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Abstract
Background—There is no conclusive evidence that screening based on prostate-specific antigen
(PSA) tests reduces prostate cancer mortality. In the USA uptake of PSA testing has been rapid,
but is much less common in the UK.

Purpose—To investigate trends in prostate cancer mortality and incidence in the USA and UK
from 1975-2004, contrasting these with trends in screening and treatment.

Methods—Joinpoint regression analysis of cancer mortality statistics from Cancer Research UK
and the USA National Cancer Institute Surveillance Epidemiology and End Results (SEER)
program was used to estimate the annual percentage change in prostate cancer mortality in each
country and the points in time when trends changed.
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Results—Age-specific and age-adjusted prostate cancer mortality peaked in the early 1990s at
almost identical rates in both countries, but age-adjusted mortality in the USA subsequently
declined by 4.2% (95% CI 4.0-4.3%) per annum, four times the rate of decline in the UK (1.1%;
0.8-1.4%). The mortality decline in the USA was greatest and most sustained in those ≥75 years,
whereas death rates had plateaued in this age group in the UK by 2000.

Conclusion—The striking decline in prostate cancer mortality in the USA compared with the
UK between 1994-2004 coincided with much higher uptake of PSA screening in the USA.
Explanations for the different trends in mortality include the possibility of an early impact of
initial screening rounds on men with more aggressive asymptomatic disease in the USA, different
approaches to treatment in the two countries, and bias related to the misattribution of cause of
death. Speculation over the role of screening will continue until evidence from randomised
controlled trials is published.
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Introduction
Prostate cancer screening based on the prostate-specific antigen (PSA) test is almost routine
in the USA; in 2001, 57% of men aged ≥50 years old reported having a PSA test within the
previous 12 months (1). By contrast, for each year between 1999-2002, an estimated 6% of
men aged 45-84 years were tested in the UK (2).

There is no robust evidence that routine PSA testing reduces mortality due to prostate cancer
(3;4). It has been suggested that the overall decline in prostate cancer mortality in the USA
since the early 1990s may be attributable to screening or improved treatment for more
advanced disease (5-11), but other research has indicated that mortality trends cannot be
attributed to differences in screening intensity, either between or within countries (12-16).
The most recently published comparisons of prostate cancer mortality trends in the USA and
UK, based on data up to the late 1990s, noted that rates had begun to fall more rapidly in the
USA than in the UK, but the changes appeared too early to attribute the more rapid decline
in mortality in the USA to an effect of PSA screening (17;18).

We investigated whether this pattern of differential mortality decline continued, by
comparing USA and UK prostate cancer mortality and incidence rates up to 2004. We also
explored possible explanations for changes in these rates, by collecting data from both
countries on the utilisation of treatments (surgery, radiotherapy and hormone therapy).

Methods
Data sources

Prostate and all-cancer mortality and incidence statistics (1975-2004) were obtained from
Cancer Research UK (compiled from data produced by the regional registries in England,
Wales, Scotland and Northern Ireland) (19) and the US National Cancer Institute
Surveillance, Epidemiology and End Results (SEER) program (mortality data from the
National Center for Health Statistics; incidence data from SEER 9 Registries database) (20).
USA and UK cancer statistics were age-adjusted to the same European standard million
population (19 age groups). USA radical prostatectomy and radiotherapy data (1983-2004)
were also obtained from SEER (20).
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UK radical prostatectomy trends (1991-2004) were derived from the NHS Hospital Episode
Statistics (HES) database which holds information on treatment of patients admitted to NHS
hospitals. HES records were extracted using the Office of Population, Censuses and Surveys
(OPCS) procedure code M61 (radical prostatectomy) when the underlying diagnosis was
prostate cancer (ICD9 185, ICD10 C61).

UK data on prescribing of gonadotropin-releasing hormones and anti-androgens
(1982-2004) were obtained from IMS Health (21). These prescription data were obtained
from 500 UK General Practitioners, projected to the whole of the UK using regional weights
(by dividing the total number of GPs in a region by the number sampled in that region), and
adjusted to estimate the total number of prescriptions dispensed in the UK, as indicated by
data published by the Prescription Pricing Authority. The IMS Health database contains
approximately 2 million currently active anonymous patient records and over 95 million
prescriptions, is subject to internal validation and quality checks (22), and is widely used in
drug utilization studies (23-28). HES and IMS data were used to calculate annual radical
prostatectomy and anti-androgen deprivation drug prescriptions per incident prostate cancer
using UK age-adjusted incidence as the denominator. No ethical approval was needed for
this study.

