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1.
EXECUTIVE SUMMARY

1. The aims of this study were to investigate regional variation in the rate of PSA testing in asymptomatic men by general practitioners, and to investigate changes in the rate of testing over time in the NHS.
2. There is some evidence that PSA testing has been increasing in general practice among men with no prior diagnosis of prostate cancer.  However, there are no routine data with which to assess the rate of screening for prostate cancer in the general population.
3. Out of 210 laboratories in England and Wales participating in NEQAS, 52 replied that they had data going back two years and were willing to take part.  A random sample of 28 laboratories stratified by region were selected.

4. 443 (32% of 1397 potentially eligible practices) took part in the study.  These practices had a total male population of 1,483,937 men. The main analyses were conducted using data from 391 practices where all partners participated, as the rate of PSA testing per male practice population could not be calculated accurately where the proportion of population covered by participating partners was uncertain.

5. Retrospective data on PSA tests were collected from each laboratory’s computerised database for a two year period, 19th November 1999 to 18th November 2001. Prospective data on PSA tests were collected from each laboratory and general practice from 19th November 2001 to 31st May 2002.  Each practice was asked to record prospectively the reason for the PSA test. BUPA provided retrospective data for the period 1st December 2001 to 31st May 2002 from 37 laboratories in England and Wales.  
6. There were a total of 65,258 and 18,545 PSA records in the retrospective and prospective periods respectively.  Analysis of completeness of PSA data collection showed that 10% of PSA records in both the retrospective and prospective period were excluded because their age was outside the age range 45 to 84 years, they were recorded as female or they had no PSA level recorded.  In the prospective period  88% complete records had a code for reason for the test.

7. Analysis of practices by social deprivation (Townsend Score) showed that the study sample represented a more affluent population than practices in the whole of England.  Analysis of practices by ethnic group showed that the percentage of Black Caribbeans, Africans and other black groups ranged from 0% to 20% and the percentage of Asian populations from 0% to 69%.

8. In men aged 45 to 84 years the overall annual rate of PSA testing was 7%.  The annual rate of asymptomatic and symptomatic testing were estimated to be 1.6% and 2.2% respectively and that for diagnostic testing 5.4% if adjustment was made to reflect the Townsend distribution of the whole of England, and for missing values for reason for test.

9. There was significant regional variation in the rate of PSA testing independent of the effects of age, reason for test, social deprivation and ethnicity.  However, differences between regions should be interpreted with caution because of the small number of laboratories taking part in each region.

10.  The rate of testing decreased with increasing social deprivation, increasing proportions of Black Caribbeans, Africans and other black groups, and increasing proportions of Asian populations.

11. The rate of testing increased during the period 19th November 1999 to 31st May 2002, as did the total number of GP PSA requests per laboratory.

12. The rate of private testing in England and Wales could not be studied because of the lack of population based data.  The higher proportion of men below the age of 65 in the BUPA records than in the NHS records suggest that private testing may have a relatively greater impact on hospital workload and detection rates of prostate cancer for younger than older men.
13. Assessment of the feasibility of data collection showed that only 27% of PSA requests had a reason recorded using the stickers.  Retrospective data collection on reason for each test is very time consuming for pathologists and general practitioners.  Clinical details recorded by the laboratories from comments noted on the request forms by GPs are also very incomplete and non-standardised.  As electronic submission of pathology requests develops it might be possible to make it mandatory for reasons for be recorded. 
2.
INTRODUCTION

Despite the lack of evidence of the effectiveness of screening in reducing mortality from prostate cancer, increased testing for prostate specific antigen (PSA) has certainly contributed to the rising incidence of prostate cancer in the UK.  There is much information from the USA on the extent to which men are being tested by PSA1-3 but there are no routine data in the UK. Of particular interest is testing in general practice and in private health care as these would include a proportion of asymptomatic men being screened.  These data would inform policy makers and would be relevant to the NHS Cancer Plan ( http://www.doh.gov.uk/cancer/cancerplan.htm ).  

The Cancer Screening Evaluation Unit (CSEU) has used data from the IMS MediPlus database to report on the annual proportion of men receiving the PSA test in general practice.  In 1994 4,5 2,109 out of 150,353 men (1.4%) aged 45 years plus, with no prior history of prostate cancer, had a PSA test noted on their record that year. A further study was conducted in response to a request from the UK National Screening Committee, Mapping of PSA testing: Part I, which showed that by 1999, the proportion was 3.5%6.  However, the increase may in part reflect improvements in the recording of PSA tests in GP notes as well as increased testing, and it was not possible to distinguish between screening and diagnostic testing.   A study at general practices associated with one hospital in Wales found that during one month 24% of PSA requests were for screening purposes, but it is unclear how complete these data were7. In contrast the proportion of PSA requests associated with screening was much lower (3.2%) in a study of seven centres in the south west of England 8.  Concerns about increasing requests for pathologists to interpret PSA results led to an audit of PSA and clinical symptoms at the Good Hope hospital, Birmingham9.   An algorithm was developed using diagnostic factors together with results of PSA and digital rectal examination to predict prostate cancer.

The NHS Prostate Cancer Programme (http://www.doh.gov.uk/cancer/cancerplan.htm) was launched in September, 2000.  This included the Prostate Cancer Risk Management Programme designed to give any man considering a PSA test information to make an informed choice about whether or not to proceed with the test.  The risk management programme was officially launched in July 2001, with information available on the web. In September 2002, the risk management pack was distributed by the NHS national screening office( http://www.cancerscreening.nhs.uk/prostate/informationpack.html) to every general practice in England and Wales.   It is uncertain what impact this and other initiatives will have on PSA testing in general practice.  

The present study was undertaken to investigate the extent of and reasons for PSA testing in general practice in England and Wales, and was conducted with the help of NHS biochemistry and pathology laboratories. BUPA provided data from its laboratories so that some comparisons could be made between NHS and private laboratories.   It was not feasible to evaluate the impact of the Prostate Cancer Risk Management programme because the timing of the programme’s distribution was determined independently of this research.
3.
AIMS

The main aim was to investigate the rate of PSA testing in asymptomatic men with no previous diagnosis of prostate cancer. Specific aims were to investigate:

1. variation in the rate of testing in the NHS by region

2. changes in the rate of testing over time in the NHS

An additional aim was to report on PSA testing in private health care schemes.  Data were collected from BUPA to make comparisons with data collected from NHS laboratories. It was not possible to collect comprehensive population based data from all private health care schemes.

4.
METHODS

Ethical approval was obtained from the South Thames Multi-Research Ethical Committee (MREC 01/1/25). The overall sampling procedure and data collection for the study are shown in Figure 1. 
4.1
NHS sampling procedures

Study areas

Chemical pathology laboratories which participate in the UK quality assurance scheme NEQAS10, which includes PSA testing, were sent a one page questionnaire from the CSEU with the NEQAS monthly mail shot.  This asked for information on PSA workload and catchment area of their laboratory, and whether they would be willing to take part in the study. At that time, there were a total of 210 laboratories in England and Wales, which participated in NEQAS (Peter White, NEQAS administrator Sheffield, 2002, personal communication). Of 127 replies, 26 laboratories declined to take part, and 49 were not eligible (45 lacked retrospective data going back two years, two were exclusively for private testing and could not help with the prospective data collection, one covered a study area of the ProtecT study which is carrying out PSA testing on a large population, and one laboratory refuses routinely to accept PSA requests for screening).  A random sample of 28 laboratories stratified by region were selected which had a minimum of two years computerised data available and which could provide the required sample size (Figure 1). 

PSA assays

The number of laboratories using different assays to measure total PSA is given in Appendix 2.  In the data analyses PSA values were grouped to allow the effect of different cut off levels to be examined.   The use of different cut off levels in clinical practice will affect the proportion of men referred for further investigations.   The lowest group was <2.0 ng/ml and the highest group ≥11ng/ml, which overcomes the problem of different assays not producing comparable values at the extreme ends of the PSA distribution11.

 General practices

A preliminary data file was sent to the CSEU from each laboratory, with details of practice and/or GP codes, and some data to enable an estimate of the monthly or annual number of PSA test requests to the laboratory to be made. These files were linked to data supplied on disk from the NHS Information Authority Organisation Codes Service ("NHS Organisation Codes" dated November 2000 and 2001), which were used to set up a mailing list of the principal partner in each practice.  (The NHS database was useful for the initial mailing but it could not be used to calculate the number of partners or GPs per practice because GPs who had left practices were often not removed, and partners could not be distinguished from other type of doctors such as locums.)   Within each selected laboratory’s catchment area all GP practices within nearby health authorities, identified as regular users of the laboratory, were invited to take part.   Regular users were defined crudely as those practices, which used the laboratory each month for any request.  A letter of invitation was sent with a consent form, asking for data on the proportion of their PSA requests sent to the laboratory and for signed consent to participate,  to the principal partner of each practice identified.   No financial incentive was provided because the PSA tests were taken only as part of routine care, at the decision of the GP and patient, and the cost of funding over 1500 GPs would have been prohibitive. Several copies of the consent form were included so that each partner could sign consent separately.  A follow-up letter was sent to practices which did not reply within two to three months.  Among those who replied, those practices which reported sending 100% of their PSA requests to the laboratory were selected to take part, in order that rates of PSA testing within each practice could be calculated using the total number of men registered with each practice.  

