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Objective
To evaluate whether a subgroup of men can be identified that would benefit more from screening than others.

Materials and Methods
This retrospective cohort study was based on three European Randomised Study of Screening for Prostate Cancer (ERSPC)
centres, Finland, the Netherlands and Sweden. We identified 126 827 men aged 55–69 years in the study who were
followed for maximum of 16 years after randomisation. The primary outcome was prostate cancer (PCa) mortality. We
analysed three age groups 55–59, 60–64 and 65–69 years and PCa cases within four European Association of Urology
(EAU) risk groups: low, intermediate, high risk, and advanced disease.

Results
The hazard ratio (HR) for PCa mortality in the screening arm relative to the control arm for men aged 55–59 years was
0.96 (95% confidence interval [CI] 0.75–1.24) in Finland, 0.70 (95% CI 0.44–1.12) in the Netherlands and 0.42 (95% CI
0.24–0.73) in Sweden. The HR for men aged 60–64 years was 1.03 (95% CI 0.77–1.37) in Finland, 0.76 (95% CI 0.50–1.16)
in the Netherlands and 0.97 (95% CI 0.64–1.48) in Sweden. The HR for men aged 65–69 years was 0.80 (95% CI 0.62–1.03)
in Finland and 0.57 (95% CI 0.38–0.83) in the Netherlands, and this age group was absent in Sweden. In the EAU risk
group analysis, PCa mortality rates were materially lower for men with advanced disease at diagnosis in all three countries:
0.67 (95% CI 0.56–0.82) in Finland, 0.28 (95% CI 0.18–0.44) in the Netherlands, and 0.48 (95% CI 0.30–0.78) in Sweden.

Conclusion
We were unable to unequivocally identify the optimal age group for screening, as mortality reduction differed among
centres and age groups. Instead, the screening effect appears to depend on screening duration, and the number and
frequency of screening rounds. PCa mortality reduction by screening is largely attributable to stage shift.

Keywords
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Introduction
There is ongoing debate concerning the balance of benefits
and harms of PSA-based prostate cancer (PCa) screening, and
the need for improved screening strategies is clear. Several
population-based studies have evaluated the impact of PSA
screening on PCa mortality and overdiagnosis.

The available evidence for PCa mortality reduction from
screening comes primarily from the European Randomised
Study of Screening for Prostate Cancer (ERSPC), which
showed a modest reduction in PCa mortality [1]. The rate
ratio in the ERSPC remained statistically significant at 13 and
16 years of follow-up and the absolute effect increased from
13.5 to 17.6 per 10 000 men [2]. PCa (31 cases per 1000 men
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at 16 years) indicates substantial overdiagnosis [1]. A
Cochrane meta-analysis of the ERSPC, and the Prostate,
Lung, Colorectal and Ovarian cancer screening (PLCO) trial
showed no significant reduction in PCa mortality among men
who were randomised to the screening arm (SA) [3]. This
small effect in the PLCO trial was attributable to high
contamination and low biopsy compliance [4]. However, a
meta-analysis of data from five randomised PSA screening
trials showed no reduction in PCa mortality [3].

In this study, we evaluated differences in PCa mortality
within the ERSPC. Our aim was to identify whether a specific
age group or groups clearly benefit from PCa screening. We
compared PCa mortality between the trial arms in the three
largest ERSPC centres: Finland, the Netherlands and Sweden.
Firstly, we analysed differences between the trial arms by age
group (55–59, 60–64 and 65–69 years at entry). Secondly,
PCa deaths were stratified by prognostic risk group (low-,
intermediate-, high-risk, and advanced or metastatic cancer)
at diagnosis based on the European Association of Urology
(EAU) guideline. Secondary analyses were also conducted
limiting follow-up time to the ages of 67–77 years to enhance
comparability and using Cancer of the Prostate Risk
Assessment (CAPRA) classification instead of EAU risk group
for prognostic subgroups.

