀƭƛǘȅ ǊŀǘŜ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ 

ƳŜƴ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ 

 
,ÅÇÅÎÄȡ 0# ȤÐÒÏÓÔÁÔÅ ÃÁÎÃÅÒ 

Screening led to gains in LYS across all age groups (Figure 33) with the largest 

increment observed in ages 58-65 years. 

CƛƎǳǊŜ ооΥ LƴŎǊŜƳŜƴǘŀƭ [¸{ ŀƴŘ v![¸ǎ ǇŜǊ ǇŜǊǎƻƴ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ ƳŜƴ ƻŦ .ƭŀŎƪ 

ŜǘƘƴƛŎƛǘȅ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 

 
,ÅÇÅÎÄȡ ,93 ɀ ÌÉÆÅ ÙÅÁÒÓ ÓÁÖÅÄȠ 1!,93 ɀ ÑÕÁÌÉÔÙ ÁÄÊÕÓÔÅÄ ÌÉÆÅ ÙÅÁÒÓ 

 

Similarly, 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 follow-up of false positives and detection of 

indolent or slow-progressing cancers offset these savings (Figure 34). 
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CƛƎǳǊŜ опΥ LƴŎǊŜƳŜƴǘŀƭ Ŏƻǎǘǎ ǇŜǊ ǇŜǊǎƻƴ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ ƳŜ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ Ǿǎ 

ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 

 

Incremental NMB was positive for screening at ages under 65, with the highest 

values observed in the 55–62 age group (Figure 35). These same scenarios 

remained cost-effective when discounting was applied from the cycle of 

intervention implementation for each scenario; additionally, screening men of 

Black ethnicity at age 65 was also found to be cost-effective under this approach 

(Figure 36), though the most cost-effective ages remained 55-62 and as expected 

the incremental NMBs at later age were higher. 
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ŜǘƘƴƛŎƛǘȅ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 
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CƛƎǳǊŜ осΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ ƳŜƴ ƻŦ .ƭŀŎƪ 

ŜǘƘƴƛŎƛǘȅ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜΤ ǎŎŜƴŀǊƛƻ ǿƛǘƘ ŀŘƧǳǎǘŜŘ ŘƛǎŎƻǳƴǝƴƎ 

 
,ÅÇÅÎÄȡ .-" ɀ ÎÅÔ ÍÏÎÅÔÁÒÙ ÂÅÎÅУÉÔ 

 

Screening resulted in overdiagnosis among men of Black ethnicity; as in the 

general population, the rate of overdiagnosis increased with age—from 15.2% of 

screen-detected cases at age 45 to 83% at age 72 (Figure 37). 
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8.2.2. Men of Black ethnicity: repeat screening scenarios 

Repeat screening was run for the single screening scenarios with largest NMB. The 

repeat screening resulted in positive incremental NMB across all evaluated 

scenarios (Figure 38). The largest incremental 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 overdiagnosed (Figure 39); with annual screening 

of 55–60-year-old men of Black ethnicity, 44% of prostate cancer cases diagnosed 

through screening would be overdiagnosed.  

CƛƎǳǊŜ оуΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ ǿƛǘƘ ǊŜǇŜŀǘ ǎŎǊŜŜƴƛƴƎ ƻŦ ƳŜƴ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ 

Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 

 
,ÅÇÅÎÄȡ .-"  Ȥ ÎÅÔ ÍÏÎÅÔÁÒÙ ÂÅÎÅУÉÔ 
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CƛƎǳǊŜ офΥ hǾŜǊŘƛŀƎƴƻǎƛǎ ǊŀǘŜ ǿƛǘƘ ǊŜǇŜŀǘ ǎŎǊŜŜƴƛƴƎ ƻŦ ƳŜƴ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ όƛƴŎǊŜƳŜƴǘ ƛƴ 

ƛƴŎƛŘŜƴŎŜ ŘƛǾƛŘŜŘ ōȅ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎŎǊŜŜƴπŘŜǘŜŎǘŜŘ ŎŀǎŜǎύ 

 
,ÅÇÅÎÄȡ 3ÃÒÅÅÎÉÎÇ ÅÖÅÒÙ ω ÙÅÁÒÓ ÁÔ ÁÇÅÓ ωτɀϊτ ɉÓÃÒÅÅÎ;ωτ;ϊτ;ωÁÎɊȠ 3ÃÒÅÅÎÉÎÇ ÅÖÅÒÙ ω ÙÅÁÒÓ ÁÔ ÁÇÅÓ ωωɀϊω 
ɉÓÃÒÅÅÎ;ωω;ϊω;ωÁÎɊȠ 3ÃÒÅÅÎÉÎÇ ÅÖÅÒÙ ω ÙÅÁÒÓ ÁÔ ÁÇÅÓ ωτɀϊω ɉÓÃÒÅÅÎ;ωτ;ϊω;ωÁÎɊȠ 3ÃÒÅÅÎÉÎÇ ÅÖÅÒÙ ψ ÙÅÁÒÓ ÁÔ 
ÁÇÅÓ ωτɀϊφ ɉÓÃÒÅÅÎ;ωτ;ϊφ;ψÁÎɊȠ 4ÒÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωτɀωύ ɉÓÃÒÅÅÎ;ωτ;ωύ;χÁÎɊȠ 4ÒÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ωτɀϊχ ɉÓÃÒÅÅÎ;ωτ;ϊχ;ÔÒÉÁÎɊȠ  !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωψɀϊφ ɉÓÃÒÅÅÎ;ωψ;ϊφ;ÁÎɊȠ !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ψωɀϊφ ɉÓÃÒÅÅÎ;ψω;ϊφ;ÁÎɊȠ  "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ψωɀϊυ ɉÓÃÒÅÅÎ;ψω;ϊυ;ÂÉÅÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
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8.2.3. Men of Black ethnicity: probabilistic 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 four-year intervals. The NMB was almost 

entirely positiv e for the first two scenarios and centred around zero for repeat 

screening (Figure 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).  

CƛƎǳǊŜ плΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ όƳŜƴ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ 

ǎŎŜƴŀǊƛƻǎΣ ǇŜǊŦŜŎǘ ǳǇǘŀƪŜύ 
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CƛƎǳǊŜ пмΥ /ƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ǇƭŀƴŜ όŀύ ŀƴŘ ŎƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ŀŎŎŜǇǘŀōƛƭƛǘȅ ŎǳǊǾŜ όōύ όƳŜƴ ƻŦ 

.ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ ǎŎŜƴŀǊƛƻǎΣ ǇŜǊŦŜŎǘ ǳǇǘŀƪŜύ 

 

 
 
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% CrI: £55 to £235) for 

screening at age 40, and £259 (95% CrI: £31 to £518) for screening at age 45. The 
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repeat screening showed a mean incremental NMB of £148 (95% CrI: –£1,137 to 

£829). 

Although the probabilistic sensitivity analysis indicated a potential for screening 

men of Black ethnicity to be cost-effective, 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 million men of Black ethnicity using 

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

negative incremental NMB in most simulation runs. Screening at age 45 produced 

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

incremental NMB (Figure 42). 

CƛƎǳǊŜ пнΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ ŦƻǊ ǎƛƴƎƭŜ ǎŎǊŜŜƴƛƴƎ ǎŎŜƴŀǊƛƻǎ ŎƻƳǇŀǊŜŘ ǘƻ 

ǘƘŜ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ όƳŜƴ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ ǎŎŜƴŀǊƛƻǎΣ /!t ǳǇǘŀƪŜύ 

 

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 4-yearly screening from ages 50 to 62 were both 

shifted towards positive incremental NMB (Figure 43). 
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CƛƎǳǊŜ поΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ ŦƻǊ ǊŜǇŜŀǘ ǎŎǊŜŜƴƛƴƎ ǎŎŜƴŀǊƛƻǎ ŎƻƳǇŀǊŜŘ ǘƻ 

ǘƘŜ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ όƳŜƴ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ ǎŎŜƴŀǊƛƻǎΣ /!t ǳǇǘŀƪŜύ 

 

As seen on the cost-effectiveness plane, all scenarios showed relatively high 

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 cost-effective. The findings highlight the critical importance of achieving 

high uptake rates in the target population. 

Single screening at age 40 had only 17% of probabilistic runs showing a positive 

incremental NMB (mean incremental NMB: -£6.1; 95% CrI: -£17 to £7). 

Confidence in cost-effectiveness was also low for screening at age 45, with 66% of 

runs positive (mean incremental NMB: £5; 95% CrI: -£26 to £34), Figure 44. 

The highest mean incremental NMB and narrowest credible interval were 

observed for 4-yearly screening from ages 50 to 62. This strategy was cost-

effective at the £20,000/QALY threshold in 81% of runs (mean incremental NMB: 

£99; 95% CrI: -£121 to £294). Biennial screening from ages 40 to 58 produced a 

mean incremental NMB of £36 (95% CrI: -£287 to £303) and was cost-effective in 

68% of runs, while biennial screening from ages 45 to 61 had a mean incremental 

NMB of £87 (95% CrI: -£287 to £395) with 77% of runs positive.  
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CƛƎǳǊŜ ппΥ /ƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ǇƭŀƴŜ όŀύ ŀƴŘ ŎƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ŀŎŎŜǇǘŀōƛƭƛǘȅ ŎǳǊǾŜ όōύ όƳŜƴ ƻŦ 

.ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ ǎŎŜƴŀǊƛƻǎΣ /!t ǘǊƛŀƭ ǳǇǘŀƪŜύ 

 

 

 

8.2.4. Men of Black ethnicity: scenario analyses 

Multiple  deterministic scenario analyses were conducted (Figure 45) to evaluate 

an impact of assumptions on incremental NMB. 

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

cancer diagnosis on utilities, i.e. higher harms related to screening) tested 

scenarios at ages 55 and 58 years.  Higher screening-related harms (negative 

impact on cost-effectiveness) and using the Green Book scenario (positive impact 

on cost-effectiveness) 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 50–62 

once every four years showed positive incremental NMBs in all but two scenarios 

(applying a 5% discount rate for effects and higher harms for cancer diagnosis) 

(Figure 46).  

Similar to the general population, applying discounting by the approach of the 

Green Book and higher screening-related harms were the most impactful on cost-

effectiveness results. 

CƛƎǳǊŜ прΥ bŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ ƛƴ ǎŎŜƴŀǊƛƻ ŀƴŀƭȅǎŜǎ ŦƻǊ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎΥ  ƳŜƴ ƻŦ 

.ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ 

 

,ÅÇÅÎÄȡ Κυωȟτττ ÔÈÒÅÓÈÏÌÄ ÉÓ ÕÓÅÄ ÉÎ ÔÈÅ 'ÒÅÅÎ "ÏÏË ÓÃÅÎÁÒÉÏ ÁÎÄ Κφτȟτττ ÉÎ ÔÈÅ ÏÔÈÅÒ ÓÃÅÎÁÒÉÏÓȢ 

-500 -400 -300 -200 -100 0 100 200

Age 45

Age 48

Age 50

Age 55

Age 58

Age 60

Age 62

Age 65
Basecase

Survival
uncertainty

Higher impact
of harms

Fitted mortality

Green Book
scenario

Utility, Y1

Accuracy not
adjusted by age

Sensitivity not
adjusted by age

Mortality 70
years

Lead time

Discount effect
5%

Discount  5%



118 

 

CƛƎǳǊŜ псΥ bŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ ƛƴ ǎŎŜƴŀǊƛƻ ŀƴŀƭȅǎŜǎ ŦƻǊ ǊŜǇŜŀǘ ǎŎǊŜŜƴƛƴƎΥ  ƳŜƴ ƻŦ .ƭŀŎƪ 

ŜǘƘƴƛŎƛǘȅ 

 
,ÅÇÅÎÄȡ Κυωȟτττ ÔÈÒÅÓÈÏÌÄ ÉÓ ÕÓÅÄ ÉÎ ÔÈÅ 'ÒÅÅÎ "ÏÏË ÓÃÅÎÁÒÉÏ ÁÎÄ Κφτȟτττ ÉÎ ÔÈÅ ÏÔÈÅÒ ÓÃÅÎÁÒÉÏÓȢ 
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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-year-old men of Black ethnicity (from ages 50 to 62 with a 4-year interval, 

which was selected as one of the most cost-effective strategies with lower 

resource use) would result in approximately 7,300 PSA screening completed 

annually. This would lead to around 790 follow-up mpMRI scans and 670 

additional biopsies each year when the programme is fully enrolled (Figure 47). 

CƛƎǳǊŜ птΥ !ƴƴǳŀƭ ǊŜǎƻǳǊŎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƛƴ 9ƴƎƭŀƴŘ ŦƻǊ ǎŎǊŜŜƴƛƴƎ ƳŜƴ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ 

ŀƎŜŘ рл ǘƻ сн ŜǾŜǊȅ ŦƻǳǊ ȅŜŀǊǎ 

 

Over the 15 years following the implementation of an organised screening 

programme — screening men of Black ethnicity aged 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 1,142 addition prostate cancer cases are 

expected to be detected when screening every 2 years. The difference in prostate 

cancer deaths between the organised screening for men of Black ethnicity and 

standard care arms is projected to reach 1 case per cohort (or 7 cases in a fully 

rolled out programme) in probabilistic analyses and 11 cases in deterministic 

analysis after 15 years of follow up (Figure 48). 
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CƛƎǳǊŜ пуΦ 5ƛũŜǊŜƴŎŜ ƛƴ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƛƴŎƛŘŜƴŎŜ ŀƴŘ ƳƻǊǘŀƭƛǘȅ ōŜǘǿŜŜƴ ǘƘŜ ƻǊƎŀƴƛǎŜŘ 

ǎŎǊŜŜƴƛƴƎ ŀƴŘ ǎǘŀƴŘŀǊŘ ŎŀǊŜ ŀǊƳǎ ŀƳƻƴƎ ŀ ŎƻƘƻǊǘ ƻŦ рлπȅŜŀǊπƻƭŘ .ƭŀŎƪ ƳŜƴ 

ƛƴǾƛǘŜŘ ǘƻ ōŜ ǎŎǊŜŜƴŜŘ ŜǾŜǊȅ ŦƻǳǊ ȅŜŀǊǎ ŦǊƻƳ ŀƎŜ рл ǘƻ снΦ 
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8.3. Men with familial risk 

8.3.1. Familial risk: single 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 cost-effective 

screening ages.  

The same trend of increased incidence of prostate cancer by age was observed in 

this subgroup, with a substantial increase after the age 62 (Figure 49). Similarly, 

there was a reduction in mortality, with the largest reduction observed in the 

cohort screened at ages 60-68 years (Figure 50). 

CƛƎǳǊŜ пфΥ tǊŜŘƛŎǝƻƴ ƻŦ ƛƴŎƛŘŜƴŎŜ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ ƳŜƴ ǿƛǘƘ ŦŀƳƛƭƛŀƭ ǊƛǎƪΣ ǇŜǊ 

ǇŜǊǎƻƴ 

 

CƛƎǳǊŜ рлΥ tǊŜŘƛŎǝƻƴ ƻŦ ƭƛŦŜǝƳŜ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƳƻǊǘŀƭƛǘȅ ǊŀǘŜ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ 

ƳŜƴ ǿƛǘƘ ŦŀƳƛƭƛŀƭ Ǌƛǎƪ 
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Screening led to gains in LYS across all age groups and increases in QALYs for 

those screened before age 72 (Figure 51). Screening also increased total costs 

(Figure 52). As expected, screening-related 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 follow-up costs for screen-positive 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.  

