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1.  Introduction 
 

1.1 Background to study 

 
Few international issues in health care are as controversial as prostate cancer screening. Prostate cancer has a 
major impact on public health in the UK. There were over 8,500 deaths from prostate cancer in England and 
Wales in 1998,1 making it the second leading cause of cancer mortality in men. The aetiology of prostate cancer 
remains unclear and opportunities for primary prevention are limited. Developments in diagnostic tests for 
prostate cancer, in particular the introduction of PSA testing, have led to increased interest in the possibility of 
secondary prevention through population screening. Screening to identify prostate cancer while it is localised to 
the gland has provoked much public and scientific attention and there is intense debate about its role in 
improving men's health. Current UK health policy does not advocate population screening, but the policy 
remains under active review by the National Screening Committee. Major concerns remain about the lack of 
evidence about the effectiveness of treatments (the rationale for the ProtecT treatment trial) and the potential for 
diagnosis and over-treatment of tumours that might never become clinically significant.  
Recent publications have further fuelled the debate about population screening.  The Scandinavian treatment trial 
showed a 50% reduction in prostate cancer mortality following radical prostatectomy compared with watchful 
waiting for ‘early prostate cancer’, but there was no significant difference in all-cause mortality,2  and fewer than 
5% presented following screening with the PSA test, thus limiting its relevance to screen-detected men.2 An 
observational study of two fixed cohorts in the US showed significant increases in diagnosis and treatment of 
prostate cancer in intensively screened Seattle compared with non-screened Connecticut, but there was no 
difference in prostate cancer mortality over 11 years of follow-up.3 While prostate cancer is clearly a serious 
public health problem, debate about screening is conducted in the absence of high quality evidence about its 
potential impact, as detailed in a recent review.4   
 

1.2 The needs for a trial now 
In the UK the introduction of routine prostate cancer screening is being delayed until adequate evidence becomes 
available to inform policy. Trials of population screening are currently underway Europe (European Randomised 
Screening trial for Prostate Cancer, ERSPC5) and US (Prostate, Lung, Colorectal and Ovary trial, PLCO6). They 
will report combined findings around 2008.7  The controversy over breast cancer screening demonstrates the 
overwhelming need for the conduct of high quality, randomised studies - some 14 years after the first trials were 
reported, questions over the methodological quality and size of the trials of breast cancer screening mean that 
arguments over its costs and benefits continue,8 with different countries reaching different conclusions over 
whether such programmes are justified. The complexity of the issues involved in prostate cancer screening make 
it timely to extend ProtecT to allow the assessment of the potential impact of population screening for prostate 
cancer in the UK. The differences in aspects of design between the ProtecT extension and the ERSPC and PLCO 
studies in terms of the methods of recruitment, screening tests and treatments offered (see Table 1) will allow 
wider exploration of the issues and also provide opportunities to both pool and compare findings. The design of 
the ProtecT extension will lead to lower levels of contamination and more precise estimates of screening 
effectiveness. Further, where controversy is as great as it is in relation to prostate cancer screening, and the 
potential investment so large, there are considerable strategic advantages in conducting this UK trial. It will add 
to international understanding of the cost-effectiveness of the secondary prevention of prostate cancer, but, more 
parochially, assist with policy development in the UK.  
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Table 1  Major design aspects of the two ongoing screening trials7 and CAP 

 ERSPC PLCO CAP 

Age range 55-69 years (core group) 
Some 50-54, 70-74 years  

55-74 years 50-69 years  

Design Individual randomisation Individual randomisation Cluster randomisation 

Participants Most randomly selected 
from population 
registries.  Some 
volunteers 

Volunteers All individuals from 
randomly selected 
general practices 

PSA threshold 3.0ng/ml or 4.0ng/ml 
(varies by centre) 

4.0ng/ml 3.0ng/ml 

Screening interval 4-yearly (some 1, 2 years) 1 year Single screen 

Percent PSA raised  7-15% (varies by centre) 16% 11% 

Cancers detected per 
1,000 screened 

11-42 (varies by centre) Not available 12 

Treatment regimen in 
screened group 

Variable usual care 
(radical advised)  

Variable usual care 
(radical advised) 

Randomised (surgery, 
radiotherapy, active 
monitoring) 
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2. Trial design (Figure 1) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
3.  Aims  
To evaluate the effectiveness and cost-effectiveness of population screening for prostate cancer by establishing a 
cluster randomised trial allocating general practices to either intensive case-finding (the ProtecT trial) or 
unscreened standard practice. 

 

4.  Objectives 

1) To provide an unbiased estimate of the effect of a single screen for prostate cancer on prostate cancer-
specific and all-cause mortality in the population. 

2) To contribute to the international effort to investigate the impact of prostate cancer screening. 

3) To estimate the cost implications of prostate cancer screening and use the data collected to develop and 
refine a probabilistic model of the cost-effectiveness of prostate cancer screening in the UK. 

 
 

General practices (c. 800) in 9 centres in UK 

Randomisation and 
consent 

ProtecT trial intensive case-finding 
c. 230,00 men invited, 400 practices 

Tested in ProtecT 
trial 

Primary outcome: prostate cancer mortality at 10 years 

All 
eligible 
men in all 
practices 
flagged 
with 
NHSCR 

Standard NHS 
management 

Comparison arm (no intervention) 
c. 230,00 men, 400 practices 

Not tested  
c. 116,000 

ProtecT trial 
follow-up 
(c.2,050  

prostate cancer)  

Standard NHS 
management 
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5.  Study design 

This cluster-randomised trial consists of two arms: 

a) The intervention arm - The NHS HTA funded ProtecT treatment trial. This investigates the effectiveness and 
cost-effectiveness of radical surgery, radical radiotherapy and active monitoring for clinically localised prostate 
cancer. 120,000 men aged 50-69 years in approximately 400 GP surgeries in nine UK centres (Sheffield, 
Newcastle, Bristol, Birmingham, Cardiff, Edinburgh, Leeds, Cambridge and Leicester) are being invited to be 
tested between 2001 and 2006 for the presence of prostate cancer in a process of case-finding that is almost 
identical to population screening. 

b) The comparison arm, in which a comparable population of men in approximately 400 GP surgeries in the 
same UK Centres are not subject to intensive case-finding for prostate cancer. 

The CAP cluster randomised control trial consists of two major components:   

1) The identification and flagging with the NHS Central Register (NHSCR) and local cancer registries of i) 
men taking part in the ProtecT trial ii) men in the intervention arm who neither opted out nor took part in 
the ProtecT trial, iii) all men in the comparison arm. 

2)  The review of hospital case notes for men identified as having a probable or possible prostate cancer-
related event.  

 

6.  Ethical aspects 
 

6.1 Ethics 
 
The study will be conducted according to the Declaration of Helsinki 1964, as revised in Tokyo 1975, in Venice 
1983 and by the 41st World Medical Assembly, Hong Kong, September 1989. 
 
6.2 Ethics Committee Approval  
 
Approval has been given by Trent MREC for flagging on 12th February 2004. This approval is given under 
section C of the DoH ‘No local researcher’ guidelines. LREC approval is therefore not needed.  
 
The Patient Information Advisory Group (PIAG) granted the study exemption from seeking of individual 
consent for flagging under section 60: support for use of patient identifiable information of the Social Care Act 
2001 on 07/04/2004. This exemption applies only in England and Wales. 
 
An application to Trent MREC for the case note review has been made in 2005. 
 
6.3 Participant Consent:  
 
6.3.1 Part 1: Flagging 
 
Practices randomised to the intervention arm (ProtecT trial) will be approached and informed consent will be 
sought from the senior partner for inclusion of the practice. Voluntary individual informed consent for the 
intervention and for flagging is sought from all men attending prostate check clinics.   
 
Practices randomised to the comparison arm will be approached and informed consent will be sought from the 
senior partner for inclusion of the practice. Practices that consent will be provided with current information from 
the NHS prostate cancer risk management programme to advise them of current standard management of 
prostate cancer.    
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All GP practices will be asked to put up a poster that will give men the opportunity to opt out of having their 
records flagged. 
 
The seeking of individual consent for flagging the details of men in the comparison practices or of men in the 
ProtecT practices who neither opt out nor participate in the ProtecT trial would threaten the viability of the 
study.  The Patient Information Advisory Group (PIAG) has granted the study exemption under section 60 of the 
Health and Social Care Act 2001 in order to provide the legal basis to do this. 
 
 
6.3.2 Part 2: Case Note Review 
 
Individual informed consent for case note review will be sought from men who are identified as having had a 
prostate cancer notification. 
 
If the man has died or having died of a cause potentially related to prostate cancer before we can gain consent for 
case note review, we wish to seek exemption under section 60 of the Health and Social Care Act 2001 through 
PIAG to review notes without consent. 
 
7.  Study population 
 
7.1 General practice enrolment 
All GP practices within the catchments of the nine ProtecT clinical centres will be eligible for recruitment, and 
all men aged 50 to 69 years registered with GP practices in the ProtecT study catchments will be eligible for 
inclusion. 
 
7.2 Randomisation 
 
The details of general practices in Primary care trusts (PCTs) in each of the study areas in England are obtained 
from the respective organisation (local health care co-operatives in Scotland and local health groups in Wales).  
General practices within these areas are identified on ordinance survey maps and then assigned to contiguous 
groups of 10-12 practices.  A computer program using the statistical package Stata® is used to allocate an equal 
(or near-equal) number of practices to intervention (ProtecT) and control groups: this stratified randomisation 
scheme ensures that the number of intervention and control practices is balanced within geographic areas and 
primary care groups. A statistician not involved in the study performs the randomisation process. 
 
8.  Inclusion and exclusion criteria 
 
Inclusion criteria 

 All GP practices in the study areas. 
 All men age 50-69 years on the date of preparation of the list at the general practice  

 

9.  Recruitment of participants  
 
9.1  Recruitment of general practices (CC and SMed) 
All Practices will be contacted by the primary care co-ordinator  Kerry Avery. The GPs and practice manager 
will be briefed about the CAP and ProtecT study and an information pack, tailored to the arm of trial to which 
they have been randomised, will be sent out to each practice.  In these information packs the practice will be 
asked to consent to take part in ProtecT or the comparison arm.  For those practices consenting to the ProtecT 
arm, the ProtecT protocol will follow. For those consenting to the comparison arm, information on prostate 
cancer risk management programme will follow. 
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9.2 Recruitment of participants (Protect arm) 

 
The ProtecT protocol gives details of inviting participants to attend the prostate check clinic and subsequent 
process through the trial. In summary, this involves an initial written invitation, followed by a 30-minute prostate 
check clinic appointment. At this clinic men receive counselling and detailed information about the implications 
of PSA testing and subsequent treatment. If they consent, blood is taken for a PSA test which is performed only 
following the receipt of a further ‘cooling-off’ consent at least 24-hours later. Men with a raised PSA result 
( 3.0ng/ml) are invited to attend the urology department for a further PSA, clinical examination, digital rectal 
examination (DRE) and trans-rectal ultrasound (TRUS)-guided biopsy. Men found to have advanced disease are 
treated routinely but followed up within the comprehensive cohort. Re-biopsy is offered immediately to those 
with high grade prostatic intra-epithelial neoplasia (HGPIN) or negative biopsy and a free/total PSA ratio of 
<0.12. Men with free/total ratio >0.12 or second negative biopsy are offered repeat PSA testing in 12 months. 
All men with localised prostate cancer (T1-T2, NX, M0) are invited to participate in the treatment trial 
comparing active monitoring, radical radiotherapy and radical prostatectomy. If randomisation is not acceptable, 
a patient-led preference for a treatment option is reached.  All men who consent to the ProtecT trial are flagged.  

9.2.1 Prospective recruitment of the non responders in the ProtecT practices  

The addition of a comparison arm to the ProtecT study means that all other men in the ProtecT practices who 
have not opted out of the ProtecT study need to be flagged with the NHSCR and local cancer registries. 

The Research Assistant will go to the participating GP surgeries and download the name, postcode, date of birth, 
NHS number and GP practice identification number of all men aged 50-69 years onto the study laptop computer. 
This list will be saved onto a floppy disk and kept at the practice (this method is detailed in the ProtecT Practices 
SOP).   

The invitation letters will be mailed out as in the ProtecT protocol. 

Once the Prostate check clinics (PCC) have finished in the practice, the PCC schedules are returned to Smed for 
data entry and storage. At this point, all the consent pages of the PCC schedules need to be entered 
prospectively, in order to identify those men who opt out. 

Definition of opt out. 

1) Those men who say No to PCC invite, once they have received information about the study. 

2) Those men who at the PCC say No to participating in the ProtecT study  

3) Those men who say Yes to participating in the ProtecT study, but say No to having their records 
flagged. 

4) Men in the ProtecT practice who have requested to be excluded on seeing the poster displayed in the 
General Practice.    

A list of the name, postcode, date of birth and NHS number will be created for each practice of all men 
participating in and opting out of the ProtecT study. The Research Assistant will return to the participating GP 
surgeries and reconcile the two lists (this method is detailed in the ProtecT Practices SOP).  The details of men 
to be flagged will be transferred to Smed to enable flagging to be initiated.   

9.2.2 Retrospective recruitment of non-responders in the ProtecT practices 

Retrospective flagging:  Practices who have been involved with the ProtecT study will be returned to and the 
poster will be displayed in the practice for three months. 

If in these practices the original list of men is available, then the Research Assistant will need to reconcile the 
original list with the list of men who participated or opted out of the Protect trial.   

If the original list of men is not available then the Research Assistant will reconstitute the list of men as near to 
possible to the time of the creation of the original list. The two lists will then be reconciled. 
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9.3 Recruitment of participants (Comparison arm) 

Using the method detailed in the CAP Practices SOP, the research assistant will approach practices randomised 
to CAP in order to obtain consent. The research assistant in each centre will visit the consented practice to liase 
with practice staff, and put up the poster. The practice will be given the CaP download protocol. In order to 
ensure in each cluster the same calendar period is covered in the ProtecT and CAP practices, the CaP practices 
will either be asked to produce a list of men in the age range 50-69 years who were at the surgery at a particular 
point in time or a current list of men. (see Appendix 4 for details). 

The research assistant will return to the practice after three months and will exclude any man who has requested 
not to be flagged on seeing the poster displayed in the General Practice.  The name, postcode, date of birth, NHS 
number and GP practice identification number of all men on this list will be transferred to Smed to enable 
flagging to be initiated.   

 
10.  Flagging of men’s details with local cancer registries and NHSCR 
The lists obtained from the GP practices will be imported into the admin database. At this point any 
manipulation needed to standardise the data will be performed.  Any duplicates will be identified at this point 
and dealt with.  The information will then be imported into the main template. At this point a unique identifier 
will be allocated to each of the men to signify the arm of the study they are in, the research centre and the GP 
practice. 

The name, postcode, date of birth, NHS number and unique identifier will then be transferred to the NHS Central 
Register (NHSCR) and local cancer registries, where they will be flagged.   

 

10.1  Identification of a prostate cancer related event 

Surveillance for relevant outcomes will be passive and triggered by the occurrence of deaths or cancer 
registrations in the flagged group.  

Once information about a prostate cancer related event has been received, the following information if available 
will be entered into the template: Date of prostate cancer registration ; Hospital where diagnosis occurred; Man’s 
consultant; Cause of death (text); Original underlying ICD code; Multiple original ICD code and Stage and grade 
of tumour. 

This information will be anonymised using the unique identifier. 

 
11.  The Case Note Review 

Men who are identified by the NHSCR or Cancer Registries as having had a prostate cancer diagnosis will be 
approached for informed consent to review their case notes. As prostate cancer is often slow-growing and not 
always life-threatening, we need to collect data from case notes for three major purposes: 

a) to ensure we determine as accurately as possible the cause of death in men diagnosed with prostate 
cancer  

b) to ensure accurate determination the progression and outcome of prostate cancer  

c) to ensure accurate determination of the diagnostic and treatment pathways followed by men for the 
economic evaluation 

11.1 Participant consent procedure 

Initially, the man’s GP will be contacted and asked to indicate whether the man is alive and currently fit enough 
to be approached (see GP letter&consent formV1_15.09.05. A slightly different letter is sent when a man has 
moved from a participating practice to a non-participating practice - GP(other)letter&consent 
formV1_15.09.05): 
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a) if the man has died before we can gain consent for note review, we wish to seek exemption under section 
60 of the Health and Social Care Act 2001 through PIAG to review notes without consent 

b) men whom the GP indicates are well enough (i.e. not terminally ill or currently temporarily unwell) will 
be contacted by post by the GP, who will send an invitation letter to the man (on practice headed notepaper, 
signed by the GP), an information sheet and two copies of a consent form (see Patient Invitation 
letter(GP)V1_15.09.05, Patient Information sheet(GP)V1_15.09.05 & Patient Consent 
form(GP)V1_15.09.05).   

The men will be asked to carefully read the information sheet and complete the consent form.  The consent form 
has been designed to give the man the following options:  

i) to agree to take part in the study  

ii) to seek like further information about this study, either from a study researcher, or at a face-to-face 
appointment with the man’s GP or the practice nurse.  If the man seeks a face-to-face appointment with the GP 
or practice nurse, face-to-face consent will be obtained from the man at the time of this appointment. 

iii) to indicate that he does not wish to participate in the study to access his medical records.  

The man will be asked to keep a copy of the consent form and the information sheet for his records. If it is not 
possible to contact the man via the GP, the treating urologist or oncologist will be asked to request consent (see 
Cons letter&consent (ProtecT)V1_15.09.05, Cons letter&consent (non-ProtecT)V1_15.09.05, Patient 
Invitation letter(cons)V1_15.09.05, Patient Information Sheet(cons)V1_15.09.05, Patient Consent 
form(cons)V1_15.0905). Slightly different wording is used depending on whether the consultant is based at a 
hospital participating in the ProtecT trial or not).  

There are second versions of each letter to GPs, consultants, and participants which are sent as reminder letters if 
we do not receive a response after 3 weeks. 

11.2 Data collection once a prostate cancer-related event or death has been identified 

 
The data to be collected are details and dates of: symptoms and signs of prostate cancer presence and 
progression, diagnostic and monitoring tests, histological grade of cancer, tumour stage, treatments received and 
outcome, complications of prostate cancer and its treatment, co-morbidities, and other resource use data related 
to prostate cancer diagnosis and treatment not otherwise covered by the above variables (length of inpatient stay, 
outpatient appointments).  This data will be abstracted onto a standardised proforma by trained research 
assistants. It will be supplemented by scanned copies of relevant inpatient and outpatient medical records, 
including in-patient notes in the last 2 months before death, pathology / radiology reports, and copies of 
discharge and outpatient letters detailing important co-morbidities and evidence of prostate cancer progression / 
metastases.   
These data and scanned documents will be fully anonymised. 

11.3 Cause of Death Review 

 
For men in the study who have died of a cause potentially related to prostate cancer,  summary vignettes and 
supporting scanned documentation will be submitted to the Cause of Death (COD) Committee. The aim is that 
data supplied for the death review should be identical, whether the individual had a screen-detected cancer or 
not, thus any mention of the ProtecT trial, cancer screening tests, and initial clinical presentation (both screen-
detected and symptomatic) will be removed to ensure reviewers are blind as to the allocation in the trial. 

In order to ensure comparability of information with the ProtecT trial and to allow accurate ascertainment of 
cause of death, the same endpoint committee as for the ProtecT trial will be established, chaired by Professor 
Michael Baum (TSC Chair). They will be blinded to the arm of the trial and will scrutinise death certificates and 
investigate/confirm the true cause of death. Independent members will be invited to join including 
representatives from the ERSPC (Professor Fritz Schröder, Rotterdam) and Scandinavian trials (Professor Jan 
Adolfsson) and PLCO (Peter Albertson, USA), all of whom have already developed relevant proformas and 
algorithms for ascertainment. 

See Appendix 5 for the protocol for cause of death review. 
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11.4  Data collection 10 years from the initial flagging (in prospective cases) or from the agreed time point 
(in retrospective cases) 

At this point in time research assistants will do a second case note review to obtain information of any further 
treatment in relation to prostate cancer since the original data collection. 

 
12  Outcome measures 
12.1   Primary outcome 
Prostate cancer mortality at 10 years 
   

12.2 Secondary Outcomes   

 All-cause mortality at 5,10 and 15 years 

 Prostate Cancer mortality at 5 and 15 years  

 Disease status and staging  

 Cost-effectiveness 

 Health related Quality of Life 

The outcomes will be evaluated in the following way 

1. Prostate cancer mortality 

Given the problem of ascertainment bias in attributing cause of death,9 as a consequence of both prostate cancer 
detection and possibly treatment,10 an endpoint committee will be established. In order to ensure comparability 
of information with the ProtecT trial and to allow accurate ascertainment of cause of death, the same endpoint 
committee as for the ProtecT trial will be used, chaired by Professor Michael Baum (TSC Chair). They will be 
blinded to the arm of the trial and will scrutinise death certificates and investigate/confirm the true cause of 
death. Independent members will be invited to join including representatives from the ERSPC (Professor Fritz 
Schröder, Rotterdam) and Scandinavian trials (Professor Jan Adolfsson) and PLCO (Peter Albertson, USA), all 
of whom have already developed relevant proformas and algorithms for ascertainment. 

2. Disease status and staging 

 This will be achieved by case-note review when permitted. 

3. Cost-effectiveness 

A full economic evaluation will be conducted and subject to ethical approval data will be used to develop a 
probabilistic model (see Appendix 1). 

 

13.Analysis 
 
The primary analysis will be based on those deaths classified as from prostate cancer by the independent panel. 
Random-effects Poisson regression models (also known as negative-binomial regression models) will be used to 
estimate rate ratios comparing prostate cancer mortality in intervention and comparison practices, allowing for 
clustering by including the general practice of each participant as a random effect. These methods will also be 
used to estimate rate ratios comparing all cause mortality and all cancer mortality in intervention and control 
practices, and also comparing “probable” or “possible” prostate cancer deaths, should the independent panel 
decide to classify some deaths in this way.  The relatively large number of practices randomised, and the 
stratified randomisation scheme, should ensure that practices are approximately balanced with respect to 
prognostic factors such as socio-economic position (using Jarman or Townsend scores) at the time of 
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randomisation. However, we will conduct sensitivity analyses to confirm that controlling for any imbalances 
makes little or no difference to the estimated rate ratios comparing intervention and control practices. 
Should any of the treatment arms in the ProtecT trial be shown to be superior (i.e. to lead to reduced mortality), 
then any difference in prostate cancer or all cause mortality between intervention and comparison practices will 
be lower than would be expected if a screening programme had used the optimal treatment(s). We will estimate 
the beneficial effect on mortality of such an “optimal” screening programme, based on the (unbiased) treatment 
effect estimates from the ProtecT trial and the (unbiased) overall effect estimates from the extended study. 
 
Other analysis of interest could include a comparison of underlying rates of prostate cancer in men who do and 
do not consent to screening.  This would be derived by comparing rates in men in intervention practices who do 
not attend for case-finding with those in control practices, assuming that men in the control practices represent 
comparable populations of men who would and would not have consented to screening if invited. 
 

14.  Economic Evaluation 
 

The economic evaluation will be led by Dr Sian Noble  (Smed) and the probabilistic modelling will be led by Dr 
Jane Wolstenholme. The purpose of the economic evaluation will be to compare the change in costs and change 
in effects associated with routine screening for prostate cancer, relative to a population in which no routine 
screening takes place i.e. the status quo from a UK perspective. In essence this will comprise data to be collected 
on the resource-use, unit costs and utilities related to screen-detection and non-screen detection and the resultant 
treatment of prostate cancer and its complications (see Appendix 1 section 3.6.1 for details). Subject to ethical 
approval, data from the ProtecT and ProtecT extension studies will feed into a probabilistic decision-analytic 
model developed by Wolstenholme and Gray (see Appendix 1 section 3.6.2) which simulates the trial and 
lifetime costs, effects and cost-effectiveness of screening. 

 
15.  Health Related Quality of Life 
The HRQL will be co-ordinated by Miss Jane Blazeby. Appendix 2 gives details of the current submission to 
Cancer Research UK. 

 

16.  Data management and security 
The study will use whenever possible a dedicated network (NHSnet) to transfer data. RC4 encryption will be 
used in all data transfers. Within the Department of Social Medicine the database which links the patient 
personal details (names, postcodes) with the allocated study id will be maintained on a password protected 
database on a server dedicated solely for the use of this study, and a valid username and password combination 
will be required to access this information via dedicated terminals. Only senior members of the project team and 
computer staff will have access to this database. Patient identifiable information will be held on a separate 
database to any clinical data.  

Once the Department receives a possible prostate cancer related event, information necessary to identify the 
men's hospital records (name, date of birth, postcode, NHS number, consultant's name and study id) will be 
transferred to the clinical centres. Once the records have been identified, then anonymised clinical data and 
records will be obtained and transferred back to the Department of Social Medicine. At no point will abstracted 
information be transferred to Social Medicine with personal details. Abstracted information will always be 
transferred in an encrypted form, identifiable only through the encrypted ID.  The NHSnet will be used 
whenever possible to transfer abstracted information. Data will be held in a secure area on the Trust’s local area 
network. This area will be restricted to staff employed by the CAP/ProtecT study. The data will be deleted from 
this area as soon as successful transfer to Social Medicine has been confirmed.  

Once at Social Medicine, the abstracted information will be stored in a specific clinical database on a stand-alone 
secure server, physically separate from the Departmental Network.  This server and associated PCs will form 
their own network, which will be separate from the main Departmental network, and is protected using a 
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combination of passwords and file permissions. Only the Department's IT staff have authority to manage system 
security. Staff who are authorised to access this information will not leave their terminal unattended without it 
being electronically locked. Only for analysis purposes will the anonymised data be transferred to databases held 
on the Departmental network, and then for a limited time period, in a format only identifiable through the study 
id. 

When transfer via the NHSnet is not possible, encrypted data will be downloaded onto a CD and sent to the 
Department of Social Medicine using Royal Mail’s Special Delivery. Once information has been transferred to 
the secure server, the CD will be destroyed using a CD cruncher.   

Data held in the Department of Social Medicine will conform to the Department Data Security Policy and 
Department Compliance with the Data Protection Act policies, and according to Department of Health research 
governance standards. 

 

17.  Management and ethical considerations and study organisation  
 
A Trial Steering Committee and a Data Monitoring Committee will oversee the CaP trial. Written records will be 
taken of each meeting and copies held by the study coordinator. 
 
17.1  Trial Steering Committee (ProtecT and CaP) 

 Chair: Professor M Baum (London)  

 Dr J Adolfsson (external urologist, Sweden) 

 Dr P Albertsen (external urologist, USA) 

 Dr D Dearnaley (clinical oncologist/radiotherapist, London) 

 Professor M Mason (oncologist, Cardiff)  

 Dr M Robinson (uro-pathologist, Newcastle-upon-Tyne) 

 Dr A Zeitman (external radiographer, USA) 

 ProtecT and CaP Principal investigators (Professors Hamdy, Donovan, Neal, Dr R Martin) 

 ProtecT and CaP study senior statisticians (Professor T Peters, Dr J Sterne) 

 ProtecT study coordinator (Dr A Lane, Bristol) 

 CaP study coordinators (Dr S Noble, Dr C Metcalfe, Bristol) 

 ProtecT study senior health economist (Dr L Davies, Manchester) 

 ProtecT Coordinating Nurses (Mr P Holding, Sheffield; Ms T Lennon, Newcastle) 

 Observers from the NCCHTA 

The TSC will meet annually in January. 

 
17.2  CaP Data Monitoring Committee (DMC) 

 Chair: Professor Nick Day (Cambridge) 

  [TBA] 

The DMC will be convened at any point when there are questions covering the ethics in any part of the trial. 
Recommendations from the DMC regarding the stopping rules for the study will be taken to the TSC for 
ratification. The DMC will meet annually unless otherwise necessary.  A report will be sent to the TSC with the 
recommendations from each DMSC meeting. The TSC can invite the DMSC Chair or his representative to 
attend the TSC if deemed appropriate. 
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17.3 Study Management Committee meetings 
All applicants will meet on a regular basis to oversee the project providing expertise as appropriate. Written 
records will be maintained of these meetings 
 

17.4 Management Executive Committee 

 Professors Donovan, Hamdy, Neal, Dr Martin and Dr Sterne comprise the committee 

 All publications using CaP data must be approved by the committee prior to submission of the 
publication 

 The committee retains the decision to publish or communicate study results 

 The content of all presentations at scientific meetings using CaP data must be notified to the committee 
prior to presentation 

 The details of publications and presentations at scientific conferences should be notified to the study 
coordinator a copy of the paper sent on publication 

 

17.5  Organisation of study documentation 
All clinical centres will have an investigators’ Trial Master File, which will include all relevant information and 
documentation for the trial. This will include the protocol, financial agreements, CVs of all staff involved in the 
trial, and any correspondence or emails received pertaining to the study. It will be the responsibility of the 
research assistant at each site to maintain this file. 

 

17.6  Study monitoring 
The study will be regularly monitored by the study co-ordinator through reports, visits and examination of the 
study database.  The study is overseen by the TSC. 

 

18.  Publications 
Annual reports will be produced for Cancer Research UK.  Papers will be prepared for publication in general, 
epidemiological and urological peer-reviewed journals.  The findings will also be presented at national and 
international conferences. The primary analyses will be undertaken when there is average 10-year follow-up (i.e. 
end of year 13).   
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Appendix 1: 
 

Economic data collection and analysis, and probabilistic modelling 
Co-ordinators: Dr Jane Wolstenholme and Dr Sian Noble 

3.6.1 Collection of resource use, unit cost and utility data 
Costs 
To carry out a full economic assessment, the cost of the resources incurred by those invited for routine screening 
for prostate cancer needs to be compared to the costs of a similar population without routine screening. The 
perspective taken will be that of the NHS.  Only costs that are perceived to be the main cost drivers will be 
collected. 