Materials and Methods
The retrospective cohort analysis was conducted as a
subgroup analysis of the trial by age group at randomisation
and stratifying tumour characteristics (EAU risk group) at
diagnosis, with PCa mortality in the SA vs the control arm
(CA) within each subgroup as the outcome. This study
included men from the three largest ERSPC centres: Finland,
the Netherlands and Sweden.

A Zelen design was used in Finland and Sweden, with men
randomised before consent. Men who were assigned to the
SA were invited to screening, while men in the CA were not
contacted. In the Netherlands, men were invited to participate
and were randomised after consent. Eligible men were aged
55, 59, 63 or 67 years at baseline in Finland, 55–74 years in
the Netherlands and 50–69 years in Sweden [5].

The analysis included 80 144 men in Finland, of whom 8000
were annually allocated randomly to the SA during 1996–
1999, with the remainder forming the CA. This led to 31 867
men comprising the SA and 48 277 men in the CA
representing, approximately a 1:1.5 allocation ratio (SA:CA).
[6] We accounted for this allocation ratio in all our analyses.

The analysis included 34 832 men in the Netherlands after
exclusions because of age or death prior to randomisation.
The men were randomised to the SAs and CAs using a 1:1
allocation ratio, resulting in 17 442 men in the SA and
17 390 in the CA.

In Sweden, 20 000 men aged 50–64 years were randomised
from the population register either to the SA or CA using a
1:1 allocation ratio [5]. We excluded 8071 men younger than
55 years for comparability with the other centres. Out of
11 851 men eligible for this analysis, 5900 men were in the
SA and 5951 in the CA.

The primary screening test was serum PSA determination. The
cut-off point used for diagnostic examination in Finland was
4.0 ng/mL, and men with PSA 3.0–3.9 ng/mL were referred to a
secondary test (DRE in 1996–1998 and free/total PSA
ratio <0.16 from 1999). In the Netherlands, DRE, TRUS and
PSA (cut-off point 4.0 ng/mL) were used before 1997 and from
1997 PSA alone was used, with a cut-off of 3.0 ng/mL. In
Sweden, only PSA was used, with cut-offs of 3.0 ng/mL in 1995–
1998 and 2.5 ng/mL from 1999. The screening interval was
4 years in Finland and the Netherlands, and 2 years in Sweden.
In Finland, men were invited to screening a maximum of three
times until age 71 years, in the Netherlands a maximum of five
times until age 55–74 years, and in Sweden a maximum of 10
times until age 67–71 years (until the end of 2014).

In each country, the men were followed for mortality from
randomisation until death or end of follow-up (common
closing date). Follow-up was truncated at 16 years to ensure
comparability across countries. Because of this, the maximum
number of screening rounds men could attend during the
follow-up was three in Finland, four in the Netherlands and
eight in Sweden (Table S1).

The diagnostic evaluation included DRE, TRUS and
TRUS-guided systematic prostate biopsy in all countries [5].
In Finland, from 1996 until 2002 sextant biopsies were used,
but in 2002, a shift was made to use 10–12 core biopsies. In
Sweden, sextant biopsies were used from 1995 until 2009,
when 10-core biopsies were adopted. In the Netherlands,
sextant biopsies were used from 1993 until the end of
follow-up [6].

Prostate cancer-specific mortality was defined based on
International Classification of Diseases (ICD)-9 and ICD-10
codes in Finland and Sweden. The causes of death were
determined by a Cause of Death Committee based on review
of medical records (blinded to trial arm). Excellent agreement
between official causes of death and the assignments of the
Cause of Death Committee was demonstrated, hence
the official causes of death were employed as the outcome
after 2003 [7–10].

The main data analysis compared PCa mortality between the
trial arms within subgroups of the population using Cox
proportional hazard regression to estimate hazard ratios
(HRs) and their 95% CIs. We also calculated absolute effect
as mortality rate differences (RDs). Subgroup differences were
evaluated using likelihood ratio tests as a measure of
goodness of fit, comparing a model including the main effects
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only with a nested model with an interaction term for trial
arm and for either age or risk group. Harrell’s C was used to
describe the goodness of fit for CAPRA score.