Sample size

It was estimated that 300 practices (1500 GPs) in England and Wales,  (approximately 38 practices/190 GP partners per region) would provide a sample size of  90,000 men aged 40+ per  region  (approximately 25,000 each in age-groups 40-49, 50-59).   Three or four laboratories in each region were selected to ensure that the required sample size was obtained in each region.   If the overall proportion of men tested for  PSA per annum was 3-5% in men aged 40+, and the proportion of men tested for PSA screening 0.5-1.5% p.a. then the sample sizes above would give, within 10 year age groups, 80% power to detect, for example, a difference of 1.5%vs 1.85% with six months data (( 3% vs 3.7% p.a.) or of 0.5 vs 0.7% with six months data (( 1% vs 1.4% p.a.) between any two regions (or between different time periods). 

4.2
NHS data collection
Prospective data

For the period 19th November 2001 to 31st May 2002,  each consenting partner (and other doctors in the practice) was asked to record the reason for requesting each PSA test (Appendix 1). Six months was chosen to ensure the number of PSA requests required for the statistical analyses, with two extra weeks at the beginning to allow for any delays in starting.     
Standardised pre-printed yellow stickers were used to record one of four reasons for the test being taken, and the source of funding for the test, NHS or private (Appendix 3). The categories for the former were:   

· asymptomatic patient/ screening request,  

· symptomatic patient with no previous diagnosis of prostate cancer or BPH, 

· patient re-tested as diagnosis uncertain, 

· patient being treated for prostate cancer 

A total of 22 laboratories accepted the same design of sticker. The remaining six asked for minor modifications, such as removal of the question on NHS/private as this was already on their form.  The question on reason for the test remained the same for all.  For practices associated with 24 laboratories we supplied packs of request forms with the stickers already in place. For practices associated with the remaining four laboratories we supplied packs of stickers only as the laboratories used request forms precoded with each practice’s details and these could not be supplied in advance.   Each pack contained instructions for use of the forms or stickers and coding (Appendix 3).  The stickers were put on the routine pathology request form in a position agreed by the laboratory, and the form and blood sample were sent to the laboratory in the usual manner.   The data were entered on the laboratory computer system using the study codes.  Data collection was piloted at one laboratory at St.Helier Hospital.  

Anonymised data were downloaded to CSEU at regular intervals.   The downloaded data were individual patient records with date of birth, gender, date PSA test taken, GP practice code, GP code, source of funding (NHS or private), reason for test, and PSA result.  Checks were made for missing information.  Lists of missing data were prepared by the CSEU, sent to the laboratories for addition of names and then sent to the GPs. Anonymised lists were returned to the CSEU.  The time period between the date of the test and request for missing information varied over the study period as this process involved a great deal of work for the laboratories. 

Retrospective data

In order to study time trends in the rate of testing by region, each laboratory was asked to provide anonymised computerised records on PSA tests taken since 19th November 1999, a two year period leading up to the start of the prospective period (Appendix 1). The variables included date of birth, gender, date of PSA request, practice code and PSA result, and where possible clinical details to explore the possibility of extracting terms used to identify men who had been screened.

Population estimates

Population estimates were required to calculate the rate of PSA testing in men in each practice in defined age groups and time periods.  Although it was stated in the original protocol that these data would be obtained from health authority (HA) databases, this proved not to be feasible.  The data held by each HA could not easily be linked to individual practices to calculate the number of men per practice by age, in particular for practices with catchment areas in more than one HA.   Instead, data on the total male population registered for each practice were obtained from the Royal College of General Practitioners (RCGP) census 2000 (source: Department of Health) (Appendix 1).  These could only be linked using address information.  In the 77 practices where there was no unique match, populations were obtained by direct contact with the practices concerned.   As a quality control check, a one page questionnaire asking about the number of men by age was sent to a random sample of 10 practices linked to the national census (at least one in each region).  The results showed good agreement with the national census figures.  

National population data for 2001 grouped by health region and five year age groups were obtained from ONS. The proportion of the total male population falling in each age group was calculated for each health region, and the total male population for each GP practice was divided into five year age groups on the basis of the proportions calculated for its health region. 

Social deprivation and ethnicity 

Previous studies have found the uptake of PSA testing to be greater in higher than lower socio-economic groups12.  The rate of PSA testing is also expected to vary by ethnic group, although the relationship is less clear than for socio-economic group.   On the one hand the rate of testing might be lower in areas with high proportions of ethnic minority groups, since they may be less likely than the white populations to request a PSA test, as has been found for some other screening tests13.  Conversely, as some ethnic groups are more predisposed to mortality from prostate cancer (Black Caribbeans, Irish and West Africans) than others (Asian and white populations) 14, the rate of testing could be raised in areas with a high proportion of high risk groups.   

The core data set in this study did not include individual data on socio-economic factors or ethnicity.  The National Database for Primary Care Groups and Trusts (http://www.primary-care-db.org.uk/) was used to provide measures of social deprivation and ethnicity for each general practice in England.   Data were not available for Welsh practices.  

Social deprivation was studied using the Townsend score15 as it does not include ethnicity, and thus this factor could be studied separately in regression analyses.  The score is produced by adding the Z-scores of four census variables: the proportion of unemployed, economically active adults; the proportion of households without the use of a car; the proportion of households with more than one person per room; and the proportion of households that are not owner-occupied. The range of negative to positive values of the score represents a scale from least to most deprived.  Each general practice on our study was assigned using postcodes to a primary care group which had already been allocated a score value derived from 2001 Census data.   

The proportion of men in each ethnic group (white populations, Black Caribbean, African, other black groups, Asian populations (comprising Indian, Pakistani, Bangladeshi, Chinese and other Asian populations), Irish, and other), calculated from 2001 Census data for each ward, was assigned to each general practice by means of practice postcode.  Black Caribbeans, Africans and other black groups were combined into one group, black populations, for the main analyses. As the distribution of practices by % Irish was highly skewed with few having a large percentage, this ethnic group was not considered separately in the analyses.

Response rates by practice and partners

Of the 1475 practices sent questionnaires and consent forms, 78 declined to take part or did not use the laboratory for 100% of their PSA requests. There remained 1397 practices identified from laboratory records as regular users of the laboratories (potentially eligible practices) (Figure 1). Of these, 905 practices did not reply (some may not have used the laboratory for 100% of their PSA requests).    There were 492 practices (35 %), which agreed initially to take part, and of these 443 (32% of 1397) completed the prospective data collection (Figure 1).  This response rate is low but it could be higher as practices, which were ineligible, were still included in non-responders.  Participating practices are defined as those with at least one partner taking part during the prospective period (Appendix 1).   The response varied by region, being lowest in London, and highest in the South West (Table 1).  There was a lower proportion of single handed practices taking part in the study (21%) than was in found in the DoH General Medical Services Statistics 1997 (30%)(Table 2 )16.

In 391 practices (88 %) all partners participated.  Of those practices with incomplete participation, in 23 (44 % of 52) just one partner did not participate. Out of a total of 1706 partners invited in the participating practices, 1573 (92%) took part.    It was not possible to calculate the response rate among GPs at all practices invited as the exact number of partners per practices was unknown in non-responding practices as discussed above.
4.3
Private Data

BUPA provided retrospective data for the period 1st December 2001 to 31st May 2002 from 37 laboratories in England and Wales where results for PSA testing are recorded.  Out of 11,611 records, 7389 (64%) were associated with a health screening check.  The computerised data included age/date of birth, date of PSA test, test result and laboratory.   Postcodes, which would enable records to be assigned to a health authority, and the distribution of testing by region to be calculated, were incomplete.

4.4
Analysis

Outcome measures

The main outcome measure was the overall rate of PSA testing requested in men in each practice in defined age groups and time periods (Appendix 1).  It was not possible with the anonymised data insisted upon by MREC to calculate the number of PSA tests per patient and thus to estimate the proportion of men tested, as the only unique identifiers were specimen number and date of birth.   In the prospective period, the numbers of PSA tests according to reason were used to calculate the rates of asymptomatic and symptomatic testing, re-testing and prostate cancer monitoring (treating).

Time periods

The prospective period was defined as 1/12/2001 to 31/05/2002.  The two week period prior to this (19/11/2001 to 30/11/2001) was excluded because not all practices had started data collection in this period.  The retrospective period as defined as 19/11/1999 to 18/11/2001 and was divided into four six month periods for data analysis (Appendix 1).

Methods of analysis

Simple tabulations were used to compare the rate of PSA testing by reason in the prospective period,  and in subgroups defined by age, region, ethnicity and deprivation across all time periods. The variables in each table were included in a Poisson regression model, and the likelihood ratio test was used to test for the significance of groups of variables.  The main analyses were restricted to men aged 45 to 84 years as most tests were performed in this age group.  