Health service costs 
i) Routine screening 
In the routine screening group all eligible men will incur health service costs associated with the invitation. For 
men who attend screening, health service costs will be associated with the PSA test, investigations after a 
positive screen, complications arising from biopsies, the diagnosis after a true positive screen, the symptomatic 
diagnosis after a false negative screen, treatment for prostate cancer, treatment of complications after the initial 
treatment and any further treatment on failure of initial treatment. For men who did not attend screening, health 
service costs will be associated with investigations after a symptomatic referral, complications arising from 
biopsies, the symptomatic diagnosis, treatment for prostate cancer, treatment of complications after the initial 
treatment and any further treatment on failure of initial treatment. The detailed sources of data required for the 
estimation of the costs associated with these activities are provided in Table 1.1.    
ProtecT can provide volume information for the invitations for screening for all men in the routine screening 
arm, and both volume and unit cost information for the following items for men who attended screening: 
 PSA testing 
 Investigation after a positive screen 
 Complications arising from biopsies 
 Diagnosis after a true positive screen  
 Treatment after a true positive screen for localised prostate cancer 
 Complications following treatment for localised prostate cancer. 
 Further treatment on failure of initial treatment for localised prostate cancer 

Additional data will also need to be collected within the ProtecT extension study on the resource volumes for 
men who attended screening for the following items (further details are given in Table sd1.1): 
 Symptomatic diagnosis  
 Treatment for advanced/ symptomatic cancer 
 Complications following treatment for advanced/symptomatic cancer 
 Subsequent treatment for advanced/symptomatic cancer 

For men who did not attend screening it is proposed that health service resource use is obtained in the same way 
as for men in the comparison arm (see section ii).  

ii) Comparison screening 
For men in the comparison arm who do not have any ad hoc screening, health service costs will be associated 
with investigations after a symptomatic referral, complications arising from biopsies, the symptomatic diagnosis, 
treatment for prostate cancer, treatment of complications after the initial treatment and any further treatment on 
failure of initial treatment.  
For men in the comparison arm who have ad hoc screening, health service costs will be associated with the PSA 
test, investigations after a positive screen, complications arising from biopsies, the diagnosis after a true positive 
screen, the symptomatic diagnosis after a false negative screen, treatment for prostate cancer, treatment of 
complications after the initial treatment and any further treatment on failure of initial treatment. 
In order to obtain the volume of activity associated with men who are diagnosed with prostate cancer in the 
comparison arm and in men who were in the screening arm but did not attend screening, it is proposed that the 
men are flagged and their clinical notes are obtained once their cancer registration has been identified. Two 
snapshots of time are proposed for this case note review. Initially after the cancer registration in order to obtain 
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details of type of referral, pre-diagnosis investigations, biopsy complications, the grade and stage of the cancer 
and initial treatment. These records would then be re-examined in the last year of follow up research to obtain 
information on any subsequent treatment for these men (further details are given in Table 1.1). 
For most of these items, unit costs will be the same in the ProtecT and extension studies. Where there is reason 
to believe this may not be the case, revised unit costs will be obtained for the extension study from participating 
GPs/hospitals, published sources, reference costs and other recognised sources. 
Information on the excess number of consultations and investigations arising in men with negative screens in the 
comparison arm and those in the screened arm who did not attend screening will not be able to be obtained from 
this note flagging.  The following modeling exercise will therefore be used: 
The number of men who have cancer after being referred following an ad hoc PSA test will be known. 
Information from the ProtecT trial is available on the percentage of men who had a negative PSA test and the 
percentage of men who had a benign biopsy. Information about the percentage of ad hoc PSA tests which take 
place in UK general practice is also known.11 It will be possible using this information to estimate the excess 
number of investigations for this group by working back from the number of men who have prostate cancer after 
being referred following a post hoc PSA test. 
In relation to obtaining the excess number of investigations in the symptomatic referral group, the number of 
these referrals will be known. Information about the percentage of benign biopsies from biopsy clinics and the 
percentage of negative PSA tests from laboratories within the collaborating centres will be used (in addition to 
information from the ProtecT study in relation to the percentage of negative PSA tests and benign biopsies 
following screening) to estimate the percentage of negative PSA tests and benign biopsies for symptomatic 
referrals. Working back from the number of men who have cancer following a symptomatic referral, it will then 
be possible to obtain the excess number of investigations for this group. 

Utility values 
Utility values will be obtained using the EuroQol EQ-5D. These data are collected at present from men as part of 
the existing ProtecT study, at baseline screening, at biopsy for PSA positive men and at 6 months post diagnosis, 
and annually thereafter for true positive screened men. Utility values can either be assigned directly or inferred 
from these data, or other studies, with the exception of both biopsy negative and biopsy positive groups.  It is 
proposed that as part of the comparison arm, targeted utility investigations on these groups will be undertaken. 

Cost-effectiveness ratios  
The data on costs and effects will be incorporated into the probabilistic model, which will provide the framework 
for the economic evaluation of the ProtecT and extension studies. Cost-effectiveness ratios will be presented in 
terms of the incremental cost per life year gained and per quality adjusted life year (QALY) gained, based on 
modelled lifetime costs and effects (see section 3.6.2 below). Future costs and life years will be discounted as 
recommended for public expenditure by the UK Treasury.12 13  Cost-effectiveness results will be presented in the 
form of cost-effectiveness ratios and acceptability curves. In addition, results will be reported within a net-
benefit framework.14 
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3.6.2  Decision analysis 
To further inform the economic evaluation and allow the results of the extended ProtecT study to be generalised 
as widely as possible, a Markov model of screening compared to no screening for prostate cancer, based on a 
model previously developed by Jane Wolstenholme and Alastair Gray at the University of Oxford, will be 
further improved and adapted. The existing model represents 12 months WTE researcher time in terms of its 
development and modification. It currently simulates the costs, effects and cost-effectiveness of screening a 
cohort of 55 year-old men for prostate cancer, by means of a PSA test every 2 years to the age of 69 and 
compares this with the status quo. Two Markov models have been constructed, the first simulating the test part 
of the screening programme, with the second Markov model simulating progression from referral for treatment 
to death. Outcomes are expressed in life years and quality adjusted life years, and costs in 1999 UK £s 
discounted to present values.  The parameter estimates are currently obtained from the literature and from a 
group of expert advisers.  However one of the limitations of the current model is the lack of UK specific.  The 
ProtecT trial and comparison arm would provide some of the required data for the key parameters in the model 
(see table 1.2).  The current model has shown the key parameters to be uptake rate for screening and the rate of 
over-diagnosis.  These parameters in the current model are from the literature and ‘best guess’ estimates; the 
ProtecT and extension studies would provide this much needed data. Of course not all the data required for the 
model will be provided by the ProtecT studies, and it is hoped that collaborations with other trial centres will be 
set up so that trial data can be synthesised and important questions investigated thoroughly (e.g. the optimum 
screening interval). The model is probabilistic, with defined distributions for a range of parameters including 
pathway probabilities, costs and utilities, and these are used within a Monte Carlo simulation framework.15  
The current model differs in a number of ways from the proposed trial and will require changes to be made to: 
the age of the cohort being modelled; the cut-off values for the PSA test; the treatment pathways, and other 
areas. However, the adaptation of this model and its integration into the extended study plan will serve a number 
of important purposes.  It will enable prioritisation of data collection for the economic analyses; provide a 
framework within which cost and effect data from the ProtecT studies can be integrated and analysed in a cost-
effectiveness analysis (as well as assessing the cost-effectiveness of screening for prostate cancer, it will provide 
clear answers about the relative cost-effectiveness of treatment pathways for localised cancer cases); provide a 
means to estimate lifetime costs and effects; provide a robust probabilistic method for handling uncertainty; 
allow results from the ProtecT studies to be generalised to other care settings and allow other data from parallel 
and future studies such as the ERSPC and PLCO trials to be incorporated in the analysis.  These trials have 
proposed using a microsimulation model (MISCAN) to assess the cost-effectiveness of prostate cancer 
screening.  The probabilistic Markov model proposed here would differ from the MISCAN model in that: 
- it would model a population cohort rather than individuals; 
- it would be using UK specific data (for the baseline model) rather than data from other European countries 

and the US;  
- it would provide a transparent and reproducible model undertaken using Microsoft Excel™ software (used 

widely in the public sector) as an aid to decision makers rather than a specifically developed computer 
programme.   

A recent consensus conference on decision analytic modelling in economic evaluation highlighted the fact that 
researchers should try to validate their models.16 An advantage of having both the UK based probabilistic 
Markov model and the MISCAN model is that the results can be compared and validated. 



Table 1.1 
Sources of volume and cost data for case-finding and comparison arms 
(i) Case-finding arm (screening) 
Unit of activity Source of 

volume 
Source of resource use and cost 

1. Invitation ProtecT The unit cost of an invitation will be obtained from existing screening programmes such as the NHS Breast Screening Programme 
2. PSA testing  Protect and other 

screening 
programes  

The time to take a blood sample and the total length of the consultation will be logged for a sample of men in ProtecT. Detailed 
costing of this procedure including laboratory costs are available from the ProSPECT study. 

3. Investigations after a 
positive screen 

ProtecT 
 

Type of investigations will be taken from ProtecT data. Associated costs will be obtained from hospital finance departments, 
urology departments, radiology departments, hospital laboratories, published data sources eg. NHS reference costs. 

4. Complications arising 
from biopsies 

ProtecT Type of treatment for complications will be taken from ProtecT data. Costs will be obtained from hospital finance departments, 
published data sources eg. NHS reference costs. 

5. Excess of investigation 
for symptomatic men with 
benign diagnoses 

Modelling exercise  The unit costs for the investigations will assumed to be the same as in the screened group 

6. Diagnosis after a true 
positive screen 

ProtecT The stage and grade of cancer detected, will be taken from ProtecT data. Costs will be obtained from hospital finance departments, 
published data sources eg. NHS reference costs. 

7. Symptomatic diagnosis 
after a false negative screen or 
following non attendance for 
testing 

Comparison arm The stage and grade of cancer detected and their pre diagnosis investigations will be ascertained from the case note review. Unit 
costs unit costs for the investigations will assumed to be the same as in the screened group. 

8. Treatment after true 
positive screen for localised 
prostate cancer 

ProtecT Type of treatment by stage and grade, will be taken from ProtecT data. Costs will be obtained from hospital finance departments, 
published data sources eg. NHS reference costs. 

9. Treatment after true 
positive screen for advanced 
prostate cancer 

Comparison arm Type of treatment by stage and grade will be obtained from the case note review. Costs will be obtained from hospital finance 
departments, published data sources eg. NHS reference costs. 

10. Initial treatment for 
prostate cancer following a 
symptomatic diagnosis 

Comparison arm Type of treatment by stage and grade will be obtained from the case note review. Costs will be obtained from hospital finance 
departments, published data sources eg. NHS reference costs. 

11. Complications following 
treatment of asymptomatic 
localised prostate cancer 

ProtecT Type of treatment for complications, will be taken from ProtecT data. Costs will be obtained from hospital finance departments, 
published data sources eg. NHS reference costs. 
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Unit of activity Source of 

volume 
Source of resource use and cost 

12. Complications following 
asymptomatic advanced 
prostate cancer 

Comparison arm Type of treatment for complications, will be taken from Case note review. Costs will be obtained from hospital finance departments, 
published data sources eg. NHS reference costs. 

13. Complications following 
treatment for symptomatic 
prostate cancer 

Comparison arm Type of treatment for complications, will be taken from ProtecT data/Case note review. Costs will be obtained from hospital finance 
departments, published data sources eg. NHS reference costs. 

14. Further treatment if initial 
treatment fails 

ProtecT/ 
Comparison arm 

Type of further treatment, will be taken from ProtecT data/Case note review. Costs will be obtained from hospital finance 
departments, published data sources eg. NHS reference costs. 

15. Primary care monitoring 
morbidity after diagnosis 

ProtecT Type of consultation and medication prescribed will be taken from ProtecT economic evaluation. Practice nurse and GP time and 
overhead costs will be taken from published sources e.g. PSSRU publication 

 
(ii) Comparison arm 
Unit of activity Source of 

volume 
Source of resource use and cost 

1. Excess of investigation and 
consultation for men with 
negative screens 

Modelling exercise The unit costs for the investigations will assumed to be the same as in the screened group 

2. Investigations of men with 
a prostate cancer diagnosis  

Comparison arm Type of investigations will be obtained from the case note review. Costs will be assumed to be the same as in the case-finding group 

3. Initial treatment for 
prostate cancer following 
diagnosis 

Comparison arm Type of treatment will be obtained from the case note review Costs will be assumed to be the same as in the case-finding group 

4. Complications following 
initial treatment 

Comparison arm Type of treatment for complications, will be taken from case note review. Costs will be assumed to be the same as in the case-
finding group 

5. Further treatment Comparison arm Type of further treatment, will be taken from Case note review. Costs will be assumed to be the same as in the case-finding group 
6. Primary care monitoring 

morbidity after diagnosis 
ProtecT Number and pattern of consultations per man with prostate cancer (by treatment) will be assumed to be the same as for the ProtecT 

group. Costs will be assumed to be the same as in the case-finding group 
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Table 1.2  
Key additional parameters obtainable from the ProtecT study and trial 
a) Parameters currently used in the ‘test’ component of the decision analytic model  

Description of model parameters Potential source for empirical data 

 ProtecT 
trial 

Comparison arm 
 

1. Number of validated cases in screen and comparison arm   
2. Initial screening attendance rate   
3. Proportion of population with serum PSA > 3ng/mL by age (50-69)  - 
4. Continuation rate from positive PSA test to biopsy  - 
5. Complication rate from biopsy  - 
6. Proportion of patients (screen-detected, refusers, no screen) at clinical stage T1NxM0 by age   
7. Proportion of patients (screen-detected, refusers, no screen) at clinical stage T2NxM0 by age   
8. Proportion of patients (screen-detected, refusers, no screen) at clinical stage T3-4NxM0 by age   
9. Proportion of patients (screen-detected, refusers, no screen) at clinical stage T1-4NxM1 by age   
10. Proportion of cases detected post-negative screen by year  -  
11. Utilities (EQ-5D) at various stages of the patient pathway   
12. Unit cost per invitation to attend, PSA test, ultrasound & biopsy, biopsy complication  - 
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b) The ‘treatment’ component of the decision analytic model  
Description of model parameters Potential source for empirical 

data 
 ProtecT trial Comparison arm  

1. Rate of disease progression and subsequent treatment - screen detected * - 
2. Rate of disease progression and subsequent treatment – non-screen detected -  
3. Rate of disease progression and subsequent treatment - refusers   
4. Death from prostate cancer (screen, non-screen, refusers)   
5. Probability of complications following radical treatment  - 
6. Cost of active monitoring  - 
7. Cost of radical treatment  - 
8. Cost of palliative care * - 
9. Cost of complications  - 
10. Utility of active monitoring  - 
11. Utility of radical treatment  - 
12. Utility of complications  - 
13. Utility of palliative care * - 
14. Rate of over-diagnosis   
15. Lead time in years   

* Supplemented from the literature 
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Appendix 2 

 
Evaluating population-based screening for localised prostate cancer in the 

United Kingdom: impact on quality of life and men’s experiences in the ProtecT 
study 

Co-ordinator: Miss Jane Blazeby. 
 
As indicated above, whilst the primary outcome in this trial is prostate cancer mortality, the 
possible detrimental effects of screening and subsequent treatment for prostate cancer on 
physical and psychosocial well-being (health-related quality of life) are relevant secondary 
outcomes. The impact on health-related quality of life (HRQL) may become critically 
important if there is no reduction in prostate cancer mortality in the screened group or if the 
reduction is small. HRQL data will also inform the overall balance between the advantages 
and disadvantages of prostate cancer screening by providing patient-based outcome data. 
   
3.6.2.1 Current evidence about the impact of screening on HRQL 
The ERSPC and PLCO studies include assessment of HRQL using a generic health measure 
(SF-36), two modules from the UCLA prostate cancer index (urinary and bowel functioning) 
and a specific sexual functioning scale.17  Recent publications indicate that HRQL impairment 
after the screening biopsy is transient and that the screening process itself does not seem to 
result in appreciable differences between screened subjects and controls.18 In another non-
randomised study HRQL data from patients with screen detected prostate cancer have been 
compared with data from clinically diagnosed patients.19 Screen detected tumours were of 
more favourable stages and grades than clinically diagnosed tumours. Generic SF-36 scores 
were similar between clinically diagnosed patients and normative population data but were 
better in the screen detected prostate cancer group. There were no reported differences in 
sexual function or bowel symptoms between all groups. Urinary symptoms were less severe 
in screen detected T2/3 cancer group. It appears therefore that HRQL is related both to 
tumour stage and the detection method. Reasons for better HRQL in the screened group may 
be because screened men are healthier than the general public or because patients with screen 
detected lesions have re-evaluated their perceptions of HRQL following a cancer diagnosis. 
This study emphasises the need for disease specific baseline HRQL data before treatment to 
evaluate post treatment impact on HRQL. 
These preliminary HRQL data from the European/US studies indicate that it is important to 
study screened subjects and controls. They emphasise that HRQL information from trials in 
prostate cancer outside screening cannot be extrapolated into screening studies. Although 
HRQL is being assessed in the European and US studies it is important to address these issues 
in this proposed extension.  It is essential that data collection is extended from the current 
ProtecT trial to ensure that comparisons can be made with non-screened individuals and 
populations, as well as to provide data relevant to UK patients. 
 
3.6.2.2 The impact of treatment induced by prostate cancer screening on HRQL 
The impact of radical treatment for clinically detected early prostate cancer on HRQL, has 
been well described.20 19 Prostatectomy and radiotherapy differ in the type of HRQL 
impairment, and data are valuable for informed decision making and treatment choice. The 
impact of treatment for screen detected prostate cancer, and for active monitoring in 
particular, is not well described and this is being addressed in the ProtecT trial. 
 
3.6.2.3 HRQL assessment in ProtecT 
In the ProtecT trial men who attend study clinics undergo assessment of HRQL with a generic 
health status questionnaire (SF-12), an anxiety and depression scale (HAD), assessment of 
basic urinary symptoms (ICSmale), and a utility measure (EuroQoL). After randomisation 
and treatment additional tools are used to assess sexual function (ICSsex), more detailed 
urinary symptoms (ICSmalesSF) and generic and prostate cancer specific HRQL issues 
(FACT-P). Although the ProtecT trial currently collects a considerable amount of data about 
the impact of treatment for screen detected prostate cancer on HRQL, there are important 
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additional issues that need to be addressed within this extension to allow a detailed 
assessment of the impact of on HRQL.  
 
3.6.2.4 HRQL assessment in proposed extension 
The aims of this part of the extension are: 

a. To evaluate the impact of screening for prostate cancer on HRQL and anxiety 
between screened men and controls 

b. To compare HRQL (anxiety and physical symptoms) in patients with screen detected 
cancers to those of clinically diagnosed cancers.  

c. To describe the impact of treatment for screen detected prostate cancer on all aspects 
of HRQL (in the ProtecT trial) 

HRQL data will be collected from the following groups of men who are potentially most 
likely to experience change in HRQL as a result of screening: 
Group 1  Men participating in screening (before PSA test).  A randomly selected sample will 
be taken from ProtecT study participants.   
Group 2  Men screened negative after PSA result.  Questionnaires will be posted to a random 
sample of men after receipt of their result. 
Group 3  Men with PSA false positive results (negative biopsy).  Questionnaires will be 
posted to men after receipt of their result. 
Group 4  Men with screen detected cancers (randomised within ProtecT trial).  A randomly 
selected sample will be taken from ProtecT study participants. 
Group 5  Men with clinically diagnosed cancers in the control group and in the ‘did not attend 
ProtecT invitation’ group.  Men identified as incident cases will be posted the study 
questionnaires with an invitation to participate in a study of quality of life. 
In keeping with the other parts of this extension, intervention in the comparison practices will 
be avoided as much as is possible.  Thus, where possible, comparisons will be made with 
normative data.  The exception will be men identified with clinically apparent prostate cancer 
in both arms of the study who will be identified by cancer registries, and will then be invited 
to participate in a study of their quality of life.    
 
Data on psychosocial and physical aspects of HRQL will be collected and compared as 
follows: 

Groups of men Data  Comparisons 

1. Before PSA  HAD & SF12 & ICS  Normative data 
2. Negative PSA HAD & SF12 Normative & Group 1 
3. False positive HAD, SF12 & ICS  Group 2 & Group 4 
4. True positive HAD, SF12, ICS & FACT-P Group 5 & treatment arms of 

ProtecT 
5. Incident cancers in control 
and ‘did not attend’ groups 

HAD, SF12, ICS scales & FACT-
P 

Group 4 and Group 3 

 
Sample size calculations are based on changes in the HAD scale scores.  Based on analyses of 
data from the ProtecT feasibility study, we assume that a typical mean HAD score in this 
population for both anxiety and depression is 5, and that the standard deviation is 3.5.  
Previous experience with measurement of HRQL in studies where individuals are grouped at 
GP practice level has shown very little effect of clustering.21  However, a design effect of 1.5 
has been applied to sample size calculations.  Assuming a sample size of 380 in each of the 
relevant comparison groups identified in the Table above, and a 5% significance level, we 
will have 90% power to detect an increase of 1 in the HAD scale. 
 
3.6.2.5 Justification of selected HRQL measures 
The generic health status measure SF-12 has 12-items comparable with the SF-36, yet with 
the advantage of being easier and quicker to complete.22 It is reliable, valid and responsive to 
changes in health status, although unlikely to be applicable to patients who are severely ill or 
disabled. The twelve items form physical and mental component summary scores. This 
measure is therefore an ideal screening tool. It will convey information about two of the key 
quality of life domains (physical and mental function). It is quick and easy to complete. It has 
been well validated and normative population data are available for comparison. 
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The Euroqol23 is a generic health index that produces a utility score between 0 and 1. It may 
be used to weight life expectancy within a quality adjusted life year. It is easy to complete and 
provides data that is comparable across populations. 
The Hospital Anxiety and Depression scale (HAD) is a widely used tool for assessing 
psychological distress in patients and non-clinical groups.24 It consists of 14 items divided 
into two scales of anxiety and depression. Previous work in patients with early prostate cancer 
demonstrates that although psychopathology is low overall, some men experience distressing 
symptoms and this tool is sensitive to these problems.25  
The Functional Assessment of Cancer Treatment – Prostate (FACT-P)26  combines a generic 
cancer tool (FACT-G – 28 items) with a prostate cancer specific module (additional 12 
items). Both have been widely tested and demonstrate good content, construct and clinical 
validity. These questionnaires are most suitable for detecting symptoms of advancing prostate 
cancer and side effects of treatment, particularly radical therapies. They are currently used in 
follow-up in the ProtecT trial.  

The International Continence Society urinary symptoms (ICSmale and ICSmaleSF) and 
sexual functioning (ICSsex) questionnaires are self-completed questionnaires that have been 

validated for measuring these physical, symptomatic outcomes in middle-aged and elderly 
men.27 28  
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Appendix 3  
Sample size estimates 

3.11.1 Prostate cancer mortality 
Reductions in prostate cancer-mortality of the order of 15-20% are likely to be important to 
the NHS.5, 6 On the basis of current national data (England and Wales) on prostate cancer-
mortality1 and incidence29 a control cohort of 230,000 men aged 50-69 years at recruitment 
would experience a total of 40,400 deaths, 1,100 prostate cancer deaths and 4,400 incident 
cases of prostate cancer over 10 years follow-up (2,103,600 man-years). However, in the 
assessment of cancer screening the appropriate comparison is mortality in the population not 
known to have disease at the start of the study, as this is the only group that could benefit 
from early diagnosis through screening.30 The majority of prostate cancer deaths in the early 
years of the study, in both control and intervention arms, will occur in individuals diagnosed 
before the study began. To account for this, the estimates of prostate cancer-mortality in the 
control arm have been adjusted using the multipliers used in the design of the ERSPC and 
PLCO studies. The effect of this is to reduce the estimate of prostate cancer deaths in the 
control arm amongst those without a pre-existing diagnosis of prostate cancer to c.900 over 
ten years follow-up. 
A consequence of randomising at practice level is that the outcome varies less between 
groups of individuals than between individuals, reducing the effective sample size.31 The 
extent of this effect depends on the degree to which events cluster within study populations.  
Such data are not routinely collected in the UK, so we have relied on a pilot project in County 
Durham Health Authority in which data on all cause mortality and prostate cancer specific 
mortality have been collated by GP practice. The between-practice coefficient of variation 
(standard deviation of the true rates divided by the mean rate) was estimated to be 0.7 for 
prostate cancer mortality and 0.3 for all-cause mortality. This coefficient of variation for 
prostate cancer mortality is much higher than expected, and so we present power calculations 
for a range from 0 to 0.7. For all cause mortality we use a range of 0 to 0.4. 
We have used a method proposed by Hayes and Bennett to estimate the power of the 
proposed study allowing for the clustered design.32 The number of clusters required is given 
by: 
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where 0 and 1 are the rates in the control and intervention groups, y is the person-years in 
each group and k is the coefficient of variation. For a given number of clusters the normal 
distribution value corresponding to the power (z ) can be obtained through a simple 
rearrangement of this formula. Our calculations are based on 5% significance, and 400 
practices and 2.1 million person-years of follow up in the intervention and control groups. To 
date, 50% of men invited to join the ProtecT trial participate in case-finding, so (assuming no 
difference in the incidence or outcome of prostate cancer between men who do and do not 
participate in case finding, and no intervention effect in men who are not screened), the 
overall disease-specific mortality rate ratio ORR=(0.5 IRR)+0.5, where IRR is the 
intervention rate ratio (the effect of screening among men who are in fact screened).  In other 
words, the ORR is the effect of the intervention in the whole target population, which is the 
effect in men actually screened (the IRR) diluted by the less than 100% participation rates.  It 
thus provides the relevant intention-to-treat measure of effectiveness.  
Table 1 shows differences in prostate cancer mortality between intervention and control 
practices that are detectable with 80% power, for coefficients of varation between 0 and 0.7. 
The clustered design has little impact on power provided that the coefficient of variation is 
less than about 0.3. Figures 1 and 2 show detectable overall rate ratios and intervention rate 
ratios respectively, for 80% power (solid lines) and for 50%, 70%, 90% and 95% power. 
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Table 1. Differences in prostate cancer mortality between intervention and control practices 
detectable with 80% power. 
Coefficient of 
variation 

Overall 
rate ratio 
(ORR) 

Prostate cancer 
deaths in 
control group 

Prostate cancer 
deaths in 
intervention group 

% reduction in 
prostate cancer 
deaths 

Rate ratio in men 
participating in case 
finding 
(IRR)* 

0 0.87 900 785 12.8 0.74 
0.1 0.87 900 783 13.0 0.74 
0.2 0.87 900 780 13.3 0.73 
0.3 0.86 900 776 13.8 0.71 
0.4 0.85 900 768 14.7 0.71 
0.5 0.84 900 759 15.7 0.69 
0.6 0.83 900 750 16.7 0.67 
0.7 0.82 900 740 17.8 0.64 
Assuming that 50% of men participate in case finding, IRR=(ORR-0.5)/0.5 
 
Figure 1. Detectable overall rate ratio for prostate cancer deaths, according to coefficient of 
variation and power. 
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Figure 2. Detectable intervention rate ratio (IRR) for the effect of screening assuming 50% 
response to invitation to screen, according to coefficient of variation and power. 
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3.11.2 Contamination 
The power of the trial will be reduced if men in the control practices are screened for prostate 
cancer (“contamination”). A major advantage of this cluster-randomised design is that 
contamination will be a much less severe problem than would be the case if men were 
individually randomised and hence were alerted to the possibility of being screened for 
prostate cancer. Current estimates for contamination in the ERSPC are between 10-40%.33  
Further, the research question is whether the addition of a national prostate cancer screening 
programme to the unsystematic use of PSA testing will prove cost effective. The level of prior 
tests can be expected to be the same in the intervention and the control arms, and this is the 
background against which any new programme will have to demonstrate its effectiveness. 
Melia and Moss conducted a survey of the use of PSA testing among men aged 45 years and 
over with no prior history of prostate cancer or radical prostatectomy registered with the 
MediPlus database (120 computerised practices using the same computer system in various 
parts of the UK).34  Within the age-group relevant for the ProtecT study, they reported that 
2.1% of men aged 45-69 had received a PSA test in 1999.  In men over 45 years, 3.5% had 
received PSA tests. In the ProtecT trial, men are asked to report previous PSA tests.  From 
13,228 prostate check clinic attenders on whom data are available, 1,190 reported a previous 
PSA test (9%).  Of the 894 who indicated why they had had this test, 215 (24%) believed this 
was for urinary symptoms, 407 (46%) because of GP request, 163 (18%) for screening, and 
72 (8%) as part of private insurance checks.   Practices recruited to the ProtecT trial in the 
feasibility phase contained more individuals from social classes I and II than the general 
population, and there was a significant positive correlation between the proportion reporting a 
previous PSA test and the proportion in social classes I and II (r=0.55, p=0.02).  Levels of 
lower urinary tract symptoms amongst ProtecT trial participants were consistent with levels 
found in population samples of the same age.  Taking all these factors into account, it would 
seem likely that the underlying rate of asymptomatic PSA testing in this age-group is low. If 
25% of tests are undertaken for symptoms, a high estimate of the rate amongst this higher 
social class than average population would therefore be approximately 7%, and a low 
estimate would be 2%.  This level is confirmed in a check of a computerised non-ProtecT 
practice in Bristol with a primarily middle-class population: of 851 men aged 50-69 years, 54 
without prostate cancer (6%) had ever had a PSA test. 
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We have estimated the power of the trial, adjusting for contamination rates of 5%, 10% or 
20%. Our calculations assume that the the intervention rate ratio applies equally to men 
screened voluntarily (contamination) and to men screened through ProtecT case finding, that 
in the intervention practices the proportion of men who respond to case finding is 50%, and 
that the proportion of men screened voluntarily is the same among those who do and do not 
respond to case-finding. Table 2 shows differences in prostate cancer mortality that are 
detectable with 80% power, according to contamination rate and coefficient of variation. Note 
that the number of prostate cancer deaths in the control group (assumed to be 900 in the 
absence of any intervention effect) decreases with increasing contamination.  
Table 2. Differences in prostate cancer mortality between intervention and control practices 
detectable with 80% power, assuming 5%, 10% or 20% contamination rates and with 
different coefficients of variation. 
Coefficient of 
variation 

Overall 
rate ratio 
(ORR) 

Prostate cancer 
deaths in 
control group 

Prostate cancer 
deaths in 
intervention group 

% reduction in 
prostate cancer 
deaths 

Rate ratio in men 
participating in 
case finding 
(IRR)* 

5% contamination    
0 0.87 888 772 13.1 0.73 
0.1 0.87 888 772 13.1 0.73 
0.2 0.87 887 768 13.4 0.72 
0.3 0.86 887 763 14.0 0.71 
0.4 0.85 886 756 14.7 0.69 
0.5 0.84 885 746 15.7 0.68 
0.6 0.83 884 735 16.9 0.65 
0.7 0.82 883 725 17.9 0.63 
10% contamination    
0 0.87 875 761 13.0 0.72 
0.1 0.87 874 759 13.2 0.71 
0.2 0.86 874 756 13.5 0.71 
0.3 0.86 873 749 14.2 0.69 
0.4 0.85 871 742 14.8 0.68 
0.5 0.84 869 732 15.8 0.66 
0.6 0.83 868 722 16.8 0.64 
0.7 0.82 865 709 18.0 0.62 
20% contamination    
0 0.87 844 733 13.2 0.69 
0.1 0.87 844 733 13.2 0.69 
0.2 0.86 842 727 13.7 0.68 
0.3 0.86 840 719 14.4 0.67 
0.4 0.85 837 711 15.1 0.65 
0.5 0.84 833 700 16.0 0.63 
0.6 0.83 829 687 17.1 0.61 
0.7 0.82 824 673 18.3 0.58 
* Assuming that 50% of men participate in case finding 

Figure 3 displays the intervention rate ratios detectable with different levels of contamination 
at 80% power, according to the coefficient of variation. The expected 5% contamination level 
has little effect on power, which is notably decreased only when contamination levels exceed 
10%. The solid line corresponding to no contamination is identical to that for 80% power in 
Figure 2. 
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Figure 3. Intervention rate ratios detectable with different levels of contamination at 80% 
power, according to the coefficient of variation. 
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3.11.3 All cause mortality 
We estimate that a total of 40,400 deaths will occur among men in the comparison practices. 
Table 3 shows the effects on all cause mortality that can be detected with 50% and 80% 
power, according to coefficient of variation. Note that the coefficient of variation has a 
substantial impact on power, because of the large number of events in each practice. The 
study will have low power to detect differences of the magnitude that might reasonably be 
expected to occur. The anticipated sample size from ongoing screening trials (ERSPC and 
PLCO) is 250,000,35 and pooling those data with data from the proposed study would 
effectively double this number, giving a total that would approach sufficient power to detect a 
1% difference (5% reduction) in all-cause mortality. Figure 4 shows detectable overall rate 
ratios for all cause mortality at 20%, 50%, 70%, 80% and 90% power, according to 
coefficient of variation. 
 