We compared PCa mortality by age group (55–59, 60–64 and
65–69 years at baseline, i.e., randomisation) and analysed
mortality by tumour prognostic features at diagnosis, i.e.,
EAU risk groups defined by Gleason grade, TNM stage and
PSA level at diagnosis. Follow-up from randomisation was
also used in the analyses by prognostic features to avoid
lead-time bias. In addition, we performed secondary analyses
where follow-up started at 67 years for all age groups and
was truncated at 77 years, to improve comparability in
analyses by age at randomisation. This limited the maximum
follow-up time to 10 years. In addition, we used CAPRA
points, which provide more granular prognostic classification,
to create smaller groups and compared SAs and CAs within
these groups [11]. CAPRA groups were combined to achieve
sufficient sample sizes (minimum of 24 deaths). In Finland,
men were classified into eight groups comprising each point
separately, with the exception of men with CAPRA scores of
7 and 8, which were combined. In the Netherlands, CAPRA
scores of 1 and 2 were merged, as well as scores of 8 and 9.
In Sweden, scores were grouped into 1–3, 4–5 and 8–9
points. A per-protocol analysis of men who ever participated
at screening was performed to assess the impact of excluding
non-participating men from the SA.

Data analysis was performed using Stata statistical software
(version 17; StataCorp LLC, College Station, TX, USA).

Results
As expected, the distribution of men by age group at baseline
was similar in the two trial arms. During the 16-year follow-

up, there were 696 PCa deaths in Finland, 276 in the
Netherlands and 148 in Sweden (Table 1). In Finland,
the cumulative PCa mortality at 16 years was 0.83% in the
SA and 0.90% in the CA. In the Netherlands, the cumulative
risks were 0.63% (SA) and 0.95% (CA), and in Sweden they
were 1.0% (SA) and 1.5% (CA; Table 2). Risk group
distribution was more favourable in younger ages in all three
centres (Table S2).

Analyses by age at entry

We used an interaction term to evaluate differences between
the trial arms by age group. The interaction term did not
significantly improve the model fit in the combined dataset
including all three centres (P = 0.18), nor in any of the
centres (P = 0.40 in Finland, P = 0.56 in the Netherlands and
P = 0.16 in Sweden). A three-way interaction term between
age, SA and centre did not indicate significant differences in
the screening effect between age groups by centre (P = 0.25).

In Finland, in the Cox regression analysis, the HR for PCa
death in the SA relative to the CA was close to unity for the
men aged 55–59 and 60–64 years (HR 0.96, 95% CI 0.75–1.24
and 1.03, 95% CI 0.77–1.37, respectively) and was slightly
below one for men aged over 65 years at entry (HR 0.80,
95% CI 0.62–1.03). Furthermore, the RD was close to unity
for men aged 55–64 years and slightly larger, although
nonsignificant, for men aged 65–69 years (Table 2; Fig. 1).

In the Netherlands, the HR for the SA relative to the CA was
slightly, although nonsignificantly, lower for the men aged
55–59 years (HR 0.70, 95% CI 0.44–1.12) and 60–64 years
(HR 0.76, 95% CI 0.50–1.16), with a larger and significant
reduction for men aged 65–69 years (HR 0.57, 95% CI 0.38–
0.83). Moreover, the RD increased with age at entry, and was

Table 1 Distribution of men in age and EAU risk groups by arm and their causes of death from the European Randomised Study of Screening for
Prostate Cancer.

