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Fatal prostate cancer incidence trends in the United States
and England by race, stage, and treatment
Eboneé N. Butler1, Scott P. Kelly1, Victoria H. Coupland2, Philip S. Rosenberg1 and Michael B. Cook1

BACKGROUND: Differential uptake of prostate-specific antigen testing in the US and UK has been linked to between-country
differences for prostate cancer incidence. We examined stage-specific fatal prostate cancer incidence trends in the US and England,
by treatment and race/ethnicity.
METHODS: Using data from the National Cancer Institute’s Surveillance, Epidemiology, and End Results program and Public Health
England’s National Cancer Registration and Analysis Service, we identified prostate cancer patients diagnosed between 1995 and
2005, aged 45–84 years. Fatal prostate cancer was defined as death attributed to the disease within 10 years of diagnosis. We used
age–period–cohort models to assess trends in fatal prostate cancer incidence.
RESULTS: Fatal prostate cancer incidence declined in the US by −7.5% each year and increased in England by 7.7% annually. These
trends were primarily driven by locoregional disease in the US and distant disease in England. Black men in both countries had
twofold to threefold higher fatal prostate cancer incidence rates, when compared with their white counterparts; however, receipt of
radical prostatectomy lessened this disparity.
CONCLUSIONS: We report a significant increasing rate of fatal prostate cancer incidence among English men. The black–white
racial disparity appears pervasive but is attenuated among those who received radical prostatectomy in the US.
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BACKGROUND
Following the introduction of prostate-specific antigen (PSA)
testing in the United States (US), fatal prostate cancer incidence
declined between 1995 and 2002 at an average rate of 5% per
year.1 Defined as death from the disease within 10 years of
diagnosis, ‘fatal prostate cancer’ represents a non-indolent subset
of the disease that is less sensitive to lead time bias in descriptive
epidemiology studies2 and allows investigators to better track
incidence trends alongside contemporary clinical practices.
Indeed, fatal prostate cancer incidence in the US declined by
50% between 1972 and 2002, which coincided with uptake of
radical prostatectomy (RP) and improvements in early disease
detection.3–5 By contrast, the United Kingdom (UK) has less readily
adopted radical surgical treatments and population screening
during this period, with a concomitant gradual increase in overall
incidence (though less is known regarding fatal prostate cancer
incidence, specifically).6 A comparison of fatal prostate cancer
incidence trends in the US and UK—two countries that have vastly
different PSA testing histories—may help further illuminate the
relationship between population-based screening and detection
of clinically relevant disease.
Despite evidence from observational studies suggesting a

possible link between PSA testing and reduced prostate-cancer
mortality, randomised controlled trials in the US and Europe
have failed to demonstrate a positive net benefit for the
screening modality.7–9 Rather, serum PSA testing has highlighted

the challenge of detecting non-indolent forms of prostate
cancer.10 As the US embraces calls for fewer tests due to
concerns of overtreatment and overdiagnosis,11,12 the PSA
screening rate in the UK remains relatively low, with a modest
increase observed from 2% at the turn of the century
to a present estimated annual uptake of 6% for UK men aged
≥45 years.13–15 By comparison, PSA test use among US men aged
≥50 years were approximately 40% in the year 2000 with a
subsequent decline to 37% in 2015.16 Current projections for the
UK indicate a continued increase in prostate cancer incidence
through the year 2035.17 What remains to be known is the extent
to which UK incidence rates reflect trends for fatal prostate
cancer. Further, the persistent disparity in prostate cancer
incidence and mortality among men of African ancestry in the
US and UK warrants special attention, given the occurrence of
poor outcomes for these men across the two varying geogra-
phical and cultural contexts.18–20

In this study, we assessed fatal prostate cancer incidence
through comparisons of geography (United States vs. England),
race (black vs. white), and initial treatment (RP) for the period
1995–2005; the selected time period follows the introduction of
PSA screening and the depletion of a prevalent disease reservoir
in the US, thus allowing us to examine trends that are unobscured
by large fluctuations in PSA testing. We emphasised RP specifically
as its uptake as a definitive treatment for prostate cancer roughly
coincides with the initial period of widespread PSA testing in the
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US. Finally, we selected England for comparison to the US, as it is
the most populous and ethnically diverse country within the UK.

