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Figure 2.5. Age-standardized prostate cancer mortality rates / 100,000 globally in 

2008. [Ferlay et al. 2008] 

 

treatment is currently more common than before the PSA era (when a large part 

of PCs were beyond radical treatment), a simulation model showed that neither 

effective treatment nor PSA testing can be attributed solely to the decline  in 

mortality [Etzioni et al. 1999].  

It seems evident that the observed reduction in mortality is due to several 

factors: earlier detection due to PSA and surgical treatment for BPH, and more 

advanced treatment options.  
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Figure 2.6. Age-standardized prostate cancer mortality trends / 100,000, from 

1970 to 2009 have been decreasing in several countries (Finland, Japan, Poland, 

United Kingdom, and USA) [World Health Organization 2011].  
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2.5 Cancer screening 

The purpose of cancer screening is to prevent deaths from cancer by reaching 

diagnosis at an early (asymptomatic) stage when the disease is still curable. 

Cancer screening may have other beneficial effects in addition to prolonging life, 

such as improving the quality of life by avoiding burdensome treatments, and 

lowered economic costs to society if the treatment of disease caught earlier is 

less expensive than that of an advanced disease. However, these benefits should 

be proven before systematic screening programs are initiated, because 

screening always carries negative consequences, as discussed later.  

The rationale for screening is often based on the classic criteria set by a WHO 

workgroup in 1968 [Wilson and Jungner 1968]. These criteria can be 

summarized in six questions [quoted with permission, from Bhopal 2008]: 

 

i. Is there an effective intervention? 

ii. Does intervention earlier than usual improve outcome? 

iii. Is there an effective screening test that recognizes disease earlier than 

usual? 

iv. Is the test available, affordable, and acceptable to the target population? 

v. Is the disease one that commands priority? 

vi. Do the benefits of screening exceed the costs in this society? 

 

The only way to answer these questions in a valid manner is through 

randomized controlled trials, and even after that, the fifth and sixth question 

must be assessed. It is not uncommon that large-scale medical interventions are 

launched without conclusive proof of their benefit-harm ratio or cost-

effectiveness; instead, decisions may be made based merely on assumptions 

from clinical practice or insufficient scientific evidence. It is particularly difficult 

to evaluate the effectiveness of an intervention when the intervention (a 

screening test) has already spread to common clinical practice, since the 

established control group is easily subject to the same intervention outside the 

trial (contamination effect).  
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Figure 2.7. On a timeline from the onset of cancer to possible death, the window of 

opportunity in cancer screening is the detectable pre-clinical phase. 

 

 

In a cancer screening program, asymptomatic people are tested with an 

appropriate screening test to find out who either have the disease (e.g. cervical 

cancer screening) or who are likely enough to have disease to justify further 

examinations (e.g. prostate, lung, colorectal and breast cancer screening).  

The aim of screening is to detect cancer at a pre-clinical phase, i.e. after the 

onset of the disease but before clinical symptoms (when the person would have  

sought medical attention regardless of screening) (Figure 2.7). This is the only 

window of opportunity for screening programs, and the length of this detectable 

pre-clinical phase depends on the type and aggressiveness of the cancer and the 

sensitivity of the diagnostic test. 

While the intentions of screening are good, screening always has negative 

consequences, possibly even more than positive consequences [Hakama and 

Auvinen 2008]. Firstly, screening tests are not perfect and may yield a false-

negative or a false-positive screening result. A false negative result offers false 

reassurance of being free from disease, which may in turn delay correct 

diagnosis. An FP result not only causes undue anxiety about a disease that is 

nonexistent but may also subject these people to unnecessary invasive 

examinations that may have adverse effects. Secondly, cancer screening does 

not only identify cancers that are clinically significant and cause premature 

death. Screening often identifies a wide spectrum of lesions from premalignant 

states to indolent cancers to high-risk cancers. Not all cancers in e.g. the 

mammary glands and prostate affect the life expectancy or increase morbidity – 
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thus diagnosing these cancers and treating them aggressively results in 

overdiagnosis and overtreatment respectively. Another example of 

overdiagnosis is diagnosing cancers in subjects who will die of other causes 

before the cancer would have killed them – in which case the diagnosis was of 

no benefit, either. Finally, screening programs are expensive and require 

substantial amounts of resources over long periods. Whether or not these 

resources could be better allocated elsewhere demands careful consideration.  

Screening requires particularly sound judgment in terms of harms and 

benefits, because screening predominantly affects healthy people. In a 

systematic screening program, the health authorities initiate the contact and 

invite people to participate – in contrast to clinical work, where the patient 

initiates the contact (and usually has sufficient symptoms and maladies to seek 

medical attention). The responsibility of afflicting adverse effects of screening 

on healthy people is thus particularly heavy [Bhopal 2008].  

The validity of a screening test (or any diagnostic test) can be measured in 

terms of sensitivity and specificity (Figure 2.8). Sensitivity refers to the 

proportion of true positives of all those who actually have cancer, i.e. the ability 

of the test to identify those afflicted by cancer. With low sensitivity many 

cancers are missed. Sensitivity may differ depending on definition: test 

sensitivity refers to the ability of a single screening test, episode sensitivity refers 

to sensitivity corrected for non-attendance and selection, while program 

sensitivity takes into considerations not only the aforementioned factors, but 

also how the screening program succeeds in referring screen-positive cases to 

diagnostic examinations and in covering the intended population [Hakama et al. 

2007]. From the same trial, test sensitivity may be 85%, episode sensitivity 48% 

(due to non-attendance) and program sensitivity 36% [Hakama et al. 2007].  

Specificity, in turn, refers to the proportion of true negatives from all those 

who are free of cancer, i.e. the ability of the test to identify those free of cancer 

[Hakama and Auvinen 2008]. With low specificity the test is positive in many 

subjects who are in fact cancer-free. Sensitivity and specificity depend on the 

cutoff point of a continuous test variable (such as PSA or cholesterol level), and 

can be plotted on a receiver operating characteristic curve to optimize 

sensitivity and specificity. In other words, sensitivity and specificity are two 
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Figure 2.8. The relationship of sensitivity, specificity, positive predictive value, and 

negative predictive value can be presented in and calculated from a classic 2x2 

table.  

 

sides of the same coin: when the one increases, the other decreases (e.g. if a PSA 

level of 100 ng/ml is used as a cutoff point, the test is very specific but very 

insensitive, but the opposite is true if a PSA level of 0.5 ng/ml is used as a cutoff 

point).  

Two other concepts are also used to assess the validity of a screening test: 

positive predictive value (PPV) and negative predictive value. The first refers to 

the proportion of true positive subjects of all those who have tested positive. In 

other words, it tells how likely a subject is to be really diseased if the test shows 

positive. Negative predictive value refers conversely to how likely a subject who 

has tested negative is really cancer-free. Predictive values are dependent on the 

prevalence of disease in the test population.  

The selection of an appropriate screening test is a major decision in 

designing a screening program. On the one hand sensitivity, specificity, positive 

and negative predictive values should be maximized, but on the other hand a 

test that is inexpensive, noninvasive and not harmful should be chosen. For 

example, while flexible colonoscopy is relatively good at finding colorectal 

cancer, it is usually out of the question as a mass screening test due to its 

invasiveness and cost. Another example could be high-resolution computerized 

tomography, which is sensitive for lung cancer but uses a relatively high dose of 

radiation. The absolute extent of the adverse effects of such screening tests can 

be reduced by selecting a target population with a high a priori prevalence of 

lung cancer (e.g. middle-aged long-term tobacco smokers) [National Lung 

Cancer Screening Trial Research Team 2011].  
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The effectiveness of a screening protocol is not necessarily easy to measure. 

The main outcome in a cancer screening protocol is mortality, which can mean 

either overall mortality (from any cause) or cancer-specific mortality. While 

cancer-specific mortality is typically of interest in evaluating the efficiency of a 

cancer screening program, cancer-specific mortality may be subject to bias if the 

causes of death are misclassified. All-cause mortality, by contrast, concerns only 

the occurrence of death and is thus more reliable. It can be argued that 

preventing cancer-specific deaths is of no great importance if the subjects will 

die of other causes; and also that an observed reduction in cancer-specific 

mortality is not a strong piece of evidence if the overall mortality is not reduced 

as well [Black et al. 2002]. Since the accumulation of mortality data is slow 

(often more than 10 years), surrogate measures such as the incidence of 

metastasized cancer can be used to evaluate the effectiveness of screening, but 

these surrogate measures cannot provide conclusive evidence.  

Cancer screening trials are also subject to three major biases. Firstly, a 

selection bias in the form of “healthy screenee bias” occurs when those who 

participate in screening are different (e.g. more health-conscious) from those 

who choose not to participate [Zeliadt et al. 2007]. This bias is particularly 

strong in volunteer-based trials. Although in properly executed volunteer-based 

trials the bias is not different between the study arms (subjects are randomized 

after consent), it makes it more difficult to generalize the results to general 

population (e.g. the participation rate is higher than if screening were to be 

implemented at national level). Only population-based randomized trials that 

analyze results on the intention-to-screen principle (i.e. all men are analyzed in 

the screening arm regardless of participation) are free of this healthy screenee 

bias.  

Secondly, a lead time bias is often present in cancer screening trials [Hakama 

and Auvinen 2008]. Lead time refers to the time that the diagnosis is advanced 

by screening (in contrast to the time the diagnosis would have been made in a 

routine clinical setting without screening) [Hutchison and Shapiro 1968]. The 

maximum lead time is the length of the detectable pre-clinical phase. Lead time 

bias occurs when screening advances the date of diagnosis without actually 

postponing death, i.e. early diagnosis does not improve prognosis. However, due 
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to the earlier diagnosis it appears as if the time from diagnosis to death is longer 

than in non-screened cancers. This would falsely make cancer screening seem to 

postpone death (although it only increases survival time), and therefore 

survival time after diagnosis is not a suitable measure. Lead time bias can be 

estimated and controlled for with relatively complicated modeling [Draisma et 

al. 2009], but cannot be directly observed since we cannot know when the 

disease would have been diagnosed without screening.  

Length bias is the third major bias, and potentially the most difficult to 

control for [Hakama and Auvinen 2008]. It results from the fact that screening is 

more likely to detect slow-growing cancers (which have a longer detectable pre-

clinical phase) than aggressive cancers [Feinleib and Zelen 1969]. For example, 

if a cancer is screened for every five years, the aggressive cancers are more 

likely to surface clinically between screens than are slow-growing cancers. This 

artificially improves the survival in the screened cancer cases. Length bias can 

be avoided by including the entire randomization arm in analyses, including 

interval cancers detected outside the screening protocol.  

2.5.1 Prostate cancer screening 

PC screening meets many of the criteria set for mass screening (see section 2.5). 

