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Background—Current prostate cancer screening guidelines conflict with respect to the age at 

which to initiate screening.

Objective—To evaluate the effect of prostate-specific antigen (PSA) screening, versus zero 

screening, starting at age 50-54, on prostate cancer mortality.

Design, Setting, and Participants—This is a population-based cohort study comparing 3,479 

men aged 50 through 54 randomized to PSA-screening in the Göteborg population-based prostate 

cancer screening trial, initiated in 1995, versus 4,060 unscreened men aged 51 to 55 providing 

cryopreserved blood in the population-based Malmö Preventive Project in the pre-PSA era, during 

1982-1985.

Outcome measures and Statistical Analysis—Cumulative incidence and incidence rate 

ratios of prostate cancer diagnosis, metastasis, and prostate cancer death.

Results and Limitation—At 17 years, regular PSA-screening in Göteborg of men in their early 

50s carried a more than 2-fold higher risk of prostate cancer diagnosis compared to the unscreened 

men in Malmö (IRR 2.56, 95% CI 2.18, 3.02), but resulted in a substantial decrease in risk of 

metastases (IRR 0.43, 95% CI 0.22, 0.79) and prostate cancer death (IRR 0.29, 95% CI 0.11, 

0.67). There were 57 fewer prostate cancer deaths per 10,000 men (95% CI 22, 92) in the screened 

group. At 17 years, the number needed to invite to PSA-screening and the number needed to 

diagnose to prevent one prostate cancer death was 176 and 16, respectively. The study is limited 

by lack of treatment information and the comparison of two different birth cohorts.

Conclusions—PSA screening for prostate cancer can decrease prostate cancer mortality among 

men aged 50–54, with NNI and NND comparable to those previously reported from the European 

Randomized Study of Screening for Prostate Cancer for men aged 55-69 years, at similar follow-

up. Guideline groups could consider whether guidelines for PSA screening should recommend 

starting no later than at ages 50-54.

Trial registration—The Göteborg randomized population-based prostate cancer screening trial 

is registered with the ISRCTN registry (isrctn.com). Identifier: ISRCTN54449243.

Keywords

prostate-specific antigen; prostate cancer; screening

Introduction

Guidelines conflict regarding the age to start prostate specific antigen (PSA) screening[1-6]. 

The European Association of Urology recommends obtaining a baseline PSA at age 40–

45[2] whereas the American Urological Association recommends starting at age 55 for most 

men.[3]

There is little evidence on the effects of screening men in their early 50’s. The Swedish 

Göteborg randomized population-based prostate cancer screening trial[7] is unique starting 

at ages 50-64 and provides a critically important opportunity to determine the impact of 

starting screening at ages 50-55 on prostate cancer incidence and mortality. While the rate of 

PSA-testing was low when the trial was initiated[7], a substantial proportion of men in the 
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control arm of the trial has likely been exposed to PSA-testing during recent years[8-9]. 

Such contamination may dilute the relative difference in prostate cancer incidence and 

mortality in the conventional intention-to-screen analysis, comparing the randomized arms.

Therefore, an ideal comparison group would be an age-matched pre-PSA era cohort of men 

with similar background risk and similar follow-up time as the screening group. The 

Swedish Malmö Preventive Medicine Project (MPP) is one such cohort, in which men gave 

blood in the early 80’s as part of a cardiovascular risk factor study.[10, 11] Because the 

PSA-test was not widely disseminated until mid-to-late 1990s in Sweden[12], this cohort has 

been followed without much PSA-screening at all, as widely accepted and described in 

previous reports [10,11,13].

Our goal was to evaluate the effect of regular PSA-screening starting before age 55, on 

prostate cancer incidence, metastasis and prostate cancer mortality, compared to an 

unscreened population. We hypothesized that starting screening at age 50 would be 

associated with a larger relative risk reduction than screening starting at 55–69, on the 

grounds that, for at least some men, cancer would progress from curable to incurable after 

the age of 50. We also hypothesized that the absolute risk reduction would be lower, because 

the risk of lethal prostate cancer is lower among younger than older men, given similar 

follow-up.