METHODS
Data sources
National Cancer Registries. The National Cancer Institute’s Sur-
veillance, Epidemiology, and End Results program consists of 18
population-based registries (SEER 18) that capture 28% of all
cancers diagnosed in the United States (US)21 (November 2018
Submission). Using SEER 18, we identified US men who received a
first primary diagnosis of prostate cancer between 1995 and 2015
(International Classification of Diseases for Oncology, Third edition,
code C619). We restricted our study population to those who were
aged 45–84 years at the time of diagnosis and excluded cases who
were diagnosed by death certificate only. We defined fatal
prostate cancer as death attributed to the disease within 10 years
of diagnosis, in line with prior work demonstrating that 70% of
prostate cancer-specific deaths in SEER were captured within a 10-
year window.21 The SEER cause-specific death algorithm accounts
for tumour sequence and thus is designed to attribute cause of
death to the primary cancer site when applicable. In total, we
described overall incidence for 884,496 US men diagnosed
between 1995 and 2015 to aid the interpretation of our fatal
prostate cancer incidence projections; a subtotal of 395,209 men
diagnosed between 1995 and 2005 were eligible for our primary
analysis of fatal prostate cancer incidence. For each US prostate
cancer case, we extracted data on SEER historic stage (i.e.
locoregional or distant), grade, and type of surgery received
during first course of treatment (i.e. RP, other surgery, none).
The National Cancer Registration and Analysis Service (NCRAS)

collects data on all cancers diagnosed in England.22 To define our
English study population, we applied inclusion and exclusion
criteria equivalent to that used to define the US study population.
Namely, we identified men who received a first primary diagnosis
of prostate cancer between 1995 and 2015, aged 45–84 years at
the time of diagnosis. We excluded prostate cancer registrations
that only had information from a death certificate. In total, we
described overall incidence for 506,736 English men diagnosed
between 1995 and 2015 in order to aid the interpretation of our
fatal prostate cancer incidence projections; a subtotal of 228,615
men diagnosed between 1995 and 2005 were eligible for
our primary analysis of fatal prostate cancer incidence. Similar to
SEER, the NCRAS uses an algorithm that incorporates tumour
sequence to determine the underlying cause of death. For
each patient in the English population, we extracted data on
tumour–node–metastasis (TNM) stage, grade, and type of surgery
received during first course of treatment (i.e. RP, other treatment,
none). English patients with a TNM stage of I, II, or III were
classified as having ‘locoregional’ disease; patients with TNM stage
IV tumours were classified as having ‘distant’ disease. The NCRAS
uses the internationally recognised TNM classification schema,
maintained by the Union for International Cancer Control. When
used as a dichotomous variable (i.e. locoregional vs. distant),
distant stage diagnoses refer to cancers with metastases. This
binary classification schema is comparable to the SEER historic
stage variable.

Census data. To calculate age-standardised and age-specific
incidence rates in the US, we obtained single-age census
population estimates through SEER 18 for each calendar year
between 1995 and 2015. We also obtained race-specific popula-
tion estimates to enable estimation of race-specific incidence
rates. Race categories were based on US census designations and
men were categorised as white, black, American Indian/Alaskan
Native, Asian or Pacific Islander, or unknown.
Similarly, to estimate age-standardised and age-specific inci-

dence rates in the English population, we obtained single-age

population estimates for each calendar year in our study through
the Office for National Statistics (1995–2014). The Office for
National Statistics provides race/ethnicity-specific population
estimates for 5-year age groups in each official census year. Thus
we used spline interpolation to estimate age- and race/ethnicity-
specific population counts for the intercensal years between 1991,
2001, and 2011. White men included those with self-reported
white race and self-reported ethnicity as British, Irish, other, or
undefined. Black men included those with self-reported black race
and self-reported ethnicity of Caribbean, African, or undefined.
Men who reported race other than black or white were classified
as ‘other’. For both countries, we limited our race/ethnicity-specific
analyses to white and black men.