There is an effective intervention and treatment for PC (i), and intervention 

earlier than usual improves outcome (ii). There is a relatively effective test that 

recognizes most cancers earlier than usual (PSA and F/T ratio) (iii), and this test 

is available, affordable and acceptable in most countries (iv). PC is a major 

public health challenge, as it is common and potentially lethal (v). The question 

that remains unanswered is whether the benefits of PC screening exceed the 

costs (vi), which can be understood as not only financial costs but also harm in 

the form of lost quality of life due to overdiagnosis and overtreatment.  

There are some specific issues which make screening for PC with PSA 

particularly challenging. PCs tend to have long latent periods before surfacing 

clinically, if indeed they surface at all. Moreover, subclinical PCs are common 

(30-50%) in men aged >50 years and the incidence increases with age [Sakr et 
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al. 1994]. These observations, combined with the fact that PSA as a screening 

tool has better sensitivity than specificity (when sensitivity is measured by 

clinically relevant disease), result in a potentially behemothic amount of 

overdiagnosis resulting in overtreatment. With PSA, sensitivity and specificity in 

a screening setting are not easy to define, as the use of such concepts requires 

knowledge of which patients have cancer and which do not. Classifying men 

with low PSA concentration as “cancer-free” without biopsies is problematic, as 

these men can also have subclinical PCs (even clinically relevant ones, as shown 

by the PCPT trial) [Thompson et al. 2004]. Therefore estimating sensitivity and 

specificity for PSA as a diagnostic test would require biopsying all men 

regardless of PSA concentration. Although prostate biopsies are the gold 

standard for diagnosing PC, even they miss cancers.  

Mass screening for PC with PSA has been under scrutiny for over 20 years, 

but nationwide screening has not been undertaken in any country. Many case-

control studies and ecological studies have been published, yielding inconsistent 

results, but only randomized controlled trials can show conclusively whether 

screening for PC with PSA reduces mortality. The first randomized controlled 

trial was conducted in Québec, Canada, starting in 1988 and using a PSA cutoff 

3.0 ng/ml (Table 2.2) [Labrie et al. 1999; Labrie et al. 2004]. This study suffered 

from a low participation proportion in the screening arm (only 24%), and an 

unknown level of contamination in the control arm (at least 7.3%). With a 

follow-up of over eight years, they showed that PC mortality was lower in the 

men who were screened, RR 0.39 (95% CI 0.19-0.65) [Labrie et al. 1999]. This 

figure is, however, calculated of the men who actually were screened 

(regardless of the randomization arm), and an intention-to-screen analysis 

yielded RR 1.01 (95% CI 0.76-1.33), i.e. no difference between study arms. 

Another randomized controlled (pilot) trial in Sweden was initiated in 1987, but 

was limited in power, suffered from selection bias and eventually showed no 

difference in mortality between study arms [Sandblom et al. 2004].  

Two major randomized controlled trials commenced in the early 1990s: the 

European Randomized Study of Screening for Prostate Cancer (ERSPC) as a 

multicenter trial in eight European countries; and the Prostate, Lung, Colorectal, 

and Ovarian Cancer Screening Trial (PLCO) in the USA. These trials recruited 
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very large numbers of subjects and great hopes were placed on them for 

resolving the controversy over PC screening (Table 2.2). 

The ERSPC trial is in practice a multicenter trial consisting of several 

screening trials each of which has its own criteria regarding screening interval, 

the threshold for a positive screening result, type of recruitment and age of 

recruits (Table 2.3). The PLCO trial is instead a more uniform trial in 10 centers 

in the USA. Both trials assessed prostate cancer specific mortality as the main 

end-point, in addition to quality of life and cost-effectiveness assessment.  

The interim mortality results from these trials were published in March 

2009. The PLCO trial showed no significant difference in PC mortality (RR 1.13; 

95% CI, 0.75-1.70) [Andriole et al. 2009], whereas in the ERSPC trial a relative 

reduction of 20% was observed (RR 0.80; 95% CI 0.65-0.98) [Schröder et al. 

2009]. The ERSPC trial for the first time showed conclusive evidence that 

screening with PSA can reduce mortality, but 1,410 men would have to be 

screened and 48 PCs treated to prevent one death. In addition, in both trials 

screening resulted in overdiagnosis (70% in the ERSPC and 22% in the PLCO 

trial).  

At the beginning of 2012, both trials reported results after extended follow-

up. In the ERSPC trial, at 11 years of follow-up, the relative risk reduction for PC 

death was 21% (RR 0.79, 95% CI 0.68-0.91), and in the PLCO trial at 13 years of 

follow-up the RR was 1.09 (95% CI 0.87-1.36) [Schröder et al. 2012; Andriole et 

al. 2012]. 

That the PLCO trial did not show a difference in mortality has been explained 

by extensive contamination of the control arm, since a third of the men in it had 

undergone DRE and PSA testing in the past three years at the beginning of the 

study. Moreover, half of the control arm men underwent PSA testing during the 

trial. Therefore the difference in PC incidence between the trial arms was much 

smaller than in the ERSPC trial. Due to this major diluting effect it is likely that 

the PLCO trial will not yield a significant difference even with longer follow-up. 

The strength of the PLCO trial was, however, that the level of contamination was 

evaluated, whereas for the ERSPC trial there are only fragmentary estimates.  
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Table 2.2. Characteristics of randomized trials assessing prostate cancer mortality.  

 

 

  

  
No. of men Age group 

Screening 
interval 
(years) 

Follow-up 
(years, 

median) 
No. of PC 

deaths RR (95% CI) 

Québec trial (Labrie et al, 2004) 
 

46,193 45-80 1 7.93 84 1.09 (0.82-1.43) 

PLCO (Andriole et al, 2012) 
 

76,693 55-74 1 11.5 174 1.13 (0.75-1.70) 

ERSPC (Schröder et al, 2012) 
 

182,160 50-74 2-7  11 761 0.79 (0.68-0.91) 

Gothenburg trial (Hugosson et al, 2010) 19,904 50-64 2 14 122 0.56 (0.39-0.82) 
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Table 2.3. Characteristics of the screening protocols in the European Randomized Study of Screening for Prostate Cancer (ERSPC) and 
the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial (PLCO). 
 

   

Total number of 
men 

Interval, 
years 

PSA cutoff, 
ng/ml 

Age at entry 
(years) Recruitment 

Screening 
began in 

ERSPC centers 
       

 
Belgium 1  

 
8,562 4-7 3.0 55-75 volunteer 1991 

 
Finland 2 

 
80,379 4 4.0 55-67 population 1996 

 
France 3  

 
84,781 2 3.0 55-69 population 2003 

 
Italy 4 

 
14,517 4 4.0 55-71 population 1996 

 
Netherlands 5 34,833 4 3.0/4.0 55-75 volunteer 1993 

 
Spain 3  

 
2,197 4 3.0 45-70 volunteer 1993 

 
Sweden 3 

 
19,904 2 3.0 50-64 population 1994 

 
Switzerland 6 

 
9,903 4 3.0 55-70 population 1998 

  
Total 255,076 

     
         
PLCO (USA) 7 

 
76,693 1 4.0 55-74 volunteer 1993 

        

1 Ancillary test: DRE 
      2 Ancillary test for PSA 3.0-3.9 ng/ml: DRE in 1996-1998; free/total PSA ratio from 1999 onwards 

   3 No ancillary test 
      4 Ancillary test for PSA 2.5-4.0 ng/ml: DRE and TRUS. Biopsy for all with PSA ≥4.0 ng/ml 

    5 PSA cutoff 4.0 ng/ml was lowered to 3.0 ng/ml in May 1997 

     6 Ancillary test: free/total PSA ratio 

     7 In addition to PSA, an annual DRE for the first 4 years 
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The Swedish component of the ERSPC trial later published the mortality 

results separately, and showed that in the Swedish center the mortality 

reduction was even greater than in the joint ERSPC analysis: 44% (RR 0.56; 

95% CI 0.39–0.82; 50/10,000 vs. 90/10,000) [Hugosson et al. 2010]. Possible 

reasons for the larger cancer-specific mortality reduction in Sweden include 

that the subjects were younger than in the ERSPC in general, the screening 

interval was shorter (2 years), contamination was estimated to be very low at 

the beginning of the trial (3%), and longer follow-up. Nevertheless, no effect 

was observed on all-cause mortality, and overdiagnosis was again a major 

adverse effect (64%). 

Since the publication of these new trial results two reviews and meta-

analyses have been published, and the pooled data suggest that PC screening 

does not reduce cancer-specific or all-cause mortality, but results in worrying 

amounts of overdiagnosis [Djulbegovic et al. 2010; Ilic et al. 2011]. However, 

due to the heterogeneity of the screening trials, a meta-analytic approach is so 

far not necessarily powerful enough to assess the usefulness of PC screening.  

Regardless of the fact that screening asymptomatic men with PSA has not yet 

been comprehensively evaluated, some authorities still recommend PSA testing 

in asymptomatic men. The European Association of Urology guidelines state 

that widespread PC screening is not appropriate, but opportunistic screening 

should be offered to well-informed men (with no statement to the age of the 

patient) [Heidenreich et al. 2011]. The American Urological Association 

guidelines do not recommend mass screening either, but suggest a baseline PSA 

at age 50 (or at age 40 if the patient has a family history of PC or is African 

American), and further testing annually or with longer intervals if the baseline 

PSA is very low, but not if the life expectancy is less than 10 years [American 

Urological Association 2009]. The Guidelines of the American Cancer Society are 

essentially on a par with the American Urological Association guidelines, but 

further recommend annual screening for men with PSA >2.5 ng/ml, biennially 

for men with PSA <2.5 ng/ml [American Cancer Society 2011]. The U.S. 

Preventive Services Task Force concludes that the current evidence is 

insufficient for or against PC screening, and advises against PSA-based 

screening in all age groups (previously only against screening in men aged over 
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75 years) [Moyer et al. 2012]. The Finnish Urological Association currently does 

not recommend systematic screening for PC, but states that PSA testing should 

not be withheld from symptomatic patients [Käypä hoito: Eturauhassyöpä 

2007].  
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3. AIMS OF THE STUDY 

The objective of this dissertation was to evaluate various aspects of prostate 

cancer screening in the Finnish component of the European Randomized Study 

of Screening for Prostate cancer. The specific aims were: 

 

i) to assess the extent to which false-positive screening results occurred 

in repeated prostate cancer screening in the Finnish (I) and in the 

whole ERSPC (II) trial. 

 

ii) to determine the possible risk for future prostate cancer, another 

false-positive screening result and subsequent noncompliance in 

screening in men with false-positive screening results (I, II). 

