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Summary Prostate cancer (PCa) is the most common
cancer type in men. Overall, the goal of prostate-spe-
cific antigen (PSA)-based screening is to identify early-
stage disease that can be treated successfully. How-
ever, evidence supporting an overall survival advan-
tage in men undergoing PSA screening is controver-
sial, leading to a lack of consensus on guidelines.
The present review article provides an overview of the
most important studies on PSA screening including
the latest updates of large trials. In addition, modern
concepts in early detection of PCa that can be added
to PSA measurement alone such as PSA isoforms or
mpMRI are discussed. Lastly, recommendations for
PCa screening and early detection from the European
and German Societies of Urology issued in 2019 are
presented.
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Introduction

Prostate cancer (PCa) is the most common cancer
and remains an important cause of death in males
[1]. Overall, PCa is a pleiotropic disease ranging
from slow-growing organ-confined tumors to highly
aggressive carcinomas associated with metastatic
spread inducing significant morbidity and mortal-
ity. Although most type of prostate tumors belong
to the slow-growing forms, 10–15% of patients are
diagnosed in a metastatic stage of disease. There-
fore, early detection is important in PCa treatment
strategies.
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Prostate-specific antigen (PSA) remains the most
used biomarker in the detection of early PCa [2]. In
general, PSA is a serine protease produced and re-
leased by epithelial cells of the prostate. It is secreted
as an inactive proenzyme (proPSA) into seminal fluid
and activated by the kallikrein-related peptidase 2 and
other endopeptidases produced in the prostate. PSA
itself occurs in several different molecular forms in
serum: free PSA (fPSA) and complexed PSA (total PSA;
[2, 3]).

Although it has been demonstrated in large pa-
tient cohorts that regular PSA measurement reduces
PCa mortality rates, PSA screening is still a controver-
sial issue in most countries because beside the ben-
efits there are also harms such as overdiagnosis and
overtreatment.

Impact of PSA measurement on mortality

The European Randomized Study of Screening for
Prostate Cancer (ERSPC) was initiated in 1993 and
is the world’s largest randomized controlled trial on
PSA screening including men aged 55–69 years from
eight European countries [4]. Data revealed a 21%
reduction of PCa mortality after 11 years of follow-up
in screened patients [4]; the 13-year follow-up update
also confirmed that mortality was significantly lower
in the screened group compared with the control
group [5].

Recently, the 16-year follow-up of the ERSPC
was published corroborating earlier results that PSA
screening significantly reduces PCa mortality. In
detail, the study was able to demonstrate a larger
benefit with longer follow-up, reporting a rate ratio
of PCa mortality of 0.80 (95% confidence interval [CI]
0.72–0.89, p< 0.001) at 16 years. The difference in ab-
solute PCa mortality increased from 0.14% at 13 years
to 0.18% at 16 years. The number of men that had to
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be invited for screening to prevent one PCa death was
570 at 16 years compared with 742 at 13 years. The
number needed to diagnose was reduced to 18 from
26 at 13 years [6]. In addition, in July 2019 the study
group published data excluding differential or better
treatment in the screening arm compared with the
control arm, which has been commonly suggested to
bias PCa mortality in the ERSPC study [7]. However,
there is also evidence that ERSPC centers varied by
attendance, screening interval, biopsy compliance,
contamination in the control arm, as well as treat-
ments. Admittedly, using a microsimulation model,
the ERSPC investigators were able to demonstrate that
ERSPC would have shown only a slightly larger PCa
mortality reduction if all centers had complied with
the quality criteria for attendance or biopsy compli-
ance [8]. These data again underline the importance
of compliance to PSA testing as well as that biopsy
after an elevated PSA substantially influences PCa
mortality.

In contrast to the Swedish ERSPC data, the U.S.
Prostate Lung Colorectal and Ovarian (PLCO) can-
cer screening trial randomized 76,685 men aged
55–74 years. Both PSA and digital rectal examina-
tion were used in the three first annual screens and
PSA only (cut-off 4μg/l) in the last two rounds. In
contrast to the Swedish study, the incidence of PCa
at 13 years was 108 per 10,000 person-years in the
screening arm and 97 in the control arm (RR= 1.12,
95% CI: 1.02–1.17) failing to show any difference in
PCa mortality between the screening and control arm
[9]. An extended follow-up of the PLCO trial over
a median of 15 years continued to indicate no reduc-
tion in PCa mortality for the intervention arm versus
the control arm [10].

