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Abstract
In this chapter we aim to give insight in the
burden of prostate cancer and the effects of
early detection and treatments using ample
available data from cancer registries and (ran-
domized) clinical trials. Prostate cancer is the
leading cancer type in men, and it occurs
mainly at age 60–80 remaining asymptomatic
during lifetime in many cases. The impact of a
disease determines the need and extent of
screening. Large-scale population-based pros-
tate cancer screening trials mainly aimed to
demonstrate a reduction in disease-specific
mortality. After two decades it became clear

that disease-specific mortality could be
reduced, but at considerable harms including
over diagnosis and related overtreatment.
Interpretation of trial data is however ham-
pered by, e.g., prostate-specific antigen (PSA)
contamination of the control group and the
continuous development of new diagnostic
tools and treatment options. Nowadays, pros-
tate cancer morbidity and quality of life are at
least equally important as survival. Diagnostic
strategies in prostate cancer screening proto-
cols are now directed at trying to detect higher-
risk prostate cancers in a really early phase and
trying to avoid detection of low-volume,
low-grade cancers. The ideal test does not
(yet) exist meaning that clinically insignificant
tumors will still be diagnosed and significant
tumors can be missed. Until more advanced
markers and diagnostic tools, less invasive
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treatments, and better active surveillance strat-
egies combined into an individually tailored
algorithm demonstrate a substantially better
cost-effective impact, the decision whether or
not to screen remains a shared decision
between men and their physicians.

The Epidemiology of Prostate Cancer

Globally prostate cancer is the fourth most com-
mon cancer with 1.1 million men in 2012 being
diagnosed. In developed countries 69.5 per
100,000 men per year were diagnosed with pros-
tate cancer and in less developed countries 14.5
per 100,000 men (Ferlay et al. 2015). In devel-
oped countries, prostate-specific antigen (PSA)-
based early detection strategies are offered more
frequently and are even more frequently applied
in people with higher socioeconomic status
(Weber et al. 2013; Tabuchi et al. 2015; Guessous
et al. 2016). Mortality rates are less variable as
compared to incidence rates but are still higher in
less developed countries. Mortality rates are gen-
erally high in populations of African descent and
very low in Asia (Ferlay et al. 2015). As prostate
cancer incidence is increasing with age, prostate
cancer can be expected to be diagnosed most often
in populations with high life expectancy and
widely applied PSA-based screening.

Before the early 1980s, prostate cancer was
only detected at an early stage by abnormal find-
ings on rectal examination or by transurethral
resection for obstructive hyperplasia. In such
cases only 43% was locally confined and 25%
already was distally metastasized (Johansson
et al. 1989). Approximately two out of three
men died of their disease (Hsing et al. 2000). In
the early 1990s PSA testing became widely
available, and prostate cancer could be detected
in a much earlier phase. As is often the case with
a screen-detected cancer, a person without hav-
ing any complaints suddenly becomes a cancer
patient. In the case of low-grade, low-volume
prostate cancer, it is very likely that the tumor
will remain asymptomatic even if it is not treated.
These tumors are often referred to as clinically
insignificant tumors. Criteria defining clinical

significance are a primary Gleason score of less
than 4 and a tumor core length of less than 6 mm
as assessed in systematic TRUS or MRI-guided
prostate core biopsies (Stark et al. 2009; Ahmed
et al. 2011; Wolters et al. 2011). The earlier a
clinically insignificant prostate cancer is
detected, the longer the duration of the disease:
this is called lead time (Black and Ling 1990;
Bokhorst et al. 2015). PSA testing can account
for at least 5 years of lead time. In a prospective
aging study using a PSA cutoff of 4 ng/mL, it
was found that 78% of prostate cancer patients
with localized disease could have been diag-
nosed a median of 4.9 years earlier than their
clinical diagnosis and patients with metastatic
disease had elevated serum PSA levels as many
as 11.2 years earlier than their clinical diagnosis
(Carter et al. 1992). But even before the early
days of PSA testing, it was clear that high-grade
prostate cancers had an up to tenfold higher mor-
tality rate than low-grade prostate cancers
(Chodak et al. 1994). Although these tumors
account for a minority of early-detected cancers,
they are expected to benefit most from early
detection and early treatment. Even prostate can-
cers diagnosed after the age of 75 tend to be later
stage tumors with >50% prostate cancer-related
death rates (Scosyrev et al. 2012).

Life expectancy plays a major role in choices to
be made addressing diagnostics and treatments.
Life expectancy has improved significantly over
the last three decades. Though screening protocols
tend to advice against any PSA testing when life
expectancy is less than 10 years, the estimation of
one’s life expectancy has to take into account
many factors like comorbidity, age, socioeco-
nomic status, race, family history, dietary habits,
BMI, and even geographics (De Angelis 2014).
And even a favorable life expectancy can make
decisions difficult: the younger of age, the lower
the risk of prostate cancer, whereas themore favor-
able life expectancy, the higher the chance that
even a very low-risk prostate cancer might become
clinically relevant. The prostate cancer guideline
of the NCCN (National Comprehensive Cancer
Network) refers to several tools but emphasizes
that for individuals it is challenging to make a
good life expectancy estimate (Mohler 2017).
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The Impact of Prostate Cancer

Life Expectancy

Screening for a disease in an early asymptomatic
phase is only relevant if early detection leads to a
decrease in morbidity and/or mortality in a signif-
icant number of cases: the benefit of screening.
This benefit should be in balance with the harms
and the costs of the tests and the strategies after
diagnosis. A negative test should be reassuring
enough: it cannot be accepted to miss too many
potentially aggressive tumors. A positive test
should in fact only detect a clinically significant
tumor. Hence, the number of patients needed to
test to prevent one prostate cancer death or to
prevent one patient with symptomatic metastatic
disease should be in balance. So far the theoretical
world.