CƛƎǳǊŜ рмΥ LƴŎǊŜƳŜƴǘŀƭ [¸{ ŀƴŘ v![¸ǎ ǇŜǊ ǇŜǊǎƻƴ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƻŦ ƳŜƴ ǿƛǘƘ 

ŦŀƳƛƭƛŀƭ Ǌƛǎƪ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 
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ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 
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The incremental NMB of screening was positive in the 55–62 age group with 

discounting applied starting from the same model cycle (Figure 53) and in 48-65 

group when each intervention was evaluated separately (Figure 54).  However, 

this did not change the conclusion on the most cost-effective age of screening, 

which in both cases was age 60.   

CƛƎǳǊŜ роΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ ƳŜƴ ǿƛǘƘ ŦŀƳƛƭƛŀƭ 

Ǌƛǎƪ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 
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Screening also resulted in substantial overdiagnosis rate with 15% of prostate 

cancer cases overdiagnosed if men with familial risk are screened at age 45 to 86% 

of cases if men are screened at age 72 (Figure 55). 

CƛƎǳǊŜ ррΥ hǾŜǊŘƛŀƎƴƻǎƛǎ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƻŦ ƳŜƴ ǿƛǘƘ ŦŀƳƛƭƛŀƭ Ǌƛǎƪ όƛƴŎǊŜŀǎŜŘ 

ƛƴŎƛŘŜƴŎŜ ŘƛǾƛŘŜŘ ōȅ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎŎǊŜŜƴπŘŜǘŜŎǘŜŘ ŎŀǎŜǎύ 

 

 

8.3.2. Familial risk: repeat screening scenarios 

The results from the single screening analyses informed the design of the repeat 

screening strategies evaluated in the model.  

Screening was cost-effective in some scenarios but not in others. It was cost-

effective with annual screening between ages 55-60, 58-60 and 58–62; biennial 

screening at ages 50–62, 58–60, 56–62, 54–62, and 50–62; triennial screening at 

ages 55–61 and 50–63; screening every 4 years at ages 50–62; and screening 

every 5 years at ages 50-60 and 55–65 (Figure 56). In all scenarios, screening led 

to substantial overdiagnosis, with rates ranging from 46% to 63% (Figure 57). 
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CƛƎǳǊŜ рсΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ ǿƛǘƘ ǊŜǇŜŀǘ ǎŎǊŜŜƴƛƴƎ ƛƴ ƳŜƴ ǿƛǘƘ ŦŀƳƛƭƛŀƭ Ǌƛǎƪ 

Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 

 
,ÅÇÅÎÄȡ .-" ɀ ÎÅÔ ÍÏÎÅÔÁÒÙ ÂÅÎÅУÉÔȠ 
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ɉÓÃÒÅÅÎ;ωω;ϊω;ωÁÎɊȠ 3ÃÒÅÅÎÉÎÇ ÅÖÅÒÙ ω ÙÅÁÒÓ ÁÔ ÁÇÅÓ ωτɀϊω ɉÓÃÒÅÅÎ;ωτ;ϊω;ωÁÎɊȠ 3ÃÒÅÅÎÉÎÇ ÅÖÅÒÙ ψ ÙÅÁÒÓ ÁÔ 
ÁÇÅÓ ωτɀϊφ ɉÓÃÒÅÅÎ;ωτ;ϊφ;ψÁÎɊȠ 4ÒÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωτɀωύ ɉÓÃÒÅÅÎ;ωτ;ωύ;χÁÎɊȠ 4ÒÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
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CƛƎǳǊŜ ртΥ hǾŜǊŘƛŀƎƴƻǎƛǎ ǊŀǘŜ ǿƛǘƘ ǊŜǇŜŀǘ ǎŎǊŜŜƴƛƴƎ ƛƴ ƳŜƴ ǿƛǘƘ ŦŀƳƛƭƛŀƭ Ǌƛǎƪ όƛƴŎǊŜƳŜƴǘ ƛƴ 

ƛƴŎƛŘŜƴŎŜ ŘƛǾƛŘŜŘ ōȅ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎŎǊŜŜƴπŘŜǘŜŎǘŜŘ ŎŀǎŜǎύ 
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ÁÇÅÓ ωτɀϊχ ɉÓÃÒÅÅÎ;ωτ;ϊχ;ÔÒÉÁÎɊȠ  !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωψɀϊφ ɉÓÃÒÅÅÎ;ωψ;ϊφ;ÁÎɊȠ !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ψωɀϊφ ɉÓÃÒÅÅÎ;ψω;ϊφ;ÁÎɊȠ  "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ψωɀϊυ ɉÓÃÒÅÅÎ;ψω;ϊυ;ÂÉÅÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ψψɀϊυ ɉÓÃÒÅÅÎ;ψω;ϊό;ÂÉÅÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ψϊɀϊϊ ɉÓÃÒÅÅÎ;ψϊ;ϊό;ÂÉÅÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ψωɀϊω ɉÓÃÒÅÅÎ;ψω;ϊω;ÂÉÅÎɊȠ 4ÒÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωωɀϊυ ɉÓÃÒÅÅÎ;ωωȢωόȢϊυɊȠ !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ωωɀϊφ ɉÓÃÒÅÅÎ;ωω;ϊφ;ÁÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωόɀϊτ ɉÓÃÒÅÅÎ;ωό;ϊτ;ÂÉÅÎɊȠ !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ωωɀϊτ ɉÓÃÒÅÅÎ;ωω;ϊτ;ÁÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωόɀϊφ ɉÓÃÒÅÅÎ;ωό;ϊφ;ÂÉÅÎɊȠ !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ωόɀϊτ ɉÓÃÒÅÅÎ;ωό;ϊτ;ÁÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωϊɀϊφ ɉÓÃÒÅÅÎ;ωϊ;ϊφ;ÂÉÅÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ωψɀϊφ ɉÓÃÒÅÅÎ;ωψ;ϊφ;ÂÉÅÎɊȠ  "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωτɀϊφ ɉÓÃÒÅÅÎ;ωτ;ϊφ;ÂÉÅÎɊȢ 

 

8.3.3. Familial risk: probabilistic analyses 

Probabilistic analysis for screening men who have first degree relatives with 

prostate, breast or ovarian cancers was first conducted assuming perfect uptake 

to assess the net impact of screening, demonstrating consistently that single 

screening had higher NMB than repeat screening (Figure 58 and Figure 59). 
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Screening men with familial risk at age 40 was not cost-effective (probability of 

cost-effectiveness: 0.3%; mean incremental NMB –£11, 95% CrI –£19 to –£2). In 

contrast, single screening at older ages (50, 58, and 60) showed substantial 

uncertainty around cost-effectiveness, with small positive mean incremental 

NMBs and credible intervals centred around zero, despite 76–81% of probabilistic 

runs yielding positive incremental NMBs. Specifically, the mean incremental 

NMBs (95% CrIs) were £5.6 (–£22 to £27), £23 (–£73 to £83), and £15 (–£62 to 

£60) for screening at ages 50, 58, and 60, respectively (Figure 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 to 63 (mean incremental NMB –£96, 95% CrI –£302 to £4), and 18% were 

positive for screening once every four years from ages 50 to 62 (mean incremental 

NMB –£55, 95% CrI –£241 to £37). 

CƛƎǳǊŜ руΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ όƳŜƴ ǿƛǘƘ ŦŀƳƛƭƛŀƭ ǊƛǎƪΣ 

ǇŜǊŦŜŎǘ ǳǇǘŀƪŜΣ ǎƛƴƎƭŜ ǎŎǊŜŜƴƛƴƎύ 
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CƛƎǳǊŜ рфΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ όƳŜƴ ǿƛǘƘ ŦŀƳƛƭƛŀƭ ǊƛǎƪΣ 

ǇŜǊŦŜŎǘ ǳǇǘŀƪŜΣ ǊŜǇŜŀǘ ǎŎǊŜŜƴƛƴƎύ 

 

  



129 

 

CƛƎǳǊŜ слΥ /ƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ǇƭŀƴŜ όŀύ ŀƴŘ ŎƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ŀŎŎŜǇǘŀōƛƭƛǘȅ ŎǳǊǾŜ όōύ όƳŜƴ 

ǿƛǘƘ ŦŀƳƛƭƛŀƭ ǊƛǎƪΣ ǇŜǊŦŜŎǘ ǳǇǘŀƪŜύ 

 

 

 

 

 

 

 

 



130 

 

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 cost-

effective deterministic scenario (Figure 61).  

While screening had a 78% probability of being cost-effective, the 95% CrI was 

wide, similar to the all-men population, with a mean incremental NMB of £59 

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

considerable uncertainty remains regarding the cost-effectiveness of PSA 

screening.  

CƛƎǳǊŜ смΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ όƳŜƴ ǿƛǘƘ ŦŀƳƛƭƛŀƭ ǊƛǎƪΣ 

/!t ǳǇǘŀƪŜΣ ŀƴƴǳŀƭ ǎŎǊŜŜƴƛƴƎ ƻŦ руςслπȅŜŀǊπƻƭŘ ƳŜƴύ 
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CƛƎǳǊŜ снΥ /ƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ǇƭŀƴŜ όŀύ ŀƴŘ ŎƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ŀŎŎŜǇǘŀōƛƭƛǘȅ ŎǳǊǾŜ όōύ όƳŜƴ 

ǿƛǘƘ ŦŀƳƛƭƛŀƭ ǊƛǎƪΣ /!t ǳǇǘŀƪŜΣ ŀƴƴǳŀƭ ǎŎǊŜŜƴƛƴƎ ƻŦ руςслπȅŜŀǊπƻƭŘ ƳŜƴύ 
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8.3.4. Familial risk: scenario analyses 

As in other populations, applying higher impact of harms related to cancer 

diagnosis (i.e. lower HRQoL values for each cancer stage) and the Green Book 

approach to discounting costs and effects and using £15,000 decision threshold 

had the greatest impact on incremental NMB estimates.  

Sensitivity analyses also showed that single screening scenarios were more likely 

to result in a positive incremental NMB compared to repeat screening (Figure 63, 

Figure 64). Single screening at ages 58 and 60 produced the highest NMB 

estimates. Among repeat screening options, screening every four years between 

ages 50–62 or every three years between ages 50–63 showed the fewest scenarios 

with negative incremental NMB. 

CƛƎǳǊŜ соΥ bŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ ƛƴ ǎŎŜƴŀǊƛƻ ŀƴŀƭȅǎŜǎ ŦƻǊ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎΥ ƳŜƴ ǿƛǘƘ 

ŦŀƳƛƭƛŀƭ Ǌƛǎƪ 

 
,ÅÇÅÎÄȡ Κυωȟτττ ÔÈÒÅÓÈÏÌÄ ÉÓ ÕÓÅÄ ÉÎ ÔÈÅ 'ÒÅÅÎ "ÏÏË ÓÃÅÎÁÒÉÏ ÁÎÄ Κφτȟτττ ÉÎ ÔÈÅ ÏÔÈÅÒ ÓÃÅÎÁÒÉÏÓȢ 
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CƛƎǳǊŜ спΥ bŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ ƛƴ ǎŎŜƴŀǊƛƻ ŀƴŀƭȅǎŜǎ ŦƻǊ ǊŜǇŜŀǘ ǎŎǊŜŜƴƛƴƎΥ ƳŜƴ ǿƛǘƘ 

ŦŀƳƛƭƛŀƭ Ǌƛǎƪ 
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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 first-degree relative with breast, 

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 

(Figure 65). 

CƛƎǳǊŜ срΥ wŜǎƻǳǊŎŜ ǊŜǉǳƛǊŜƳŜƴǘ ƛƴ 9ƴƎƭŀƴŘ ǘƻ ǎŎǊŜŜƴ ƳŜƴ ǿƛǘƘ ŦŀƳƛƭƛŀƭ Ǌƛǎƪ ŀǘ ŀƎŜǎ ру ǘƻ сл 

ŀƴƴǳŀƭƭȅ  

 

 

Over the 15 years following the implementation of an organised screening 

programme — screening men with familial risk at ages 58 and 60 resulted in an 

additional 2,170 prostate cancer cases expected to be detected in probabilistic 

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 cases after 15 years of follow up in probabilistic analysis and 132 cases in 

deterministic analysis (Figure 66). 
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CƛƎǳǊŜ ссΦ 5ƛũŜǊŜƴŎŜ ƛƴ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƛƴŎƛŘŜƴŎŜ ŀƴŘ ƳƻǊǘŀƭƛǘȅ ōŜǘǿŜŜƴ ǘƘŜ ƻǊƎŀƴƛǎŜŘ 

ǎŎǊŜŜƴƛƴƎ ŀƴŘ ǎǘŀƴŘŀǊŘ ŎŀǊŜ ŀǊƳǎ ŀƳƻƴƎ ŀ ŎƻƘƻǊǘ ƻŦ руπȅŜŀǊπƻƭŘ ƳŜƴ ǿƛǘƘ 

ŦŀƳƛƭƛŀƭ Ǌƛǎƪ ƛƴǾƛǘŜŘ ǘƻ ōŜ ǎŎǊŜŜƴŜŘ ŀǘ ŀƎŜǎ ру ŀƴŘ слΦ  
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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 cost-effective 

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 carriers: single screening at different ages 

CƛƎǳǊŜ стΥ tǊŜŘƛŎǝƻƴ ƻŦ ƛƴŎƛŘŜƴŎŜ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ .w/! ŎŀǊǊƛŜǊǎΣ ǇŜǊ ǇŜǊǎƻƴ 
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Screening resulted in increments in both LYS and QALYs in all ages (Figure 69), 

and in lower treatment costs with screening before ages 60 but higher total costs 

in all age groups (Figure 70). 

CƛƎǳǊŜ сфΥ LƴŎǊŜƳŜƴǘŀƭ [¸{ ŀƴŘ v![¸ǎ ǇŜǊ ǇŜǊǎƻƴ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ .w/! ŎŀǊǊƛŜǊǎ Ǿǎ 

ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 
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NMB was positive for single screening conducted before age 68, with the highest 

values observed for screening at ages 55–60 (Figure 71). Modelling each 

intervention separately—by applying discounting from the cycle of the first 

0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

45 48 50 55 58 60 62 65 68 70 72In
c
re

m
e

n
ta

l L
Y

S
 a

n
d
 Q

A
L
Y

s

Ages, years

LYS QALYS

-10.00

-5.00

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45 48 50 55 58 60 62 65 68 70 72

In
c
re

m
e

n
ta

l c
o
st

s 
p
e

r 
p
e

rs
o
n
, 
£

TOTAL COSTS Cancer COSTS DIAG COSTS SCREEN COSTS



138 

 

intervention for both the screening and no-screening arms—did not change the 

conclusions regarding the most cost-effective age. However, under this approach, 

screening at age 68 was also found to be cost-effective (Figure 72).   