 

iii) to establish how screening affects the incidence of prostate cancer – 

especially advanced cancer – in Finland (III). 

 

iv) to determine how screening affects prostate cancer mortality in 

Finland, and which factors contribute most to the group of screening 

failures (i.e. men who die of prostate cancer in spite of screening) (IV). 
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4. MATERIALS AND METHODS 

The Finnish Prostate Cancer Screening Trial is one component of ERSPC trial 

(European Randomized Study of Screening for Prostate Cancer), a multicenter 

trial. The Finnish trial was commenced in 1996, and is a population-based 

randomized screening trial. The data from the Finnish trial were used in three 

articles in this dissertation (I, III, IV), and the data from four other ERSPC 

centers (Belgium, Italy, the Netherlands and Sweden) in addition to the Finnish 

data were used in one article (II).  

4.1 Study population 

4.1.1 The Finnish trial 

The Finnish trial included 80,144 men born 1929-1944 in the Helsinki and 

Tampere metropolitan areas. In the period 1996-1999, a total of 8,000 men 

aged 55, 59, 63 or 67 years were annually randomly assigned to the screening 

arm (Table 4.1), while the remainder of the birth cohort formed the control arm. 

This resulted in two study arms with a ratio of approximately 1.5 : 1 (control 

arm : screening arm). The study population was identified from the Finnish 

Population Register Centre. Men with a previous diagnosis of PC were excluded 

(these men were identified from the Finnish Cancer Registry). The men in the 

control arm were not contacted.  

The men in the screening arm were sent a letter of invitation, a brief 

overview of the trial, a questionnaire about urological symptoms, previous PSA 

tests and family history of PC, and an informed consent form. 
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Table 4.1. Relation of year of birth to randomization year and screening protocol.  

 

 

Because of logistic difficulties there were 1,671 men in the first round who 

were never actually invited for screening. These men were included in most 

analyses according to the intention-to-screen principle. 

4.1.2 Other ERSPC centers 

In one article (II) data from four other ERSPC centers were used in addition to 

the Finnish center (Belgium, Italy, the Netherlands and Sweden). France, Spain 

and Switzerland were excluded from this study because these centers had fewer 

than three complete rounds. In Belgium and the Netherlands men were 

randomized after informed consent was obtained due to legislative reasons. In 

Italy and Sweden men were randomized to the screening and control arms prior 

to informed consent and only men in the screening arm were contacted (as in 

Finland).  

 Age at randomization  

Randomization 
year 55 years 59 years 63 years 67 years 

Re-invited 
in  

1996 1941 1937 1933 1929 2000, 2004 

1997 1942 1938 1933 1930 2001, 2005 

1998 1943 1939 1933 1931 2002, 2006 

1999 1944 1940 1933 1932 2003, 2007 
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4.2 Screening protocol (intervention) 

4.2.1 The Finnish trial 

The men in the screening arm were invited to a local cancer society clinic for the 

screening test, i.e. a blood sample to determinine serum PSA concentration. Men 

with PSA ≥4.0 ng/ml were referred to a local urological clinic for diagnostic 

examinations, including DRE, TRUS and biopsy. Initially a sextant biopsy was 

used, but from 2002 onwards 10-12 biopsy cores were adopted. Men with PSA 

3.0-3.99 ng/ml were referred to an additional test, which in 1996-1998 was 

DRE and F/T PSA ratio from 1999 onwards. Men with a suspicious DRE or F/T 

PSA ratio <16% were also referred to diagnostic examinations.  

The men in the screening arm were re-invited to the second and third 

screening rounds four and eight years after the first screen (Table 4.1), 

regardless of whether they had participated previously or not. The men who 

had been diagnosed with PC or had emigrated from the study area were no 

longer re-invited. The men who were 67 years of age at the beginning of the 

study were not invited to the third round – at which point they would have been 

75 years of age (i.e. they were screened only twice). 

 All the laboratory analyses were carried out at the Department of Clinical 

Chemistry, Helsinki University Hospital. The serum concentrations of total PSA 

were analyzed by both Hybritech Tandem-E (Beckman Coulter, Brea, California, 

USA) and Wallac Delfia (Wallac, Turku, Finland) assays. The free/total PSA ratio 

was determined with the Wallac ProStatus free/total PSA assay (Wallac). 

The men in the control arm received no systematic interventions. 

4.2.2 Other ERSPC centers 

There was some variation between the centers in the screening protocol (Table 

2.3), mainly in the mode of recruitment, the screening interval, PSA threshold, 

and the age of the men screened. 
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Men who chose not to participate were re-invited to the following rounds 

(except in the Netherlands). Due to lack of funding, the first screening interval in 

Belgium was extended to seven years. The Swedish center used biennial 

screening and thus had up to six screening rounds. In the Swedish center, the 

men with PSA <1.0 ng/ml in round 2 were not invited to round 3, but were 

subsequently invited to rounds 4-6.  

4.3 Diagnostics and follow-up 

PC diagnosis was based on histopathological evaluation by a pathologist, as was 

determination of Gleason score. TNM staging was performed by the attending 

clinician. Cancers with one or more of the following characteristics were 

regarded as advanced: T3-4, N1 or M1. Aggressive cancers were T3-4, N1, M1 or 

Gleason score ≥8. The original Gleason scores were used.  

According to the ERSPC definition, a screen-detected PC needed to be 

diagnosed within 12 months from a positive screening result. An interval cancer 

was defined as a cancer diagnosed within the screening interval after a negative 

screening result. Cancers diagnosed more than 12 months but less than four 

years after a positive screen were classified as early recall cancers (III). A 

positive screening result that was not followed by a PC diagnosis within 12 

months was labeled an FP result. Men who were not biopsied according to the 

protocol were not regarded as FP. 

Incident PCs were identified from local or national cancer registries. The 

primary treatment data were obtained from the hospital records, and included 

radical prostatectomy, radiation therapy (external beam radiation or 

brachytherapy), endocrine therapy (LHRH antagonist, antiandrogen or both) or 

observation (either watchful waiting or active surveillance). 

Information on causes of death was extracted from population registries. 

Cause of death committees were established in the participating centers to 

validate the official causes of death. The ERSPC data were maintained from a 

central database located in England, to which all centers uploaded their data 
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biannually. The Finnish database was maintained by the Finnish Cancer 

Registry in Helsinki. 

 

4.4 Data analysis and statistics 

In all papers, when simple proportions and risk ratios were evaluated, their 

95% CIs were calculated using basic standard error formulae. A generalized 

linear model for binomial distribution with a logarithmic link function was used 

to calculate age-adjusted RRs and their CIs (I, II). Direct age-standardization for 

the prevalences of results was performed using the entire study population as a 

reference group (II). Spearman’s correlation coefficient for proportion of PCs 

and FP results was calculated by summing all rounds and centers (II). Two-

sided Pearson Chi-square test was used to compare treatment modalities 

between trial arms (e.g. radical prostatectomy vs. other treatment modality) 

(IV).  

Cumulative incidence of PC in the screening and control arms was calculated 

by dividing the number of cancer cases by the number of men in each arm (III). 

Cumulative hazard of PC was estimated using the Nelson-Aalen method (III, IV) 

[Nelson 1972; Aalen 1978]. Cox regression was used to calculate incidence rate 

ratios (IRR) and their statistical significance (III).  

In the fourth paper, hazard ratios (HR) were estimated for PC and all-cause 

mortality for the screening arm relative to the control arm using Cox 

proportional model (IV).  The selection bias due to nonparticipation in the 

comparison between the screened men and the control arm was corrected 

[Cuzick et al. 1997], and the 95% confidence intervals for Cuzick-corrected RR 

were calculated by simulation (with 10,000 repetitions using statistical 

software R), under the assumption that the numbers of deaths follow a Poisson 

distribution (IV). To estimate whether or not biopsying all men with PSA ≥3.0 

ng/ml could have improved our mortality results, we omitted from the SA all 

those screen-negative men we potentially could have prevented from dying of 

PC with a lower PSA threshold. Hence, we removed from the SA all those screen-
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 Table 5.1. Number and proportion of screening results in the five centers of ERSPC during 3-6 rounds. 

    S c r e e n - p o s i t i v e ,  N  ( % )  

  
Participation 

proportion, N (%) 
Screen-negative, N 

(%) Not biopsied FP PC 

All centers 
     

 
Round 1 56,064/72,210 (77.6) 47,461 (84.7) 985 (1.8) 5,722 (10.2) 1,896 (3.4) 

 
Round 2 42,884/61,003 (70.3) 35,711 (83.3) 992 (2.3) 4,732 (11.0) 1,449 (3.4) 

 
Round 3 27,835/42,248 (65.9) 22,929 (82.4) 819 (2.9) 3,090 (11.1) 997 (3.6) 

Belgium 
      

 
Round 1 4,562/5,178 (88.1) 3,916 (88.1*) 214 (3.6*) 325 (6.1*) 107 (2.2*) 

 
Round 2 1,987/3,430 (57.9) 1,550 (80.9*) 99 (5.8*) 237 (9.4*) 101 (3.8*) 

 
Round 3 718/1,336 (53.7) 593 (85.0*) 49 (5.2*) 62 (8.5*) 14 (1.4*) 

Finland 
      

 
Round 1 20,789/30,197 (68.8) 18,812 (90.0*) 102 (0.6*) 1,332 (7.0*) 543 (2.8*) 

 
Round 2 18,613/26,324 (70.7) 16,309 (86.0*) 224 (1.4*) 1,467 (8.8*) 613 (3.8*) 

 
Round 3 12,739/18,376 (69.3) 11,095 (86.3*) 198 (1.7*) 978 (8.2*) 468 (3.9*) 

Italy 
      

 
Round 1 4,908/5,696 (86.2) 4,300 (88.0*) 142 (3.3*) 377 (7.1*) 89 (1.7*) 

 
Round 2 4,499/5,607 (80.2) 3,942 (87.9*) 217 (4.7*) 267 (5.9*) 73 (1.5*) 

 
Round 3 3,292/5,533 (59.5) 2,844 (86.1*) 269 (8.5*) 145 (4.4*) 34 (1.0*) 

Netherlands 
     

 
Round 1 19,950/21,175 (94.2) 15,240 (79.2*) 470 (1.9*) 3,225 (14.6*) 1,015 (4.3*) 

 
Round 2 12,525/16,163 (77.5) 9,259 (74.1*) 355 (2.8*) 2,360 (18.7*) 551 (4.4*) 

 
Round 3 7,711/9,799 (78.7) 5,848 (75.8*) 217 (2.8*) 1,326 (17.2*) 320 (4.1*) 

Sweden 
      

 
Round 1 5,855/9,964 (58.8) 5,193 (85.1*) 57 (1.1*) 463 (10.6*) 142 (3.3*) 

 
Round 2 5,260/9,479 (55.5) 4,651 (87.7*) 97 (2.0*) 401 (8.0*) 111 (2.3*) 

 
Round 3 3,375/7,204 (46.8) 2,549 (76.8*) 86 (2.4*) 579 (16.5*) 161 (4.4*) 

 
Round 4 4,622/7,851 (58.9) 3,888 (84.1) 105 (2.3) 496 (10.7) 133 (2.9) 

 
Round 5 4,114/6,674 (61.6) 3,499 (85.1) 69 (1.7) 435 (10.6) 111 (2.7) 

 
Round 6 3,475/5,688 (61.1) 2,773 (79.8) 88 (2.5) 467 (13.4) 147 (4.2) 

Proportions marked with an asterisk (*) are age-standardized to the mean age distribution of the round in all centers. 
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Table 5.2. Age-stratified aggregate results from three rounds of screening.  