           Comparison Arm to the ProtecT trial (CAP) 

 31 

Table 3. Effects on all cause mortality that are detectable with 50% and 80% power, 
according to coefficient of variation. 
Coefficient of 
variation 

Overall 
rate ratio 
(ORR) 

Total deaths in 
control group 

Total deaths in 
intervention group 

% reduction in 
all-cause 
mortality 

Rate ratio in men 
participating in 
case finding 
(IRR)* 

50% power      
0 0.986 40400 39850 1.4 0.973 
0.1 0.980 40400 39608 2.0 0.961 
0.2 0.970 40400 39168 3.0 0.939 
0.3 0.957 40400 38662 4.3 0.914 
0.4 0.944 40400 38156 5.6 0.889 
80% power      
0 0.980 40400 39608 2.0 0.961 
0.1 0.972 40400 39278 2.8 0.944 
0.2 0.956 40400 38640 4.4 0.913 
0.3 0.939 40400 37936 6.1 0.878 
0.4 0.921 40400 37210 7.9 0.842 
* Assuming that 50% of men participate in case finding, IRR=(ORR-0.5)/0.5 
 

Figure 4. Detectable overall rate ratios for all cause mortality, according to coefficient of 
variation. 
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Taking into account estimates of prostate cancer mortality and the effect of clustering of 
events within practices, a comparison population of 230,000 men drawn from approximately 
400 practices will provide adequate power to detect a policy-relevant detection in disease-
specific mortality. To our knowledge, no existing UK cancer screening programme has been 
introduced or piloted on the basis of evidence from RCTs demonstrating a difference in 
overall mortality.8 36 The proposed extension will provide a precise estimate of the effect of a 
single screening round on prostate cancer mortality and an unbiased estimate of its effect on 
all cause mortality which will provide minimum and maximum plausible effects, and the 
opportunity to pool data with other trials. 
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Appendix 4 

Procedure for obtaining GP lists 

Background 
The aim of this procedure is to ensure that the same calendar period is covered by follow-up 
of the ProtecT and CAP practices in each cluster.  
 
It is assumed that statistical analysis of the resulting data will be by a method which explicitly 
incorporates any changing incidence over time. Event time analysis using Cox’s proportional 
hazards regression would be one way of achieving this. For such analyses it is sufficient that 
follow-up in the groups to be compared is over the same time period, with no need for a 
balance in person-years of follow-up during the different calendar periods between the two 
studies. 
 
The procedure 
[1] For a given cluster note the earliest date (referred to below as date E) during which a 
practice list was obtained for a ProtecT practice. 
 
[2] If no lists have been obtained for ProtecT practices, or no list was obtained more than 6 
months ago, obtain the current practice lists for CAP practices in that cluster. 
 
[3] If, for ProtecT practices in the cluster, one or more lists were obtained more than 6 
months ago, then attempt to obtain a retrospective list for each CAP practice consenting to 
take part until two retrospective practice lists have been obtained for date E.  
 
 Retrospective lists should be obtained for date E if possible. 

  
 If two or more CAP practices in a cluster are awaiting the retrieval of their lists then 

the order in which they are approached must be randomised. Contact Chris Metcalfe for a 
randomised order. 

 
 If, for a practice, a retrospective list can only be obtained for a date more recent than 

date E, then obtain a retrospective list for that more recent date. This practice does not 
contribute to the target of two retrospective practice lists for date E. 

 
 If a retrospective list cannot be obtained at all, obtain the current practice list. 

 
Once two retrospective lists for date E have been obtained, then obtain current practice lists 
for subsequently consenting CAP practices in the cluster. There is no longer a need to 
randomise the order of approaching practices for that cluster. 
 
 
Footnote 

Where the date of having obtained a list from a ProtecT practice is not available, then estimate from 
the dates at which men were invited to attend for PSA testing.  
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Appendix 5 
Protocol for reviewing causes of death in the CAP & ProtecT trials by the Cause 

of Death committee 
 
1. CONTENTS 
 

 All participants in the trial who had an incident prostate cancer diagnosed and all 
deaths notified to the trial co-ordinating centre as being due to prostate cancer will be 
subject to review by the Cause of Death committee.   

 This document outlines 
o deaths that are to be reviewed by the Cause of Death committee 
o procedures for obtaining, anonymising and blinding data  
o the process to evaluate the cause of death  
o the actions following the Cause of Death committee review.   

 
2. OVERVIEW 
 
The following steps are an overview of the process.  The Department of Social Medicine will 
be responsible for managing data extraction, the submission of data to the COD committee, 
and the collation and entering of the results.  More detailed information is provided in the 
accompanying appendices.  
 
Step 1. Notification of cause of death and selection of deaths for review: 

 We will be notified of the fact of death by the Office for National Statistics (ONS).   
 All death certificates will be reviewed by an epidemiologist or clinician who will 

arrange for detailed case note review of any death satisfying any one of the criteria set 
out in Appendix A.  These criteria have been adapted from those used by the PLCO 
Screening Trial1.  All other deaths will be accepted as certified without review. 

 
Step 2: Case note review 

 Details of the treating hospital and clinician notified by the cancer registry will be 
used to find and retrieve the hospital notes.  

 Specifically trained research assistants blinded to cause of death information on 
the death certificate will abstract data from hospital records onto a specially 
designed standardised proforma. The aim is that data supplied for the death review 
should be identical, whether the individual had a screen-detected cancer or not. 

 This standardised proforma will be supplemented by scanned copies of relevant 
inpatient and outpatient medical records including in-patient notes in the last 2 
months before death, pathology \ radiology reports, and copies of discharge and 
outpatient letters detailing important co-morbidities and evidence of prostate cancer 
progression / metastases.   

 Clinical records will be edited by the RAs and checked by a reviewer at the Dept of 
Social Medicine to remove mention of the ProtecT trial, cancer screening tests, and 
initial clinical presentation (both screen-detected and symptomatic) to ensure 
reviewers are blind as to the allocation in the trial.   

 
Step 3: Submitting data to the cause of death committee 

 Before submitting data to the COD committee, a sessional clinical research fellow 
will evaluate the adequacy of the information collected for the review. Research 
Assistants may be asked to revisit the man’s notes to obtain any additional 
information. 

 The clinical research fellow will then write a 1 page structured vignette (Appendix 
B) on each man.   

 The information submitted to members of the cause of death committee will be: i) the 
structured vignette; ii) a cause of death committee questionnaire on which the final 
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underlying cause of death is recorded together with a structured section on which 
brief reasons for the final decision are recorded (Appendix C).  

 
Step 4: Method of working of the Cause of Death (COD) Committee 

 There will be 3 teams of 3 reviewers who are members of the Cause of Death (COD) 
Committee (Appendix D: composition of reviewing teams).  The 3 teams will share 
the workload, each reviewing their own sets of vignettes.  The teams will only 
combine to review difficult cases (see below). 

 The reviewers will be asked to review the vignettes (and any additional relevant 
material considered essential by the research fellow) for evidence of progressive 
metastases, progressive local recurrence, intervention-related (screening, diagnosis, 
treatment or follow-up) mortality and serious co-morbidity.  There will be a hierarchy 
of causes of death to choose from (see Appendix C for detailed definitions):   

o Definite prostate cancer death 
o Probable prostate cancer death 
o Possible prostate cancer death 
o Intervention-related death  
o Unlikely prostate cancer death +/- prostate cancer a contributory factor 
o Definitely not prostate cancer death 

 If all 3 members reach the same conclusion, that conclusion is accepted.  
 If there is a disagreement then the 3 reviewers arrange a telephone conference to 

discuss the case and attempt to reach a unanimous decision.  At this stage the 
reviewers might ask for additional information.  Research Assistants will attempt 
collection of any additional information requested by a COD member. 

 Where there are disagreements, a decision-based algorithm will be followed in an 
attempt to standardise the decision making process (see paper by Harry de 
Koning2).  

 If disagreements persist, the case is taken to a teleconference review (every 6-12 
months) of difficult cases by the whole committee.   

 
Step 5: Actions following death committee review 

 Questionnaires are returned by e-mail to the Department of Social Medicine for 
review and incorporation into the master database. 

 Data entry will be blind to the arm of the trial the participant is in.   
 
References 

 
 1.  Miller AB, Yurgalevitch S, Weissfeld L. Death review process in the prostate, lung, colorectal 

and ovarian (PLCO) cancer screening trial. Controlled Clinical Trials 2000;21(6, Supplement 
1):400S-6S. 

 2.  De Koning HJ, Blom J, Merkelbach JW, Raaijmakers R, Verhaegen H, van Vliet P et al. 
Determining the cause of death in randomized screening trial(s) for prostate cancer. BJU Int 
2003;92(s2):71-8. 
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Appendix A: Deaths to be reviewed 
1. A death certificate diagnosis (from an immediate, underlying, or contributing cause-of-death 

field) that specifies cancer of the prostate, lung, colon-rectum, or ovary: 
ICD-9 185  malignant neoplasm of prostate 
ICD-9 233.4  carcinoma in situ of prostate 
ICD-10 C61  malignant neoplasm of prostate 
ICD-10 D075  carcinoma in situ of prostate 

2. A death certificate diagnosis (from an immediate, underlying, or contributing cause-of-death 
field) that suggests a possible misclassified secondary bone cancer: 
ICD-9 170  malignant neoplasm of bone and articular cartilage 
ICD-10 40,41  malignant neoplasm of bone and articular cartilage 

3. A death certificate diagnoses (from an immediate underlying, or contributing cause-of-death 
field) that suggests uncertainty of the diagnosis of cancer, such that cancer of the prostate, 
cannot be excluded, or a metastatic cancer with unknown primary: 
ICD-9 187.9  malignant neoplasm of male genital organ, site unspecified 
ICD-9 195.2, 195.3 malignant neoplasm other ill-defined sites, abdomen or pelvis 
ICD-9 196-199  secondary & unspecified malignant neoplasm 
ICD-9 223.9 neoplasm, site unspecified 
ICD-9 233.6 carcinoma in situ of genitourinary system, male genital organs  
ICD-9 233.9 carcinoma in situ of genitourinary system, urinary organs 
ICD-9 236.5 neoplasm of uncertain behaviour, prostate 
ICD-9 236.6 neoplasm of uncertain behaviour, unspecified male genital organs 
ICD-9 236.9 neoplasm of uncertain behaviour, unspecified urinary organs 
ICD-9 239  neoplasm of unspecified nature 
ICD-10 C795 secondary malignant neoplasm of bone & bone marrow 
ICD-10 C40 neoplasm of uncertain, unknown behaviour, male genital organs 
ICD-10 C41 neoplasm of uncertain, unknown behaviour, urinary organs 
ICD-10 C80 carcinomatosis 
ICD-10 D480   neoplasm of uncertain or unknown behaviour of bone 
ICD-10 D487  neoplasm of uncertain or unknown behaviour  
ICD-10 D489 neoplasm of uncertain or unknown behaviour, unspecified 

4. A death certificate coded to an unknown underlying cause of death: 
ICD-9 789  sudden death, cause unknown 
ICD-9 797  senility without mention of psychosis 
ICD-9 799  other ill-defined and unknown causes 
ICD-10 R96  other sudden death, cause unknown 
ICD-10 R54  senility 
ICD-10 R69  unknown, unspecified  cause of morbidity 
 

5. Death from any cause previously notified by the ONS / cancer registry with an incident 
prostate cancer: 
ICD-9 185  malignant neoplasm of prostate 
ICD-9 233.4  carcinoma in situ of prostate 
ICD-10 C61  malignant neoplasm of prostate 
ICD-10 D075  carcinoma in situ of prostate 

6. Death from any cause if primarily notified by the ONS / cancer registry with a primary 
malignancy possibly representing misclassified or metastatic cancer of the prostate.  Entry of 
any one of the following ICD-9/10 codes will trigger death review: 
ICD-9 187.9  malignant neoplasm of male genital organ, site unspecified 
ICD-9 195.2, 195.3 malignant neoplasm other ill-defined sites, abdomen or pelvis 
ICD-9 196-199  secondary & unspecified malignant neoplasm 
ICD-9 223.9 neoplasm, site unspecified 
ICD-9 233.6 carcinoma in situ of genitourinary system, male genital organs  
ICD-9 233.9 carcinoma in situ of genitourinary system, urinary organs 
ICD-9 236.5 neoplasm of uncertain behaviour, prostate 
ICD-9 236.6 neoplasm of uncertain behaviour, unspecified genital organs 
ICD-9 236.9 neoplasm of uncertain behaviour, unspecified urinary organs 
ICD-9 239  neoplasm of unspecified nature 
ICD-10 C795 secondary malignant neoplasm of bone & bone marrow 
ICD-10 C40 neoplasm of uncertain, unknown behaviour, male genital organs 
ICD-10 C41 neoplasm of uncertain, unknown behaviour, urinary organs 
ICD-10 D480   neoplasm of uncertain or unknown behaviour of bone 
ICD-10 D487  neoplasm of uncertain or unknown behaviour of other sites 
ICD-10 D489 neoplasm of uncertain or unknown behaviour, unspecified 
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Appendix B: Structured vignette  
 

Patient ID  
Date of birth  
Date of diagnosis  

 
Date of death  
Age at death (years)  
Symptoms at diagnosis  
Presence of symptoms/signs of prostate 
cancer metastases at diagnosis 

 

Prostate cancer stage at diagnosis  
Prostate cancer grade at diagnosis 
Degree of differentiation 
Perineural/vascular spread 

 

Pathological stage and grade   
Co-morbidity at diagnosis with dates  
Other primary cancers; metastases 
present (Y/N) & sources of evidence of 
mets 

 

Treatments received with dates  
Serial PSA levels with dates (ng/ml)  
Radiology results with dates  
Indications / complications of PC 
progression since diagnosis with event 
dates and source of evidence 

 

Complications of diagnosis and/or 
treatment with dates 

 

Hospital admissions with dates  
Date of recurrence following radical 
surgery or radiotherapy 

 

Clinical care in last 3 months (e.g. 
hospice admissions) 

 

Presence or absence of weight loss or 
cachexia during the last 3 months of life. 

 

Date of last consultation   
Last prostate cancer stage before death 
with date 

 

Additional notes available (location)  
Additional comments (to be completed 
by initial medical reviewer)  
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Appendix C: Cause-of-death questionnaire 
 

Qu 1: Cause of death - tick one box only:  
 
Cause of death Yes 
a) Definite prostate cancer death 1 
b) Probable prostate cancer death 2 
c) Possible prostate cancer death 3 
d) Definitely intervention-related death 4 
e) Unlikely prostate cancer death 5 
f) Unlikely prostate cancer death but prostate cancer a 
contributory factor 6 
g) Definitely not prostate cancer death 7 

 

Definitions 
 
a) Definite prostate cancer deaths are cases in which there is no doubt that progressive local disease 
or distant metastases from prostate cancer were the underlying cause of death (e.g. evidence from post 
mortem, or where no other co-morbidities are possible explanation).  
 
b) Probable deaths from prostate cancer are cases in which there was progressive local disease or 
distant metastases from prostate cancer, but in which there is doubt about whether these were the final 
direct cause of death, and thus no other clear cause is present( e.g. no other potential  cause identified 
but uncertainty about prostate cancer as a cause exists, or other co-morbidities present but not linked 
to terminal event). This may also  be the case when information is missing about the last years of a 
patient’s life.  
 
c) Possible deaths from prostate cancer are: 
 

 Cases with progressive local disease (but no progressive cancer metastases) for which there is 
doubt about whether these were the direct cause of death; 

 Cases with progressive metastases but origin unknown that caused death or when there is 
doubt whether these caused death. 

 
d) Definite intervention-related deaths arise if some aspect of screening, diagnosis (eg biopsy), 
treatment or its follow-up are the cause of death.  However, to diagnose a screening-related death that 
had not occurred directly as part of the diagnostic or treatment process would require the reviewers to 
be unblinded as to the screening status of the man.  This requires some thought.  An example of the 
dilemma in the ERSPC trial was a man given radiotherapy for a screen detected prostate cancer who 
was then found to have bladder cancer.  The radiotherapy to his prostate had taken him over the pelvic 
dose so he could not receive radiotherapy for his bladder cancer, from which he subsequently died.   
 
e) “Unlikely prostate cancer” deaths arise when distant metastases or local progression are present 
but are not the underlying cause of death.   
 
f) Unlikely prostate cancer death but prostate cancer a contributory factor: It is possible that prostate 
cancer did not directly result in the patient’s death, but was a contributory factor e.g. when distant 
metastases or local progression are present but are not the direct underlying cause of death.  A patient 
who has a fatal heart attack 2-3 months before they probably would have died from prostate cancer.  
This would be an unlikely prostate cancer death, but prostate cancer could have been a contributory 
cause. 
 
g) “Definitely not prostate cancer” death occurs when there is no evidence of distant metastases, local 
progression or other complications of diagnosis or treatment.   
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On what evidence was your assessment of the cause of death based:  

 
Q2a: If definite, probable or possible prostate cancer death, on what evidence is this assessment based:   

 2i) Tick 
all that 
apply 

2ii) Briefly describe the evidence and where this is 
recorded (e.g. consultant letters, radiological reports, 
handwritten medical notes) 

Clinical picture1  

 

1  

High, increasing PSA 
levels2  

 

2  

X-ray evidence of 
metastases3  

3  

Scan evidence of 
metastases4 

 

4  

Evidence based on the 
treatments received5 

 

5  

Evidence based on 
pathology6 

 

6  

1Symptoms or impairments such as anaemia, renal impairment caused by ureteric obstruction, tumour mass 
leading to gastrointestinal or biliary obstruction, and in hormone relapsed disease: severe LUTS, retention, or 
incontinence. 
2e.g. Rising PSA after complete tumour suppression / hormonal ablation where PSA rises above 50 ng/ml; rising 
PSA after radical prostatectomy; PSA above PSA threshold from ProtecT model in men on active monitoring.  The 
sole presence of high or increasing PSA levels should never be assumed to indicate metastases unless other 
unequivocal evidence is present (see the other five items). 
3Enlarged nodes on CT should be assumed metastatic only if in association with progressive increase in size, 
regression after hormonal treatment or increasing PSA levels. 
4A few single 'hot spots' on bone scans should be assumed metastatic only if in association with unequivocal 
evidence on CT, or regression after hormonal treatment. 
5e.g. chemotherapy for hormone resistant disease  
6In subjects who have other invasive carcinomas, histological evidence of cancer type at metastatic site important. 
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Q2b: If probable or possible prostate cancer death, what other potential causes of 
death were there?   
 
 
 
 
Q3: If Definitely intervention-related death,  
 
 Yes No 
Q3a: Were complications of treatment the 
cause of death? 1 2 

 
 Yes No 
Q3b: Were complications of screening / biopsy 
the cause of death? 1 2 

 
 
Q3c: Briefly describe the evidence and where this is recorded (e.g. consultant letters, 
autopsy reports, handwritten medical notes) 
 
 
 
 
 
 
 
 
 
 
Q4: If Unlikely or definitely not prostate cancer death, what was the most likely cause 
of death? 
 
 
 
 
 
Q5: If unlikely prostate cancer death, but prostate cancer was a contributory factor, 
describe how prostate cancer contributed to the death 
 
 
 
 
 
 
 
 

 



Appendix D: Composition of reviewing teams  
 
Chair: to be determined – external chair preferred  
 
Team 1:  
 
Michael Baum 
Mary Robinson 
Anthony Zeitman 
 
Team 2: 
 
Jan Adolfsson  
Pathologist/ epidemiologist/GP 
Oncology/health care elderly 
 
Team 3: 
 
Peter Albertsen 
David Jewell 
Oncology/health care elderly 
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1.  Introduction 
1.1 Background to study 
Few international issues in health care are as controversial as prostate cancer screening. Prostate cancer has a major 
impact on public health in the UK. There were over 8,500 deaths from prostate cancer in England and Wales in 
1998,1 making it the second leading cause of cancer mortality in men. The aetiology of prostate cancer remains 
unclear and opportunities for primary prevention are limited. Developments in diagnostic tests for prostate cancer, 
in particular the introduction of PSA testing, have led to increased interest in the possibility of secondary 
prevention through population screening. Screening to identify prostate cancer while it is localised to the gland has 
provoked much public and scientific attention and there is intense debate about its role in improving men's health. 
Current UK health policy does not advocate population screening, but the policy remains under active review by 
the National Screening Committee. Major concerns remain about the lack of evidence about the effectiveness of 
treatments (the rationale for the ProtecT treatment trial) and the potential for diagnosis and over-treatment of 
tumours that might never become clinically significant.  
Recent publications have further fuelled the debate about population screening.  The Scandinavian treatment trial 
showed a 50% reduction in prostate cancer mortality following radical prostatectomy compared with watchful 
waiting for ‘early prostate cancer’, but there was no significant difference in all-cause mortality,2  and fewer than 
5% presented following screening with the PSA test, thus limiting its relevance to screen-detected men.2 An 
observational study of two fixed cohorts in the US showed significant increases in diagnosis and treatment of 
prostate cancer in intensively screened Seattle compared with non-screened Connecticut, but there was no 
difference in prostate cancer mortality over 11 years of follow-up.3 While prostate cancer is clearly a serious public 
health problem, debate about screening is conducted in the absence of high quality evidence about its potential 
impact, as detailed in a recent review.4   
 

1.2 The needs for a trial now 
In the UK the introduction of routine prostate cancer screening is being delayed until adequate evidence becomes 
available to inform policy. Trials of population screening are currently underway Europe (European Randomised 
Screening trial for Prostate Cancer, ERSPC5) and US (Prostate, Lung, Colorectal and Ovary trial, PLCO6). They 
will report combined findings around 2008.7  The controversy over breast cancer screening demonstrates the 
overwhelming need for the conduct of high quality, randomised studies - some 14 years after the first trials were 
reported, questions over the methodological quality and size of the trials of breast cancer screening mean that 
arguments over its costs and benefits continue,8 with different countries reaching different conclusions over 
whether such programmes are justified. The complexity of the issues involved in prostate cancer screening make it 
timely to extend ProtecT to allow the assessment of the potential impact of population screening for prostate cancer 
in the UK. The differences in aspects of design between the ProtecT extension and the ERSPC and PLCO studies 
in terms of the methods of recruitment, screening tests and treatments offered (see Table 1) will allow wider 
exploration of the issues and also provide opportunities to both pool and compare findings. The design of the 
ProtecT extension will lead to lower levels of contamination and more precise estimates of screening effectiveness. 
Further, where controversy is as great as it is in relation to prostate cancer screening, and the potential investment 
so large, there are considerable strategic advantages in conducting this UK trial. It will add to international 
understanding of the cost-effectiveness of the secondary prevention of prostate cancer, but, more parochially, assist 
with policy development in the UK.  
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Table 1  Major design aspects of the two ongoing screening trials7 and CAP 

 ERSPC PLCO CAP 

Age range 55-69 years (core group) 
Some 50-54, 70-74 years  

55-74 years 50-69 years  

Design Individual randomisation Individual randomisation Cluster randomisation 

Participants Most randomly selected 
from population 
registries.  Some 
volunteers 

Volunteers All individuals from 
randomly selected 
general practices 

PSA threshold 3.0ng/ml or 4.0ng/ml 
(varies by centre) 

4.0ng/ml 3.0ng/ml 

Screening interval 4-yearly (some 1, 2 years) 1 year Single screen 

Percent PSA raised  7-15% (varies by centre) 16% 11% 

Cancers detected per 
1,000 screened 

11-42 (varies by centre) Not available 12 

Treatment regimen in 
screened group 

Variable usual care 
(radical advised)  

Variable usual care 
(radical advised) 

Randomised (surgery, 
radiotherapy, active 
monitoring) 
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2. Trial design (Figure 1) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
3.  Aims  
To evaluate the effectiveness and cost-effectiveness of population screening for prostate cancer by establishing a 
cluster randomised trial allocating general practices to either intensive case-finding (the ProtecT trial) or 
unscreened standard practice. 

 

4.  Objectives 

1) To provide an unbiased estimate of the effect of a single screen for prostate cancer on prostate cancer-specific 
and all-cause mortality in the population. 

2) To contribute to the international effort to investigate the impact of prostate cancer screening. 

3) To estimate the cost implications of prostate cancer screening and use the data collected to develop and refine a 
probabilistic model of the cost-effectiveness of prostate cancer screening in the UK. 

 
 

General practices (c. 800) in 9 centres in UK 

Randomisation and 
consent 

ProtecT trial intensive case-finding 
c. 233,000 men invited, 400 practices 

Tested in ProtecT 
trial c. 116,500 

Primary outcome: prostate cancer mortality at 10 years 

All 
eligible 
men in all 
practices 
flagged 
with 
NHSCR 

Standard NHS 
management 

Comparison arm (no intervention) 
c. 233,000 men, 400 practices 

Not tested  
c. 116,500 

ProtecT trial 
follow-up 
(c.2,563  

prostate cancer)  

Standard NHS 
management 
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5.  Study design 

This cluster-randomised trial consists of two arms: 

a) The intervention arm - The NHS HTA funded ProtecT treatment trial. This investigates the effectiveness and 
cost-effectiveness of radical surgery, radical radiotherapy and active monitoring for clinically localised prostate 
cancer. 233,000 men aged 50-69 years in approximately 400 GP surgeries in nine UK centres (Sheffield, 
Newcastle, Bristol, Birmingham, Cardiff, Edinburgh, Leeds, Cambridge and Leicester) are being invited to be 
tested between 2001 and 2008 for the presence of prostate cancer in a process of case-finding that is almost 
identical to population screening. 

b) The comparison arm, in which a comparable population of men in approximately 400 GP surgeries in the same 
UK Centres are not subject to intensive case-finding for prostate cancer. 

The CAP cluster randomised control trial consists of two major components:   

1) The identification and flagging with the NHS Central Register (NHSCR) otherwise known as the Health 
and Social Care Information Centre (HSCIC), and local cancer registries of i) men taking part in the 
ProtecT trial ii) men in the intervention arm who neither opted out nor took part in the ProtecT trial, iii) all 
men in the comparison arm. 

2)  The review of hospital case notes for men identified as having a probable or possible prostate cancer-
related event.  

 

6.  Ethical aspects 
6.1 Ethics 
The study will be conducted according to the Declaration of Helsinki 1964, as revised in Tokyo 1975, in Venice 
1983 and by the 41st World Medical Assembly, Hong Kong, September 1989. 
 
6.2 Ethics Committee Approval  
Approval has been given by Derby MREC previously Trent MREC for flagging on 12th February 2004, and for 
obtaining consent to review hospital case notes on 24th November 2005. This approval is given under section C of 
the DoH ‘No local researcher’ guidelines. LREC approval is therefore not needed.  

The Confidentiality Advisory Group (CAG) previously the Patient Information Advisory Group (PIAG) granted 
the study exemption from seeking of individual consent for flagging under section 60: support for use of patient 
identifiable information of the Social Care Act 2001 on 07/04/2004. CAG under section 60 also granted the study 
permission to access deceased patients’ medical records where consent has not been sought (where the man has 
died before there was a chance to approach him), or consent was sought but no response was given, on 20/03/2006. 
Both these exemptions only apply in England and Wales.   

The Privacy Advisory Committee for Scotland approved the provision of anonymised lists of individual men linked 
to their age and general practice for all randomised practices in the trial and the linkage of anonymised, individual 
data to cancer registrations and mortality files at the Information & Statistics Division Scotland (04/10/2005).  
 
6.3 Participant Consent:  

6.3.1 Part 1: Flagging 
Practices randomised to the intervention arm (ProtecT trial) will be approached and informed consent will be 
sought from the senior partner for inclusion of the practice. Voluntary individual informed consent for the 
intervention and for flagging is sought from all men attending prostate check clinics.   

Practices randomised to the comparison arm will be approached and informed consent will be sought from the 
senior partner for inclusion of the practice. Practices that consent will be provided with current information from 
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the NHS prostate cancer risk management programme to advise them of current standard management of prostate 
cancer.    

All GP practices will be asked to put up a poster that will give men the opportunity to opt out of having their 
records flagged. This poster has been approved by the HSCIC and CAG to include all relevant and pertinent 
information that patients may need to make an informed decision. At the request of HSCIC and CAG an updated 
poster will be displayed in GP practices that were recruited, informing patients registered that the study is 
happening, providing brief information about the study and informing individuals how to opt-out of the process.   

The seeking of individual consent for flagging the details of men in the comparison practices or of men in the 
ProtecT practices who neither opt out nor participate in the ProtecT trial would threaten the viability of the study.   
CAG, previously PIAG, have granted the study exemption under section 60 of the Health and Social Care Act 2001 
in order to provide the legal basis to do this. 

 

6.3.2 Stage and Grade Collection 

 

Stage and grade are obtained for all men within the trial who have a diagnosis of prostate cancer.  CAG section 251 
permission allows stage and grade to be transferred from the cancer registry (now National Cancer Registration and 
Analysis Service NCRAS) without explicit consent.  This permission has been extended (20th July 2016) to allow 
researchers to seek only cancer stage and grade information from medical records (it does not affect our seeking 
individual consent to extract any further information from the medical records – see section 6.3.3 Case Note 
Review).  Failure to obtain stage and grade data has the potential to introduce important biases in reporting the 
results of this trial.  These biases could reduce the interpretability of the trial results and threaten the trial’s impact 
on informed decision making and public benefit. 

 

6.3.3 Part 2: Case Note Review 

Individual informed consent for case note review will be  sought from men who are identified as having had a 
prostate cancer notification (see section 11). 

CAG, previously PIAG, have granted the study support under section 60 of the Health and Social Care Act 2001 to 
review the medical records of men who have died of a cause potentially related to prostate cancer before we could 
gain their consent (provided the man did not record an objection to their medical records being used for 
research whilst alive). The following procedure will be followed in order to comply with the conditions of our 
section 251 support: 

a. A letter will be sent to the GP of the deceased man asking whether a record exists of the man 
having objected to his medical records being reviewed for the purposes of medical research. 

b. Upon receipt of this completed letter the case note review can be undertaken if there is no 
objection. If there is objection or the form has failed to be returned case note review cannot be 
followed through. These patients are marked accordingly.  

c. Research Associates will look for a record of objection during completetion of the case note 
review. If they find one they will cease the completion of the review and destroy the data they have 
collected confidentially.  