CƛƎǳǊŜ тмΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ .w/! ŎŀǊǊƛŜǊǎ Ǿǎ 

ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 
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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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CƛƎǳǊŜ тоΥ hǾŜǊŘƛŀƎƴƻǎƛǎ ǿƛǘƘ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ ƛƴ .w/! ŎŀǊǊƛŜǊǎ όƛƴŎǊŜŀǎŜŘ ƛƴŎƛŘŜƴŎŜ 

ŘƛǾƛŘŜŘ ōȅ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎŎǊŜŜƴπŘŜǘŜŎǘŜŘ ŎŀǎŜǎύ 

 

8.4.2. BRCA carriers: repeat screening scenarios 

Repeat screening was evaluated by modelling various interventions with age 

range of 45 to 68 years informed by the single-screening analyses. Annual 

screening of BRCA carriers from ages 45 to 62 emerged as the strategy with 

highest net monetary benefit (Figure 74). All repeat screening scenarios were also 

associated with high estimated rates of overdiagnosis (Figure 75). 
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CƛƎǳǊŜ тпΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ ǿƛǘƘ ǊŜǇŜŀǘ ǎŎǊŜŜƴƛƴƎ ƛƴ .w/! ŎŀǊǊƛŜǊǎ Ǿǎ 

ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 
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ÁÇÅÓ ωόɀϊτ ɉÓÃÒÅÅÎ;ωό;ϊτ;ÁÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωϊɀϊφ ɉÓÃÒÅÅÎ;ωϊ;ϊφ;ÂÉÅÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ωψɀϊφ ɉÓÃÒÅÅÎ;ωψ;ϊφ;ÂÉÅÎɊȠ  "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωτɀϊφ ɉÓÃÒÅÅÎ;ωτ;ϊφ;ÂÉÅÎɊȢ 
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CƛƎǳǊŜ трΥ hǾŜǊŘƛŀƎƴƻǎƛǎ ǊŀǘŜ ǿƛǘƘ ǊŜǇŜŀǘ ǎŎǊŜŜƴƛƴƎ ƛƴ .w/! ŎŀǊǊƛŜǊǎ όƛƴŎǊŜŀǎŜŘ ƛƴŎƛŘŜƴŎŜ 

ŘƛǾƛŘŜŘ ōȅ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎŎǊŜŜƴπŘŜǘŜŎǘŜŘ ŎŀǎŜǎύ 

 
,ÅÇÅÎÄȡ 3ÃÒÅÅÎÉÎÇ ÅÖÅÒÙ ω ÙÅÁÒÓ ÁÔ ÁÇÅÓ ωτɀϊτ ɉÓÃÒÅÅÎ;ωτ;ϊτ;ωÁÎɊȠ 3ÃÒÅÅÎÉÎÇ ÅÖÅÒÙ ω ÙÅÁÒÓ ÁÔ ÁÇÅÓ ωωɀϊω 
ɉÓÃÒÅÅÎ;ωω;ϊω;ωÁÎɊȠ 3ÃÒÅÅÎÉÎÇ ÅÖÅÒÙ ω ÙÅÁÒÓ ÁÔ ÁÇÅÓ ωτɀϊω ɉÓÃÒÅÅÎ;ωτ;ϊω;ωÁÎɊȠ 3ÃÒÅÅÎÉÎÇ ÅÖÅÒÙ ψ ÙÅÁÒÓ ÁÔ 
ÁÇÅÓ ωτɀϊφ ɉÓÃÒÅÅÎ;ωτ;ϊφ;ψÁÎɊȠ 4ÒÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωτɀωύ ɉÓÃÒÅÅÎ;ωτ;ωύ;χÁÎɊȠ 4ÒÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ωτɀϊχ ɉÓÃÒÅÅÎ;ωτ;ϊχ;ÔÒÉÁÎɊȠ  !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωψɀϊφ ɉÓÃÒÅÅÎ;ωψ;ϊφ;ÁÎɊȠ !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ψωɀϊφ ɉÓÃÒÅÅÎ;ψω;ϊφ;ÁÎɊȠ  "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ψωɀϊυ ɉÓÃÒÅÅÎ;ψω;ϊυ;ÂÉÅÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ψψɀϊυ ɉÓÃÒÅÅÎ;ψω;ϊό;ÂÉÅÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ψϊɀϊϊ ɉÓÃÒÅÅÎ;ψϊ;ϊό;ÂÉÅÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ψωɀϊω ɉÓÃÒÅÅÎ;ψω;ϊω;ÂÉÅÎɊȠ 4ÒÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωωɀϊυ ɉÓÃÒÅÅÎ;ωωȢωόȢϊυɊȠ !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ωωɀϊφ ɉÓÃÒÅÅÎ;ωω;ϊφ;ÁÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωόɀϊτ ɉÓÃÒÅÅÎ;ωό;ϊτ;ÂÉÅÎɊȠ !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ωωɀϊτ ɉÓÃÒÅÅÎ;ωω;ϊτ;ÁÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωόɀϊφ ɉÓÃÒÅÅÎ;ωό;ϊφ;ÂÉÅÎɊȠ !ÎÎÕÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ωόɀϊτ ɉÓÃÒÅÅÎ;ωό;ϊτ;ÁÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωϊɀϊφ ɉÓÃÒÅÅÎ;ωϊ;ϊφ;ÂÉÅÎɊȠ "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ 
ÁÇÅÓ ωψɀϊφ ɉÓÃÒÅÅÎ;ωψ;ϊφ;ÂÉÅÎɊȠ  "ÉÅÎÎÉÁÌ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωτɀϊφ ɉÓÃÒÅÅÎ;ωτ;ϊφ;ÂÉÅÎɊȢ 
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8.4.3. BRCA carriers: probabilistic 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 46–62 and 50–62 with two -year intervals. 

All single-screening scenarios produced positive incremental NMB values (Figure 

76). Similarly, all repeat-screening scenarios showed incremental NMB values 

above zero (Figure 77). 

As shown on the cost-effectiveness 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 mean incremental NMBs (95% CrI) for single 

screening at ages 45, 48, 50, and 55 were £125 (63; 200), £176 (87;282), £113 

(59; 181), and £209 (102; 346), respectively. For repeat screening every four 

years, the mean incremental NMBs (95% CrI) were £324 (56–584) for ages 46–62 

and £297 (65–532) for ages 50–62. 
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CƛƎǳǊŜ тсΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ό.w/! ŎŀǊǊƛŜǊǎΣ ǇŜǊŦŜŎǘ 

ǳǇǘŀƪŜΣ ǎƛƴƎƭŜ ǎŎǊŜŜƴƛƴƎύ 

 

CƛƎǳǊŜ ттΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ό.w/! ŎŀǊǊƛŜǊǎΣ ǇŜǊŦŜŎǘ 

ǳǇǘŀƪŜΣ ǊŜǇŜŀǘ ǎŎǊŜŜƴƛƴƎύ 
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CƛƎǳǊŜ туΥ /ƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ǇƭŀƴŜ όŀύ ŀƴŘ ŎƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ŀŎŎŜǇǘŀōƛƭƛǘȅ ŎǳǊǾŜ όōύ ό.w/! 

ŎŀǊǊƛŜǊǎΣ ǇŜǊŦŜŎǘ ǳǇǘŀƪŜύ 
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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 

probabilisti c evaluations of repeat screening for prostate cancer among BRCA 

carriers using uptake inputs from the CAP trial. The scenarios assessed included 

screening every four years from ages 46–62 and 50–62, as well as the most cost-

effective scenario identified in 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 cost-effectiveness of PSA screening in men with established BRCA 

status (Figure 79).  

CƛƎǳǊŜ тфΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ό.w/! 

ŎŀǊǊƛŜǊǎΣ /!t ǳǇǘŀƪŜύ 

 

All repeat screening scenarios were cost-effective; however, screening at a 4-

year interval demonstrated a higher probability of cost-effectiveness (100%) 

compared to annual screening (97.5%). The mean NMB and 95% CrI were £136 

(£48; £240) for screening every four years between ages 50–62, £157 (£53; 

£274) for screening every four years between ages 46–62, and £234 (£2; £466) 

for annual screening between ages 45–62 (Figure 80).   
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CƛƎǳǊŜ улΥ /ƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ǇƭŀƴŜ όŀύ ŀƴŘ ŎƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ŀŎŎŜǇǘŀōƛƭƛǘȅ ŎǳǊǾŜ όōύ ό.w/! 

ŎŀǊǊƛŜǊǎΣ ǇŜǊŦŜŎǘ ǳǇǘŀƪŜύ 

 

 

 

 

8.4.4. BRCA carriers: scenario analyses 

As in other populations, applying higher impact of harms (this is however a 

hypothetical scenario to demonstrate an impact of harms on the model and this 

scenario is not supported by data) and the Green Book approach to discounting 

costs and effects had the greatest impact on incremental NMB estimates. However, 

in contrast to other population subgroups the scenario that prevents the 
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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 

of care), i.e. called here “lead time scenario”, also had substantial impact on 

predicted NMB, especially in single-time screening runs (Figure 81, Figure 82). 

This happens presumably because cancer developed in BRCA carriers was 

assumed to be more aggressive 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 one run screening scenarios 

resulted in positive incremental NMB.  

CƛƎǳǊŜ умΥ bŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ ƛƴ ǎŎŜƴŀǊƛƻ ŀƴŀƭȅǎŜǎ ŦƻǊ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎΥ  .w/! 

ŎŀǊǊƛŜǊǎ 

 
,ÅÇÅÎÄȡ Κυωȟτττ ÔÈÒÅÓÈÏÌÄ ÉÓ ÕÓÅÄ ÉÎ ÔÈÅ 'ÒÅÅÎ "ÏÏË ÓÃÅÎÁÒÉÏ ÁÎÄ Κφτȟτττ ÉÎ ÔÈÅ ÏÔÈÅÒ ÓÃÅÎÁÒÉÏÓȢ 
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CƛƎǳǊŜ унΥ bŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ όϻύ ƛƴ ǎŎŜƴŀǊƛƻ ŀƴŀƭȅǎŜǎ ŦƻǊ ǊŜǇŜŀǘ ǎŎǊŜŜƴƛƴƎΥ  .w/! ŎŀǊǊƛŜǊǎ 

 
,ÅÇÅÎÄȡ Κυωȟτττ ÔÈÒÅÓÈÏÌÄ ÉÓ ÕÓÅÄ ÉÎ ÔÈÅ 'ÒÅÅÎ "ÏÏË ÓÃÅÎÁÒÉÏ ÁÎÄ Κφτȟτττ ÉÎ ÔÈÅ ÏÔÈÅÒ ÓÃÅÎÁÒÉÏÓȢ 
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8.4.5. BRCA carriers: impact of screening scaled to the population of 
England 

Biennial screening of BRCA carriers from 45 to 61 years was cost-effective in both 

deterministic and probabilistic scenarios. While annual screening was very cost-

effective in deterministic analysis it would 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 use per cohort invited to be screened, was not substantial 

considering the small target population. The probability of a 45-year-old man 

being a BRCA carrier is only 0.00661. With a reported population of 1.9 million 

men aged 45–50 years in England, even if all were tested for BRCA status, only 

around 2,500 men would be eligible for screening. This would result in 

approximately 140 men invited for follow-up after a positive PSA test, 87 positive 

mpMRIs, and 64 biopsies performed each year, of which an estimated 41 would 

be cancer-positive per cohort screened (Figure 83). 

CƛƎǳǊŜ уоΥ wŜǎƻǳǊŎŜ ǊŜǉǳƛǊŜƳŜƴǘ ƛƴ 9ƴƎƭŀƴŘ ǘƻ ǎŎǊŜŜƴ ōƛŜƴƴƛŀƭƭȅ .w/! ŎŀǊǊƛŜǊǎ ŦǊƻƳ ŀƎŜ пр ǘƻ 

см 

 

 

Over the 15 years following the implementation of an organised screening 

programme — screening BRCA carriers biennially from ages 45 to 61 resulted in 

an additional 69 prostate cancer cases expected to be detected in deterministic 

analyses. The difference in prostate cancer deaths in 15 years of follow up 
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between the organised screening for BRCA carriers and standard care arms is 

projected to result in 0.5 deaths per cohort screened or 4 deaths in a fully rolled 

out screening program (Figure 84). 

CƛƎǳǊŜ упΦ 5ƛũŜǊŜƴŎŜ ƛƴ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƛƴŎƛŘŜƴŎŜ ŀƴŘ ƳƻǊǘŀƭƛǘȅ ōŜǘǿŜŜƴ ǘƘŜ ƻǊƎŀƴƛǎŜŘ 

ǎŎǊŜŜƴƛƴƎ ŀƴŘ ǎǘŀƴŘŀǊŘ ŎŀǊŜ ŀǊƳǎ ŀƳƻƴƎ ŀ ŎƻƘƻǊǘ ƻŦ прπȅŜŀǊπƻƭŘ .w/! ŎŀǊǊƛŜǊǎ 

ƛƴǾƛǘŜŘ ǘƻ ōŜ ǎŎǊŜŜƴŜŘ ōƛŜƴƴƛŀƭƭȅ ŦǊƻƳ ŀƎŜǎ пр ȅŜŀǊǎ ǘƻ рл ȅŜŀǊǎ  
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9. Modelling results: risk-stratified screening 

The following scenarios were evaluated for the risk-stratified 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/ml (The NICE 

suggested threshold) but they test negative in the follow-up 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/ml  

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 follow-up 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 re-invited . 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 re-invited . 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 re-invited . 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 screening for men of average risk 

In the deterministic analysis, screening all men at ages 58 and 60 resulted in 

greater LYS and QALYs than reinviting at age 60 only those with PSA levels at age 

58 above specific thresholds (either the NICE-recommended threshold of 

3.5 ng/ml for this age group or 3 ng/ml as used in non-risk-stratified screening). 

However, the non-risk-stratified strategy also led to substantially higher 

screening, diagnostic, and treatment costs (Figures 85 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.  

CƛƎǳǊŜ урΥ LƴŎǊŜƳŜƴǘŀƭ [¸{ ŀƴŘ v![¸ǎ ǇŜǊ ǇŜǊǎƻƴ ǿƛǘƘ ǎŎǊŜŜƴƛƴƎ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǝƻƴ ŀǘ ŀƎŜǎ 

ру ŀƴŘ сл Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 

 
,ÅÇÅÎÄȡ ,93 ɀ ÌÉÆÅ ÙÅÁÒÓ ÓÁÖÅÄȠ 1!,93 ȤÑÕÁÌÉÔÙ ÁÄÊÕÓÔÅÄ ÌÉÆÅ ÙÅÁÒÓ 

 

CƛƎǳǊŜ усΥ LƴŎǊŜƳŜƴǘŀƭ Ŏƻǎǘǎ ǇŜǊ ǇŜǊǎƻƴ ǿƛǘƘ ǎŎǊŜŜƴƛƴƎ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǝƻƴ ŀǘ ŀƎŜǎ ру ŀƴŘ сл 

Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 
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Screening everyone at both ages (58 and 60) had the highest incremental NMB 

when compared pairwise to standard of care, with an incremental 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) and PSA >3 ng/ml (£9). However, the 

full incremental deterministic  analysis showed that reinviting with a threshold of 

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

reinviting those with PSA >3.5 ng/ml. Reinvitin g men with PSA >3.5 ng/ml was 

identified as the most cost-effective option on the efficiency frontier, though the 

difference between the interventions was small. 