  Age at screen, years 

  <55 (%) 55 - 59 (%) 60 - 64 (%) 65 - 69 (%) ≥70 (%) 

Round 1 
      

 
Screen-negative 4,579 (94.9) 18,299 (90.7) 12,614 (83.9) 9,163 (77.7) 2,806 (66.4) 

 
Not biopsied 21 (0.4) 167 (0.8) 260 (1.7) 293 (2.5) 244 (5.8) 

 
False-positive 171 (3.5) 1,299 (6.4) 1,674 (11.1) 1,706 (14.5) 872 (20.6) 

 
Screen-detected PC 55 (1.1) 414 (2.1) 491 (3.3) 634 (5.4) 302 (7.1) 

       

 
Total 4,826 20,179 15,039 11,796 4,224 

       
Round 2 

      

 
Screen-negative 792 (94.9) 8,402 (91.4) 11,746 (84.9) 8,741 (79.4) 6,030 (75.3) 

 
Not biopsied 7 (0.8) 82 (0.9) 278 (2.0) 326 (3.0) 299 (3.7) 

 
False-positive 34 (4.1) 552 (6.0) 1,402 (10.1) 1,470 (13.4) 1,274 (15.9) 

 
Screen-detected PC 2 (0.2) 160 (1.7) 410 (3.0) 473 (4.3) 404 (5.0) 

       

 
Total 835 9,196 13,836 11,010 8,007 

       
Round 3 

      

 
Screen-negative 38 (84.4) 910 (82.2) 7,450 (86.1) 8,612 (81.9) 5,919 (78.7) 

 
Not biopsied 0 (0.0) 16 (1.4) 166 (1.9) 334 (3.2) 303 (4.0) 

 
False-positive 6 (13.3) 141 (12.7) 766 (8.9) 1,162 (11.1) 1,015 (13.5) 

 
Screen-detected PC 1 (2.2) 40 (3.6) 269 (3.1) 401 (3.8) 286 (3.8) 

       

 
Total 45 1,107 8,651 10,509 7,523 
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Table 5.3. Prevalence of false-positive screening results in five centers of the ERSPC trial. 

 
 

 

  

 

Men 
participating at 
least once, N 

Men with 
FP(s), % (N)* 1 FP, % (N) 2 FPs, % (N) 3 FPs, % (N) 

Men 
participating 
every round, 

N 
Men with FP(s), 

N (%)* 

        All centers 61,604 17.8 (10,972) 74.7 (7,752) 20.1 (2,089) 5.2 (538) 22,068 19.0 (4,186) 

        Belgium 4,677 11.0 (569) 90.7 (516) 9.0 (51) 0.4 (2) 584 15.6 (105) 

Finland 23,771 13.0 (2,934) 75.2 (2,207) 20.8 (611) 4.0 (116) 10,326 11.9 (1,184) 

Italy 5,696 10.5 (635) 78.7 (500) 18.3 (116) 3.0 (19) 2,597 9.0 (286) 

Netherlands 19,950 26.1 (5,266) 74.3 (3,912) 20.2 (1,063) 5.5 (291) 7,711 27.8 (2,228) 

        
Sweden** 7,510 22.3 (1,568) 55.9 (876) 22.1 (347) 12.4 (195) 850 44.9 (383) 

      
2,112*** 20.8 (442)*** 

   
4 FPs %, (N) 5 FPs (%) 6 FPs (%) 

  Sweden** 
  

5.2 (81) 3.3 (52) 1.1 (17) 
          

* Age-standardized proportion 
      

** Sweden has six screening rounds 
      *** Excluding the third round of the Swedish trial (the men with PSA <1.0 ng/ml in round 2 were not 

invited to round 3, but were subsequently invited to rounds 4-6) 

   



  

 

6
8

 

Table 5.4. Risks for subsequent round PC, FP and non-participation after previous round FP result vs. negative screening result.  

 

Risk for 
non-

participation 
after FP 
result, % 

Risk for 
non-

participation 
after 

negative 
screen, % RR (95 % CI) 

Risk for 
FP after 

FP 
result, % 

Risk for 
FP after 
negative 
screen, 

% RR (95 % CI) 

Risk 
for PC 
after 
FP 

result, 
% 

Risk for 
PC after 
negative 
screen, 

% RR (95 % CI) 

All centers 
             R1 / R2 26.8 17.2 1.6 (1.5-1.6) 50.1 7.7 6.5 (6.2-6.8) 10.0 2.7 3.7 (3.3 - 4.2) 

    R2 / R3 27.8 18.6 1.5 (1.4-1.6) 53.0 6.2 8.5 (8.0-9.0) 10.0 2.6 3.9 (3.3 - 4.5) 

Belgium 
             R1 / R2 49.0 36.5 1.3 (1.2-1.6) 26.7 10.6 2.5 (1.8-3.6) 7.9 4.6 1.7 (0.9 - 3.4) 

    R2 / R3 41.3 20.6 2.0 (1.5-2.6) 39.1 4.8 8.1 (5.0-13.1) 7.8 1.3 6.0 (2.0 - 18.3) 

Finland 
             R1 / R2 23.6 11.6 2.0 (1.8-2.3) 53.4 5.3 10.1 (9.2-11.0) 14.7 2.5 6.0 (4.9 - 7.2) 

    R2 / R3 27.3 13.3 2.1 (1.8-2.3) 49.8 4.6 10.7 (9.6-12.0) 11.8 2.8 4.2 (3.3 - 5.3) 

Italy 
             R1 / R2 31.8 17.2 1.8 (1.6-2.2) 37.4 3.3 11.2 (8.8-14.2) 7.0 1.0 6.7 (3.9 - 11.7) 

    R2 / R3 39.3 32.3 1.2 (1.0-1.4) 25.3 2.6 9.6 (6.8-13.7) 1.2 0.8 1.6 (0.4 - 6.6) 

Netherlands 
             R1 / R2 26.2 21.0 1.2 (1.2-1.3) 51.9 13.6 3.8 (3.6-4.1) 7.2 3.9 1.8 (1.5 - 2.2) 

    R2 / R3 28.2 18.7 1.5 (1.4-1.6) 55.2 9.2 6.0 (5.5-6.6) 9.9 2.9 3.4 (2.8 - 4.3) 

Sweden 
             R1 / R2 23.8 15.7 1.5 (1.3-1.8) 49.1 4.2 11.8 (9.9-14.1) 14.7 1.0 14.4 (9.8 - 21.3) 

    R2 / R3 15.1 22.5 0.7 (0.5-0.9) 66.9 10.8 6.2 (5.4-7.2) 11.7 3.3 3.5 (2.4 - 5.1) 

    R3 / R4 15.4 17.7 0.9 (0.7-1.1) 58.5 9.4 6.2 (5.2-7.4) 8.9 3.3 2.7 (1.8 - 4.1) 

    R4 / R5 14.5 10.2 1.4 (1.1-1.8) 57.8 3.9 
15.0 (12.3-

18.2) 10.4 1.5 7.0 (4.6 - 10.6) 

    R5 / R6 17.3 12.0 1.4 (1.1-1.8) 63.9 7.6 8.4 (7.2-9.9) 9.9 3.1 3.2 (2.1 - 4.7) 
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negative result, 90.4% (N=1,560) were not aggressive and 7.8% (N=134) 

aggressive (1.8%, N=31 with missing information).  

Had the PSA threshold been 4.0 ng/ml in all centers, the proportion of FP 

results would have decreased from 17.8% to 11.7% (10,972 vs. 7,182). 

However, fewer cancers would have been detected: 3,481 instead of 4,733 

(91.5% of these missed cancers would have been non-aggressive, 6.7% 

aggressive, 1.8% unknown). In Belgium, the proportion of FP results would have 

been 6.4% (instead of 11.0%); in Finland 12.0% (13.0%); in Italy 9.3% (10.5%); 

in the Netherlands 12.4% (26.1%) and in Sweden 14.0% (22.3%). 

In the Finnish trial, men who were FP in the first round had a fivefold risk of 

PC death during the follow-up of 11.9 years compared to screen-negative men: 

RR was 4.90 (0.3% vs. 1.3%; 95% CI for RR=2.83-8.48).   

5.2 Cancer incidence in the Finnish trial 

By the end of 2007, altogether 2,655 PCs had been detected in the SA 

(cumulative incidence 8.3%), and 2,796 cancers in the CA (5.8%) (III). In the 

following three years (until the end of 2010), an additional 410 cancers were 

detected in the SA (altogether N=3,065; cumulative incidence 9.6%) and 849 

cancers in the CA (N=3,645; 7.6%).  

The cancer detection proportion varied from the first round at 2.6% to the 

third round at 3.6% (Table 5.5). Per round, 88 – 95% of screen-positive men 

were biopsied according to the protocol. Altogether 222 interval cancers were 

detected, of which 15.8% were advanced at the time of diagnosis (Table 5.6). 

The cumulative incidence of interval cancers was 0.70%. Of 267 early recall 

cancers (diagnosed within 1-4 years from a positive screen), 6.4% (N=17) were 

advanced at the time of diagnosis. The men who did not participate in screening 

had altogether 567 cancers (26% advanced at the time of diagnosis). Of the 

screen-detected cancers (N=1,612) 8.6% were advanced at the time of 

diagnosis, whereas in the control arm (N=2,806) 24.4% were advanced. 

During the follow-up to the end of 2010, the incidence of PC was 8.5/1,000 

person-years in the screening arm and 6.3/1,000 person-years in the control 
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arm (incidence rate ratio IRR = 1.30; 95% CI 1.24-1.36, p <0.001). The Nelson-

Aalen cumulative hazard estimates were greater for the men in the screening 

arm (Figure 5.2). The incidence of localized PC was 7.3/1,000 person-years in 

the screening arm and 4.9/1,000 person-years in the control arm (IRR = 1.48; 

95% CI 1.40-1.56). The incidence of advanced PC was 1.2/1,000 person-years in 

the screening arm and 1.6/1,000 person-years in the control men (IRR = 0.74; 

95% CI 0.66-0.83). The Nelson-Aalen cumulative hazard estimates of advanced 

cancer began to diverge after approximately five years of follow-up, and the 

difference remained at a steady level after 10 years of follow-up (Figure 5.3). 