Data analysis
Missing data. The US data set had missing data for stage (4.1%),
race (2.3%), grade (5.1%), and surgery (1.0%). The English data set
had missing data for race (20.1%), grade (40.0%), and stage
(72.8%). To approximate plausible values for missing data, we
performed multiple imputations by chained equations using the R
package MICE23; values coded as ‘unknown’ were assigned as
missing prior to imputation. Our prediction models included data
on age, year of diagnosis, survival months, stage, grade, treatment
type (RP, other treatment, none), and cause of death. We included
‘grade’ for imputation only, which was coded from I to IV in the US
data set. In the English data set, grade was recorded for two
sections of the tumour with scores ranging from 1 to 5 for degree
of severity; both grades were combined to create a composite
score ranging from 2 to 10. Data were imputed under a missing at
random assumption. We imputed 10 data sets using 15 iterations
per cycle and subsequently pooled data using Rubin’s rule to
examine the beta coefficients for the association between prostate
cancer-specific death and imputed variables24; pooled estimates
reflect a relative efficiency of 96% in the US data set and 93%
in the English data set. We used the first imputed data set
generated for each country for our primary analysis of fatal
prostate cancer incidence trends by race, stage, and treatment, as
beta estimates for the imputed variables were comparable across
the 10 imputations (Supplementary Tables 1 and 2).

Incidence trends and age–period–cohort models. For each country,
we calculated age-standardised rates using the World Standard
Million population and age-specific incidence rates overall and by
race.25 All incidence rates are reported in the units of per 100,000
person (male)-years. We describe trends as the estimated annual
percentage change (EAPC) across the specified time period and
used joinpoint regression modelling to identify calendar periods
with a change in the rate of disease occurrence;26 significant
joinpoints were identified through a series of permutation tests
with Bonferroni-corrected p values.
We fit age–period–cohort models to estimate the EAPC for

fatal prostate cancer incidence rates, both overall and by stage
of disease (locoregional/distant);27,28 observed trends are
described for the period between 1995 and 2005. For each
age-period cohort model, we examined the normal probability
plot of residuals as a measure for goodness of fit; tests of
normality were evaluated using Anderson–Darling and Lilliefors
criteria. We compared trends for incidence rates between the US
and England using Wald chi-square tests with a significance level
of 0.05.29 Within country, we estimated rate ratios for black-to-
white comparisons of fitted temporal trends, which model
incidence rates for each period adjusted for cohort deviations
and age. In addition, we used age–period–cohort forecast
models to describe projected trends for fatal prostate cancer
incidence between 2006 and 2015.30 We performed statistical
analyses in Matlab version 2018b (Mathworks Inc., Natick, MA,
USA) and R version 3.5.0 (R Foundation for Statistical Computing,
Vienna, Austria).
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RESULTS
Incidence of fatal prostate cancer in the US and England
The normal probability plot of residuals for each country-specific
age–period–cohort model demonstrated overall good fit; thus all
models were suitable for between-country comparisons. Between
1995 and 2005, 11% of US men newly diagnosed with prostate
cancer died from their disease within 10 years (n= 43,020),
compared with 17% of men diagnosed in England (n= 39,249).
In 1995, the US outpaced England 3-to-1 with an age-standardised
fatal prostate cancer incidence rate of 85.8 per 100,000 (Table 1). By
2005, the incidence rates of fatal prostate cancer between the two
countries had switched owing to a 55% decline in the US (from 85.8
to 38.3 per 100,000) and a corresponding 100% increase in England
(from 24.8 to 49.2 per 100,000). In the US, the fatal prostate cancer
incidence rate declined for each single age group (Wald test: Χ2=
115.0, df= 40, p < 0.001), with the sharpest declines occurring
among those aged 60–69 years (Fig. 1). By contrast, the EAPC for
fatal prostate cancer incidence in England increased at every age
(Wald test: Χ2= 62.2, df= 40, p= 0.01), with the highest rate of
increase observed among men aged 45–49 years.
In the US, locoregional prostate cancer that was ultimately fatal

