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Abstract
Objectives: The outcome from the screening trials on prostate cancer published in recent years may at a first glance seem
contradictory. A review of all randomized controlled trials was undertaken in order to explore these divergences.
Methods: PubMed was searched for all publications on prostate cancer screening trials.
Results: Five randomized controlled trials were found. The only trial that could show a statistically significant impact on
prostate cancer mortality was the European Randomized Study of Screening for Prostate Cancer (ERSPC), in particular
the Gothenburg Centre, which constitutes on of eight units of the ERSPC trials. The absence of significant outcome from
the other trials may, however, be explained by higher PSA threshold, longer screening intervals and shorter follow-up.
Conclusions: Screening for prostate cancer may reduce prostate cancer mortality, but to the cost of over-detection and
over-treatment.
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Introduction
Increasing evidence of improved survival in men with localized prostate cancer treated with radical prostatectomy [1]
fuelled the debate on prostate cancer screening at the beginning of the 2000’s. Two large randomized controlled trials [2, 3]
were initiated at the beginning of the 1990’s in order to provide ultimate answers to all of the issues regarding prostate
cancer screening, in particular: “Does screening save lives or not?”. The two studies, however, ended up in a tie-break,
with the Prostate, Lung, Colorectal and Ovarian (PLCO) cancer screening trial unable to show any survival benefit and the
European Randomized Study of Screening for Prostate Cancer (ERSPC) showing a small, but significant benefit. In
addition to the ERSPC and PLCO trials, three minor trials have also provided data regarding screening [4-6], albeit not
unequivocally in favor for or against screening. After a period of ambivalence, the US preventive services task force
(USPTF) decided to take a standpoint against screening, issuing a recommendation statement concluding that the harms of
prostate cancer screening outweigh the benefits [7].
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The greatest problem when interpreting the seemingly contradictory outcomes of prostate cancer trials is not divergence of
outcome, but rather the adequacy of the question posed. Instead of asking “Benefit or no benefit?”, the question should be
“Benefit, but at what cost?” or “Over-detection and over-treatment versus death from prostate cancer”. When approaching
the issues of prostate cancer in this manner, the problem is much greater than can ever be solved with a single P-value
discriminating between death rates in a screened and a non-screened population. Over-treatment of men with non-lethal
tumors is a huge ethical dilemma that should not be neglected. Whereas tumor remission after surgery or radiotherapy may
be perceived as confirmation of the benefits of screening with early diagnosis and treatment, the harms of treatment,
including perioperative complications, erectile dysfunction and incontinence should not be neglected. Furthermore,
despite the fact that the outcome of surgery or radiotherapy may seem successful for men with low-risk tumors, i.e. those
usually detected by screening, these men benefit less from treatment with radical intent than do men with high-risk tumors,
even though men with high-risk tumors face a higher risk of early tumor recurrence [8]. In fact, even the ERSPC showed
that 48 men must undergo treatment with curative intent in order for one man to avoid death from prostate cancer [3]. On
the other hand, preventing death from prostate cancer may be considered important not only for prolonging survival, but
also for avoiding a very dreadful period prior to death. Death from prostate cancer may be very agonizing, with constant
pain, loss of autonomy, and dependence on help with almost every daily activity [9]. During the final year of life, a rapid
decrease in perceived quality of life is seen for men with prostate cancer [10].
Ultimately, it is only men with a suspicion of prostate cancer who are able to make an adequate trade-off between the
potential hazards of over-diagnosis and the risk of neglecting a potentially curable prostate cancer. This requires informed
decision-making, which may be a very complex process that is not easily addressed using the rather schematic routines of
a mass screening program. A study has been initiated in Australia with the aim of quantifying men’s preferences in a
structured way [11]. This study may provide a better understanding of the relative importance of the factors influencing the
decision to undergo PSA testing.
The aim of the present review was to critically assess and compare the outcomes of the randomized controlled trials
presenting mortality data following prostate cancer screening.

Results
Five randomized studies have presented results on prostate cancer mortality. Although somewhat contradictory, they have
each independently shed some light on the outcome of prostate cancer screening:

The prostate, lung, colorectal and ovarian (PLCO) cancer screening trial
In the first report from the PLCO trial, no survival benefit from screening was seen [2]. The lack of survival benefit may,
however, have been explained by a relatively high PSA threshold (4.0 ng/mL), and high pre-screening and contamination
levels in the control group. Furthermore, the follow-up was not sufficient to achieve the power to show any differences in
mortality between the screening group and control group. In a recent follow-up, a small but non-significant reduction in
prostate cancer mortality was seen in the screening group [12]. With a long enough follow-up period, this difference
between the control group and screening group could become significant.