Finland The Netherlands Sweden
Trial arm Trial arm Trial arm

Screening Control Screening Control Screening Control

Age at randomisation, n (%)
55–59 years 18 841 (59.1) 28 632 (59.3) 6827 (39.1) 6663 (38.3) 3123 (52.9) 3162 (53.1)
60–64 years 6897 (21.6) 10 389 (21.5) 5603 (32.1) 5646 (32.5) 2777 (47.1) 2789 (46.9)
65–69 years 6129 (19.2) 9256 (19.2) 5012 (28.7) 5081 (29.2) – –
Total 31 867 (100) 48 277 (100) 17 442 (100) 17 390 (100) 5900 (100) 5951 (100)

EAU risk group of prostate cancer, n (%)
Low 1485 (1.9) 1311 (1.6) 1652 (4.7) 612 (1.8) 566 (4.8) 277 (2.3)
Intermediate 1258 (1.6) 1871 (2.3) 577 (1.7) 391 (1.1) 200 (1.7) 227 (1.9)
High 513 (0.7) 846 (1.1) 171 (0.5) 200 (0.6) 57 (0.5) 67 (0.6)
Advanced and metastatic 743 (0.9) 1432 (1.8) 55 (0.2) 167 (0.5) 57 (0.5) 89 (0.8)
Missing 140 (0.2) 166 (0.2) 97 (0.3) 32 (0.1) 40 (0.3) 65 (0.5)
Total 31 867 (39.8) 48 277 (60.2) 17 442 (50.1) 17 390 (49.9) 5900 (49.8) 5951 (50.2)

Cause of death, n (%)
Prostate cancer 263 (0.83) 433 (0.90) 110 (0.63) 166 (0.95) 61 (1.0) 87 (1.5)
Other causes 9407 (29.5) 14 118 (29.2) 5178 (29.7) 5272 (30.3) 1697 (28.8) 1717 (28.9)

EAU, European Association of Urology.

� 2024 The Authors.
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largest and statistically significant for the age group 65–
69 years (Table 2; Fig. 1).

In Sweden, the HR for the SA was materially lower for the
men aged 55–59 years (HR 0.42, 95% CI 0.24–0.73) and close
to unity for the age group 60–64 years (HR 0.97, 95% CI
0.64–1.48). The Swedish trial did not include men older than
65 years at randomisation. Additionally, the RD indicated a
materially lower PCa-specific mortality for the men in the SA
aged 55–59 years, while there was hardly any difference
between the trial arms among men aged 60–64 years
(Table 2; Fig. 1).

Analyses by EAU Risk Group

An interaction term for SA and EAU risk group contributed
to the model fit in the combined dataset but did not quite

reach statistical significance (P = 0.07). In Finland, the Cox
regression analysis showed higher mortality in the SA for the
low- and high-risk groups (HR 2.02, 95% CI 1.03–3.95 and
HR 1.93, 95% CI 1.28–2.92, respectively), slightly higher
mortality for the intermediate-risk cases (HR 1.48, 95% CI
0.96–2.27) and materially lower mortality only for advanced
disease at diagnosis (HR 0.67, 95% CI 0.56–0.82). The RD
favoured the CA for low-risk, intermediate-risk and high-risk
PCa, and favoured the SA for advanced disease (Table 2;
Fig. 2).

In the Netherlands, the HR was materially higher in the
SA for low-risk PCa (HR 5.46, 95% CI 1.21–24.63),
slightly and nonsignificantly higher for the
intermediate-risk PCa (HR 1.23, 95% CI 0.68–1.95),
somewhat lower for high-risk PCa (HR 0.52, 95% CI

Table 2 Prostate cancer deaths and mortality rates by European Randomised Study of Screening for Prostate Cancer arm and country.