decreased between 1995 and 2002 (EAPC: −7.8%) and then more
rapidly between 2002 and 2005 (EAPC: −12.2%); our forecast
model indicates that this will likely continue for diagnoses through
2015 (Fig. 2a). Meanwhile, distant prostate cancer that was
ultimately fatal initially declined (EAPC: −5.5%) before stabilising
in 2003 in the US (EAPC: 0.7%), and we project that this trend will
remain stable through 2015. Our projections predict that distant
stage disease will become the predominant contributor to fatal
prostate cancer in the US, beginning with cases diagnosed from
2010 and onward; this observation mirrors overall prostate cancer
incidence trends (Supplementary Fig. 1c) in which distant stage
has recently increased (EAPC: 4.3% between 2011 and 2015). In
England, distant stage disease was the predominant contributor to
fatal prostate cancer burden in nearly all periods observed and
forecast (Fig. 2b).
The overall proportion of men receiving RP in the US remained

steady across the study period (~33%), whereas uptake of RP in
England gradually increased from 4% in 1995 to 14% in 2015. In

the US, 10% of men with fatal prostate cancer had received RP,
compared with only 1% of similar men in the English population;
in both countries, a higher proportion of men with non-fatal
prostate cancer had received RP (US: 35% and England: 9%; data
not shown). Fatal prostate cancer incidence rates declined among
US men diagnosed with locoregional disease irrespective of RP
treatment, with projected declines continuing through 2015
(Fig. 3a). The fatal prostate cancer incidence rate in England
remained remarkably low among men diagnosed with locoregio-
nal disease and treated by RP, ranging between 3.0 per 100,000
and 4.6 per 100,000 across the study period (EAPC: 2.0%); by
contrast, the rate among men who did not receive RP increased at
a substantial 8.0% per year between 1999 and 2005.

Incidence of fatal prostate cancer by country and race
Declines in the age-adjusted incidence rates of fatal prostate
cancer were similar among black and white men in the US (EAPC:
−8.1% vs. −7.8%, Wald’s Χ2= 0.4, df= 1, p= 0.5; Fig. 4). We
observed a similar pattern when comparing black men in England
to white men in England (EAPC: 10.2% vs. 7.9%, Wald’s Χ2= 2.3,
df= 1, p= 0.1). Notably, although temporal trends of fatal
prostate cancer incidence did not differ between black and white
men in either country, the absolute rate of disease remained 2–3
times higher in black men relative to white men in both the US
and England. Cross-sectional age-specific incidence rates in the
year 2000 were higher for black men in both countries, particularly

Table 1. Fatal prostate cancer incidence rates in the United States (US)
and England between 1995 and 2005, among men aged 45–84 years.

US England US: England
incidence
rate ratio

EAPC: −7.5% EAPC: 7.7%

Year of
diagnosis

Incidence ratea

per 100,000
Incidence ratea

per 100,000
OR (95% CI)

1995 85.8 24.8 3.5 (3.1–3.9)

1996 76.7 26.0 2.9 (2.6–3.3)

1997 73.2 26.6 2.8 (2.5–3.1)

1998 68.5 29.8 2.3 (2.1–2.6)

1999 66.2 32.3 2.0 (1.8–2.3)

2000 59.8 35.1 1.7 (1.5–1.9)

2001 54.4 40.9 1.3 (1.2–1.5)

2002 50.9 43.7 1.2 (1.0–1.3)

2003 45.5 43.0 1.1 (0.9–1.2)

2004 42.5 46.5 0.9 (0.8–1.0)

2005 38.3 49.2 0.8 (0.7–0.9)