The European randomized study of screening for prostate cancer
(ERSPC)
The ERSPC was a study organized by assembling data from several countries in Europe. The study design differed slightly
between units, but the total study population size was more than twice the size of the PLCO trial. In the first report on
prostate cancer mortality from the study, a reduction in prostate cancer mortality of 20% (P=0.04) was seen [3]. The
outcome from the ERSPC trial, however, was to a great extent dependent on one center, Gothenburg, where the patients
were younger, the PSA threshold lower, the screening intervals shorter and the follow-up longer. In a separate analysis
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from Gothenburg, a reduction in prostate cancer mortality of 44% was seen [13] which indicates that the favorable outcome
of prostate cancer screening seen in the ERSPC trial was, to a great extent, dependent on the Gothenburg subgroup.

The Stockholm study
In a study performed in Stockholm, Sweden, 2400 men aged 55 to 70 years were invited once to partake in prostate cancer
screening that included digital rectal examination, transrectal ultrasound and PSA testing [4]. In a 15-year follow-up, no
reduction in the overall or prostate cancer-specific survival was seen. Screening subjects, however, had a significantly
lower risk for death from causes other than prostate cancer, which raises the possibility of co-morbidity amongst men who
did not accept the screening invitation. This is an important observation that must be taken into account when assessing the
outcome of screening trials.

The Quebec study
The first study to ever provide results regarding prostate cancer screening was the Quebec study [5]. The original results
indicated a great benefit from screening, with a relative prostate cancer death risk in the screened group of 0.38 (95%
confidence interval 0.20-0.73). The results from this study, however, were compromised by a large crossover and
contamination between the study group and the control group. When tested in an intention-to-treat analysis, no significant
decrease in prostate cancer mortality was seen. Considering the risk for confounding due to high co-morbidity associated
with non-participation in screening, as seen in the Stockholm study [4], the outcome of the Quebec study may be very
misleading if interpreted inadequately.

Figure 1. The design of a screening program requires careful consideration of the risk for over-as well as
under-detection. Ideally, the most aggressive cancer should constitute a high proportion of the screening-detected
tumors [14]. However, the high-risk tumors usually grow more rapidly than the low-risk tumors and present as interval
cancers with locally advanced growth at diagnosis.
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The Norrkoping trial
The Norrkoping trial was the first randomised controlled trial on prostate cancer screening [6]. It was initiated in 1987,
before PSA testing had become a routine test. Thus, at the first two screening rounds in 1987 and 1990, only digital rectal
examination was done. In the next two rounds 1993 and 1996, PSA testing was done parallel to rectal examination.
Although the study was relatively small, with only 1494 men in the screening group from the start, the long follow-up has
rendered a statistical power of the same magnitude as that presented in the first report from the PLCO trial [2]. The study,
however, was designed for assessing the feasibility, cost-effectiveness and side-effects of screening rather than analyzing
the impact on prostate cancer mortality. Furthermore, only half of the men diagnosed with prostate cancer in the screening
group were treated with radiotherapy or surgery. When followed for fifteen years, no difference in prostate cancer
mortality between the screening and control groups was seen. The lack of reduction in prostate cancer mortality, seen in
the Norrkoping trial, may be the result of a low detection rate and skepticism towards radical prostatectomy and
radiotherapy when the study started.

Discussion
The seemingly contradictory outcomes of these studies are to a great extent dependent on differences in set-up, screening
intervals, PSA thresholds, and management of men with prostate cancer. There is no uniform way of organizing prostate
cancer screening. The shorter the screening interval 14 and the lower the PSA threshold, the higher is the sensitivity,
yielding a higher detection rate at the cost of risk for over-detection and over-treatment (Figure 1). Whereas the screening
sensitivity at the Gothenburg Centre in the ERSPC trial was high, the screening sensitivity was intermediate at the rest of
the ERSPC centers and in the PLCO and Quebec trials and the Stockholm and Norrkoping trials had a low sensitivity.
Whether or not a high detection rate is beneficial for men undergoing screening can only be determined by the men who,
on the one hand, face the risk of being falsely assumed to have a lethal cancer, or undergo advanced treatment of an
indolent tumor without malignant potential yet, on the other, gain the chance of preventing a curable tumor from
developing into a serious cancer that may ultimately shorten life, the last months of which are ridden with anguish, loss of
control of basic functions, and therapy-resistant pain.
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