The PSA levels were grouped in two ways.  The first grouping was the same as that used in our previous report6 with an additional subdivision at the lower end of the distribution:  <2, 2.0-4.9, 5.0-10.9, ≥11ng/ml.  The second method was based on the cut off levels for referral recommended for asymptomatic men in the NHS Prostate Cancer Risk Management programme (http://www.cancerscreening.nhs.uk/prostate/informationpack.html ): ≥3 ng/ml at 50-59 years, ≥4 ng/ml at 60-69 years and >5 ng/ml at 70 or more years.   

Additional tabulations were prepared using data on the Townsend deprivation score, and proportions of black populations and Asian populations per practice in England only.    The Townsend scores were grouped into quintiles as has been done elsewhere17.   The percentages of the populations in black and Asian populations were analysed as grouped variables in some tabulations.  

Poisson regression was used to study the relation between the rate of testing, age, region, and time. Separate analyses were conducted on the rates of asymptomatic and symptomatic testing, re-testing and prostate cancer monitoring.  Further regression analyses, for England only, included quintiles of the Townsend deprivation score, and square roots of percentages of black populations, and Asian populations per practice (to adjust for the skewness of the ethnicity variables). 

5.
RESULTS

In this report to the Department of Health, the main data analyses are restricted to 391 practices, which had all partners participating (88% of all participating practices).  The rate of PSA testing per practice population would have been inaccurate for practices with incomplete participation as the proportion of the population covered by participating GPs was uncertain.  The data from BUPA are reported in a separate section below.

Completeness of PSA data collection 

The completeness and range of values of data on patients with PSA requests in practices with all partners participating are shown separately for the retrospective (19/11/1999 to 18/11/2001) and prospective (1/12/2001 to 31/05/2002) periods (Table 3).  All laboratories but one had data for the whole two and a half year period; one laboratory had data missing in the first six months (19/11/1999 to 18/05/2000).  In the data analysis, records were excluded if they were recorded as female, were outside the main age range 45 to 84 years or had no PSA level recorded. There were 32 records from the NHS laboratories recorded as private tests: these were also excluded, as the number was too small to conduct meaningful analyses.  As the majority of records were for men, and were NHS funded it was assumed that where these variables were not known, the records should be included in the analyses as males and NHS funded respectively. 

During the retrospective period a total of 58,793 PSA records (90%) out of a total of 65,258 were available for analysis.  During the prospective period 16,620 PSA records (90%) out of a total of 18,545 were included in the analyses.  Among these 16,620 prospective records, 14,684  (88%) had a code for reason for the test.  The 12% with reason missing occurred despite follow-up requests being made to all GPs if the reason for the test was not recorded.

Regional distributions of social deprivation and ethnicity

The distributions of social deprivation, and percentage of black populations and Asian populations are shown by region in Table 4.  The minimum and maximum Townsend scores were very similar in the study practices and for the whole of England: -4.37 representing the most affluent to 14.67 representing the most deprived study practices.  However, the practices in this study represent a more affluent population than practices in the whole of England.  Comparing regions, the South West had a more affluent population in the fully participating practices, and London had a more deprived population than other regions.  Using quintile distributions, the cut off values of the Townsend score for 20%, 40%, 60% and 80% of the study practices were –2.81, -1.93, -1.06 and 0.52 respectively.    

The percentage of black populations in each practice varied from 0% to 20%, and the percentage of Asian populations from 0% to 69%.  Both distributions were highly skewed, with 90% of practices having ≤2% black populations, and 90% having <7% Asian populations.  The percentage of white populations ranged from 26% to 100% with >90% of practices having >89% white populations.  The distributions of black populations and Asian populations varied between regions, with London having the highest proportion of black populations, and both London and Northern & Yorkshire having high proportions of Asian populations.  

Rate of PSA testing in the prospective period

Six monthly rates are calculated per 100 men aged 45 to 84 years in the prospective period.  

The rate of PSA testing is shown by region and age group in Table 5.  The overall rate in the prospective period was 3.5%.  Thus the estimated annual rate would be 7.0%.  The rate of testing increased with age from 1.2% in men aged 45 to 54, to 7.0% in men aged 75-84.  The rates by region ranged from 2.2% in Trent, to 4.4% in South West.  The rate differed significantly between regions (p<0.001), and increased significantly with age (p<0.001).  There was a significant interaction between region and age (p<0.001) such that, compared with the Eastern region, the rate of testing increased more steeply with age in some other regions, notably Northern and Yorkshire, and the South West.

The rates of PSA testing for different reasons are shown by age in Table 6.  The rates of asymptomatic and symptomatic testing, re-testing and prostate cancer monitoring   were 0.8, 1.1, 0.5 and 0.4% respectively and  the  annual rates of testing in these groups would be 1.6, 2.2, 1.0 and 0.8% respectively.  The rate of records with reason not known was 1.4% per annum.  However, some of the records with reason not known would have fallen into these groups, so the rates of testing for a given reason are expected to be slightly higher that those reported in the table.  By applying the percentage distribution of reason for test to the not known group, and adding these numbers to the groups with reason known, the revised annual estimates of rates of asymptomatic and symptomatic testing, retesting and prostate cancer monitoring are 2.0, 2.8, 1.2 and 1.0% respectively.  The rate of asymptomatic testing was similar at about 2.0% per annum across the age groups 55-69, 70-74 and 75-84, whereas the rates of testing for other reasons increased with age.  (These age groups were chosen to report on the age group 55-69 studied in most screening trials.)  

The rate of PSA testing for different reasons is shown by social deprivation in Table 7 for practices in England.  The overall rate of testing was lowest in the most deprived quintile.  This was also seen for tests for each reason.  The rate of asymptomatic testing decreased with increasing deprivation from 1.1% to 0.4%. The rates of asymptomatic and symptomatic testing, re-testing and prostate cancer monitoring were each associated with deprivation (p<0.001 for each, Table 7).  

The rate of PSA testing for different reasons is shown by ethnicity in Table 8 for practices in England.  The overall rate of testing was highest in practices with the lowest proportion of black populations, and lowest in practices with the highest proportions of black populations.  However, when the rates of tests for different reasons were studied, there did not appear to be a consistent trend of decreasing rate with increasing proportion of black populations across all four groups of practices with different proportions of black populations.  There was a steeper and more consistent trend of decreasing testing with increasing proportion of Asian populations.  This trend was seen for rates of tests for each reason.  Ethnicity was significantly association with each of the rates of asymptomatic and symptomatic testing, re-testing and prostate cancer monitoring (p<0.001 for each reason in black populations and Asian populations separately, Table 8).  

Regression analyses, summarised in Appendix 4, showed that the rate of testing increased significantly with age (p<0.001), decreased with increasing deprivation (p<0.001), proportions of black populations (p<0.05) and proportions of Asian populations (p<0.001), and varied significantly between regions (p<0.001).   The rate of asymptomatic testing showed similar associations with these variables. 

Rates of PSA testing by PSA level 

The rate of PSA testing is shown by region and PSA level in Table 9. The rates of tests recorded with total PSA <2, 2-4.9, 5-10.9 and 11 or more ng/ml were 1.8, 0.9, 0.5, and 0.3% respectively.   There was significant variation by region (p<0.001).

The rate of PSA testing for different reasons is shown by PSA level in Table 10.  The rate of testing in men with low PSA levels was higher in the asymptomatic, symptomatic and not known groups than in the re-test or prostate cancer monitoring groups.  The rates of asymptomatic and symptomatic testing, re-testing and prostate cancer monitoring varied significantly by PSA level (p<0.001).  Out of all tests recorded for a given reason, the proportion of tests with low levels (<2 ng/ml) was highest among the asymptomatic tests (66%, 2479/3757) and lowest among the re-tests (24%, 561/2299).

The rate of testing is shown by age and PSA level in Table 11 to investigate the likely rate of referral of asymptomatic men using the cut off levels recommended in the NHS Prostate Cancer Risk Management programme.   13.9% of all asymptomatic tests should have led to a referral: a rate of 0.1 per 100 men aged 50 to 84 years.  In comparison, 22.6% of symptomatic tests (Table 11) would have led to a referral with these cut off levels: a rate of 0.3 per 100 men aged 50 to 84 years.

Trends in PSA testing with time

Table 12 and Figure 2 show the PSA testing by age and six month time period from 19/11/1999. The rate increased with age (p<0.001) and with time (p<0.001).   The overall rate of testing increased in the first four six month periods from 19/11/1999 to 18/11/2001.  There seemed to be no change between the six month period preceding the prospective period, and the prospective period itself (this is reported from 1/12/2001 to 31/5/2002 to make this comparable as a six month period). 

Table 13 and Figure 3 show the rate of PSA testing by Townsend quintiles and time period.  The rate increased with time from 3.0 to 4.5 tests per 100 men in the most affluent quintile, and from 1.5 to 2.2 tests per 100 men in the most deprived quintile. The rate differed significantly between quintiles (p<0.001) and increased significantly with time (p<0.001).   There was a significant interaction between Townsend quintiles and time period (p<0.001), and although the rate of testing increased with time the relationship showed some variation between Townsend quintiles.  