The absolute effect on incidence of advanced PC can be expressed as number 

needed to (invite to) screening (NNS), which was 204 (95% CI 151-314), i.e. one 

avoided advanced PC case per 204 randomized men during a mean follow-up 

time of 11.9 years.  

The cumulative incidence of low-grade (Gleason 2-6) cancers was 5.3/1,000 

person-years in the SA and 3.2/1,000 person-years in the control arm (IRR = 

1.69; 95% CI 1.58-1.80). In the SA, the cumulative incidence of Gleason 7 

cancers was 2.0/1,000 person-years and in the CA 2.0/1,000 person-years (IRR 

= 0.98; 95% CI 0.89-1.07). There was no statistically significant difference in the 

incidence of Gleason 8-10 cancers, as the cumulative incidence was 1.0/1,000 

person-years in the SA and 1.1/1,000 person-years in the CA (IRR 0.90; 95% CI 

0.79-1.03).  

 

  



  

 

7
1

 

Table 5.5. Results from the three screening intervals in the Finnish Prostate Cancer Screening Trial.  

 
 

  
Interval 1, N (%) Interval 2, N (%) Interval 3, N (%) Interval 4, N (%) 

Screening arm 
      

  
PC (total) 

 
906 1,073 689 397 

        

 
Participants 

     

  
Screen-negative 18,812 (90.5) 16,309 (87.6) 11,096 (87.1) - 

  
False-positive 1,331 (6.4) 1,488 (8.0) 1,000 (7.8) - 

  
Not biopsied 103 (0.5) 202 (1.1) 189 (1.5) - 

  
Screen-detected PC 543 (2.6) 614 (3.3) 455 (3.6) - 

        

   
Total 20,789 (100.0) 18,613 (100.0) 12,740 (100.0) - 

        

  
Early recall PC 113 123 31 - 

  
Interval PC 55 102 65 

 

        

 
Non-participants 

 
9,406 7,822 5,752 - 

  
PC 

 
126 179 72 - 

        

 
Not invited 

 
1,671 5,431 13,374 - 

  
PC 

 
69 55 66 - 

        Control arm 
      

  
PC (total) 

 
893 1,338 575 839 

 

 



  

 

7
2

 

Table 5.6. Distribution of prostate cancer stage in various subgroups of the trial. 

    Round 1, N (%) Round 2, N (%) Round 3, N (%) 

Screening arm 
     

 
Screen-detected PC 

    

  
Localized* 

 
469 (86.4) 579 (94.3) 426 (93.6) 

  
Advanced** 

 
74 (13.6) 35 (5.7) 29 (6.4) 

  
n/a 

 
0 (0.0) 0 (0.0) 0 (0.0) 

  
Total 

 
543 614 455 

       

 
Interval PC 

    

  
Localized 

 
46 (83.6) 84 (82.4) 52 (80.0) 

  
Advanced 

 
9 (16.4) 14 (13.7) 12 (18.5) 

  
n/a 

 
0 (0.0) 4 (3.9) 1 (1.5) 

  
Total 

 
55 102 65 

       

 
Early recall PC 

    

  
Localized 

 
105 (92.9) 114 (92.7) 31 (100.0) 

  
Advanced 

 
8 (7.1) 9 (7.3) 0 (0.0) 

  
n/a 

 
0 (0.0) 0 (0.0) 0 (0.0) 

  
Total 

 
113 123 31 

       

 
Non-participant PC 

    

  
Localized 

 
120 (61.5) 183 (78.2) 112 (81.2) 

  
Advanced 

 
73 (37.4) 50 (21.4) 23 (16.7) 

  
n/a 

 
2 (1.0) 1 (0.4) 3 (2.2) 

  
Total 

 
195 234 138 

       Control arm PC 
     

  
Localized 

 
635 (71.1) 1,015 (75.9) 460 (80.0) 

  
Advanced 

 
258 (28.9) 313 (23.4) 113 (19.7) 

  
n/a 

 
0 (0.0) 10 (0.8) 2 (0.4) 

  
Total 

 
893 1338 575 

* Localized cancer = T1-2, N0 and M0  
  ** Advanced cancer = T3-4, N1 or M1  
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Figure 5.2. Nelson-Aalen cumulative hazard estimates of overall prostate cancer 

risk in the screening and control arms.  

 

Figure 5.3. Nelson-Aalen cumulative hazard estimates of advanced prostate 

cancer (T3-4NxM0 or T1-4NxM1) risk in the screening and control arms. 
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5.3 Mortality in the Finnish trial 

Altogether 187 men died of PC in the SA (cumulative mortality 59/10,000) and 

in the CA 316 men died (65/10,000). HR for death from PC was 0.89 (95% CI 

0.75-1.07) (Figure 5.4). This corresponds to an NNS of 1,447 (95% CI 561-

2,338), after a mean follow-up time of 11.9 years. The number of PCs needed to 

be detected to avoid a death from PC was 31 (95% CI 12-48).  

The number of deaths from other causes totaled 7,731 (24.3%) in the SA and 

11,697 (24.3%) in the CA. The HR for the SA relative to CA for deaths from all 

causes was 1.00 (95% CI 0.97-1.03). Included in the SA, there were 3,291 deaths 

from other causes than PC (40.7%) among the never-participants. 

Of the men who died of PC in the SA, 71 (38.0%) never participated in 

screening (cumulative mortality 88/10,000). Altogether 47 (25.1%) men were 

diagnosed at their first screen, and 20 (10.7%) were due to an interval cancer. 

There were 8 (4.3%) men whose cancer was diagnosed 1-4 years after a test-

positive but a biopsy-negative screen. As many as 23 men (12.3%) had received 

their cancer diagnosis after having missed the previous screening round (but 

had participated once earlier). Finally, 18 men (9.6%) had a screen-detected PC 

with either a previous screen-negative or screen-positive result. 

After correcting the mortality reduction for nonparticipation by the Cuzick 

method, the RR was 0.84 (95% CI 0.66-1.10). To estimate the maximum effect of 

preventing PC death in men with PSA 3.0-3.99 ng/ml and negative screen, these 

men were excluded from the SA cohort. After this, an HR of 0.86 (0.71-1.03) was 

obtained (Table 5.7). 

In a similar manner, the men with interval cancers (N = 222) were excluded 

from the SA to estimate how large an effect on mortality could have been 

achieved if all interval cancers could have been prevented. The following HR 

was 0.81 (95% CI 0.67-0.97).   

Moderate-risk PCs were more often treated with radical prostatectomy in the 

SA and less often with radiation therapy compared to the CA (Table 5.8). Also, 

men with high-risk PC were more often treated with radical prostatectomy and 

less often with endocrine therapy compared to men in the CA.  
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Figure 5.4. Nelson-Aalen estimates of risk of dying from prostate cancer.  
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Table 5.7. Risk ratios after exclusion of specific subgroups from the screening arm. 

  S c r e e n i n g  a r m  C o n t r o l  a r m  HR (95% CI) 

  
No. of men 

Person-
years 

No. of PC 
deaths (%) No. of men Person-years 

No. of PC 
deaths (%) 

 
All men 

 
31,866 380,229 187 (0.59) 48,278 575,398 316 (0.65) 0.89 (0.75-1.07) 

Excluding men with PSA 3.0-
3.99ng/ml 31,388 374,342 176 (0.56) 48,278 575,398 316 (0.65) 0.86 (0.71-1.03) 

Excluding men with interval 
cancers 31,644 377,426 167 (0.53) 48,278 575,398 316 (0.65) 0.81 (0.67-0.97) 
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Table 5.8. Distribution of treatment modalities. 
 

  
Screening arm, 

N (%) 
Control arm, 

N (%) 
p for 

difference* 

LOW RISK 
    

 
RP 312 (26.3) 242 (25.4) p = 0.65 

 
Radiation 320 (27.0) 278 (29.2) p = 0.25 

 
Endocrine 32 (2.7) 54 (5.7) p <0.001 

 
Expectant 498 (42.0) 354 (37.2) p = 0.03 

 
Total 1,162 928 

 
     MODERATE RISK 

   

 
RP 451 (40.3) 425 (31.1) p <0.001 

 
Radiation 422 (37.7) 627 (45.9) p <0.001 

 
Endocrine 106 (9.5) 132 (9.7) p = 0.88 

 
Expectant 128 (11.4) 154 (11.3) p = 0.89 

 
Total 1,107 1,338 

      HIGH RISK 
    

 
RP 100 (21.5) 95 (13.2) p <0.001 

 
Radiation 242 (51.9) 393 (54.8) p = 0.33 

 
Endocrine 100 (21.5) 189 (26.4) p = 0.06 

 
Expectant 13 (2.8) 17 (2.4) p = 0.65 

 
Total 455 694 

 
     ADVANCED DISEASE 

   

 
RP 20 (7.1) 20 (3.4) p = 0.02 

 
Radiation 98 (34.6) 200 (34.2) p = 0.91 

 
Endocrine 154 (54.4) 337 (57.7) p = 0.36 

 
Expectant 3 (1.1) 7 (1.2) p = 0.86 

 
Total 275 564 

      
Low risk = T1 and N0/X and M0 and Gleason score ≤6 and PSA ≤10 ng/ml 

Moderate risk = T1-2 and N0/X and M0 and Gleason ≤7 and PSA ≤20 ng/ml 

High risk  = T1-4 and N0/X and M0, and Gleason or PSA 20-100 ng/ml 

Advanced 
disease = T3-4 or N1 or M1 or PSA ≥100 

 
     
RP = radical prostatectomy 

  
*Pearson Chi-square test, two-sided. 
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6. DISCUSSION 

The Finnish Prostate Cancer Screening Trial and the whole ERSPC trial have 

both been tremendous efforts to assess the effectiveness of PC screening in 

reducing PC mortality. Only prospective randomized controlled trials can 

demonstrate this effect conclusively.  

This dissertation is based on the Finnish Prostate Cancer Screening Trial and 

in part on data from the ERSPC as a whole. Mortality reduction, one of the main 

foci of this dissertation, was not observed at a statistically significant level at 

almost 12 years of follow-up. However, there was a clear reduction in the 

incidence of advanced PC in the screening arm, although at the cost of 

substantial overdiagnosis. In addition to the adverse effects of overdiagnosis, a 

large proportion of screened men were subject to a false-positive screening 

result.  