In the probabilistic analysis, screening all men using a risk-stratified 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 cost-effective compared to inviting all 

men at ages 58 and 60(Figure 87). The mean incremental NMB compared to the 

standard of care in probabilistic analysis was £14 (95% CrI: –£127 to £129) for 

screening all men, £9 (–£65 to £81) for re-inviting those with PSA ≥3.5 ng/ml (as 

recommended by NICE), and £8 (–£78 to £91) for re-inviting those with PSA 

≥3 ng/ml. The uncertainty in cost-effectiveness was similar across all three 

strategies, with probabilities of being cost-effective 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 case (Table 32). 

¢ŀōƭŜ омΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ŀƴŘ ƻǘƘŜǊ ƛƴǘŜǊǾŜƴǝƻƴǎΣ ƳŜƴ 

ƻŦ ǳƴƪƴƻǿƴ Ǌƛǎƪ 

Scenario Costs, £ Effects ICER (to 
standard 
of care), £ 

NMB (Full 
increment
al 
determinis
tic 
analysis), 
£ 

NMB (Full 
increment
al 
probabilist
ic 
analysis), 
mean £, p 

NMB 
(standard 
of care), 
determinis
tic, £ 

NMB vs 
standard 
of care, 
probabilist
ic, mean 
£ (CrI), p 

Standard 
of care 

                      
£ 8,157  

44.871 
  

 
 

 

Reinviting 
above 
3.5ng/ml 

                     
£ 8,225 

44.875                       
£ 17,449  

 £ 10 £ 8.9, p= 
64% 

 £ 10  £ 9 (-
65;81), 
p=64% 

Reinviting 
above 3 
ng/ml 

                    
£ 8,236  

44.876                      
£ 17,864  

- £ 1 - £0.5, p= 
49% 

 £ 9  £ 8 (-
78;91), 
p=61% 

Screening 
everyone 

                      
£ 8,286  

44.879                      
£ 17,648  

£ 7 £ 5.3, p= 
60% 

 £ 17  £14 (-
127;149), 
p=61% 
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¢ŀōƭŜ онΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ŀƴŘ ƻǘƘŜǊ ƛƴǘŜǊǾŜƴǝƻƴǎ 

όŘŜǘŜǊƳƛƴƛǎǝŎ ǳǎƛƴƎ ǘƘŜ DǊŜŜƴ .ƻƻƪ ǎŎŜƴŀǊƛƻύΣ ƳŜƴ ƻŦ ǳƴƪƴƻǿƴ Ǌƛǎƪ 

Scenario Costs, £ Effects ICER (to 
standard of 
care), £ 

NMB (Full incremental 
analysis), £ 

NMB (standard of 
care), £ 

Standard of 
care 

 £        8,167  47.513 
   

Reinviting 
above 
3.5ng/ml 

 £        8,235  47.520 £        9,328   £                             41   £                          41  

Reinviting 
above 3 
ng/ml 

 £        8,246  47.521  £         9,500   £                               4  £                          46 

Screening 
everyone 

 £        8,296  47.526  £         9,338  £                                 33  £                          78 

 

CƛƎǳǊŜ утΥ /ƻǎǘ ŜũŜŎǝǾŜƴŜǎǎ ǇƭŀƴŜ ŦƻǊ ǎŎǊŜŜƴƛƴƎ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǝƻƴ ŀǘ ŀƎŜǎ ру ŀƴŘ сл Ǿǎ 

ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 

 
,ÅÇÅÎÄȡ 3ÃÒÅÅÎ ωό ÁÎÄ ϊτ ɀ !ÌÌ ÉÎÄÉÖÉÄÕÁÌÓ ÁÒÅ ÉÎÖÉÔÅÄ ÆÏÒ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωτ ÁÎÄ ωόȠ 3ÃÒÅÅÎ ωό ÁÎÄ ϊτȟ 
χÎÇȾÍÌɀ /ÎÌÙ ÔÈÏÓÅ ×ÉÔÈ 03! ÌÅÖÅÌÓ ÁÂÏÖÅ χ ÎÇȾÍÌ ÁÔ ÔÈÅ УÉÒÓÔ ÓÃÒÅÅÎ ÁÒÅ ÒÅÉÎÖÉÔÅÄ ÁÔ ÁÇÅ ϊτȠ 3ÃÒÅÅÎ ωό ÁÎÄ ϊτȟ 
χȢωÎÇȾÍÌ ɀ /ÎÌÙ ÔÈÏÓÅ ×ÉÔÈ 03! ÌÅÖÅÌÓ ÁÂÏÖÅ χȢω ÎÇȾÍÌ ÁÔ ÔÈÅ УÉÒÓÔ ÓÃÒÅÅÎȟ ÁÓ ÒÅÃÏÍÍÅÎÄÅÄ ÂÙ .)#%ȟ ÁÒÅ 
ÒÅÉÎÖÉÔÅÄ ÁÔ ÁÇÅ ϊτȢ 

 

 

9.2. Risk stratified screening for 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 NICE-recommended 

threshold of 3.5 ng/ml for this age group or 3 ng/ml as used in non-risk-stratified 

screening), see Figures 88 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.  

CƛƎǳǊŜ ууΥ LƴŎǊŜƳŜƴǘŀƭ [¸{ ŀƴŘ v![¸ǎ ǇŜǊ ǇŜǊǎƻƴ ǿƛǘƘ ǎŎǊŜŜƴƛƴƎ ƳŜƴ ǿƛǘƘ ŦŀƳƛƭƛŀƭ Ǌƛǎƪ ŀǘ 

ŀƎŜǎ ру ŀƴŘ сл Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 

 
,ÅÇÅÎÄȡ ,93 ɀ ÌÉÆÅ ÙÅÁÒÓ ÓÁÖÅÄȠ 1!,93 ȤÑÕÁÌÉÔÙ ÁÄÊÕÓÔÅÄ ÌÉÆÅ ÙÅÁÒÓ 

 

CƛƎǳǊŜ уфΥ LƴŎǊŜƳŜƴǘŀƭ Ŏƻǎǘǎ ǿƛǘƘ ǎŎǊŜŜƴƛƴƎ ƳŜƴ ǿƛǘƘ ŦŀƳƛƭƛŀƭ Ǌƛǎƪ ŀǘ ŀƎŜǎ ру ŀƴŘ сл 

όŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜύΣ ǇŜǊ ǇŜǊǎƻƴ 

 

 

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% CrI -£119; £230) at a willingness-to-pay threshold of £20,000 

per QALY. This was followed by reinviting men with PSA >3 ng/ml (£41 in 

deterministic and £35, 95% CrI -£61; £120 in probabilistic) and PSA >3.5 ng/ml 

(£37 in deterministic and £32 95% CrI -£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 cost-effective strategy in both deterministic and 

probabilistic analyses in the base case and Green Book scenarios (Table 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). 

CƛƎǳǊŜ флΥ /ƻǎǘ ŜũŜŎǝǾŜƴŜǎǎ ǇƭŀƴŜ ŦƻǊ ǎŎǊŜŜƴƛƴƎ ƳŜƴ ǿƛǘƘ ŦŀƳƛƭƛŀƭ Ǌƛǎƪ ŀǘ ŀƎŜǎ ру ŀƴŘ сл Ǿǎ 

ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 

 

 

,ÅÇÅÎÄȡ 3ÃÒÅÅÎ ωό ÁÎÄ ϊτ ɀ !ÌÌ ÉÎÄÉÖÉÄÕÁÌÓ ÁÒÅ ÉÎÖÉÔÅÄ ÆÏÒ ÓÃÒÅÅÎÉÎÇ ÁÔ ÁÇÅÓ ωτ ÁÎÄ ωόȠ 3ÃÒÅÅÎ ωό ÁÎÄ ϊτȟ 
χÎÇȾÍÌɀ /ÎÌÙ ÔÈÏÓÅ ×ÉÔÈ 03! ÌÅÖÅÌÓ ÁÂÏÖÅ χ ÎÇȾÍÌ ÁÔ ÔÈÅ УÉÒÓÔ ÓÃÒÅÅÎ ÁÒÅ ÒÅÉÎÖÉÔÅÄ ÁÔ ÁÇÅ ϊτȠ 3ÃÒÅÅÎ ωό ÁÎÄ ϊτȟ 
χȢωÎÇȾÍÌ ɀ /ÎÌÙ ÔÈÏÓÅ ×ÉÔÈ 03! ÌÅÖÅÌÓ ÁÂÏÖÅ χȢω ÎÇȾÍÌ ÁÔ ÔÈÅ УÉÒÓÔ ÓÃÒÅÅÎȟ ÁÓ ÒÅÃÏÍÍÅÎÄÅÄ ÂÙ .)#%ȟ ÁÒÅ 
ÒÅÉÎÖÉÔÅÄ ÁÔ ÁÇÅ ϊτȢ 



157 

 

¢ŀōƭŜ ооΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ŀƴŘ ƻǘƘŜǊ ƛƴǘŜǊǾŜƴǝƻƴǎΣ ƳŜƴ 

ǿƛǘƘ ŦŀƳƛƭƛŀƭ Ǌƛǎƪ 

Scenario Costs, 
£ 

Effect
s 

ICER (to 
standar
d of 
care), £ 

NMB (Full 
incremental 
deterministic 
analysis), £ 

NMB (Full 
incremental 
probabilistic 
analysis), 
mean £, p 

NMB 
(standard of 
care), 
deterministi
c, £ 

NMB vs 
standard of 
care, 
probabilistic, 
mean £ (CrI), 
p 

Standard 
of care 

              
£ 8,636  

44.77
7 

        

Reinviting 
above 
3.5ng/ml 

        
£ 8,704  

44.78
2 

                    
£ 12,944  

 £ 37  £ 32, p=78%  £37  £ 32 (-61; 
120), p =79% 

Reinviting 
above 3 
ng/ml 

           
£ 8,714  

44.78
3 

£ 13,080   £ 5  £ 3.5, p=71%  £41  £ 35 (-71;137), 
p=79% 

Screening 
everyone 

            
£ 8,767  

44.78
7 

 
£ 13,051  

£ 29  £ 24, p=78%  £70  £ 59 (-120; 
230), p=79% 

 

¢ŀōƭŜ опΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ŀƴŘ ƻǘƘŜǊ ƛƴǘŜǊǾŜƴǝƻƴǎ 

όŘŜǘŜǊƳƛƴƛǎǝŎ ǳǎƛƴƎ ǘƘŜ DǊŜŜƴ .ƻƻƪ ǎŎŜƴŀǊƛƻύΣ ƳŜƴ ǿƛǘƘ ŦŀƳƛƭƛŀƭ Ǌƛǎƪ 

Scenario Costs, £ Effe
cts 

ICER (to standard 
of care), £ 

NMB (Full incremental 
analysis), £ 

NMB (standard of 
care) , £ 

Standard of care  £      8,646  47.3
77 

      

Reinviting above 
3.5ng/ml 

 £      8,713  47.3
87 

 £                 7,020   £                                77   £                    77  

Reinviting above 
3 ng/ml 

 £      8,724  47.3
88 

 £                  7,082   £                                  11  £                  87  

Screening 
everyone 

 
£               
8,777  

47.3
96 

 £                 7,019  £                                 62  £                149 

 

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 scenarios, with 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 re-invited regardless of PSA 

level—compared to strategies that only re-invited those with elevated PSA results 

from the initial round (Figure 91). 
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CƛƎǳǊŜ фмΥ LƴŎǊŜƳŜƴǘŀƭ [¸{ ŀƴŘ v![¸ǎ ǇŜǊ ǇŜǊǎƻƴ ǿƛǘƘ ǎŎǊŜŜƴƛƴƎ ƳŜƴ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ Ǿǎ 

ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 

 
,ÅÇÅÎÄȡ ,93 ɀ ÌÉÆÅ ÙÅÁÒÓ ÓÁÖÅÄȠ 1!,93 ȤÑÕÁÌÉÔÙ ÁÄÊÕÓÔÅÄ ÌÉÆÅ ÙÅÁÒÓ 

 

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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CƛƎǳǊŜ фнΥ LƴŎǊŜƳŜƴǘŀƭ Ŏƻǎǘǎ ǇŜǊ ǇŜǊǎƻƴ ǿƛǘƘ ǎŎǊŜŜƴƛƴƎ ƳŜƴ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ 

ŎŀǊŜ 

 

 

Among scenarios where screening started at age 40, screening everyone was the 

most cost-effective strategy in both deterministic and probabilistic pairwise and 

full incremental analyses in the base case and Green book analyses (Table 35 and 

Table 36). A single screen at age 40 followed by selective re-invitation based on 

PSA levels was not cost-effective in deterministic analysis. In the probabilistic full 

incremental analysis, all comparators had a 75–80% probability of being cost-

effective at the NICE threshold (Figure 93). Using a lower PSA threshold of 

2.5 ng/ml led to slightly lower costs compared to 3.5 ng/ml, but this did not alter 
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the conclusion that screening everyone remained the most cost-effective 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 care (Table 37). However, biennial screening of all 

men from ages 45 to 61 was the most cost-effective strategy on the efficiency 

frontier  in both base case and Green Book (Table 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 (Figure 94). Screening once in two or four years from age 45 to 

61 had positive incremental NMB, though with wide CrI with around 20% of 

probabilistic runs resulting in negative NMB. 