Prostate cancer deaths PCa mortality rate
(cases/10 000 person-
years)

HR (95% CI) Mortality rate
difference per
10 000 person-years
(95% CI)

Screening Control Screening Control

Finland
Age at randomisation

55–59 years 98 155 3.65 3.79 0.96 (0.75–1.24) �0.14 (�1.08, +0.79)
60–64 years 77 114 8.36 8.18 1.03 (0.77–1.37) 0.18 (�2.22, +2.57)
65–69 years 88 164 11.56 14.44 0.80 (0.62–1.03) �2.88 (�6.15, +0.40)
Total 263 433 6.02 6.54 0.92 (0.79–1.07) �0.52 (�1.48, +0.43)

PCa EAU risk group
Low 20 15 0.46 0.23 2.02 (1.03–3.95) 0.23 (0.00, +0.46)
Intermediate 41 42 0.94 0.63 1.48 (0.96–2.27) 0.30 (�0.42, +0.65)
High 51 40 1.17 0.60 1.93 (1.28–2.92) 0.56 (0.19–0.93)
Advanced and metastatic 147 330 3.36 4.99 0.67 (0.56–0.82) �1.62 (�2.39, �0.86)
Missing 4 5 0.09 0.08 1.21 (0.33–4.51) �0.16 (�0.96, +0.13)
Total 263 432 6.02 6.53 0.92 (0.79–1.08) �0.51 (�1.46, +0.44)

The Netherlands
Age at randomisation

55–59 years 31 43 3.08 4.37 0.70 (0.44–1.12) �1.29 (�2.99, +0.41)
60–64 years 39 51 4.96 6.49 0.76 (0.50–1.16) �1.53 (�3.89, +0.83)
65–69 years 40 72 6.29 11.14 0.57 (0.38–0.83) �4.84 (�8.07, �1.61)
Totals 110 166 4.53 6.87 0.66 (0.52–0.84) �2.34 (�3.68, �1.00)

PCa EAU risk group
Low 11 2 0.45 0.08 5.46 (1.21–24.63) 0.37 (+0.08, +0.66)
Intermediate 41 33 1.69 1.37 1.23 (0.68–1.95) 0.32 (�0.37, +1.02)
High 23 44 0.95 1.82 0.52 (0.31–0.86) �0.87 (�1.54, +0.21)
Advanced and metastatic 24 85 0.99 3.52 0.28 (0.18–0.44) �2.53 (�3.37, �1.68)
Missing 8 2 0.33 0.08 3.98 (0.85–18.75) 0.25 (�0.09, +0.50)
Total 107 166 4.40 6.87 0.64 (0.50–0.82) �2.46 (�3.80, �1.13)

Sweden
Age at randomisation

55–59 years 18 43 4.02 9.51 0.42 (0.24–0.73) �5.49 (�8.89, �2.09)
60–64 years 43 44 11.47 11.76 0.97 (0.64–1.48) �0.29 (�5.17, +4.59)
Total 61 87 7.42 10.53 0.70 (0.51–0.97) �3.11 (�6.00, �0.22)

PCa EAU risk group
Low 11 4 1.34 0.48 2.76 (0.88–8.66) 0.85 (�0.07, +1.78)
Intermediate 15 17 1.82 2.06 0.89 (0.44–1.77) �0.23 (�1.58, +1.11)
High 9 11 1.09 1.33 0.82 (0.34–1.98) �0.24 (�1.30, +0.83)
Advanced and metastatic 24 50 2.92 6.05 0.48 (0.30–0.78) �3.13 (�5.18, �1.09)
Missing 2 5 0.24 0.61 0.40 (0.78–2.07) �0.36 (�0.99, +0.27)
Total 61 87 7.42 10.53 0.70 (0.51–0.98) �3.11 (�6.00, �0.22)

Hazard ratios and mortality rate differences for the screening arm compared to the control arm. EAU, European Association of Urology; HR, hazard
ratio; PCa, prostate cancer.
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0.31–0.86) and clearly reduced for advanced disease (HR
0.28, 95% CI 0.18–0.44). The RDs showed identical
results to the HRs (Table 2; Fig. 2).

In Sweden, mortality from low-risk PCa was slightly and
nonsignificantly higher in the SA than in the CA (HR
2.76, 95% CI 0.88–8.66), was slightly lower for the
intermediate- and high-risk groups (HR 0.89, 95% CI
0.44–1.77 and HR 0.82, 95% CI 0.34–1.98, respectively),
and was materially lower for advanced disease (HR 0.48,
95% CI 0.30–0.78). The RDs followed the same pattern as
the HRs (Table 2; Fig. 2).