7.  Study population 
7.1 General practice enrolment 
All GP practices within the catchments of the nine ProtecT clinical centres will be eligible for recruitment, and all 
men aged 50 to 69 years registered with GP practices in the ProtecT study catchments will be eligible for inclusion. 
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7.2 Randomisation 
The details of general practices in Primary care trusts (PCTs) in each of the study areas in England are obtained 
from the respective organisation (local health care co-operatives in Scotland and local health groups in Wales).  
General practices within these areas are identified on ordinance survey maps and then assigned to contiguous 
groups of 10-12 practices.  A computer program using the statistical package Stata® is used to allocate an equal (or 
near-equal) number of practices to intervention (ProtecT) and control groups: this stratified randomisation scheme 
ensures that the number of intervention and control practices is balanced within geographic areas and primary care 
groups. A statistician not otherwise involved in the study performs the randomisation process. 
 

8.  Inclusion and exclusion criteria 
Inclusion criteria 

1) All GP practices in the study areas.  

2) All men age 50-69 years on the date of preparation of the list at the general practice  

 

Exclusion Criteria 

1) Men identified as already having a prostate cancer diagnosis on or before the date on which the list of men is 
generated for a practice.  

2) GP practices which do not agree to participate, having been randomised, are excluded from the study and 
analysis. (aggregate follow up for mortality and prostate cancer rates – see section 9.4 below) 

3) Control arm practices within clusters where no intervention arm practices were recruited, and intervention arm 
practices in clusters where no control arm practices were recruited, are excluded.  
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9.  Recruitment of participants  
9.1  Recruitment of general practices (CC and SMed) 
All Practices will be contacted by the primary care co-ordinator Kerry Avery or CAP study researchers. The GPs 
and practice manager will be briefed about the CAP and ProtecT study and an information pack, tailored to the arm 
of trial to which they have been randomised, will be sent out to each practice.  In these information packs the 
practice will be asked to consent to take part in ProtecT or the comparison arm.  For those practices consenting to 
the ProtecT arm, the ProtecT protocol will follow. For those consenting to the comparison arm, information on 
prostate cancer risk management programme will follow. 

 

9.2 Recruitment of participants (Protect arm) 
The ProtecT protocol gives details of inviting participants to attend the prostate check clinic and subsequent 
process through the trial. In summary, this involves an initial written invitation, followed by a 30-minute prostate 
check clinic appointment. At this clinic men receive counselling and detailed information about the implications of 
PSA testing and subsequent treatment. If they consent, blood is taken for a PSA test which is performed only 
following the receipt of a further ‘cooling-off’ consent at least 24-hours later. Men with a raised PSA result 
( 3.0ng/ml) are invited to attend the urology department for a further PSA, clinical examination, digital rectal 
examination (DRE) and trans-rectal ultrasound (TRUS)-guided biopsy. Men found to have advanced disease are 
treated routinely but followed up within the comprehensive cohort. Re-biopsy is offered immediately to those with 
high grade prostatic intra-epithelial neoplasia (HGPIN) or negative biopsy and a free/total PSA ratio of <0.12. Men 
with free/total ratio >0.12 or second negative biopsy are offered repeat PSA testing in 12 months. All men with 
localised prostate cancer (T1-T2, NX, M0) are invited to participate in the treatment trial comparing active 
monitoring, radical radiotherapy and radical prostatectomy. If randomisation is not acceptable, a patient-led 
preference for a treatment option is reached.  All men who consent to the ProtecT trial are flagged. 

9.2.1 Prospective recruitment of the non responders in the ProtecT practices  

The addition of a comparison arm to the ProtecT study means that all other men in the ProtecT practices who have 
not opted out of the ProtecT study need to be flagged with the NHSCR/HSCIC and local cancer registries. 

The Research Assistant will go to the participating GP surgeries and download the name, postcode, date of birth, 
NHS number and GP practice identification number of all men aged 50-69 years onto the study laptop computer. 
This list will be saved onto a floppy disk and kept at the practice (this method is detailed in the ProtecT Practices 
SOP).   

The invitation letters will be mailed out as in the ProtecT protocol. 

Once the Prostate check clinics (PCC) have finished in the practice, the PCC schedules are returned to Smed for 
data entry and storage. At this point, all the consent pages of the PCC schedules need to be entered prospectively, 
in order to identify those men who opt out. 

Definition of opt out and NOT flagged. 

1) Those men who explicitly refuse thePCC invite, once they have received information about the study. 

2) Those men who explicitly refuse at the PCC to have a PSA test as part ofthe ProtecT study  

3) Those men who do not refuse to participating in the ProtecT study, but say No to having their records 
flagged. 

4) Men in the ProtecT practice who have requested to be excluded on seeing the poster displayed in the 
General Practice.    

A list of the name, postcode, date of birth and NHS number will be created for each practice of all men 
participating in and opting out of the ProtecT study. The Research Assistant will return to the participating GP 
surgeries and reconcile the two lists (this method is detailed in the ProtecT Practices SOP).  The details of men to 
be flagged will be transferred to SMed to enable flagging to be initiated.   
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9.2.2 Retrospective recruitment of non-responders in the ProtecT practices 

Retrospective flagging:  Practices who have been involved with the ProtecT study will be returned to and the poster 
will be displayed in the practice for three months. 

If in these practices the original list of men is available, then the Research Assistant will need to reconcile the 
original list with the list of men who participated or opted out of the Protect trial.   

If the original list of men is not available then the Research Assistant will reconstitute the list of men as near to 
possible to the time of the creation of the original list. The two lists will then be reconciled.  

9.3 Recruitment of participants (Comparison arm) 

Using the method detailed in the CAP Practices SOP, the research assistant will approach practices randomised to 
CAP in order to obtain consent. The research assistant in each centre will visit the consented practice to liaise with 
practice staff, and put up the poster. The practice will be given the CaP download protocol. In order to ensure in 
each cluster the same calendar period is covered in the ProtecT and CAP practices, the CaP practices will either be 
asked to produce a list of men in the age range 50-69 years who were at the surgery at a particular point in time or a 
current list of men. (see Appendix 4 for details). 

The research assistant will return to the practice after three months and will exclude any man who has requested not 
to be flagged on seeing the poster displayed in the General Practice.  The name, postcode, date of birth, NHS 
number and GP practice identification number of all men on this list will be transferred to SMed to enable flagging 
to be initiated. 

All general practices participating in CAP or ProtecT will be sent a letter thanking them for their involvement and 
informing them that we will be returning to the practice to seek consent from men for the case note review part of 
the study (CAP acknowledgement letter v2_20070727 or ProtecT acknowledgement letter v1_15.08.06). 

 

9.4 Aggregate data on groups not in routine follow up.  

In cases where individuals are not in routine follow up: 

1) Those described above 9.2.1 who explicitly refused to take part upon receipt of their reply slip or who declined 
to participate when attending PCC.  In these cases there is a possibility that these individuals may have a greater 
likelihood of being diagnosed with prostate cancer or dying within 10 years follow-up.   

2) Also GP practices which do not agree to participate, having been randomised, are excluded from the 
study and analysis (section 8 exclusion 3).  We have been advised by the DMC that in interpreting the 
study results it will be beneficial if we were able to comment on the overall rate of death and cancer 
diagnoses in men aged 50-69 years in those practices.  

 

CAG have given permission (letter dated 20th July 2016) for us to obtain aggregate data from HSCIC for mortality 
and prostate cancer diagnoses in 5 year age bands.  We do not need individual level data.  These tables of aggregate 
data will be returned to School of Social and Community Medicine (SSCM) at the University of Bristol.  

 

 
10.  Flagging of men’s details with local cancer registries and NHSIC/HSCIC 
The lists obtained from the GP practices will be imported into the admin database. At this point any manipulation 
needed to standardise the data will be performed.  Any duplicates will be identified at this point and dealt with. The 
information will then be imported into the main template. At this point a unique identifier will be allocated to each 
of the men to signify the arm of the study they are in, the research centre and the GP practice. 
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The name, postcode, date of birth, NHS number and unique identifier will then be transferred to the NHS 
Information Centre  (NHSIC)/Health and Social Care Information Centre (HSCIC) / Public Health England 
NCRAS, and local cancer registries, where they will be flagged.    

10.1 Identification of a prostate cancer related event 

Surveillance for relevant outcomes will be passive and triggered by the occurrence of deaths or cancer registrations 
in the flagged group.  

Once information about a prostate cancer related event has been received, the following information if available 
will be entered into the template: Date of prostate cancer registration; Hospital where diagnosis occurred; Man’s 
consultant; Cause of death (text); Original underlying ICD code; Multiple original ICD code and Stage and grade 
of tumour. 

This information will be anonymised using the unique identifier. 

 

11. SAIL Hospital Episode Statistics (HES) and Patient Episode Database for Wales (PEDW) Data 

To carry out a budget impact analysis from the perspective of NHS England secondary care.  Hospital 
Episode Statistics (HES) data (anonymised via the SAIL Gateway [http://www.adls.ac.uk/secure-
anonymised-information-linkage-databank/], located at the Health Information Research Unit (HIRU), 
Swansea University) will be used to compare the inpatient and outpatient costs (i.e. the key secondary 
care cost drivers) in the ‘screened’ and ‘unscreened’ arms in England.   
CAG noted (letter dated 27th February 2013)  that “following this method (details appendix 7) would result in 
no further disclosure of patient information, as SAIL would hold a pseudonymised dataset and provide 
researchers with only the data that they required for analysis purposes. Researchers would have no access to 
the study ID and therefore could not link data held already about trial participants.”  Therefore they concluded 
that no amendment was required to the existing s251 approval. 
 
HSCIC approved this methodology (letter from the NIGB dated September 2016) and agreed to supply Hospital 
Episode Statistics Admitted Patient Care; Hospital Episode Statistics Critical Care; Hospital Episode Statistics 
Accident and Emergency; Hospital Episode Statistics Outpatients; Hospital Episode Statistics Diagnostic Imaging 
Dataset for the complete cohort being flagged and followed up in the trial 

For individuals from the Welsh clinical centre linkage to the Patient Episode Database for Wales (PEDW) has been 
granted by CAG and SAIL as these individuals would not have Hospital Episode Statistics (HES) data (Appendix 
7).  

12.  The Case Note Review 

Men who are identified by the HSCIC  or Cancer Registries as having had a prostate cancer diagnosis will be 
approached for informed consent to review their case notes. As prostate cancer is often slow-growing and not 
always life-threatening, we need to collect data from case notes for three major purposes: 

1) to ensure we determine as accurately as possible the cause of death in men diagnosed with prostate cancer  

2) to ensure accurate determination the progression and outcome of prostate cancer  

3) to ensure accurate determination of the diagnostic and treatment pathways followed by men for the 
economic evaluation 

12.1 Participant consent procedure 

Initially, the man’s GP will be contacted and asked to indicate whether the man is alive and currently fit enough to 
be approached (see GP letter&consent formV1.1_09.04.09. A slightly different letter is sent when a man has 
moved from a participating practice to a non-participating practice - GP(other)letter&consent 
formV1.1_09.04.09).  
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1) men whom the GP indicates are well enough (i.e. not terminally ill or currently temporarily unwell) will be 
contacted by post by the GP, who will send an invitation letter to the man (on practice headed notepaper, 
signed by the GP), an information sheet and two copies of a consent form (see Patient Invitation 
letter(GP)V2.1_07.04.09, Patient Information sheet(GP)V5_20160728 & Patient Consent 
form(GP)V3_20070723). 

The men will be asked to carefully read the information sheet and complete the consent form.  The consent form 
has been designed to give the man the following options:  

a)  to agree to take part in the study  

b) to seek further information about this study, either from a study researcher, or at a face-to-face 
appointment with the man’s GP or the practice nurse.  If the man seeks a face-to-face appointment with the 
GP or practice nurse, face-to-face consent will be obtained from the man at the time of this appointment. A 
covering letter (see Appointment cover letter to GP or nurse v1 09.03.06) and appointment feedback 
form (see Appointment feedback form v1 09.03.06), along with the Patient Invitation 
letter(GP)V2.1_07.04.09, Patient Information sheet(GP)V5_20160728 & Patient Consent 
form(GP)V3_20070723), will be sent to the GP or practice nurse prior to this appointment. 

c) to indicate that he does not wish to participate in the study to access his medical records, in  which case 
he will be excluded from the study. 

The man will be asked to keep a copy of the consent form and the information sheet for his records.  

On occasions if a GP has expressed a wish that s/he does not want to offer the man a face-to-face appointment, 
adapted versions of the documentation, which remove this option, will be used. (see Patient Invitation letter (GP 
no contact)V1.1_09.04.09, Patient Information sheet (GP no contact)V2_20160728,Patient Consent form (GP 
no contact)V2_20070723)   

If it is not possible to contact the man via the GP, the treating urologist or oncologist will be asked to request 
consent (see Cons letter&consent (ProtecT)V2.1_09.04.9, Cons letter&consent (non-ProtecT)V2.1_09.04.09, 
Patient Invitation letter(cons)V2.2_20101102.doc, Patient Information Sheet(cons)V5_20160728, Patient 
Consent form(cons)V3_20070723). Slightly different wording is used depending on whether the consultant is 
based at a hospital participating in the ProtecT trial or not).  

There are second versions of each letter to GPs, consultants, and participants which are sent as reminder letters if 
we do not receive a response after 3 weeks. 

2) if the man has died before we can gain consent for note review 
a) We will check whether or not the man had been contacted while alive and had not responded to a 
request for consent 

bi) For non-responders to a request for consent, a letter will be sent to the GP of the deceased man asking 
whether a record exists of the man having objected to his medical records being reviewed for the purposes 
of medical research (see GP letter&consent form_dec_v1.1_20090408). A slightly different letter is sent 
when a man has moved from a participating practice to a non-participating practice - 
GP(other)letter&consent form_dec_v1.1_20090408). 

bii) For non-responders to a request for consent in cases where the GP declines to participate, or states 
that records have been returned to the PCT, a letter will be sent to the PCT asking whether a record exists 
of the man having objected to his medical records being reviewed for the purposes of medical research 
(see PCT letter&consent form_dec_v1_20120529).  

c) For responders who had declined to consent, we will not proceed.  

d) For all other men (i.e. i) those not contacted while alive; and ii) responders who had consented while 
alive) we will proceed with note review. If an indication of dissent for use of data for research is found in 
any medical record then these should not be used, regardless of which group the patient falls into. 
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12.2 Data collection once a prostate cancer-related event or death has been identified 

The data to be collected are details and dates of: symptoms and signs of prostate cancer presence and progression, 
diagnostic and monitoring tests, histological grade of cancer, tumour stage, treatments received and outcome, 
complications of prostate cancer and its treatment, co-morbidities, and other resource use data related to prostate 
cancer diagnosis and treatment not otherwise covered by the above variables (length of inpatient stay, outpatient 
appointments).  This data will be abstracted onto a standardised proforma by trained research assistants. It will be 
supplemented by scanned copies of relevant inpatient and outpatient medical records, including in-patient notes in 
the last 2 months before death, pathology / radiology reports, and copies of discharge and outpatient letters 
detailing important co-morbidities and evidence of prostate cancer progression / metastases.   

These data and scanned documents will be fully anonymised. 

 

12.3 Cause of Death Review 

For men in the study who have died of a cause potentially related to prostate cancer, summary vignettes and 
supporting scanned documentation will be submitted to the Cause of Death Evaluation (CODE) Committee. The 
aim is that data supplied for the death review should be identical, whether the individual had a screen-detected 
cancer or not.  Thus any mention of the ProtecT trial, cancer screening tests, and initial clinical presentation (both 
screen-detected and symptomatic) will be removed to ensure reviewers are blind as to the allocation in the trial. 

In order to ensure comparability of information with the ProtecT trial and to allow accurate ascertainment of cause 
of death, the same endpoint committee as for the ProtecT trial will be established (Chair Professor Peter 
Albertsen). They will be blinded to the arm of the trial and will scrutinise death certificates to assign an underlying 
cause of death. Independent members have been invited to join including representatives from the Scandinavian 
trials (Professor Jan Adolfsson) and PLCO (Peter Albertson, USA), all of whom have already developed relevant 
proformas and algorithms for ascertainment. 

See Appendix 5 for the protocol for cause of death review. 

 

 

13  Outcome measures 
13.1   Primary outcome 
Prostate cancer mortality at 10 years after start of follow up. This includes those deaths judged as definitely or 
probably due to prostate cancer by the cause of death committee. Deaths due to the treatment of prostate cancer are 
included, again as judged by the cause of death committee. ‘Ten years’ is the point in time when the median follow 
up period for men in the study is ten years, which is anticipated to be the end of March 2016. Allowing a four 
month period for information on outcome events to reach us from the UK National Statistics Office, we propose to 
include all primary outcome events which have occurred on or before 31st March 2016, and which we have 
received notification of by 31st July 2016. Only outcome events for which we receive notification from the UK 
National Statistics Office will be included in the main analyses.  

   

13.2 Secondary Outcomes   

1) All-cause mortality at 5,10 and 15 years after the start of follow up 

2) Definite or probably Prostate Cancer mortality at 5 and 15 years  

3) Disease status and staging at diagnosis 

4) Cost-effectiveness 

5) Health related Quality of Life 

The outcomes will be evaluated in the following way 
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13.2.1 Prostate cancer mortality 

Given the problem of ascertainment bias in attributing cause of death,9 as a consequence of both prostate cancer 
detection and possibly treatment,10 a cause of death committee will be established (see section 11.3 and Appendix 
5).  

13.2.2 Disease status and staging 

Refer to section 6.3.2 stage and grade section 

13.2.3 Cost-effectiveness 

A probabilistic model will be developed (see Appendix 1) 

 

14.Analysis 
The primary analysis will be based on those deaths classified as from prostate cancer by the independent panel. 
Random-effects Poisson regression models (also known as negative-binomial regression models) will be used to 
estimate rate ratios comparing prostate cancer mortality in intervention and comparison practices, allowing for 
clustering by including the general practice of each participant as a random effect. These methods will also be used 
to estimate rate ratios comparing all cause mortality and all cancer mortality in intervention and control practices, 
and also comparing “probable” or “possible” prostate cancer deaths, should the independent panel decide to 
classify some deaths in this way.  The relatively large number of practices randomised, and the stratified 
randomisation scheme, should ensure that practices are approximately balanced with respect to prognostic factors 
such as socio-economic position (using Jarman or Townsend scores) at the time of randomisation. However, we 
will conduct sensitivity analyses to confirm that controlling for any imbalances makes little or no difference to the 
estimated rate ratios comparing intervention and control practices. 

Should any of the treatment arms in the ProtecT trial be shown to be superior (i.e. to lead to reduced mortality), 
then any difference in prostate cancer or all cause mortality between intervention and comparison practices will be 
lower than would be expected if a screening programme had used the optimal treatment(s). We will estimate the 
beneficial effect on mortality of such an “optimal” screening programme, based on the (unbiased) treatment effect 
estimates from the ProtecT trial and the (unbiased) overall effect estimates from the extended study. 

Other analysis of interest could include a comparison of underlying rates of prostate cancer in men who do and do 
not consent to screening.  This would be derived by comparing rates in men in intervention practices who do not 
attend for case-finding with those in control practices, assuming that men in the control practices represent 
comparable populations of men who would and would not have consented to screening if invited. 

 

 

15. Economic Evaluation 
The economic evaluation will be led by Dr Sian Noble (Smed)  
We plan to conduct a trial-based analysis to assess the affordability of introducing a PSA screening programme for 
prostate cancer in the UK.  A budget impact analysis will be prepared from the perspective of NHS England 
secondary care.  Hospital Episode Statistics (HES) data (anonymised via the SAIL Gateway) will be used to 
compare the inpatient and outpatient costs (i.e. the key secondary care cost drivers) in the ‘screened’ and 
‘unscreened’ arms in England.  Costs will be extrapolated to estimate the cost to NHS England at a population 
level, with adjustment to allow for potentially differential uptake of the screening invitation in practice.  Costs will 
be assessed over five years post-randomisation, and results will be presented per year. 
A model-based economic evaluation that will address the issues of extrapolating results from the median 10 year 
measurements and incorporating disutility estimates is currently in progress (Sanghera) and will form the economic 
analysis for CAP and the probabilistic modelling (see Appendix 1). . 
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16.  Health Related Quality of Life 
The HRQL will be co-ordinated by Miss Jane Blazeby, see Appendix 2 for details  

 

17. Contamination 
There is concern that the effectiveness of PSA-based population screening may be underestimated if GPs at 
comparison arm practices are making extensive use of the PSA test in asymptomatic men. One study in UK general 
practice found that 2% per year of asymptomatic 45-84 year old men were tested between 1999 and 2001[i].  A 
more recent study in 650,264 men, aged 45-84, found the rate of men tested at least once was 8.74 per 100 person-
years in 2010 and 9.45 in 2011 http://onlinelibrary.wiley.com/doi/10.1111/ijcp.12784/epdf  

In a rapidly changing arena, this data may not reflect the current UK situation. Furthermore, investigations across 
the countries involved in the European Randomized Study of Prostate Cancer (ERSPC) suggest levels of ad hoc 
testing in the unscreened arm during 1999-2001 which exceed 2% per year[ii], and it will be important to have 
established whether this difference persisted over the long term when comparing the results of the two studies. 

 
It is also possible that a change in the use of the PSA test may occur once the ProtecT study prostate check clinic 
has visited a practice. Such a change would influence the interpretation of the CAP study results, as the one-off 
screening offered in the ProtecT study arm would no longer be the only difference between the two screening trial 
arms.   
 
A sub-study has established the rate of PSA testing in a sub-sample of CAP practices in 2009 (see Appendix 6 for 
details)  Our study estimated the annual practice-based PSA testing rate for men aged 45–89 years with no previous 
diagnosis of prostate cancer at 6.2% during 2007     http://onlinelibrary.wiley.com/doi/10.1111/j.1464-
410X.2011.10163.x/epdf 
 
The CAP team will be looking into the PSA testing rate in the UK over a 10 year period, which is expected to be 
published in 2017.  

 

18. Data management and security 
The CAP study data management and security systems comply with the Information Governance Toolkit annual 
assessment.  

The study will use a designated safe haven server to store personal details and identifiable data. Access to the 
secure server is restricted to staff employed on CAP and the University of Bristol IT Services staff.  

Access to the system and its data is controlled by user accounts alongside file system access control permissions.  
The server allows connection to the N3 network (see N3 Security Policy) and is protected by its own firewall and 
those operated by BT within the N3 network.  A unique study identifier is allocated.  Identifiable information is 
held in a separate file to any vital status (death certificate/cancer registration) or trace event data. Only 
pseudonymised data which is non-disclosive is available for statistical analysis and only aggregated data is 
published. 

The server is protected by a local firewall and hardware includes AES 256bit encryption whenever possible a 
dedicated network (NHSnet) to transfer data. RC4 encryption will be used in all data transfers. Within the School 
of Social and Community Medicine the database which links the patient personal details (names, postcodes) with 
the allocated study id will be maintained on a password protected database on a server dedicated solely for the use 
of this study, and a valid username and password combination will be required to access this information via 
dedicated terminals. These dedicated terminals are also encrypted.  Only senior members of the project team and 
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computer staff will have access to this database. Patient identifiable information will be held on a separate database 
to any clinical data.  

Once the School receives a possible prostate cancer related event, information necessary for the man to be 
identified by his GP/consultant (name, date of birth, postcode, NHS number, consultant's name, GP practice and 
study id) will be transferred to the clinical centres. This information will then be used to identify the consented 
man’s hospital records. Once identified anonymised clinical data and records will be obtained and transferred back 
to the School of Social and Community Medicine. At no point will abstracted information be transferred to Social 
Medicine with personal details. Abstracted information will always be transferred in an encrypted form, 
identifiable only through the study ID.  The NHSnet safe haven will be used whenever possible to transfer 
abstracted information. Data will be held on double encrypted laptops (hardware and database software 256-bit 
AES encryption) which is stored in a lockable cabinet when not in the possession of the study researcher.  

Once at Social Medicine, the abstracted information will be stored on the safe haven server. This server and 
associated PCs will form their own network, which will be separate from the main University network, and is 
protected by local firewall and hardware includes AES 256bit encryption. Only the University’s IT staff have 
authority to manage system security. Staff who are authorised to access this information will not leave their 
terminal unattended without it being electronically locked. Only for analysis purposes will anonymised data be 
transferred to the University network, only identifiable through the study id. 

When transfer via the NHSnet is not possible, encrypted data will be downloaded onto a CD and sent to the School 
of Social and Community Medicine using Royal Mail’s Special Delivery. Once information has been transferred to 
the secure server, the CD will be destroyed using a CD cruncher.   

Data held in the School of Social and Community Medicine will conform to the University Information Security 
Policy (http://www.bris.ac.uk/infosec/policies/) , and according to Department of Health research governance 
standards. 

 

19.  Management and ethical considerations and study organisation  
A Trial Steering Committee and a Data Monitoring Committee will oversee the CAP trial. Written records will be 
taken of each meeting and copies held by the study coordinator. 

 

19.1  Trial Steering Committee (ProtecT and CaP) 
 Chair: Professor M Baum (London)  

 Prof A Zeitman (external radiographer, USA) 

 Dr D Dearnaley (clinical oncologist/radiotherapist, London) 

 Dr J Adolfsson (external urologist, Sweden) 

 Prof P Albertsen (external urologist, USA) 

 Dr M Robinson (uro-pathologist, Newcastle-upon-Tyne) 

 Professor M Mason (oncologist, Cardiff)  

 ProtecT and CAP Principal investigators (Professors F Hamdy, J Donovan, D Neal, Dr R Martin) 

 ProtecT and CAP study senior statisticians (Professor T Peters, Dr J Sterne) 

 ProtecT study coordinator (Dr A Lane, Bristol) 

 CAP study coordinators (Dr E Turner, Dr C Metcalfe, Bristol) 

 Health Economist (Prof T Roberts, Birmingham) 

 ProtecT and CAP health economists (Dr S Noble, Bristol & Dr J Wolstenholme, Oxford) 
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 ProtecT Coordinating Nurses (Mr P Holding, Sheffield; Ms T Lennon, Newcastle; Ms S Bonnington, 
Leicester) 

 Professor F Schroder (CAP external urologist, The Netherlands) 

 Professor T Walley (HTA Director) 

 Dr Jon Oxley,  (Bristol (ProtecT Histopathology Lead) 

 Observers from the NCCHTA 

The TSC will meet annually in January. 

 

19.2  CaP Data Monitoring Committee (DMC) 
 Chair: Professor Lars Holmberg (Clinical Epidemiology)  

 Professor Simon Thompson (Statistician); Professor Usha Menon (Gynecologist and Epidemiologist); 
Professor Rob Pickard (Urologist) 
 

Recommendations from the DMC regarding the stopping rules for the study will be taken to the TSC for 
ratification. The DMC will meet annually unless otherwise necessary.  A report will be sent to the TSC with the 
recommendations from each DMSC meeting. The TSC can invite the DMSC Chair or his representative to attend 
the TSC if deemed appropriate. 

 
19.3 Study Management Committee meetings 
All applicants will meet on a regular basis to oversee the project providing expertise as appropriate. Written records 
will be maintained of these meetings 

 

19.4 Management Executive Committee 

 Professors Martin, Donovan, Hamdy, Neal, and Dr Sterne comprise the committee 

 All publications using CAP data must be approved by the committee prior to submission of the publication 

 The committee retains the decision to publish or communicate study results 

 The content of all presentations at scientific meetings using CAP data must be notified to the committee 
prior to presentation 

 The details of publications and presentations at scientific conferences should be notified to the study 
coordinator a copy of the paper sent on publication 

 

19.5  Organisation of study documentation 
All clinical centres will have an investigators’ Trial Master File, which will include all relevant information and 
documentation for the trial. This will include the protocol, financial agreements, CVs of all staff involved in the 
trial, and any correspondence or emails received pertaining to the study. It will be the responsibility of the research 
assistant at each site to maintain this file. 
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19.6  Study monitoring 
The study will be regularly monitored by the study co-ordinator through reports, visits and examination of the 
study database.  The study is overseen by the TSC. 

 

20.  Publications 
Annual reports will be produced for Cancer Research UK.  Papers will be prepared for publication in general, epidemiological 
and urological peer-reviewed journals.  The findings will also be presented at national and international conferences. The 
primary analyses will be undertaken when there is average 10-year follow-up (i.e. end of year 13).   
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Appendix 1 Cost-effectiveness decision-analytic model of PCa screening  

The current cost-effectiveness model was developed between 2005-2010 by Leal and Wolstenholme (collaborators),6,7 
funded by Cancer Research UK (C11044/A4703). It consists of a Markov model, simulating the lifetime effectiveness and 
cost-effectiveness of alternative PCa screening options. A simplified structure of the model is depicted in Figure A3. 

The model structure and inputs were informed by ProtecT data, PCa registry data, expert opinion, and published literature 
synthesised using appropriate statistical methods.8,9 ProtecT provided population data on PSA levels, cancers detected, 
biopsy acceptance rates, and numbers of screen-detected cases by clinical stage. However, the majority of parameter 
inputs were estimated simultaneously from the literature using a Multi-Parameter evidence synthesis (MPES) 
framework,10-12 including the sensitivity of the screening programme and natural history of PCa; histological prevalence 
of PCa;7 stage progression; sensitivity of clinical diagnosis (in the absence of screening) relative to histological cancer; 
and hazard ratios of being diagnosed given histological stage.  

 

Figure A3 Diagram of Markov model of disease progression  

Men start in the ‘no cancer’ state and may develop early stage histological cancer (stages T1-T2) as a function of the 
histological incidence of cancer and their age. After the onset of histological cancer, the man may progress further into 
regional (T3-T4) and metastatic stages (M1) of histological cancer without being detected. However, clinical detection 
may occur as a consequence of current practice, i.e. in absence of a screening programme, or as a result of a screening 
round. Once detection occurs, the man becomes at risk of dying from cancer, conditional on the stage at detection. This 
risk may be reduced in the case of screen detected cancers relative to non-screened detected men as informed by the 
relative effectiveness estimates from the screening trials (i.e. eff). 

 

The outputs of the current cost-effectiveness model are: i) measures of lead time and over-diagnosis; ii) numbers of 
cancers detected in the absence and presence of screening; iii) costs and life years (LYs) gained; iv) incremental costs and 
Lys gained; and v) incremental costs per LY gained. These have been estimated for a single PSA screen (cut-off at 3 
ng/ml) at ages 50, 55, 60 and 65, and for screening every 5 years from age 50 to 65. All screening options are compared to 
no organised screening programme (i.e. current practice).  