Biennial screening from age 45 to 61 emerged as the most cost-effective strategy 

for Black men in 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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CƛƎǳǊŜ фоΥ /ƻǎǘ ŜũŜŎǝǾŜƴŜǎǎ ǇƭŀƴŜ ŦƻǊ ǎŎǊŜŜƴƛƴƎ ƳŜƴ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ ǎǘŀǊǝƴƎ ŀǘ ŀƎŜ пл Ǿǎ 

ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 

 

CƛƎǳǊŜ фпΥ /ƻǎǘ ŜũŜŎǝǾŜƴŜǎǎ ǇƭŀƴŜ ŦƻǊ ǎŎǊŜŜƴƛƴƎ ƳŜƴ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ ǎǘŀǊǝƴƎ ŀǘ ŀƎŜ пр Ǿǎ 

ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 

 



162 

 

¢ŀōƭŜ орΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ŀƴŘ ƻǘƘŜǊ ƛƴǘŜǊǾŜƴǝƻƴǎ ǿƛǘƘ 

ŀƎŜ ŦƻǊ Ǌƛǎƪ ǎǘǊŀǝŬŎŀǝƻƴ плΣ ƳŜƴ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ 

Scenario Costs, £ Effects ICER (to 
standard of 
care), £ 

NMB (Full 
incremental 
deterministi
c analysis), £ 

NMB (vs 
standard of 
care), 
deterministi
c, £ 

NMB mean 
and 95%CrI 
(vs standard 
of care), 
probabilistic
, £ 

Standard of 
care 

 £ 5,683  36.176        

Reinviting 
above 3 
ng/ml 

 £ 5,721  36.177 £ 36,636 -£ 17.09  -£17.09  40 (-70; 
136), p=81% 

Reinviting 
above 
2.5ng/ml 

 £ 5,743  36.178  £ 27,589  -£ 17  -£17  36 (-59; 
118), p=81% 

Screening 
everyone 

 £ 5,976  36.196  £ 14,906  £ 100  £ 100  67 (-
113;229), 
p=81% 

 

¢ŀōƭŜ осΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ŀƴŘ ƻǘƘŜǊ ƛƴǘŜǊǾŜƴǝƻƴǎ ǿƛǘƘ 

ŀƎŜ ŦƻǊ Ǌƛǎƪ ǎǘǊŀǝŬŎŀǝƻƴ пл όŘŜǘŜǊƳƛƴƛǎǝŎ ǿƛǘƘ DǊŜŜƴ .ƻƻƪ ǎŎŜƴŀǊƛƻύΣ ƳŜƴ ƻŦ 

.ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ  

Scenario Costs, £ Effec
ts 

ICER (to standard of 
care), £ 

NMB (Full 
incremental 
analysis), £ 

NMB (vs standard of 
care), £ 

Standard of 
care 

 £     5,806  42.54
4 

      

Reinviting 
above 3 
ng/ml 

 £     5,844  42.54
7 

 £                            13,932  £                      3   £                                  3  

Reinviting 
above 
2.5ng/ml 

 £     5,866  42.54
9 

 
£                             11,288 

 £                    20   £                                20  

Screening 
everyone 

 £     6,097  42.59
4 

 £                               5,778   £                 465  £                               465 
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¢ŀōƭŜ отΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ŀƴŘ ƻǘƘŜǊ ƛƴǘŜǊǾŜƴǝƻƴǎ ǿƛǘƘ ŀƎŜ ŦƻǊ Ǌƛǎƪ ǎǘǊŀǝŬŎŀǝƻƴ прΣ ƳŜƴ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ 

Scenario Costs, £ Effects ICER (to standard of 
care), £ 

NMB (Full 
incremental 
probabilistic 
analysis), £ 

NMB (Full 
incremental 
deterministic 
analysis), mean £, p 

NMB (standard of 
care), deterministic, 
£ 

NMB vs standard of 
care, probabilistic, 
mean £ (CrI), p 

Standard of care £ 6,678  38.987         

Reinviting above 
3ng/ml (4an 45-61) 

£ 6,719  39.005  £ 2,283  

£ 7,  

p =67% £ 315  £315  

£ 7 

(-53;45), p=67% 

Reinviting above 
3ng/ml (bien 45-61) 

£ 6,736  38.990  £17,911  

- £ 6,  

p =15% -£309   £7  

£ 0.7 

 (-53;47), p=54% 

Reinviting above 
2.5ng/ml (4an 45-61) 

£ 6,748  38.992  £15,716  

£ 5,  

p =72% -£297  £19  

£ 5 

 (-67;70), p=62% 

Reinviting above 
2.5ng/ml (bien 45-61) 

£ 6,773  38.993  £17,894  

- £ 12,  

p =10% -£304  £11  

£ -7  

(-101;72), p=47% 

Screening everyone 
4an, 45-61 

£ 6,884  39.006  £ 10,849  

£ 158, 

 p =83% -£142  £173  

£ 151  

(-197;441), p=81% 

Screening everyone 
bien 45-61 

£ 7,032  39.015 £12,633  

£ 4,  

p =62% - £109  
                                

£206  

£ 155 

 (-377; 583), p=79% 
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¢ŀōƭŜ оуΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ŀƴŘ ƻǘƘŜǊ ƛƴǘŜǊǾŜƴǝƻƴǎ ǿƛǘƘ ŀƎŜ ŦƻǊ Ǌƛǎƪ ǎǘǊŀǝŬŎŀǝƻƴ пр όŘŜǘŜǊƳƛƴƛǎǝŎ ǿƛǘƘ DǊŜŜƴ .ƻƻƪ 

ŘƛǎŎƻǳƴǝƴƎύΣ ƳŜƴ ƻŦ .ƭŀŎƪ ŜǘƘƴƛŎƛǘȅ 

Scenario Costs, £ Effects ICER (to standard of care), £ NMB (Full incremental 
analysis), £ 

NMB (vs standard of care), 
£ 

Standard of care  £                                 6,759  44.141       

Reinviting above 3ng/ml 
(4an 45-61) 

 £                                 6,800  44.162  £                                      1,930   £                                        275   £                                        275  

Reinviting above 3ng/ml 
(bien 45-61) 

 £                                 6,817  44.148  £                                      8,349  -£                                        229   £                                          46  

Reinviting above 2.5ng/ml 
(4an 45-61) 

 £                                 6,829  44.150  £                                      7,325  -£                                        202   £                                          73  

Reinviting above 2.5ng/ml 
(bien 45-61) 

 £                                 6,854  44.152  £                                      8,145  -£                                        195   £                                          80  

Screening everyone 4an, 
45-61 

 £                                 6,965  44.185  £                                      4,662   £                                        183   £                                         458  

Screening everyone bien 
45-61 

 £                                 7,114  44.207  £                                      5,387   £                                        176   £                                         634  
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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. when all men were re-invited regardless of PSA level—compared 

to strategies that only re-invited those with elevated PSA results from the initial 

round (Figure 95). 

CƛƎǳǊŜ фрΥ LƴŎǊŜƳŜƴǘŀƭ [¸{ ŀƴŘ v![¸ǎ ǇŜǊ ǇŜǊǎƻƴ ǿƛǘƘ ǎŎǊŜŜƴƛƴƎ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǝƻƴ ŀǘ ŀƎŜǎ 

ру ŀƴŘ сл Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 

 
,ÅÇÅÎÄȡ ,93 ɀ ÌÉÆÅ ÙÅÁÒÓ ÓÁÖÅÄȠ 1!,93 ȤÑÕÁÌÉÔÙ ÁÄÊÕÓÔÅÄ ÌÉÆÅ ÙÅÁÒÓ 

Screening also resulted in higher costs in all scenarios, even though the 

treatment costs were lower in all evaluated screening programmes (Figure 96). 
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CƛƎǳǊŜ фсΥ LƴŎǊŜƳŜƴǘŀƭ Ŏƻǎǘǎ ǇŜǊ ǇŜǊǎƻƴ ǿƛǘƘ ǎŎǊŜŜƴƛƴƎ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǝƻƴ ŀǘ ŀƎŜǎ ру ŀƴŘ сл 

Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ 

 

 

For scenarios that initiated screening at age 40, biennial screening from age 40 to 

58 was the most cost-effective strategy in both deterministic and probabilistic 

analyses in the base case (Table 39) and Green Book (Table 40) scenarios. A less 

cost-effective approach was to screen at age 40 and then reinvite only those above 

a pre-defined PSA threshold (Figure 97). 

In scenarios which started screening at age 45, all strategies were found to be cost-

effective compared to standard care (Table 41, Figure 98). Similar to the findings 

for men of Black ethnicity, biennial screening for all men from ages 45 to 61 was 

the most cost-effective strategy on the efficiency frontier in both base case (Table 

41) and Green Book scenario (Table 42). 

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

to 61 emerged as the most cost-effective strategy across all scenarios examined. 
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¢ŀōƭŜ офΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ŀƴŘ ƻǘƘŜǊ ƛƴǘŜǊǾŜƴǝƻƴǎ ǿƛǘƘ ŀƎŜ ŦƻǊ Ǌƛǎƪ ǎǘǊŀǝŬŎŀǝƻƴ плΣ .w/! ŎŀǊǊƛŜǊǎ 

Scenario Costs, £ Effects ICER (to standard of 
care), £ 

NMB (Full 
incremental 
deterministic 
analysis), £ 

NMB (Full 
incremental 
probabilistic 
analysis), mean £, p 

NMB (standard of 
care), deterministic, 
£ 

NMB vs standard of 
care, probabilistic, 
mean £ (CrI), p 

Standard of care  £ 6,892  35.728        

Screening at 40 and 
reinviting biennially 
till 58 if PSA above 3 

ng/ml 

 £ 6,901  35.729  £11,046  £ 8 £ 4, p=78%  £8  £4 (-5; 15), p=78% 

Screening at 40 and 
reinviting till 58 if 

PSA above 2.5ng/ml 

 £6,907  35.729  £9,156  £ 10 £ 11, p=96%  £18  15 (-2; 34), p=96% 

Screening everyone 
biennially from 40-

58 

 £6,986  35.741  £6,976  £ 158 £ 163, p=100%  £176  £ 178 (45; 317), 
p=100% 

 
¢ŀōƭŜ плΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ŀƴŘ ƻǘƘŜǊ ƛƴǘŜǊǾŜƴǝƻƴǎ ǿƛǘƘ ŀƎŜ ŦƻǊ Ǌƛǎƪ ǎǘǊŀǝŬŎŀǝƻƴ пл όŘŜǘŜǊƳƛƴƛǎǝŎ ǿƛǘƘ DǊŜŜƴ .ƻƻƪ 

ǎŎŜƴŀǊƛƻύΣ .w/! ŎŀǊǊƛŜǊǎ 

Scenario Costs, £ Effects ICER (to standard of care), £ NMB (Full incremental 
analysis), £ 

NMB (vs standard of care), 
£ 

Standard of care  £7,016  41.854 
   

Screening at 40 and 
reinviting till 58 if PSA 
above 3 ng/ml 

 £7,025  41.856  £5,202   £18   £18  

Screening at 40 and 
reinviting till 58 if PSA 
above 2.5ng/ml 

 £7,031  41.857  £4,275   £20   £38  

Screening everyone 
biennially from 40-58 

 £7,111  41.887  £2,863   £364  £402  
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¢ŀōƭŜ пмΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ŀƴŘ ƻǘƘŜǊ ƛƴǘŜǊǾŜƴǝƻƴǎ ǿƛǘƘ ŀƎŜ ŦƻǊ Ǌƛǎƪ ǎǘǊŀǝŬŎŀǝƻƴ прΣ .w/! ŎŀǊǊƛŜǊǎ 

Scenario Costs, £ Effects ICER (to standard of 
care), £ 

NMB (Full 
incremental 
deterministic 
analysis), £ 

NMB (Full 
incremental 
probabilistic 
analysis), mean £, p 

NMB (standard of 
care), deterministic, 
£ 

NMB vs standard of 
care, probabilistic, 
mean £ (CrI), p 

Standard of care  £8,121  38.353         

Reinviting above 
PSA 3ng/ml (1/2y, 
45-61) 

 £8,137  38.356  £6,313   £34 £ 28, p=100%  £34  £ 28 (7; 51), p=100% 

Reinviting above 
PSA 2.5ng/ml (1/4y, 
45-61) 

 £8,140  38.357  £5,507   £16  £ 13, p=100%  £50  £ 41 (13; 73), 
p=100% 

Reinviting above 
PSA 2.5ng/ml (1/2y, 
45-61) 

 £8,147  38.357  £6,291  £6  £ 5, p=89%  £55  £ 46 (12; 82), 
p=100% 

Screening everyone 
1/4y, 45-61 

 £8,191  38.366  £5,341   £135  £ 137, p=100%  £190  £ 183 (61;319), 
p=100% 

Screening everyone 
1/2y, 45-61 

 £8,239  38.372  £6,095   £78  £ 70, p=98% £268  £ 252 (63; 448), 
p=100% 
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¢ŀōƭŜ пнΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ Ǿǎ ǎǘŀƴŘŀǊŘ ƻŦ ŎŀǊŜ ŀƴŘ ƻǘƘŜǊ ƛƴǘŜǊǾŜƴǝƻƴǎ ǿƛǘƘ ŀƎŜ ŦƻǊ Ǌƛǎƪ ǎǘǊŀǝŬŎŀǝƻƴ пр όŘŜǘŜǊƳƛƴƛǎǝŎ ǿƛǘƘ DǊŜŜƴ .ƻƻƪ 

ǎŎŜƴŀǊƛƻύΣ .w/! ŎŀǊǊƛŜǊǎ 

Scenario Costs, £ Effects ICER (to standard of care), £ NMB (Full incremental 
analysis), £ 

NMB (vs standard of care), 
£ 

Standard of care  £8,176  43.428 
   

Reinviting above PSA 
3ng/ml (1/2y, 45-61) 

 £                                 8,192  43.432 
 £                                                                       

3,897   £                                           47   £                                  47  

Reinviting above PSA 
2.5ng/ml (1/4y, 45-61) 

 £                                 8,196  43.434 
 £                                                                       

3,252   £                                           25   £                                71  

Reinviting above PSA 
2.5ng/ml (1/2y, 45-61) 

 £                                 8,202  43.445 
 £                                                                       

3,506   £                                           14   £                                85  

Screening everyone 1/4y, 
45-61 

 £                                 8,248  43.455 
 £                                                                       

2,623   £                                        255   £                                341  

Screening everyone 1/2y, 
45-61 

 £                                 8,298  43.469 
 £                                                                       

2,964   £                                        154   £                                494  
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CƛƎǳǊŜ фтΥ /ƻǎǘ ŜũŜŎǝǾŜƴŜǎǎ ǇƭŀƴŜ ŦƻǊ ǎŎǊŜŜƴƛƴƎ .w/! ŎŀǊǊƛŜǊǎ ǎǘŀǊǝƴƎ ŀǘ ŀƎŜ пл Ǿǎ ǎǘŀƴŘŀǊŘ 

ƻŦ ŎŀǊŜϝ 

 

 
*These scenarios were run with the smaller population of 300,000 men and so are subject to 
stochastic uncertainty  

 

CƛƎǳǊŜ фуΥ /ƻǎǘ ŜũŜŎǝǾŜƴŜǎǎ ǇƭŀƴŜ ŦƻǊ ǎŎǊŜŜƴƛƴƎ .w/! ŎŀǊǊƛŜǊǎ ǎǘŀǊǝƴƎ ŀǘ ŀƎŜ пр Ǿǎ ǎǘŀƴŘŀǊŘ 

ƻŦ ŎŀǊŜ 
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10. Discussion and Conclusions 

10.1. Summary of the Modelling Results 

As expected, the cost-effectiveness of screening increased with the population's 

risk and cancer's aggressiveness. Among the four subgroups analysed—all-risk 

men, Black men, men with familial risk, and BRCA carriers—screening BRCA 

carriers was the most cost-effective. In contrast, screening the all-risk population 

was associated with the most uncertainty (Figure 99). 

The risk stratification based on initial PSA values was not a cost-effective 

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 of their initial test.  

CƛƎǳǊŜ ффΥ LƴŎǊŜƳŜƴǘŀƭ ƴŜǘ ƳƻƴŜǘŀǊȅ ōŜƴŜŬǘ ŦƻǊ ǾŀǊƛƻǳǎ ǎŎǊŜŜƴƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ƛƴ ŦƻǳǊ 

ǇƻǇǳƭŀǝƻƴ ǎǳōƎǊƻǳǇǎΥ ǇǊƻōŀōƛƭƛǎǝŎ ŀƴŀƭȅǎŜǎ 
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In all four population groups, applying the Green Book scenario—where costs 

are discounted more heavily than effects, discounting rates vary over time, and 

the willingness-to-pay threshold is set at £15,000—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 cost-effective 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 cost-effective relative to the base case. Likewise, long-term 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 often expected 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 cost-effectiveness 

threshold for evaluating screening programmes. 

General population: Conclusions 

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 58–60 - the 

ages with the highest positive NMB in deterministic analyses -is cost-effective, 

with a probability below 60%. Offering an initial screen at age 58 and re-inviting 

only those above the PSA threshold at age 60 did not improve cost-effectiveness. 

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 cost-effective. Likewise, improving model fit to calibration data or 

avoiding extrapolation to mortality would reduce NMB and further decrease the 

probability that screening is cost-effective. Screening all men, irrespective of their 

risk profile, would also impose substantial demands on healthcare resources. 