METHODS

Subjects, Measurements and Outcomes

The study populations, measurements and outcome ascertainment have been described in 

detail elsewhere[7, 10-11, 13-16]. The Göteborg trial (ISRCTN54449243) randomized 

20,000 men to biennial PSA-screening or to a control group (1:1 ratio) in 1995. Men with a 

PSA-level above the cut-off (initially 3.0 ng/mL and 2.5 ng/mL since 2005) were 

recommended further urological work-up including prostate biopsy. The upper age limit for 

screening was 70 years. [7] In the present study, men in the screened cohort in Göteborg 

consisted of 3,479 men randomized to screening aged 50 through 54 at their first PSA-

invitation date in 1995-1997 and men in the unscreened cohort in Malmö consisted of 4,060 

men who provided blood samples at age 51-55 in 1982-1985.

Statistics

Our primary aim was to compare the number of cancers diagnosed, documented distant 

metastases, and prostate cancer deaths between the screened and unscreened participants. 

We calculated cumulative incidence for the outcomes of prostate cancer, prostate cancer 

metastases, overall mortality, and prostate cancer death based on 17 years of follow-up from 

the time of blood draw. For Göteborg men randomized to screening who never had a PSA 

test, we used the median date of the blood draw among those attending. Of patients who 

were not diagnosed with prostate cancer, 81% in Malmö and 62% in Göteborg had 17 years 

of follow-up. At 13 years, the corresponding proportions were 85% and 88%, respectively.

Incidence rate ratios and incidence rate differences for the effect of screening on prostate 

cancer diagnosis, metastasis and death were calculated based on 17 years of follow-up. The 
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primary analysis was made on the basis of the intention-to-screen principle. Thus, our 

approach was biased towards the null, because we compared everyone in Göteborg (whether 

they attended or not) with only attendees in Malmö. Screening attendees tend to be healthier 

and more health conscious than the average population invited (‘healthy worker bias’ or 

‘healthy screenee bias’[17]). Secondary analyses were performed restricted to attendees only 

in Göteborg, that is, men randomized to screening who participated and had a PSA test at 

least once.

Several hypotheses can explain any observed difference in prostate cancer mortality between 

the two non-contemporaneous cohorts. The first is if more men die of other causes in one 

cohort, their risk of dying from prostate cancer would be lower. Overall mortality is close to 

death from other causes and so we calculated the incidence rate difference of overall 

mortality between Göteborg and Malmö. A second hypothesis would be improvements in 

treatment over time. If, for instance, an effective drug for prostate cancer was developed 

between the end of the Malmö cohort and the beginning of the Göteborg cohort, this would 

lead to a survival advantage for the latter. To assess whether differences in treatment would 

affect our findings, we investigated the age-standardized prostate cancer mortality in Sweden 

over the time frame of both cohorts.[18] If prostate cancer mortality rates remained constant, 

then there would be no evidence that any mortality differences between these two cohorts 

were related to differences in treatment. The third hypothesis would be that differences in 

prostate cancer mortality between cohorts were related to an effect of PSA screening.

To quantify the benefits of regular PSA screening, we calculated the number of men needed 

to invite to screening (NNI) and the number of men needed to be diagnosed (NND) to 

prevent one man from dying from prostate cancer. We calculated the NNI to screening as the 

inverse of the absolute risk reduction between the screened and unscreened groups based on 

17 years of follow-up. We calculated the NND as the inverse absolute risk reduction 

multiplied by the excess incidence of prostate cancer diagnosis in the screened group based 

on 17 years of follow-up. As a sensitivity analysis, we calculated cumulative incidences 

adjusted for the competing risk of death from other causes.

We believe that prostate cancer metastasis were followed more closely in Göteborg, since 

these patients were attendees of a screening trial in regular contact with the urology clinic 

and access to tests such as bone scintigraphy. We therefore performed a sensitivity analysis 

where we defined Malmö participants without previous documented evidence of distant 

metastasis but who died of prostate cancer between 17 and 19 years of follow-up as 

developing distant metastasis at 17 years of follow-up. All analyses were performed using 

Stata, version 12.0 (StataCorp, College Station, TX).

RESULTS

Over 17 years follow-up, 463 men were diagnosed out of 3,479 men in Göteborg (15.0% 

cumulative incidence) compared to 225 men out of 4,060 men in Malmö (6.3% cumulative 

incidence) (Tables 1 and 2). The men randomized to screening in Göteborg who were 

diagnosed with prostate cancer more frequently exhibited non-palpable clinical stage T1c 

tumors, whereas the men diagnosed with prostate cancer in Malmö presented with palpable 