Regression analyses showed that the rate of testing increased significantly with increasing age (p<0.001), time (p<0.001) and affluence (p<0.001), decreased with increasing proportions of black populations (p<0.001) and Asian populations (p<0.001), and differed significantly between regions (p<0.001).  Similar results were found when the analyses were conducted over a shorter time period to include the missing laboratory.  Similar results were also found for age, time and region when deprivation and ethnicity were excluded from the model so that Wales could be included.  

The workload experienced by the laboratories may be assessed by studying the absolute number of GP PSA requests.  As the fully participating practices represent only a proportion of all those associated with each laboratory, the total number of PSA requests for non-participating and participating practices submitted to the CSEU are given by laboratory (anonymised) and time in Table 14.   The increase in overall workload from GP PSA requests appears to be greater than that seen for the rate of testing in participating general practices.  It should be noted that these figures do not represent the total number of GP PSA requests to each laboratory because the laboratories did not want to send data from non-participating practices.

PSA results – comparisons with private tests

Table 13 shows the distribution of PSA testing (%) by source (NHS laboratory and BUPA), age and PSA level for those tests reported to be for asymptomatic men (NHS source) and men screened (BUPA source) for the prospective period only.  In the BUPA records, a higher proportion of tests were in the younger (85% of 45 to 64 year olds) than older (15% of 65 to 84 year olds), whereas in the NHS records only slightly more younger (52%) than older men  (48%) were tested.  The proportion of tests with total PSA <2ng/ml was higher in men screened by BUPA than in asymptomatic men tested within the NHS.  This difference was more marked in men aged 45 to 64 years than in men aged 65 to 84 years.  There was little variation in the distribution of private screening tests by age or level of PSA between regions. 

6.
DISCUSSION

The annual rate of asymptomatic and symptomatic PSA testing (when there was no prior diagnosis of prostate cancer) in men aged 45 to 84 years was estimated to be 1.6 and 2.2% respectively during the prospective period.  A further 1% of men with no prior diagnosis underwent retesting.   However, the rates for a given reason would have been slightly higher than this if all records could have been allocated a reason (estimated to be 2.0% for asymptomatic and 2.8% for symptomatic testing if a proportion of the records with reason not known are added to the records with reason known). A further adjustment of these figures to the social deprivation distribution of England (the study practices represented a higher proportion of affluent practices which have more testing) provides an estimate of  1.6% the annual rate of asymptomatic testing alone.   In men with no prior diagnosis of prostate cancer the overall rate of testing is 4.8%.  Previously published rates of PSA testing in general practice in the UK6 are lower than those in the present study partly because different outcome measures were reported.  The rates in the previous study were the proportion of men tested per year whereas those in this study are for the number of tests per men per year.  In addition the result in the previous study may have been an under-estimate because the data came from routine computerised general practice records, and not all PSA requests may have been recorded 

The present results on levels of PSA show some similarities with results from the European and US screening trials 18.  In the trials the proportion of men aged 55-69 years with PSA levels of 4ng/ml or more ranged from 8% to 15% of all men tested per centre.  In the present study the corresponding figure for asymptomatic testing in men aged 50 to 69 was 11%, suggesting that men receiving asymptomatic testing may have been a similar population to men in the screening trials.

In the present study, it is possible that, as GPs knew that their PSA requests were being studied, they may have altered their use of the PSA test during the prospective period.  However, the results from the retrospective period six months before the prospective period suggest that there was no marked increase in PSA testing as a result of the study itself.   GPs may not always have distinguished properly between asymptomatic and symptomatic testing, but comparison of the PSA levels between these two groups showed that, as expected, the proportion of men with low PSA levels was significantly higher in asymptomatic than symptomatic men.     Only 27% of records where a reason was known had the reason recorded using the study stickers; for the remaining 73% of records this relied on extraction of information post-test from patient notes which may have been less accurate at distinguishing between asymptomatic and symptomatic men.  However, the proportion of reason codes recorded as asymptomatic from the two data sources, stickers and patient notes, were very similar, being 26% and 28% respectively.  Comparison of the rate of testing between fully and partially participating practices showed that the latter had a slightly higher rate of testing.  It is unclear whether this occurred because the adjustment factor for size of population per practice based on proportion of participating GPs led to some inaccuracy, or perhaps GPs who took part when their colleagues refused were more likely to do PSA testing.  However, the majority of practices in the study were fully participating.

There may be several reasons why a PSA test is taken in men presenting with symptoms.  The GP may use it as an opportunity to test for cancer, or, if a specific drug treatment is planned for benign disease, it will be important to exclude positively a diagnosis of cancer.  It was not feasible in this study to collect data to this level of detail because of lack of space on the stickers and pathology request forms.
The overall estimated annual rate of testing, including tests taken as part of prostate cancer management, varied by region from 4.4% in Trent, to 8.8% in the South West.    Differences between regions remained significant when age was included in regression analyses, and, when restricted to England, remained significant when social deprivation and ethnicity were included. Differences between regions should be interpreted with caution as some regional variation may be caused by the low response rate by practice and by laboratory.   As the response rate of the practices varied by region it is possible that the representativeness of the participating practices was less in some regions than in others.  Overall the age distribution of men registered at the participating practices was almost identical to the distribution of all practices in the GP census, but in terms of number of partners per practice this study’s sample had relatively fewer single handed practices than that reported nationally (Table 2).  Similarly, the 28 participating laboratories may not have been truly representative of all 210 NEQAS laboratories in England and Wales carrying out PSA analysis. There appear to be some difference in the distribution of PSA assays in the study laboratories compared with all 337 laboratories in NEQAS (not restricted to England and Wales), for example the Abbott assays were used by 18% of study laboratories and 23% of NEQAS laboratories. 

The rate of overall testing decreased with increasing social deprivation.  This finding was expected as the uptake of PSA testing in screening trials is greater in higher than lower socio-economic groups12 and similar socio-economic differences have been reported in the USA although this may be partly determined by cost of health care19. The lower incidence of prostate cancer in low rather than high socio-economic groups in the UK may in part reflect different levels of case finding, awareness of symptoms and use of health care.  The gradient in rate of testing by social deprivation could well be greater in England and Wales than that reported here.   The study practices under-represented more deprived areas,  and the use of measures representing groups rather than individuals may have reduced the strength of the association between rate of testing and deprivation.

The rate of overall testing decreased with increasing proportions of black populations or Asian populations. Different factors within each ethnic group are likely to have influenced these trends.   Black populations are at higher risk from prostate cancer than white populations14, but their use of health services, and uptake of screening may well be lower.  Given that black populations are at high risk from the disease, further research is needed to verify the study finding, and to explore the reasons, which may include lack of knowledge about prostate cancer and the PSA test, and social barriers to discussing the disease.   In contrast, Asian populations have a lower risk of prostate cancer that white populations or black populations.   The decrease in rate of testing with increasing proportion of Asian populations will reflect both less demand for testing and a lower incidence of the disease. 

Trends in testing by age suggest that there was an increase in the rate of testing from 19/11/1999 to 18/11/2001.  It is not possible with this data set to study time trends by reason for test.  Although some data were provided on clinical details, the data are incomplete and the terms used by GPs in this data field are not standardised.  Other results also suggest that there has been an increase in the rate of PSA testing in the UK. The proportion of men in general practice tested for PSA in 1999 was more than double the proportion reported for 1994 (3.5% compared with 1.4%)4,6     However the trend in these data may have been affected by incompleteness of general practice records.
The increase in rates of testing per men over time registered with the fully participating practices appears to be less steep than the increase in overall workload of PSA requests experienced by the laboratories (Table 9).  The number of GP PSA requests recorded in this study were restricted to practices that were regular users of the laboratories so the figures do not represent the total workload arising from GP PSA requests to each laboratory.  There is some concern about the future impact of screening by PSA on GP and laboratory workload20;21 22, particularly while there remain uncertainties about the effectiveness of screening to reduce mortality23.  There are also concerns about the efficacy and standards of treatment for early stage disease 24;25.

The rate of private testing could not be investigated in this study because of difficulties in obtaining reliable and complete data for defined areas.  However, results from a large nationwide dataset supplied by BUPA show that among men reported to have been screened, there was a higher proportion with low levels of PSA than for men tested by GPs in the NHS.   The difference in age distribution with a higher proportion of younger men in the BUPA records (85%) than in the NHS records (52%) being tested probably reflects in part the provision of private medical care and health checks by some employers.  Regional variation cannot be compared between NHS laboratories and BUPA in this study because of incomplete coverage of each region.
The distribution of level of total PSA can be used to assess the impact of PSA testing on referral rates.  The Prostate Cancer Risk Management Programme recommends that in asymptomatic men, the cut off levels for referral should be ≥3 ng/ml at age 50-59, ≥4 ng/ml at age 60-69, and >5 ng/ml at age ≥70.   In this study, if these cut off levels had determined referral in asymptomatic men, 13.9% would have been referred: a rate of 0.1 per 100 men aged 50 to 84 years in the study practices.  Regarding the accuracy of PSA measurements in this study, all laboratories took part in NEQAS, and although there is lack of comparability in measurement between different assays at very low and very high PSA levels, the study results are unlikely to have been affected by this as the PSA levels were analysed in groups, the lowest group being <2 ng/ml and the highest group being 11 or more ng/ml. 