Besides the U.S. and the Swedish study, PSA test-
ing was also introduced in Tyrol (Austria) in 1988, and
since 1993 it has been offered cost free in an orga-
nized form to men aged between 45 and 74 years. In
line with the ERSPC data, survival analyses revealed
a significant reduction in PCa mortality with a risk
ratio of 0.70 (95% CI: 0.57–0.87) for Tyrol compared
with the mortality rate in the period from 1989 to
1993 in Austria [11, 12]. However, a significant prob-
lem of the Tyrol study was that more than 50% of
diagnosed cancers were low risk, opening the discus-
sion of overdiagnosis and overtreatment [13]. Thus,
we recently evaluated the age-dependent PSA cut-offs
used since 1995 in our early detection program in or-
der to reduce the number of unnecessary biopsies
in patients with benign disease, but without miss-
ing PCa, in particular without missing significant PCa
[13]. With “new,” fine-tuned PSA cut-offs, we detect all
relevant PCa with a significant reduction of biopsies
compared with the “old” cut-off values, which is one
step toward a smarter strategy in the Tyrol PCa Early
Detection Program.

Additional parameters beyond PSA for PCa diag-
nosis

Molecular markers

A main limitation of PSA-based early PCa detection
is its low specificity associated with a high propor-
tion of men detected with nonmalignant findings at
the first or subsequent prostate biopsy. Thus, several
concepts to optimize PSA rating such as PSA density
(PSA/prostate volume), PSA kinetics (velocity, dou-
bling time), and age- or race-specific reference ranges
have been described to reduce the false-negative and
false-positive rates of PCa detection.

Moreover, one has to consider that 10–30% of PSA is
present in an uncomplexed form, whose implementa-
tion in PSAmeasurement has further improved the ac-
curacy of cancer detection compared with PSA alone
[14]. For example, the use of percentage of free PSA
(fPSA%) has been successfully demonstrated in nu-
merous studies to improve the accuracy of PCa de-
tection compared with PSA measurement alone. To
summarize, studies revealed a lower ratio of fPSA/PSA
in PCa patients compared with patients with benign
prostate hyperplasia (reviewed in [15]). In addition,
several studies identified the PSA isoform proPSA as
a predictor of significant PCa [16–18]. Thereby studies
including our own research were able to demonstrate
that a high amount of proPSA is associated with ag-
gressive forms of PCa [18–21].

Besides fPSA and proPSA, several concepts combin-
ing total PSA values with PSA isoforms have been de-
veloped to reduce the false-negative and false-positive
rates of PCa detection. By way of example, prostate
health index (PHI) calculation combines PSA, fPSA,
and proPSA and now plays an important role in dis-
criminating the presence of PCa from non-cancerous
prostatic diseases [22, 23]. Incrementally, our own
data described the PHI index as a marker of cancer
aggressiveness and as a predictor of disease progres-
sion in patients undergoing active surveillance [21].

Secondary, multivariate prediction models, such as
nomograms have been developed providing a more
accurate method for prospectively determining the
risk of a positive biopsy. Lastly, apart from PSA, nu-
merous studies investigated new biomarkers for PCa
detection among them some—for example, PCA3,
4KScore, or TMPRSS2-ERG—are highly promising;
however, this topic is beyond the scope of this mini
review article.

Multiparametric magnetic resonance imaging

Multiparametric magnetic resonance imaging
(mpMRI) of the prostate is a novel promising tool
for the diagnosis of PCa that might help to reduce
overdiagnosis of insignificant cancer types.

According the current guidelines of the European
Society of Urology (EAU), mpMRI should be used
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Table 1 Recommendation of the European Society of Urology (updated March 2019) for PCa screening and early detection
(www.uroweb.org)

Recommendations Strength rating

Do not subject men to PSA testing without counselling them on the potential risks and benefits Strong

Offer an individualized risk-adapted strategy for early detection to a well-informed man with a good performance status and a life ex-
pectancy of at least 10–15 years

Strong

Offer early PSA testing in well-informed men at elevated risk of having PCa:
Men >50 years of age
Men >45 years of age and a family history of PCa
African-Americans >45 years of age