While these observations aid in deciding whether to screen for PC or not, this 

dissertation did not address the cost-effectiveness or the effect on quality of life 

– two important factors influencing the decision on undertaking a nationwide 

screening program.  

6.1 Assessment of the trial protocol 

The trial protocol in Finland was relatively well-accepted at population level, as 

the participation proportion was good for a population-based trial. The 

proportion of screen-positive men who underwent biopsy according to the 

protocol (which is a prerequisite to differentiate between malignant and benign 

disease) was the highest among the ERSPC centers.  
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6.1.1 Invitation and participation 

In the Finnish trial, due to logistic difficulties in arranging the screening 

program, there were altogether 1,671 men who were randomized to receive 

screening, but were never invited. Naturally, the existence of such a group of 

men should have been avoided. This group is included in the SA among the 

nonparticipants.  

The participation proportion in the Finnish trial was acceptable for a 

population-based trial, as roughly 75% of men participated at least once. Over 

half of the men participated all three times, and per round the participation 

proportion was 70%, which compares well with the colorectal cancer screening 

program in Finland (participation 69 – 71% per round) [Malila et al. 2011]. In 

other ERSPC centers with a population-based design, the participation 

proportion per round varied 60 – 86% in Italy, and 56 – 62% in Sweden. 

Centers with a volunteer-based design naturally reached higher proportions, 

e.g. in the Netherlands the proportion varied from 78-94% (II).  

In contrast to volunteer-based trials, population-based screening trials often 

cannot achieve complete coverage of the target population, as some people 

choose not to participate. The reasons for not participating may be various, such 

as not finding a suitable time to attend the screening test, not being fit enough to 

participate, or having already been tested for the target disease. An analysis 

from the Finnish prostate cancer screening trial revealed that the most 

commonly given reasons for non-participation were forgetting the invitation 

(51%), previous PSA testing (41%), not wanting to think of PC (39%) and 

regarding possible further examinations as unpleasant (28%) [Malmi et al. 

2010]. 

When screening efficacy is evaluated, the people who have actually 

undergone screening are compared to people did not receive screening (i.e. as if 

the participation proportion had been 100%) [Hakama et al. 2007]. This tests 

whether the screening test is able to reduce morbidity or mortality, if complete 

attendance was achieved. In contrast, when program efficacy is evaluated, the 

nonparticipant fraction is also analyzed in the screening arm, which gives a 

more reliable estimate of practical efficacy (i.e. the intention-to-screen 
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principle). This is reflected by the fact that in the Finnish trial (IV), the relative 

mortality reduction was 11% (95% CI -7 – 25%) but after correcting the result 

for the bias caused by the nonparticipants the relative mortality reduction was 

16% (95% CI 0.66-1.10). Although the Cuzick correction is an artificial method, 

it gives an estimate of  the magnitude with which the nonparticipant part of the 

intervention group affect the observed difference in mortality. 

Nonparticipant men differ from those who do participate, which is known as 

a “healthy screenee bias” [Zeliadt et al. 2007]. As shown by our results, both the 

overall mortality and prostate-cancer specific mortality were higher in the men 

who did not participate in screening versus the participant men or the men in 

the control arm. These nonparticipant men constitute a high-risk group and 

should always be included in analyses to reach valid conclusions when 

evaluating program effectiveness [Hakama et al. 2007], as we have done here. 

The possible means of increasing the participation proportion if screening 

were to be launched nation-wide are beyond the scope of this dissertation, but 

may include raising awareness, ease and flexibility of participation, e.g. 

combining the screening test with other routine medical examinations.  

6.1.2 Screening test 

A choice of the screening test is always a compromise to find an optimal balance 

between sensitivity and specificity. PSA as a screening test is far from perfect – 

aggressive PCs may occur in men with very low PSA, and men with high PSA 

may be cancer-free. Nevertheless, it is a simple blood test, safe and inexpensive, 

and therefore has also several favorable characteristics for a screening test. 

In the Finnish trial, a PSA threshold of 4.0 ng/ml was chosen in 1996, and an 

auxiliary test (DRE in 1996-1998; F/T PSA in 1999 – 2007) was offered to men 

with PSA 3.0 – 3.99 ng/ml. A value of 4.0 ng/ml is a relatively high cutoff point 

by present day standards, and many other ERSPC centers used a lower cutoff 

point (II). Had we lowered the cutoff point to 3.0 ng/ml, an unknown number of 

indolent PCs would have been detected. Since we did not perform an end-of-

study biopsy on screen-negative men (as was done in the PCPT trial), we cannot 
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know exactly how many of the screen-negative men with PSA 3.0-3.99 actually 

harbored PC at that time. However, we can retrospectively analyze the data and 

observe that in men with PSA 3.0-3.99 and negative screen, altogether 11 men 

had PCs that resulted in death during the mean follow-up of 12 years. Biopsying 

all men with PSA ≥3.0 ng/ml would have meant that an extra 2,872 men would 

have undergone an invasive procedure. It is possible that some of the advanced 

cancers in men with PSA ≥3.0 ng/ml could have been detected earlier with a 

lower PSA threshold. Yet, this would not have made a substantial difference to 

mortality (IV), but would definitely have added adverse effects from screening 

to almost 3,000 men. 

Furthermore, 23 advanced PCs (10% of all interval cancers) were detected 

outside the protocol within four years after the men had had PSA <3.0 ng/ml, 

meaning that lethal cancers are found even in men with low PSA levels. Similar 

observations have been made previously: in the PCPT trial, 2.3% of men with 

PSA less than 4.0 ng/ml had an aggressive PC in the end-study biopsy 

[Thompson et al. 2004]. 

The sensitivity of our screening test has been estimated previously as 0.89, 

which is comparable to both the Swedish (0.90) and the Dutch (0.93) ERSPC 

centers [Auvinen et al. 2009]. The Swedish center used biennial screening and 

the Dutch screened with a four-year interval; both used a PSA threshold of 3.0 

ng/ml. It is likely that sensitivity could have been improved by lowering the PSA 

threshold in Finland too, but it is debatable whether the improved sensitivity 

would have been worth the loss in specificity, i.e. the increased number of FP 

screening results. 

The auxiliary test was changed after the first three years of the trial from DRE 

to F/T PSA with a cutoff of 16%. While DRE still has its place in routine 

urological examination, it is rather cumbersome as a screening test, as it needs 

to be performed by a urologist, and requires another visit to the screening clinic 

(if DRE is performed as a supplementary test). Furthermore, DRE is dependent 

on the skill of the physician, and may miss potentially lethal impalpable cancers 

[Schröder et al. 1998]. F/T PSA, on the other hand, is a simple auxiliary 

laboratory test and therefore more suitable for screening purposes, especially if 

F/T PSA is conditionally determined only if the total PSA is e.g. 3 – 10 ng/ml. In 
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this PSA range, F/T PSA is useful in differentiating between malignant and 

benign disease [Roddam et al. 2005; Finne et al. 2008]. As published previously 

from the first round of the Finnish trial, F/T PSA provided slightly better 

specificity (93.3% vs. 91.7%) and a higher detection rate (4.8% vs. 2.9%) 

compared to DRE [Mäkinen et al. 2001]. 

6.1.3 Screening interval 

Defining the screening interval is an important decision in a screening program. 

The optimal screening interval is influenced by both the lead time of the 

particular cancer and the screening test selected. If the lead time is long, a less 

frequent screening interval is appropriate, whereas for cancers with a short lead 

time (i.e. aggressive cancers) a more frequent interval is needed to detect them 

before they progress to an incurable stage. Clinically emerging interval cancers 

(not detected by the screening protocol) provide information for estimating 

sensitivity and optimal screening interval [Auvinen et al. 2009].  

Estimates for the lead time in PC have varied between 3 and 12 years, but an 

analysis utilizing three models estimated lead time to be 5.4 – 6.9 years 

[Draisma et al. 2009], and another study from the ERSPC trial with 4.0 ng/ml 

cutoff determined lead time to be 6.8 years [Finne et al. 2010].  

A screening interval of four years was used in most ERSPC centers; only 

Sweden used biennial screening and in Belgium the interval varied from two to 

seven years. The PLCO trial in the USA, by contrast, screened annually. It has 

been observed that at 10 years of follow-up there is no major difference in the 

cumulative incidence of interval cancers between the Swedish (0.74%) and 

Dutch (0.43%) centers [Roobol et al. 2007]. Similarly, our trial reported a 

cumulative incidence of interval cancers of 0.53% at 9.2 years of follow-up (III) 

and 0.70% at 11.9 years of follow-up (IV). In the Belgian center, however, the 

cumulative incidence of interval cancers was 3.0% at 10 years of follow-up due 

to the prolonged first screening interval, up to seven years [Nelen et al. 2010]. In 

Belgium, the incidence rate of (aggressive) interval cancers was higher after 

four years from the screen suggesting that the screening interval should not 
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exceed four years. It is possible that more frequent screening could be more 

effective in reducing the incidence of advanced PC and thus mortality, as a 

recent report comparing Dutch and Swedish trials suggests [van Leeuwen et al. 

2012]. This is further supported by a simulation analysis from the Finnish trial 

indicating that a shorter screening interval is a more important factor affecting 

the relative mortality reduction than the age of onset of screening [Wu et al. 

2012]. So far no analyses have been published on sensitivity or interval cancer 

incidence from the PLCO trial. It is currently not known which interval is best to 

achieve the optimal sensitivity and specificity, although the aforementioned 

observations suggest it could be somewhere between two and four years, but 

not exceeding four years. 

6.1.4 Diagnostic examinations 

The screen-positive men were referred to diagnostic work-up, i.e. DRE, TRUS 

and biopsy. However, not all screen-positive men were actually biopsied 

according to the protocol. In Finland, the proportion of the screen-positive men 

who did not undergo biopsy varied from 0.5 to 1.6% of all screened men per 

round, whereas in other centers the proportion of these men varied from 1.0 to 

8.2% per round (II).  

Some of these men may have contacted their regular physicians or urologists 

(e.g. in private clinics) for diagnostic examinations after having learned they had 

tested screen-positive. In the Finnish trial, we have no direct knowledge of 

private sector examinations or biopsies. We can, however, indirectly observe 

from the Finnish Cancer Registry how many of these were subsequently 

diagnosed with PC. During three rounds, of the 496 men who were screen-

positive but did not undergo biopsy according to the protocol, only 5 (1.0%) 

were later diagnosed with PC (within four years of the screen). This suggests 

that most of these men did not undergo biopsy anywhere, because usually 25 – 

30% of screen-positive men have cancer (I). Several reasons could lie behind 

refusing biopsy. For example, these men may have been distressed by the 

prospect of a biopsy procedure or possible cancer diagnosis. They may also 
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have been tested previously with PSA and possibly biopsied, which could 

explain why they did not want to undergo another biopsy.  