Although the rate of PSA testing is higher in this study than in the previous surveys, the rate is likely to be lower than that in the USA, and this difference may be associated with the lower registration rate for prostate cancer in the UK.  At visits to US primary care physicians in 1995 and 1996, approximately 7% of men aged 60 to 79 had a PSA test ordered2.  In Minnesota in 1992, 6.6% of men aged 50 or more received their first PSA, and over 40% of men aged 60 or more had had at least one PSA test in their lifetime3.  More recently, from 1995 to 1998, 38% of white populations men were tested annually in data linking Medicare claims to the Surveillance, Epidemiology and End Results Cancer registry 19.

7.
CONCLUSIONS

7.1
The annual rates of asymptomatic and symptomatic PSA testing and re-testing in men aged 45 to 84 years (when there was no prior diagnosis of prostate cancer) in general practice were estimated to be 1.6, 2.2 and 1.0% respectively during the prospective period.   Within the study practices, the annual rates could have been as high as 6.1% for tests taken for screening and diagnostic purposes, and 2.0% for asymptomatic testing alone if the records with reason not known are added to the records with reason known.  However, if a further adjustment is made to reflect the Townsend distribution of the whole of England, the final annual estimates are 5.4% for screening and diagnostic testing, and 1.6% for asymptomatic testing alone.

7.2   These data do not provide an overall estimate of screening for prostate cancer because the data from private sources were incomplete.  The estimates in general practice will underestimate the rate of screening in men under the age of 65 and possibly men from the higher social classes.  Private testing could impact on the NHS workload if some of the subsequent management of these men is covered by NHS services.

7.3   There is a significant difference in the rate of testing between regions, independent of the effects of age, reason for test, social deprivation and ethnicity.

7.4   The rate of testing decreased with increasing social deprivation.  There might have been a greater effect of deprivation if a higher proportion of more deprived areas had been represented in the study sample. However, the finding is consistent with the suggestion that part of the social class gradient in incidence of prostate cancer in the UK is related to case finding.

7.5 Although men born in the Caribbean or West Africa and living in the UK have been found to have a higher risk of prostate cancer mortality than men born in England and Wales14, the rate of testing decreased in areas with increasing proportions of Black Caribbeans, Africans and other black groups.  It is possible that there may be less demand for PSA testing in these groups.  The factors which may explain this finding need further investigation.

7.6 The rate of testing decreased in areas with increasing proportions of Asian populations. This may reflect the fact that Asian populations are at lower risk of developing prostate cancer than white populations, and are also less likely to request a PSA test.

7.7 The rate of testing has been increasing during the period 19/11/1999 to 31/5/2002.   There was a relatively greater increase in the total number of GP PSA requests per laboratory (not just from participating practices) over time, which will more closely reflect laboratory workload.


7.8 The study also set out to assess the feasibility of data collection.    Although the use of stickers has been used in previous research for recording reasons for a test, these have mostly been small-scale studies.  In this study only 27% of PSA requests where a reason was known had a reason recorded from stickers, and the remainder had a reason identified post-test from patient notes. Examination of clinical details recorded by the laboratories from comments noted on request forms by GPs showed that their data were incomplete and not standardised.   Future studies would only be feasible if, for example, electronic submission of requests for PSA or other tests made it mandatory for a standardised reason to be recorded.

This study was set up to inform the policy makers of issues related to the NHS Cancer Plan ( http://www.doh.gov.uk/cancer/cancerplan.htm ).   It is uncertain what impact the Prostate Cancer Risk Management Programme will have on PSA testing in general practice.  Monitoring the workload and costs resulting from PSA testing in general practice, biochemistry laboratories and urology departments would be important.  However, the interpretation of these data will be very limited unless the reasons for the tests are known.
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TABLES

Table 1
Response by practice and region

	Region
	Total no. practices contacted and eligible
	No. With at least one partner participating
	No. With all partners participating
	Total no. males registered at practices with at least one participating partner

	East
	171
	56
	46
	201205

	London
	188
	23
	22
	59662

	North West
	146
	53
	49
	156928

	Northern & Yorkshire
	141
	44
	40
	157688

	South East
	189
	61
	49
	233265

	South West
	157
	82
	75
	263833

	Trent
	171
	55
	49
	167912

	Wales
	104
	32
	27
	106306

	West Midlands
	130
	37
	34
	137138

	Total
	1397
	443
	391
	1483937


Table 2
Distribution (%) of number of partners per practice in fully 



participating practices and in England and Wales

	
	No. partners per practice
	Total

	
	1
	2-4
	5 or more
	

	
	%
	Number
	%
	Number
	%
	Number
	%
	Number

	Participating

Practices
	21
	81
	46
	181
	33
	129
	100
	391

	England & Wales*
	30
	2847
	47
	4524
	23
	2167
	100
	9538


*RCPG information sheet no.2, March 1999

Table 3 
Completeness of data collection by fully participating practices

	Variable
	Values and no. of  patients
	

	Retrospective data  19/11/1999 to 18/11/2001
	

	Total number of records submitted from laboratories
	

	Age (yrs)
	1-44
	45-69
	70-84
	85+
	NK

	
	2071
	33490
	25692
	3727
	278

	Sex
	M
	F
	NK
	
	

	
	64802
	303
	153
	
	

	PSA value (ng/ml)
	0.1-500
	Other
	NK
	
	

	
	65139
	0
	119
	
	

	Source of funding
	NHS
	Private
	NK
	
	

	
	22367
	25
	42866
	
	

	Total no. tests in  male patients aged 45-84 years with known PSA and test not privately funded: 58793
	

	Prospective data  1/12/2001 to 31/5/2002
	

	Total number of records submitted from laboratories
	

	Age (yrs)
	1-44
	45-69
	70-84
	85+
	NK

	
	577
	9620
	7120
	968
	260

	Sex
	M
	F
	NK
	
	

	
	18145
	78
	322
	
	

	PSA value (ng/ml)
	0.1-500
	Other
	NK
	
	

	
	18488
	0
	57
	
	

	Reason for test
	1-4
	NK
	
	
	

	
	14684
	3861
	
	
	

	Source of funding
	NHS
	Private
	NK
	
	

	
	8887
	7
	9651
	
	

	Total no. tests in male patients aged 45-84 years with known PSA and test not privately funded: 16620
	


Table 4
Distribution of Townsend deprivation score and percentage of different ethnic groups by region in all fully participating practices+ 

and for the whole of England, using values assigned to each general practice 

	Region
	Number of practices
	Townsend social deprivation score*
	Percentage of black populations
	Percentage of Asian populations

	
	
	Minimum    
	Values of variable at certain points in distribution


	Maximum
	Minimum
	Values of variable at certain points in distribution
	             Maximum
	Minimum
	Values of variable at certain points in distribution
	            Maximum

	
	
	
	20%
	40%
	60%
	80%
	
	
	50%
	90%
	
	
	50%
	90%
	

	East
	46
	-4.4
	-3.9
	-2.9
	-0.6
	0.9
	1.3
	0.0
	0.5
	1.8
	4.5
	0.0
	1.0
	6.0
	13.7

	London
	22
	-1.3
	-1.3
	5.0
	5.7
	14.7
	14.7
	1.6
	9.5
	16.3
	19.5
	1.4
	13.2
	27.1
	40.1

	Northern & Yorkshire
	40
	-3.5
	-2.9
	-1.7
	-0.1
	0.8
	11.0
	0.0
	0.3
	2.5
	3.1
	0.0
	0.7
	39.4
	69.1

	North West
	49
	-3.0
	-2.9
	-2.7
	-1.2
	0.5
	2.5
	0.0
	0.3
	0.8
	0.8
	0.0
	0.8
	2.0
	3.3

	South East
	49
	-3.6
	-2.7
	-2.6
	-1.1
	-1.0
	3.7
	0.0
	0.8
	2.1
	19.0
	0.0
	1.7
	7.5
	21.1

	South West
	75
	-3.1
	-2.5
	-2.2
	-2.0
	-1.1
	-0.6
	0.0
	0.1
	0.3
	0.6
	0.0
	0.2
	0.7
	1.4

	Trent
	49
	-2.7
	-0.7
	-0.5
	-0.2
	2.1
	2.3
	0.0
	0.2
	1.0
	1.5
	0.0
	0.5
	1.2
	2.0

	West Midlands
	34
	-4.1
	-3.2
	-2.9
	-1.6
	-0.6
	4.3
	0.0
	0.4
	3.7
	9.6
	0.0
	0.6
	2.5
	9.2

	All study practices
	364
	-4.4
	-2.8
	-1.9
	-1.1
	0.5
	14.7
	0.0
	0.3
	2.1
	19.5
	0.0
	0.6
	7.5
	69.1