Secondary Analyses

In the secondary analyses, the results for Finland did not
differ from the main analysis when starting follow-up at age
67 years and truncating at 77 years, limiting follow-up to
10 years. In the Netherlands, the mortality reduction among
screened men was clearer in the secondary analysis among
men aged 60–64 years at entry (HR 0.56, 95% CI 0.34–0.91).
In Sweden, the difference between the arms in the age group
55–59 years diminished in the restricted analysis (HR 0.56,
95% CI 0.28–1.10; Table 3). In a per-protocol analysis
excluding men who never participated in screening from the

Fig. 1 Hazard ratios (HRs) for the screening arm compared to the control arm within age groups by centre. FI, Finland; NL, the Netherlands; SE, Sweden.

Fig. 2 Hazard ratios for the screening arm compared to the control arm within European Association of Urology risk groups (advanced group includes

metastatic disease) by centre. FI, Finland; NL, the Netherlands; SE, Sweden.

� 2024 The Authors.
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SA, the oldest age group in Finland and men aged 60 to
64 years in the Netherlands showed a statistically significant
benefit from screening (Table S3).

In the analysis by CAPRA score, PCa mortality in cases with
high scores was lower in the SA compared with the CA in all
three centres (Harrell’s C = 0.95 for Finland and the
Netherlands, 0.85 in Sweden). Conversely, PCa mortality in

cases with low CAPRA scores (1–3 points) was higher in the
SA compared to the CA in all three centres (Fig. 3).

Discussion
This retrospective cohort analysis shows that PCa mortality
reduction through screening differed by age group across the

Table 3 Prostate cancer deaths and mortality rates by European Randomised Study of Screening for Prostate Cancer arm and country.

PCa deaths PCa mortality rate (cases/
10 000 person-years)

HR (CI 95%) Mortality rate
difference per 10 000
person-years (CI
95%)Screening arm Control arm Screening arm Control arm

Finland
Age at randomisation

55–59 years 59 105 5.76 6.74 0.86 (0.62–1.18) �0.98 (�2.93, +0.98)
60–64 years 51 76 8.34 8.19 1.02 (0.71–1.45) 0.14 (�2.79, +3.08)
65–69 years 41 84 7.71 10.54 0.73 (0.50–1.06) �2.83 (�6.10, +0.43)
Total 151 266 6.96 8.07 0.86 (0.71–1.05) �1.11 (�2.58, +0.37)

The Netherlands
Age at randomisation

55–59 years 16 20 4.17 5.35 0.78 (0.40–1.50) �1.18 (�4.29, +1,93)
60–64 years 25 45 5.02 8.97 0.56 (0.34–0.91) �3.96 (�7.23, �0.68)
65–69 years 19 40 4.50 9.33 0.48 (0.28–0.83) �4.83 (�8.36, �1.30)
Totals 60 105 4.60 8.05 0.57 (0.42–0.78) �3.45 (�5.38, �1.52)

Sweden
Age at randomisation

55–59 years 13 24 7.58 13.66 0.56 (0.28–1.10) � 6.09 (�12.93, +0.76)
60–64 years 33 33 13.61 13.62 1.00 (0.62–1.62) � 0.01 (�6.58, +6.57)
Total 46 57 11.11 13.64 0.82 (0.55–1.20) �2.53 (�7.31, +2.25)

Hazard ratios and mortality rate differences for the screening arm compared to the control arm within follow-up time truncated by age (covering
only ages 67–77 years). HR, hazard ratio; PCa, prostate cancer.