Strong

Offer a risk-adapted strategy (based on initial PSA level), with follow-up intervals of 2 years for those initially at risk:
Men with a PSA level of >1ng/ml at 40 years of age
Men with a PSA level of >2ng/ml at 60 years of age
Postpone follow-up to 8 years in those not at risk

Weak

Stop early diagnosis of PCa based on life expectancy and PS; men who have a life-expectancy of <15 years are unlikely to benefit Strong

Table 2 Recommendation of the German Society of Urology (updated May 2019) for PCa screening and early detection
(www.leitlinienprogramm-onkologie.de)

Recommendations Strength rating

Men over 45 years of age with a life expectancy of more than 10 years should be informed about the possibility of early detection. In men at
risk for prostate cancer, this age limit may be brought forward by 5 years

B

Men should be informed about the advantages and disadvantages of early detection measures, in particular about the validity of positive and
negative test results as well as any further measures that may be required

A

Men who wish to undergo a screening test after the investigation should be offered the determination of the PSA value as an examination
method

A

In addition, a digital rectal examination should be recommended B

An increased PSA value should be controlled taking into account influencing factors A

For men who wish to continue a PSA screening, the follow-up interval should be based on the current PSA value and on the age of the pa-
tient, unless indicated for biopsy.
Age group from 45 years and a life expectancy >10 years
– PSA <1ng/ml: interval every 4 years
– PSA 1–2ng/ml: interval every 2 years
– PSA >2ng/ml: interval every year

For men over 70 years of age and PSA <1ng/ml, further PSA-assisted screening is not recommended

B

In the context of early detection, a prostate biopsy should be recommended if at least one of the following criteria is met:
– Controlled PSA value of ≥4ng/ml at the initial early detection consultation, taking into account influencing factors
– Carcinoma suspected results in digital rectal examination
– Noticeable PSA increase (without change of determination method)

A

Recommendation grade: A strong recommendation, B recommendation

for patients with a previous negative prostate biopsy;
however, the role of a mpMRI in biopsy-naive men
remains conflicting. For example, it has been shown
that in men with clinical suspicion of PCa, a subse-
quent positiveMRI did not differ regarding overall PCa
detection [24]. By contrast, the PROMIS trial showed
that mpMRI-targeted biopsy had greater sensitiv-
ity than transrectal ultrasound(TRUS)-guided biopsy
(87% vs. 60%) and a higher negative predictive value
(NPV (72% vs. 65%) for detecting significant PCa [25].

Several studies are ongoing, or have been termi-
nated, to investigate PCa prediction rates by combing
mpMRI with PSA; among them, PSA density and
PHI are the most commonly studied. For instance,
Washino et al. reviewed 288 biopsy-naive patients
who underwent mpMRI-guided prostate biopsy for
suspected PCa for whom PSA density values were
available and found that a high PI-RADS score in
combination with a high PSA density (PI-RADS score
≥4 plus PSA density ≥0.15ng/ml/ml, or PI-RADS
score 3 plus PSA density ≥0.30ng/ml/ml) yielded high

PCa detection rates [26]. Druskin et al. showed that
the addition of PHI to a multivariate model including
age, biopsy history, and Prostate Imaging Reporting
and Data System (PI-RADS) score increased the area
under the curve for clinically significant PCa detection
from 0.83 to 0.90 in a cohort of 109 patients [27].

Guideline recommendations—who to screen?
When to start?

As not all large randomized clinical trials proved uni-
form survival advantages, screening for PCa is one of
the most controversial topics in the urological litera-
ture. Based on this, there exist no consistent guide-
lines concerning PSA measurement. Overall, an in-
dividualized risk-adapted strategy for early detection
might be offered to a well-informed man with at least
10–15 years of life expectancy. In addition, care should
be taken to carefully identify the patient, taking into
account the potential benefits and harms involved
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such as overdiagnosis and overtreatment of low-risk
PCa.

An overview of the recommendations for PCa
screening and early detection of the European (Ta-
ble 1) and German Societies of Urology (Table 2)
updated in 2019 are illustrated in Tables 1 and 2.

Conclusion

PCa is the most common cancer type in men. Over-
all, the goal of PSA-based screening is to identify early-
stage disease. However, not all clinical trials were able
to demonstrate a survival advantage in men undergo-
ing PSA screening, thereby leading to a lack of con-
sensus on guidelines. Thus, an individualized risk-
adapted strategy should be pursued to balance the
advantages and harms of PSA measurement.
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