	All England#
	9090
	-4.9
	-2.5
	-1.2
	0.8
	3.7
	14.7
	0.0
	0.2
	2.3
	45.7
	0.0
	0.5
	5.6
	83.4


+ No data for Wales available from the National Database for Primary Care Groups and Trusts

* Values of the Townsend score have a range of negative to positive values which represent the least deprived (most affluent) to the most deprived
#  values of Townsend score assigned to all practices in the National Database for Primary Care Groups and Trusts, values of ethnicity assigned to all   wards
Table 5
Six  monthly rate (%) of PSA testing among men in fully participating practices by region and age, prospective period only



(rates are calculated using age group- and region-specific male population)
	Region
	Age (years)
	

	
	45-54
	55-69
	70-74
	75-84
	Total

45-84
	Male population

aged 45-84

	
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	

	East
	1.2
	247
	4.2
	957
	5.6
	325
	6.3
	455
	3.5
	1984
	56583



	London
	 1.1
	73
	5.2 
	345
	4.5
	73
	5.5
	110
	3.0 
	501
	16782



	North West
	 1.2
	225
	 3.5
	750
	 5.0
	257
	 5.0
	310
	 3.0
	1542
	50702



	Northern & Yorkshire
	 0.9
	170
	 3.0
	616
	 5.0
	258
	 6.6
	410
	 2.9
	 1454
	51677

	South East
	 1.3
	336
	 4.0
	1112
	 6.5
	442
	 7.8
	676
	 3.7
	 2566
	68874



	South West
	 1.2
	369
	 4.3
	1616
	 7.8
	761
	 10.1
	1281
	 4.4
	 4027
	91478



	Trent
	 0.7
	127
	 2.5
	532
	 3.7
	195
	 4.3
	285
	 2.2
	 1139
	52326



	Wales
	 1.4
	172
	 4.9
	698
	 7.3
	259
	 7.8
	349
	 4.3
	1478
	34285



	West Midlands
	 1.6
	269
	 5.4
	1044
	 6.6
	311
	 5.4
	305
	 4.2
	 1929
	46452



	Total
	1.2
	1988
	3.9
	7570
	6.0
	2881
	7.0
	4181
	3.5
	16620
	469159


Difference between regions p<0.001

Increase in rates with age p<0.001

Interaction between region and age p<0.001

Table 6
Six monthly rate (%) of PSA testing among men aged 45-84 in fully participating practices by age and reason for test, prospective 

period only  



(rates are calculated using age-specific male population for all reasons for PSA test)

	Age (yrs)
	Reason for PSA test 
	

	
	Asymptomatic
	Symptomatic
	Re-Test
	Prostate cancer monitoring
	Not known
	All tests
	Male population

	
	%
	no. tests
	%
	no. tests
	%
	no. tests
	%
	no. tests
	%
	No. tests
	%
	 no. tests
	

	45-54
	 0.4
	660
	 0.4
	748
	 0.1
	116
	0.01
	25
	0.3
	439
	 1.2
	1988
	169515



	55-69
	 1.0
	1989
	 1.3
	2580
	 0.5
	940
	 0.3
	520
	 0.8
	1541
	 3.9
	7570
	192115



	70-74
	 1.1
	522
	 1.8
	851
	 1.1
	542
	 0.8
	394
	 1.2
	572
	 6.0
	2881
	47878



	75-84
	 1.0
	586
	 2.0
	1200
	 1.2
	701
	 1.4
	863
	 1.4
	831
	 7.0
	4181
	59651



	Total
	 0.8
	3757
	 1.1
	5379
	 0.5
	2299
	 0.4
	1802
	 0.7
	3383
	 3.5
	16620
	469159

	Significance of age
	p<0.001
	p<0.001
	p<0.001
	p<0.001
	p<0.001
	p<0.001
	


Table 7
Six monthly rate (%) of PSA testing among men aged 45-84 in fully participating practices by reason for test, 



social deprivation, prospective period, England only  



(rates are calculated using quintile-specific total male population aged 45-84 for all reasons for test)

	Reason
	Quintiles of  Townsend deprivation score
	Significance of Townsend quintiles

	
	-4.5  to  -2.81 

(least deprived)
	-2.80  to –1.93
	-1.92  to –1.06


	-1.05  to 0.52
	0.53 to 14.7

(most deprived)
	

	
	%
	No. 

tests
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests


	

	Asymptomatic


	1.1
	1054
	0.8
	742
	0.8
	735
	0.7 
	608
	0.4
	272
	p<0.001

	Symptomatic


	 1.3
	1185
	 1.5
	1343
	 1.0
	902
	 1.1
	964
	 0.8
	560
	p<0.001

	Re-test


	 0.6
	591
	 0.7
	636
	 0.4
	397
	 0.4
	328
	 0.3
	187
	p<0.001

	Monitoring prostate cancer
	 0.5
	499
	 0.6
	529
	 0.3
	296
	 0.3
	286
	 0.1
	100
	p<0.001

	Not known


	 1.0
	917
	 0.7
	621
	 0.4
	361
	 0.6
	518
	 0.7
	511
	p<0.001

	TOTAL
	 4.5
	4246
	 4.4
	3871
	 3.0
	2691
	 3.0
	2704
	 2.2
	1630
	

	Male population

 aged 45-84
	93451
	88546
	88599
	89799
	74479
	


Table 8
Six monthly rate (%) of PSA testing among men aged 45-84 in fully participating practices by reason for test, and ethnicity, 


prospective period, England only  



(rates are calculated using the total male population aged 45-84 for each ethnic grouping for all reasons for test)

	Reason 
	Practices grouped by percentage of black populations per practice 


	*

Signi-ficance                     
	Practices grouped by percentage of Asian populations per practice
	*

Signi-ficance 

	
	0- 1.9
	2 - 8
	9-14
	15-20
	
	0 – 1.9
	2 - 19
	20-39
	40-69
	

	
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	

	Asymptomatic


	0.8
	3139
	0.6
	174
	0.9
	75
	0.5
	23
	p<0.001
	0.8
	2786
	0.7 
	567
	0.5
	38
	0.4
	20
	p<0.001

	Symptomatic


	 1.2
	4574
	 0.9
	241
	 1.1
	91
	 1.0
	48
	p<0.001
	 1.2
	4159
	 0.9
	706
	 0.8
	66
	 0.4
	23
	p<0.001

	Re-test


	 0.5
	2026
	 0.3
	73
	 0.3
	25
	 0.3
	15
	p<0.001
	 0.5
	1846
	 0.3
	268
	 0.2
	18
	 0.1
	7
	p<0.001

	Monitoring prostate cancer
	 0.4
	1640
	 0.2
	56
	 0.2
	13
	 0.02
	1
	p<0.001
	 0.5
	1560
	 0.2
	136
	 0.1
	11
	 0.1
	3
	p<0.001

	Not known


	 0.7
	2667
	 0.7
	192
	 0.5
	47
	 0.5
	22
	p<0.001
	 0.7
	2403
	 0.6
	473
	 0.5
	39
	 0.2
	13
	p<0.001

	TOTAL
	 3.6
	14046
	 2.7
	736
	 2.9
	251
	 2.3
	109
	
	3.8
	12754
	 2.6
	2150
	 2.0
	172
	 1.2
	66
	

	Male population

 aged 45-84
	393848
	27654
	8665
	4707
	
	339741
	81415
	8414
	5304
	


* Overall significance of ethnicity groups

Table 9 
Six monthly  rate (%) of PSA testing among men in fully participating GP practices by region and PSA result, 



prospective period only



(rates are calculated using region-specific total male population aged 45-84 for all PSA levels)
	Region
	PSA level ng/ml
	Male population

aged 45-84

	
	<2
	2-4.9
	5-10.9
	11+
	Total
	

	
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	

	East
	1.8
	1028
	0.9
	508
	0.5
	294
	0.3
	154
	3.5
	1984
	56583

	London
	1.6
	275
	0.8
	130
	0.4
	63
	0.2
	33
	3.0
	501
	16782

	North West
	1.7
	879
	0.8
	409
	0.3
	173
	0.2
	81
	3.0
	1542
	50702

	Northern & Yorkshire
	1.4
	737
	0.6
	334
	0.4
	223
	0.3
	160
	2.8
	1454
	51677

	South East
	1.9
	1341
	1.0
	664
	0.4
	299
	0.2
	162
	3.7
	2566
	68874

	South West
	2.0
	1811
	1.0
	943
	0.8
	698
	0.6
	575
	4.4
	4027
	91478

	Trent
	1.1
	560
	0.6
	302
	0.3
	166
	0.2
	111
	2.2
	1139
	52326

	Wales
	2.5
	849
	1.1
	368
	0.5
	176
	0.2
	85
	4.3
	1478
	34285

	West Midlands
	2.3
	1053
	0.9
	438
	0.6
	273
	0.4
	165
	4.2
	1929
	46452

	TOTAL
	 1.8
	8533
	 0.9
	4096
	 0.5
	2465
	 0.3
	1526
	 3.5
	16620
	469159

	Significance of region
	p<0.001
	p<0.001
	p<0.001
	p<0.001
	p<0.001
	


Table 10 
Six monthly  rate (%) of PSA testing among men in fully participating GP practices by reason and