Statistical methods
Trends were analysed using US National Cancer Institute Joinpoint regression software (29),
which performs linear regression to estimate the annual percent change (APC) in incidence
and mortality rates and the number and location of joinpoints (points at which trends
change) (30). The software performs pairwise comparisons of models differing by one
joinpoint to determine the model with the optimum fit to the data series. We allowed a
maximum of three joinpoints, and an overall significance level of 5% was adopted for the
comparisons of models applied to each data series.

Results
Trends in age-adjusted and age-specific prostate cancer mortality up to the mid-1990s were
similar in the USA and UK (Figure 1, Table 1) taking into account an artefactual rise in the
UK in 1984, due to a change in interpretation of WHO Rule 3 for selecting cause of death
(31). From the mid 1990s onwards, the trends diverged. Age-adjusted prostate cancer
mortality declined in the USA by 4.17% per annum between 1994-2004 (Table 1), almost
four times the rate of decline in the UK (1.14% per annum). Age-specific and age-adjusted
mortality peaked at almost identical rates in both countries, but subsequent declines were
much greater in the USA than in the UK (Table 2), particularly among men aged ≥75 years.
In this age group, there was no evidence of a change in UK prostate cancer mortality rates
between 2000-2004, compared with a decline of 5.32% per annum between 2002-2004 in
the USA (Table 1).

Long-term USA and UK age-adjusted and age-specific prostate cancer incidence rate trends
were similar between 1975-2003, although rates in the USA were consistently higher than in
the UK (Figure 2). The average ratio of USA to UK age-adjusted prostate cancer incidence
rates between 1975-2003 was 2.5, with a pronounced peak around the time that PSA testing
was introduced in the USA (Figure 3). Ratios of USA to UK age-specific prostate cancer
incidence were highest in men <75 years; in 1992 the ratio was 8.2 for men aged 45-54
years and 6.7 for men aged 55-64 years. In all but the 45-54 years age group, these ratios
subsequently fell below their pre-PSA era levels.

In the USA, the proportion of men with prostate cancer who underwent radical
prostatectomy has increased dramatically from the mid 1980s, reaching a plateau of
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approximately 30% of all incident prostate cancers in the early 1990s (Figure 4). In the UK,
this proportion increased steadily since the early 1990s, reaching 10% of all incident
prostate cancers in 2004 (Figure 4). Radiotherapy treatment as a proportion of all incident
prostate cancers in the USA increased gradually from 23% in 1982 to 35% in 2004 (Figure
4). National records of radiotherapy treatments by ICD code are not routinely gathered in the
UK. UK prescriptions of gonadotropin-releasing hormones and anti-androgens per prostate
cancer increased 3.3-times and 1.8-times respectively (2.6-times overall) between 1991 and
1999, and have since remained at the same level (Figure 4). Comparable data on hormone
therapy were not available from SEER.

All-cancer mortality rates in the USA and UK have followed similar trends since 1975.
Joinpoint analysis of SEER data for all cancers (except non-melanoma skin cancer) show a
slight increase of 0.40% (95% CI 0.34 to 0.46%) per annum between 1975-1990, then a
decline of -1.25% (-1.34% to -1.17%) to 2004. Comparable UK data show a similar slight
increase of 0.27% (0.15% to 0.39%) between 1975-1989, then a decline of -1.34% (-1.45%
to -1.24%).

To gauge the population balance of risk and benefit, a simple “numbers needed to treat”
calculation was performed based on the difference between USA and UK prostate cancer
mortality rates in 2004. This calculation showed that the number of middle-aged UK men
needed to emigrate to the USA to prevent one death in the 55-64 year age group was around
33,000. In the USA, around 50% of men (16,700 of our emigrées) have an annual PSA test
(1). Of these, about 4,200 (25%) would have a ‘raised’ PSA (≥3ng/ml), and of these
approximately 1,300 (32%) and 210 (5%) would be diagnosed with localised and advanced
prostate cancer respectively - these figures based on data from a population-based feasibility
study of screening and treatment in the UK (32). Of the localised prostate cancers, at least
800 (60%) at current USA rates would be treated by radical methods, and if intra- or post-
operative mortality were to exceed 0.1%, then at least one man would die to prevent one
death from prostate cancer between ages 55-64. Among the men receiving radical treatment,
there would also be a considerable burden of erectile and urinary dysfunction (33).

Discussion
This study has shown that trends in prostate cancer mortality in the UK and USA have
diverged in recent years, with the USA experiencing more rapidly declining mortality
compared with the UK since the mid-1990s, particularly amongst men aged over 74 years
(Figure 1). Despite major differences between USA and UK healthcare systems, all-cancer
mortality trends in the USA and UK were very similar, suggesting that the divergence in
USA and UK prostate cancer mortality trends could be attributable to differences in
detection and/or treatment.