Carlsson et al. Page 4

Eur Urol. Author manuscript; available in PMC 2018 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



disease and more often presented with distant metastases at diagnosis (p<0.0001). The 

majority (95%) of prostate cancer patients in Göteborg were diagnosed with biopsy Gleason 

score ≤ 7 disease. Men in Göteborg were younger (63 vs. 67 years) and had lower PSA-

levels at diagnosis (median 4.4 vs.12.8 ng/mL). Of the 463 prostate cancers diagnosed in the 

Göteborg cohort, 392 were detected through screening (85%). There were 15 men with 

documented evidence of metastasis during 17 years follow up (cumulative incidence 0.5%) 

in Göteborg as compared with 42 (cumulative incidence 1.2%) in Malmö, and 7 prostate 

cancer deaths (cumulative incidence 0.2%) in Göteborg as compared with 29 (cumulative 

incidence 0.8%) in Malmö (Table 2).

Table 3 displays the 17-year outcome rates per 1,000 person years. Cumulative incidence 

plots are given in figures 1-3. The rate ratios for incident diagnosis, metastases, and death 

from prostate cancer were 2.56 (95% CI 2.18, 3.02), 0.43 (95% CI 0.22, 0.79), and 0.29 

(95% CI 0.11, 0.67), respectively, at 17 years among screened men compared with the 

unscreened men based on an intent-to-screen analysis. The rate of prostate cancer death was 

0.45 per 1,000 person years (95% CI 0.32, 0.65) among men in Malmö and 0.13 per 1,000 

person years (95% CI 0.06, 0.27) among men randomized to screening in Göteborg. Thus, 

biennial prostate cancer screening starting at age 50–54 carried a substantial risk of being 

diagnosed with prostate cancer that was more than 2-fold higher in the screened group 

compared to the unscreened group. Yet, there was a 71% relative reduction in the incidence 

of prostate cancer death among men invited to screening in Göteborg as compared to 

Malmö.

As expected, there was no significant difference in overall mortality between cohorts with an 

incidence rate difference of −0.1 per 1,000 person years (95% CI −1.3, 1.1) (Table 3 and 

Figure 4). This suggests that comparisons of prostate cancer mortality are not affected by the 

competing risk of other cause mortality. With respect to nationwide trends in prostate cancer 

mortality, between 1987-2012, Swedish age-standardized mortality from prostate cancer 

remained relatively stable around 60-70 deaths per 100,000 men, with a modest decline seen 

only in the past few years [18]. It seems implausible that any improvements in the 

effectiveness of prostate cancer treatment during the study period could explain the large 

difference in prostate cancer mortality between Göteborg and Malmö.

Table 4 shows the effects of screening on incidence, metastasis, and prostate cancer 

mortality. The increase in diagnosis incidence associated with screening was 872 (95% CI 

723, 1022) per 10,000 men. However, there was a decrease in the risk of death from prostate 

cancer of 57 (95% CI 22, 92) per 10,000 men at 17 years. Invitation to attend screening 

starting at age 50-54 significantly reduced prostate cancer mortality with a number needed to 

be invited to screening of 176 and a number needed to diagnose of 16 to prevent one death 

from prostate cancer at 17 years.

While primary analyses included all men randomized to screening in Göteborg, we also 

performed a sensitivity analysis restricted to men in the Göteborg cohort who attended at 

first screening between ages 50–54. The cumulative incidence of prostate cancer diagnosis 

was 18.3% for attendees in Göteborg, corresponding to a more than 3-fold higher risk of 

diagnosis as compared to unscreened men in Malmö (IRR 3.20, 95% CI 2.69, 3.80). 
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Excluding non-attendees in Göteborg at age 50-54 revealed a more pronounced prostate 

cancer-specific mortality rate ratio of 0.21 (95% CI 0.04, 0.69), which is a 79% reduction in 

prostate cancer mortality that translates to an NNI of 159 and an NND of 20 in order to 

prevent one prostate cancer death at 17 years. A sensitivity analysis using competing risk 

methods did not drastically alter the estimates of NNI and NND, which were 222 and 18 for 

preventing one prostate cancer death. Similarly, the sensitivity analysis classifying men who 

died from prostate cancer between years 17-19 in Malmö as developing distant metastasis at 

year 17 did not materially alter our results.