EAPC estimated annual percentage change.
aAdjusted for cohort deviations and age at diagnosis.
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Fig. 1 Age-specific fatal prostate cancer incidence rates by
country and year of diagnosis, 1995–2005. Incidence rates are
described for 5-year age groups (range 45–84 years) and plotted on
the logarithmic scale.
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among younger men aged 45–49 years. For this age group, the
black-to-white incidence rate ratio achieved a maximum of 10:1 in
the US and a maximum of 5:1 in England (data not shown).
Between 1995 and 2015, black US men overall were less likely to

receive RP when compared with white US men (black: 27% vs.
white: 34%). Over the same time period, black US men were also
slightly more likely to be diagnosed with distant stage disease
(black: 6% vs. white: 4%). In England, black men had slightly higher
receipt of RP (black: 13% vs. white: 10%) and were less likely to be
diagnosed with distant stage disease (black: 20% vs. white: 25%)
(data not shown). Race-specific fatal prostate cancer incidence
trends (observed and forecast) by stage and treatment mimicked

that which was observed in the overall analyses where black and
white men experienced similar EAPCs within country (Fig. 5).
Nevertheless, black men had higher age-standardised fatal
prostate cancer incidence rates when compared with white
men, except among those diagnosed with locoregional disease
who received RP. In this category, black and white men
experienced similar incidence rates within country (Fig. 5c, f).

DISCUSSION
In this study, we observed opposing trends for fatal prostate
cancer incidence in the US and England during a period of
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Fig. 2 Observed and forecasted fatal prostate cancer incidence in the United States and England, by stage at diagnosis. a, b Overall,
locoregional, and distant stage fatal prostate cancer incidence trends in the United States and England, respectively. Age-standardised rates are
presented for men aged 45–84 years. Temporal trends are described using estimates from age–period–cohort, joinpoint, and forecast regression
models. Solid and dashed lines represent lines indicate observed and projected trends, respectively. Shaded regions surrounding trend lines
indicate 95% confidence intervals. EAPCs with p values <0.05 are indicated by asterisk ‘*’. EAPC estimated annual percentage change.
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evolving clinical practices and screening recommendations. The
decreasing and increasing incidence rates in the US and England,
respectively, did not differ by race; however, black men in both
countries had 2–3-times higher absolute rates of fatal disease
across the study period, when compared with their white
counterparts. Notably, this disparity was attenuated among men
diagnosed with locoregional disease who received an RP. In the
US, fatal prostate cancer incidence trends were primarily driven by
a decreased risk of death from prostate cancer following diagnosis
of locoregional disease, while in England the increased risk of
prostate cancer death over time was driven by a mixture of
locoregional and distant diseases.
During the early-to-mid 1990s, prostate cancer mortality

declined in the US and UK following the advent of PSA testing
and RP as a curative measure for localised disease.5,6,10,15 After an
initial spike, the US prostate cancer incidence rate decreased
concurrently with declining mortality as the UK incidence rate
continued to rise. Sharp increases in prostate cancer incidence
have largely been attributed to the uptake of PSA testing,
accounting for a 2–6% higher number of cases than expected in
England and as much as a 15–37% higher number of cases than
expected in the US.10,31 At present, rates of PSA screening in the
UK remain low, although increasing incidence in the country—
particularly among men aged <70 years—may be indicative of
growing PSA test use.32 In the US, several entities have issued
screening recommendations, most notably among them the
United States Preventive Services Task Force whose recommenda-
tions have remained conservative given concerns of overdiagnosis
and overtreatment. Results from the UK-based Cluster Rando-
mized Trial of PSA Testing for Prostate Cancer (CAP) led an expert
panel to issue a guideline recommendation against systematic
screening, which also emphasised the need for shared decision-
making between patients and clinicians.7,33