Parameters reflecting the burden of prostate
cancer have changed considerably in the last
30 years. The incidence of prostate cancer has
increased, diagnostic tests have improved, and
treatments have been refined and became more
tailored to the individual. In addition, criteria allo-
wing for active surveillance have been standard-
ized and applicable for a considerable part of
newly diagnosed patients.

But what if local prostate cancer is not treated?
It is clear that only a minority of the patients will
become symptomatic and even a smaller fraction
of patients will die within 10 years. But many
patients will aim at a favorable perspective with
a much longer life expectancy. Recently a Swed-
ish study describing the very long-term follow-up
data of patients with local disease followed expec-
tantly demonstrated that even in low-risk tumors
prostate cancer-specific survival declined between
15 and 25 years of follow-up from 81% to 31%
(Popiolek et al. 2013). Again, life expectancy
plays a crucial role.

In most cases curative intent must be seen as a
long-term strategy and is only expected to influence
overall survival in healthy men with a life expec-
tancy of>10 years. New diagnostic tools are there-
fore aiming at the early detection of intermediate-
and high-risk prostate cancers and trying not to
detect low-volume low-grade cancers.

Morbidity

Prostate cancer is characterized in most cases by a
long asymptomatic phase. The long-term follow-
up data of men aged 65 years or older who were
SEER residents and diagnosed with stage T1–T2
prostate cancer during 1992–2009.

(N= 31,137) clearly demonstrate that comorbid-
ity and age account for a vast number of competing
causes of mortality (Fig. 1) (Lu-Yao et al. 2015).

But even between the first onset of prostate
cancer symptoms and cancer-specific mortality,
there are often many years to come in which the
patient might suffer from disease-related symp-
toms like skeletal-related events, anemia,
hydronephrosis, and other urinary tract symp-
toms. Later in life most symptoms will be caused
by androgen deprivation therapy and other
locoregional or systemic palliative treatments.
Patients with local disease can be offered treat-
ments with curative intent. The majority of pros-
tate cancer cases are being treated by radical
prostatectomy and different modalities of radia-
tion therapy. Minimal invasive treatments like
HIFU, cryotherapy, proton therapy, photody-
namic therapy, and organ-sparing focal therapies
are still often considered as experimental, lacking
long-term oncological results or the application is
limited by availability and logistics (Porres et al.
2012; van den Bos et al. 2014). Though cardio-
vascular risks of anesthesia have improved, a rad-
ical prostatectomy is still considered to be major
surgery with limited mortality but partly predict-
able morbidity (Abdollah et al. 2012; Ficarra et al.
2012a, b; Bjorklund et al. 2016). Nerve-sparing,
adapted apical dissection and suturing techniques
have improved but are not always possible, and
preoperative information can differ from
intraoperative findings and postoperative results.
The better we become in predicting oncological
outcomes after treatment and thus treatment
necessity, the better patients can accept the func-
tional adverse effects of treatments (Korfage et al.
2006). The better we become in predicting out-
come, the better patients can deal with treatment
decision and functional and oncological outcome.

While a selective diagnosis of those prostate
cancers that are destined to cause harm during a
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man’s lifetime is the way to go, this is currently
not possible. This means that also prostate cancers
are being detected that would never cause harm if
not detected. To avoid more harm in the form of
overtreatment, active surveillance is being
applied. A typical active surveillance strategy
implies visiting a urologist for three-monthly
PSA testing, six-monthly rectal examination, and
repeatedly prostate biopsies (e.g., yearly or with
two-year intervals or longer). In some cases an
MRI is being done potentially providing addi-
tional insight in disease progression. Independent
on what is being done, each visit will cause some
anxiety, although being a cancer patient these
visits can also be reassuring. Even though diag-
nostic tools have improved, selecting the ideal
candidate for active surveillance is still a chal-
lenge. In practice, 24–40% of the patients being
followed by an active surveillance strategy will be
treated with curative intent within 5 years after
being diagnosed (Tosoian et al. 2016). The rea-
sons can be disease reclassification and

progression but also patient anxiety despite a
favorable course of the disease. Some men suffer
most from the suffering they fear, but might never
appear. However, in an active surveillance cohort
of 129 men, overall only 6 of 129 men (5%)
discontinued active surveillance because of anxi-
ety and distress (Venderbos et al. 2015).

Men with a life expectancy of >10 years and
an intermediate- or high-risk prostate cancer,
according to D’Amico (1998), often require a
more invasive strategy in an effort to cure or
postpone cancer-related morbidity. And even
when treatment with curative intent is being
offered, available prediction tools can be very
instructive in getting a good perception of the
burden and prospects of the disease. Good exam-
ples are the prostate cancer nomogram of the
Memorial Sloan Kettering Center website (Center
2017) and Briganti tables (Boehm et al. 2016).
Although the technique of radical prostatectomy
has improved and radiation therapies have been
refined, these treatments still have side effects that
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Fig. 1 Competing risks of death by age at diagnosis,
cancer stage, and grade. Dark shading indicates prostate
cancer-specific mortality and light shading mortality due to
competing causes; non-shaded areas represent the

probability of being alive. Results for well-differentiated
disease are not shown because estimates were unstable due
to limited sample sizes (Re-used with permission)
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have a major impact on quality of life (QoL)
(Whiting et al. 2016; Venderbos 2017). Monitor-
ing QoL remains pivotal in men with prostate
cancer in order to facilitate treatment decision
making (Villa et al. 2017).