Familial risk: Conclusions 

The cost-effectiveness 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 58-60. 

Using the first PSA result to 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 age- and state-dependent 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 familial-risk 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-degree relative 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 first-degree relative 

with prostate cancer. Future research should explore whether screening men with 

a family history of aggressive disease (e.g., early-onset 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 general risk. 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 benefit–harm profile 

was screening every four years between ages 50 and 62. Screening 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 GP-based PSA 

screening study by Langley at all (2025)[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 

data often categorise “mixed race” without distinguishing Black–White mixed 

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 expected 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 cost-effective, 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. Probabilistic and sensitivity analyses show high certainty that biennial 

screening from age 45 to 61 is cost-effective. 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 cost-effectiveness of BRCA testing itself, which 

should be examined separately. In addition, because prostate cancer–specific 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 BRCA1 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 cancer onset 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 overdiagnosis depends 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 well-established natural history model frameworks include the 

CISNET prostate cancer models (PSAPC, MISCAN-PRO, and SCANS), the CAP 

model, and the Karlsson/Stockholm Prostata model [26, 28, 42, 70-73]. 

10.2.1. Description of the models used for comparison 

PSA-Prostate Cancer Model (FHCRC) 

PSA-Prostate Cancer (PSAPC) model is a microsimulation model developed by the 

Fred Hutchinson Cancer Research Centre (FHCRC) in the US [27, 72, 74]. It is 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. PSAPC model assumed that Gleasson Grade does not change over 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.  

MISCAN-PRO (Erasmus MC) 

The microsimulation screening analysis prostate cancer model (MISCAN-PRO) 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 prostate cancer[25, 69, 

75]. The model evaluates impact of PSA screening on prostate cancer incidence 

and mortality and was used to reconstruct to the results of Rotterdam section of 

the ERSPC trial and trends in the US population. The latest version of MISCAN-PRO 

allows tumour grade to progress over time. Calibration was based on data from 

the ERSPC-Rotterdam trial and Dutch cancer registries, targeting age-specific 

incidence, stage, and detection rates. In the U.S. version, calibration was 

performed to match baseline incidence and PSA testing patterns from SEER data 

[73] . 

SCANS (Michigan) 

The Self-Consistency Analysis of Surveillance (SCANS) model 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 mortality. The 

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 framework 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 age-specific 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 55–69 years. 

CAP-based UK model 

The CAP-based UK model is an individual microsimulation model based on cluster 

randomised trial of PSA testing for prostate cancer (i.e. the abbreviation - 

CAP)[42] . The model was primarily developed by a team from the University of 

Bristol to evaluate the cost-effectiveness of PSA screening in the UK using data 

from CAP and the ProtecT trials. The model extends the Stockholm Prostata Model 

[71]  described above. The model to represent the natural history of prostate 

cancer through age- and PSA-dependent transitions from healthy, screen-

detectable, clinically diagnosed, to 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 of overdiagnosis estimation in 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 screen-detected incidence. In the SCHARR model, overdiagnosis was defined as 

the proportion of screen-detected cases, based on consultations with clinical 

experts (see Supplementary I, Phase 2). Because the choice of denominator has a 

substantial impact on predicted levels of overdiagnosis, Figure 100 presents 

results only from models that applied the same definition. 

Estimates of overdiagnosis varied widely (6–82%), 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 10-year follow-up period (6–25%). The MISCAN-PRO model 

showed substantial variation depending on the epidemiological inputs and 

screening ages. Its minimum estimates were similar to those from the SCHARR 

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

older ages. On average, MISCAN-PRO predicted higher overdiagnosis than 

SCHARR, although this may reflect differences in screening schedules, which were 

not always clearly reported. 

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

was broadly similar to SCHARR’s estimates for the same age (30% vs 27%). The 

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

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

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

CƛƎǳǊŜ мллΥ hǾŜǊŘƛŀƎƴƻǎƛǎ όǇǊƻǇƻǊǝƻƴ ƻŦ ǎŎǊŜŜƴπŘŜǘŜŎǘŜŘ ŎŀƴŎŜǊǎύ ǳƴŘŜǊ ƻƴŜπǝƳŜ ǎŎǊŜŜƴƛƴƎ 

ƻŦ ǘƘŜ ƎŜƴŜǊŀƭ ǇƻǇǳƭŀǝƻƴ ƛƴ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ǎŎǊŜŜƴƛƴƎ ƳƻŘŜƭǎ 

 

Overdiagnosis is a model-dependent 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 dif ficult 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 assumptions - such as the 

age-related increase in PSA values in the SCHARR model - or differences in key 

parameters, including age-specific prostate cancer mortality. 

10.3. Model limitations 

The model predictions are subject to substantial uncertainty, primarily due to 

limitations in the knowledge of the NHD, as well as test accuracy estimates. The 

model did not incorporate a correlation between ethnicity and familial history 

because of no data describing three-factors 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 ethnicity was not adjusted for familial 

history in the used liter 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 effective. Uncertainty in the natural 

history parameters informed through calibration - specifically, the concentration 

of parameter estimates into several distinct regions of the parameter space - led 

to the probabilistic NMB results forming multiple clusters. This clustering became 

more pronounced at older screening ages, reflecting using age as a correlated 

factor across several model functions. 

As it is described above, the 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 space, what 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 higher-grade cancers (based on GGG) are 

more aggressive than lower-grade 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 low-grade cancer, and men with 
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high-grade cancer. This includes both general trends in age-related PSA increases 

and the specific trajectories of PSA progression by cancer status. 

The model assumes that cancer progresses faster in older age. However, much of 

the model input data are underrepresented in younger (<55 years) and older (>75 

years) age groups. This affects both trial-based and population-level 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 whether prostate cancer is more 

aggressive in men of Black ethnicity than in other ethnic groups. Phase 1 

stakeholder engagement supported the view that prostate 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 cost-effectiveness of 

screening in men of Black ethnicity. In such a case, the predictions 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 comparable to those of other subgroups. No evidence 

was identified to support alternative assumptions. 

10.4. Data limitations and requirements 

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 decision-making 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 

BRCA2, 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 estimates 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 BRCA2, 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 

BRCA1/2 mutations are genetically inherited, reliance on Biobank data may 

underestimate BRCA mutation prevalence. 

Improved estimates of BRCA1/2 prevalence in a representative UK population 

are therefore essential for future research on high-risk groups. 

Impact of BRCA1 Mutation on Cancer Onset Risk  

The model assumed that BRCA1 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 mutation 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, and - since progression speed in the model is 

correlated with GGG - a faster disease progression overall. This assumption was 

informed by US-based 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 UK-specific 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 

CAP trial data support that older men in no-screening arm indeed have a higher 

proportion of GGG3-5, but not of GGG1-2. 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 IɀIV 

Classification)  

Converting between staging systems introduces additional uncertainty. As recent 

UK data on age- and stage-specific incidence were unavailable, several 

assumptions were required (see Section 5.7). A significant proportion of cancers 

were unstaged based on the 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 large-scale 

pathology studies. Consequently, the prevalence of undiagnosed cancer, speed of 

progression, and rate of clinical diagnosis in the absence of screening remain 
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uncertain.  Although prostate cancer is generally considered a slow-growing 

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 initiated by the health service when someone presents 

for something else and does not have any symptoms – from incidental findings 

when someone presents with symptoms but have another disease suspected or 

symptomatic patients when someone has a suspected prostate 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 of self-selection through 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 decision-making. 

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 real-world 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 information-support 

infrastructure. 

10.5. Future modelling work 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 individual-level 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 low-grade and high-grade 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. Future research questions 

The current project evaluated three screening strategies: (1) single screening 

using a PSA threshold of 3 ng/ml, (2) repeat screening with the same threshold, 

and (3) risk-adapted screening, where invitation to repeat testing was based on 

the initial PSA result using either the NICE-recommended age-specific threshold 

or a flat threshold of 3 ng/ml regardless of age. 

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 research team only offered data access under 

conditions that included a full embargo on research outputs. Future modelling 

questions may focus on evaluating cost effectiveness of biomarkers in hugh-risk 

groups. 

While some risk-stratified 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 first-degree relative affected, or those who 

have relatives diagnosed at a younger age. 

Finally, the cost-effectiveness of BRCA testing in men was not evaluated in this 

study. This represents an important opportunity for higher-risk 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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Supplementary A: Comparison of parameter space for probability of 
onset parameter 

Some of the parameters from the posterior samples with 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.  

{ǳǇǇƭŜƳŜƴǘŀǊȅ CƛƎǳǊŜ {мΦ tƻǎǘŜǊƛƻǊ ŘƛǎǘǊƛōǳǝƻƴ ŦƻǊ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ŎƭƛƴƛŎŀƭ ŘƛŀƎƴƻǎƛǎ ƛƴ 

ǎǘŀƎŜ о όŀƴƴǳŀƭύ 
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Supplementary B. prostate cancer model data verification checks 

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

¶ HSE file size and age limit: Identical (correctly excludes individuals under age 

20 and identical dataset size) 

¶ BRCA uptake age: Identical (correctly implements age-specific probabilities 

from Forde et al. 2020) 

¶ Family history allocation: Identical (correctly implements non-random 

allocation based on BRCA status) 

¶ Palliative care costs by age and mortality cause: Identical (correctly 

implements Table 24 values with appropriate inflation) 

¶ GGG allocation: Fixed (now includes proper values for age 30, same as age 35 

in the report) 

¶ Cancer risk based on familial history HRs: Identical (correctly implements 

HRs for PC: 1.94, BC: 1.23, OC: 3.45) 

¶ Familial history probabilities based on BRCA status: Identical (Table 3 

values correctly implemented) 

¶ Accuracy of PSA test: Identical (sensitivities of 0.214 for GGG1, 0.449 for 

GGG2-5, 0.973 for Stage 4, specificity 0.851) 

¶ Accuracy of diagnostic MP-MRI : Identical (sensitivity 0.88, specificity 0.45) 

¶ Accuracy of LATP biopsy: Identical (sensitivity 0.52 for GGG1, 0.85 for 

GGG2+, specificity 0.98) 

¶ Utility decrements and multipliers: Identical (correct implementation of 

Table 18 values and biopsy decrement) 

¶ Sojourn time: Identical (correctly calibrated to 13.4 years for 50-69 year-olds) 

¶ Calibration parameters: Identical  

¶ Incidence of prostate cancer by age: Minor discrepancy (713.5 vs 714 per 

100,000 for ages 80-90+, negligible impact). Corrected. 

¶ Incidence by stage and age: Identical  

¶ Mortality by age: Identical  

¶ GGG by age and stage: Identical  

¶ Inflation and cost calculations: Mostly identical with one exception: 

o PSA Test cost inflation: Identical (Ã5.91 Ÿ Ã7.81) 

o Stage costs inflation: Identical  

o MP-MRI cost inflation : Discrepancy (report shows £270.25, model 

uses £316.01, 17% higher). Corrected. 
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Supplementary C. 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 explained, 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 assessed by LM and DP 

and were potential issues were identified, 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 given the 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 al[76] . 

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 MIMIC-prostate 
model 

Model test Error 
identified? 

Details 

Changed the uptake of 
PSA screening to 0, 0.25, 
0.36 (base case) 0.5, 0.75,1  

No Model results behaved as expected. As more 
people where screened, number of identified 
cancers rose 

Changed the sensitivity 
and specificity of MP-MRI 
to 0 and 1 

No Model results behaved as expected. Fewer 
cancers were identified when MP-MRI 
sensitivity and specificity were 0 

Many more cancers were identified when MP-
MRI sensitivity and specificity were 1 

Changed the sensitivity 
and specificity of biopsy 
testing to 0 and 1 

No Model results behaved as expected.  
Fewer cancers were identified when biopsy 
sensitivity and specificity were 0 

More cancers were identified when biopsy 
sensitivity and specificity were 1 

Changed the utility 
estimation so every 
ǇŀǘƛŜƴǘΩǎ ǳǘƛƭƛǘȅ ǿŀǎ м ŀƴŘ 
all decrements were 0 

Yes Life years did not equal QALYs. Error was 
identified as a small typo in the outcomes 
estimation recording QALYs in the wrong 
column. When fixed life years equalled QALYs.  

Set all screening costs to 
£0 and then to £100,000 

No Costs behaved as expected, when all screening 
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 substantially 
higher than when costs were £0. 

We set everyone in the 
model to have: 

1) Neither BCRA1 or 
BCRA 2 genes 

2) BCRA1 genes 
3) BCRA2 genes 

No The model behaved as expected.  

Compared to the base case (where a 
proportion of people have BCRA1 or BCRA 2), 
fewer cancer cases were found when no one 
had BCRA genes 

More cancer cases were identified in the 
scenarios where everyone either had BCRA1 
or BCRA2 genes.  

We set everyone in the 
model to have familial 
history of:  

Breast Cancer, Ovarian 
Cancer & Prostate cancer 
without BCRA mutations 

Breast Cancer, Ovarian 
Cancer & Prostate cancer 
with BCRA mutations 

 

No The model behaved as expected.  

The total incidence of prostate cancer at 80 
years was higher in both of these scenarios 
than in the base case model.  

The incidence was higher when the familial 
history was with BCRA mutations compared to 
familial history without BCRA mutations.  

Changed the relative risks 
of developing cancer 
associated with ethnic 
status, BCRA status and 
familial history on 
developing prostate 
cancer and GGG score to 
be  

Very harmful, 10 

Very protective, 0.1 

No We compared the results to the base case 
model.  

Setting all risk factors separately (i.e. one by 
one) to be very harmful made the model 
behave as predicted with increases in the 
incidence of cancer. 

Setting all risk factors separately to be 
protective made the model behave as 
predicted with deceases in the incidence of 
cancer.  

Set the mortality from 
prostate cancer to be 0 

No The model behaved as expected, life 
expectancy increased when death from 
prostate cancer was not possible  

PSA, prostate specific antigen; MP MRI, 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 two-year age bands. 

We identified that the incidence of cancer changed unexpectedly when screening 

changed over 10-year age bands (e.g. between 58 and 60, 68 and 70). Extensive 

checks of the model 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 cost-effectiveness 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 onset. 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. 
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Supplementary D. Model checks through scenario analyses 

1.  Discount rate of 5% applied to effects and 3.5% to costs.  

Fig 1a. General population  

 

Fig 1b. Black population  
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2.  Discount rate of 3.5% applied to both effects and costs.  

Fig 2a. General population 
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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  

 

Fig 4b. Black population 
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5. Perfect uptake of screening and diagnostic testing.  

Fig 5a General population  

 

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  

 

Fig 6b. Black population 
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7. Sensitivity adjusted by age only for men without cancer.  

Fig 7a General population  

 

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 

 

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 20ɀ70 and 0.5 for all other ages across cancer stages (see 

Figure 12 for the resulting fit).  

Fig 9a General population 

 

Fig 9b. Black population 
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10. Discounting as it is in the Green Book  

Fig 10a General population 

 

 

Fig 10b. Black population 
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Supplementary E. Setting up the model to run base case and 

deterministic scenarios 

E1. Base case scenario 

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 base-case 
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 occurs 

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            # Willingness-to-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 cost-effectiveness threshold 

 

To run the model with perfect uptake to see the net (maximum) cost-effectiveness of 
screening. 