The higher incidence rate for locoregional disease among US
men is likely attributable to greater PSA test use in the US
compared with the UK.13,14,34,35 PSA testing conflates traditional
measures of disease burden by increasing the detection of
indolent tumours that may have otherwise gone unobserved.
Studies that have reported changes in incidence or improve-
ments in prostate cancer survival often do not discriminate

between indolent and non-indolent cancers, thereby affecting
and obscuring true changes in disease metrics.36 Thus, by
describing fatal prostate cancer incidence in the US and England,
our study provides a unique evaluation of temporal trends for a
clinically relevant subset of the disease in a comparison of two
countries with substantially different PSA test use histories.
Further, our age-specific analyses demonstrate that the direction
of within-country trends do not differ by age; in both countries,
however, fatal prostate cancer incidence rates decrease (US) or
increase (England) to a greater degree among younger men. This
finding is particularly important for the English population,
where the rate of RP uptake remains stable despite increasing
incidence rates for overall and fatal disease. The use of RP or
other putative curative treatments may be important for
addressing the higher incidence rate of fatal disease among
young English men.
As previously reported, fatal prostate cancer incidence has been

decreasing among US men since the early 1990s, and by 2002, the
incidence rate had declined by approximately 50% of its 1975
estimate.1 In the present study, we have demonstrated the
continued decrease in US rates through the year 2005 and we
project that this trend will continue through 2015. Notably, our
forecast models predict that distant stage disease is likely to
become the predominant contributor to fatal prostate cancer
incidence in the US for the year 2010 and forward. As prostate
cancer incidence in the US continues to decline, the overall stage
distribution has shifted to an increasing proportion of distant
diagnoses following declines in PSA test use.37 Additional years of
data are needed to determine whether the US fatal prostate
cancer incidence rate will continue to decline and stabilise. By
contrast, the fatal prostate cancer incidence rate has increased in
England, doubling between 1995 and 2005. Given that prostate
cancer incidence is projected to increase in the UK through the
year 2035,17 this observation serves as an impetus to explore
individual- and system-level factors that may be linked to risk of
fatal disease.
Black men in both the US and UK experience higher total

prostate cancer incidence rates compared with white men,20 and
as evidenced by the present study, this differential persists for
incidence of fatal disease. We currently have a limited
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understanding of prostate cancer aetiology, including to what
extent social or biological factors may contribute to higher
incidence in black men compared with men of other ancestries.
Notably, however, findings from our study support recent
observations that equal treatment for equal disease may lead to
equal outcomes for black and white prostate cancer patients,38,39

as there was no apparent race disparity in fatal prostate cancer
incidence among men diagnosed with locoregional disease who
received an RP. Thus ensuring access to RP is likely to be an
effective strategy in reducing fatal prostate cancer incidence
among black men. And though outside the scope of our present
analysis, it will be important for future studies to examine the
influence of other treatment regimens on fatal prostate cancer
incidence by geography, treatment, and race/ethnicity.

Our study benefits from the use of population-based cancer
registry data with adequate follow-up to ascertain vital status and
cause of death during the 10-year period following cancer
diagnosis. In addition, we described observed trends for the
incidence of locoregional and distant stage trends through 2015
to bolster our interpretation of projected trends for fatal prostate
cancer incidence. It is important to note that our projections of
locoregional and distant disease may differ from future trends as
contemporary advances in imaging increase our ability to detect
metastases. It is also important to note that the population sample
provided through SEER may not represent all US men. Further,
the nature of our ecological study design did not allow us to
describe associations between individual-level treatment patterns
or timing of PSA use; however, our analytical approach with
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Fig. 5 Observed and forecasted fatal prostate cancer incidence in the United States and England by race, stage, and receipt of radical
prostatectomy (RP). a–c Fatal prostate cancer incidence trends in the United States stratified by race for distant stage, locoregional stage
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age–period–cohort models allowed us to estimate period effects
that coincide with temporal clinical practices for screening and
surgical treatment. The high proportion of missing data in the
English data set should also be considered when interpreting our
findings.
By examining the incidence of fatal prostate cancer in the US

and England, our study offers insights on trends for a clinically
relevant subset of the disease. Our study demonstrates a dramatic
increase in fatal prostate cancer incidence among English men
that warrants public health concern, particularly among young
and black men. The persistent black–white race disparity in the
US and England also warrants further consideration in order
to alleviate excess burden of disease in the most vulnerable
populations.
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