The current model, however, is limited by: i) the quality and availability of UK-specific data for the majority of the 
parameter inputs, which had to be informed by expert opinion, the literature, and assumptions; ii) the exclusion of quality-
adjusted life years (QALYs), important for PCa, as treatment causes sustained reductions in quality of life;13 iii) the 
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omission of Gleason grade, a key biomarker of progression;14 and iv) a restricted range of alternative screening strategies 
that do not reflect those tested and found to be potentially most cost-effective in our recent systematic review of 12 
previous PCa screening models.  Furthermore, using regression and value of information analyses, we identified the 
results to be highly sensitive to the limited UK data on the epidemiology and costs related to the treatment and care of PCa 
and to the lack of a UK-specific screening effectiveness estimate (the latter accounting for the majority of the uncertainty 
in the results).  

Hence, our aims are to use the long-term CAP and ProtecT data listed in Table A4 to more comprehensively estimate 
cost-effectiveness in several important ways.  Firstly we will refine the structure of the model to closely reflect the UK-
relevant evidence from CAP and ProtecT on PCa natural history; move from a model based on cancer stage alone to 
incorporate Gleason grade, a key prognostic biomarker;14 expand the number of outputs to include quality of life and 
quality of life adjusted life-years (QALYs) to account for morbidity and mortality; and expand the number of inputs to 
consider a wider range of plausible alternative and stratified screening strategies. Secondly, we will strengthen the 
evidence base underpinning the model by: informing and reducing uncertainty in the parameter inputs e.g. by 
incorporating direct data on long-term UK costs and outcomes; updating a number of principal components of the cost-
effectiveness model (e.g. age-specific lead-time, test sensitivity and over-diagnosis frequency, relative effectiveness of 
screening and alternative treatment options at 10- and 15-years.  

The updated model will estimate the lifetime effectiveness and cost-effectiveness of alternative UK screening strategies 
relative to current practice (i.e. no organised screening programme). The model will account for the preclinical natural 
history of PCa, the probability of being tested, over-diagnosis, stage progression, treatment outcomes, and other causes of 
death.  

Different screening scenarios (age at start and stop, PSA thresholds) will be modelled with probability sensitivity analysis. 
Based on our systematic review of previous models, the screening options will include varying: screening intervals (e.g. 
one-off at 50, 55, 60 or 65; every 2 years; and every 4 years); biopsy thresholds (e.g. PSA 3ng/ml, PSA 4ng/ml); 
treatment options (e.g. active monitoring, active treatment); and baseline risk of developing PCa (e.g. family history, 
genotype16). It will use resource use and costs associated with PCa treatment pathways, which will be based on the 
individual patient experience of the CAP and ProtecT trials (see Table A4). We will adopt an English NHS perspective 
reporting the incremental cost per QALY gained of implementing a PCa screening programme compared to current 
practice. Extrapolation beyond the median 15-year CAP and ProtecT follow-up will follow published approaches.17-19 
Individual data on detection mode (screen-, clinically-, not-detected), and dates of events/censoring, allow derivation of 
transition rates between states using Markov models. If models fail to converge, we will use deterministic models to 
derive transition rates, as performed previously in ProtecT.20,21 

The impact of screening will be modelled by multiplying relative effect estimates estimated in CAP by the transition 
probabilities between health states associated with the current practice (i.e. no organised screening programme). All costs 
and effects will be discounted beyond the first year of simulation using recommended discount rates. Probabilistic 
sensitivity analysis will be used to propagate parameter uncertainty and quantify it in the resulting pairs of costs and 
effects, and cost-effectiveness acceptability curves (CEACs) will be used to represent decision uncertainty. These will 
show the probability that each screening scenario is cost-effective for given values of the amount that the decision maker 
is willing to pay for an additional unit of outcome. Analysis of variance and value of information methods will be used to 
identify key model inputs for which there would be gain from reducing uncertainty by collecting more data.   
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Table A4. Model input parameters that will be updated and enhanced by CAP and ProtecT data  
 Data source  
Model inputs ProtecT CAP 
Natural history    

 Screening prevalence: detected cases by age group and clinical stage   

 Clinical incidence in absence of invitation to screen: detected cases by age 
group, clinical stage and year  

  

 Incidence of cancers occurring subsequent to a screening round in the UK  (interval cancers)  (all 
cancers) 

 Cancer detection rate relative to histological cancer in absence of screening   
 Sensitivity of screening option relative to histological cancer   (cancers detected 

by screening & 
interval cancers) 

 (all 
cancers) 

 Lead time and over-diagnosis associated with historic clinical incidence 
rates and respective screening options 

  

Effectiveness    
 10- & 15-year survival post detection by stage   

 Relative effectiveness of treatments and screening for PCa specific mortality 
at 10 & 15 years 

  

Costs   
 During screening in year of screening diagnosis & subsequent years   

 Adverse effects from biopsy resulting in hospitalisations   

 Clinical detection in the absence of organised screening programme (i.e. 
current practice) 

  

 By stage, age & treatment option at cancer onset & subsequent years (e.g. 
active monitoring, radical prostatectomy, radiotherapy, hormonal therapy, 
orchidectomy & palliative care) 

 (localised)  (regional & 
advanced) 

 Adverse effects (short-& long-term) of management (e.g. complications of 
biopsy, or medical or surgical treatment: stricture, incontinence, impotence) 

 (localised)  (regional & 
advanced) 

Health-related utility scores   

 Of screening and detection by age and stage  (EQ-5D)  

 Of management by treatment type, stage, age & year since diagnosis  (EQ-5D for 
localised)  

 Of adverse effects by type, stage, age & year since diagnosis  (EQ-5D for 
localised)  

Table A4 shows the data that will be used to populate the updated model. ProtecT and CAP data will be analysed to 
obtain the required natural history, effectiveness, resource use, costs and utilities to populate the model health states. 
Hospital costs will be derived by grouping each hospital episode from HES data collected in CAP and ProtecT into 
Health Resource Groups (HRGs), a method of classifying episodes with similar levels of resource consumption into the 
same group. National average costs for each HRG are published annually by the Department of Health. The costs for 
several non-hospital categories will be derived from readily available national databases and multiplied by the respective 
use of NHS resources. We will use EQ-5D data collected alongside ProtecT22 to populate the utility parameters for some 
health states. For other health states, such as for advanced and metastatic cancer which are not collected in ProtecT or 
CAP, we will use literature-based data to assign these values.
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Appendix 2 

 
Evaluating population-based screening for localised prostate cancer in the United Kingdom: 

impact on quality of life and men’s experiences in the ProtecT study 
Co-ordinator: Miss Jane Blazeby 

 
Purpose 

Population screening for prostate cancer is controversial and not currently advocated in the UK. Policy 
decisions about the introduction of such a programme require data about benefits and risks of screening 
and how these impact on health-related quality of life (HRQL) and health behaviour. The recent funding 
by Cancer Research UK has converted the ProtecT trial (Prostate testing for cancer and Treatment trial), 
funded by the NHS Health Technology Assessment Programme into the intervention arm of a primary 
care based, cluster randomised trial of prostate cancer screening. Practices in nine centres in the UK are 
randomised to be invited for PSA testing, flagged with the NHS central registry and enter the ProtecT 
treatment trial, or the comparison arm (standard care, no systematic screening and eligible men are 
flagged). This additional study will investigate the impact of screening on men’s health related quality of 
life (HRQL), to explore mens' experiences during the screening process and to identify factors that 
predict uptake of screening.  
 
Background 
Screening for prostate cancer 
Screening for cancer carries with it risks for increased distress and physical side effects among the 
screened population related to invitations, experiences of tests, waiting for results and choosing 
treatment if disease is detected. Screening also carries advantages, because detection and effective 
treatment of cancer could potentially reduce the incidence of end-stage disease and associated 
deterioration in physical and psychosocial health and cancer-related mortality. Assessment of risks and 
benefits requires measurement of morbidity related to tests and treatment, measurement of reduction in 
prostate cancer mortality and measurement of how screening and treatment impact on HRQL. 
Understanding how men interpret risks and how these influence health behaviour is valuable because it 
is evident from the literature that uptake of screening can be influenced by a range of factors; including 
demographic characteristics, distress, patients’ knowledge and health beliefs and cultural expectations 
of health care1-3. 
International screening studies in prostate cancer  
There are two international trials of population screening for prostate cancer, the European Randomised 
Study of Screening for Prostate Cancer (ERSPC) and the US Prostate, Lung, Colorectal and Ovarian 
Cancer Trial (PLCO)4,5. They differ in design to the UK study, and it is expected that the UK study, 
ProtecT and CR UK funded recent extension, will provide advantages for UK policy makers because of a 
lower contamination rate (due to the cluster randomised design), a more robust evaluation of treatment 
(through the ProtecT randomised treatment trial), and its setting within the UK NHS health care system6. 
A framework for assessment of HRQL in the international trials has been described, but data are only 
being collected in one centre (Rotterdam) within ERSPC and HRQL results have not yet emerged from 
the North American study7,8.  
Data from Rotterdam have shown that screening for prostate cancer, probably has minimal short or long 
term HRQL effects9. Transient distress and symptoms related to biopsy do not impact on overall HRQL 
scores, apart from in men who are predisposed to anxiety. There is also some evidence, that a negative 
result after prostate biopsy reduces anxiety9. Results from the treatment part of ERSPC show that HRQL 
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scores are better in men with screen detected cancers that in men with clinically diagnosed lesions, 
related to earlier disease stage and perceived benefits of earlier cancer detection10. However, 
longitudinal data before and after diagnosis of screen detected prostate cancer does appear to show a 
negative impact on mental health scores (SF36) during the first six months11. In the non-randomised 
treatment part of ERSPC, HRQL scores after surgery and radiotherapy for localised prostate cancer 
have been reported 12. They show similar findings to others that different treatment modalities have 
significant detrimental effects of different functional aspects of health (e.g sexual function)13. There are 
no comparisons of HRQL impact from randomised studies of screen-detected prostate cancer.  
The ERSPC trial reports uptake of screening at about 50% (similar to ProtecT). Reasons for non-uptake 
of PSA testing have been explored in a questionnaire survey (49% response rate)14. Results show that 
men who refuse screening are slightly older, less often married and have a lower level of education than 
men undergoing PSA testing. These men have less knowledge about prostate cancer and less 
knowledge about screening with worse general health (but fewer prostatic symptoms). Further 
understanding of the health behaviour both of men who decline PSA testing and more importantly, men 
identified with raised PSA results who refuse biopsy (of whom 25% will have cancer) is necessary to 
inform makers of future health policy. These aspects could easily be investigated as an addition to the 
ProtecT study. 
 
The added value of HRQL and qualitative assessments during ProtecT study screening 
This study will provide considerable added value and advantages to the ongoing international studies 
and the UK ProtecT treatment trial including: 

 HRQL data related to screening that is of greater generalisability to the UK population. 

 HRQL data related to screening that links with HRQL from the randomised treatment trial. 

 Understanding aspects of men's experiences that influence uptake of screening  

 Understanding aspects of men's experiences of screening that will inform HRQL data 

 HRQL data which will inform the health economics study to allow estimates of life-time cost-
effectiveness in terms of cost per quality adjusted life-year in addition to cost per cancer detected. 

 The development of a health beliefs model with validity checking that will provide data to inform 
future policy makers of barriers to uptake of screening and prostate biopsy. 

 HRQL which will allow comparison and synthesis with results from the ERSPC/PLCO groups. 
 
Aim 
This study aims to evaluate the impact of screening for prostate cancer on HRQL, to describe men’s 
experiences of screening and to identify predictors of screening uptake. It is not possible to make a 
single HRQL comparison between screened and unscreened men, because although we have 
permission to obtain mortality data by flagging with the NHS central registry from unscreened GP 
pratices (PIAG) we cannot approach individuals because this would contaminate the comparison arm. 
We therefore propose to study sub-groups of men likely to be most affected by the screening process.  
 
Objectives 

1. To evaluate HRQL among subgroups of men who are identified as part of the PSA testing 
screening protocol in ProtecT, but who currently do not undergo HRQL assessment because they 
are not relevant to the treatment trial outcome. 

2. To explore men’s experiences of screening using in-depth interviews and understand their 
interpretation of information and health risk related to prostate cancer screening.  
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3. To identify predictors of screening uptake (PSA testing) and agreement to prostate biopsy. 
Detailed research plan - HRQL and qualitative studies 
HRQL is assessed within the ProtecT treatment trial: (1) before the PSA test, (2) at the time of biopsy for 
those with raised PSA levels to assess the impact of case-finding, (3) six months after randomisation 
and (4), annually thereafter to evaluate treatment outcome. Qualitative in-depth interviews with men are 
also performed at these time points within existing funding. This proposal requests support to assess 
HRQL and perform in-depth interviews in subgroups of men undergoing screening, that are currently not 
evaluated as part of the ProtecT treatment trial. Proposed new subgroups are: (a) non-attendees for 
PSA testing, (b) men with ‘normal’ (i.e <3.0ng/ml) PSA levels, (c) men with raised PSA levels who refuse 
biopsy, (d) men with negative biopsy and (e) men diagnosed with advanced cancer at screening. The 
framework for these subgroups is in Figure 1. In-depth interviews will be conducted with men in each of 
these subgroups to explore their perceptions and experiences of study information, interpretations of the 
risks and benefits of PSA testing and biopsy, perceptions of future risk of prostate cancer and the 
acceptability of their situation (Appendix 1). Information will supplement quantitative HRQL data to 
improve understanding of self-reported health data and men’s health beliefs and values. This information 
will also inform development of the health beliefs model (see below). Hypotheses and timings of HRQL 
assessments are outlined in Table 1.  
 
Table 1 HRQL hypotheses and timing of assessments  
 
Groups of 
men 

Hypotheses Instruments Timings 

(a) 
Non attendees 

i) Compared to those attending for PSA testing, the majority of 
non-attendees have lower levels of anxiety and fewer urinary 
symptoms than attendees because of perceived ‘healthy’ state. 
ii) There will be a small group of non-attendees for PSA testing 
that have higher levels of anxiety and more urinary symptoms 
than attendees 
iii) Non-attendees have levels of sexual functioning similar to 
population norms (data will be compared with men treated for 
prostate cancer) 

SF12, EQ-
5D, HAD, 
UCLA & ICS 

At refusal 

(b)  
PSA < 
3.0ng/ml 

i) Men with PSA < 3.0 ng/ml have less anxiety than men with 
raised PSA awaiting a biopsy because of the reassuring result 

SF12, EQ-
5D, HAD 

At result 

(c)  
Refused 
biopsy 

This complex group is at risk of developing cancer (at least 25% 
have it): 
i) Men have more anxiety (and psychosocial issues) than men 
agreeing to a biopsy because of fear of the test, fear of rare 
complications or fear of cancer. 
ii) Men have better general health scores because of the belief 
that they do not feel ill and do not have cancer 

SF12, EQ-
5D, HAD, 
UCLA & ICS 

At refusal 

(d)  
Negative 
biopsy 

i) Less anxiety than men with positive biopsy related to reassuring 
result 
ii) Over time there is the potential for increased HRQL impact 
because of awareness of increased risk of cancer/false negative 
results and experience of repeated investigations including re-
biopsy, PSA monitoring and the risk of developing clinically 
apparent prostate cancer. 

SF12, EQ-
5D, HAD 

At result &  
6 months 

(e)  
Advanced 
cancer 

i) Essential data to link into health economics model. 
ii) Men may have more symptoms, psychosocial issues and worse 
HRQL scores than men with localised disease because of risk of 
disease progression and ineligibility for curative treatment 

SF12, EQ-
5D, HAD, 
UCLA & ICS 

At 
diagnosis 
& at 6 
months 
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Assessments will be made within two weeks of notification of decision not to attend for PSA 
testing/refusal of biopsy or within a week of receiving results in an attempt to capture transient short-term 
effects of screening. Men consenting, who participate will be mailed questionnaires with a follow up 
telephone reminder if necessary. Reasons for choice of instrument are detailed below.  
Choice of HRQL instruments 
There are many studies and instruments measuring HRQL in men with early prostate cancer but HRQL 
assessments during screening studies are less common and no specific instruments for prostate cancer 
screening have been developed. A recent review of HRQL assessment in cancer screening studies 
found no consistency between questionnaires used between studies and the authors suggested that 
7,15validated general and symptom-specific health status instruments should be used in screening 
studies to ensure that clinically relevant outcomes are measured as well as outcomes of interest to the 
research question16. We intend to use similar measures to those in ERSPC studies (SF12, EQ-5D, 
modified UCLA & State/Trait Anxiety inventory) to allow pooling of data as well as comparative analyses 
to be performed17. Measures chosen for this study also are similar to instruments within the ProtecT 
treatment trial.  
Generic health measures 
The generic health status measure SF-12 has 12-items comparable with the SF-36, yet with the 
advantage of being easier and quicker to complete. It is reliable, valid and responsive to changes in 
health status. The 12 items form two key domains, physical and mental function. It has been well 
validated and normative population data are available for comparison18. It has been completed by men in 
the ProtecT trial from inception, and will be completed by all subgroups of men (Table 1). 
Utilities 
The EQ-5D is a generic health index that produces a utility score between 0 and 119. It is easy to 
complete and provides data comparable across populations. Data will inform the Markov models 
developed by Wolstenholme et al, funded by CR UK. One model simulates the test part of the screening 
programme and the second model simulates progression from referral for treatment to death. These will 
produce results in the form of cost per life-year and cost per quality adjusted life year gained. It has been 
completed by men in the ProtecT trial from inception and will be completed by all subgroups of men 
(Table 1). 
Anxiety and depression 
The Hospital Anxiety and Depression scale (HAD) is a widely used tool for assessing psychological 
distress in patients and non-clinical groups and has been used in screening studies in breast cancer 
16,20,21. It consists of 14 items divided into two scales of anxiety and depression. Experience from the 
ERSPC studies indicate that although psychopathology related to screening is generally low, some men 
experience distressing symptoms and this tool is sensitive to these problems (personal communication 
Marie-Loiuse Essink-Bot). It has been completed by men in the ProtecT trial from inception, and will be 
completed by all subgroups of men (Table 1). 
Disease specific issues 
Assessment of lower urinary tract symptoms related to the development of benign prostatatic 
hypertrophy and impact of diagnostic tests, prostate cancer and treatment is important because men 
with more symptoms probably demonstrate different health behaviour to those who are asymptomatic 
and radical surgical or radiotherapy treatment for prostate cancer can cause incontinence and increased 
lower urinary tract symptoms, among other sequelae13,14. There are many validated tools available for 
this purpose. We intend to use the 20-item self-administered UCLA Prostate Cancer Index, parts of 
which are used within ERSPC studies. It is a reliable and valid tool that quantifies: urinary function and 
bother, sexual function and bother, and bowel function and bother22. Data from ERSPC studies indicate 
some problems with the UCLA sexual function scale, therefore scales will be supplemented by the 
International Continence Society (ICS) urinary symptoms and sexual function questionnaires17,23-25. Both 
are self-administered questionnaires validated for measuring lower urinary tract symptoms and sexual 
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function in middle-aged and elderly men in the UK, internationally, in the general population and in 
urology clinics 26-28. The expanded UCLA scale (Expanded Prostate Index Composite) including a 
hormonal domain will be used in men developing advanced disease29. Disease specific HRQL issues will 
be assessed in subgroups (a), (c) and (e). Men who decline PSA testing (50%) or prostate biopsy (25%) 
may have specific urinary or sexual issues that influence health behaviours and men with advanced 
cancers (e) will experience deterioration in specific HRQL related to disease progression and to 
treatment. 
Qualitative interviews 
Qualitative research methods have been integral to the development and successful implementation of 
the ProtecT treatment trial30. In-depth interviews have been carried out with over 60 participants at a 
range of time points to explore men’s perceptions and understandings of prostate cancer and the 
acceptability of randomisation and each of the treatments, as well as their interpretations of study 
information, and the experience of participation in the study. Interviews have explored views and beliefs 
about the risks and benefits of PSA testing, issues in screening and the need for a randomised trial of 
treatment. Data from these interviews will be extracted to inform the development of items to test the 
Health Belief Model, and to explore the meanings and relevance of the model to health behaviour and 
attitudes. As part of this proposal, additional in-depth interviews will be conducted with men in each of 
the subgroups a to e to explore experiences in each of these groups and supplement HRQL data. 
In-depth interviews will be undertaken with approximately 10 individuals in each of the subgroups for 
initial study, and then purposive, theoretical sampling will be used to include, iteratively, additional 
individuals to provide a rounded and grounded understanding of the perspective of the subgroup under 
study. In some subgroups, 10 individuals may be sufficient to achieve saturation (where no new themes 
emerge from additional data collection), but in other subgroups double this number may be needed, and 
data collection will continue until saturation is reached. Interviews will be carried out by the trained 
named researcher and will be semi-structured, conducted using a checklist of topics to ensure similar 
aspects are covered in each interview, but encouraging other issues of importance to the men to 
emerge. All interviews will be fully transcribed and then coded to allow the emergence of the major 
themes associated with each of the subgroups. Analysis will be by constant comparison, involving 
detailed interrogation of the data by reading and re-reading transcripts and coded segments to identify 
cogent themes31. Sampling, interview technique, coding and analysis will be supervised and checked by 
JD and JM. The main purpose of the qualitative data will be to understand the perspectives of men in 
each of the subgroups, but the interviews and data gathered will also be used to inform the development 
of the health beliefs model, and to assist in the interpretation of the quantitative HRQL data.  
Sample size calculation 
In total, in the ProtecT trial, 115,000 men are expected to attend for PSA testing. Assuming that 
attendance rates continue as previously, then the expected numbers of men that will form each group 
during the one year data collection period (January to December 2005) is as follows: (a) 20,000, (b) 
18,000, (c) 400, (d) 1,500 (e)50. These data are based on results from the first two years of the ProtecT 
study. Random samples will be invited to participate in the HRQL study from subgroups a), b), d). All 
men in subgroups (c) and (e) will be invited to participate.  
Sample size calculations are based on HAD scale scores. Data from the ProtecT feasibility study 
indicated a mean HAD score of 5 (standard deviation 3.5) in this population for both anxiety and 
depression. Measurement of HRQL in studies where individuals are grouped at GP practice level has 
shown very little effect of clustering32, and the average number of men per cluster will not greatly exceed 
1 in each group. Therefore the “design effect” (the factor by which the sample size should be multiplied 
to allow for clustering) is likely to be close to 1, since design effect=1+(n-1) ICC, where n is the average 
number of men per cluster and ICC is the intraclass correlation coefficient.  
Table 2 shows the number of men per group required to detect mean differences between HAD scores 
of between 1 and 1.4, with power of 80% and 90%, both with and without adjustment for clustering. It 
can be seen that differences as small as 1.0 can be detected with 80% power, even in the unlikely 
context of a design effect as high as 1.25, provided that there are at least 241 men in each group. We 
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conclude that a minimum of 250 men in each of groups a), b), c), and d) will provide reasonable power to 
examine between-group mean differences in HRQL. 

 
Table 2 Number of men required per group to detect mean differences in HAD scores, 

assuming a standard deviation of 3.5 in each group, two-sided 5% significance 
levels 

 
Mean difference 
detectable 

Power = 80% Power = 90% 
Design effect 

= 1 (no clustering) 
Design effect 

= 1.25 
Design effect 

= 1 (no clustering) 
Design effect 

= 1.25 
1.4 
1.2 
1 

99 124 132 165 
134 168 179 224 
193 241 258 323 

 
Planned analyses 
This statistical analysis plan is summarised in Table 3. For each of the hypotheses in Table 1, multiple 
linear regression will be used to estimate the mean difference in scores between groups for each HRQL 
measure in turn. This method allows the estimated mean difference between groups to be adjusted for 
demographic differences between those groups (all hypotheses), and for any difference in scores at the 
pre-PSA assessment of HRQL (hypotheses b to d). In all cases, unadjusted and adjusted mean 
differences will be presented. The strength of evidence for each mean difference in scores will be 
quantified as a 95% confidence interval and a p-value.  
As measures of HRQL give scores on arbitrary scales the “effect size” will also be presented, this being 
the mean difference in scores divided by the pooled standard deviations of scores in the two groups. 
This extra statistic will allow easier comparison of the results of the current work with the results of other 
studies using other measures of HRQL. Hypotheses (dii) will be addressed using repeated measures of 
HRQL, around the time of biopsy and at 6 months. Differences in the change in HRQL over time, 
between groups of men, will be estimated by adding the interaction between assessment time and group 
to the multiple regression analysis. Estimation of standard errors will accommodate the correlations 
between repeated reports of HRQL by the men.  
If, for a comparison, a number of men fail to provide HRQoL assessments, the primary analysis will be 
based upon the observed data. In addition, a sensitivity analysis will be conducted. Hypotheses will be 
made about why men did not respond, consistent responses imputed for them, and the analysis 
repeated. Ideally, this will demonstrate the robustness of the primary results to different possible reasons 
for non-response (e.g. worsening illness). 
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Table 3 Summary of the statistical analysis plan 
 
Hypothesis Comparisons Planned analyses 
(a-i) Compared to those attending for 
PSA testing, the majority of non-
attendees have lower levels of anxiety 
and fewer symptoms because of 
perceived ‘healthy’ state 

Groups (a) vs. (1) Multiple regression with group & 
baseline demographics as covariates, 
anxiety as the outcome 

(a-ii) There will be a small group of non-
attendees for PSA testing that have 
higher levels of anxiety and more 
urinary symptoms than attendees 

Those reporting 
physical symptoms in 
Groups (a) vs. (1). 

Multiple regression with group, baseline 
demographics & physical symptoms as 
covariates, anxiety as the outcome 

(b) Men with PSA < 3.0ng/ml have less 
anxiety than men with raised PSA  

Groups (b) vs. (2) + (c) Multiple regression with group & 
baseline demographics & anxiety as 
covariates, anxiety at PSA result as the 
outcome. 

(c-i) Men report more 
anxiety/psychosocial issues than men 
agreeing to a biopsy 

Groups (c) vs. (2) Multiple regression with group & 
baseline demographics & anxiety as 
covariates, anxiety at PSA result as the 
outcome 

(c-ii) Men have better general health 
scores because of the belief that they 
do not feel ill and do not have cancer 

Groups (c) vs. (2) Multiple regression with group & 
baseline demographics & HRQL as 
covariates, HRQL measure as the 
outcome 

(d-i) Less anxiety than men with positive 
biopsy because of reassuring result  

Groups (d) vs. (3) Multiple regression with group & 
baseline demographics & anxiety as 
covariates, anxiety at biopsy result as 
the outcome 

(d-ii) Over time there is potential for 
increased HRQL impact because of 
awareness of increased risk of cancer / 
false negative results. 