These settings define the assumptions for a base-case 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  

c) Set Screening Scenario Parameters 
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Within the loop or in individual runs, set parameters for each scenario: 

PSA_age       <- age             # Start age of screening 

scr_frequency <- 1               # Screening frequency (e.g., annual) 

PSA_age_end   <- age             # End age (same as start for one-time 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 

 

E1.2. 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 cost-effective ages in analysis. 

To set up repeat 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 among high-risk 
population 

The set-up is exactly the same as for the general population. Each subgroup needs 
to be simulated in turns. To do that on the script run_model.R set up population to run 
and population to screen to be the same group. For example, for Black ethnicity, set up: 

 pop_run        <- "Black"            # Run model for the full population 

pop_screen     <- "Black"            # Screen the full population 

All the other script set-up should be similar to E1.1. and E1.2. 
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E1.4. Scenarios 

For general and high-risk sub-groups run the following scenarios:  

 

N Scenario Set up 

1 The model considers that 
population in screening arm 
will not die from cancer before 
reaching their age of 
symptomatic (or opportunistic 
screening) diagnosis in no 
organised screening scenario 

Lead_time==1 

2 Mortality from prostate cancer 
is extrapolated over 70 years 
(15 years in the base case) 

mort.limit <-70 

 PSA values change by age only 
in men without cancer 

 

 Survival in the model is 
readjusted for stage 3,4 
cancers to fit mortality data 

Apply a relative risk to the survival curves to fit 
mortality data 

3 Utilities are assumed to be 
lower in the first year since 
diagnosis 

Utility_adjust==1 

4 Higher (5% and 10%) 
discounting for costs and 
effects 

d.c <- 0.05 # Set discounting for costs 

d.e <- 0.05 # Set discounting for effects 

5 Higher (5% and 10%) 
discounting for effects only 

d.c <- 0.035 # Set discounting for costs 

d.e <- 0.05 # Set discounting for effects 

6 Impact of the start for 
discounting  

t.dw  set to 1 and run for all comparators; t.dw set 
to the cycle of screening implementation for the 
screening age when screening changes from cost-
effective to not cost effective          

 The Green Book (2022) 
discounting 

Declining long term discounting rate for costs and 
health as in green book 
https://www.gov.uk/government/publications/the-
green-book-appraisal-and-evaluation-in-central-
government/the-green-book-2020#a6-discounting 

7 Impact of uptake Replace uptake parameters with the perfect 
uptake (param_space$Uptake[ ] ==1) 

8   
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Supplementary F. Description of the population 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 

EQ5D: A standardised measure of health-related 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 data are 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 (0 or 1) indicating the presence of a BRCA1 
mutation, sampled based on a predefined probability (p.BRCA1). 

i.BRCA2.status: Binary variable (0 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.BC: Probability of familial history of breast cancer. 

p.i.Famil.OC: Probability of familial history of ovarian cancer. 

p.i.Famil.PC: Probability 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.OC: Binary 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, and PCs, 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 (nsample) 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, or prostate 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.BRCA1.status=1 or 
i.BRCA2.status=1). 

 

"Black": Individuals identified as ethnically Black (ethnic=2). 

 

"high_risk": A broader high-risk 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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Supplementary G. Description of the modelling outcomes 

All the outcomes are calculated per weighted individual at the model start. This 
means that the outcomes recorded during each cycle are divided by 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. 

 

N Outcome in the 
model 

Description  

1 TOTAL_COSTS Total costs (sum of treatment, diagnostic, and screening 
costs). 

2 Cancer_COSTS 

 

Total weighted treatment costs. The palliative care costs are 
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 PSA 
invitations and PSA tests 

5 LYS 

 

Total weighted LYS (discounted) 

6 QALYS 

 

Total weighted QALYs (discounted) 

7 LYS_n.d 

 

Total weighted LYS (undiscounted) 

8 QALYS_n.d 

 

Total weighted QALYs (undiscounted) 

9 St1_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 St1_SCRN    

  

Weighed cumulative proportion of population diagnosed 
with Stage 1 screen-detected cancer 

15 St2_SCRN   

 

Weighed cumulative proportion of population diagnosed 
with Stage screen-detected cancer 

16 St3_SCRN      

 

Weighed cumulative proportion of population diagnosed 
with Stage 3 screen-detected cancer 

17 St4_SCRN     

 

Weighed cumulative proportion of population diagnosed 
with Stage 4 screen-detected cancer 

18 St1_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 GGG1_St1_2     

 

Weighed cumulative proportion of population diagnosed 
with Stage 1 or 2 cancer having GGG1 

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_St1_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_St3_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 
screen-positive 

34 Invite_MP-MRI 

 

Weighed cumulative proportion of population invited to 
PSA screening 

35 MP-MRI           

 

Weighed cumulative proportion of population who 
attended MP-MRI to follow up screen positive test 

36 Positive_MP-MRI   Weighed cumulative proportion of population who were 
MP-MRI-positive 

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 
biopsy-positive 

40 FP               False positive cases (all with positive biopsy and no cancer) 

41 FN               False negative cases (all who were tested negatively at least 
in one of the diagnostic pathway stages biopsies and have 
cancer) 

42 PC True positive prostate cancer cases 
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Supplementary H. Predictions of overdiagnosis in scenarios 
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Supplementary I. Summary of stakeholder meetings 

Phase 1 Stakeholder meeting 

28/05/2024 Stakeholder Attendees: Dr Helen Hanson (geneticist), Dr 

Jim Catto (clinician), Natalia Norori (Prostate Cancer UK), Amy Rylance 

(Prostate Cancer UK) 

31/06/2024 Stakeholder Attendees: Dr Bill Cross (clinician), Dr Hashim 

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 done on the basis of cancer history, so the prevalence 

of BRCA1, 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 79-100 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 1-4. 

7. Gleason grade group distribution by stage and age 

AR, JC & NN: were 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. GGG1 in 

locally advanced cancer would be lower than 16%.  

 

BC: suggested using only the data for 60-79 year olds (average), with 1-3% of 

GGG1 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 aged 75-79. 

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 distribution 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 I and II 

b. Advanced stages: Stages III 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 30-59 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 60-79 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.nlm.nih.gov/pmc/articles/PMC7654679/). However, 

changing the assumption on constant GGG 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 is associated with a reduced risk of 

Grade Group progression (HR 0.41, 95% CI 0.22-0.77, p <0.01) 

(https://www.auajournals.org/doi/full/10.1016/j.juro.2018.07.051).  

(b)  Modification of the GGG based on symptomatic patient data will also 

assume re-calculating 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 age-specific thresholds might be used in symptomatic cases. 

Whereas the 3ng threshold would be applied for non-symptomatic 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 3-4ng/ml at this stage.  

13. Accuracy of Multiparametric magnetic resonance imaging (MP-MRI) & 

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 this. They 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 changes. prostate cancer specific 

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 & JC: more 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 multi-

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 patients 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 costly. After the 

radical treatment patients are followed mainly remotely – 6 months PSA for 3 

years and then annual PSA for the lifetime. 

 

SCHARR changes to the modelling plan on costs: 

1. We will use 5 types of costs: 

¶ Standard treatment costs (surgery, SACT, 

radiotherapy) 
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¶ Systemic Therapy (stage 3, 4,  according to the 

National Prostate Cancer Audit) 

¶ Active surveillance costs (those who have no 

treatment)  

¶ Surveillance costs (all alive patients until they 

relapse) 

¶ Palliative care costs. 

2. We will recalculate the average annual costs assuming that the patients 

who didn’t receive standard treatment are on active surveillance (Stage 1- 

37.8%, Stage 2-68.6%, Stage 3- 76.6%, stage 4 – 50.4%). The active 

surveillance will be costed up to patient’s death from other causes or the 

year of cancer death (and so 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. The 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 Stakeholder meeting 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 (2013–2021). 
● Agreed with revised survival data for stages 1 and 2. 
● It was noted that mortality in ProtecT may be underestimated due to 

underrepresentation of higher-grade group (GGG) cancers. It was 

suggested to consider PCPT for mortality estimates. 

○ 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 15-year cancer-specific mortality (i.e. 

assuming individuals who survive 15 years post-diagnosis 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 cancer-related and other-cause mortality. 

● Agreed with updates to the referent population for EQ-5D 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 non-cancer 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 impact is 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 : 

○ It was suggested that the current NICE thresholds may lack strong 

scientific justification. 

○ It was proposed that the BRCA population does not need to be 

evaluated separately. 

○ Recommended screening scenarios to evaluate: 

■ Fixed threshold (3 ng/ml) screening for both average- and 

high-risk group 

■ Lower threshold (0.75 or 1.5) screening for high-risk 

populations (Black ethnicity, BRCA carriers, family history 

■ Risk-stratified screening using NICE thresholds 
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Phase 2 Stakeholder meeting 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:  

¶ Model validation against CAP study data 

¶ Initial model results  

Suggestions Received: 

¶ Model validation: Agreed that CAP study methodology presents 

significant limitations for validation purposes.  

¶ Noted that clinical consensus indicates fundamental flaws in CAP 

methodology, with strong recommendation that alternative validation 

targets should be prioritised. 

¶ 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. 

¶ Screening age recommendations:  No objections to age-based screening 

logic.  

¶ Overdiagnosis calculations:  Informed that the clinical definition includes 

cases that would not result in mortality. Suggested using screen-detected 

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. 

¶ PSA kinetics 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 distinct patterns: flat 

curves, slow age-related increases, and exponential rises. 

¶ Agreement that higher baseline PSA levels justify more frequent screening 

intervals for cost-effectiveness. It was noted that while PSA density show 
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moderate increases in diagnosis, they don't provide clear information 

about outcomes or aggressive cancer identification. 

¶ Ethnic disparities:  Suggested that prostate cancer is more prevalent in 

Men of Black ethnicity but not more aggressive; evidence suggests twice 

the incidence and mortality rates but identical mortality to incidence ratio 

for Black and non-Men 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 70-80, insufficient natural history data, need 

for better PSA kinetics models, and limited understanding of aggressive 

cancer identification. 
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¦ƴƛǾŜǊǎƛǘȅ aŜŘƛŎŀƭ /ŜƴǘŜǊΦ 

нсΦ DΣ ¢Φ!Φ{Φ!Φ²ΦWΦaΦwΦ½ΦaΦDΦΣ {/!b{ όaƛŎƘƛƎŀƴύ tǊƻǎǘŀǘŜ /ŀƴŎŜǊ aƻŘŜƭ tǊƻŬƭŜΦ нллуΣ 
/ŀƴŎŜǊ LƴǘŜǊǾŜƴǝƻƴ ŀƴŘ {ǳǊǾŜƛƭƭŀƴŎŜ aƻŘŜƭƛƴƎ bŜǘǿƻǊƪ ό/L{b9¢ύΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 
aƛŎƘƛƎŀƴΥ !ƴƴ !ǊōƻǊ όaLύΣ ¦{!Φ 

нтΦ ²Σ 9ΦwΦDΦwΦLΦ[ΦYΦWΦIΦΣ CI/w/ όt{!t/ύ tǊƻǎǘŀǘŜ /ŀƴŎŜǊ aƻŘŜƭ tǊƻŬƭŜΦ нллфΣ /ŀƴŎŜǊ 
LƴǘŜǊǾŜƴǝƻƴ ŀƴŘ {ǳǊǾŜƛƭƭŀƴŎŜ aƻŘŜƭƛƴƎ bŜǘǿƻǊƪ ό/L{b9¢ύΣ CǊŜŘ IǳǘŎƘƛƴǎƻƴ /ŀƴŎŜǊ 
wŜǎŜŀǊŎƘ /ŜƴǘŜǊΥ {ŜŀǧƭŜΣ ²!Φ 

нуΦ aŀǊǝƴΣ wΦaΦΣ Ŝǘ ŀƭΦΣ tǊƻǎǘŀǘŜπ{ǇŜŎƛŬŎ !ƴǝƎŜƴ {ŎǊŜŜƴƛƴƎ ŀƴŘ мрπ̧ŜŀǊ tǊƻǎǘŀǘŜ /ŀƴŎŜǊ 
aƻǊǘŀƭƛǘȅΥ ! {ŜŎƻƴŘŀǊȅ !ƴŀƭȅǎƛǎ ƻŦ ǘƘŜ /!t wŀƴŘƻƳƛȊŜŘ /ƭƛƴƛŎŀƭ ¢ǊƛŀƭΦ W!a!Σ нлнпΦ 
оомόмтύΥ ǇΦ мпслςмптлΦ 

нфΦ 9Φ²ΦΣ {ΦΣ /ƭƛƴƛŎŀƭ tǊŜŘƛŎǝƻƴ aƻŘŜƭǎΦ ! tǊŀŎǝŎŀƭ !ǇǇǊƻŀŎƘ ǘƻ 5ŜǾŜƭƻǇƳŜƴǘΣ ±ŀƭƛŘŀǝƻƴΣ 
ŀƴŘ ¦ǇŘŀǝƴƎΦ нлмфΦ 

олΦ WŀƭŀƭΣ IΦΣ Ŝǘ ŀƭΦΣ !ƴ hǾŜǊǾƛŜǿ ƻŦ w ƛƴ IŜŀƭǘƘ 5ŜŎƛǎƛƻƴ {ŎƛŜƴŎŜǎΦ aŜŘ 5ŜŎƛǎ aŀƪƛƴƎΣ 
нлмтΦ отόтύΥ ǇΦ торςтпсΦ 

омΦ ±ŜƘǘŀǊƛΣ !ΦΣ Ŝǘ ŀƭΦΣ tŀǊŜǘƻ ǎƳƻƻǘƘŜŘ ƛƳǇƻǊǘŀƴŎŜ ǎŀƳǇƭƛƴƎΦ WƻǳǊƴŀƭ ƻŦ aŀŎƘƛƴŜ 
[ŜŀǊƴƛƴƎ wŜǎŜŀǊŎƘΣ нлнпΦ нрόтнύΥ ǇΦ мςруΦ 

онΦ 9ƭǾƛǊŀΣ ±Φ ŀƴŘ [Φ aŀǊǝƴƻΣ !ŘǾŀƴŎŜǎ ƛƴ LƳǇƻǊǘŀƴŎŜ {ŀƳǇƭƛƴƎΣ ƛƴ ²ƛƭŜȅ {ǘŀǘǎwŜŦΥ 
{ǘŀǝǎǝŎǎ wŜŦŜǊŜƴŎŜ hƴƭƛƴŜΦ ǇΦ мςмпΦ 

ооΦ CŀƴΣ ¸Φ ŀƴŘ {Φ {ƛǎǎƻƴΣ !./ ǎŀƳǇƭŜǊǎΦ ŀǊ·ƛǾ ǇǊŜǇǊƛƴǘ ŀǊ·ƛǾΥмулнΦлфсрлΣ нлмуΦ 
опΦ !ƴƪŜǊǎǘΣ 5ΦtΦΣ Ŝǘ ŀƭΦΣ tǊƻǎǘŀǘŜ /ŀƴŎŜǊ tǊŜǾŜƴǝƻƴ ¢Ǌƛŀƭ Ǌƛǎƪ ŎŀƭŎǳƭŀǘƻǊ нΦл ŦƻǊ ǘƘŜ 