Being cured from prostate cancer makes deal-
ing with the side effects of treatments more
acceptable (Korfage et al. 2007). In the case of
recurrence or metastasized disease-related mor-
bidity and treatment-related side effects may be
harder to deal with. In a time where active surveil-
lance plays an increasing role in local, low-risk
disease and a time where delay of systemic treat-
ments in asymptomatic slowly progressing dis-
ease is commonly applied, there is growing
evidence that even in metastasized prostate can-
cer, treatment of the primary tumor can be bene-
ficial (Culp et al. 2014), and it is also known that
in metastasized prostate cancer, early ADT may
offer a slightly better life expectancy. Available
systemic treatments have increased and have been
accepted for reimbursement. In the past 5 years, a
whole range of systemic treatments (Crawford
et al. 2015) has demonstrated to add significant
time of disease-specific survival to metastasized
castration-resistant prostate cancer patients, and
results from application of docetaxel in early hor-
mone-naïve metastasized setting have changed
daily practice dramatically (Sweeney et al.
2015). Locoregional salvage therapies also prom-
ise to be able to postpone systemic treatments (Ost
et al. 2016). But still, metastasized prostate cancer
is generally considered incurable, and many treat-
ments can add years of survival but potentially
with a decrease in quality of life as a tradeoff.
Fortunately the knowledge of how to constrain
toxicity of the current palliative treatments has
increased, and the benefits of treatments like
pain relief, prevention of skeletal events, or alle-
viation of urinary obstruction are clear.

Prostate Cancer Screening

Screening trials have been initiated in a time
where TRUS-guided random, often sextant biop-
sies were the standard, and PSA testing was not
applied as widespread as it is now. The two largest

trials addressing population-based screening are the
American Prostate, Lung, Colorectal, and Ovarian
(PLCO) cancer screening trial (Andriole et al. 2009)
and the European Randomized Study of Screening
for Prostate Cancer (ERSPC) trial (Schroder et al.
2014). During the course of these trials, medical
checkups became common practice, and more and
more men and physicians became aware of the
diagnostic possibilities often without fully realizing
the existence of potential downsides. PSA testing
and subsequent prostate biopsy and early diagnosis
in men randomized to the control arm (contamina-
tion) jeopardize the power of randomized trials in
showing an effect of PSA-based screening (Shoag
et al. 2016a). This is clearly shown in the PLCO trial
where it recently became obvious that their initial
conclusion of no effect of PSA-based screening on
disease-specific mortality cannot be drawn from the
data available, due to a very high level of contami-
nation in their control arm Shoag et al. (2016a, b).

It has taken the ERSPC screening trial, in
which the effect of contamination was much less
as compared to the PLCO, two decades to be able
to get insight in the overall impact on metastatic
disease and disease-specific mortality. This is as
said due to the natural course of the disease, the
majority of prostate cancer cases are slow growing
cancers which eventually may cause harm
depending on life expectancy. Despite the fact
that disease-specific mortality and perhaps even
more important suffering from metastatic disease
is reduced by PSA-based screening, the ideal bal-
ance between the reduction of morbidity and
death from the disease and the harms of screening
leading to overdiagnosis and overtreatment with
side effects and deterioration of quality of life has
not been established. With the currently available
follow-up data in the ERSPC trial, it is shown that
in order to prevent one prostate cancer death,
781 men have to be screened and an additional
27 prostate cancers need to be detected as com-
pared to a situation without screening (Schroder
et al. 2014). Too many men still undergo unnec-
essary biopsies (with potential risks like up to 5%
of septicemia) and other invasive or costly diag-
nostic procedures.

The increasing use of the PSA tests in the nineties
and the intermediate results of the randomized trials
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already showing a considerable increase in the
detection of low-risk prostate cancer cases were
reasons to draft guidelines on the use of PSA testing
in daily clinical practice. In 2002 the follow-up time
in both screening trials was still considered to be too
short, and the US Preventive Services Task Force
(USPSTF) could not conclude whether or not
PSA-based screening on prostate cancer should
be broadly implemented. In 2008 the USPSTF
assigned a grade of D (recommending against
screening) for men aged �75 years and in 2012
for men of all ages (Force 2002; Force 2008;
Moyer and Force 2012). This recommendation is
contrary to guidelines from urological associa-
tions worldwide that promote shared decision
making. Despite the negative advice of USPSTF,
data on PSA use for screening purposes from the
years after 2012 show that many physicians still
regularly perform PSA testing for screening pur-
poses and many men still ask their doctor for a
PSA test. Rates of PSA screening tests have
declined by 3–10% in all age groups, but what
could be worrying is that there are slight changes
in grade and stage toward more aggressive and
extensive disease which are noticeable. It is how-
ever too early to draw any conclusions on poten-
tial benefit or harm (Fleshner et al. 2017).

What is however clear is that a purely
PSA-based screening approach is not the way to
go. Diagnostics have improved dramatically since
the last 20 years. To find an answer on the merits of
population-based screening if new serum markers,
urinary markers, mpMRI imaging, current ultra-
sound devices, and perhaps even elastometry
devices or PET imaging techniques would be
applied, large trials would have to be repeated in a
time where it will be impossible to randomize well-
informed people to a control arm. We can however
still apply the data from previous trials in simula-
tion models in order to improve available nomo-
grams and decision aids (Bertsimas et al. 2016).

An example of further exploration on improv-
ing screening strategies is the German PROBASE
study (Prospective, randomized, risk-adapted
Prostate Cancer Early Detection Study Based on
a “Baseline” PSAValue in Young Men) in which
men (age 45 or 50) with a PSA < 1.5 ng/mL will
only need to be screened again after 5 years. Only an

elevated baseline PSA will lead to more frequent
follow-up screening visits (Arsov et al. 2013).