DISCUSSION

In this non-randomized comparison between healthy asymptomatic men invited to the 

screening arm of a prospective randomized trial of PSA testing in 1995-97 versus a 

population-based cohort of men providing blood in 1982-85 to determine risk of 

hypertension, metabolic and cardiovascular factors and who were followed during a period 

when PSA testing was not widely available, we found that PSA screening at age 50–54 lead 

to a significant decrease in prostate cancer-specific mortality – 57/10,000 fewer prostate 

cancer deaths or an NNI of 176 at 17 years. This supports the hypothesis that screening 

younger men would allow a greater chance of detection before a lethal cancer becomes 

incurable and is in line with the findings of our previous work on baseline PSA and future 

risk of metastasis comparing ages 45–49 versus 51–55.[10] However, this benefit came at 

the expense of importantly increased risk of overdiagnosis – 872/10,000 more prostate 

cancer diagnoses or an NND of 16 at 17 years. Recalculating NNI and NND at 13 years in 

the present study gives an NNI of 435 and an NND of 32. Comparing these numbers with 

the ERSPC trial which screened men ages 55-69 years, the NNI at was considerably higher 

at 13 years, at 781 while NND was very similar, at 27.[19] We also expect that both NNI and 

NND will decrease with longer follow-up time as differences in mortality increase more 

rapidly over time than differences in incidence. We do, however, acknowledge that the 

approach of basing NND on the excess incidence (incidence rate difference) in the present 

study and that in the ERSPC as a whole, as well as using a shorter observation time, may 

include unknown levels of bias.

To mitigate the harms of overdiagnosis by screening, we acknowledge that diagnosis can 

successfully be uncoupled from immediate treatment through close monitoring of the tumor 

progression (active surveillance). Use of this regimen is high in the Göteborg trial (over a 

quarter).[7]. We currently see broader indications and more use of active surveillance across 

the globe[20-24]. For instance, in Sweden, 59% of men with very low risk and 41% of men 

with low risk disease choose this strategy.[22] Nonetheless, we acknowledge the possible 

drawback of earlier screening in extending the length of time that men live with disease. For 

example, a man destined to be diagnosed with a curable Gleason 7 tumor at age 55 would 

instead be diagnosed at 50, enduring an additional 5 years of cancer-treatment morbidity and 

resource implications. Whether starting screening at age 50 is superior to starting at age 55 

could not be explicitly addressed in the present study. We also acknowledge that the benefit 

of screening in absolute terms is small, but finite, and that the perceptions of the value of 

early detection vis a vis risk of overdiagnosis and overtreatment may vary. Therefore, we 
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propose that a discussion about pros and cons of starting screening at ages 50-54 takes place 

in the context of shared decision-making to help men make high-quality decisions.

Our study is not devoid of limitations. Our study compares two Swedish cohorts from 

different time periods; no screening between 1982-5 and 1999-2002 and screening between 

1995 and 2012. This raises the obvious question of whether improvements in comparison to 

a historical cohort reflect changes in treatment patterns or even differential misattribution in 

cause of death in one situation with a higher disease prevalence due to screening and one 

with a low disease prevalence in its absence. However, we did not find important differences 

in prostate mortality rates in Sweden over time, certainly nothing that could explain such a 

large reduction in prostate cancer mortality between the screened vs. unscreened cohorts (a 

hazard ratio of 0.29). Given the high accuracy of Swedish death certificates – 96% 

agreement with the cause of death committee in the Göteborg trial – as well as no support of 

any change in cause of death determination in a study of men dying from prostate cancer 

before versus after the introduction of PSA, we find cause of death misattribution unlikely.

[25, 26]

ERSPC Göteborg had better results on average than other ERSPC countries[19] and it might 

be questioned whether the results of ERSPC Göteborg are representative of ERSPC, or 

whether they can be applied to other settings. We would first note that the overall strategy in 

Göteborg –screening every two years, median starting age in the mid-fifties[7] – is closer to 

current US and European guidelines[2-5] than the ERSPC as a whole (median starting age in 

the early sixties, screening every four years)[19]. As we have argued previously [27], the 

Göteborg trial would underestimate the mortality benefits of screening due to sub-optimal 

methods of detection (e.g. sextant biopsy) and treatment (i.e. lower dose radiotherapy) 

available in the mid 1990’s. Given these considerations, we have no reason to believe that 

the net benefit of screening men in their early 50’s reported here would be much lower when 

applied to contemporary settings.

We acknowledge what we do not know whether these results about PSA screening based on 

the Göteborg trial apply to other screening settings or to other populations..