ǇǊŜŘƛŎǝƻƴ ƻŦ ƭƻǿπ Ǿǎ ƘƛƎƘπƎǊŀŘŜ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊΦ ¦ǊƻƭƻƎȅΣ нлмпΦ уоόсύΥ ǇΦ моснςтΦ 
орΦ aŜǊǊƛŜƭΣ {Φ²Φ5ΦΣ Ŝǘ ŀƭΦΣ {ȅǎǘŜƳŀǝŎ ǊŜǾƛŜǿ ŀƴŘ ƳŜǘŀπŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ŘƛŀƎƴƻǎǝŎ 

ŀŎŎǳǊŀŎȅ ƻŦ ǇǊƻǎǘŀǘŜπǎǇŜŎƛŬŎ ŀƴǝƎŜƴ όt{!ύ ŦƻǊ ǘƘŜ ŘŜǘŜŎǝƻƴ ƻŦ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ƛƴ 
ǎȅƳǇǘƻƳŀǝŎ ǇŀǝŜƴǘǎΦ .a/ aŜŘΣ нлннΦ нлόмύΥ ǇΦ рпΦ 

осΦ wŜȊŀΣ IΦ{ΦΣ Ŝǘ ŀƭΦΣ !ƎŜπǎǇŜŎƛŬŎ ǊŜŦŜǊŜƴŎŜ ǊŀƴƎŜǎ ƻŦ ǇǊƻǎǘŀǘŜπǎǇŜŎƛŬŎ ŀƴǝƎŜƴ ƛƴ ǘƘŜ 
ŜƭŘŜǊƭȅ ƻŦ !ƳƛǊƪƻƭŀΥ ! ǇƻǇǳƭŀǝƻƴπōŀǎŜŘ ǎǘǳŘȅΦ !ǎƛŀƴ W ¦ǊƻƭΣ нлнмΦ уόнύΥ ǇΦ муоςмууΦ 

отΦ ½ƘŜƴƎΣ ½ΦΣ Ŝǘ ŀƭΦΣ ¢ǳƳƻǊ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΣ ǘǊŜŀǘƳŜƴǘǎΣ ŀƴŘ ǎǳǊǾƛǾŀƭ ƻǳǘŎƻƳŜǎ ƛƴ ǇǊƻǎǘŀǘŜ 
ŎŀƴŎŜǊ ǇŀǝŜƴǘǎ ǿƛǘƘ ŀ t{! ƭŜǾŜƭ ғ п ƴƎκƳƭΥ ŀ ǇƻǇǳƭŀǝƻƴπōŀǎŜŘ ǎǘǳŘȅΦ .a/ /ŀƴŎŜǊΣ 
нлнлΦ нлόмύΥ ǇΦ оплΦ 

оуΦ !ƘƳŜŘΣ IΦ¦ΦΣ Ŝǘ ŀƭΦΣ 5ƛŀƎƴƻǎǝŎ ŀŎŎǳǊŀŎȅ ƻŦ ƳǳƭǝπǇŀǊŀƳŜǘǊƛŎ awL ŀƴŘ ¢w¦{ ōƛƻǇǎȅ ƛƴ 
ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ όtwhaL{ύΥ ŀ ǇŀƛǊŜŘ ǾŀƭƛŘŀǝƴƎ ŎƻƴŬǊƳŀǘƻǊȅ ǎǘǳŘȅΦ [ŀƴŎŜǘΣ нлмтΦ 
оуфόмллтмύΥ ǇΦ умрςуннΦ 

офΦ 9ƴƎƭŀƴŘΣ [ΦwΦ/ΦƻΦ{ΦƻΦΣ bŀǝƻƴŀƭ tǊƻǎǘŀǘŜ /ŀƴŎŜǊ !ǳŘƛǘΥ {ǘŀǘŜ ƻŦ ǘƘŜ bŀǝƻƴ wŜǇƻǊǘΦ 
нлнпΦ 

плΦ DƻƭŘōŜǊƎΣ IΦΣ Ŝǘ ŀƭΦΣ /ƻƳǇŀǊƛǎƻƴ ƻŦ aŀƎƴŜǝŎ wŜǎƻƴŀƴŎŜ LƳŀƎƛƴƎ ŀƴŘ ¢ǊŀƴǎǊŜŎǘŀƭ 
¦ƭǘǊŀǎƻǳƴŘ LƴŦƻǊƳŜŘ tǊƻǎǘŀǘŜ .ƛƻǇǎȅ ŦƻǊ tǊƻǎǘŀǘŜ /ŀƴŎŜǊ 5ƛŀƎƴƻǎƛǎ ƛƴ .ƛƻǇǎȅ bŀƠǾŜ 
aŜƴΥ ! {ȅǎǘŜƳŀǝŎ wŜǾƛŜǿ ŀƴŘ aŜǘŀπ!ƴŀƭȅǎƛǎΦ W ¦ǊƻƭΣ нлнлΦ нлоόсύΥ ǇΦ млурςмлфоΦ 

пмΦ YŀƴŀƎŀǊŀƧŀƘΣ !ΦΣ Ŝǘ ŀƭΦΣ ! ǎȅǎǘŜƳŀǝŎ ǊŜǾƛŜǿ ƻƴ ǘƘŜ ƻǳǘŎƻƳŜǎ ƻŦ ƭƻŎŀƭ ŀƴŀŜǎǘƘŜǝŎ 
ǘǊŀƴǎǇŜǊƛƴŜŀƭ ǇǊƻǎǘŀǘŜ ōƛƻǇǎȅΦ .W¦ ƛƴǘŜǊƴŀǝƻƴŀƭΣ нлноΦ момόпύΥ ǇΦ плуςпноΦ 
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пнΦ YŜŜƴŜȅΣ 9ΦΣ Ŝǘ ŀƭΦΣ /ƻǎǘπ9ũŜŎǝǾŜƴŜǎǎ !ƴŀƭȅǎƛǎ ƻŦ tǊƻǎǘŀǘŜ /ŀƴŎŜǊ {ŎǊŜŜƴƛƴƎ ƛƴ ǘƘŜ ¦YΥ 
! 5ŜŎƛǎƛƻƴ aƻŘŜƭ !ƴŀƭȅǎƛǎ .ŀǎŜŘ ƻƴ ǘƘŜ /!t ¢ǊƛŀƭΦ tƘŀǊƳŀŎƻŜŎƻƴƻƳƛŎǎΣ нлннΦ 
плόмнύΥ ǇΦ мнлтςмннлΦ 

поΦ bL/9Φ tǊƻǎǘŀǘŜ ŎŀƴŎŜǊΥ ŘƛŀƎƴƻǎƛǎ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘΦ нлнм  ώŎƛǘŜŘ нлнп лтκлуϐΤ 
!ǾŀƛƭŀōƭŜ ŦǊƻƳΥ 
ƘǧǇǎΥκκǿǿǿΦƴƛŎŜΦƻǊƎΦǳƪκƎǳƛŘŀƴŎŜκƴƎмомκŎƘŀǇǘŜǊκwŜŎƻƳƳŜƴŘŀǝƻƴǎІƭƻŎŀƭƛǎŜŘπ
ŀƴŘπƭƻŎŀƭƭȅπŀŘǾŀƴŎŜŘπǇǊƻǎǘŀǘŜπŎŀƴŎŜǊΦ 

ппΦ 9ƴƎƭŀƴŘΣ bΦΣ /ŀƴŎŜǊ vǳŀƭƛǘȅ ƻŦ [ƛŦŜ {ǳǊǾŜȅΦ нлнпΥ bŀǝƻƴŀƭ 5ƛǎŜŀǎŜ wŜƎƛǎǘǊŀǝƻƴ 
{ŜǊǾƛŎŜΦ 

прΦ bƻōƭŜΣ {ΦaΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ tǊƻǘŜŎ¢ ǊŀƴŘƻƳƛǎŜŘ ǘǊƛŀƭ ŎƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ŀƴŀƭȅǎƛǎ 
ŎƻƳǇŀǊƛƴƎ ŀŎǝǾŜ ƳƻƴƛǘƻǊƛƴƎΣ ǎǳǊƎŜǊȅΣ ƻǊ ǊŀŘƛƻǘƘŜǊŀǇȅ ŦƻǊ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊΦ .Ǌ W 
/ŀƴŎŜǊΣ нлнлΦ мноόтύΥ ǇΦ млсоςмлтлΦ 

псΦ !ƭŀǾŀ aΣ tΦ{ΦΣ ²ŀƛƭƻƻ !Σ 9{¢La!¢LbD 9vπр5 .¸ !D9 !b5 {9· Chw ¢I9 ¦YΦΣ ƛƴ w9thw¢ 
.¸ ¢I9 59/L{Lhb {¦tthw¢ ¦bL¢Φ нлннΣ {ŎƘƻƻƭ ƻŦ IŜŀƭǘƘ ŀƴŘ wŜƭŀǘŜŘ wŜǎŜŀǊŎƘΣ 
¦ƴƛǾŜǊǎƛǘȅ ƻŦ {ƘŜŶŜƭŘΣ ¦YΦ 

птΦ YŀǎƛǾƛǎǾŀƴŀǘƘŀƴΣ ±ΦΣ Ŝǘ ŀƭΦΣ awLπ¢ŀǊƎŜǘŜŘ ƻǊ {ǘŀƴŘŀǊŘ .ƛƻǇǎȅ ŦƻǊ tǊƻǎǘŀǘŜπ/ŀƴŎŜǊ 
5ƛŀƎƴƻǎƛǎΦ bŜǿ 9ƴƎƭŀƴŘ WƻǳǊƴŀƭ ƻŦ aŜŘƛŎƛƴŜΣ нлмуΦ отуόмфύΥ ǇΦ мтстςмтттΦ 

пуΦ [ƛΣ [ΦΣ WΦ[ΦIΦ {ŜǾŜǊŜƴǎΣ ŀƴŘ hΦ aŀƴŘǊƛƪΣ 5ƛǎǳǝƭƛǘȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŎŀƴŎŜǊ ǎŎǊŜŜƴƛƴƎ 
ǇǊƻƎǊŀƳǎΥ ! ǎȅǎǘŜƳŀǝŎ ǊŜǾƛŜǿΦ t[ƻ{ hƴŜΣ нлмфΦ мпόтύΥ ǇΦ ŜлннлмпуΦ 

пфΦ aƻǿŀǧΣ DΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ ŘƛŀƎƴƻǎǝŎ ŀŎŎǳǊŀŎȅ ŀƴŘ ŎƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ƻŦ ƳŀƎƴŜǝŎ 
ǊŜǎƻƴŀƴŎŜ ǎǇŜŎǘǊƻǎŎƻǇȅ ŀƴŘ ŜƴƘŀƴŎŜŘ ƳŀƎƴŜǝŎ ǊŜǎƻƴŀƴŎŜ ƛƳŀƎƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ƛƴ 
ŀƛŘƛƴƎ ǘƘŜ ƭƻŎŀƭƛǎŀǝƻƴ ƻŦ ǇǊƻǎǘŀǘŜ ŀōƴƻǊƳŀƭƛǝŜǎ ŦƻǊ ōƛƻǇǎȅΥ ŀ ǎȅǎǘŜƳŀǝŎ ǊŜǾƛŜǿ ŀƴŘ 
ŜŎƻƴƻƳƛŎ ŜǾŀƭǳŀǝƻƴΦ IŜŀƭǘƘ ¢ŜŎƘƴƻƭ !ǎǎŜǎǎΣ нлмоΦ мтόнлύΥ ǇΦ ǾƛƛςȄƛȄΣ мςнумΦ 

рлΦ όbL/9ύΣ bΦLΦŦΦIΦŀΦ/Φ9ΦΣ IŜŀƭǘƘ 9ŎƻƴƻƳƛŎ aƻŘŜƭ wŜǇƻǊǘΦ нлмфΦ 
рмΦ bƛŎƘƻƭǎƻƴΣ !ΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ ŎƭƛƴƛŎŀƭ ŜũŜŎǝǾŜƴŜǎǎ ŀƴŘ ŎƻǎǘπŜũŜŎǝǾŜƴŜǎǎ ƻŦ ǘƘŜ 

twhD9b{!ϯ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ŀƴǝƎŜƴ о ŀǎǎŀȅ ŀƴŘ ǘƘŜ tǊƻǎǘŀǘŜ IŜŀƭǘƘ LƴŘŜȄ ƛƴ ǘƘŜ 
ŘƛŀƎƴƻǎƛǎ ƻŦ ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊΥ ŀ ǎȅǎǘŜƳŀǝŎ ǊŜǾƛŜǿ ŀƴŘ ŜŎƻƴƻƳƛŎ ŜǾŀƭǳŀǝƻƴΦ IŜŀƭǘƘ 
¢ŜŎƘƴƻƭ !ǎǎŜǎǎΣ нлмрΦ мфόутύΥ ǇΦ ƛςȄȄȄƛΣ мςмфмΦ 

рнΦ tǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ŘƛŀƎƴƻǎƛǎ ŀƴŘ ǘǊŜŀǘƳŜƴǘΦ /ƭƛƴƛŎŀƭ ƎǳƛŘŜƭƛƴŜ /DмтрΦ нлмпΣ bŀǝƻƴŀƭ 
/ƻƭƭŀōƻǊŀǝƴƎ /ŜƴǘǊŜ ŦƻǊ /ŀƴŎŜǊΦ ǇΦ рммΦ 

роΦ aŜǊǊƛŜƭΣ {Φ²Φ5ΦΣ Ŝǘ ŀƭΦΣ 9ŀǊƭȅ ŜŎƻƴƻƳƛŎ ŜǾŀƭǳŀǝƻƴ ƻŦ ƳŀƎƴŜǝŎ ǊŜǎƻƴŀƴŎŜ ƛƳŀƎƛƴƎ ŦƻǊ 
ǇǊƻǎǘŀǘŜ ŎŀƴŎŜǊ ŘŜǘŜŎǝƻƴ ƛƴ ǇǊƛƳŀǊȅ ŎŀǊŜΦ .W¦L /ƻƳǇŀǎǎΣ нлнпΦ ƴκŀόƴκŀύΦ 

рпΦ 9ƴƎƭŀƴŘΣ [Φ¢ΦwΦ/ΦƻΦ{ΦƻΦΣ bŀǝƻƴŀƭ tǊƻǎǘŀǘŜ /ŀƴŎŜǊ !ǳŘƛǘΥ !ƴƴǳŀƭ wŜǇƻǊǘ нлнлΦ нлнмΦ 
ррΦ ¢ƘƻƳŀǎΣ /ΦΣ Ŝǘ ŀƭΦΣ ¢ƘŜ /ƻǎǘǎ ŀƴŘ .ŜƴŜŬǘǎ ƻŦ wƛǎƪ {ǘǊŀǝŬŎŀǝƻƴ ŦƻǊ /ƻƭƻǊŜŎǘŀƭ /ŀƴŎŜǊ 

{ŎǊŜŜƴƛƴƎ .ŀǎŜŘ hƴ tƘŜƴƻǘȅǇƛŎ ŀƴŘ DŜƴŜǝŎ wƛǎƪΥ ! IŜŀƭǘƘ 9ŎƻƴƻƳƛŎ !ƴŀƭȅǎƛǎΦ 
/ŀƴŎŜǊ tǊŜǾ wŜǎ όtƘƛƭŀύΣ нлнмΦ мпόуύΥ ǇΦ уммςуннΦ 
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