Another example of risk-based prostate cancer
screening is the application of the so-called
STHLM3 model (a combination of clinical data,
serum biomarkers, and SNPs) in the Stockholm
3 trial which leads to a reduction of the number of
biopsies by 32% (95% CI 24–39) while avoiding
44% (35–54) of benign biopsies without
compromising the ability to diagnose prostate
cancer with a Gleason score of at least 7 (Gronberg
et al. 2015). Many of these ongoing trials incor-
porate a wide diversity of serum markers and
imaging modalities, and biobanking facilities
will facilitate accelerated testing of future bio-
markers in these valuable screening cohorts.

In the UK the so-called CAP study results are
being awaited. Initiated in 2002 the Comparison
Arm for ProtecT (CAP) cluster randomized con-
trolled trial (RCT) evaluates prostate cancer screen-
ing effectiveness by comparing primary care centers
allocated to only one round of prostate-specific anti-
gen (PSA) testing (intervention) or standard clinical
care. This will give insight in the benefits and harms
of one single screening versus repeat screenings
(Lane et al. 2010).

Lithuania until now is the only country that
has been offering a population-based prostate
cancer screening program outside a trial. Since
2006 the Early Prostate Cancer Detection Pro-
gramme (EPCDP) targets men aged 50–75 years
and younger men (>45 years) with a family his-
tory of prostate cancer. Their most recent analysis
showed an unprecedented increase in prostate
cancer incidence: more than sevenfold in two
decades with mortality rates remaining relatively
stable. Overdiagnosis and overtreatment are a
risk, and participating men are to be just as well
informed about pros and cons of PSA-based
screening as any other man (Gondos et al. 2015).

Diagnostic Tools for Early Detection:
It’s all About Risk Stratification

As mentioned before, since the late 1980s diag-
nostic tools for detection of prostate cancer have
evolved thoroughly. Since the application of
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prediction tools is everyday practice nowadays, it
is important that these tools are continuously
improved with up-to-date and externally validated
information.

What we have already learned by analyzing
available data has been incorporated in guidelines.
It is clear that using PSA as a single parameter to
calculate the chance of detecting prostate cancer is
insufficient. Using PSA density by adding pros-
tate volume accounts for a significant improve-
ment of detection rates and avoiding unnecessary
biopsies. This is shown in the analyses in Fig. 2.
Based on the Rotterdam data from ERSPC initial
screening round, the discrimination improves
considerably when next to the PSA level addi-
tional relevant pre-biopsy information (like the
outcome of DRE and volume assessment) is
taken into account. Combining relevant informa-
tion including prostate volume is the driving
force behind the well-known and repeatedly

externally validated prostate cancer risk calculator
(www.prostatecancer-riskcalulator.com or in app
store RPCRC).

Adding findings on rectal examination, results
of and the amount of previous prostate biopsies,
and previous PSA values in time and taking into
account factors like age, positive family history,
and Afro-American descent underline the neces-
sity of a multivariable approach and preferably
presented in a format that is readily available for
clinical application.

Data on pre-biopsy mpMRI support the
application of the scan after a first negative set
of prostate biopsies but persisting suspicion of
prostate cancer as depicted in a recent AUA
(American Urological Association) and SAR
(Society of Abdominal Radiology) consensus
statement (Rosenkrantz et al. 2016). The pri-
mary use of mpMRI (Ahmed et al. 2017) is in
theory equally attractive but needs further study,
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and cost-effectiveness analyses depend on suf-
ficient evidence.

The PROMIS study has demonstrated the
potential benefits of mpMRI in a primary diag-
nostic setting by comparing with template pros-
tate mapping biopsies (Ahmed et al. 2017).

Urinary markers like PCA3 and SelectMDX
also can have added value in the case of rising
suspicion of prostate cancer, but the added value is
modest and misses the advantage of imaging
which enables localizing and taking targeted biop-
sies from areas of suspicion.

The list of other available biomarkers is exten-
sive and grows almost daily. Biomarkers can be
roughly subdivided in urinary and serum markers
like PSA subforms and genomics or imaging
modalities. There are several markers and diag-
nostics that are promising (Table 1) (Gaudreau
et al. 2016; Loeb et al. 2016; Hendriks et al. 2017).

As an example of technical progression, the
measurement of circulating tumor cells (mCPCs)
is described as a very promising tool but up to now
has only been tested in a limited number of men in
Chile. The performance of diagnostic tests can
differ considerably in different populations, and
hence comparing biomarkers and other diagnostic
tools should be done with caution.

In addition, an improved pathological grading
system like the presence of cribriform growth
patterns helps to get a better understanding of

disease burden and as such aids in developing
better prediction tools (Kweldam et al. 2016).

Performance of mpMRI and other individual
markers has been extensively studied, but as said,
head-to-head comparison of different markers on
large screening cohorts has not sufficiently been
done, and so far these innovations have not lead to
significant changes in daily clinical practice.
Although PHI, PCA3, and certainly mpMRI
with targeted biopsies are very promising, a
good analysis of cost-effectiveness and when
and how often to apply these markers has to be
performed before widespread application is
justified.