It is incontrovertible that detection was markedly different between the USA and UK. There
was a ten-times difference in the uptake of PSA testing between the USA (57%) and UK
(6%) by 2001 (1;2), and the corresponding shift in the USA towards detection of
predominantly localised disease (34-36) has not occurred in the UK (37-39). At the end of
the 1990s, it was too early to attribute decreasing USA mortality rates to the influence of
screening (17). One interpretation of the current data could be that the higher rate of
screening in the USA has reduced prostate cancer mortality. However, the introduction of
screening would not be expected to reduce prostate cancer mortality so soon, as only a small
proportion of those with early stage cancer would be predicted to die of the disease in the
following 20 years in the absence of screening, even if treated conservatively (40).
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Screening aims to bring diagnosis forward (lead time) by detecting pre-clinical disease. The
lead time resulting from the introduction of prostate cancer screening is crucial to
understanding observed trends (9), but cannot easily be estimated from empirical data
because PSA screening also detects men whose prostate cancer would not have become
clinically apparent in their lifetimes (“over-diagnosis”). In practice these two groups of men
cannot be distinguished, and consequently models have been developed to estimate lead
time under assumptions about the proportion of over-diagnosis. One recent model, based on
data from the European Randomised Study of Prostate Cancer (ERSPC), estimated mean
lead times ranging from 9.9-13.3 years (41); another, based on SEER prostate cancer
mortality data, estimated a mean lead time for caucasians of 4.6 years (95% confidence
interval 3.2-5.9 years) (42). The difference between these estimates may be caused by: i)
different screening contexts in ERSPC (two mass screening rounds in men recruited to a
trial) and SEER (repeated PSA testing made available to the population of men at large); ii)
use of trial data (ERSPC), whereas the SEER model estimates an individual-level parameter
from population-level secular trends; iii) different assumptions made in the models (41;42).

As prostate cancer screening was established in the USA around 1990, evidence of
improved survival due to screening would start to become apparent around 2000 if lead
times were relatively short (9) and survival of men with localized cancer in the absence of
screening poorer than observed by Albertsen (40). However, as the decline in USA prostate
cancer mortality rates started around 1990, much of this decline must be due to factors other
than detection by screening of more men at an early stage of disease. Whether screening or
other factors (such as improved treatment) are responsible for the declining mortality rate
beyond 2000 is open to debate. Uncertainty about lead time means that it is possible that our
data precede the point at which a survival benefit of screening will become apparent.

Differences in treatments between the countries may be important in explaining some of the
divergence in trends. Crude treatment trends (Figure 4) must be interpreted in the context of
the shift in the USA, but not in the UK, towards predominantly localised disease (43). There
is evidence that prostate cancers tend to be treated more aggressively in the USA than in the
UK (44). Radical prostatectomy was more commonly used in the USA than in the UK, even
after taking into account the much higher ratio of localised to non-localised disease in the
USA (Figure 4).

Most studies of new approaches to prostate cancer treatment originate from the USA (45).
Brachytherapy in the USA increased from 4% to 18% of low risk prostate cancer patients
between 1989 and 2001, while external beam radiotherapy decreased from 15% to 7% (46).
National records of radiotherapy treatments are not routinely gathered in the UK, but
literature suggests that developments such as the move from external beam to conformal
methods and brachytherapy, and increases in dosage, were led by the USA, with later
implementation in the UK (47;48).

Prolonged survival from increased use of medical androgen deprivation therapy earlier in
the course of the disease, or as maximum androgen blockade in advanced disease, may also
partly explain mortality declines (28;49-52). In the USA, the proportion of localised prostate
cancer patients who were prescribed at least one dose of gonadotropin-releasing hormones
within the first six months of diagnosis increased 3.4-times from 12% in 1991 to 41% in
1999 (53). While increases were similar (3.3-times increase in prescriptions per incident
case) in the UK, this was from a much lower base (Figure 4).

In the USA, androgen deprivation therapy increased both as primary therapy in low risk
prostate cancer patients (36;46); and as neo-adjuvant therapy in patients treated with radical
prostatectomy or radiotherapy (46). More frequent use of hormone therapy among older
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(70+ years) men in the USA, compared with the UK, could explain why the divergence in
prostate cancer mortality was widest among older men (Table 2), although older men in the
USA also have the highest frequency of PSA testing (1).