PSA result, prospective period only


(rates are calculated using the total male population aged 45-84 of 469,159)
	Reason
	PSA level ng/ml

	
	<2
	2-4.9
	5-10.9
	11+
	Total

	
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests

	Asymptomatic
	0.5
	2479
	 0.2
	903
	0.1
	282
	0.02
	93
	0.8
	3757

	Symptomatic
	 0.6
	2922
	 0.3
	1497
	 0.1
	655
	 0.1
	305
	 1.1
	5379

	Re-test
	 0.1
	561
	 0.1
	613
	 0.2
	784
	 0.1
	341
	 0.5
	2299

	Prostate cancer monitoring
	 0.2
	797
	 0.1
	247
	 0.1
	271
	 0.1
	487
	 0.4
	1802

	Not known
	 0.4
	1774
	 0.2
	836
	 0.1
	473
	 0.1
	300
	 0.7
	3383

	TOTAL
	 1.8
	8533
	 0.9
	4096
	 0.5
	2465
	 0.3
	1526
	 3.5
	16620

	Significance of difference between reasons
	p<0.001
	p<0.001
	p<0.001
	p<0.001
	p<0.001


Table 11
Six monthly  rate (%) of PSA testing among men in fully participating GP practices by age and PSA result using the NHS 

Prostate Risk Management programme cut off levels presented separately for asymptomatic and symptomatic testing, 


prospective period only



 (rates are calculated using the total male population aged 50-84 of 388648)
	
	Age (years)
	PSA level ng/ml

	
	
	<3
	3 – 3.9
	4 – 5.0
	>5
	Total

	
	
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests

	Asymptomatic

testing
	50-59
	 0.3
	976
	0.01
	41
	0.01 
	25
	0.01
	46
	 0.3
	1088

	
	60-69
	 0.3
	1051
	 0.02
	111
	 0.02
	68
	 0.03
	132
	 0.4
	1362

	
	70-84
	 0.2
	723
	 0.03
	124
	 0.02
	79
	 0.05
	182
	 0.3
	1108

	
	TOTAL
	 0.7
	 2750
	 0.1
	276
	 0.04
	172
	 0.1
	360
	 0.9
	3558


              Percentage of tests with values on or above the age related cut off values for referral  13.9% (494/3558)

	
	Age (years)
	PSA level ng/ml

	
	
	<3
	3 – 3.9
	4 – 5.0
	>5
	Total

	
	
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests
	%
	No.

tests

	Symptomatic

testing
	50-59
	0.3
	1057
	 0.02
	73
	 0.01
	52
	 0.03
	108
	 0.3
	1290

	
	60-69
	 0.3
	1250
	 0.04
	149
	 0.03
	112
	 0.1
	281
	 0.5
	1792

	
	70-84
	 0.3
	1144
	 0.05
	201
	 0.04
	172
	 0.1
	534
	 0.5
	 2051

	
	TOTAL
	 0.9
	3451
	 0.1
	423
	 0.1
	336
	 0.2
	923
	 1.3
	5133


          Percentage of tests with values on or above the age related cut off values for referral 22.6% (1160/5133)

Table 12
Six monthly rate (%) of PSA testing in fully participating practices, by age and time period *



(rates are calculated using age-specific male population for 2000 for all time periods)

	Age (yrs)
	6-month time periods
	Male population

	
	Retrospective
	Prospective**
	

	
	1

(19.11.1999 – 

18.5.2000)
	2

(19.5.2000 – 18.11.2000)
	3

(19.11.2000 – 18.5.2001)
	4

(19.5.2001 – 18.11.2001)
	5

(1.12.2001 – 31.5.2002)
	

	
	%
	no. tests
	%
	no. tests
	%
	no. tests
	%
	no. tests
	%
	no. tests
	

	45-54
	0.9
	1494
	1.1
	1730
	1.2
	1996
	1.2
	1992
	1.2
	1942
	162602

	55-69
	2.9
	5271
	3.4
	6278
	3.7
	6843
	3.9
	7205
	4.0
	7402
	184391

	70-74
	4.7
	2145
	5.9
	2730
	5.9
	2697
	6.4
	2938
	6.2
	2830
	45967

	75-84
	5.3
	3042
	6.4
	3673
	6.7
	3837
	7.2
	4100
	7.1
	4087
	57276

	Total
	2.7
	11952
	3.2
	14411
	3.4
	15373
	3.6
	16235
	3.6
	16261
	450236


*
One laboratory excluded

**
The two week period 19/11/01 to 30/11/01 was excluded so that this period was exactly six months. 

Increase in rate with age p<0.001

Increase in rate with time p<0.001

Table 13
Six monthly rate (%) of PSA testing in fully participating practices, by social deprivation and time period, England only* 



(rates are calculated using Townsend quintile-specific male population age 45-84 for 2001 for all time periods)

	Quintiles of Townsend

deprivation

score
	6-month time periods
	Male population aged         45-84

	
	Retrospective
	Prospective**
	

	
	1

(19.11.1999 – 

18.5.2000)
	2

(19.5.2000 – 18.11.2000)
	3

(19.11.2000 – 18.5.2001)
	4

(19.5.2001 – 18.11.2001)
	5

(1.12.2001 – 31.5.2002)
	

	
	%
	no. tests
	%
	no. tests
	%
	no. tests
	%
	no. tests
	%
	no. tests
	

	-4.5 to –2.81

(lest deprived)
	3.0
	2836
	3.8
	3505
	4.0
	3727
	4.6
	4302
	4.5
	4246
	93451

	-2.80 to -1.93
	3.7
	3163
	4.3
	3624
	4.5
	3868
	4.6
	3914
	4.5
	3798
	85094

	-1.92 to -1.06
	2.3
	2044
	2.9
	2600
	3.0
	2688
	3.1
	2781
	3.0
	2691
	88599

	-1.05 to 0.52
	2.3
	1730
	2.8
	2107
	2.9
	2163
	3.1
	2324
	3.3
	2418
	74328

	0.53 to 14.7

(most deprived)
	1.5
	1122
	1.8
	1358
	2.1
	1589
	2.1
	1573
	2.2
	1630
	74479

	Total
	2.6
	10895
	3.2
	13194
	3.4
	14035
	3.6
	14894
	3.6
	14783
	415951


*
One laboratory excluded

**
The two week period 19/11/2001 to 30/11/2001 was excluded so that this period was exactly six months. 

Increase in rate with decreasing social deprivation p<0.001

Increase in rate with time p<0.001

Table 14 
 Total number of PSA requests submitted to the CSEU( by laboratory 


(anonymised) in six month periods: all data submitted including non-participating 

and participating practices, all ages, excluded females, and private tests. 


	
	Six month periods
	

	
	19/11/1999-18/05/2000
	19/05/2000-18/11/2000
	19/11/2000-18/05/2001
	19/05/2001-18/11/2001
	01/12/2001-31/05/2002
	Total

	
	1234
	1523
	1717
	1754
	1658
	7886

	
	455
	640
	655
	762
	835
	3347

	
	2378
	2633
	2769
	3041
	3055
	13876

	
	2055
	2456
	2363
	2540
	2876
	12290

	
	722
	855
	980
	1181
	1092
	4830

	
	1491
	1706
	1718
	1701
	1603
	8219

	
	2032
	2242
	2476
	2576
	2602
	11928

	
	733
	866
	825
	986
	961
	4371

	
	1623
	1848
	1997
	2065
	2121
	9654

	
	1220
	1684
	1574
	1750
	1867
	8095

	
	747
	783
	873
	924
	1012
	4339

	
	964
	1114
	1401
	1417
	1375
	6271

	
	1161
	1185
	1258
	1460
	1439
	6503

	
	1672
	2945
	3222
	3514
	3538
	14891

	
	1719
	2151
	2384
	2561
	2440
	11255

	
	1090
	1185
	1182
	1184
	1227
	5868

	
	861
	1221
	914
	1554
	1992
	6542

	
	1253
	1546
	1577
	1557
	1645
	7578

	
	2200
	3074
	3028
	3575
	3618
	15495

	
	1088
	1249
	1300
	1676
	1949
	7262

	
	2046
	2235
	2358
	2599
	2537
	11775

	
	1941
	2138
	2166
	1948
	1892
	10085

	
	-+
	940
	1554
	1567
	1455
	5516

	
	﹟3248
	3760
	4017
	4134
	3445
	18604

	
	1076
	1297
	1478
	1511
	1454
	6816

	
	686
	817
	892
	965
	1015
	4375

	Total
	35695
	44093
	46678
	50502
	50703
	227671


(numbers will not reflect total number of GP PSA requests as most datafiles were restricted to practices which                                                       routinely used each laboratory

+ no data available

﹟participating practices only

Table 15
The distribution of PSA tests (%) by PSA level, age and source where test 


reported to be taken for screening purposes * in the prospective period (1/12/2001 

to 31/05/2002)

	PSA level

ng/ml
	45- 64 years+
	65-84 years(
	Total

	
	NHS
	BUPA
	NHS
	BUPA
	NHS
	BUPA

	0.1 – 1.9
	77
	81
	54
	58
	66
	78



	2.0-4.9
	17
	15
	31
	27
	24
	17



	5.0-10.9
	4
	3
	11
	11
	8
	4



	11 or more
	2
	1
	4
	4
	2
	1



	Total
	100
	100
	100
	100
	100
	100



	Total number
	1968
	6290
	1788
	1099
	3756
	7389




*  NHS source:  asymptomatic patients

    BUPA:  recorded as screening but some patients could be symptomatic if part of a routine 

screening/medical 

+ significance test in this age group on distribution by source and PSA level   chi2(4)= 25.6 p<0.001

( significance test in this age group on distribution by source and PSA level  chi2(4)= 6.6 p<0.10

FIGURE 1

  PSA Mapping Part II

Flowchart of sampling procedure and data collection

(See main text for details)
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Appendices

APPENDIX 1

Definitions and calculations used in the data analyses 

	Item
	Definition

	Retrospective period
	19/11/1999-18/11/2001

	Prospective period
	01/12/2001-31/05/2002

	Participating Partners 

Prospective

Retrospective

Other types of doctors in practices
	Participating GPs were partners in each practice who agreed to take part during the prospective period. 