The ultimate goal is a balance between not
missing too many high-risk prostate cancers and
avoiding unnecessary biopsies. Although imaging
techniques like mpMRI improved the detection of
high-grade prostate cancer, high-volume Gleason
6 prostate cancer can remain undetected. In
patients with a long life expectancy, these tumors
might still become clinically significant. New
imaging modalities like PET imaging with
PSMA or bombesin analogues may have added
value in detecting the lower-grade cancers, but
this is to be further explored, and until this day
we need pathological confirmation by prostate
biopsies. In summary, the number of tests and
imaging techniques is constantly increasing and
shows an increase in the potential to detect high-

Table 1 Relevant new biomarkers and an estimation of
performance related to detection of Gleason �7 prostate
cancer (Murray et al. 2016; Carlsson and Roobol 2017;
Hendriks et al. 2017). From each marker an indication is
given of the number of unnecessary biopsies that could be

avoided (“saved”) at the cost of the number of Gleason�7
cancers being missed (“missed”). Unfortunately, head-to
head comparison of the separate markers is generally not
available

Diagnosis of
GS �7 PCa missed (%) Prostate biopsies avoided (%)

Free PSA 23 66

PCA3 3–13 46

PHI 5 36–41

4 K panel 1.3–4.7 30–58

mCPCs 6 54

STHLM3 model 0 32

MiPS 1 35

SelectMDX 2 42

mpMRI-targeted prostate biopsy 20 27

ERSPC risk calculator 12.5% cutoff 0 33

104 M. B. Busstra and M. J. Roobol



grade prostate cancer. However, we must never
forget cost-effectiveness and generalizability.

When to Start and When to Stop
Screening

By enriching the cohort of men being at highest
risk of having high-grade disease will improve the
effectiveness of a screening strategy. Risk factors
like age, family history, race/ethnicity, and base-
line PSA level in midlife could serve as discrim-
inators to determine the start of screening and
rescreening intervals. As prostate cancer is more
prevalent at older age, the age at which to start the
first prostate cancer screening test should be rela-
tively high. But the higher the age, the higher the
chance of missing the opportunity of cure in some
cases. The PROBASE study (Arsov et al. 2013)
aims to show that an initial screening round in
men at age 45–50 could result in deferral of a
second screening round by 5 years if initial PSA
is <1.5 ug/L. In practice however, recommenda-
tions concerning when to screen and when not to
may be put aside (i.e., PSA testing within the
screening interval in the randomized trials or the
USPSTF recommendations) by already raised
awareness of doctors and first-screen participants
or by practical logistics like yearly medical
checkup visits for other common health issues.

And the question when to stop screening is also
a difficult one. It is clear that high-grade prostate
cancers have an up to tenfold higher mortality rate
than low-grade prostate cancers (Chodak et al.
1994). Although these tumors account for a
minority of early-detected cancers, they are
expected to benefit most from early detection
and early treatment. Even prostate cancers diag-
nosed after the age of 75 tend to be later stage
tumors with >50% prostate cancer-related death
rates (Scosyrev et al. 2012). Healthy men with a
prosperous life expectancy might still benefit from
screening at a higher age. This implies that the
overall impact on quality of life and cost-
effectiveness has to be taken into account (Carls-
son et al. 2016). In the end we need to be able to
support individual choices incorporating a reliable
life expectancy estimate and risk of life

threatening prostate cancer in risk calculators
and web-based decision aids.

Conclusions

Randomized controlled trials addressing the
merits of population-based prostate cancer screen-
ing have shown us that the methods of screening
that have been applied need improvement. Much
is expected from diagnostic tools being able to
detect intermediate- and high-risk prostate cancer
in an early still curable way and not detecting
prostate cancers that would never in a lifetime of
a healthy man would cause symptoms or death.
Until the discovery of a prostate cancer treatment
with negligible effects on quality of life, screening
strategies have to be improved in order to be
applied on a population level. These RCTs have
given us a huge amount of data that can help us in
calculating the extent of potential diagnostic
improvement. The available data showed that
individual risk stratification is a definite need.
Only in this way we can control harms and bene-
fits. Individual prostate cancer screening is here to
stay, recommendations on totally avoiding PSA
testing for early detection have proven to be inef-
fective or even counter-effective, and hence it is of
upmost importance to apply testing to only those
who have a high likelihood of having benefit. The
ongoing research on new biomarkers and their
combination with clinical data in prediction
models is currently the way to go. Obviously,
patient wish and expectations should not be for-
gotten in the decision process, making the deci-
sion to screen or not to screen a well-informed
individual shared decision. Every individual
patient will have to make a personal choice
concerning the balance of costs and benefits.
And in fact, the first step of this journey starts at
the moment he is not yet a prostate cancer patient,
the moment he has to decide whether or not he
will have his prostate cancer risk evaluated. And
to this day the initiative of prostate cancer screen-
ing is in general not population based, not by
invitation by a government institution, but it is
mainly a personal initiative, a dilemma for men
and their physicians.

5 Screening of Prostate Cancer 105



References

Abdollah F, Sun M, Suardi N, Gallina A, Bianchi M,
Tutolo M, Passoni N, Tian Z, Salonia A, Colombo R,
Rigatti P, Karakiewicz PI, Montorsi F, Briganti
A. Prediction of functional outcomes after nerve-
sparing radical prostatectomy: results of conditional
survival analyses. Eur Urol. 2012;62(1):42–52.

Ahmed HU, Hu Y, Carter T, Arumainayagam N,
Lecornet E, Freeman A, Hawkes D, Barratt DC,
EmbertonM. Characterizing clinically significant pros-
tate cancer using template prostate mapping biopsy.
J Urol. 2011;186(2):458–64.

Ahmed HU, El-Shater Bosaily A, Brown LC, Gabe R,
Kaplan R, Parmar MK, Collaco-Moraes Y, Ward K,
Hindley RG, Freeman A, Kirkham AP, Oldroyd R,
Parker C, Emberton M, P. s. group. Diagnostic accu-
racy of multi-parametric MRI and TRUS biopsy in
prostate cancer (PROMIS): a paired validating confir-
matory study. Lancet. 2017;389:815–22.