Fig. 3 Hazard ratios for the screening arm compared to the control arm within groups defined by Cancer of the Prostate Risk Assessment (CAPRA) score

by centre. FI, Finland; NL, the Netherlands; SE, Sweden.
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three major ERSPC centres, except for the age group 60–
64 years, where the screening effect was minimal. A
paradoxical effect of screening was a stage shift resulting in
excess mortality from early-stage cancer observed in all
centres, contrasting with a significant reduction in late-stage
PCa-specific mortality. The Netherlands and Sweden
displayed a gradient toward a larger effect with higher EAU
risk groups, unlike Finland, where benefits were mainly
observed among men with advanced disease.

Screening had a smaller impact on mortality overall in Finland
than in the other countries in all age and EAU risk groups,
consistent with earlier analyses. Finnish men aged 65–69 years at
randomisation in the SA had slightly, and nonsignificantly lower
PCa mortality than those in the CA. Lower mortality was also
found from advanced disease. In the Netherlands, screening
lowered PCa mortality slightly for men in the age groups 55–59
and 60–64 years and materially for men older than 65 years at
entry. Furthermore, in the Netherlands, PCa mortality from
advanced cancer and to a lesser extent also from high-risk disease
was lower in the SA than in the CA. In Sweden, the screening
effect on PCa mortality was largest for men aged 55–59 years at
baseline and those with advanced PCa. In all three centres, the
SA showed excess mortality from low-risk cancer, although it was
less pronounced and nonsignificant in Sweden. Despite
differences in the overall PCa mortality level within the SA, PCa
mortality was notably higher in the Swedish CA compared with
the Finnish and Dutch CAs at ages 55–59 years.

A similar analysis has also been conducted in the PLCO trial.
In the intervention arm, 44% and in the usual care arm 48%
of men with Gleason scores of 8–10 died from PCa.
Consistent with our results, PCa mortality with Gleason
score <7 cancer was higher in the intervention arm than in
the CA (26% vs 20%) [12].

The CAP trial [13] showed no significant screening effect on
PCa mortality overall or within age groups. The rate
difference between the SA and CA per 1000 person-years for
men aged 55–59 years was 0, for men aged 60–64 years it
was �0.07 and for men aged 65–69 years it was +0.07 [13].

A previous analysis of the Swedish arm of the ERSPC showed
a substantially larger PCa mortality reduction in men aged
55 years at entry compared to those aged 60 years [14].

Study limitations include the fact that comparison of
mortality by EAU risk group was not and could not be based
on a randomised comparison. Also, we had no family history
or genetic data. Screening protocols and treatment approaches
varied among centres as these were not defined in the trial
protocol. Our results are based on data from three European
countries, limiting their generalisability. At randomisation
only men older than 55 years were included, so we could not
assess screening effectiveness for younger men. Our findings
may not be directly applicable to the current diagnostic

pathway for PCa with multiparametric MRI imaging and
targeted biopsies [15].

There are several potential explanations for the differences in
results among countries. Variations in screening protocols
resulted in different screening patterns even within age
groups between the three centres in terms of number of
screening rounds, screening duration, and time since the last
screen which may decrease comparability. The number of
screening rounds during the 16 years of follow-up for the
youngest ages ranged from three in Finland to eight in
Sweden. Stopping age was 63–71 years in Finland, 71–
74 years in the Netherlands and 67–70 years in Sweden. The
last screen for the oldest age group was 4 years before
the younger age groups in Finland, and 8 years before the
youngest in the Netherlands, and therefore a declining trend
in PCa mortality could also have affected the results. The
larger mortality reduction in the age group 55–59 years in
Sweden compared to Finland and the Netherlands is probably
attributable to the larger number of screening rounds and
longer screening duration. Possible differences in treatment
may also play a role, although no clear differences have been
shown between trial arms in the ERSPC [16].

The main analysis covered follow-up at different ages and
various time periods since the last screen by age group,
and to an extent also among the centres. A previous Swedish
analysis suggested that mortality reduction is at its largest
during the first 6 years since the last screen and diminishes
to practically zero by 10 years [17]. To enhance
comparability, a secondary analysis was conducted, truncating
follow-up to ages 67–77 years (10 years). The secondary
results closely mirrored the main findings. In the
Netherlands, men aged 60–64 years had lower PCa mortality
in the SA compared with the CA. In Sweden, the screening
effect was consistent with the main analysis, although with a
slightly smaller magnitude in the age group 55–59 years and
with no effect in the age group 60–64 years.