Individual GPs codes not codable as they were missing from several labs’ downloads of data

Locums and other types of GPs such as retainers and registrars were not included in the count of participating GPs per practice as they do not hold their own of list of patients.  However, any PSA requests submitted by them were included in the data analyses where these were for patients registered with the participating partners.



	Practice participation 

Prospective

Retrospective
	Participating practices are those with at least one participating partner, as defined above.  

Participating practices are those with at least one participating partner, in the prospective period as defined above.  

	No.men per practice according to age
	GP 2000 census data provides no. males per practice aged 0-1, 2-4, 5-15, 16-24, 25-44, 45-64, 65-74, 75+.    The overall distribution is virtually identical to the distribution for England and Wales published by the Office for National Statistics.  No. men per 5 year age group was calculated by applying the distribution of men by 5 year age group and region in the 2001 ONS data to the practice numbers.

	Rate of PSA testing per practice

Prospective

Retrospective

 
	Total no. tests in each practice according to age groups and time period divided by the total no. men covered by the participating practice according to age (based on GP 2000 Census).

Total no. tests in each practice according to age groups and time period divided by the total no. men covered by the participating practice according to  age (based on GP 2000 Census).



	Rate of PSA testing per practice according to Reason

Prospective

Retrospective

 
	No.tests in each practice according to Reason, and age group divided by the total no. men covered by the participating GPs  with the practice according to age.

Reason for test not coded.




APPENDIX 2

Distribution of PSA assays used by the study laboratories

	Type of PSA assay
	No.laboratories

	Abbott
	1

	Abbott Architect
	1

	Abbott AxSYM
	1

	Abbott AxSYM, then Abbott Architect
	1

	Abbott Imx
	1

	Beckman ACCESS Hybritech
	1

	Bayer ACS
	1

	Bayer ACS PSA 2, then Bayer Centaur
	1

	Bayer Centaur
	4

	Bayer Centaur since 12/2000. Previously TOSOH 
	1

	Bayer IMMUNO-1
	6

	DPC Immunite
	2

	DPC Immulite 2000
	3

	Roche Elecsys
	3

	Wallac DELFIA Prostatus
	1


APPENDIX 3

EXAMPLE OF LABEL – black print on bright yellow sticker

	Lab

Code

PSA
	ICR1  Asy 

ICR2  Sy

ICR3  Re-test

ICR4  Other
   
	О 

О

О

О 
	NHS

Private
	О

О




INSTRUCTION AND DEFINITIONS OF THE CODES FOR REASON FOR TEST

START DATE:  19th Nov. 2001

Thank you very much for helping with this study. Please find attached code 

definitions on the front of the study folder, and the path request forms with the study sticker. 

ONLY  use these forms when a PSA test is included on the request form.

FINISH DATE: 31ST May 2002

	ICR1    ASY 
	NEW ASYMPTOMATIC  MEN WITH NO PRECEDING DIAGNOSIS OF PROSTATE CANCER       

Men who request screening, but have not attended because of prostate symptoms

Men offered PSA screening or re-screening as part of general health check eg Well Man Clinic

Opportunistic test by GP while patient attended for health reasons unrelated to prostate cancer

(use of these categories should be independent of any findings from rectal examination)



	ICR2    SY
	NEW  SYMPTOMATIC MEN WITH NO PRECEDING DIAGNOSIS OF PROSTATE CANCER       

Men attending because of concerns about prostate symptoms



	ICR3    RE-TEST
	RE-TEST OF MEN WITH NO PRECEDING DEFINITIVE DIAGNOSIS OF PROSTATE CANCER       

Men undergoing review who had a previous negative biopsy, but raised PSA

Men undergoing review because previous PSA level within the normal range, but higher than average   

	ICR4    OTHER
	MEN WITH PRECEDING DEFINITIVE DIAGNOSIS OF PROSTATE CANCER       

Men undergoing regular PSA measurement as a marker of disease activity




APPENDIX 4

RESULTS OF POISSON REGRESSION ANALYSES ON THE RATE OF PSA TESTING

	
	All tests 
	Asymptomatic Tests

	
	Odd’s ratio
	95% CI
	Odd’s ratio
	95% CI

	Age +
	1.32
	1.31
	1.33
	1.16
	1.14
	1.18

	Region compared with East:

London

N & Y

N W

S E

S W

Trent

West Midlands
	1.84

.92

.87

1.14

1.10

.71

1.3
	1.63

.85

.81

1.07

1.02

.66

1.18
	2.08

.98

.93

1.21

1.16

.77

1.35
	1.68

.73

.75

.95

.69

.44

.90
	1.32

.63

.66

.84

.61

.36

.79
	2.13

.84

.86

1.08

.79

.52

1.02

	
	
	
	
	
	
	

	Townsend compared with the most affluent quintile (-2):

-1

0

1

2
	.90

.74

.85

.72
	.86

.70

.80

.67
	.95

.78

.90

.77
	.82

.84

.82

.42
	.73

.75

.73

.36
	.92

.93

.92

.50

	
	
	
	
	
	
	

	% black populations (square root)
	.86
	.82
	.91
	.89
	.79
	.99

	% Asian populations (square root)
	.92
	.90
	.95
	.96
	.91
	1.02


+ age in 5 yr age groups but analysed as continuous variable

These models were checked for over dispersion. Dispersion occurs when the variance exceeds the theoretical value implied by the estimated means.  Using Deviance/DF , the values were 2.64 in the model for all tests, and 2.2 in the model for asymptomatic testing, which are judged to be different from 1.  This is mostly likely to have been caused by a positive dependence between observations (i.e confounding between the values of some variables).

Appendix 5

RESULTS OF  POISSON REGRESSION ANALYSES ON THE RATE OF PSA TESTING

	
	All tests



	
	Odd’s ratio
	95% CI

	Age +
	1.66
	1.64
	1.66

	Region compared with East:

London

N & Y

N W

S E

S W

Trent

West Midlands
	1.71

.91

.80
1.02

.99

.89

1.15
	1.61

.88

.77

.99

.97

.86

1.12
	1.81

.94

.82

1.05

1.02

.93

1.19

	Townsend compared with the most affluent quintile (-2):

-1

0

1

2
	1.03

.73

.85

.63
	1.01

.71

.83

.61
	1.06

.75

.87

.65

	% black populations  (square root)
	.89
	.87
	.91

	% Asian populations  (square root)
	.91
	.90
	.92

	Time period

compared with

19/11/1999 – 18/5/2000:

19/5/2000 –18/11/2000

19/11/2000 – 18/5/2001

19/5/2001 – 18/11/2001

1/12/2001 – 31/5/2002
	1.19

1.26

1.27

1.31
	1.16

1.22

1.24

1.28
	1.22

1.29

1.30

1.34


+  age in 5 yr age groups but analysed as continuous variable

*  excluding  Wales and one lab in England with data missing in first six months

This models was checked for over dispersion. Dispersion occurs when the variance exceeds the theoretical value implied by the estimated means.  Using Deviance/DF , the value was 4.7 in the model for all tests, which is judged to be different from 1.  This is mostly likely to have been caused by a positive dependence between observations (i.e confounding between the values of some variables).
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Preparation of datafile for analysis





Retrospective data from NHS labs.





GP census data on practice size





Private data sources





Prospective data collection completed





Requests about missing data sent to labs and GPs





19/11/01 – 31/05/02


Prospective Data collection





Study pack (containing pathology request forms and stickers) sent to participating practices (N=443)








Questionnaire and consent form sent to GPs in general practices routinely using labs (N=1397)





National database of practice addresses and GP names





Labs. sent datafiles with practice and GP codes to CSEU





Random selection of 28 labs. stratified by region which could supply retrospective and prospective data





Questionnaire sent to 210 labs in NEQAS
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Data
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