Andriole GL, Crawford ED, Grubb RL 3rd, Buys SS,
Chia D, Church TR, Fouad MN, Gelmann EP, Kvale
PA, Reding DJ, Weissfeld JL, Yokochi LA, O'Brien B,
Clapp JD, Rathmell JM, Riley TL, Hayes RB, Kramer
BS, Izmirlian G, Miller AB, Pinsky PF, Prorok PC,
Gohagan JK, Berg CD, Team PP. Mortality results
from a randomized prostate-cancer screening trial. N
Engl J Med. 2009;360(13):1310–9.

Arsov C, Becker N, Hadaschik BA, Hohenfellner M,
Herkommer K, Gschwend JE, Imkamp F, Kuczyk
MA, Antoch G, Kristiansen G, Siener R,
Semjonow A, Hamdy FC, Lilja H, Vickers AJ,
Schroder FH, Albers P. Prospective randomized evalu-
ation of risk-adapted prostate-specific antigen screen-
ing in young men: the PROBASE trial. Eur Urol.
2013;64(6):873–5.

Bertsimas D, Silberholz J, Trikalinos T. Optimal healthcare
decision making under multiple mathematical models:
application in prostate cancer screening. Health Care
Manag Sci. 2016.

Bjorklund J, Folkvaljon Y, Cole A, Carlsson S,
Robinson D, Loeb S, Stattin P, Akre O. Postoperative
mortality 90 days after robot-assisted laparoscopic
prostatectomy and retropubic radical prostatectomy: a
nationwide population-based study. BJU Int. 2016;118
(2):302–6.

Black W, Ling A. Is earlier diagnosis really better? The
misleading effects of lead time and length biases. AJR
Am J Roentgenol. 1990;155(3):625–30.

Boehm K, Larcher A, Beyer B, Tian Z, Tilki D, Steuber T,
Karakiewicz PI, Heinzer H, Graefen M, Budaus
L. Identifying the most informative prediction tool for
cancer-specific mortality after radical prostatectomy:
comparative analysis of three commonly used preopera-
tive prediction models. Eur Urol. 2016;69(6):1038–43.

Bokhorst LP, Kranse R, Venderbos LD, Salman JW, van
Leenders GJ, Schroder FH, Bangma CH, Roobol MJ,
E. R. S. Group. Differences in treatment and outcome
after treatment with curative intent in the screening and

control arms of the ERSPC rotterdam. Eur Urol.
2015;68(2):179–82.

Carlsson SV, Roobol MJ. Improving the evaluation and
diagnosis of clinically significant prostate cancer in
2017. Curr Opin Urol. 2017;27:198–204.

Carlsson SV, de Carvalho TM, Roobol MJ, Hugosson J,
Auvinen A, Kwiatkowski M, Villers A, Zappa M,
Nelen V, Paez A, Eastham JA, Lilja H, de Koning HJ,
Vickers AJ, Heijnsdijk EA. Estimating the harms and
benefits of prostate cancer screening as used in com-
mon practice versus recommended good practice: a
microsimulation screening analysis. Cancer. 2016;122
(21):3386–93.

Carter HB, Pearson JD, Metter EJ, Brant LJ, Chan DW,
Andres R, Fozard JL, Walsh PC. Longitudinal evalua-
tion of prostate-specific antigen levels in men with and
without prostate disease. JAMA. 1992;267(16):2215–20.

CenterMSKC. https://www.mskcc.org/nomograms/prostate.
From https://www.mskcc.org/nomograms/prostate. 2017.
Accessed 11 Feb 2017.

Chodak GW, Thisted RA, Gerber GS, Johansson JE,
Adolfsson J, Jones GW, Chisholm GD, Moskovitz B,
Livne PM, Warner J. Results of conservative manage-
ment of clinically localized prostate cancer. N Engl J
Med. 1994;330(4):242–8.

Crawford ED, Higano CS, Shore ND, Hussain M, Petrylak
DP. Treating patients with metastatic castration resis-
tant prostate cancer: a comprehensive review of avail-
able therapies. J Urol. 2015;194(6):1537–47.

Culp SH, Schellhammer PF, Williams MB. Might men
diagnosed with metastatic prostate cancer benefit from
definitive treatment of the primary tumor? A SEER-
based study. Eur Urol. 2014;65(6):1058–66.

D’Amico AV, Whittington R, Malkowicz SB, Schultz D,
Blank K, Broderick GA, Tomaszewski JE, Renshaw
AA, Kaplan I, Beard CJ, Wein A. Biochemical out-
come after radical prostatectomy, external beam radia-
tion therapy, or interstitial radiation therapy for
clinically localized prostate cancer. JAMA. 1998;280
(11):969–74.

De Angelis R, Sant M, Coleman MP, Francisci S, Baili P,
Pierannunzio D, Trama A, Visser O, Brenner H,
Ardanaz E, Bielska-Lasota M, Engholm G,
Nennecke A, Siesling S, Berrino F, Capocaccia R, E.-W.
Group. Cancer survival in Europe 1999-2007 by country
and age: results of EUROCARE-5 – a population-based
study. Lancet Oncol. 2014;15(1):23–34.

Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C,
Rebelo M, Parkin DM, Forman D, Bray F. Cancer
incidence and mortality worldwide: sources, methods
and major patterns in GLOBOCAN 2012. Int J Cancer.
2015;136(5):E359–86.

Ficarra V, Novara G, Ahlering TE, Costello A, Eastham
JA, Graefen M, Guazzoni G, Menon M, Mottrie A,
Patel VR, Van der Poel H, Rosen RC, Tewari AK,
Wilson TG, Zattoni F, Montorsi F. Systematic review
and meta-analysis of studies reporting potency rates
after robot-assisted radical prostatectomy. Eur Urol.
2012a;62(3):418–30.