Groups (d) vs. (3) Multiple regression with group, time of 
assessment, group X time interaction, 
baseline demographics & HRQL as 
covariates, post-biopsy HRQL measure 
as outcome. Robust estimates of 
standard error 

(e - ii) Men have more symptoms, 
psychosocial issues and worse HRQL 
scores  

Groups (e) vs. (3) Multiple regression with group & 
baseline demographics as covariates, 
HRQL measure as the outcome 

 
A conceptual health behaviour model for predicting uptake of screening 
Identification of factors that influence uptake of screening and diagnostic testing in the study will be 
achieved using the theoretical framework afforded by the Health Belief Model33. This model focuses on 
six key determinants of health behaviours: beliefs regarding ‘threat’, ‘susceptibility’, ‘severity’, ‘benefits’, 
‘barriers’, ‘cues to action’ and ‘general health motivation’. The model has been used widely in the area of 
screening and has been shown to be effective in predicting the uptake of screening for many conditions 
including prostate cancer34,35. Furthermore, the model has been shown to be useful in the design of 
interventions to modify a range of health behaviours including screening uptake36,37. Other theoretical 
frameworks afforded by various health behaviour models, including the Theory of Planned Behaviour, 
Theory of Reasoned Action, Protection Motivation Theory, Social Cognitive Theory, Health Locus of 
Control and Self-Efficacy Theory, will also be considered. The Health Belief Model uses both qualitative 
and quantitative research methods38. Items will be generated with reference to the existing health belief 
model in the literature, evidence from the prostate cancer literature on patients’ experiences of screening 
and after analysing semi-structured interviews that have been conducted with men in the ProtecT study. 
Men have been interviewed at each of the major steps of the pathway from screening to diagnosis in the 
ProtecT trial. The principle investigators of the ProtecT study will review this model to ensure it has face 
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validity and acceptability. This model will then be tested further using purposive sampling techniques in 
men who are considering PSA screening and men who decline a biopsy. We anticipate that this will 
involve some additional interviews in these subgroups (see above) to ensure that saturation is achieved. 
The results from the interviews will enable us to develop a quantitative measure of health beliefs. Two 
versions of this measure will be produced in order to capture (i) the determinants of screening 
attendance and (ii) the determinants of attendance for biopsy. This is essential as the issues involved in 
screening and biopsy will differ somewhat. Furthermore, men who are invited for biopsy will have 
additional information on their ‘risk’ status (compared with men who are invited for screening), because 
they will be aware of their PSA test result.  
To establish the validity and reliability of the measures, the resultant scales will be distributed to a 
random sample of men in the Protect trial who are either considering (a) screening or (b) a biopsy. The 
sample size will be influenced by the number of items in the scale. We anticipate that, consistent with 
previous research, this sample will involve 250 respondents39. Analyses will be conducted to examine 
internal reliability and construct validity of each subscale. The results will enable us to undertake 
refinements to the scale. The finalised measure will then be distributed to two groups of men in the trial. 
First, to men who are invited to participate in screening. This will enable us to identify determinants that 
predict attendance for PSA testing. Second, to men who are identified as having an elevated PSA and 
are invited to biopsy. This will enable us to identify the determinants that predict agreement to biopsy. 
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Figure 1. Subgroups of men identified during ProtecT and CRUK funded extension 

 
 
1 to 4  current HRQL assessments in italic 
a to e  subgroups for HRQL assessment and qualitative interviews in bold 
Groups 1,2 health behaviour model questionnaires (pre-PSA and pre-biopsy) 
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Appendix A 
 
Exemplar topic guides for qualitative interviews with subgroups of men in the extension of ProtecT 
HRQL study 
 
1. All groups will cover these topics 
i) General health/disease lay beliefs, particularly about cancer 
- previous illness experience and family experience of cancer 
 
ii) Knowledge/beliefs about prostate cancer: 
- symptoms, prognosis, risk factors, prevalence, perception of personal risk 
 
iii) Other concerns 
 
2. Specific topics will be covered within each subgroup 
Group (a), Non-attendees for PSA testing and Group (b), PSA < 3.0ng/ml 
i) Reaction to invitation to test: 
- initial reaction to screening invite,  
- account of decision-making involved in declining/accepting offer 
- involvement of significant others/family members 
- consultation of additional information sources 
 
ii) Beliefs about detection of prostate cancer by PSA test 
- beliefs about screening/disease prevention 
- beliefs about prostate cancer treatment 
 
iii) Views about/understanding of the ProtecT study 
- views about the questionnaires and study information 
- views on the process of the prostate check clinic 
 
Groups (c), men with PSA > 3.0ng/ml who refused a prostate biopsy and Group (d), men with PSA > 
3.0ng/ml and a negative biopsy 
i) Reaction to invitation to prostate biopsy /PSA result: 
- account of initial reaction to prostate biopsy invite,  
- account of decision-making involved in declining/accepting offer 
- involvement of significant others/family members 
- consultation of additional information sources 
 
ii) Account of testing process (Group d) 
 
iii) Beliefs about PSA and other tests performed 
- appraisal of personal risks/benefits of treatment of prostate cancer 
 
Group (e), men diagnosed with advanced prostate cancer 
i) Understanding of the detailed diagnosis  
- beliefs about signs/symptoms 
- beliefs about prostate cancer causation 
- account of personal ‘coping’ 
- views about the future 
- views of prostate cancer screening 
 
ii) Experience of treatment/side effects 
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Appendix 3  
 

Sample size estimates 

Prostate cancer mortality 
Reductions in prostate cancer-mortality of the order of 15-20% are likely to be important to the 
NHS.5, 6 On the basis of current national data (England and Wales) on prostate cancer-mortality1 and 
incidence11 a control cohort of 230,000 men aged 50-69 years at recruitment would experience a total 
of 40,400 deaths, 1,100 prostate cancer deaths and 4,400 incident cases of prostate cancer over 10 
years follow-up (2,103,600 man-years). However, in the assessment of cancer screening the 
appropriate comparison is mortality in the population not known to have disease at the start of the 
study, as this is the only group that could benefit from early diagnosis through screening.12 The 
majority of prostate cancer deaths in the early years of the study, in both control and intervention 
arms, will occur in individuals diagnosed before the study began. To account for this, the estimates of 
prostate cancer-mortality in the control arm have been adjusted using the multipliers used in the 
design of the ERSPC and PLCO studies. The effect of this is to reduce the estimate of prostate cancer 
deaths in the control arm amongst those without a pre-existing diagnosis of prostate cancer to c.900 
over ten years follow-up. 
A consequence of randomising at practice level is that the outcome varies less between groups of 
individuals than between individuals, reducing the effective sample size.13 The extent of this effect 
depends on the degree to which events cluster within study populations.  Such data are not routinely 
collected in the UK, so we have relied on a pilot project in County Durham Health Authority in 
which data on all cause mortality and prostate cancer specific mortality have been collated by GP 
practice. The between-practice coefficient of variation (standard deviation of the true rates divided by 
the mean rate) was estimated to be 0.7 for prostate cancer mortality and 0.3 for all-cause mortality. 
This coefficient of variation for prostate cancer mortality is much higher than expected, and so we 
present power calculations for a range from 0 to 0.7. For all cause mortality we use a range of 0 to 
0.4. 
We have used a method proposed by Hayes and Bennett to estimate the power of the proposed study 
allowing for the clustered design.14 The number of clusters required is given by: 
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where 0 and 1 are the rates in the control and intervention groups, y is the person-years in each 
group and k is the coefficient of variation. For a given number of clusters the normal distribution 
value corresponding to the power (z ) can be obtained through a simple rearrangement of this 
formula. Our calculations are based on 5% significance, and 400 practices and 2.1 million person-
years of follow up in the intervention and control groups. To date, 50% of men invited to join the 
ProtecT trial participate in case-finding, so (assuming no difference in the incidence or outcome of 
prostate cancer between men who do and do not participate in case finding, and no intervention effect 
in men who are not screened), the overall disease-specific mortality rate ratio ORR=(0.5 IRR)+0.5, 
where IRR is the intervention rate ratio (the effect of screening among men who are in fact screened).  
In other words, the ORR is the effect of the intervention in the whole target population, which is the 
effect in men actually screened (the IRR) diluted by the less than 100% participation rates.  It thus 
provides the relevant intention-to-treat measure of effectiveness.  
Table 1 shows differences in prostate cancer mortality between intervention and control practices that 
are detectable with 80% power, for coefficients of varation between 0 and 0.7. The clustered design 
has little impact on power provided that the coefficient of variation is less than about 0.3. Figures 1 
and 2 show detectable overall rate ratios and intervention rate ratios respectively, for 80% power 
(solid lines) and for 50%, 70%, 90% and 95% power. 
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Table 1. Differences in prostate cancer mortality between intervention and control practices 
detectable with 80% power. 
Coefficient of 
variation 

Overall 
rate ratio 
(ORR) 

Prostate cancer 
deaths in 
control group 

Prostate cancer 
deaths in 
intervention group 

% reduction in 
prostate cancer 
deaths 

Rate ratio in men 
participating in case 
finding 
(IRR)* 

0 0.87 900 785 12.8 0.74 
0.1 0.87 900 783 13.0 0.74 
0.2 0.87 900 780 13.3 0.73 
0.3 0.86 900 776 13.8 0.71 
0.4 0.85 900 768 14.7 0.71 
0.5 0.84 900 759 15.7 0.69 
0.6 0.83 900 750 16.7 0.67 
0.7 0.82 900 740 17.8 0.64 
Assuming that 50% of men participate in case finding, IRR=(ORR-0.5)/0.5 
 
 
Figure 1. Detectable overall rate ratio for prostate cancer deaths, according to coefficient of variation 
and power. 
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Figure 2. Detectable intervention rate ratio (IRR) for the effect of screening assuming 50% response 
to invitation to screen, according to coefficient of variation and power. 
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Contamination 
The power of the trial will be reduced if men in the control practices are screened for prostate cancer 
(“contamination”). A major advantage of this cluster-randomised design is that contamination will be 
a much less severe problem than would be the case if men were individually randomised and hence 
were alerted to the possibility of being screened for prostate cancer. Current estimates for 
contamination in the ERSPC are between 10-40%.15  Further, the research question is whether the 
addition of a national prostate cancer screening programme to the unsystematic use of PSA testing 
will prove cost effective. The level of prior tests can be expected to be the same in the intervention 
and the control arms, and this is the background against which any new programme will have to 
demonstrate its effectiveness. 
Melia and Moss conducted a survey of the use of PSA testing among men aged 45 years and over 
with no prior history of prostate cancer or radical prostatectomy registered with the MediPlus 
database (120 computerised practices using the same computer system in various parts of the UK).16  
Within the age-group relevant for the ProtecT study, they reported that 2.1% of men aged 45-69 had 
received a PSA test in 1999.  In men over 45 years, 3.5% had received PSA tests. In the ProtecT trial, 
men are asked to report previous PSA tests.  From 13,228 prostate check clinic attenders on whom 
data are available, 1,190 reported a previous PSA test (9%).  Of the 894 who indicated why they had 
had this test, 215 (24%) believed this was for urinary symptoms, 407 (46%) because of GP request, 
163 (18%) for screening, and 72 (8%) as part of private insurance checks.   Practices recruited to the 
ProtecT trial in the feasibility phase contained more individuals from social classes I and II than the 
general population, and there was a significant positive correlation between the proportion reporting 
a previous PSA test and the proportion in social classes I and II (r=0.55, p=0.02).  Levels of lower 
urinary tract symptoms amongst ProtecT trial participants were consistent with levels found in 
population samples of the same age.  Taking all these factors into account, it would seem likely that 
the underlying rate of asymptomatic PSA testing in this age-group is low. If 25% of tests are 
undertaken for symptoms, a high estimate of the rate amongst this higher social class than average 
population would therefore be approximately 7%, and a low estimate would be 2%.  This level is 
confirmed in a check of a computerised non-ProtecT practice in Bristol with a primarily middle-class 
population: of 851 men aged 50-69 years, 54 without prostate cancer (6%) had ever had a PSA test. 
We have estimated the power of the trial, adjusting for contamination rates of 5%, 10% or 20%. Our 
calculations assume that the the intervention rate ratio applies equally to men screened voluntarily 
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(contamination) and to men screened through ProtecT case finding, that in the intervention practices 
the proportion of men who respond to case finding is 50%, and that the proportion of men screened 
voluntarily is the same among those who do and do not respond to case-finding. Table 2 shows 
differences in prostate cancer mortality that are detectable with 80% power, according to 
contamination rate and coefficient of variation. Note that the number of prostate cancer deaths in the 
control group (assumed to be 900 in the absence of any intervention effect) decreases with increasing 
contamination.  
Table 2. Differences in prostate cancer mortality between intervention and control practices 
detectable with 80% power, assuming 5%, 10% or 20% contamination rates and with different 
coefficients of variation. 
Coefficient of 
variation 

Overall 
rate ratio 
(ORR) 

Prostate cancer 
deaths in 
control group 

Prostate cancer 
deaths in 
intervention group 

% reduction in 
prostate cancer 
deaths 

Rate ratio in men 
participating in 
case finding 
(IRR)* 

5% contamination    
0 0.87 888 772 13.1 0.73 
0.1 0.87 888 772 13.1 0.73 
0.2 0.87 887 768 13.4 0.72 
0.3 0.86 887 763 14.0 0.71 
0.4 0.85 886 756 14.7 0.69 
0.5 0.84 885 746 15.7 0.68 
0.6 0.83 884 735 16.9 0.65 
0.7 0.82 883 725 17.9 0.63 
10% contamination    
0 0.87 875 761 13.0 0.72 
0.1 0.87 874 759 13.2 0.71 
0.2 0.86 874 756 13.5 0.71 
0.3 0.86 873 749 14.2 0.69 
0.4 0.85 871 742 14.8 0.68 
0.5 0.84 869 732 15.8 0.66 
0.6 0.83 868 722 16.8 0.64 
0.7 0.82 865 709 18.0 0.62 
20% contamination    
0 0.87 844 733 13.2 0.69 
0.1 0.87 844 733 13.2 0.69 
0.2 0.86 842 727 13.7 0.68 
0.3 0.86 840 719 14.4 0.67 
0.4 0.85 837 711 15.1 0.65 
0.5 0.84 833 700 16.0 0.63 
0.6 0.83 829 687 17.1 0.61 
0.7 0.82 824 673 18.3 0.58 
* Assuming that 50% of men participate in case finding 

Figure 3 displays the intervention rate ratios detectable with different levels of contamination at 80% 
power, according to the coefficient of variation. The expected 5% contamination level has little effect 
on power, which is notably decreased only when contamination levels exceed 10%. The solid line 
corresponding to no contamination is identical to that for 80% power in Figure 2. 
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Figure 3. Intervention rate ratios detectable with different levels of contamination at 80% power, 
according to the coefficient of variation. 
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 All cause mortality 
We estimate that a total of 40,400 deaths will occur among men in the comparison practices. Table 3 
shows the effects on all cause mortality that can be detected with 50% and 80% power, according to 
coefficient of variation. Note that the coefficient of variation has a substantial impact on power, 
because of the large number of events in each practice. The study will have low power to detect 
differences of the magnitude that might reasonably be expected to occur. The anticipated sample size 
from ongoing screening trials (ERSPC and PLCO) is 250,000,17 and pooling those data with data 
from the proposed study would effectively double this number, giving a total that would approach 
sufficient power to detect a 1% difference (5% reduction) in all-cause mortality. Figure 4 shows 
detectable overall rate ratios for all cause mortality at 20%, 50%, 70%, 80% and 90% power, 
according to coefficient of variation. 
 
Table 3. Effects on all cause mortality that are detectable with 50% and 80% power, according to 
coefficient of variation. 
Coefficient of 
variation 

Overall 
rate ratio 
(ORR) 

Total deaths in 
control group 

Total deaths in 
intervention group 

% reduction in 
all-cause 
mortality 

Rate ratio in men 
participating in 
case finding 
(IRR)* 

50% power      
0 0.986 40400 39850 1.4 0.973 
0.1 0.980 40400 39608 2.0 0.961 
0.2 0.970 40400 39168 3.0 0.939 
0.3 0.957 40400 38662 4.3 0.914 
0.4 0.944 40400 38156 5.6 0.889 
80% power      
0 0.980 40400 39608 2.0 0.961 
0.1 0.972 40400 39278 2.8 0.944 
0.2 0.956 40400 38640 4.4 0.913 
0.3 0.939 40400 37936 6.1 0.878 
0.4 0.921 40400 37210 7.9 0.842 
* Assuming that 50% of men participate in case finding, IRR=(ORR-0.5)/0.5 
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Figure 4. Detectable overall rate ratios for all cause mortality, according to coefficient of variation. 
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Taking into account estimates of prostate cancer mortality and the effect of clustering of events 
within practices, a comparison population of 230,000 men drawn from approximately 400 practices 
will provide adequate power to detect a policy-relevant detection in disease-specific mortality. To our 
knowledge, no existing UK cancer screening programme has been introduced or piloted on the basis 
of evidence from RCTs demonstrating a difference in overall mortality.8 18 The proposed extension 
will provide a precise estimate of the effect of a single screening round on prostate cancer mortality 
and an unbiased estimate of its effect on all cause mortality which will provide minimum and 
maximum plausible effects, and the opportunity to pool data with other trials. 
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Power calculation in light of recruitment figures and national mortality data for 2006 
 
The following tables revisit the original power calculations presented above in Tables 1 
(corresponding to 1b here) and 3 (corresponding to 3b here). The 2006 mortality rates for England 
and Wales predict we will see fewer deaths from all causes in our cohort over ten years follow-up, 
and consequently a slightly higher risk that our men will die of prostate cancer. So despite falling 
slightly short of our recruitment target in terms of men enrolled to the study, we predict that we will 
still see the required number of prostate cancer deaths. 
 
For simplicity the following calculations have assumed that the 419,000 men enrolled to CAP are 
equally distributed with 209,000 in each study arm. The all-cause mortality rate now anticipated will 
result in 1,921,897 man-years of follow-up in the comparison arm over ten years. The calculations 
take account of the fact that we have around 300 GP practices randomised to each study arm. 
 
Table 1b. Prostate cancer mortality 
Coefficient 
of variation 

Overall 
rate ratio 
(ORR) 

Prostate 
cancer deaths 
in control 
group 

Prostate cancer 
deaths in 
intervention 
group 

Percent 
reduction in 
prostate cancer 
deaths 

Rate ratio in 
men with PSA 
measured 
(IRR)* 

0 0.87 915 798 12.8 0.63 
0.1 0.87 915 797 12.9 0.63 
0.2 0.87 915 793 13.3 0.62 
0.3 0.86 915 785 14.2 0.59 
0.4 0.85 915 776 15.2 0.57 
0.5 0.84 915 765 16.4 0.53 
0.6 0.82 915 752 17.8 0.49 
0.7 0.81 915 739 19.2 0.45 
 
Table 3b. All cause mortality 
Coefficient 
of variation 

Overall 
rate ratio 
(ORR) 

Total deaths 
in control 
group 

Total deaths in 
intervention 
group 

Percent 
reduction in 
total deaths 

Rate ratio in 
men with PSA 
measured 
(IRR)* 

0 0.98 31350 30656 2.2 0.94 
0.1 0.97 31350 30356 3.2 0.91 
0.2 0.95 31350 29794 5.0 0.86 
0.3 0.93 31350 29156 7.0 0.80 
0.4 0.91 31350 28519 9.0 0.74 
*If the minimum 35% of men participate in case finding, IRR=(ORR-0.65)/0.35 
 
In each case the true overall rate ratios that will be detectable with 80% power at the 5% significance 
level remain very similar to those originally anticipated. The main difference is that in order to 
achieve those overall rate ratios, larger true treatment effects are required in the minimum of 35% of 
men who attend case-finding AND have their PSA level measured. Hence with a moderate amount of 
clustering (CV=0.2) of prostate cancer deaths within GP practices, we would need to see a reduction 
in prostate cancer deaths of around 38% in those men who undergo testing during case finding. 
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Appendix 4 
 

Procedure for obtaining GP lists 

Background 
The aim of this procedure is to ensure that the same calendar period is covered by follow-up of the 
ProtecT and CAP practices in each cluster.  
 
It is assumed that statistical analysis of the resulting data will be by a method which explicitly 
incorporates any changing incidence over time. Event time analysis using Cox’s proportional hazards 
regression would be one way of achieving this. For such analyses it is sufficient that follow-up in the 
groups to be compared is over the same time period, with no need for a balance in person-years of 
follow-up during the different calendar periods between the two studies. 
 
The procedure 
[1] For a given cluster note the earliest date (referred to below as date E) during which a practice list 
was obtained for a ProtecT practice. 
 
[2] If no lists have been obtained for ProtecT practices, or no list was obtained more than 6 months 
ago, obtain the current practice lists for CAP practices in that cluster. 
 
[3] If, for ProtecT practices in the cluster, one or more lists were obtained more than 6 months ago, 
then attempt to obtain a retrospective list for each CAP practice consenting to take part until two 
retrospective practice lists have been obtained for date E.  
 
 Retrospective lists should be obtained for date E if possible. 

  
 If two or more CAP practices in a cluster are awaiting the retrieval of their lists then the 

order in which they are approached must be randomised. Contact Chris Metcalfe for a 
randomised order. 

 
 If, for a practice, a retrospective list can only be obtained for a date more recent than date E, 

then obtain a retrospective list for that more recent date. This practice does not contribute to the 
target of two retrospective practice lists for date E. 

 
 If a retrospective list cannot be obtained at all, obtain the current practice list. 

 
Once two retrospective lists for date E have been obtained, then obtain current practice lists for 
subsequently consenting CAP practices in the cluster. There is no longer a need to randomise the 
order of approaching practices for that cluster. 
 
 
Footnote 

Where the date of having obtained a list from a ProtecT practice is not available, then estimate from the dates 
at which men were invited to attend for PSA testing.  



Appendix 5 
Protocol for reviewing causes of death in the CAP & ProtecT trials:  

V17 revised March 2015 
 

1. CONTENTS 
 All participants in both arms of the trial who had an incident prostate cancer diagnosed and all 

deaths notified to the trial co-ordinating centre as being possibly due to prostate cancer will be 
subject to review by members of the Cause of Death Evaluation (CODE) Committee to validate 
the underlying cause of death.  

 Any participant where there is no evidence of metastases will be first reviewed by the triage 
reviewer.  

 This document outlines 
o deaths that are to be reviewed  
o algorithm to select deaths to triage review 
o procedures for obtaining, anonymising and blinding data  
o the process to evaluate the cause of death  
o the actions following the review   
o quality assurance 

 for triage 
 for full review 

 
2. OVERVIEW 
The following steps are an overview of the process.  The School of Social and Community Medicine 
will be responsible for managing data extraction, submission of data to reviewers and collation and 
entering of the results.  More detailed information is provided in the accompanying appendices.  
 
Step 1. Notification of cause of death and selection of deaths for review: 

 We will be notified of the fact of death by the NHS Information Centre (NHS IC).   
 Details from parts 1 & 2 of the death certificate will be entered into the study template.  
 All death certificates satisfying any one of the criteria set out in Appendix 1 will be subject to 

case note review (CNR).  These criteria are based on the presence of specific ICD9 or ICD 10 
codes in either parts 1 or 2 of the death certificate and have been adapted from those used for 
prostate cancer by the PLCO Screening Trial1.  All other deaths will be accepted as certified 
without review. 

 
Step 2: Case note review 

 Details of the treating hospital and clinician notified by the cancer registry will be used to find 
and retrieve the hospital notes.  

 Specifically trained research assistants (RAs) blinded to cause of death information on the 
death certificate will abstract data from hospital records onto a specially-designed, 
standardised and computerised case note review (CNR) proforma to capture information on 
diagnosis, treatment, progression, co-morbidity and resource use. The aim is that data supplied 
for review is identical, whether the man had a PSA-detected cancer or not. 

 This standardised electronic proforma will be supplemented by scanned copies of relevant 
inpatient and outpatient medical records including in-patient notes in the last 2 months before 
death, pathology / radiology reports, and copies of discharge and outpatient letters detailing 
important co-morbidities, evidence of prostate cancer progression / metastases and post-mortem 
reports.   
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 Clinical records will be edited by the RAs and checked at the School of Social and Community 
Medicine to remove mention of the ProtecT trial, cancer screening tests, and initial clinical 
presentation (both PSA-detected and symptomatic) to ensure reviewers who may access this 
information are blind as to the allocation in the trial.   

 
Step 3: Submitting data to reviewers 

 Reviewers will be blind to the underlying cause of death assigned on the death certificate. They 
will also be blind to trial arm: a bridging ID will thus be assigned to each man’s vignette sent to 
the Committee in order that the CAP/ProtecT identifier is removed.   

 Based on the information from the CNR form and the scanned records (including autopsy 
records but not death certificate), the RAs will write a short structured clinical vignette 
summarising the data from the proforma to capture relevant information on progression of 
prostate cancer and co-morbidities.  These vignettes will form the data provided to the cause of 
death reviewers.  The reviewers will complete a cause of death questionnaire on which the final 
underlying cause of death is recorded together with a structured section on which brief reasons 
for the final decision are recorded (Appendix 2).  

 Prostate cancer histopathology reports will be submitted to the reviewers with all vignettes (if 
available).  

 Data quality: The RAs have received training and practice in writing vignettes, with detailed 
feedback from a clinician on vignettes they have attempted.  During the study, a random sample 
of the RA vignettes will be quality assured by a urologist, as described in Section 4.  
 

Step 3a. Selection of deaths for triage and full review 
 Any death subject to CNR in Step 2, where there is no evidence of metastases on the CNR 

proforma will be subject to triage review. See Appendix 5. 
 
Step 4: Method of working of the reviewers and the Cause of Death Evaluation (CODE) Committee (see Appendix 3 

for flow diagram) 
 There will be 3 teams of 4 reviewers who are members of the Cause of Death Evaluation 

(CODE) Committee, plus an additional member to process triage reviews (Appendix 4: 
composition of reviewing teams).   

 Deaths selected for triage review in Step 3a, will be reviewed by the triage member of the 
Committee in the first instance. Any death that the triage reviewer is unable to make a definite 
decision of cause of death based in the definitions in Appendix 2 or where the triage reviewer 
considers the death to be intervention related, the death will be passed on for further review by 
members of the other 3 Committee teams.  

 The 3 teams will share the workload, each reviewing their own sets of vignettes.   
 The reviewers will be asked to review the information for evidence of progressive metastases, 

progressive local recurrence, intervention-related (screening, diagnosis, treatment or follow-up) 
mortality and serious co-morbidity.  There will be a prospectively defined hierarchy of causes 
of death to choose from (see Appendix 2 for definitions):   

1. Definite prostate cancer death 
2. Probable prostate cancer death 
3. Possible prostate cancer death 
4. Unlikely prostate cancer death  
5. Definitely not prostate cancer death 

The reviewers will also assess whether the death was an intervention-related death (e.g. where 
underlying cause was PE, but this was secondary to radical prostatectomy) using the following 
hierarchy (Definite; Probable; Unlikely/Definitely not) (see Appendix 2).  
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 Two phase 1 reviewers from the Cause of Death Evaluation Committee will review the vignette 
and assign a cause of death.  If both phase 1 reviewers agree on both question 1a (cause of 
death?) and question 2 (was the death intervention related?) then the agreed underlying cause of 
death will be assigned.  If the initial reviewers disagree on either 1a (cause of death?) and 
question 2 (was the death intervention related?) or feel that the underlying cause of death is 
unclear, the information will be sent to 2 further reviewers, phase 2 (i.e. the case will be 
reviewed by a total of 4 reviewers from the Cause of Death Evaluation Committee).   

 Disagreements between reviewers are classed as minor if the outcome in both cases is 
considered to be the same for analysis purposes (i.e. 1. definite and 2. probable; 5. definitely not 
and 4. unlikely). Minor disagreements will not proceed through the next stages.  

 If there is a major disagreement between the four reviewers on either 1a (cause of death?) and 
question 2 (was the death intervention related?) then the case is reviewed by the cause of death 
committee.   

 For the difficult cases, if 3 of the 4 members independently reach the same conclusion on both 
1a (cause of death?) and question 2 (was the death intervention related?), the member who 
disagrees with the cause of death allocated by the other members will be asked to review their 
responses to see if he/she will agree with the majority (this is done prior to the committee 
meeting).  If he/she agrees to change position, that conclusion is accepted.  If she/she stands by 
his/her opinion, that person begins the discussion at the full committee review and tries to 
convince the others to adopt their point of view. 

 All deaths with a final underlying cause assigned as ‘possible prostate cancer’ or 
‘definite/probable intervention-related’ deaths will be re-reviewed by the committee to ensure a 
standardised approach to these difficult cases. 

 The chairman’s decision will be final.  The full committee has the option to code the death as 
“Unable to determine if prostate cancer death”. 

 
Step 5: Actions following death committee review 

 Questionnaires are returned by e-mail to the School of Social and Community Medicine for 
review and incorporation into the master database. 

 If feasible, data entry will be blind to the arm of the trial the participant is in.   
 
3. INTERVENTION-RELATED (IR) DEATHS 
Intervention-related deaths (i.e. biopsy or treatment related) that may have been missed during the 
above review (false negatives), will be searched for in a second intensive review of the data: 

1. All deaths occurring within 9 months of prostate biopsy will be identified.  The assumption is 
that most men diagnosed with prostate cancer after biopsy will be treated well within the 9 
months, so this approach captures short term IR deaths due to either biopsy or treatment. These 
deaths will undergo a second, intensive review by a single urologist with a focus on searching 
for directly attributable IR deaths (e.g. septicaemia after biopsy; on-table MI; PE).  Any 
definite/probable IR deaths identified will be submitted to full CODE review, with Chair 
present.  If the final cause of death is a definite/probable IR death as a result of this second 
review, then this cause of death will replace the original cause of death assigned after the first 
review and will contribute to the primary outcome.  In ProtecT we will have a record of all men 
who underwent a biopsy after the initial PSA screen, so we will be able to compute the number 
of IR deaths after biopsy in men who do not have a final diagnosis of prostate cancer.  In CAP, 
we will only be able to examine IR deaths after biopsy in men who are diagnosed with prostate 
cancer. The expectation is that we will confirm that IR deaths after biopsy are highly unlikely, 
so this issue should not bias our estimates.  
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2. In a secondary, comparative analysis, we will compare all-cause mortality and mortality from 
specific causes possibly related to interventions (fatal MI within 360 days of recruitment) and 
incident/fatal secondary cancers after recruitment, across the two CAP arms (for the analysis of 
the screening trial) and the three (nested) ProtecT arms (for the analysis of the ProtecT trial).  
Data will be obtained from cancer registrations and death certificates supplied by NHSCR for 
all trial arms.  The aim of this comparative analysis is to detect differences in outcomes between 
the trial arms that would be difficult to assign as IR deaths at the individual level.   

 
4. QUALITY ASSURANCE 
A randomly selected sample of 20% of each of the centre’s vignettes will be quality assured by an 
urologist.  The urologist will independently receive the scanned records of the selected men (including 
autopsy but not death certificate) completed by each RA. The urologist will not receive the RA vignette 
and will compose his/her own vignette.  The information contained in the urologist vignette will then 
be compared with that contained in the RA vignette.  Missing information will be noted by the 
urologist and fed back to the RAs. At the start of the study, the first 5 vignettes written by each RA will 
be quality assured in this way so that a threshold level of quality is reached. The clinician vignette will 
enter the cause of death process, with the reviewers unaware.  The UCD assigned as a result of the RA 
vignette will be compared with the UCD assigned from the clinician vignette (inter-composer 
reliability).    

 
4.1. Triage quality assurance 
Deaths that have been assigned underlying cause of death by the triage process will be subject to 
random review as a means of quality assurance. A subset of cases will be extracted and the decision 
making process will be reviewed to ensure the rules for Triage process have been consistently 
followed.  
Intra-reviewer reliability 
A randomly selected sample of 20% of each of the RA’s vignettes will be sent twice to the same 
reviewers (unaware of the repeat status or of their previous assignment), after a 3-month washout.  The 
UCD assigned by each reviewer on the same man will be compared and % positive agreement (intra-
reviewer reliability). 
 

Reference List 
 1.  Miller AB, Yurgalevitch S, Weissfeld L. Death review process in the prostate, lung, colorectal and ovarian (PLCO) cancer screening trial. 

Controlled Clinical Trials 2000;21(6, Supplement 1):400S-6S. 
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Appendix 1: Deaths to be reviewed 
1. A death certificate diagnosis (from an immediate, underlying, or contributing cause-of-death field) that specifies 

cancer of the prostate: 
ICD-9 185  malignant neoplasm of prostate 
ICD-9 233.4  carcinoma in situ of prostate 
ICD-10 C61  malignant neoplasm of prostate 
ICD-10 D075  carcinoma in situ of prostate 

2. A death certificate diagnosis (from an immediate, underlying, or contributing cause-of-death field) that suggests a 
possible misclassified secondary bone cancer: 
ICD-9 170  malignant neoplasm of bone and articular cartilage 
ICD-10 C40,41  malignant neoplasm of bone and articular cartilage 

3.  
4.  
5. Death from any cause previously notified by the ONS / cancer registry with an incident prostate cancer: 

ICD-9 185  malignant neoplasm of prostate 
ICD-10 C61  malignant neoplasm of prostate 

6.    
 



Q0a:  Do the records (including autopsy records if available) support a possible, probable or 
definite pathologic or clinical diagnosis of prostate cancer?  
 
Yes  1 
No  2   (Go to Q6)         
 
 
Q0b:  Was the possible, probable or definite diagnosis of prostate cancer confirmed 
pathologically? 
 
Yes  1 
No  2    
 
 
Q0c:  Was the possible, probable or definite prostate cancer clinically present, evident, or 
active at the time of death or any time during the period leading to death?  
 
Yes  1 
No  2    

Uncertain 3    
 
 
Q0d:  Was the possible, probable or definite prostate cancer metastatic (non-organ 
confined) at the time of death or any time during the period leading to death?  
 
Yes  1 
No  2    

Uncertain 3    
 
 
Q0e:  Was the man on androgen deprivation therapy for prostate cancer at the time of death 
or any time during the period leading to death?  
 
Yes  1 
No  2    
Uncertain 3    
 
Q0f:  Did the man have evidence of castrate resistant metastatic prostate cancer at the time 
of death or any time during the period leading to death?  
 

Castrate resistant implies a rising PSA while the patient is receiving androgen deprivation therapy. Other 
indicators are initiating chemotherapy or the usual symptoms of advanced prostate cancer that are no longer 
responding to anti-androgen treatment. 
 
Yes  1 
No  2    

Uncertain 3    



 

Q1a:  Was the death a direct result of metastatic progressing prostate cancer? 
(see appendix for definitions) 

 
 Yes (tick one box only) 
a) Definite prostate cancer death 1 (Go to Q7) 
b) Probable prostate cancer death 2 (Go to Q4b) 
c) Possible prostate cancer death 3 (Go to Q2) 
d) Unlikely prostate cancer death 4 (Go to Q2) 
e) Definitely not prostate cancer death 5 (Go to Q2) 
  

Q1b:  More information needed 1 (Go to Q1c and END) 
 
 
Q1c: If yes to Q1b, 
please describe the 
additional information 
you need, and return the 
form. Additional info will 
be sent. 

 

 

 
 
 
Q2:  Was the death intervention-related? (tick one box only): 
 
Definitely 1      (Go to Q5)   
Probably  2      (Go to Q5)   
Definitely not / Unlikely (Go to Q3a)  3    
 
 
 
Q3a: If definitely not / unlikely direct or intervention-related prostate cancer death, could 
prostate cancer have been a contributory factor? 
 