In some centers (Belgium, Italy) the proportion of non-biopsied screen-

positive men of all screen-positive men was as high as 30 – 60% per round (in 

Finland, the Netherlands and Sweden 5 – 15% per round) (II). Such high figures 

suggest fundamental problems in the execution of the screening protocol in the 

Italian and Belgian centers. Still, compared to the PLCO trial, which biopsied 

only 30-40% of screen-positive men [Grubb et al. 2008], the overall biopsy rate 

was much higher in these five centers of ERSPC (85-90%).  

In the Finnish trial, a sextant biopsy was used until 2002, when 10-12 cores 

were adopted. In other ERSPC centers, a sextant biopsy was recommended and 

used from 1996 onwards. The change in the Finnish biopsy protocol was made 

because in routine clinical practice 10-12 cores had become common, and the 

trial wanted to maintain comparability between the study arms. The effect of 

increasing biopsy cores is difficult to estimate due to the aging cohort and 

previous screening, but comparing screening results from 2001 and 2003 

showed essentially no difference in the proportion of screen-detected cancers 

or FP results. In theory, using more cores should increase the cancer detection 

rate, as sextant biopsy may miss up to 30% of PCs [Norberg et al. 1997]. 

Increasing cores should in turn decrease the proportion of false-positive 

screening results.  

All PC diagnoses were based on routine assessment by pathologists both in 

the screening and control arms. The interobserver variability was reasonably 

low within the ERSPC: the concordance between Swedish and Dutch 

pathologists was estimated at 87% [van der Kwast, 2006]. As the ERSPC trial 

has been ongoing for several years, the criteria for Gleason grading have 

changed (see section 2.3.3.3), which poses a problem in comparing older cancer 

diagnoses to present-day diagnoses. Fortunately, this change is similar in both 

study arms and therefore is nondifferential. 
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6.1.5 Treatment 

The PCs were treated in the same local hospitals irrespective of trial arm. This 

should have resulted in equal distribution of treatment modalities between trial 

arms, but statistically significant differences were observed, as men in the SA 

were more likely to receive radical prostatectomy for moderate-risk PC and less 

likely to be treated with radiation therapy. Also, men with high-risk PC were 

more often treated with radical prostatectomy and less often with endocrine 

therapy compared to men in the CA. 

While actual treatment analyses are beyond the scope of this dissertation, 

certain observations may be pointed out. The difference in treatment modalities 

may contribute to the mortality effect if men in the intervention receive more 

intensive and curatively-aimed therapy. This kind of bias would magnify the 

mortality effect in favor of the intervention arm.  

A similar dissimilarity in treatment modalities was observed previously in 

the eight centers of the ERSPC trial: radical prostatectomy and active 

surveillance were more often chosen in the SA and endocrine therapy in the CA 

[Wolters et al. 2010]. As discussed by Wolters and colleagues, this may reflect a 

screening effect: the inherent differences between the clinically emerged PC and 

screen-detected PC rather than actual bias in the treatment between trial arms.  

6.1.6 Follow-up 

In Finland information on PC diagnoses was extracted from the database of the 

Finnish Cancer Registry, to which medical institutions are obliged to report new 

cancer diagnoses. Of cancers in Finland, 99% are reported to the Finnish Cancer 

Registry [Teppo et al. 1994]. In addition, both the screening and control arm 

cancer diagnoses were confirmed from the patient records in the local hospitals. 

In other ERSPC centers population-based nationwide cancer registries 

(Sweden) or regional cancer registries (Belgium, Italy, the Netherlands) were 

utilized for extracting the data. 
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Valid information on cancers diagnosed in both study arms is vital to reach 

the correct conclusions on the screening effect in a trial. In a population-based 

screening trial, it is often easier to obtain information on the cases in the 

intervention arm than in the control arm (e.g. previous PSA testing, quality-of-

life questionnaires). Underreporting in the control arm is likely to magnify the 

difference in cancer incidence between study arms, since screening usually 

leads to overdiagnosis. However, if screening reduces mortality, the difference 

in mortality is likely to be diluted. 

Mortality information was obtained in Finland from the Official Statistics of 

Finland, and excellent agreement (κ=0.95) was observed in PC deaths between 

the cause of death committee of our trial and official death certificates [Mäkinen 

et al. 2008]. A similar analysis from the Dutch center also provided relatively 

good concordance (κ=0.76) with their cause of death committee and official 

Dutch statistics [Otto et al. 2010]. Other centers have not published results from 

the cause of death committees. It may be seen as a limitation that the cause of 

death committees were not independent of the trial. 

Cause of death may be either a clinical conclusion by the clinician or a 

conclusion based on autopsy. Determining a cause of death, especially in elderly 

patients with extensive co-morbidity, is not always simple. In Finland it has 

been estimated that approximately 30% of the deceased undergo autopsy [Lahti 

and Penttilä 2001].  

In a cancer screening study correct classification for the cause of death is 

crucial to avoid misattribution. Therefore cause of death committees should be 

established in any study which uses mortality as an end-point to review 

whether the causes of death are indeed correct. In both ERSPC and PLCO trials 

such committees were used [Miller et al. 2000; de Koning et al. 2003]. As 

discussed in Section 2.5, cancer-specific mortality is always subject to 

misattribution bias, and thus overall mortality was also reported in our trial. 
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6.2 False-positive screening results 

The results of this dissertation showed that false-positive screening results are 

common in PC screening as they affect 11.1 – 26.4% of the men attending 

repeated screening, depending on the center (II). The men with FP results were 

at higher risk for future diagnosis of PC compared to men with a negative screen 

(I, II), and also at higher risk for dying of PC. In addition, men with FP results 

often have persistently high PSA levels, which often results in subsequent FP 

results (I, II). Furthermore, they tend to be more likely not to participate in the 

next screening round than men with negative screening results (I, II).  

The FP results are not surprising when discussing screening for PC with PSA. 

As discussed, the specificity of PSA is not very high at levels 3 – 10 ng/ml, as PSA 

may be elevated due to a number of common benign conditions. We followed an 

ERSPC definition where a screen-positive cancer should be diagnosed within 

one year, and if no such diagnosis is made, the result is false-positive. However, 

this definition is not entirely straightforward, as screening tests are not 100% 

sensitive and specific. If the time limit is too short, (missed) cancers will be 

diagnosed at repeat biopsy (i.e. an FP result becomes a true positive); and if the 

time limit is too far away, de novo cancers will arise in FP men.  

Although a prostatic biopsy as a procedure is well-tolerated and rarely 

results in complications, it is unpleasant and often painful even with the use of a 

local anesthetic [Mäkinen et al. 2002; Carlsson et al. 2011; Rosario et al. 2012]. 

Also, waiting for the results is psychologically  stressful and may cause anxiety 

for up to a year, even after a negative biopsy result [Fowler et al. 2006]. 

The proportion of FP results has been estimated at 7-8% per screening round 

[Lafata et al. 2004; Määttänen et al. 2007]. In repeated screening, an analysis 

from the PLCO trial determined that after annual screening altogether four 

times, 10.4% of men had at least one FP screening result [Croswell et al. 2009]. 

We estimated a slightly higher proportion of ever-false-positive men in the 

Finnish trial during three screening rounds (12.5%), but subsequently large 

differences were observed among ERSPC centers (II). Moderate proportions 

were observed in Belgium, Italy and Finland, whereas in the Netherlands and 
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Sweden more than 20% of men had at least one FP result. Unfortunately, the 

data from Belgium and Italy were not as reliable as in the other three centers, as 

30 – 60% of men with elevated PSA were not biopsied (i.e. we cannot know 

whether they would have had a malignant or benign biopsy finding). Screening 

interval and age did not appear to be associated with the prevalence of FP 

results. The reason for the higher prevalence in the Swedish and Dutch centers 

appeared to be the lower PSA cutoff point, which is a logical determinant for 

lower specificity. The prevalence of FP results would have been decreased from 

18% to 12% (reducing a total of 3,800 FP results, 35% of all FP results) if all 

centers had used a PSA threshold of 4.0 ng/ml, but 1,250 cancers (26% of all 

cancers) would have been missed during 3-6 screening rounds(II). 

FP men were more likely than screen-negative men to not participate in 

subsequent screening – an effect observed in both the PLCO trial [Ford et al. 

2005] and now in our studies (I, II). This may be explained by a (potentially 

false) reassurance of being free from disease, or by anxiety after an unpleasant 

experience. Also, receiving a positive screening result without being diagnosed 

with cancer may erode a man’s perception of the effectiveness of screening. 

Men with FP results were also determined to be at higher subsequent risk for 

PC in the future, but this observation must be viewed with caution. It remains 

unknown whether this increased risk is due to a real biological susceptibility for 

developing de novo PC, or simply because these men were already carriers of a 

minimal carcinoma lesion that was missed in the original (sextant) biopsy and 

detected by a rebiopsy. Men with FP results receive more follow-up biopsies, as 

reported previously [Fowler et al. 2006] and confirmed by the Finnish trial (I). 

Due to this more intensive follow-up, the FP results add to the costs of screening 

[Lafata et al. 2004].  

One could argue that cancers detected after an FP screening result were 

mostly (>90%) localized and low-grade and thus clinically insignificant. 

Nevertheless, 6.3% of cancers diagnosed after an FP screening result were 

aggressive in nature (II); and even after one FP screen, there was a fivefold risk 

of dying of PC compared to those testing screen-negative.  

Men with FP results were likely to have persistently high PSA – in fact the 

probability of another FP screen was more than 50% if these men participated 
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in the next round. This is no surprise, as the most likely explanation for an 

elevated PSA in these men is BPH. However, considering that FP men are likely 

not to participate in screening although harboring cancers (some of which are 

lethal) the existence of this relatively large group of FP men is no trivial matter 

in PC screening. Unfortunately, this dissertation does not provide clear-cut 

answers as to how we could reduce the number of these findings.  

6.3 Impact of screening on incidence and mortality 

The rationale for cancer screening is to decrease cancer-specific mortality and 

thus, all-cause mortality. The only way to achieve this is by detecting the cancer 

lesions at an early stage when they are still curable, but early detection does not 

automatically result in lower mortality due to lead time bias (see Section 2.5). 

The incidence of advanced cancers was 25% lower in the SA compared to the 

CA, but the overall incidence of PC was higher in the screening arm due to both 

overdiagnosis of low-grade localized cancers and the aforementioned lead time 

bias (i.e. the PCs were detected earlier than in a clinical setting) (III). However, 

in the Finnish trial at 11.9 years of follow-up only a statistically non-significant 

11% relative mortality reduction was observed between the two study arms 

(IV).  