106 M. B. Busstra and M. J. Roobol

https://www.mskcc.org/nomograms/prostate
https://www.mskcc.org/nomograms/prostate


Ficarra V, Novara G, Rosen RC, Artibani W, Carroll PR,
Costello A, Menon M, Montorsi F, Patel VR,
Stolzenburg JU, Van der Poel H, Wilson TG,
Zattoni F, Mottrie A. Systematic review and meta-
analysis of studies reporting urinary continence recov-
ery after robot-assisted radical prostatectomy. Eur Urol.
2012b;62(3):405–17.

Fleshner K, Carlsson SV, Roobol MJ. The effect of the
USPSTF PSA screening recommendation on prostate
cancer incidence patterns in the USA. Nat Rev Urol.
2017;14(1):26–37.

Force, U. S. P. S. T. Screening for prostate cancer: recom-
mendation and rationale. Ann Intern Med. 2002;137
(11):915–6.

Force, U. S. P. S. T. Screening for prostate cancer:
U.S. Preventive Services Task Force recommendation
statement. Ann Intern Med. 2008;149(3):185–91.

Gaudreau PO, Stagg J, Soulieres D, Saad F. The present
and future of biomarkers in prostate cancer: proteo-
mics, genomics, and immunology advancements.
Biomark Cancer. 2016;8(Suppl 2):15–33.

Gondos A, Krilaviciute A, Smailyte G, Ulys A, Brenner
H. Cancer surveillance using registry data: results and
recommendations for the Lithuanian national prostate
cancer early detection programme. Eur J Cancer.
2015;51(12):1630–7.

Gronberg H, Adolfsson J, AlyM, Nordstrom T,Wiklund P,
Brandberg Y, Thompson J, Wiklund F, Lindberg J,
Clements M, Egevad L, Eklund M. Prostate cancer
screening in men aged 50-69 years (STHLM3): a pro-
spective population-based diagnostic study. Lancet
Oncol. 2015;16(16):1667–76.

Guessous I, Cullati S, Fedewa SA, Burton-Jeangros C,
Courvoisier DS, Manor O, Bouchardy C. Prostate can-
cer screening in Switzerland: 20-year trends and socio-
economic disparities. Prev Med. 2016;82:83–91.

Hendriks RJ, van Oort IM, Schalken JA. Blood-based and
urinary prostate cancer biomarkers: a review and com-
parison of novel biomarkers for detection and treatment
decisions. Prostate Cancer Prostatic Dis. 2017;20(1):
12–9.

Hsing AW, Tsao L, Devesa SS. International trends and
patterns of prostate cancer incidence and mortality. Int J
Cancer. 2000;85(1):60–7.

Johansson JE, Adami HO, Andersson SO, Bergstrom R,
Krusemo UB, Kraaz W. Natural history of localised
prostatic cancer. A population-based study in
223 untreated patients. Lancet. 1989;1(8642):799–803.

Korfage IJ, Hak T, de Koning HJ, Essink-Bot
ML. Patients’ perceptions of the side-effects of prostate
cancer treatment – a qualitative interview study. Soc Sci
Med. 2006;63(4):911–9.

Korfage IJ, de Koning HJ, Essink-Bot ML. Response shift
due to diagnosis and primary treatment of localized
prostate cancer: a then-test and a vignette study. Qual
Life Res. 2007;16(10):1627–34.

Kweldam CF, Kummerlin IP, Nieboer D, Verhoef EI,
Steyerberg EW, van der Kwast TH, Roobol MJ, van
Leenders GJ. Disease-specific survival of patients with

invasive cribriform and intraductal prostate cancer at
diagnostic biopsy. Mod Pathol. 2016;29(6):630–6.

Lane JA, Hamdy FC, Martin RM, Turner EL, Neal DE,
Donovan JL. Latest results from the UK trials evaluat-
ing prostate cancer screening and treatment: the CAP
and ProtecT studies. Eur J Cancer. 2010;46
(17):3095–101.

Loeb S, Lilja H, Vickers A. Beyond prostate-specific anti-
gen: utilizing novel strategies to screen men for prostate
cancer. Curr Opin Urol. 2016;26(5):459–65.

Lu-Yao GL, Albertsen PC, Moore DF, Lin Y, DiPaola RS,
Yao SL. Fifteen-year outcomes following conservative
management among men aged 65 years or older with
localized prostate cancer. Eur Urol. 2015;68(5):805–11.

Mohler JM. NCCN guidelines, prostate cancer version
1. 2017.

Moyer VA, Force USPST. Screening for prostate cancer:
U.S. Preventive Services Task Force recommendation
statement. Ann Intern Med. 2012;157(2):120–34.

Murray NP, Reyes E, Orellana N, Fuentealba C, Jacob
O. Head to head comparison of the chun nomogram,
percentage free PSA and primary circulating prostate
cells to predict the presence of prostate cancer at repeat
biopsy. Asian Pac J Cancer Prev. 2016;17(6):2941–6.

Ost P, Jereczek-Fossa BA, As NV, Zilli T, Muacevic A,
Olivier K, Henderson D, Casamassima F, Orecchia R,
Surgo A, Brown L, Tree A, Miralbell R, De Meerleer
G. Progression-free survival following stereotactic
body radiotherapy for oligometastatic prostate cancer
treatment-naive recurrence: a multi-institutional analy-
sis. Eur Urol. 2016;69(1):9–12.

Popiolek M, Rider JR, Andren O, Andersson SO,
Holmberg L, Adami HO, Johansson JE. Natural history
of early, localized prostate cancer: a final report from three
decades of follow-up. Eur Urol. 2013;63(3):428–35.

Porres D, Pfister D, Heidenreich A. Minimally invasive
treatment for localized prostate cancer. Minerva Urol
Nefrol. 2012;64(4):245–53.