Yes  1   (Go to Q3b) 
No  2   (Go to Q6) 
 
Q3b:  Was the contribution to death the direct result of prostate cancer or was the 
contribution an indirect result, arising from associated diagnostic or therapeutic 
interventions? 
 
Direct result  1     (Go to Q6) 
Indirect result 2     (Go to Q6) 
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Q4b: If probable prostate cancer death only, what other potential causes of death were 
there?   
 
 
 
 
Go to Q7 
 
 
Q5: If Definitely or Probably intervention-related death,  

 Yes No 
Q5a:  Were complications of treatment the cause of 
death? 1 2 

Q5b:  Were complications of diagnosis / biopsy the 
cause of death? 1 2 

Q5c:  Briefly describe the evidence:  
 
 
 
 
 

Go to Q7 
 
 
Q6a: Was death due to another cancer (not prostate)? That is, did another cancer, or 
associated medical interventions, initiate or sustain a chain of events leading to death?   
 
Definitely          1      (Go to Q6b)   

Probably           2      (Go to Q6b)     

Possibly      3      (Go to Q6b)    

Unlikely             4     (Go to Q6c)   

Definitely not    5      (Go to Q6c)   
 
 
Q6b:  What was the primary site of the non-prostate cancer? 
(State if the death was due to metastatic cancer of unknown origin or you are unsure of the primary) 
 
 
 
 
Go to Q7 
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Q6c:  Was death due to another non-cancer cause? 
 
Definitely due to  1     (Go to Q6d)     
Probably due to  2     (Go to Q6d)     
Unable to determine 3     (Go to Q7)     
 
Q6d:  State the principal cause of death:  
(please record only one principal cause of death) 
 
 
 
 
Q7:  Please rate the quality of the vignette by circling a number on the scale below,  
where 1 = poor and 10 = excellent  
 
Poor            Excellent 

1 2 3 4 5 6 7 8 9 10   
  

 
 
 
Q8:  Please rate your confidence in the cause of death attribution, by circling a number on 
the scale below, where 1 = not at all confident and 5 = extremely confident 
 

Not at all confident         Extremely confident 
1 2 3 4 5 

 
 

 CAP 

Comparison 
arm 

ProtecT 
Invited for PSA 

testing arm 

Unsure 

 

Q9a:  What arm of the trial was this man in? 1 2 3 
Q9b:  Please state reasons for decision:   
  

 
Q9c:  If you answered ‘ProtecT’ to 9a, what 
primary treatment arm was the man assigned 
to?  

 
Active Monitoring   1 

Radiotherapy   2 

Radical prostatectomy   3  
Non-responder to invite   4 

Q9d:  Please state reasons for decision:  
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Appendix 3: Process for evaluating cause of death 
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Appendix 4: Composition of reviewing teams  
 
Chair: Professor Peter Albertsen  - Professor of Surgery 
 
Quality assurance: Dr Simon Evans  
 
Team of reviewers (allocated into teams of four crossing specialities): 
Peter Albertsen  - Professor of Surgery 
Jon Oxley Consultant Histopathologist 
Mary Robinson - Pathology 
Anthony Zeitman - Surgery 
Anthony Koupparis – Urologist 
Jon McFarlane- Cons Urological Surgeon 
Jan Adolfsson- Prof. of Urology (surgery) 
Michael Baum Prof. of Surgery (oncology)Colette Reid Cons in Palliative care 
 
Anthony Zeitman Radiation Oncologist 
John McFarlane Consultant Urological Surgeon 
Jon Oxley – Consultant Histopathology  
Colette Reid- Consultant in Palliative Care 
 
 
Retired from review process: David Gunnel; Amit Bahl; CarolineCampbell 
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Appendix 5: Triage selection algorithm 
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Appendix 6: 
 
Definitions provided to CODE reviewers (v3.4 March 2015) 
 

Definitions Q1 - Was the death a direct result of metastatic progressing prostate cancer? 
 
Prostate cancer deaths must be from a primary prostate adenocarcinoma not death from primary prostate 
small cell carcinoma (as defined on the diagnostic biopsy).  However, in some situations a primary prostate 
adenocarcinoma has been noted to alter histologically to become a small cell carcinoma (e.g. following hormone 
therapy).  This cancer would still be classified as a primary prostate adenocarcinoma. True metastatic small cell 
carcinoma are usually from another primary site. 
 
a) Definite prostate cancer deaths are cases in which there is no doubt that progressive local disease or distant 
metastases from prostate cancer were the underlying cause of death (e.g. evidence from post mortem, or where 
no other co-morbidities are possible explanation).  
 
b) Probable deaths from prostate cancer are cases in which there was progressive local disease or distant 
metastases from prostate cancer, but in which there is doubt about whether these were the final direct cause of 
death, and no other clear cause is present (e.g. no other potential cause identified but uncertainty about prostate 
cancer as a cause exists, or other co-morbidities present but not linked to terminal event). This may also be the 
case when information is missing about the final months of a patient’s life (e.g. if a man was on chemotherapy 
for advanced prostate cancer).  
 
c) Possible deaths from prostate cancer are: 
 Cases with progressive local disease (but no progressive cancer metastases) for which there is doubt about 

whether these were the direct cause of death; 
 Cases with progressive metastases but origin unknown or when there is doubt whether these caused death. 

Possible prostate cancers deaths may arise where there is likely to be a plausible, but uncertain alternative 
cause of death. To assign “possible prostate cancer death” there must be signs of distal or local prostate cancer 
progression, based on at least 3 positive findings from the clinical picture; PSA trajectory; X-rays; scans; 
treatment; or pathology.  The category of “possible prostate cancer death” is not to be used simply when 
information is missing. If a cause of death cannot be assigned based on the information to hand, the review 
should remain pending until further information is obtained allowing an informed judgement or the case is 
categorised as “unable to assign a cause of death” by the cause of death committee. 
 
This category applies when there is a reasonable clinical concern that the man could have died of prostate 
cancer (specifically a 40-60% probability), but that an alternative cause of death is almost as likely. This category 
does not apply when there is a remote probability (<40%) that the death could be due to prostate cancer. 
 
d) “Unlikely prostate cancer” deaths arise when distant metastases or local progression are present but are not 
the underlying cause of death.   
 
e) “Definitely not prostate cancer” death occurs when there is no evidence of distant metastases, local 
progression or other complications of diagnosis or treatment.   
 
 

Definitions Q2 - Was the death prostate cancer intervention-related? 
 
Definitely: The death occurred in hospital (after radical prostatectomy) or there was progressive deterioration 
from a recognised adverse event of surgery (e.g. VTE or MI within 30 days), radiotherapy (e.g. fistula; 
perforation) or other therapeutic intervention (e.g. adverse consequence of chemotherapy such as neutropenic 
sepsis) or following biopsy for prostate cancer (e.g. overwhelming sepsis or haemorrhage); and the death is 
unlikely to be attributed to progression of any other disease or any other non-prostate interventions. In a man 
with prostate cancer that has advanced such that he is being treated with palliative rather than therapeutic 
chemotherapy and an adverse intervention related event is noted, this should not be considered as an IRD, as 
the man is clearly dying from PCa such that palliation is required. 
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Probably: The death occurred following a recognised adverse event of surgery, radiotherapy, pharmacotherapy 
or biopsy, but the time relationship to death or other considerations makes it uncertain that the adverse event 
was the cause; or the death may be attributed to progression of other disease or other non-prostate 
interventions. 
 
Definitely not/Unlikely: Absence of any recognized intervention-related adverse event as a consequence of 
any intervention for prostate cancer or the time-lag between the prostate cancer intervention and death makes a 
relationship improbable. 
 

Definitions Q3 
 
Unlikely prostate cancer death but prostate cancer a contributory factor: It is possible that prostate cancer 
or associated diagnostic or therapeutic interventions did not directly result in the patient’s death, but were a 
contributory factor.  That is, the death resulted from some other underlying or primary cause, but the prostate 
cancer or associated diagnostic or therapeutic interventions accelerated or strongly determined the character of 
death. e.g. when distant metastases or local progression are present but are not the direct underlying cause of 
death.  A patient who has a fatal heart attack 2-3 months before they probably would have died from prostate 
cancer: this would be an unlikely prostate cancer death, but prostate cancer could have been a contributory 
cause. 
 
 

Definitions Q4 - If probable prostate cancer death only, what other potential causes of death were there?   
 
1Symptoms or impairments such as anaemia, renal impairment caused by ureteric obstruction, tumour mass 
leading to gastrointestinal or biliary obstruction, and in hormone relapsed disease: severe LUTS, retention, or 
incontinence. 
2e.g. Rising PSA after complete tumour suppression / hormonal ablation where PSA rises above 50 ng/ml; rising 
PSA after radical prostatectomy; PSA above PSA threshold from ProtecT model in men on active monitoring.  The 
sole presence of high or increasing PSA levels should never be assumed to indicate metastases unless other 
unequivocal evidence is present (see the other five items). 
3Enlarged nodes on CT should be assumed metastatic only if in association with progressive increase in size, 
regression after hormonal treatment or increasing PSA levels. 
4A few single 'hot spots' on bone scans should be assumed metastatic only if in association with unequivocal 
evidence on CT, or regression after hormonal treatment. 
5e.g. chemotherapy for hormone resistant disease.  
6In subjects who have other invasive carcinomas, histological evidence of cancer type at metastatic site important. 
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Appendix 6 
 

A study of the level of PSA testing in GP practices taking part in the Comparison 
Arm for ProtecT (CAP) study. 

 

Co-ordinator: Dr Chris Metcalfe 

Introduction 
There is concern that the CAP study may underestimate the effectiveness of PSA-based population 
screening of prostate cancer. Such an underestimate will occur if GPs at practices within the 
unscreened “comparison arm” are making extensive use of the PSA test to detect early prostate cancer 
in asymptomatic men. One of the more recent studies in UK general practices found that 2% per year 
of asymptomatic 45-84 year old men were tested between 1999 and 2002 [1]. In a rapidly changing 
arena, this data may not reflect the current UK situation, and it is important for the interpretation of the 
CAP study results to establish the current situation. Furthermore, investigations across the countries 
involved in the European Randomized Study of Prostate Cancer Screening (ERSPC) suggest levels of 
ad hoc testing in the unscreened arm during 1999-2001 which exceed 2% per year [2], and it will be 
important to have established whether this difference persisted over the long term when comparing the 
results of the two studies. 
 
It is also possible that a change in the use of the PSA test may occur once the ProtecT study prostate 
check clinic has visited a practice. Such a change would influence the interpretation of the CAP study 
results, as the one-off screening offered in the ProtecT study arm would no longer be the only 
difference between the two screening trial arms. 
 
Aims 

1. To estimate the level of PSA testing in CAP practices among men with no previous diagnosis of 
prostate cancer. 

2. To estimate the level of PSA testing in ProtecT practices, after the screening clinic has closed, 
in men with no diagnosis of prostate cancer. 

 
Methods 

Study population and sample 

This sub-study will be conducted in all nine ProtecT/CAP centres: Birmingham, Bristol, Cambridge, 
Cardiff, Edinburgh, Leeds, Leicester, Newcastle, and Sheffield. Edinburgh practices have not been part 
of the CAP study up to now, but the results of this study will be relevant to the interpretation of 
outcome data received from the Scottish Information and Statistics Division. 
A random sample of practices will be taken, the sampling stratified by study arm and study centre (18 
strata in all). Practices will be invited to take part in this sub-study, with the consent of the senior 
partner being sought (see GP letter for adhoc testing study v1_ 06072006). Where a practice refuses to 
take part, they will be replaced by a further randomly selected practice from the same stratum.  
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There is an intention to repeat this cross-sectional survey at a future date. Where this results in a 
practice being asked to participate a second time, written informed consent will again be sought as staff 
at the practice may well have changed. 
As this proposal is for the collection of aggregate data, with insufficient information to identify 
individual men being transferred between GP practices and the Universities involved, we will apply for 
permission to conduct this research without seeking the written informed consent of men. 
 
Measures 

For each practice we want to know the following information: 
 Study arm 
 Postcode 
 Number of men on list in the following age categories: 45-49, 50-54, 55-59, 60-64, 65-69, 70-

74, 75-79, 80-84, and 85-89 years. 
From the postcode, the area deprivation score and the area population density will be derived. 
 
From each practice, aggregate data will be retrieved, counting the men in each cell of a 
multidimensional table formed by cross-tabulating the following dimensions (giving 144 cells): 

 Age on day of data collection: 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80-84, and 85-
89 years. 

 Result of first PSA test in the preceding 12-month period: No test in previous 12 months, 0.00-
0.99, 1.00-1.99, 2.00-2.99, 3.00-3.99, 4.00-9.99, 10.00-39.99, 40+ ng/ml.  

 Prostate cancer diagnosis in preceding 12-month period: Yes or No. 
Data will only be retrieved for men who had not already received a diagnosis of prostate cancer prior to 
the start of the preceding 12-month period. Where a diagnosis of prostate cancer is made during the 
preceding 12-month period, then every effort will be made to only include PSA tests conducted prior to 
that diagnosis, although the ability to do this may be limited by the computer system employed at a 
practice. 
 
Sample size 

A study of PSA testing in Northern Ireland between 1997 and 1999 found a range of 0.06 to 5.6% of 
men tested for the first time per year across general practices (10th, 50th and 90th centiles being 0.5, 1.0, 
and 1.8% respectively)[3]. Similar variation is likely across practices in the present study, and this must 
be taken into account when judging what precision can be achieved with a proposed number of general 
practices. 
Data collection for the CAP study indicates a mean of approximately 650 men aged between 50 and 69 
years inclusive at each practice. Using formula (3) in Kumar and Indrayan [4], 48 clusters (6 practices 
per arm per centre) with a mean of 650 men in each will allow a testing prevalence of 5% to be 
estimated with 95% confidence interval bounds lying within ±2% of that prevalence so long as the 
design effect (variance between clusters / variance between individuals) is 68 or less. This corresponds 
to a rate of homogeneity within practices (akin to the intra-cluster correlation) of 0.12. This is 
suggested as the lowest rate of homogeneity likely to be found in studies of service usage across 
communities, with 0.3 being given as the corresponding highest likely rate [5]. The table gives design 
effects and rates of homogeneity accommodated as the number of practices per arm is increased. 
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Practices per arm 
per centre 

Practices per arm 
(9 centres) 

Design effect 
accommodated 

Rate of homogeneity 
accommodated 

6 54  77 0.12 
8 72 103 0.16 
10 90 128 0.20 
15 135 192 0.30 
20 180 256 0.39 
 
It is intended that data will be retrieved from 15 practices per arm per centre. 

 

Data collection 

CAP research assistants will approach practices, 12 months after the closure of final ProtecT prostate 
check clinics in the randomisation cluster, to collect the required data.  
 
Statistical analysis 

Addressing the two main aims of this study, the primary analysis will estimate the proportion of men 
(with 95% confidence interval) undergoing PSA testing during a 12-month period in each arm of the 
CAP study comparison. Secondary analyses will look at: 

 The proportion of men (with 95% confidence interval) undergoing PSA testing in each five-
year age group, in each arm of the comparison separately.  

 The proportion of men (with 95% confidence interval) undergoing PSA testing at each centre, 
in each arm of the comparison separately. 

 The proportion of men (with 95% confidence interval) undergoing PSA testing at each practice, 
presented for each arm of the comparison separately. 

 For those men undergoing PSA testing, for each age category separately, the distribution of 
PSA levels at first test across the different categories. 
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Appendix 7 
SAIL Routine data extract summary of process 
It is anticipated that an extract would be run multiple times for the same cohort (n=430,000 –approx 10% from Welsh 
clinical centre would not have HES data and therefore require linkage to PEDW).   We anticipate a feasibility of the process 
to be run in 2013, and then main trial analysis is planned for 2016.  There is also the possibly of an interim extract in 
2014/15 to build towards final analyses.  It is anticipated that data would go back to the earliest GP list date (Jan 2002) 
where possible, however where this is not possible we would request HES data from the earliest date available.  We will 
make clear to HSCIC that we will be requesting these data extracts multiple times for this cohort and request consistency 
across extracts in terms of formatting and labelling of fields.  
 

The data flow is summarised in the Figure (flow chart) below.  The steps are as follows:  

 We transfer patient identifiable information [Date of Birth, Postcode, NHS number, unique 
study ID] from the School of Social and Community Medicine (SSCM) to the Health and Social 
Care Information Centre(HSCIC), utilising the security processes and policies (e.g. System 
Level Security Policy) approved by NIGB and HSCIC for the transfer of data (see below).  
When transferring data to HSCIC, SSCM will ensure that data transferred are always encrypted 
using 256-bit AES encryption, using a dedicated network via N3 whenever possible and 
following our security policy for the N3 server, where relevant [N3 Security Policy School of 
Social and Community Medicine Version 3,25th April 2016 ]. 

 HSCIC utilise the personal identifiers sent by SSCM to link these data with health services 
resource-use data [HRGs] from the HES dataset held at the HSCIC.  The data extract sent by 
the HSCIC will contain the HES data requested (details below). 

 We transfer study ID and primary and secondary mortality outcomes [prostate cancer and all-
cause mortality] to SAIL.  SAIL will then link these data to the HES extract from the HSCIC 
removing personal identifiers from the linked dataset.  SAIL will also encrypt our own unique 
study ID to create a unique pseudo anonymised ID number for each individual, area identifiers 
will also be pseudo anonoymised (e.g. SSCM cluster variables). Consultant code contained in 
the HES extract will be derived into a binary variable indicating whether a consultant was 
present at the appointment. 

 This pseudo anonoymised data extract is available via the SAIL Gateway. Data remain at SAIL 
and is analysed remotely from Bristol through use of bespoke software installed on a computer 
running Windows XP in a virtualised environment (VPN). This ensures that data users cannot 
copy or transfer files out of the Gateway.  SSCM will perform all linkage of spells for the same 
individual through use of the pseudo anonoymised ID provided by SAIL and results from any 
analyses will not be transferred to the SSCM without SAIL checking that results remain non-
disclosive.   The inclusion of the outcomes data provided by SSCM will allow a full trial-based 
cost-effectiveness analysis (see flow chart below).  

 The use of a third party, the SAIL gateway, ensures that SSCM cannot see enough of the data to 
be able to identify individuals through any unique combinations of clinical and demographic 
data, but would have the requisite health resource use and primary and secondary mortality data 
for the full trial-based cost-effectiveness analysis that is needed to inform public health policy.  
As well as SSCM data security policies described in previous NIGB/PIAG approvals, all users 
(including HIRU staff) are required to abide by and sign the HIRU Data Access Agreement. 
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Outcome data sent to SAIL by SSCM:   
The following outcome variables: month and year of birth; date of prostate cancer diagnosis; prostate 
cancer stage and grade, if present; month and year of death, if deceased; prostate cancer attributed 
death, if deceased; date of censor, if no longer in follow up; month and year of censor. 
The following cluster variables: Randomisation cluster, Area identifier, GP identifier; GP list date, 
indicating start of at risk time for men at practice.  
Cluster variables in the extract will contain no geographical identifiers; they will consist of a unique 
numeric identifier.  Any organisational codes returned in the HES extract will be encrypted by SAIL 
removing any geographical information and ensuring they are non-disclosive.  
Patient identifiable data sent to HSCIC by SSCM:   
 None as HSCIC already hold list of unique study identifiers. 
Data extract requested from HSCIC:   
We request the following information from HES:  
Patient identifier to link multiple spells for the same individual– HES generated (Pseudo anonoymised 
HES ID); ●IMD overall rank - either deciles or raw score;  ●Rural/Urban indicator;  ●sex (data quality 
validation check); ●date of admission; ●admission date check flag; ●method of admission; ●date of 
discharge; ●discharge date check flag; ●date episode ended; ●date episode started; ●episode end date 
check flag;  ●episode start date check flag; ●episode status; ●all diagnosis codes; ●primary diagnosis- 
3 characters; ●primary diagnosis- 4 characters; ●all operative procedure codes; ●main operative 
procedure – 3 characters; ●main specialty; ●treatment specialty; ●patient classification;  ●healthcare 
resource group variables; ● provider type; ●augmented care period end date; ●augmented care period 
speciality function; ●augmented care period start date; ●high-dependency care level; ●intensive care 
level days; ●number augmented care periods within episode; ●critical care start date;●critical care unit 
function; ●critical care admission type; ●critical care discharge date; ●form 3B-age on day of 
appointment; ●appointment date; ●attended or did not attend; ●first attendance; ●medical staff type 
seeing patient; ●all diagnosis codes; ●primary diagnosis- 3 characters; ●all operation codes; ●main 
operation; ●main operation  – 3 characters; ●main specialty; ●treatment specialty;  ●administrative 
category; ●provider type; ●consultant present  ( derived binary variable indicating whether consultant 
present or not); ●healthcare resource group variables; ●form 3C – age at activity date; ●attendance 
category;●arrival date; ●A&E diagnosis; ●A&E diagnosis – 2 Char; ●A&E diagnosis – anatomical 
area; ●healthcare resource group variables; ●provider type;. ●diagnostic imaging.   

 
 

HSCIC SSCM 
Trial data 

Request sent to HSCIC for data extract. 
HSCIC hold unique study identifiers for cohort 

SAIL Gateway 
Individual level pseudo 

anonymised data 

Transfer of electronic pseudo 
anonoymised records and HES extract 
 

Remote analysis of linked 
data for resource use and 
cost effectiveness analysis 

Transfer of outcomes 
(i.e. prostate cancer 
attributed death) 
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1. INTRODUCTION & PURPOSE 

This document details the statistical analysis proposed and the presentation that will be followed, as closely as 
possible, when analysing and reporting the main results from the CAP study (Cluster randomised trial of 
testing for prostate cancer). 

The purpose of the plan is to:  
1. Ensure that the analysis is appropriate for the aims of the trial, reflects good statistical practice, and 

that interpretation of a priori and post hoc analyses respectively is appropriate. 
2. Explain in detail how the data will be handled and analyzed to enable others to perform the actual 

analysis in the event of sickness or other absence 
 
Additional exploratory or auxiliary analyses of data not specified in the protocol are permitted but fall 

outside the scope of this analysis plan (although such analyses would be expected to follow Good Statistical 
Practice). 

The analysis strategy will be made available if required by journal editors or referees when the main 
papers are submitted for publication.  Additional analyses suggested by reviewers or editors will, if considered 
appropriate, be performed in accordance with the Analysis Plan, but if reported the source of such a post-hoc 
analysis will be declared. 

Amendments to the statistical analysis plan will be described and justified in the final report of the trial. 

 

 

2. SYNOPSIS OF STUDY DESIGN AND PROCEDURES 

The information in this section is extracted from the study protocol (version 7, 29 May 2012) with the single 
purpose of ensuring an informed statistical analysis. For all other purposes reference MUST be made to the 
current version of the protocol. 

2.1. Trial aims and objectives 

To evaluate the effectiveness and cost-effectiveness of population screening for prostate cancer by 
establishing a cluster randomised trial allocating general practices to either intensive case-finding (the ProtecT 
trial) or unscreened standard practice. 

The objectives are: 

1) To provide an unbiased estimate of the effect of a single screen for prostate cancer on prostate cancer-
specific and all-cause mortality in the population. 

2) To contribute to the international effort to investigate the impact of prostate cancer screening. 

3) To estimate the cost implications of prostate cancer screening and use the data collected to develop and 
refine a probabilistic model of the cost-effectiveness of prostate cancer screening in the UK. 
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2.2. Trial design and configuration 

 

 

2.3. Trial centres 

Sheffield, Newcastle, Bristol, Cardiff, Birmingham, Leicester, Cambridge, Leeds. 

2.4. Eligibility criteria 

2.4.1. Inclusion criteria 

Men aged 50 to 69 years, registered at a participating GP practice. All GP practices in the study areas are 
eligible to participate, and are included in the random allocation. 

2.4.2. Exclusion criteria 

Men identified as already having a prostate cancer diagnosis. Men excluded by the study consent process (see 
protocol). 

2.5. Description of interventions 

The intervention is an invitation to PSA testing at a dedicated clinic at or near the man’s GP practice. Those 
men found to have a high PSA level are invited to undergo a diagnostic biopsy. Those men found to have 
clinically localised prostate cancer are invited to have their treatment randomised in the ProtecT trial of 
surgery, radiotherapy, and conservative management. 
 
The comparison is standard NHS practice; GPs discuss the risks and potential benefits with those men 
requesting a PSA test. 
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2.6. Randomisation procedures 

The CaP study is cluster randomised. At each study centre, neighbouring groups of eight to twelve GP practices 
are block-randomised in a 1:1 ratio to PSA testing as part of the ProtecT study, or to NHS usual care in the 
comparison arm. When the group includes an odd number of practices, the greater number are allocated to 
the intervention arm. This randomisation is done by an independent statistician (S Brookes) with no other 
involvement with the study. The randomisation precedes approaches to the GP practices; practices are invited 
to participate in the arm of the study they are allocated to.  
 
Allocation is based on random numbers generated using the contemporary version of Stata statistical software 
(College Station, TX, USA). 

2.8. Blinding 

Members of the cause of death committee see patient vignettes, prepared to obscure the study arm the 
patient is in. Hence decisions about the cause of death is made blind to study arm.  

2.9. Trial committees 

The CaP study has a Data Monitoring Committee (DMC), chairperson Professor Lars Holmberg, which meets 
annually.  The CaP study Cause of Death Committee, chairperson Professor Peter Albertsen. 

2.10. Outcome measures 

2.10.1. Primary outcome 

Prostate cancer mortality at ten years.  

This includes those deaths judged as definitely or probably due to prostate cancer by the cause of death 
committee. Deaths due to the treatment of prostate cancer are included, again as judged by the cause of 
death committee. “Ten years” is be the point in time when the median follow-up period for men in the study is 
ten years; this occurs in 2016. 

2.10.2. Secondary outcomes 

1) All-cause mortality at 5,10 and 15 years 

2) Definite or probable prostate cancer mortality at 5 and 15 years  

3) Disease stage and grade at diagnosis  

4) Cost-effectiveness 

5) Health related Quality of Life 

Health related Quality of Life has been examined in separate sub-studies, and will not be considered further in 
this plan. 
 

2.11. Interim analysis 

Interim analyses by trial arm will be conducted when requested by the DMC. These are prepared by the study 
DMC statistician (C Metcalfe) and shared only with the DMC in the first instance. There are no pre-defined 
formal stopping rules. 
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3. GENERAL ANALYSIS CONSIDERATIONS 

3.1. Analysis populations 

The primary analysis set is all men aged 50 to 69 years registered with a participating practice on the date 
when the patient list is retrieved (the “list date”). Men are excluded as described in Section 2.4.2. 
 

3.2. Derived variables 
 
The primary outcome measure is a binary variable, distinguishing those individuals who definitely or probably 
died of prostate cancer, or treatment for prostate cancer. Time zero is the list date for the man’s GP practice. 
Failure time, or censoring time, is the date on which a man dies, on which the man has left the country, or the 
dataset closure date. 

3.3. Procedures for missing data 

Dates missing the day will be imputed as the 15th. 
 
There will be no further imputation of missing data in the primary analysis of clinical effectiveness.  

3.4. Study centre effects 

The primary analysis is adjusted for randomisation cluster. This accommodates any between-centre 
differences in the outcome rate. In addition, differences in the intervention effect by study centre are 
examined as one of the pre-specified subgroup analyses (section 6.5 below). 

3.5. Competing risks 

As age is the only strong risk factor prostate cancer mortality has in common with other causes of death, 
distortion of our results due to “competing risks” is unlikely. 

3.6. Clustering 
 
General practices are the unit of randomisation in this cluster randomised trial. Any resulting variation 
between practices in the men’s outcome rates will be accommodated by separating that variation from that 
between individual men, using practice-level random effects. 

 

4. DESCRIPTION OF PARTICIPANT CHARACTERISTICS 

4.1. Disposition 

The recruitment of GP practices, and the flow of patients through the trial, will be summarised in a CONSORT 
diagram for cluster randomised trials (Campbell, 2004) that includes eligibility, reasons for exclusion, numbers 
randomised to the two intervention groups, losses to follow up and the numbers analysed. 

4.2. Baseline characteristics 

The following comparisons are made between intervention and comparison arm practices, using data from a 
single point in time, which is the earliest point at which this data is reliably available from routine primary care 
statistics: 

 Practice list size 
 IMD score (separately for England and Wales, lower level super output area) 
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 Urban location 
 Prevalence of all cancer 
 Prevalence of diabetes 
 Prevalence of obesity 
 Prevalence of CHD 

Age on list date is the only baseline variable available for individual men, this is compared between the two 
arms of the study using a random effects model. 
 

5. ASSESSMENT OF STUDY QUALITY 

5.1. Eligibility checks 

Patients already diagnosed with prostate cancer on the list date are identified through cancer registry data. 
Details of men are removed from our database as soon as we are aware of their active objection to being 
included in the study. Details of men who are excluded by our consent procedure (see protocol), are not 
transferred from the ProtecT to CaP databases.  

5.2. Data validation  
 
The primary outcome measure is validated by an independent cause of death committee.  

5.3. Study completion 
 
Follow up is passive from each participant’s point of view and consequently follow-up is completed for almost 
all men. One exception is men who emigrate; we are censoring follow-up for these men when we become 
aware of them having emigrated.   

5.4. Compliance 
 
Data are being collected on those intervention arm men who undergo a PSA test as part of the study. 
 

5.5. Protocol deviations 
 
GP practices which do not agree to participate, having been randomised, are excluded from the study and 
analysis. 
 
In an effort to identify comparison arm practices who increase their PSA testing once recruited to the study, 
we will look at when prostate cancer diagnoses occur for each practice. A peak in diagnoses in the period after 
a comparison arm practice joins the study may indicate that practice has been prompted to increase the use of 
PSA testing.  
 

6. ANALYSIS OF EFFECTIVENESS 

6.1. Mis-randomised patients 
 
Patients are analysed according to the allocation of their GP practice. Duplicate records of men who have 
moved practices are removed; if the man moves between arms of the study, the record at the ProtecT practice 
is retained, otherwise the record collected at the earlier date is retained. The number of duplicates and the 
action taken is recorded. 
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6.2. Summary of primary and secondary outcomes 

Definite, probable, and treatment-related prostate cancer mortality are summarised for each study arm as 
Nelson-Aalen cumulative hazard curves, and as 10-year survival (estimated using the Kaplan-Meier method) 
with 95% confidence intervals. 
 
Similar statistics are presented for prostate cancer mortality at other pre-specified time points, and for all-
cause mortality. 
 
Stage and grade at diagnosis are presented as frequency tables, comparing the two arms of the study. 