It is possible that mortality reductions in the younger age groups in both the UK and USA
are due to an improved prognosis amongst younger men identified earlier with low-volume
locally advanced disease and relatively short lead times (9), undergoing radical treatment
before the disease has metastasised (28). This hypothesis would imply that some screen-
detected cancers have characteristics more similar to clinically detected prostate cancers,
which do show a mortality benefit from radical prostatectomy (54) and hormone therapy as
an adjuvant to radiotherapy (47;55;56). However, the greater than 20% decline in prostate
cancer mortality in the UK among men aged 55-74 years began before the increased use of
radical prostatectomy, and in the absence of screening, indicating a role for factors other
than increased detection and radical treatment of early-stage disease (28).

If PSA screening were effective at detecting men with more aggressive prostate cancer,
these men (who might be the very population who could benefit from early diagnosis) would
be a small proportion of all men who have screen-detected prostate cancer. While benefits
for a small minority may have an impact on overall prostate cancer mortality, the majority of
screen-detected men might be receiving unnecessary diagnosis and treatment to the
detriment of their quality of life (41;42;57-59), as highlighted by our “numbers needed to
treat” calculation. Reductions in cause-specific mortality would also not necessarily mean
longer life expectancy, particularly among older men who may succumb to another cause of
death in the same year in which they would have died of prostate cancer. Similarly, greater
reductions in deaths due to other major causes in the UK than in the USA, could contribute
to divergent trends in prostate cancer mortality, but there is no evidence that this occurred in
relation to the major causes of mortality (all cancers and cardiovascular disease).

Our study’s main limitations were that it was ecological, and comparisons of underlying
trends in stage at diagnosis and type of treatment were limited by the paucity of data from
the UK. Changes in cause of death coding might have influenced our findings, although the
introduction of ICD-9 in 1979 improved between-country comparability of cancer mortality
data (60). In the UK, a change in interpretation of ICD Rule 3 for selecting cause of death
triggered an artefactual increase in prostate cancer mortality in 1983 (61). The partial
reversal of this change in 1993 might have had a slight effect on our analysis of USA and
UK prostate cancer mortality trends from the early 1990s, but tending towards an under-
estimate of differences (31).

It has been suggested that misattribution of the underlying cause of death to prostate cancer
amongst the rising and then falling pool of newly diagnosed cancers may have explained at
least part of the rise and fall in prostate cancer mortality in the USA (8). Since the secular
trend in incidence of prostate cancer in the UK showed a steady increase, rather than the
large rise then fall seen in the USA, such misattribution bias in the UK would be expected to
artefactually raise prostate cancer mortality rates throughout the study period. Thus the
differing patterns of prostate cancer incidence, combined with a fixed proportion of
misattribution of cause of death to prostate cancer amongst those diagnosed by screening,
might explain some of the differences in mortality observed between the USA and UK. One
report suggests biased under-attribution of prostate cancer as the underlying cause of death
amongst men who underwent radical treatment (62); this may also partly explain the
observed mortality differences between the USA and UK, because of differences between
these countries in the proportion of men receiving radical treatment for localised prostate
cancers.
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There are also some concerns about data reliability. SEER prostate cancer mortality data
have been assessed to be reasonably representative of the US population, although under-
representing mortality among African-Americans (63), but the reliability of SEER data on
prostate cancer treatments has not been assessed. NHS HES data are reasonably reliable in
coding procedures such as radical prostatectomy (64), but exclude private hospitals where
24-27% of procedures may be done (64). IMS Health prescribing data are widely used in
drug utilisation studies (23-28), and the sampling process by which these data were obtained
suggests a level of reliability sufficient to determine broad trends.

The decline in mortality from prostate cancer in the USA is striking in comparison to the
UK, but we can only continue to speculate about the relative contributions of differences in
detection and treatment, or the relative balance of benefits and harms, until the publication
of results from trials (65;66) provides the robust evidence that is so eagerly awaited.
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Figure 1. USA and UK prostate cancer mortality rates (1975-2004)
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Figure 2. USA and UK prostate cancer incidence rates (1975-2003)
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Figure 3. Ratios of USA/UK prostate cancer incidence (1975-2003)
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Figure 4. USA and UK prostate cancer treatment trends
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Table 2
USA and UK age-specific and age-adjusted prostate cancer peak mortality and
percentage decline since peak

Age
(years) Country Year of peak

mortality

Peak mortality
(per 100,000
person years)

Decline since
peak

55-64 UK 1991 24.6 25.1%

USA 1990 26.3 39.8%

65-74 UK 1992 120.6 21.9%

USA 1990 121.9 45.3%

≥75 UK 1994 460.9 8.8%

USA 1993 469.6 33.8%

Any
age

UK 1992 30.1 11.6%

USA 1991 30.0 36.3%
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