Rosenkrantz AB, Verma S, Choyke P, Eberhardt SC,
Eggener SE, Gaitonde K, Haider MA, Margolis DJ,
Marks LS, Pinto P, Sonn GA, Taneja SS. Prostate mag-
netic resonance imaging and magnetic resonance imag-
ing targeted biopsy in patients with a prior negative
biopsy: a consensus statement by AUA and SAR.
J Urol. 2016;196(6):1613–8.

Schroder FH, Hugosson J, Roobol MJ, Tammela TL,
Zappa M, Nelen V, Kwiatkowski M, Lujan M,
Maattanen L, Lilja H, Denis LJ, Recker F, Paez A,
Bangma CH, Carlsson S, Puliti D, Villers A,
Rebillard X, Hakama M, Stenman UH, Kujala P,
Taari K, Aus G, Huber A, van der Kwast TH, van
Schaik RH, de Koning HJ, Moss SM, Auvinen A and
ERSPC Investigators. Screening and prostate cancer
mortality: results of the European Randomised Study
of Screening for Prostate Cancer (ERSPC) at 13 years
of follow-up. Lancet. 2014;384(9959):2027–35.

Scosyrev E, Messing EM, Mohile S, Golijanin D, Wu
G. Prostate cancer in the elderly. Cancer. 2012;118
(12):3062–70.

5 Screening of Prostate Cancer 107



Shoag JE, Mittal S, Hu JC. Reevaluating PSA testing rates
in the PLCO trial. N Engl J Med. 2016a;374(18):
1795–6.

Shoag JE, Mittal S, Hu JC, et al. More on reevaluating PSA
testing rates in the PLCO trial. N Engl J Med.
2016b;375(15):1500–1.

Stark JR, Perner S, Stampfer MJ, Sinnott JA, Finn S,
Eisenstein AS, Ma J, Fiorentino M, Kurth T, Loda M,
Giovannucci EL, Rubin MA,Mucci LA. Gleason score
and lethal prostate cancer: does 3 + 4 = 4 + 3? J Clin
Oncol. 2009;27(21):3459–64.

Sweeney CJ, Chen YH, Carducci M, Liu G, Jarrard DF,
Eisenberger M, Wong YN, Hahn N, Kohli M, Cooney
MM, Dreicer R, Vogelzang NJ, Picus J, Shevrin D,
Hussain M, Garcia JA, DiPaola RS. Chemohormonal
therapy in metastatic hormone-sensitive prostate can-
cer. N Engl J Med. 2015;373(8):737–46.

Tabuchi T, Nakayama T, Fukushima W, Matsunaga I,
Ohfuji S, Kondo K, Kawano E, Fukuhara H, Ito Y,
Oshima A. Determinants of participation in prostate
cancer screening: a simple analytical framework to
account for healthy-user bias. Cancer Sci. 2015;106
(1):108–14.

Tosoian JJ, Carter HB, Lepor A, Loeb S. Active surveil-
lance for prostate cancer: current evidence and contem-
porary state of practice. Nat Rev Urol. 2016;13
(4):205–15.

van den Bos W, Muller BG, Ehdaie B, Scardino P, de la
Rosette JJ.What is still needed tomake focal therapy an
accepted segment of standard therapy? Curr Opin Urol.
2014;24(3):247–55.

Venderbos LD. Long-term follow-up after active surveil-
lance or curative treatment: quality of life outcomes of

men with low-risk prostate cancer. Qual Life Res.
2017;26(6):1635–45.

Venderbos LD, van den Bergh RC, Roobol MJ, Schroder
FH, Essink-Bot ML, Bangma CH, Steyerberg EW,
Korfage IJ. A longitudinal study on the impact of active
surveillance for prostate cancer on anxiety and distress
levels. Psycho-Oncology. 2015;24(3):348–54.

Villa S, Kendel F, Venderbos L, Rancati T, Bangma C,
Carroll P, Denis L, Klotz L, Korfage IJ, Lane AJ,
Magnani T, Mastris K, Rannikko A, Roobol M,
Trock B, Van den Bergh R, Van Poppel H,
Valdagni R, Bellardita L. Setting an agenda for assess-
ment of health-related quality of life among men with
prostate cancer on active surveillance: a consensus
paper from a European School of Oncology Task
Force. Eur Urol. 2017;71(2):274–80.

Weber MF, Cunich M, Smith DP, Salkeld G, Sitas F,
O’Connell D. Sociodemographic and health-related
predictors of self-reported mammogram, faecal occult
blood test and prostate specific antigen test use in a
large Australian study. BMC Public Health. 2013;13:
429.

Whiting PF, Moore TH, Jameson CM, Davies P, Rowlands
MA, Burke M, Beynon R, Savovic J, Donovan
JL. Symptomatic and quality-of-life outcomes after
treatment for clinically localised prostate cancer: a sys-
tematic review. BJU Int. 2016;118(2):193–204.

Wolters T, Roobol MJ, van Leeuwen PJ, van den Bergh
RC, Hoedemaeker RF, van Leenders GJ, Schroder FH,
van der Kwast TH. A critical analysis of the tumor
volume threshold for clinically insignificant prostate
cancer using a data set of a randomized screening
trial. J Urol. 2011;185(1):121–5.

108 M. B. Busstra and M. J. Roobol


	5 Screening of Prostate Cancer
	The Epidemiology of Prostate Cancer
	The Impact of Prostate Cancer
	Life Expectancy
	Morbidity

	Prostate Cancer Screening
	Diagnostic Tools for Early Detection: It´s all About Risk Stratification
	When to Start and When to Stop Screening
	Conclusions
	References