To refine risk stratification, in a secondary analysis, we used
CAPRA score as a more granular prognostic classification
than EAU risk group. This showed similar results to the main
analysis with EAU risk groups. Low-risk groups in the SAs
appeared to have excess mortality, while high-risk groups had
lower mortality across centres. The findings suggest
prognostic misclassification and ineffective treatment for
screen-detected low-risk disease.

Length bias can distort comparisons based on survival time in
screening studies [18]. We minimised this by starting
follow-up at randomisation rather than at diagnosis.
However, our analysis of EAU risk groups indicated increased
mortality in the SA for low-risk PCa, likely due to length
bias. These cancers were detected early and would have been
more advanced at diagnosis in the absence of screening.
Therefore, similar cases in the CA were probably classified as

� 2024 The Authors.
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higher risk disease. Of course, if all early cancers could be
cured, no such shift would have occurred, as there would be
no mortality from screen-detected cases.

In addition to survival time, earlier detection by screening
can also affect distribution by stage and prognostic risk
group. Of the PCa deaths in the SA, 8%–18% were from
cases that were initially classified as low-risk disease but that
progressed after diagnosis and primary management. In the
CA without screening, some of those cases are probably
diagnosed at a later stage with more advanced presentation.
This means that cases diagnosed at an early stage are not
comparable between the trial arms, and our results suggest
that those in the SA include more cases that are bound to
progress. This is a likely explanation for the higher mortality
in the SA for low-risk PCa, instead of poorer outcome due to
screening. Another probable explanation for the observed
difference is the later diagnosis date in the CA. With more
precise prognostic categorisation, improved identification of
higher risk cases results in a shift of cancers from the
low-risk group to the higher risk group, which results in
better outcomes in both low- and high-risk categories, even
in the absence of real improvement of prognosis [19].

Sticky-diagnosis bias may falsely elevate PCa mortality [18] but
analyses within the ERSPC have shown excellent concordance
between official and adjudicated causes of death and no
differences between the trial arms [7,8]. Also, intervention-related
deaths could increase PCa mortality. However, there were only
34 intervention-related deaths in the entire ERSPC, so this is
unlikely to have affected the results [20].

Strengths of our study include the high-quality data from the
large, randomised ERSPC trial. The causes of death data have
been validated, and the conclusion was that the risk of deaths
from other causes incorrectly attributed to PCa in the
screening group was minimal [7–9].

The European Commission recently published its draft
screening recommendation including PSA screening for men
up to 70 years, emphasising a risk-stratified approach [21].
This study offers pertinent evidence to identify men who are
likely to benefit from screening. Although the optimal age
group for a larger screening effect within ages 55–69 years
could not be unequivocally identified, our findings suggest
that sufficient duration of screening and number of screening
rounds are important for screening effectiveness.

Further investigation is necessary to determine an optimal
population-based screening regimen concerning age range,
duration, and frequency, likely incorporating MRI and
additional biomarkers alongside PSA. Our results are
consistent with the notion that the PCa mortality reduction
from PSA-based screening is attributable to finding advanced
cancers early enough to be treatable. The addition of MRI
might only increase overdiagnosis and stage migration, not

actually finding advanced cancer earlier [22]. However, it is
hard to draw inference to the current setting from the old
setting of systematic biopsies based on PSA alone.

In conclusion, we were unable to identify unequivocally the
optimal age group with the largest screening effect within
the range 55–69 years, as the PCa mortality reduction
differed among centres and age groups, with no clear pattern.
However, our findings suggest that duration of screening,
together with number and frequency of screening rounds, are
important for screening effectiveness. PCa mortality reduction
in the SA was mainly attributable to an effect of stage shift.
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