When a screening program is implemented, there is an incidence peak due to 

diagnosing prevalent cancers in the population. If there is no overdiagnosis 

present, the incidence should be lower just after the peak than before screening, 

and gradually return to the same level as before screening. Ideally, after the 

implementation of screening the incidence of advanced stage cancers should 

remain lower than without screening, which is a prerequisite for lowered 

mortality.  

With PC, a clear peak in the incidence can be observed after each screening 

round in the Finnish trial (III). However, due to overdiagnosis, the incidence 

remained high throughout the trial, and the cumulative incidence was 30% 

higher in the screening arm than in the control arm.  
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PC screening results in an excess of cancer diagnoses, which has been 

observed in many studies. In the joint ERSPC publication, the incidence was 

70% higher in the screening arm than in the control arm [Schröder et al. 2009], 

and even in the PLCO trial the incidence was 22% higher in the SA despite 

contamination in the SA and the fact that one third of the men had been tested 

with PSA before the trial started [Andriole et al. 2009]. In the Swedish center 

the screened men had a 64% higher risk for PC diagnosis compared to the 

nonscreened men [Hugosson et al. 2010]. While it is logical that screening 

results in a plethora of cancer diagnoses, these figures suggest major 

overdiagnosis, i.e. detection of cancers that would not have surfaced clinically. 

The amount of overdiagnosis cannot be directly observed from the 

aforementioned figures, but studies using stochastic natural disease history 

models have estimated that in screening, 23-42% of screen-detected cancers are 

overdiagnosed [Draisma et al. 2009].  

Overdiagnosis and subsequent overtreatment are probably the most 

important adverse effects of PC screening. Overdiagnosis may result when the 

diagnosed cancer progresses so slowly that the patient dies from other causes 

before the cancer becomes symptomatic, either due to the indolent nature of the 

cancer or the short life expectancy of the patient [Welch and Black 2010]. It is 

impossible to definitely know which PCs progress and which do not, although it 

is becoming increasingly clear that the risk of PC-specific death is very low in 

the low-risk PC group [Bul et al. 2012]. Understandably, for the clinician and 

especially for the patient, it may be difficult to not opt for aggressive (radical) 

treatment of the cancer to avoid the possibility of disease progression (even if 

this possibility was very low). As prospective evidence accumulates on active 

surveillance schemes this psychological burden of expectant management is 

hopefully alleviated. 

An important step in quantifying the adverse and beneficial quality of life 

effects was taken recently when Heijnsdijk and colleagues reported of a 

simulation model which evaluates net gain or loss of quality of life resulting 

from PSA screening [Heijnsdijk et al. 2012]. This theoretical model showed that 

adverse effects of overdiagnosis and overtreatment were the heaviest 
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contributors to lost quality-adjusted life years. It remains to be seen whether or 

not this model can aid in clinical decision-making.  

 

Ideally, PC screening prevents deaths from PC. When the men who die of PC 

despite being randomized to receive screening are analyzed, two prominent 

groups emerge not only in the Finnish trial but also in the Swedish [Bergdahl et 

al. 2009] and Dutch trials [Zhu et al. 2011]. The first group is men who do not 

participate in screening. As discussed earlier, nonparticipants are at a higher 

risk for PC and dying of PC than other men in the screening arm or men in the 

control arm. Another large group of men who die of PC are those who are 

diagnosed at the first time they attend screening. These men cannot be regarded 

as failures in the screening protocol an sich, as their existence is logical when 

screening is commenced. If the screening is begun at an earlier age (as in the 

Swedish trial), the number of these men will be smaller. Yet even in the Swedish 

trial the men who were diagnosed at their first screen contributed a third to the 

number of men who died of PC despite screening at 13 years of follow-up. 

Roughly 10% (N=20) of the men who died of PC in the Finnish trial despite 

being randomized to receive screening were due to an interval cancer. Of these 

men, 17 had had a PSA level <3.0 ng/ml at a previous screen. It remains 

unknown whether these men could have been diagnosed sooner if the screening 

interval had been shorter, but on average these men were diagnosed with 

cancer 2.7 years after the PSA test, suggesting that for some of these men 

diagnosis could have been made if screened biennially. Whether or not this 

would have prevented PC deaths remains open to conjecture.  

 

As discussed earlier, a prerequisite for mortality reduction is earlier detection of 

cancers by screening, i.e. a stage shift must be observed. There is evidence of 

such stage shift in the Finnish trial (III) and in other ERSPC centers [Hugosson 

et al. 2004; Postma et al. 2007]. In the Swedish center, the incidence of advanced 

cancer was shown to be almost 50% lower (0.24 vs. 0.47%, NNS = 435) in the 

screening arm than in the control arm [Aus et al. 2007], and in the Finnish trial, 

the reduction was 30% (1.0 vs. 1.4%, NNS = 270) (III). Yet we observed only a 

small non-significant mortality reduction (11%) in the Finnish trial (mortality 
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among screened men 59/10,000 vs. 65/10,000 in the control men). In the 

pooled ERSPC analysis a 20% relative reduction was seen overall (29/10,000 vs. 

36/10,000) [Schröder et al. 2009], and an even larger (44%) relative effect in 

the Swedish center with longer follow-up (50/10,000 vs. 90/10,000) [Hugosson 

et al. 2010]. However, no single center has sufficient statistical power to 

conclusively analyze effect on mortality [de Koning et al. 2002], which is why 

the original ERSPC mortality publication in 2009 did not show mortality results 

separately by center [Schröder et al. 2009].  

Nevertheless, it is curious that the relatively large reduction in the incidence 

of advanced cancer did not produce a more profound mortality reduction effect 

(11%) in the Finnish trial (IV). The most obvious explanation for this could be 

contamination in the control arm, which has not yet been thoroughly estimated 

in the Finnish trial. Contamination (i.e. unorganized or wild PSA testing) in the 

control arm would dilute any differences observed between the arms, as was 

the case in the PLCO trial (half of the men in the control arm received PSA 

testing by the fifth year of screening and a third of the men had already been 

tested with PSA and DRE before the study) [Andriole et al. 2009]. Conversely, 

the Swedish center has estimated that only 3% of men in their control arm had 

been tested with PSA at randomization [Hugosson et al. 2010].  

A questionnaire for physicians was implemented in the Finnish trial showing 

that 18% of respondents admitted having systematically screened 

asymptomatic men with PSA in 1999 and 9% in 2007 in addition to those 70% 

who used PSA screening occasionally [Pogodin-Hannolainen et al. 2011]. This 

indicates that contamination is likely to have a diluting effect on mortality 

difference between the trial arms in the Finnish trial despite the fact that such a 

questionnaire study with a less than 50% response rate is likely to 

overrepresent PSA use due to selection bias. 

Lack of a reliable estimate of contamination in the control arm is a major 

weakness in two articles of this thesis (III, IV) and in the Finnish screening trial 

as a whole. 

The differences in the treatment modalities may have affected mortality 

difference in the trial arms, but these differences would be more likely to 
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magnify than dilute mortality difference, as the men in the SA were more likely 

to receive curative-aimed treatment. 

Another reason for the lower mortality reduction effect could be simply the 

length of the follow-up period. When the trial has serious flaws (such as major 

contamination in the PLCO trial), the difference between the trial arms is 

unlikely to emerge with further follow-up. Our study (IV) reported mortality 

results at a median of 13 years of follow-up, although the Swedish analysis had 

only a slightly higher median of 14 years. In Sweden, the differences between 

the arms began to be clearer after 11 years [Hugosson et al. 2010]. It is possible 

that the observed reduction in advanced PCs may still turn into a significant 

mortality reduction with additional follow-up time in the Finnish trial.  

It has been hypothesized that PSA screening may be effective in reducing 

mortality in younger men, as the Swedish center had younger men as 

participants than did other ERSPC centers. This hypothesis could be further 

fortified by a post hoc subgroup analysis from the PLCO trial, in which PC 

mortality was observed to be reduced by screening when only men with no 

significant comorbidities were analyzed [Crawford et al. 2011]. The validity of 

this post hoc analysis was subsequently questioned, as the criteria for 

comorbidities were rather loose [Bach and Vickers 2011] and the updated PLCO 

publication did not corroborate these results [Andriole et al. 2012]. There is no 

substantial evidence so far that screening younger men is a major issue in 

achieving effective reduction of PC mortality. While it is true that curative 

treatment in younger men with high-risk localized PC produces more life years 

gained than does the treatment of such a cancer in elderly men, it is also 

undeniable that younger men would have to live longer with adverse effects in 

case of overtreatment. Hence analyses regarding quality of life are warranted in 

the future to evaluate the usefulness of PC screening, especially before 

recommending screening of younger men (<55 years).  
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7. CONCLUSIONS AND FUTURE 

PROSPECTS 

This dissertation was intended to evaluate possible disadvantages and benefits 

of prostate cancer screening. The only significant benefit from screening was a 

decreased incidence of advanced cancer, which was not reflected in an equally 

large reduced mortality impact during the 12 years of follow-up but may do so 

when the follow-up time is extended. However, several downsides were 

observed for the screened men: abundance of FP screening results, and also a 

rough estimate of overdiagnosis and overtreatment of PCs. It is likely that with a 

lower PSA threshold and more frequent screening a more substantial mortality 

effect could have been observed, but this beneficial effect should be weighed 

against the adverse effects of intensive screening.  

PC screening is a delicate subject. Attitudes toward screening may be very 

different in a man who has been diagnosed early with an aggressive cancer and 

treated curatively compared to a man who has undergone radical treatment for 

an indolent cancer and who has to suffer from the adverse effects of treatment 

for years. Epidemiologists need to try to distance themselves from the 

individual patient and see the big picture. Public health choices are difficult as 

resources are limited and need to be utilized to gain maximum health benefit. 

This dissertation can only provide limited information to aid the decision-

making process, as quality of life and cost-effectiveness were not evaluated.  

The results from this dissertation do not support generalized population-

based PC screening. It is possible that with longer follow-up the mortality 

reduction will improve, but even then the cost-effectiveness and quality of life 

factors need to be weighed against the observed benefits. Nationwide PC 

screening could be justified, if (in addition to general screening criteria) the 
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following criteria were met: 1) the screening test and further diagnostic 

procedures could not only differentiate better between benign and malignant 

disease but also between clinically insignificant and significant disease 2) active 

surveillance methods for overdiagnosed low-risk cancers would be effective, 

and more widespread and also acceptable among patients (i.e. radical treatment 

could be avoided thus alleviating the treatment burden on low-risk disease) 3) 

it would be possible to identify high-risk subgroups in the population to which 

to target the screening measures.  Focusing future research on how to meet 

these criteria is needed to improve PC screening. 
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