6.3. Primary analysis 

The null hypothesis for the primary analysis is “no difference in definite, probable and treatment related 
prostate cancer mortality between men at GP practices inviting 50 to 69 year olds to a undergo a single PSA 
test, and men at GP practices following current NHS guidance”. The following Poisson regression model (1) 
incorporates the duration of follow-up for each man i by regressing rates λij on covariates where j is the man’s 
current age group. 
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Variation in outcome between randomisation strata r=1,…,R (neighbouring groups of GP practices) is 
accommodated by standard deviation σr of a level 3, zero mean, normally distributed random effect y0r, and 
variation in outcome between GP practices p=1,…P is accommodated as standard deviation σp  of a level 2 zero 
mean normally distributed random effect. 
 
As the incidence of prostate cancer diagnosis varies greatly by age, each man’s follow-up is divided into the 
following current age-groups according to; a lexis-diagram approach: 59 years or younger, 60-64 years, 65-69 
years, 70-74 years, 75 years or older. With a separate average baseline rate λ0j for each age group j, the 
assumption of a constant baseline rate applies to each group separately and is consequently much more 
reasonable. 
 
The treatment effect is estimated as a rate ratio exp(β1), the coefficient for random allocation xi1 with value 0 
for allocation to the comparison group and value 1 for allocation to the intervention group. 
 
Our initial intention to further divide each man’s follow-up by current calendar period proved problematic for 
estimation and so was abandoned. 
 
It is not anticipated that deaths due to other causes (“competing risks”) will be associated with prostate cancer 
disease, nor will the risk of their recurrence differ between intervention arms. Hence no special measures are 
taken to accommodate bias due to competing risks. 

6.4. Secondary analyses 

The analysis in section 6.3 is adapted to the analysis of other mortality measures. 
 
Analysis of the primary outcome is repeated including definite, probable, possible and treatment-related 
prostate cancer mortality. Similarly, just including definite and treatment-related prostate cancer mortality. 
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6.5. Pre-specified sub-group analyses 
 
Sub-group analyses examine whether the intervention effect varies by age group (50-54, 55-59, 60-64, 65-69+ 
years) at baseline, and by study centre. The evidence against the null hypothesis of equal intervention effect 
across sub-groups is calculated as an interaction test p-value. If the association of  outcome rate and age group 
is consistent with a linear trend, advantage will be taken of this to employ a single degree of freedom 
interaction test, so maximising statistical power. 

6.6. Process analysis 
 
Stage and grade: This analysis focuses on men diagnosed with prostate cancer only. The proportions diagnosed 
over the ten-year average follow-up with Gleason grades 3+3, 3+4, 4+3, 4+4, 4+5, 5+4 and 5+5 is compared 
between study arms using ordered logistic regression. Robust standard errors are employed to allow for 
clustering. This approach is adapted to an analysis of disease stage, based on the TNM system. For this latter 
analysis the patient is classified to the most advanced disease stage applicable from T1, T2, T3, T4, N1, M1. 
 

6.7. Sensitivity analysis 
 
If imbalances are apparent between the participating practices allocated to each study arm, then prior to the 
primary analysis, the study PIs shall list these characteristics for adding as further covariates in the regression 
model. 

Should any of the treatment arms in the ProtecT trial be shown to be superior (i.e. to lead to reduced 
mortality), then any difference in prostate cancer or all-cause mortality between intervention and comparison 
practices will be lower than would be expected if a screening programme had taken place when  the optimal 
treatment(s) were the standard of care. In this case we shall estimate the beneficial effect on mortality of such 
an “optimal” screening programme, based on the (unbiased) treatment effect estimates from the ProtecT trial 
and the (unbiased) overall effect estimates from the CAP study.  

As has been done for the ERSPC study (Schroder 2009; Bokhurst 2013) statistical methods are employed that 
use random allocation as an instrumental variable, to estimate the effect of testing in those who do undergo 
PSA testing (Palmer, 2011). This estimate can be used to predict the overall effect of a screening programme 
under different assumptions about PSA uptake. In contrast to the ERSPC study, we do not attempt to control 
for contamination, due to the very strong assumptions required for this analysis (Metcalfe, 2013). 
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1. INTRODUCTION & PURPOSE 

This document details the statistical analyses that will be undertaken and the presentation that will be 
followed, as closely as possible, when analysing and reporting the main results from the CAP study (Cluster 
randomised trial of testing for prostate cancer). 

The purpose of the plan is to:  
1. Ensure that the analysis is appropriate for the aims of the trial, reflects good statistical practice, and 

that interpretation of a priori and post hoc analyses respectively is appropriate. 
2. Explain in detail how the data will be handled and analyzed to enable others to perform the analysis 

in the event of sickness or other absence 
 
Additional exploratory or auxiliary analyses of data not specified in the protocol are permitted but fall 

outside the scope of this analysis plan. Such analyses would be expected to follow Good Statistical Practice. 
The analysis strategy will be made available if required by journal editors or referees when the main 

papers are submitted for publication.  Additional analyses suggested by reviewers or editors will, if considered 
appropriate, be performed in accordance with the Analysis Plan, but if reported the source of such a post-hoc 
analysis will be declared. 

Amendments to the statistical analysis plan will be described and justified in the final report of the trial. 

 

 

2. SYNOPSIS OF STUDY DESIGN AND PROCEDURES 

The information in this section is extracted from the study protocol (version 7, 29 May 2012) with the single 
purpose of ensuring an informed statistical analysis. For all other purposes reference MUST be made to the 
current version of the protocol. 

2.1. Trial aims and objectives 

To evaluate the effectiveness and cost-effectiveness of population screening for prostate cancer by 
establishing a cluster randomised trial allocating general practices to either intensive case-finding (the ProtecT 
trial) or unscreened standard practice. 

The objectives are: 

1) To provide an unbiased estimate of the effect of a single screen for prostate cancer on prostate cancer-
specific and all-cause mortality in the population. 

2) To contribute to the international effort to investigate the impact of prostate cancer screening. 

3) To estimate the cost implications of prostate cancer screening and use the data collected to develop and 
refine a probabilistic model of the cost-effectiveness of prostate cancer screening in the UK. 
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2.2. Trial design and configuration 

 

 

2.3. Trial centres 

Sheffield, Newcastle, Bristol, Cardiff, Birmingham, Leicester, Cambridge, Leeds. 

2.4. Eligibility criteria 

2.4.1. Inclusion criteria 

Men aged 50 to 69 years, registered at a participating GP practice. All GP practices in the study areas are 
eligible to participate, and are included in the random allocation. 

2.4.2. Exclusion criteria 

Men identified as already having a prostate cancer diagnosis on or before the date on which the list of men is 
generated for a practice. Men excluded by the study consent process (see protocol). 

2.5. Description of interventions 

The intervention is an invitation to PSA testing at a dedicated prostate cancer check clinic at or near the man’s 
GP practice. Those men found to have a high PSA level are invited to undergo a diagnostic biopsy. Those men 
found to have clinically localised prostate cancer are invited to have their treatment randomised in the ProtecT 
trial of surgery, radiotherapy, and conservative management. 
 
The comparison is standard NHS practice; GPs discuss the risks and potential benefits with those men 
requesting a PSA test. 
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2.6. Randomisation procedures 

The CaP study is cluster randomised. At each study centre, neighbouring groups of eight to twelve GP practices 
are block-randomised in a 1:1 ratio to PSA testing as part of the ProtecT study, or to NHS usual care in the 
comparison arm. When the group includes an odd number of practices, the greater number are allocated to 
the intervention arm. This randomisation is done by an independent statistician (S Brookes) with no other 
involvement with the study. The randomisation precedes approaches to the GP practices; practices are invited 
to participate in the arm of the study they are allocated to.  
 
Allocation is based on random numbers generated using the contemporary version of Stata statistical software 
(College Station, TX, USA). 

2.8. Blinding 

Members of the cause of death committee see patient vignettes, prepared to obscure the study arm the 
patient is in. Hence decisions about the cause of death are made blind to study arm.  

2.9. Trial committees 

The CaP study has a Data Monitoring Committee (DMC), chairperson Professor Lars Holmberg, which meets 
annually.  The chairperson for the CaP study Cause of Death Committee is Professor Peter Albertsen. 

2.10. Outcome measures 

2.10.1. Primary outcome 

The primary outcome is prostate cancer mortality at a median ten years after start of follow up.  

This includes those deaths judged as definitely or probably due to prostate cancer by the cause of death 
committee. Deaths due to the treatment of prostate cancer are included, again as judged by the cause of 
death committee. “Ten years” is the point in time when the median follow-up period for men in the study is 
ten years, which is anticipated to be the end of March 2016. Allowing a four month period for information on 
outcome events to reach us from the UK National Statistics Office, we propose to include all primary outcome 
events which have occurred on or before the 31st March 2016, and which we have received notification of by 
the 31st July 2016. Only outcome events for which we receive notification from the UK National Statistics Office 
will be included in the main analyses. 

2.10.2. Secondary outcomes 

1) All-cause mortality at 5,10 and 15 years after start of follow up 

2) Definite or probable prostate cancer mortality at 5 and 15 years  

3) Disease stage and grade at diagnosis  

4) Cost-effectiveness 

5) Health related Quality of Life 

Health related Quality of Life has been examined in separate sub-studies, and will not be considered further in 
this analysis plan. Similarly, cost-effectiveness will be the subject of a separate plan. 
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2.11. Interim analysis 

Interim analyses by trial arm will be conducted when requested by the DMC. These are prepared by the study 
DMC statistician (C Metcalfe) and shared only with the DMC in the first instance. There are no pre-defined 
formal stopping rules. 
 

3. GENERAL ANALYSIS CONSIDERATIONS 

3.1. Analysis populations 

The primary analysis set is all men aged 50 to 69 years registered with a participating practice on the date 
when the patient list is retrieved (the “list date”). Men are excluded as described in Section 2.4.2. 
 

3.2. Derived variables 
 
The primary outcome measure is a binary variable, distinguishing those individuals who definitely or probably 
died of prostate cancer, or treatment for prostate cancer. Time zero is the list date for the man’s GP practice. 
Failure time, or censoring time, is the date on which a man dies, on which the man has left the country, or the 
dataset closure date. 

3.3. Procedures for missing data 

Dates missing the day will be imputed as the 15th of the month. 
 
There will be no further imputation of missing data in the primary analysis of clinical effectiveness.  

3.4. Study centre effects 

The primary analysis is adjusted for randomisation cluster. This accommodates any between-centre 
differences in the outcome rate. In addition, differences in the intervention effect by study centre are 
examined as one of the pre-specified subgroup analyses (section 6.5 below). 

3.5. Competing risks 

As age is the only strong risk factor that prostate cancer mortality has in common with other causes of death, 
distortion of our results due to “competing risks” is unlikely. 

3.6. Clustering 
 
General practices are the unit of randomisation in this cluster randomised trial. Any variation between 
practices in the men’s outcome rates will be accommodated by separating that variation from that between 
individual men, using practice-level random effects. 

 

4. DESCRIPTION OF PARTICIPANT CHARACTERISTICS 

4.1. Disposition 

The recruitment of GP practices, and the flow of patients through the trial, will be summarised in a CONSORT 
diagram for cluster randomised trials (Campbell, 2004) that includes eligibility, reasons for exclusion, numbers 
randomised to the two intervention groups, losses to follow up and the numbers analysed. 
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4.2. Baseline characteristics 

The following comparisons are made between intervention and comparison arm practices, using data from 
routine primary care statistics: 

 Practice list size 
 IMD score (separately for England and Wales, lower level super output area) 
 Urban location 
 Prevalence of all cancer 
 Prevalence of diabetes 
 Prevalence of obesity 
 Prevalence of CHD 

Age on list date is the only baseline variable available for individual men. This is compared between the two 
arms of the study using a random effects model. 
 

5. ASSESSMENT OF STUDY QUALITY 

5.1. Eligibility checks 

Patients already diagnosed with prostate cancer on the list date are identified through cancer registry data. 
Details of men are removed from the study database as soon as we are aware of their active objection to being 
included in the study. Details of men who are excluded by our consent procedure (see protocol), are not 
transferred from the ProtecT to CaP databases.  

5.2. Data validation  
 
The primary outcome measure is validated by an independent cause of death committee.  

5.3. Study completion 
 
Follow up is passive from each participant’s point of view and consequently follow-up is completed for almost 
all men. One exception is men who emigrate; we censor follow-up for these men on the date when we 
become aware of them having emigrated.   

5.4. Compliance 
 
Data are being collected on those intervention arm men who undergo a PSA test as part of the study. 
 

5.5. Protocol deviations 
 
GP practices which do not agree to participate, having been randomised, are excluded from the study and 
analysis. 
 
In an effort to identify comparison arm practices who increase their PSA testing once recruited to the study, 
we will look at when prostate cancer diagnoses occur for each practice. A peak in diagnoses in the period after 
a comparison arm practice joins the study may indicate that practice has been prompted to increase the use of 
PSA testing.  
 

6. ANALYSIS OF EFFECTIVENESS 

6.1. Men who move GP practice 
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Patients are analysed according to the allocation of their GP practice. Duplicate records of men who have 
moved practices are removed; if the man moves between arms of the study, the record at the ProtecT practice 
is retained, otherwise the record collected at the earlier date is retained. The number of duplicates and the 
action taken is recorded. 

6.2. Summary of primary and secondary outcomes 

The combined endpoint “Definite, probable, and treatment-related prostate cancer mortality” will be 
summarised for each study arm as 5 and 10-year survival (estimated using the Kaplan-Meier method) with 95% 
confidence intervals. Nelson-Aalen cumulative hazard curves will be plotted in order to provide a graphical 
check of the proportional hazards assumption. If there is evidence of a difference between study arms, the 
number needed to invite (NNI; study question & policy context) in order to prevent one prostate cancer death 
will be calculated as one divided by the absolute difference in prostate cancer deaths between the randomised 
intervention and comparison groups. Following the ERSPC’s lead we will also present the number needed to 
detect (NND; with the assumption that these men are then treated), calculated as the NNI multiplied by the 
excess incidence of prostate cancer in the intervention group (Schroder 2009, 2014). In addition we will 
calculate the number needed to attend (NNA, corresponding to number needed to screen) calculated as one 
divided by the absolute difference in prostate cancer deaths between those men allocated to an invitation to a 
prostate check clinic and who attended, and those men in the comparison arm who would have attended had 
they been invited (this latter value will be estimated using the CACE approach described in section 6.4; Dunn, 
2002). The NNI, NNA and NND will be presented in the text of the main results paper. 
 
Similar statistics will be presented for prostate cancer mortality at other pre-specified time points, and for all-
cause mortality. 
 
Stage and grade at diagnosis will be presented as frequency tables, comparing the two arms of the study. 

6.3. Primary analysis 

The null hypothesis for the primary analysis is “no difference in definite, probable and treatment related 
prostate cancer mortality between men at GP practices inviting 50 to 69 year olds to a undergo a single PSA 
test, and men at GP practices following current NHS guidance”. The following Poisson regression model (1) 
incorporates the duration of follow-up for each man i by regressing rates λij on covariates where j is the man’s 
current age group. 
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Variation in outcome between randomisation strata r=1,…,R (neighbouring groups of GP practices) will be 
accommodated by standard deviation σr of a level 3, zero mean, normally distributed random effect y0r, and 
variation in outcome between GP practices p=1,…P will be accommodated as standard deviation σp  of a level 2 
zero mean normally distributed random effect. 
 
As the incidence of prostate cancer diagnosis varies greatly by age, each man’s follow-up will be divided into 
the following current age-groups according to a lexis-diagram approach: 59 years or younger, 60-64 years, 65-
69 years, 70-74 years, 75-79 years and 80 years or older. We will combine the 75-79 and 80+ age groups if 
there are too few events to permit separate analysis for the 80+ group. With a separate average baseline rate 
λ0j for each age group j, the assumption of a constant baseline rate will be reasonable for each separate age 
group separately. 
 
The treatment effect will be estimated as a rate ratio exp(β1), the coefficient for random allocation xi1 with 
value 0 for allocation to the comparison group and value 1 for allocation to the intervention group. 
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Our initial intention to further divide each man’s follow-up by current calendar period proved problematic for 
estimation in interim analyses for the DMC and so was abandoned. 
 
It is not anticipated that deaths due to other causes (“competing risks”) will be associated with prostate cancer 
disease, nor will the risk of their recurrence differ between intervention arms. Hence no special measures will 
be taken to account for competing risks. 

6.4. Secondary analyses 

The analysis in section 6.3 will be adapted to the analysis of other mortality measures. 
 
Analysis of the primary outcome will be repeated including (1) definite, probable, possible and treatment-
related prostate cancer mortality and (2) definite and treatment-related prostate cancer mortality. 
 

As has been done for the ERSPC study (Schroder 2009; Bokhurst 2013) statistical methods will be employed 
that use random allocation as an instrumental variable, to estimate the effect of the invitation to the prostate 
check clinic in those who accept the invitation and attend the prostate check clinic. In contrast to the ERSPC 
study, we will not attempt to control for contamination, due to the very strong assumptions required for this 
analysis (Metcalfe, 2013). Moreover we will not have data to indicate which men in the control arm have been 
screened for prostate cancer. 

We will employ a generalized method of moments estimator, which takes advantage of the random allocation 
as a strong instrumental variable, to compare those men in the intervention arm who attend the prostate 
check clinic, to the comparable men in the control arm who would attend the clinic if invited (Baum, 2013). 
Robust standard errors will be employed to accommodate any clustering of outcomes by GP practice. This 
analysis will employ Stata’s ivpoisson command, with the generalized method of moments estimator, 
multiplicative errors, and robust standard errors to allow for clustering: 
 
ivpoisson gmm pcadth (test = rand) [pw=w], 

 exp(exposure) mult vce(cluster practice_id) irr 
 
Where test indicates those men in the intervention group who attend the clinic, and rand indicates the 
randomly allocated arm. A key assumption underpinning this approach is that the subsequent rate of prostate 
cancer mortality is the same in the men who do not attend the clinic in the intervention arm and in those men 
in the comparison arm who would not have attended the clinic if invited (Metcalfe, 2013). 
 
The instrumental variable analyses described above will be done for all outcome measures in Table 2. 
 

6.5. Pre-specified sub-group analyses 
 
Sub-group analyses will examine whether the intervention effect varies by age group at baseline (50-54, 55-59, 
60-64, 65-69+ years), and by the index of multiple deprivation for a man’s area of residence (subgroups 
defined as tertiles for the cohort as a whole, but with Wales and England calculated separately)study centre. 
An interaction test p-value will be used to evaluate the evidence against the null hypothesis of equal 
intervention effect across sub-groups. If the association of outcome rate and age group is consistent with a 
linear trend, advantage will be taken of this to employ a single degree of freedom interaction test. 

6.6. Process analysis 
 
The analysis of age at diagnosis, stage and grade of prostate cancer will focus on men diagnosed with prostate 
cancer only. Mean age at diagnosis will be compared between study arms using ordinary linear regression. The 
proportions diagnosed over the ten-year average follow-up with Gleason scores of 6 or less, 7, and 8 or more, 
or diagnosed with clinical stage T1/T2 disease, clinical T3, and T4/N1/M1 stage disease grades 3+3, 3+4, 4+3, 
4+4, 4+5, 5+4 and 5+5 is will each be compared between study arms using ordered logistic regression. This 
approach is adapted to an analysis of disease stage, based on the TNM system. For this latter analysis the 
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patient is classified to the most advanced disease stage applicable from T1, T2, T3, T4, N1, M1. Robust 
standard errors will be employed to allow for variation between GP practices. 
 

6.7. Sensitivity analysis 
 
If imbalances between the participating practices allocated to each study arm are apparent, then prior to the 
primary analysis, the study PIs will list these characteristics, which will be added as further covariates in the 
regression model. Such analysis will be reported as a sensitivity analysis: the primary analysis will remain 
unchanged. 

Should any of the treatment arms in the ProtecT trial be shown to be superior (i.e. to lead to reduced 
mortality), then any difference in prostate cancer or all-cause mortality between intervention and comparison 
practices will be lower than would be expected if a screening programme had taken place when  the optimal 
treatment(s) were the standard of care. In this case we will estimate the beneficial effect on mortality of such 
an “optimal” screening programme, based on the (unbiased) treatment effect estimates from the ProtecT trial 
and the (unbiased) overall effect estimates from the CAP study.  

We will repeat the comparison of Gleason score at diagnosis of prostate cancer between the intervention and 
comparison groups, with the Gleason score reduced to a binary distinction between scores of 7 and below 
versus 8 and above. There is some evidence that whilst UK histopathologists have remained consistent in their 
use of the 7/8 distinction over the study period, they may have increased their use of a score of 7 rather than 6 
during that time (Oxley 2015). 

We will re-estimate the risk ratios estimated using the instrumental variable approach described in Section 6.4 
above under an alternative definition of the instrumented variable: attended the PCC clinic, had blood taken 
for a PSA test, and received a result which could be acted upon. 

We will recalculate the incidence of prostate cancer in the intervention arm, including those diagnoses we 
became aware of due to ProtecT diagnostic procedures, but of which we were not notified by the UK National 
Office of Statistics. 

As has been done for the ERSPC study (Schroder 2009; Bokhurst 2013) statistical methods are employed that 
use random allocation as an instrumental variable, to estimate the effect of testing in those who do undergo 
PSA testing (Palmer, 2011). This estimate can be used to predict the overall effect of a screening programme 
under different assumptions about PSA uptake. In contrast to the ERSPC study, we do not attempt to control 
for contamination, due to the very strong assumptions required for this analysis (Metcalfe, 2013). 
 

6.8. Scotland 
 
We are applying for anonymised data on men in intervention (ProtecT) and control practices in Scotland. These 
data will be for men fitting our eligibility criteria, and will include outcome data for a ten-year period. The key 
difference between these Scottish data and the data we are collecting for the CAP study in England and Wales 
is that it will not be possible to validate the cause of death for Scottish men; we will need to rely on the death 
certificates. Consequently, for the primary CAP analysis, we will analyse and present the data for Scottish men 
separately, but using the same statistical approach as described in the statistical analysis plan. If a case can be 
made for the Scottish data being of acceptable quality, then it will be included in a possible future meta-
analysis of data from the CAP and the ERSPC. 
 
 

7. CHANGES SINCE VERSION 1.4 

Substantive changes since the previous version have been highlighted in green. In summary these are: 
 On the advice of the Trial Steering Committee (January 2016, see Appendix 2), we will present the 

number needed to invite, the number needed to attend, and the number needed to detect as 
described in Section 6.2. 

 We previously planned to present an estimate of the effect of screening in those who attend the 
prostate check clinic in a sensitivity analysis. On the advice of the Trial Steering Committee (January 
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2016), we will now present such estimates for all the outcomes in Table 2 as secondary analyses. 
Consequently we have pre-specified these analyses in more detail in Section 6.4. Furthermore, we are 
now specific that the aim of these analyses is to estimate the effect of the intervention, an invitation 
to a prostate check clinic, in those men who attend the clinic. These estimates will be calculated using 
an instrumental variable approach, to avoid the known biases of the per protocol approach. 

 We now plan a sub-group analysis by area index of multiple deprivation, rather than by study centre, 
as described in Section 6.5. 

 We now make it clear that we are also interested in comparing age at prostate cancer diagnosis 
between the two study arms, as described in Section 6.6. We have added a sensitivity analysis looking 
at the proportion of men diagnosed with Gleason score of 8, compared between the intervention and 
comparison groups, to avoid confounding by “Gleason drift”. 

 Outlines of the Figures and Tables to be included in the primary results paper are given in the 
Appendix. 

 
In addition there have been minor amendments to grammar. 
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APPENDIX 1 
 
Figure 1. CONSORT diagram for recruitment into the Cluster Randomised Trial of Testing 

for Prostate Cancer (CAP), England and Wales. 
 
 
Figure 2a. Incidence of prostate cancer Cumulative incidence of prostate cancer in the 

intervention (solid line) compared to control (long dash line) groups 

 
Figure 2b. Primary analysis Cumulative incidence of definite and probable prostate cancer 

and intervention related mortality in the intervention (solid line) compared to control (long 

dash line) groups 

 
Figure 2c All-cause mortality Cumulative incidence of all deaths in the intervention (solid 

line) compared to control (long dash line) groups 

 
Figure 2d Secondary analysis Cumulative incidence of definite, probable and possible 

prostate cancer and intervention related mortality in the intervention (solid line) compared to 

control (long dash line) groups 
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Table 1. Characteristics of prostate cancer cases at the time of diagnosis 
 
 

  
Intervention arm 

 Control arm 
 

n = 

Intervention arm 
 

n= 

Attended 
prostate check 

clinic 

n = 

Did not attend 
prostate check 

clinic 
n = 

     

Mean age at diagnosis 
(standard deviation) 

    

     

Grade at diagnosis (%)*     

≤6     
7     
≥8     
Missing     
     
Stage at diagnosis (%)*     
T1/T2  
(stage I/stage II)  
 

    

T3 (stage III)     
T4/ M1/N1 (stage IV)     
Missing     
 
*Column percentage of diagnosed men in the indicated group and who have data recorded for this 
variable. 
 
 



Table 2. Prostate cancer specific mortality and all-cause mortality by random allocation: intention-to-screen estimate and instrumental variable estimate of the 

effect of screening in men allocated to and attending the prostate check clinic 
  

 

 

Intervention arm 

 

 

 

Control arm 

    Effect of screening 

amongst those 

attending clinic 

(N=xxx,xxx) 

 Deaths Rate per 1000 

person year 

(95% CI) 

Deaths Rate per 1000   

person year 

(95% CI) 

Rate 

Difference 

(95% CI) 

 Rate ratio  

(95% CI) 

p-value1 Rate ratio 

(95% CI) 

p-value 

Primary Outcome           

Definite or probable prostate 

cancer death or IRD 

          

Secondary Outcomes           

All-cause mortality           

Definite or probable or possible 

prostate cancer death or IRD 

          

Definite prostate cancer death 

or IRD 

          

CI denotes confidence interval; IRD = intervention related death 

1. Likelihood ratio test of the null hypothesis “no difference in prostate cancer mortality between the arms”, adjusted for current age 
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Table 3. Planned sub group analyses of prostate cancer specific mortality1 

 Intervention arm Control arm     

 Deaths  Rate per 1000 

person year 

(95% CI) 

Deaths  Rate per 1000   

person year 

(95% CI) 

Rate 

difference 

(95% CI) 

  Rate 

Ratio 

(95% CI) 

p-value1 

Age at baseline         

50-54         

55-59         

60-64         

65-69+         

         

IMD area deprivation England       

Tertile 1         

Tertile 2         

Tertile 3         

IMD area deprivation Wales        

Tertile 1         

Tertile 2         

Tertile 3         

1.  Definitely or probably due to prostate cancer or intervention related death, as established by the Independent Cause of Death Evaluation Committee 
2. Likelihood ratio interaction test of the null hypothesis of no difference in the comparison across the different subgroups 
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SUPPLEMENTARY MATERIAL 
 
 
Supplementary Table S1. Individual and practice level characteristics at baseline 
 Intervention arm 

 
Control arm 

 
Individual Characteristics n= xxx,xxx men n= xxx,xxx men 

Mean age (s.d.)   

Mean IMD score England (s.d.)   
Mean IMD score Wales (s.d.)   

Urban/rural (%)**   
   
Practice Characteristics n= xxx practices n= xxx practices 
Mean practice list size (s.d.)   
Number of urban practices (%)   
Number of single versus 
multiple partner GP practices 
(%)*** 

  

Number of teaching practices 
(%)*** 

  

Mean QOF score (s.d.)***   
Mean IMD score in England 
(s.d.) 

  

Mean IMD score in Wales 
(s.d.) 

  

Mean prevalence from QOF   
All cancers (s.e)   
Diabetes (s.e)   
Obesity (s.e)   
Coronary heart disease (s.e)   
s.d. = standard deviation; s.e. = standard error; *if we can obtain reliable data from HSCIC, not 
currently in request for whole cohort; **if we obtain reliable data from the HSCIC, ***if we obtain 
reliable data from QOF 
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APPENDIX 2 
Signed extract from the Trial Steering Committee 
 

 
 
 



SAP Documents and Changes 

Title: CAP Trial 

Cluster randomised triAl of PSA testing for Prostate cancer 

(previously Comparison Arm to Protect Study). 

 

Version No.  Signed Date Amendment Title & Documents Submitted 

 

1.0 

Working Document 

N/A 

 

Working document for C. Metcalfe  

 

1.1 

Working Document 

N/A 

 

Working Document for C. Metcalfe 

1.2  

Working Document 

N/A Working Document for C. Metcalfe 

1.3 24th Jan 2014 Original SAP 

1.4 21st Nov 2014 Changes since the previous version have been highlighted in 
green. In summary these are: 

 The calendar dates for the close of follow-up for the 
primary analysis have been added to Section 2.10.1 

 On the advice of the Trial Steering Committee (January 
2014), if there is evidence of a difference between study 
arms, we will present the number needed to screen, 
and the number needed to invite, as described in 
Section 6.2. 

 We previously planned to present, as a sensitivity 
analysis, an unbiased estimate of the effect of screening 
in those undergoing a study PSA test. On the advice of 
the Trial Steering Committee (January 2014), we will 
now present this as a secondary analysis, and 
consequently have pre-specified this analysis in more 
detail in Section 6.4. 

 We now plan a sub-group analysis by area index of 
multiple deprivation, rather than by study centre, as 
described in Section 6.5. 

 We now make it clear that we are also interested in 
comparing age at prostate cancer diagnosis between 
the two study arms, as described in Section 6.6. We 
have revised the categories of stage and grade in line 
with what we will be able to obtain. 

 The data available from Scotland and an outline of the 
planned analysis of those data are described in Section 
6.8. 

 Outlines of the Figures and Tables to be included in the 
primary results paper are given in the Appendix. 



1.5 31st Aug 2016 Substantive changes since version 1.3 have been highlighted in 
green, in several cases these changes represent further detail on 
changes introduced in version 1.4. 
 In summary these are:  

 On the advice of the Trial Steering Committee (January 
2016, see Appendix 2), if there is evidence of a 
difference between study arms, we will present the 
number needed to invite, the number needed to attend, 
and the number needed to detect as described in 
Section 6.2.  

 We previously planned to present an estimate of the 
effect of screening in those who attend the prostate 
check clinic in a sensitivity analysis. On the advice of the 
Trial Steering Committee (January 2016), we will now 
present such estimates for all the outcomes in Table 2 
as secondary analyses. Consequently we have pre-
specified these analyses in more detail in Section 6.4. 
Furthermore, we are now specific that the aim of these 
analyses is to estimate the effect of the intervention, an 
invitation to a prostate check clinic, in those men who 
attend the clinic. These estimates will be calculated 
using an instrumental variable approach, to avoid the 
known biases of the per protocol approach.  

 We now plan a sub-group analysis by area index of 
multiple deprivation, rather than by study centre, as 
described in Section 6.5.  

 We now make it clear that we are also interested in 
comparing age at prostate cancer diagnosis between 
the two study arms, as described in Section 6.6. We 
have added a sensitivity analysis looking at the 
proportion of men diagnosed with Gleason score of 8, 
compared between the intervention and comparison 
groups, to avoid confounding by “Gleason drift”.  

 Outlines of the Figures and Tables to be included in the 
primary results paper updated on advice from Trial 
Steering Committee.  

 
 

 

 