Conclusion

We found evidence that PSA screening for prostate cancer can decrease prostate cancer 

mortality among men aged 50–54 and the effect was comparable to that previously reported 

in the ERSPC for men aged 55–69. Guideline groups could consider whether guidelines for 

PSA screening should recommend starting no later than at ages 50-54.
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Figure 1. Cumulative risk of prostate cancer diagnosis
Light grey line: Unscreened men in Malmö

Dark grey line: Men screened in Göteborg
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Figure 2. Cumulative risk of prostate cancer metastasis
Light grey line: Unscreened men in Malmö

Dark grey line: Men screened in Göteborg
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Figure 3. Cumulative risk of prostate cancer death
Light grey line: Unscreened men in Malmö

Dark grey line: Men screened in Göteborg
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Figure 4. Cumulative risk of overall mortality
Light grey line: Unscreened men in Malmö

Dark grey line: Men screened in Göteborg
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Table 1
Characteristics of participants with a diagnosis of prostate cancer within 17 years of 
follow-up from blood draw by cohort

Estimates were given as median (interquartile range) or frequency (percentage).

Characteristics Malmö
unscreened

men (N=225)

Göteborg men
randomized to

screening
(N=463)

p-value*

Age at Diagnosis 67 (64, 69) 63 (60, 66) <0.0001

Total PSA Near Diagnosis
(ng/mL) (N=639)

12.8 (7.6, 25.1) 4.4 (3.5, 6.3) <0.0001

 Unknown 1 (0.2%) 48 (21%)

T stage

 T1 unspecified 16 (7.1%) 0 (0%) <0.0001

 T1A 9 (4.0%) 7 (1.5%)

 T1B 8 (3.6%) 1 (0.2%)

 T1C 26 (12%) 350 (76%)

 T2 74 (33%) 82 (18%)

 T3 65 (29%) 18 (3.9%)

 T4 11 (4.9%) 1 (0.2%)

 TX 16 (7.1%) 4 (0.9%)

Lymph Node Metastases at
Diagnosis

1 (0.4%) 2 (0.4%) 1

Distant Metastases at Diagnosis 18 (8.0%) 6 (1.3%) <0.0001

Gleason Biopsy Score

 GS 2-6 359 (78%)

 GS 7 81 (17%)

 GS 8-10 19 (4.1%)

 Unknown 4 (0.9%)

WHO Biopsy Grade

 1 79 (35%)

 2 85 (38%)

 3 34 (15%)

 Unknown 27 (12%)

*
p-value calculated using Wilcoxon Rank-Sum test for continuous and Fisher’s exact test for categorical variables
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Table 2

Cumulative incidence during the 17-year follow-up period by group.

Outcome Malmö
(unscreened)

(95% CI)

Göteborg
(screened)
(95% CI)

Prostate Cancer Diagnosis 6.3% (5.5%, 7.1%) 15.0% (13.8%, 16.3%)

Prostate Cancer Metastasis 1.2% (0.9%, 1.6%) 0.5% (0.3%, 0.9%)

Prostate Cancer Death 0.8% (0.6%, 1.2%) 0.2% (0.1%, 0.5%)
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Table 3
Incidence rates, rate differences, and rate ratios for 17-year follow-up per 1,000 person 
years

Incidence rate difference (IRD) was defined as the incidence in Malmö subtracted from the incidence in 

Göteborg. Incidence rate ratio (IRR) was defined as the rate in Göteborg over the rate in Malmö.

Outcome

Incidence rate (95% CI)

IRD (95% CI) IRR (95% CI)Malmö
(unscreened)

Göteborg
(screened)

Prostate Cancer Diagnosis 3.57 (3.13, 4.07) 9.14 (8.35, 10.01) 5.58 (4.62, 6.53) 2.56 (2.18, 3.02)

Prostate Cancer Metastasis 0.66 (0.49, 0.89) 0.28 (0.17, 0.47) −0.38 (−0.62, −0.13) 0.43 (0.22, 0.79)

Prostate Cancer Death 0.45 (0.32, 0.65) 0.13 (0.06, 0.27) −0.32 (−0.51, −0.13) 0.29 (0.11, 0.67)

Overall Mortality 11.34 (10.54, 12.20) 11.21 (10.35, 12.15) −0.13 (−1.35, 1.09) 0.99 (0.89, 1.10)
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Table 4

Difference in risk between Göteborg (screened) and Malmö (unscreened) cohorts per 10,000 men based on 17-

years of follow-up.

Outcome Risk difference/10,000 men
(95% CI)

Increase in Prostate Cancer Diagnosis 872 (723, 1022)

Decrease in Prostate Cancer Metastasis 64 (20, 108)

Decrease in Prostate Cancer Death 57 (22, 92)
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